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a vitamin premix or a specific vitam in (Robinson et al. 199 
suggest that vit amin requirements of pond-ra ised cl' 8). The rC\ult 

1annel fi somehow met by sources othe r than suppl emental v',ta' cat Ish <if. 
'. , millS po "b comblllation of vitam in sources, sllch as those present in .551 Iy b\ I 

and natural food organi sms. IIlgredlcnt 

Vitam ins, as well as certain otb er nu trients, are needed f 
function of the immune sys tem, There ha s been much att the .proPtI 
I I f· · . '1 I II f entlon &'" t le TO eo ' vlta mll1S 111 t le lea t 1 0 fi sh, the most notable b . en h, 

l11egadoses of vitam in C in the die t to im prove disease the U$C of 
, ( reSlstanc I channel ca tfish, published data seem to agree that under lab c. 'ur 

. , . , oratory co ., 
tl ons lI11mune response of th e fi sh IS depressed if an ascorb" nut· 
. f d IC aCid-free 
IS e . However, th e results (rom studies in which megado . tel 

. , scs of asco h aCid were fed to channel catfish to im prove disease resistance. r, h. 
. . " . ' Me COntrad tory. Th e e ftects of other vllam ms on Immune fun ction Or dise . Ie 

. ase reSlstan 01 these fi sh ha ve a lso been Il1 vest iga ted. However there has b . c, 
' . . '. " een no con el usive eVIdence tha t II1creasmg the concentrat ions of sUllple I . 

. . " . menta \ 11 ,1, 
mill s above th e requlI'ement level IS beneficial to these fish species. 

15.2.6 Minerals 

Mineral requirements of fi sh are similar to te rrestrial anima ls ot l ,. I 
. , . . . 1C;1 t tnn 

tunctIOns In osmoregulatlO.n and the ability to directly obtain minerals from 
water absorption across exposed membran es. As a number ul 

minerals ca n e ithe r be absorbed frol11 the wa te r (e g calciu m C'l) or . , . . ,',Ire 
p:esent 111 adeq ua te in most diet fonn ul aLions (e.g. potass ium, K), 
d ietary supplemen tatIOn IS generally not required. Of th e 23 minerals whkh 
h?ve. been to ?e essential fo r one or more species, practi cal 
diet formulatIOns for fish typi cally on ly require phosphorus (P), magnesium 
(Mg), copper (Cu) , iron (Fe), zinc (Zn ), manga nese (Mn) and selenium (. c) 
as supplemen ts. The die tary requirements for bo th macro and trace mine!,'II, 
have been reviewed by Davis and Gatlin (1996) and Watanabe el al. (1997). 

Systematic eva lua tions or di e tary minera l requirements, physiological 
functions and biological value of aU biologicaJly important minerals do nllt 
exist. There is also limited information on the biologica l val lie of Illincral\ 
[rom vario us sources as well as potential in te ractions tha t can occur bet\veclI 
minera ls, Many o( the studies that have been conducted ha ve been drivcn 
by both economic an d enviro mnental concerns. For exa mple, there is H rair 
amoun t of information on the bioava il ability of ph osphorus from both 
orga nic and in orga nic sources (Robinson el al.,200l). Considerable research 
has also been conducted on th e use of vario us form s of phytase to enhancc 
P bioavailabil ity [rom plants contai ning significa nt levels of phyta,e pho" 
phorus. Sucb studies are becoming even more im portant as we move from 
animal protein sources, which are rich sources o ( min erals, towa rds plnnt 
based d ie ts that often do not contain adequate levels of minerals. 
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hure industry matures into a more cost-e ffi cient industry 
. ,he aq uacu , . I b d' . d ' AS . f d formulati ons farth e r trom a nll11 3 - ase Il1 gle lents, we 

d ' shift ee . ' . .' I '1 f . o . I ed to re·eval uate mllle ra l req ullements, palt lcu a l y 0 1 st hke y ne . 
",JI 1110. I I 's 1110st lik ely 'hat futu re research will be geared toward 

. nllnera s. t I .' .. I I I . I ' I tr,1t:c ff t' ve delivery mecilal1lsl11s for mllle la s, wlelle l t 1I0Ugl 
, cost -e ec I . ' . .. I I I more.; 'ver o f traditional morga mc sources or chela ted S w l lC 1 

dell. I Y b'ologica l avail abili ties but a lso have lower leachlll g rates 
. .. . . 

can f I 1ce it is submersed I.l1 the wate r. D ependlllg on consumel 
the eec 01 . . I ' 

(ro01 , rna)' even see trends for the enhancement of nlln era In 
:ce1)W nce. \\ c , [" J .,. d ts to ensure that th ey are excellent sou rces a 11lll1e ra s to 'lfood pro ue 

", huma n health concerns. 
meel 

7 Prcbiotics and probiotics . . . 
15.2· I lerformance and feed effi ciency are II1creased 111 commercl3 l 
If growt 1 I . . . . 

I then the costs o[ production are li kely to be red uced . Also If 1'lunctJ lUre. . . 
" fi I re able to resist" disease and survive until they are of marke table more ISl a " . ' " 

I " subsecluent cost of med icatIOn and overall producti on costs ale 
'Me,lle: . " . I' . I 
reduced. l11cre is a clea r relatl.on between nutritIOnal an 
,,"d their disease response (Lim and Webste r, 200 I ) . Additionall y, thm e 

Ul11erOlIS compounds that have the potentIal to enhance growth and . . 
'val through a va riety of mechamsms. It has been docu mented 111 a 

,urVI . . I . b' I ' 
oumber of food animals that their micro lo la P ?y Impor-

t roles in affectin o the nutrition and health of the host orgallism. Thus, 
• D . . 

nlrious mea ns of ailerin g the intestinal micro biota to 
effects such as enhanci ng growth, d iges tion, im mu ni ty and disease reSls· 
lance of the host organism have bee n in vestigated in vari ous te rrestria l 
livestock as well as in hum ans. Dietary supp lemen ta tion of prebioti cs, 
.hieh are classified as non-digestible food ingredients th at beneficially 
affcci the host by stimulating growth and/or activity of a lim.it ed number o ( 
hcalth·promoti ng bacteria such as Lactobacillus and BijidobaCfer spp. in 
the intes tine. while limi ting potentiall y pathogenic bacteria such as Salrno­
rwl/a, Lisleria and Escherichia coli , have been reported to fa vorably affect 
\-arious terresLri al species; however, such information is extremely limited 
to for aquatic organisms. Based on a review by Burr el al. (2005) , 
effects of probiotics, de fin ed as li ve microb ial feed supplements, on gastro­
Intestinal microbiota have been studied in some fi shes, but th e primary 
applica tion of microbia l man ipulations in aquacul ture has been to a lte r 
the composition of the aq uat ic medium. Tn general, the gastroin testinal 
nuc robio ta of fi shes, including those produced in aq uaculture, have 
heen poorly characte rized, especially th e anaerobic microbiota. Therefore, 
more detai led stud ies of th e microbial communi ty of cultured fish are 
nceded to potentia lly enh ance the e ffectiveness of prebi otic and probiotic 
,upplemenlation. 
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15.2.8 Complete versus supplemental feeds 
It has been we ll established that using approp ri a te pond I 
' b" , h I' cu ture tech ' In com lJ1atlOn Wit a qua Ity comm e rcial feed with ap . "l 'JUt 

I ' h b proP"ate fe 'd ' resu ts 111 t e es t overa ll pe rfo rma nce a nd re tu rn a h ' C inPUt 
' I ' . n t e InVes t 

WIC e va rie ty of exa mples ca n be fo und at the Soy in A Ill en!. .\ 
h ' h " q uaculture 'L 

W IC prese nts results o f vario us feeding tria ls in ASI'a ( \\ C'J\Il( 
' . www.soya . A nother excelle nt e xample IS the pu blica tio n by Green I , qua.org) " " e, a, (1 994) 'h' presents econo mic res ults [rom uSlllg va n o us levels o f t ' . W I(:h 

, . nu n ent Inp afl ect producti on , costs and re turns. Ul t; thaI 

O ne ad vantage of carps, tilapia and to a lesser extent fi · 
I . ' ,CatlshcS iS lh ('l ey a re amenabl e to culture uSlllg sub-optima l feeds a tl 'at 
I' 'I" , , 5 ley are capabl o UlllZlI1g natural producti Vity. Tn te rm s o f standi ng era . C 
'd' p, prOd uction Increase as o ne moves from natura l feeds enh anced with f '1'.. 1\ 
, I'd' I'k' b . ertl IZllllon I slIlg e mgre !ellls 1 e n ce ran 111 combina tion with ino rga ' f :. u 
h ~ IlI C ertill za ti t e n to farm-made leeds and finall y comm ercia lly p rod uced ' d . on, 

d I ' b d " ,ee , If one oes a comp e te, e nte rpnse u ge t, 111 which a ll inputs lab (. 
, , , , Or Includmp 

opport ullity cost for sourcing a nd prepa rin o materials) '1Il fl'aSl ' < 
. . 0 ' c Ili CllI rc ( Cil 

lanel and pond construction cost whIch are o fte n neglected i t d '0' 

b ' , ' , ) , n JU get; for 
su slstence farmlllg, are take n Into account sub-opt imnl feed d 

. . . . ' - ( pro uces a 
negati ve ne t re turn. Furth e rmo re, If pe rtormance a nd economic re t 

. . . urns nre 
com pal, ed for farm-mad e feed (for which a ll costs a re acco ullted) . 

d I ' , .IS com, 
pare to a 11gh·quality locally produced comme rcial feed, the high.qu,,"t) 
~omme J cta l feed will o ut perfo rm the on-farm feecl in te rms o f return (I n 

lI1:es tm ent.. Importing a production die t ca n be cost-effec tive in some SitU ' 

atlo ns but , III gene ral , in-country feed productio n using a combination of 
local ly produced and imported ingredie nts is mo re cost-effective and the 
bes t so lutio n. The exceptio n to th is rul e is fo r hatche ry die ts which arc Often 
cost-e ffecti ve to impo rt. 
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, I manageme nt and has the prope r training. If appro priate cd fi nancm ' . ' . . 
l,nenl . s a re not deve lo ped simulta neo us ly with improved feedl1lg e lechlllq ue 
i'ultu r ' 11 benefit fro m th e adva nces. In such cases, th e farme r who 

no one WI " d' (I' 
lhc! I1 •. , in high-nit rogen loca lly ava ll~bl e mgre lenls o.n- arm . g r~ ss~s, 
I~ ull

hz 
g ) would in vest his money m the purchase o f in o rgani c fertil­

manures: e t ~ . production and re venues. As his productio n is in creased , to lilCI ease . . . 
,ll!rs ve to usin o sim ple mixes o f gro und cereal gra ins by-products 
h can then mO e .. . 'h ' , 
~, Il ea t bran corn bran. e tc.) in cOmbll1atlOIl Wit lIlorganlc nce bran, W ' . 

(I!.g: . . A 'n as re venues IIlcrease, they can the n graduate to locall y 
r· rulilels, gal , " 'd 'h " b 'd 
" ' d f cd using a simple mix o f' cereal g rallls an t e ll y-pt 0 ucts, 
Produce e , , d ' d ' ' d ' I 

I . d anim al protelll s tha t a re the n glo un an mlxe Wit 1 ,a 
.gctab e an . _ d' d' 

H;. 'x S o ilin o water can the n be blended II1to th e ry II1gre te nts 
\Iwnlln preml . e . " U f I 

d n moist do uoh which ca n be form ed a nd dlled. n ortunate y, 
10 pro uce, o . . '1 bl I ' 

.~ vhere comme rcIall y produced feeds are no t ava l a e t le re IS 
10 countneS \ .. . .. . 11 

I lage o f hi o h-prote ll1 In o-redle nts and vltamlll premixes. _ le next also 3 S lOr e b . ' . I ' 
' nt would be small-sca le comm ercial productlOn of feeds W lIch ldv3nceme ' . . , 

' ft pelle led and of poor quality due to a poor unclerstand1l1g 01 .In:: 0 en .. . 
l'lY contro l and a ppropnate nlll11l1 g standa rds, 

'1"11 1 Id b 'I 'IJ As the industry develops, the final. stage Wall . e a commercia In.! 

d cing a high-quality feed with sunable quality control standards, To 
pro 11 , , f l A' 
faci lita te feed management thiS sho uld be .an ex truded fl oa llll~ eec .. s 
noted befo re. if one does a comple te e nte rpn.se budget for o pe rat lo l.1 S .uslng 
the lower levels o f technology, these ope ratio ns only ma ke sense If II1fra­
, truClU rc costs a re (ree and th e re are no othe r options. Tn a ll cases, farm ers 
must be educated ill te rms o f appropri a te culture techno logies (stocking 
densit ies. water management, feeding pro toco ls, e tc.), finan cial manage­
ment . record keeping, analys is and q ui te often marketing. 

A n int erest in sub-o ptimal feeds comes abo ul fo r a va rie ty of rcason, 
Qu ite often the land was obtained at no cost. the re is a lack of qu ality e0111 ' 15.2.9 Complete feeds 

me rctally p roduced feeds and/or in adequate fin ancial reso urces to pun:ha,c illC commercialmanufacturing o f fi sh feeds has develo ped ra pid ly and re p-
feeds. 1l1is situatio n is often accompanied by a poor un de rstalld ing of rese nts one o f the fas test growing compo ne nts of feed ma nufacturing. With 
a ppropriate cultu re technOlogies, finan cia l manage ment and credit sOllrce~ rcgllrds to grow-out die ts for th ese species the productio n o f a fl oa tin g feed 
which furth er complica te the issues. In cases where on ly poor-q uality fCl.!d, 1\ the techno logy o f cho ice. G iven current market constrain ts th e most cost-
a re avail able, the industry will bene fit th e most from improving fced toch, effective die ls are o ften plant-based with limited q ua ntiti es of anima l 
no logies through the introducti o n o f quality contro l standa rds, proper protein, Exa mples o f pla nt.based juvenile and producti o n die ts a re pre-
processing techno logies a nd th e productio n o f floa ting feeds, 111is is best ,en ted in Ta ble 15,2, wilh ree cl specifi ca tio ns presented in Tables 15,3- 15,6, 
exemplified by th e develo pment o f comme rcial aq uaculture in Asia where Such fceds cont nin vitamin a nd min eral premixes to provide a complete d iet. 
a traditional fe rtilizer· ba sed industry has shif ted to high-q ua lity com111er' Hoati ng (eeds are most e fii c ie n tly produced using a we t extrude r designed 
cially p roduced feeds, One can find nume rous exa mples of the compa ri",n fo r the productio n o f expa nded products,111e a bil ity to contro l the de nsity 
of tradit io nal culture techno logies to modern feed techn ologies at Ihe liuy of a pellet to produce a fl oating feed is clear ly a major advantage fo r ma ll-
in aquaculture website (www.soyaqua.com) . agcment. Extrusio n process ing is more expensive than th e pelle ting p rocess 

In the case whe re a comm ercia l industry has no t develo ped o r in the case hUI produces a feed th at is mo re econo mica l to use beca use o f th e be nefits 
whe re th e farm e r does no t have the finan cia l resources to purchase feed he of USing a fl oating feeds as a management tool. In cases whe re in ve ntory 
ca n graduat e [rom one technology to th e next if he is capabJc;..;;o;;.f .. S:.;o_,,_I, ______ co. n""trol is very precise an d fp.p.rlino h ::l"p il tin nh" p r \l::l li r lll nf Ih p fi .;: h ~ t Ih ". 
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Table 15.2 Examples o f gene ric production d ie ts fo r ca r '1 . 
jJ. t l apia and 

' < Ctllfh,h 
Ingred ient (as is basis) 36/7 Finge rling 

~::::~~~:-~~~------------~~~~~ ____ ~3V6Gr~ 
Soybean meal 46 % protein 34,00 ____ 
Wheat flo ur 13.2 % prote in 19.80 50.()] 
Fish men! 64 % prote in 13.50 25.00 
DDGS1 28.5 % prote in 10.00 
Rice bran 13 % protein 8.00 
Corn gluten meal 60.7 % prote in 7.00 
Fish o il , anchovy 2.70 
Blood meal 90 % prote in 2.00 
Ca Phosphate Mono 21 % P 1.30 
Soy oil 0.50 
Vit PMX F-2 0.50 
M in PMX F- I 0.25 
Mold inh ibitor 0.30 
Choline c hloride 60 % OJ O 
Stay C 35 % active C 0.03 
EthoxYCJuin 0.02 

I DOGS = di sti lle r 's dried grains wilh so lubles. 

14.011 

3.0 
.1 .5 

1.5 
2.20 
1.7 
0.50 
0.25 
0.30 
0.1f) 
0.03 
0,02 

1."abl~ 15.3 Gene ral nutrie nt spec ifica tions for formulation of practical d ' , 
iIlapJa, carp, and catfish Ic l !'i for 

Nutri e nt Fry Juvenile Adult 

Prote in (%) 45-41 40-36 35-30 DE/DP' 9-8 9-8 9.5-l! Fat ('Yo) 12-Jl 10-7 6-5 n3 ('Yo ) t 111 i n 0.7 min 0.5 mill Fiber ('Yo) 2 max 2.5 max 3.5 IIlU), A sh ('Yo) 9- 7 6-8 5-8 
Moisture (%) 11 - 10 1'1- 10 I I 10 

I DE. d igeslibl e e ne rgy in kca lllOO g of feed (9 kca l = 37.7 kJ ); DP, digesti ble prole in III 
g/ IOO g o f feed. 

surfacei s not critica l, a properl y pelie ted feed is a lso quile adequate. Current 
trends In feed manufacturing include fin e grind ing and the production of 
very sma ll pelle ts (1.-2 mm). Such pell e ts are technically more difficult to 
produce but have num erous adva ntages over crum bled feeds. A nolher shi ft 
in mill manage m e nt is that mo re a tte ntion is be ing paid to the red uctio n of 

ene rgy costs. Q uite often e ne rgy costs can be reduced by improving air assbl 
sys tems, ensuring hamme rs on hamme r mills are in go od shape. as we ll a!'l 

making a comprom ise between very fin e grinding a nd the most ene rg)' ~ 
efficient grind (whi ch is typica ll y larger). Add itional savings ca n be made by 
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d d ntllllmUm am lilo aCid leve ls 111 diets for t1 lapla, ca rp, 
S "" Recommen e 

rtbl\ 1 ~J1c l ca tfish 
[1d c a 

I ) Tilapia em p C han ne l catfish 
odd (avai lab e 

.\nllnO -.\ftIlnine 
Ih~lIdlne 
I leucine 
l J: llCine 

l' in~. & stine l 

\Whlonmc cy . 
I I""inc and tyroslI1e 

rhcny [J" 

Threonine 
Tl"}plOphan 
\ 'allne 

4.2 
J.7 
3.1 
3.4 
5. 1 
3.2-3 .0 
5.7 
3.7 
1.0 
2.8 

4.3 
2.1 
2.5 
3.3 
5.7 
3.1 
6.5 
3.9 
0.8 
3.6 

4.3 
1.5 
3 .1 
3.4 
5.1 
? ' _ .0 

5.0 
2.0 
0.5 
3.0 

- h ' . c le vel is gene r<l li v conside red 10 be 60 % (WI/WI) o f the tot a l Mel + Cys 
\liniOlUm met 10 1110 • 

\ .tluc. 

. 5 R -commended vitam in fortifica t ion levels for warm water fi sh 
billie l!ld" f cRoche supp lementation ouidelines for opt imum vitamin nutrition) 
(.ldilPIC rom eo 

Amoun t 

\'Ilnmin 
Units / kg o[ feed 

Optimum Minimum 

[ U 4000 8000 
\ 

I U 1000 2000 
Il 

I U 100 300 
I 
K mg 3- 5 10 

,",""inc (6 ,) mg 10 20 

Rloonavin (8,) I11g 15 20 

I·\'ridoxi ne (86) mg 8 12 

\iilUmi ll B[2 mg 0.02 0.05 

Nincin mg 80 120 

Pil lllothcnate mg 40 50 

Folic acid mg 4 7 

Biolin mg 0.5 l 

Vitamin C1 mg 50 300 

Choline mg 0 600 

Vitamin activity in the finished d iet - amount depe nds on stabilit y of the source. Only 
labilizcd sources are recomme nded. 

red ucing the variabili ty in dry ing to make m ore precise e ndpoints and opti ­

mizing pre-cond itio ning to faci litate starch gelat iniza tion and reduce energy 
required 10 extrude the product. O ne clear trend in both pe lle ting a nd extru­
\ion process ing is the re pl ace m en t of pre -conditione rs with newer mod els 
that allow for longer re tention times for better pre-cooking of the product. 
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Table 15.6 Supplemental mine ral levels 
recomme nded for practical die ts 

Element Unit s 

Cobalt mg/kg 
Copper mg/kg 
Iod ine mg/kg 
Iron mg/kg 
Manga nese rng/kg 
Se lenium mg/kg 
Zinc mg/kg 

Amount 

0.D25 
10.0 
3.5 

25.0 
25.0 
0.3 

100.0 

15.3 Sources of further information and advice 

• A merican Feed Ind ustry Association (2005) Feed Mallll!OCluriug ref" 
lIology V , A mencan Feed Indus try A SSOCia tio n, A rling ton, VA. 

• Hert rampf J W a nd Piedad· Pascua l F (2000) /-Ialldbook o! lugrelli/'II" 
for Aquaculture Feeds, Kluwer Academic, Do rdrecht. 

• L im C E a n cl We bster C D (eds) (2006) Tilapia: Bio logy, Cullllre 11111/ 

Nlllrilion , Food P roducts Press, New York. 

• L im C E a nd Webste r CD (2006b) N utrie nt require me nts. in Lim C I. 
a ncl Webste r C D (ed s) , Tilapia: Biology, Culture alld NUlrilioll, Food 
P roducts Press, New York. 

• N R C (Nat io na l R esea rch Co uncil) (1993) N"Irielll Requirelllelils IIf 
Fish , Natio na l Academy P ress. Washington , DC. 
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Advances in aquaculture feeds and 
feeding: basses and breams 

I 8
0th New South Wales Department of Primary Indllstries, Austral ia 

, . 0 , 

\1 I ucl: TIle aquaculture species o f bass and bre am belong to the o rder 
I)c.:~~i~onncs fi nd come from fi v~ Jl1~jor family groups: La~ i da.e, Sparida t?, 
Scrranidne, Moronidae and ~utpnldae. Well ·known species 1Ilclud~ ASian 
'l(!ahass Lales calcarifer ( L.at ldae), the common se ~ breams or porgies such (I S 

l'iI!>:TIIS pagl'lls, Pagrus flUiJor (= Pag/"l/s allral//s), gilt head sea. bream Spants 
/Jurt//II and commo n dentex Defllex denrex (a ll from the Spandae), European sea 
h,lSS Dicelltrtlclllls I"brax, striped bass Moroll e saxatilt /s, white bass lV/o rali e 
dln'sops and hybrid striped bass (Marolle saxa/ilus x M. chrysops) (Moronidae) 
and the groupers £pillephalus sp. (Serranidae) . A ll sea basses a nd sea b reams are 
turyhaline and carnivorous and they genera ll y comma nd high marke t prices. 
:\Iuch of the reseMch on basses and sea brea ms is do minated by basic nutritio n 
,inti fcedi ng research that aims to improve production effi ciencies. To re fl ec t 
recent advances in understanding nutrient req uirements, use o f alternative feed 
Ingredien ts and feed ing stra tegies for these species, new informa tion is presented 
herc for As ian seabass. red sea bream , gilthead sea brea m and groupe r. Fu ture 
nutrition resea rch with these species wi ll continue to inves tigate increased use of 
,Ihcrnalive feed ingredients and reductio ns in the use o f declining stocks of fi sh 
menl and fi sh oil. The impact of new ingredients and new diet specifi cat io ns on 
c~lrusion and process ing technology will need to be considered. The increase in 
demand for high-value species will demand research that improves our 
understand ing o f basic nutrient requireme nts for prote in , amino acids, li pids o r 
cilrbohyd rates and a beller unde rstand ing o f the impacts o f these factors, in 
conjunction with culture environmental conditions, 0 11 nutritio nal status, fi sh 
Illcltlbolism, health , and to tal farm productivity. 

Kc) nords: Latidae, As ian sea bass, barramundi , Lates calwri!er, Sparidae, red sea 
l~rr.:am,. Pagrlls major , Pagm s al/ ra(/fS, gillhead sea bream Spams al/ra/a , 
Scrr?l1Idac. ~roupe r , Epil/ephallls, diges tibilit y, require ments, replacement stud ies, 
fr.:cdlOg studies. alte rnative ingredients. 

\6.1 Introduction 

Imperlan t aq uaculture species of bass and brea m be long to the o rde r 
~ _________ P_c_rCi formes and come [rom fi ve major fam ily groups; Latidae, Sparidae, 


