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ABSTRACT

Micet faih Eommer s aesd penamentad b hebbyvats buy the bl of ther feed Som o omesrsl menufaemmes. However, sauall quasines of sperialized fredi we
ofien peeded fm experimental purpones, feedmg difficult-io meaman aquanum fishes, binal oo small juvemle fishes, bresd Bsh conddiomeg, o admirastening
medicaien 1o sick feh. Small cosanenal figk facnes with an assommest of fish 1eqeice unad amoesais of vamows dies with paiosdar inprediears. [ 18 @0t oot
effecaive for comanesraa] mammficniesss 10 frodees very wal] quanestics of speaaloed fesdi Mon feed mills will caly pedoee cetem femeniom
quamfites of mere than coe fon, ind nedcaed foads are wivally sold @ H0-poend tags Small Bzh farmers, hoblrists and |boratory fechmicians are, therefoe,
bt with the opteon of buying lxpe quanirties of exgemerve fsed, winch afies goes to wasie. Small quaniiies of f=h feeds can be made grace g2be in the
fabsrarary, claswoom, of @l bowee, with comon mgeedieets asd ampls kiches or labormory squipmem Hence, this eeview provedes che kaosdedge abon rhe
fish fesd fmmu:nmmﬁa!:n.!md:unlngwwwd with e live foed ffe EhHEu.ﬁshf&ds.ﬂ:hirﬂn:@'ﬂﬂmcmﬁsh fieed sroffs anenad and

plast sowroes of feeds b coltme Bsh; 2ad fish feechng methods

Krrwonds: Carbobydraies, smeshal amine acids (EAA ), Brinlipide, fand formulatinne, fick Seede fich meale B, minenls, vitamins

INTRODUCTION
EAA: can not be synthesized by fish and often remain
inadeguate  bui  are needed fior grewth  oand  tssue
developmen™, ‘Fish meal’ is known 1o contain complee
EAAr profile that iz neadad 10 meet the profein reqrirdment
of most fish species. Sine= fich meal 1= expensive as o fasd
ingredient, the ase of twacowventional feed stuffs bas been
reporizd with good growth and better cost bensfit vahies, The
utilization of noncenventional feed stuffs of plant ongpn hed
been limited as & result of the presence of alksloids,
plveosides,  oxalic seids  pliviates,  protesse  bbilstoes,
hasmuteplutmin, seponegin, awamaeaineg, syanoglyeosdes aid
Lirmarin fo mettion & few despite their mtment valse: and
low cost implications’. “Monconventional fzed resources”
(MCFRs) are feeds that ore not vsually commom in the
markets. and are pot the tradiional mgﬁ&&nﬂu&&dfﬂt
commercial  fish  feed produsction MCFHRs  are
nHCEnpetitive in terms of Beman consomgtion, very cheap
io purchase, byproducts or waste producis from agmculture,
farm made feeds and processing mdustries, and are able o
sefve as 4 foem of waste management in enhancing goed
samitation. These include all types of feed smff fiom animals
{silkworm, maggot, temmotz, grok, earthworm, snail, adpoles,
et ), plamt wastes (ack bean, colfomssed meal, soybean meal,
cajanus, daya, duckweed malze bran, dee brean, palm kegie]
cake, groundms cake. brewers wasie, et} and wastes from
aimal  sources  wnd  processing of food for hooan
comsumiption like mamal dusg, offal, visceral, festhers, fish
silage, bome, blood)’. All these can be recycled to improve
therr wvalue if there ae econcomically  justifiable and
techiological ieans for  coowerling  fbem  avio  usabde
;:mdll:ls.'l'hl:hm:mttnm'r which can not be compromised
in the choice of m@ﬁimm fod feed formmulation asd
|:l.'-e-|:|1-1:l|:||:r|:|. 15 |:l.'nt-=.|:|
Advimees in life support fechnodogy have been subsiantial m
recent years, and nuirition i iscreasingly regarded & key
limnitafien to increased prodwction efficiency as well as the
growth and propagation of 'new’ species. Commercindly

prepared dists for channel catfish and salmonids have bezn
developed uming a great deal of research data on specific
utritiaial requirements of these species, thes prochiction
systerns mnd their life sieges, Some mariticnal studiss have
alan e carried out for tilapin produdion. For all other
species,  includmg  freshwater md merine  omomentals,
vutriiongl menagement 15 besed o & combimation of
application of mowledge generated for the specizs mentioned
above. and the experience of successful aquarists’. Most
snecessfully reared orsamental fish s onodvores, aod these
are lhe spectes Uil have adapted best to caplive comditions,
meleding  availatle moteition. Suvesgsfnl maintenoree of
“fiffoul’ species o ooffen  influenesd by the aguanist’s
sucesss in obtainmg or reaning specinlized food tems. For
example, members of the highly popular syanathid family,
sey horses aiwd wer dragons. have loog, tobular moath parts.
These fish are mot physacally capable of mpesting typecal
commercial fish foods, Instead, seccessful hushandry
trpically imvoboes significant investment m the reanng of
brine or myeid shrimp. The populanty of these fish has made
the extra wrvestiment worthwhile for meny commercial
ea-ail.itﬂ:l&.l but posles it uesealistic for the typical home

TSt

Usnally, feeds for fry and fingsrlipgs frequentiy exceed 50%%
crnde protein. As growth mie decreases with fish age he
prodein levels in diels e decressed accordingly. Protemn
bevele om grona out diete offen appeoachs o axcesd 4096 ciuda
peoteity, while maintenance diets may confaiin as lifle as 25-
35%. In nddifion to decreasing the protein content of the food
as fish grow, the paticle size mwst also be changed. Marry
fish require live food when they are hatched beceuse their
mouth paris are w0 small. Some fish, soch as the chanpel
cotfish, aie large encogh to place o s iy diet mmedistely
mlhmhmu;glul:athaumhﬂmmemd]ubnrnﬂ&cﬂ
for live foods™,

Fish meal should be a major protein source in fish diets,
These are essential amino md fatty acsds that are present m
fish meal it not present in tissue from terrestrial plants or
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amimals. Lew cost foromalations in which fish meal has been
ehmmated md replaced by less expensive proteins from
tegrestiial sources (soybems) se not fecomitepded for fish,
Fish mesls and fishery byproducts have high liped contert
aned therefore rncidity can be & problem if foods are not
properly stored, In sddstdon to e concem G EAAS that musy
be present m fish ineals, fish require long choimn fatty acids
(C20 and CI2) that are seot fouind dn tissos froan terreatisal
arganisme. Fish meals, sheimp roeals and various types of
fishery byproducts are the source for these EAAs. In additien,
crustacean  byproducts: serve a5 a source of corotenoid
prgmients that ave excellent for coloar enbascerment, There 15
a hgh oil comtent associated with carotenodd plerents. s
vitagtiin E supplementstion b recommendsd when these are
used" ™. It is kmewn that fish absorb rinerals from the water,
Colcinm deficiency of channel cntfish fry hos been associated
with calcim concentrations less than 10 meT in rearing
systems. Caleinm clloride has been wsed to rame the caleinm
concentration of water used for frv rewring. Conversely, foo
much calcinm in the water has been ossociated with
reproduchve problems in some fish, Waler hardpess = 100
mg/L has been attnbuted to formetion of hard shells for eggs
of some tetra species, and fiv were not able to hateh!'. Most
fish require dietay ascorbic acid (itamin C). Ascorbdc acwd
added 1o fish feeds should be pheshorviated to stabilize the
vitamin and increase siorags time. In additon, vitamms A, D,
E and B complex should be added to fish foods. The
copcentration of vitamin E is ofien inadequate, especially in
digts which are high o fat. I fish e howsed in naburs]
systems with algne and phytoplankton. and stocking rates are
mat too preal, then vitamun supplementation seems to be less
gt i, wfumdﬂ}' bevause of the availakility of nahsal
food stems" ",

Becapse fish fesds nsually contain relabively high amounts of
fish mea]l andior fish o, ey are very susceptible Lo
rancidity. In additzon, nscorbac acid 13 heghly volatile, but
critical to moemal growth and developrosnt of moet species of
fish. For these ressons, fish feeds should be purcloased
frequently, ideally of lenst once 2 month and more fraquenily
if possible; Feeds should be stored ina cool dey place asd
should mever be kept om hard for mose than three months,
Befrigeration of dry fesds is pol recomanended because of the
high moistuse eoient of that sovirenment, Freszing is an
accepinble way of =dending the chelf life hawever™
Stabilized (phosphorylated) forms of scorbec acid are
avadlable and are used tn many, but mwot all, fish feeds. Feads
that do ot contain stabilized ascorkbae acid are not
reconmmended for fsh. Commercially milled fish foods are
wsually sold ps dry or semi-moist pellsis or as flakes, Pellets
are typreally e most complete diets. They are cooked, and,
if marketed as a complet= mtion, the nutrthion in eack particle
should be uniform. Thaadvantages inchade the potential for
rapid sinking waless the peliet 5 extroded. In addition, the
pellst size i5 very important, | may be mopossible to
msifactire 8 particls sorall aowch for somne fish, sspeially
Juveddles of many specles. For [arpes sdmals a very small
pellet oy be pnaccepiable. Ssmi-moist dists e soff and
comppast, Many of thess wre expenainve, bt they tend to be
high quality diets anst may be an excellent choce for some
species’”, Flakes hove been used extensively m the
orfiameqntal fish indvstry for meny yvears aiwl have the
advantage of being s0ff enough for very small fish w
consume. They alse sink very slowdy'”,

Technology amocisted with rearng of live foods is
irmproving rapidly. This is having o positive impact on larval

rearing, a frequent bottleneck for commesciplizabion of ‘new’
species, Ratifers are the smallest lihve food that s routinely
tsed for larval reanne Mewly hatclsed beine shitmp are
bargeer, buat still quite small, ad are coimnenly wsed o fish
hatcheries, Cultured [ foeds cam provide & source of logh
cuality muatetion, but care opas be wlen 1o avold perpetuation
of mfectous disease. Use of wild cauzhi food ilens s also
riskoy becaan of the petentisl for diseass introdnction””. Fish
shonild be fad bazed on a percentage of body weight. For
muintenance, 51.0% body weight per dev 15 adequate, Fish
should probably be fod at lenst 5 days per week. The most
comrutiot ristake made by pet ownens s overfeedme their
flah, offen with resuliing degradation of water qualay.
Ocasienally, the coneis wnderfiesd dbeir fish, O feeding
per day s plenty fior most pet ammals. Rearing of voung
sinck does require small meals fad more frequently. This is
aften ]aav:thishad using astomatic feeders on commercial
Tt

Advinices m the diggnesie and comection of nutnteonal
diseass shoukd be significant over the next few years as thers
seems to be a preat deal of research acivaty in this area. In
the interim. practiijoners are encournged 1o include questions
abaart diet and feeding practices in thewr Fatories and to keep
the potential for & nuirinenal aetiology in mind when
working through perplexing casss™,

Feed Tor Fish Larvae

“Live feed” dring the first few days of hatching is necessary
to amsare adequate larve sweaval. Fih laroe fed with e
feed in the wnld o cultured have higher surncal rate than
those fed with dry anificial feeds® Live feed orgenisma
mclude - zooplankions, These are the rotifers, copepods,
cladoceras and other larval and adult forms of some
mvertebrates. The type of fish feed determines fish
production”. Buccessiisl rearng of milkfish (Chamss ol
larvae also depends almost enbrely on the we of the love
fead, rotifer (Browhinee pliearia) The most  widely
cultred fead are rotifers because of their abundamee in any
water body, Mowia and Daplia speciss are also widely
cultured'”.

Live feals can be culhued usemg both organic and iorgame
ferfilivers, These fertilizes the medianm to  prodece a
phiytoplekion Foem The desited species of 2eoplaniion for
the culbure ore |later mtreduced oo the mediuom. The use of
morgamic- fertilizer (NPK and urea midure) can be effective
for the culture of Mobar sp. A shed of 3 m < 4 m constructed
ared plastic bowels of 40 L capacity is peeferable for the
gilture, Different misturss can be wsed, Moing species seem
o grow best in 005 g urea and 0.3 g NPE and increasss in
growth rate within few days of moculation®’. Live feeds can
also be cultwred using concrete tanks covered wath
tramsparent nylom sheets. The nylon sheet allows light 1o pass
through the conerste tank. The water con be fertibized with
chicken mamare or cow dung mixture, The ratio of 31,7 of
chickes maivre sl sow ding i recodumepded. Alpal blosm
appears after fertilization. fallowed by zeoplankton in inoest
cases, the rotifer Asplomcing peiodesie appears afier the
imnocilation. An abandance of 100,000 organians per liter can
he: ahserved at the peak af the beom'

The best methed of culturing love fred is the use of sarthen
patids fertilized weth chicken mamere. The reason s duat, i
saves codt Spread amaruse on dry prass  (Bay) and
immadigtely fertilize with chicken mamze, Pump the water
mio fre pood. FZeoplankions such as Moino species and the
rodifer. Brawmiifowes species will appenr after o fow duays of
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fertilzation. This method of culture molbplies zocplankten
quickly, beemse earthen ponds are natuml  hebitals of
zooplanktons. The weter that is pamped mey contain live
aeganisme with eges m sale Fertilization of the pond alwo
adds snough merient reguirements. This enhances plankton
eroath within tee shovtest possible thine, In eanen pos,
dykes of the pond ceale lacustine conditions and these
conditions favour zooplankton growth!=,

Fizh Feed Ingredient=™uiriewis

Maony fish farmers and ornamental fish hobboysts oy the
bulk of their feed made coummercislly. However, small
quantities of specialzed feeds ave oftem seeded for
experimentnl  purposss,  feeding  difficult-to  mnintain
aguarian fidhes, loval or small juvenile fishes, brood fish
conditioning, or admimistering medication to sick fish, Small
ormamendal fish farmms with an assorineent of fish reqguire
amval] amsouns of variows diets with partuealar ingredients. It
15 not ost effective for commercial manuiacthrers to prodoce
very smadl quantities of specializesd feeds, MNosi feexd mills
will only produce custom formulations of more than one toa,
and medicated feeds are usunlly sold i 50-pound bags. Small
fish farmers, hobbyists and [aboeatory fechmician: are,
therefare. left with the opticis of buving larpe quastities of
expensive faed, which often goes fo wastz. Small qguantities
of fish feeds can be mods quie easily in the Isboratory,
clessrooat, oF at lsooee, wath compsn mgredients aixl sample
kirchen or lalerpiory squipmeni. Mauriems essential to fish
are the same as thoes required by most other animala ™",

In their neteral epironment, fish have developed o wide
vanety of  fesding  specalizatioms  (behavieoural.
morphalogical and physiclogcal) o aoquire  essenizal
numents and wilize vared foed sowces. Based on ther
primary diet, fish are classified as: comivormes [consuming
lagely amoal matertsl), beddvorous [consumese juamarly
plant and algael or omnivyorous (having a deet based oo both
plant and amimal materials) However, megardies of thedr
feeding classification. in captivity fish can be taugh.t 11
readily mccept '.'mmu prepared foods which contmn the
netessary mErients"!

The duwtriests maiual to fish are the same as those requured
Ly mest otfier animals, Thess inghele water, probsins (srmine
acida), lipids (fata, oils, fty acids), carbolvpdrates (sugan,
starch), witamins minerals. I addidon  pigments
(corotenmids) are commanly added to the dist of slmomd
and ‘omarsental aquarium’ fishes o ephance thewr fesh and
skin  coloration,  respectively.  These  fish fead
ingredients/murients have been described ™™™ as below:

Proteins and amine acids: Fish meal, soybean meal, fish
hydrosylate, sham milk poader, legumes, and wheat gluten
are excellent sources of protein. Additiosally, the badlding
Hecks of proteins (free amine acids) such as lvstos and
methicnine are commercially mvailable 1o sepplement the
diet. Lilizing rew fish as 8 mads inovedient in fish feeds T
long bees recognized to be barmfl to the health and gowth
of fish due prmanly to the presence of the ati-notrisut,
thisminsss, Thinmmnass, o SrzyIng that destroye thisming
(vitamin B1, one of the sssential water soluble wtamims), is
mestly found in freshwater fish. It 15 destroved by the heat
(ie. cooking) Other soncems relatad to nsing saw fish
diets incheds the spread of infections diseases such a3
Myeobacterivm and botulism. In preparing dists, prefersntial
use of manne fish is siggested to minimre thiaminase
activity, and the raw fish could be steamed or ponched.

Lipids: Dils from mornes fish, sxch as menhaden, and

vegetnble oils from cancly, smflower and linsesd, are
cogrutiat soices af lipids w fish feeda

Carbobyvidrates: Cooked corbohydrates from flours of com,
wibest or ofdver “brealdfast” cereals, sre relatively inexpensive
sources of energy that may spare profein (which 1s more
wpensive) Brom bainp veed 9e 80 enerny aosee,

Vitamins snd minerals; The vanety and smoust of vismmns
and minerals are so complex that they are weually prepared
gynthetically and are avalsbie commercially as a balanced
and premessused midure knowm as & vitenen or museral
premis This premix is added to the diet i gpeneroe amotmts
to ersure that adequeate lavels of vitsaning sl mansrals are
supplied to meet dictary requirements,

Plgments: A vanety of sl and synthetic pdgments of
cargtenaoids are availohlz to enhance coloration m the flesh of
salmonkl fish apd the skin of fresh water and marine
cenamenial fish. The pigments most frequently used supply
the colours red ond yellow. The symhebcally produced
gment. astanthing §s the moest commonly used additive
(L0400 moke) Crapobacteria (bloegreen algse sach as
Spirnifing), doed shnmp meal, sbrimp and palm oils, and
exiracts from marigeld, red peppers and Fhgliio veast are
excellent natural sources of pdenwets,

Binding agenis: Another troportan ingredient in fisl diets i
a banding agent to provide stakbalsy to the pellet and redpcs
beaching of nutrdests into the water. Beel lieant bas
traditiorally been wsad both as a smce of protein, and & an
gifective binder in farm mads feads, Carboliydrates {starch,
cetlufiose, pectin, and various other polysaccharidss, such as
warscty ar derivalives from asieels (eelatin), plenis (eum
arnbic, locust bean) and sea weeds {agor. carngeenm and
ceher alginates) are aleo popolar binding apents.

Preservafives: Preservabives, such as anbmcrobials and
antioxidans are often added to extend the shelf life of fish
dicets and reduce the rancudity of the fals. Vitamin E i3 an
effective, ot expensive, anticeddant that can be wsed in
Ieborntory  prepored  formulations.  Comenoily  avalable
commercipl  anbicecsdambe  are ebylated. hepdroccymmisole
(BHAJ, or butyated hydrosytobeene (BHT) and efthoxyquin
EHA and BHT are addad at 0.005% of diry weight of the diet
ce oo more tan 102% of the fat comtent in the diet, while
ethocequin 1= added o 150 me'kg of the diet, Sodium and
potnssium salts of propionic, benroic or sorbic acids are
commonly avalable antimioroboals added =t less than @ 1% mn
the mamifaciure of fish feads.

Attraciants; Other common additives mcorporated infe fish
feeds are chemo-ottractants ond fovormgs, such as fish
bydrosylates mnd condensed fish solobles (ovpacally added at
o of the diet]. The aming scids ghveine and almvne. and the
clemnical betaing ars also kaown to stisslate stromg feeding
behavies in fishe Basically, the stiractants enhence Feed
palatohility and its intake,

Oiher feedstuffs: Fiber aied ash (mudnerals) are a woup of
fixed] materials found in mest feed sufe. n experiovental
diets, fiber is used as a filler, ond ash as & source of calcwm
and phosphorus, In prectical diets. both should be e hagher
than 8-12% of the formulstion. A high fiber and ash content
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reduces the digesthility of other ingredienis in the di=t
resubting mm poor growth of the fish, Odher common fesd
sfuffe wsed @ omnamental fish diets dnclode live, fozsn or
dried alpae, brmse shitmp, rotifers o other Zooplankton.
Addiion of fish or sguid meal will enhancs the meritional
vadue of the diet and tcrease W seceplance by the fish, Fresh
leafy or cooked preen vesetables are offen used. Although
visgetables ane cornposed awinly of water, they coditain aotms
azh, carbobedrates and certain vitamans Kale, daisdelion
greens, parsley and tumip mresns are examples of relabvely
notritous vegetables. The quality and form of foed required
depends on the muritonal peeds, feeding habdt aml ape of
flah. Maoy deduesiee and agricoliual westes such as oo
bian, moines corn boan, ee bean, whent bean, brewery
wiates, Blood meal, fish aseal. palm kernel cake, poundost
cike, cotton seed cake, sovhenn, vegeinbls oil, palm ol efc
are  somk mam  mgredients  required fir  compounding
artificial fish diet 1o reduce the cost of producing a fish. Fish
teeds are the fine particles of ground fesd stuffs green to fish

m small compact, cylindrical and head like forms calied
‘pellets”, The pellets conld he moist, dry or extroded doy with
tatural reterisl sach as spleen, poosd liver, heast and raw
fish. Muodst pellet contaminstes the water cavsing pollution
and comtmins 15-35% water. Except the dist 15 pasteurined,
thege 15 e possibility of dnroducang pathogens oo dee fish,
Inaclequate transport and storage destroy ceriain vitamins and
bpids, The hemdling of this type of feed can be difficult and
expemsive. However, st fish faed are readily digestibla by
fiy and fingerlings. They also have the desimble floating
mualities, water stobility, nnd the feed can eastly be observed
on antroduction. Dry fish feeds are move popular because they
are easier b mannfachire, transport and store. Thedr natuse
redueey lecching of mtrients, However, dry fish feeds are not
gakily observed on dpteodection. Ossdesting  con gosur

during mamefachme,
i of various nuinerds imcloded tnoa

The peneral
gtandard fish diet™ " are given in Table 1.

Tahbe 17 Gegeml sniwats of sarrienis lBoorporated inie @ far greawing sk

Bniremiy

Eeguirement (% by dry dieg)

|nnl-|::|.:u mrﬂum 1hrlu-u.=-

EPA and DHA (w.3]

Prodeims; Thes= incluge 10 aseotl zmino acids, vir, Ivane, phemdalanms, srginme, vahme, Jevone,
) i hi oz n; :ndh:h-ﬁnn
© Fak: Pesd ua-w.l-m at'mrr_.' and ]ﬂ]:.'l-u.m:.b-.'d I'::l:} acu:ls I:'.-menllr ﬁeﬁ'rqlrr fish mgure
famry acids of chee Boleges (W-3 ) et Lnodeme (w-8) seniss; wiule salvaaser and coldwater fish reguire

5145

4205 [aheald comun o lean 124 of the w6
of w-1 eesenial Bty acid weries)

aclucied nkcs

Carbedydrmie: These ae an itexpensive sowes of enerpy aad s bindzeg agentn. Mo casentia
reqeirements have been wWentified. Thesa are poody dipesied when fed raw; highest dapeshaboly
1. Blayor carbobydraics sre skarch collulow and poctin

0.3

Mimerals; Thern can be soma 20 incrpanic minerml slements. inchadmg calsiem phesphonous.
2 P SIHTL 108, COOPET donpatees pige iodine and seleniue.

| G-7 5% (Fad % 3 atin-mameral e

weluble (122mim A, 1, E and K} and waier-scluble { B gl

wiladian O

itnmierd T Thede are nergaie seberiscss fequired i EoS Son s thar 2un be Sivided iamo -

e, ibamns, okaflovn,

Fymsoxine, pamctkenic acd, cvarocohalamin, maan, Eotin, fhe acid chodne and myomosiiol; and

1027 5% ¢Fed prersasily 4 & Suli-vitasmin
premex; vikames choliae aed © are addad

separately from the premax because of thesr
chemical meabling

Some Common Cenventional FeedstudTs
Seene condnon conventional feadstuffs sre as under':

Gronndnwt cake: This contains about 45% creds profemn bt
lacks the esseptial amino acid, fysine. When moldy, it
bevomes posanois e to the presence of mycotoxz called
“nflatonin®,

Sovhean meal: This feedsiuff 1= fast gmmng incressing
apceptability. It has a balsiwed amino acd profile and can
replace 4 substantial pant of fish meal. The use of this
feedstuff 1=, however, limited due to s high fat content and
presence of rypsin inhibitor,

Palm kernel mcal: This contmins a furly high quantity of
crude fiber, The crude peofedn is 17% Palm kemel oweals are
anly usefil when its coxde fiker comtent is high

Brewers dried veast: This 15 3 byproduct of the brewery
ity It containg sufficient guantity of crde profedn bt
lipmted im sedne acds metdoine and cystuse.

Brewers dried graim: This 1= readily avazlable snd contains

similar protein fevels as palm kemel cake, The cnade fiker
citent i high sd so. this i in lmited use.

Madze: I iz palatable and free from ant-ofritions] factors.
Ha eiergy coribeast 15 high, This lirmis dhe ose @ fish feed.

Whest offal: The munticonl property of wheat offal 15
sitdbar to palm kernel meals, The two oo therefore be used
iiterchangsably bt scarcely tomsther, Wheat offal & very
pearee dag 10 adveres governmsat policy,

Fish meal: Fish feed = hasdly formulated witlowt fish meal.
Apart from its high protein content, fish nweal also acts as an
phiractant, Fish meal 15 produced either from the trash
obtaimed from trowling or fish waste from the canning
mdustry. The percentage protein depends oo the source of
fish product and method used n producing the fsh meal.

Poultry byproduct meal: Poulicy processig generates a lod
of wastss such as offal, Hood and heads of binds. Thess
wasies can be processed to form pouliry byproduct mesl, The
protein contend 15 higl witly & balanced amino acid profibe. It
caii replece fsh neeal widvout amy sdverse effect on the fish.

Soms conventional typss af fish nm]ls {fialy fewdatafie), with
their mmamom and minimum levels'™ are showm in Tabde 2.
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Tahls 3= Mavimam and minimen brvely of same conventinnal Fil fesd siadfs (ko omeal)

Tywpe of Gl meal

Marimum level (%) Al mrie leval (%

Fioh meal (i wists, $8% peobeiil

0 ED

Fish meal (mewesllaseon, 0% polea)

Fiuh protein cocentiale (iobibile, Tite pioes)

50 §1]
11} ;

5 1

Rlzed rrual L..m;':_mﬂﬂ_l'_ et

Sonbean meal (selven exart, 43% pratem)

Grourding take meal 43% praten)

Breweds diad yeur (3094 pemiein)

Brevesrs dried g (15% protein]

Pala kfrre] colee mell [F8% pronese]

Wheat muddbmy {179 m‘|

Ll |00y Jia f0 (L

Ract beaus {124 protsua)
Mlaaze | 100 Enein)

(e
wal s

==

S gl [guinea coon, 105 prateie]

=

Unconventional Feeds for Cultore Fish

‘Unconventional fish fesds” are potentinl fesd mprediznts,
which have hitherto ot been used in fish feed production for
the seasons that! they are ot well Imown o understond; there
is no =ffective study of the methed of production with a view
10 conmwrcializing them; they are not readily svailable; and
they can be toxic or podsonous, These feads are genemnlly
refermred to as "uncanventional feed ingradients’. They contain
high gquality feed mepredients that can compare Bavourably
with comventionnl fesd types, They are expected to be
cheaper by virtue of the faci that there 15 no competition for
haman copsaimgrion. The uncorventional fsh feed can be of
‘apinesd’ or *plant” source which have been described below®:

1. Amnkmal somree: These are feed frorm any Dving thing,
other than haman being. thet cam fee] and move, e.g. tadpole
meal, fly lanves, earthworm meal, toad meal, shrmp wastz,
crab meal, and animal wastes such as pig and peakiry
dropperrs and bleod meal

{n} Tadpole meal- Frogs and toads breed ot the onset of
mamy semson with the firsst mins acting o5 stmudos for
reproduction. Eges are laid in stapnant pools or any body of
waler and later hatch bnto tadpobes. The tadpobes are sesn
swimming and freding from food obtained in the pool of
waker, These tadpoles surive unfil the pool either dnes up, or
they metamrorphiose lnbo adull  frogs or weds in 23 months,
Becouse of the perod of hife cycle spent m water, the
tadpoles can b cultured like fish sad harcested Tedors they
can metamorphose. The lervested tadpoles cm be processed
by oven drving or smoking over a kiln, For imamedinte uss,
thew can be fed whole 10 adult fish o pulverized and added 1o
ather feed ingredients at 40-50% depending ot availability.
This meal coutains about 30 cnade protein, b can be used in
ploce of fish meal

{b) Hoose fiv larvae (Musis domsestical When there 15 a
supply of damp decaying organic atter, the house flies
thnve Tt serves both as food and bresding ground for the
adlts and sustenance for the resultant larvae, In fact, within s
aboet period of the estdstenss of sich manes. the lange swmber
of fly egps became apparent. A summlation of such condition
is achisved by cresting & decaying organie meatter with m
attmctant such as a combination of fish an trays o shrimp
waste with finely grownd mosre or sovbenns, growmdmat cake
of palin keinel cake. The mistwe i uved ioto a slusmawy
watery waste with water in & drom one gquarter o half filked
amwl left open in the field, Harvesting of mmggots can
comengs from the thind day, When the quantity of

wriggling lamve (maggots) 15 satistactorily high, the paste 15
diluted ond lomvae are harvested with a fine mesh sisve,
washed thorowchly fo remove the substrate and allowed o
deip dry. Processed Larvae can contxin 8% modstore 45%
profein, 15% fat, §%ash and 25% chitin,

{¢) Animsl wastes- Faeces fom amimals, particularly
pmegery and poultry droppings, can be wsed ns pond oraanc
fertilizors for the stimolation of plankton growth. Hewever,
hoth animal droppings are used a5 a dirset sourcs of food fo
fish. As direct food for fish, pig wastes collected early in the
poditing without contanusaison by g whne are drapped mvio
a nevked men of the pond as food. The same thing goes for
poulbivy droppings. In fact, some fish colherisf wsee poultry
croppringgs without fusther wsee of asy amificial feed with good
results, Howsver, care most be taken to avoid pond
confamination. As affer fermentation and bold up of fv
barwae, the droppings can be left it open containers for a few
days to allow fermeniation and budld wp of larvae. The larvae
and droppiogs are let into the posds, A= even drving and
moorporation mio feeds, the dropping can be oven dried or
sun dried dunng the harmatton perniod and added to other
mgredients i fish feed. Such droppdngs contam aboart 3084
crde protein content. The animal wastes are especislly
usefol m the polycultare of local cathishes and filapins,

(@) Eartbworm meal (Lumbricas  ferrestels and
Alfobophora  fongy: These ore demirvorous  terresinnd
oligecheate oorms, They live in dhe soil and foed on
decaying leaves and other orgsnic maiter, wlich they Later
mass ot as worm caste, In other words, they convert organic
matter w 0il S0, they are used i the breakdown and
mhlbization of homan and snemal weaste These worms are
bermnphrodites and reproduce while being wsed to break
ooy detrihos Hwereasing teir munber at the sames time They
are commercially prodced by heaping emimal, human wastes
oo fefuge o4 land with esough moishire in the soil or
swainps. Suitable padrs of earthnvorims are istroduced. These
wiitld breed with the defrifus serving #s source of mitrients fo
them Harvesima can be done affer six months, This s by
geting ug s of earth sl ey brealiage tem up w
release the worms. Processing 15 either by oven drymg,
smaling over & kil of pulversing with 3 pepper grindser

(¢} Toad meal (Bafe regalaris)- Toads in the fropics are
seemy in moist or  dasng sdess in the foreats,  house
sovmnslings, ete. In dry season, they move uwmder stodmes.
They brzed by laying largs number of eges in pools of water
during the rwins, which hetch o isdpeles. The tadpolss
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metamorphose mio teads. Thus, it 1= possible to breed tonds
on n commercial scale and processad by oven drying, Toads
are however, viewed with resulsion sisd people seldom toweh
it becanse of ity modst rowek skin, Seme fish culliurists kil
toads and put ito the fish pood. When the toads go puind,
the catfishes feed on b Pulrefacnon or feraweilalion remoyes
the poison in the toad skin, The toads cosian %9% protein
aind compares Favourshly with fish meal

(N Blood meal- Cow blood 1 dotly avaslable in the slaughter
houses, Processing 15, by botling the blood foliowed by drv i
an oven ar smoke; sun dry, particalarly during the larmarten
(bulk of comunercial blood meal 48 processed dartne the dry
sedaoi), aiwd pdded stradght into the mivtare of well prousd
ingredients. Dy eossava powdes can e weed an 6 binder and
bailing water to gelatimize if, M thoroughly and spread ot
to dry. The result is a feed with crumble consistency ideal for
aduft fish and fngerlines. Blood owesl i3 high in peotemn
comtent (55%a), It is a supplemestal source of bsing but low
in methionine, Antagonism exisfs betwesn |=ocine  and
isclencize which renders the labter unavailable if coosbined
with soybean mend, which is on sdeal for fsh growth.

2. Plant sompees: The plast sources of fal diets mclude: leaf
protzin, leaf meal, oquatic mecrophyvies, cultivabls polsss
such a5 mucuma bean, vam beans, bread beans, wingsd beans
o airy leguie cenacsental that can yield pods with seeds

(0} Leaf protein- Leavis are abounding in the tropies
arraing freely wathout cnltisation. All coptmin diverse l=vels
of potein. which ecan prodsce an  inexhaustible asd
inexpensive source of mutrent for fish, MNutriticeally valeed
leaves are cossava (Manihe!, esculensa), pawpaw (Carica
papayva), pineapple (Amamas, comosus], Groundmat [Arachis
Inpoged), sova bemdsovbean (Gheine mend and plannam
{Abers paradizicay. A moober of technigques have been
evalved for axtractng protein fom lesves, The crushing of
lesves into & solution with trichloreacetic aced is a wsefial
method, The mixture is allowsd to settle i separating flax for
a period of 12 he. The bottom slurry & peodein obtaimed by
decanting and dirving. Any leave is sudable for this method.
Ths resulting poedsr is beaf profein concentrats coflBining
ugrto 15=50% crade protein,

(b} Aquatic macrophytes- Thess are commion aquatic plants
found prowng on water surfice. Thess inclede rooted
flowering plaists like grasies ard sedges that are coammonly
seen along the rm of fresh water bodies; mtted flowenng
plonts with submerged leaves like cerntophnilum, and with
floating leaves like waler Llies (manphaes’s fee flosing
plonts such ax duckwesd, water letiuce, wuter lynanth and
salvinia, o water fem. Wiater hyacinth are w0 wide speead that
they comstituts & menace to shipping and fishing actities bt
e be used ps feed component for fish, & review of studies
catiied out o A2els pifae and el crasiper se 58
fallovovs:

(e} Agella pidmatg (Meesh water fernds This is a potential fish
fzed compoment in the digt of Drenchromis nifaticus. Tts oven
dried sfafe 15 equated with palm kemel coke. Forty percent of
A pifker can be used i tilapes diets, Tle plait groas fast,
0 ¢an feadily meet the oeeds The oven dned sample
contains X 7% cnads protein

(d) Eickhornia crasdpes (Water hyacinth): Tt can be usad
m the dist of & migrodigitems amd other cultiahble fish
species, &0 O mioiicis, Heterorty aifonicus, ete. The plang
prows very fast oand  abounds for conmercial  wsage.
Processing con be dos by oven drang and profem extrachion
as b beal’ prodetn,

(#) Umeonventional pubies- A pang of lepomes are med ag
coves erops of oftsmentals. They are not eaten by reasoms of
suspected content of toxic substances, For example, mucuna
heans, broad beans, sword beans, winged beans, yam beans,
ete. Their protein contents range from 18-20%, fan 3-10% and
carbolvpdrane 30-60%. melenge them easdly pelatsrdsable.
Tomic substancss in them are hvdeogen eyanids and trypedn
mhikatess, Thess csa b temeved by applving heat duning
processmg, which o be done by fopsting  (gromndaut
faslhom), bodling, stearn cooking or drving.

Preparation of Fish Feed Formulations

The fe=ds are formulated may be dry with 8 final moisturs
content of 6-10%% sam-momst with 35-40% water, or wet
with 50-70%% water content. The most feeds used in infensive
prochsction systems or i home aquaria are commercially
produced as dey feeds. The diy feeds muy consist of simple
foose mixtures of dry ingredients, such ss mosh or meals, to
more complex comgmessad pellets or groonles, Pallets ars
aften broken mito semaller sizes known as “crumbles’. The
pellsts or gremmles can be made by cooking with steam or by
extrusion. Depending on the Mﬂq requiratiants of fish, the
pellets can be made to sink or foat™ .

Flakes are another fortn of diy food and a popular diet for
aguearium fishes. The Aakes comsist of a complex mixmre of
mgrediznts, inchading pigments, These are made into shary
which is cooked and molled over dnums beated by steam.
Serri-moesl ] wet feads are made fron single or adxed
mgredients, such & fash fish or cooked legumes, and can be
shaged into cakes o balls

These is wo single way for peeparation of formualated fish
feed; bowever, most methods begin with the formation of a
dough ke mixiire of ingrediems. The ingredients can be
obtamed fromn feed stodes. procery sofes, phamnscies and
specialty stores such as patoral food stores, as well & Gmn
various comnpanics that may be found throwgh the intemet.
Dongh is started with blands of dry ingredients which ore
fmely ground. and mixed The dough 15 then knended apd
water 35 added to produce deswed consistency for whatever
fish is goang to be fod. The same dough naay be usad o fead
several types of fish, such a5 ezls and small aquarium fish,
Peil=ting or rolling converts the dough imto pellets or flakes,
rul]xch'rcly. The ampunt of waler. pressue, friction and heat
greatly affects pellet and flakes quality. For mstance, excess
wates in the maxture resulis in A soft pellet Too lifke
moisturs and pellet will crumbde, Proteins and especially
itamins are seriously affected by high femperabures, Thes,
auadd soring diel meredients ot temperatres al o above
TOPC il dnmlp_u'eparem*].' feeds with water af tefiperatare
higher than 927,

Te make the owm fish feed, fow specialized toola are
required, The toals are wsed primarily for chapping,
weighing, messunng ingredients, and for bending, forming
aid drysng the fead. Moat of the utensils nesded s already
available in the labosatory o kifchen. The muoltipuspose
katchen shears, hand grofers, n paring kmife, a 5 inches
serrabed kafe, a 6 to B inches narrew Wade utilicy knife and a
10 ches chef kmfe for cttine, slicng and peeling con be
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used, A couple of plastic cutting boards protect the count=r
andd facilttate the bandling of rew ingredients. Heat resistant
rubber spatidss, wooden and slotted spoons long handbed
faks and tongs are very good for handlieg swd mnixdeg
ingradients. A basic mortar and pestle, electnic blender, food
procesyor o coffee eriusder are very weeful o clop or puee
ingredients. A food mull and straier such a3 a colander ar
flows safter halp diceard coarce matirial and obtain fine foed
particles. For weighing and mesanng ingredients, dry and
liquad measuring cups and spoons, and a food or labomtory
bench scale are required. Other utensils include plastic bowls
(1% 3, 5, and 8 guarts) for weighing and mixing mgredients,
a thermometer asd a timer. A 3-quant socepan and 10 dsches
stockpot are good for heatise gelating and cocking riw feods
like vegetablen asd staclies. The ingradisits and blends amy
be cooked in & small slectnic or gas amer. A few frivets to
put under bot pans will peotert cousters and table tops.
Ingrodients may be mised by hind wine a rofaey beater or
wire whitk; however, an #lectric nuxer or food processor is
mors efficient. After mixing, n dough i= formed which can be
fashioned into different shapes. A pasta makes, food ar oeesi
grindler wall extrode the dough mto nocdies or *spaghetty’ of
different diameters, As the noodles emerge from the outaide
suiface of the die, they can be el off with a knife 1o the
desired length or crembled by hand, thizs making pellets, A
potato micer also serves fo eximde the dough into noodles of
the same size. For making flakes, & tradiisonal handerankoed
o eleciric pastn maksr will press oul the dough inte thin
sheate. The pellets or thin sheets con be ploced mn 8 coolde
sheat and dned in o hmsehold oven on low heat or m &
foacedair oven. A small food deliydrator also perforns the
task quite well. To add extra oil andfor pigowesits to pell=s, a
handbeld o1l atomizer or spryer can = useful To separse
pellets mfo differsnt sizes a et of peves (e.g, 05, 0.8, 1.0,
2.0 atwl 3.0 gni s cequired",

The freczer bags serve to store the prepared feeds. and using
a bag vaoue ssaler will grestly ecgend the shelf life of both
ingredients snd the feed. The feed an be stored doubie
bagged in the freezer but should be discarded after & months.
Ideally. dred baval feads are pot frozen but stored in the
refrigeratar for no longer than 3 seowths A fmashed diat,
especially wsed for experimental purpeses, should be
amlyzed for murient cootend (proximade analysis: onsle
protein. ensrgy, mogsture, etc ). Besides, any one intending to
muoks hisher own fish f2eds with unfamilar mgrediens,
should lave them analyzed price to their use. Purified and
seimi-grified dists are used prmanly in experimental
fornmdations to study the effects a mstrnent, sch as the
amount or tvpe of protein, may have on the health ond growth
of Ash. One smple formulation, which s used raditionally bo
fzed ornamental fsh in ponds, conststs of 0 mixhure of 300G
groiind and processed oats o wheat and $0% of fish meal of
pellets from a commercial mamifacturer, By weight, abost
23% of fish o, and a 0.3% witamin and a 1% mineral premix
are added to the fevdure. This misohere is blended with water
aivd o be forened tate doweh balls of differeqyt sizes. A seqid-
parified dist deterinines the eptiroum profein level reguared,
This diet alse e be veed a2 a baais for feeding other types of
amamezal fish in the [sbarntory, The cichlid feed recipe was
derived prmcipally from salmemid formuolations and uses
catein as the purified proteds soirce. The ingredients u the
recipe mven wmder major msrend catepares may include &
proteins, cwbohydrates, lipids, vitemins and  minsrals,
Pigmenis are added to enhance the colormtion of omamental

fish. The gelatin based di=is are populor in the aquaman fish
indnstry and useful for preparing medicated fzeds at home™",
Feads are compounded by e use of the popelar ‘Pearson
square method’. In tlgs method: put the ingredients on the lefi
side; et the required profein level at the center; subtract each
quamtity froms Use requited feed welght tsar would give
prodein level; and substiinte to wet the answer. For example,
by using two Bappediaite, vz, ot with 0% peotein and
shidimp wath £30%% profemn, the proten fevel 302 e be
achisved'

Fish Fesding Techuology

The most cormson techniguwe of providing feed for the culture
fish &5 to fertilice the culture media with orgonse and
mercgaaie fertihzes to stmalate the growth of phteplankion
andd rooplanktons, Odher invertebrates Tike water ipsects and
their larva, benthee nvertebrates. and detritos materials are
alao utilized as food for fish, In 4 polveuliure svsterm where
different species of fish are growm together, the frv and
fimgerfings of herbivorous feh are preyved upen by camavores,
With mxremsed growih mie of the stocked fish, the available
natuml foods n the papd become inndequade to sopport the
fish population. So, there is need to supplement the nataral
food weith artificanl feeds for enhanced fish orowth The
relection of fish for cultare with sopplementary dist depends
oo the crude protemn requirement of the fish and the umt cost
af the feed ingredient avallable im a given lscality. This
comsideration is important because the fish fsed accoums for
40-T0%4 of owmin% coet of & fish farm with #n intensive
management system .

The feeding = one of the most ingeortain aspects of the fish
cultire. The hbasic acfevities of the fish are: its growth,
development and reproduction. All these take place ot the
expense of energy, which enters the fish in the form of its
food. All the olber emagy processes within dse fish also
proceed at the expense of the food. The first stage m the life
af & fish is completed at the axpense of the food reserves,
which it recerves fiom the yolk in the egg. However, the fish
can ealy live oo its yolk for o compamtively short time, and
after & slwort period of mowed feeding. it goes over comnpletedy
T the consumption of extersal food. Fish differ prestly m the
chamcter of the feod they corsume, Bath the size and the
systernatic position of the food orpanisms ae exticimely
varighle. The range of type of food consumed by fish is
greater than for other groups of verelrafes. Different
technical methods are osed for i adodnisterog feed to
culfure fish Limang and fenilization produce fsh food
organisms. Thess are ihe phyloplankton aod zeoplanktons.
The pond water tums green when plankions are many,
Supplementary feeds are given to Bsh in additton o the
natural food organmisms in the water beody, Supplementary
feeds contain all the essemfial molrients, eg, proleins,
carbohyidrates; lipids, vitamms and minerls required for fish
gowth, The mpplementary feeds are mtroduced info the
patd by broadeasting and spot feeding In broadeasting tle
feed B spread over the pond. Spereading {4 enhanced by
deifting of the pond water, This methed often cortaminates
the pond, Spot o spentawous feeding involves placing the
feed in n bag and ted on A spod. Altemnatively, the feed s
miroduced of a particular tume. The fish 15 f=d (34% body
weight) twice daily. preforably moring and evesing. The
fish fry is fod with paste mede fom boled chicken ege.
Idenily, Z5-30% profein fevel is required for feeding fish
the pomd' "
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CONCLUSIN

Fish feeds, |Ive feed for fish larvae, fish fesd mgredients,
sofe comeon coivertional feedemffe animal and plamt
sources of uncenventions] feeds fir cultore fish, fish feed
formmdation, and feeding methods are tmportant for the
effective management of G frnding. Mutrenls essenal o
fish me the same 2= those required by most other animals.
Thesa inclide water, profeins (sndns acids), lipids (fats, oils,
fatty acwds), carbolosdrates  (sugars, starch),  vitamins,
minerzls, pigments (carotenoids), ate,
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