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ataxia in the newbo rn (Nat ional Researc h Council. 
1980). Dietary defi cie ncies in fis h have resu lted in 
poor growth. s\\elerai abnormali ties. high embryo mor­
talities and poo r ha rch rates (Nat io na l Resea rc h 
Counci l. 1983). A ro tal d ieta ry manganese conten t of 
12 to 13 mg/kg has been recommended fo r I he com­
mon carp and rainbow trout (Ogino and Yang. 1980): 
however. Gatlin and Wi lson (1984b) found that 2. 4 mg 

diet was suff ic ient for normal growth and health 
o f channel catfish. Ka nazawa et al. (1 984) found that 
the supplementation o f 10 and 100 mg Mn/kg diet did 
not improve the grow th of P. japonicus; however. it 
shou ld be noted that pe rcent weight ga in was less than 
70 cro. Th e nu trit ional Stress pl aced on these shr imp 
wou ld not be considered adequate [ 0 reduce body 

. s[qres low enough to induce a defi ciency of a trace ele­
ment. Since rh e manganese comem of seawater is ve ry 
low (0.0 I mgll). significant absorption fro m the water 
is unlikely. possib ly making a dietary sou rce necessa ry 
for marine sh ri mp an d fis h. 

Sele nium 

Selenium is a trace element which fu nctions as a co m­
ponent of the enzyme glutathione peroxidase w hich 
con\'erts hydrogen peroxide and lipid hyd roperoxides 
to wate r and li p id alcohols. respectively . Thus th is 
enzyme fun o ions in protecting rhe cell from delereri­
ou s effec ts of peroxi des (Li rr le et a l .. 1970) . Thi s 
enzyme ac ts along wit l, vitam in E to funct ion as a bio­
logica l antioxidan l w hiet, prore cts polyun saruraled 
phosphOlipids in cel lu lar and su bcell ular membranes 
from peroxidative damage (Lovell. 1989), In addition {O 

parti cipation in enzymatic functions. seleniu m he lps 
prm ec t againsr mercury tox icosis by fo rming a mer­
curic-selenium co mplex. This protein-bou nd complex 
is di\'en ed fro m the kidney (where inorganic mercury 
de\'oid of selen ium is depos ited) ro the liver and sp leen 
where its toxic i ty is considerably reduced (Narional 
Hesearc ll Council. 1980). 

Cornplemenrary runctions or se lenium and vi:'J.t11i n E 
may these nutrients 10 irHer.1ct pl'ysiologicall y 
(Garlin et .1 1. . 1986). Selenium and vitam in E interrela­
t ionsl,i ps t,ave bee n inv es tigated in severa l anima l 
speCIES. and a va riety or common and un ique deficien­
cy sig ns Ilave bee n d esc rib ed (:'\at ional Res earc h 
Co unci l. 1983). Dirrering respon ses. espec iall y w ith 
respect to gross deficiency signs. were observed when 
the Allanr ic salmon (Sa lmo salar) (Poston et al .. 1976). 
rainbow trour (Bell et a!. . 1985). and rhe chan nel catfish 
(Gatlin et aI. , 1986) we re feci di ets without supplementa l 
selenium and vitamin E or both of ll,ese nutri enrs. 

Se leni u m defic ienc ies have been reponed for tile 
Atl al11ic sa lmon (Pos to n et al .. 1976). rainbow trout 

(Hil ton et al. 1980) and the channel catfish (Gatli n 
W ilson. 1984a: Gatl in et al .. 1986). A level of betv 
0. 15 and 0.38 mg Se/kg diet (Hi lton et al .. 1980). 
0.25 mg Se/kg d iet (Gatlin and Wilson. 1984a) 
required ro provide max im um growth and glutathl 
perox idase activity in rai nbow trout and channel 
fish. respect ively. In zoop lanktonic daphn ids. a se l 
urn defici ency in rhe meciium resu lted in a cut 
deformarion and a depression in reprod uction. In 
presence of replete zi nc. I ppb selenium w as acleql 
(K ea ting and Dagb usa n . 1984) : howe ver . i n 
abse n ce of d etectable z in c. 5 ppb se l en iu m , 
requ ired to eli m inare de fi ciencies characte ri stic 
se len ium depr ivatio n (I{ea ting and Ca ffrey. 19E 
Dav is ( 1990) fo und that juvenile P. vannamei gr 
best w hen fed sem i-pur if ied diets supplemented "-
0.2-0.4 mg Se/kg diet. Al though th is response was 1 

dup l ica ted. it appea rs t hat sh r imp have a diet; 
requirement for selenium. 

Pracrical diers con taini ng more than 15% fish ml 
should contai n adequate selenium and not requ 
supplementation. Diets form ulated w ith predomi na 
Iy p lant ingredients may requ ire a selen ium supp 
menL Due to the very rox ic nature of sodium selen 
or sodium selenate. they shou ld not hand led in I 
pure form . A selenium premi x. wh ich usually coma 
0.06 g Se/ I OOg p remix. can be purchased for inclus i( 
in th e feed. Selenium supp lementati on of greater th 
0.3 mg/kg shou ld be avoided. 

Zinc 

Zinc is required for norm al growth. cieve lopmenr. ar 
function in all animal species that have been stud it 
(National Resea rch Counci l. 1980), Zinc fu ncti ons as 
co factor in several enzyme systems an d is a com p' 
ne nt of a la rge nu m ber of mera ll oe nzymes whit 
incl ude carbonic anh yd rase. ca rboxypepl idases A a l 

B. alco hol dehyd rogenase. glu tamic dehydrogenas 
D-g lyce raldehyde-3-phosphal e deh yd rogenase. la, 
tate dehydrogenase. mal ic dehyd rogenase. alkalin 
phos ph atase. aldo lase . superox ide dismlltase. ribom 
clease and DNA po ly m e ras e (Nationa l Resea rc 
Counci l. 1980) 

A dieta ry requirement for zinc has been demonstratt 
in a va riety of freshwate r fishes fed sem i-purified diet 
20 m g Zn /kg d iet fo r c ha nn el ca tfi sh (Gatl i n an 
Wilson. 1983) and blue t il ap ia (Oreochrom is aure3 
(McC lain and Gatl i n. 1988): 15-30 mg Zn/kg diet fo 
ca rp (Ogino and Yang. 1979): 15-30 mg Zn/kg diel fo 
ra inbow t ro u t (Og in o and Yang . 1978) . T he zin 
requirement of red drum has been determ ined [Q b 
20 mgll<g d iet (Ga tlin et a l .. 199 1). For daphnid 
rea red under controlled [race-element exposure urili z 
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With an increased ilH e rest i n th e 
intake and bioavai labi lity of minerals. 
the re 11as been a great deal of interest 
in cheiared m inerals. If the element is 

Table 4. Generalized trace -mineral premi x fo r fin fish and shrimpl. 

Ingrediem 2 gm/ l OOg premix 

Cobalt chloride 

chelated by a com pound wh ich will 
re lease it in ionic form at the site of 
absorption or w ill be read i ly absorbed 
as the intac t chelate. this form may 
greatly enhance th e absorpt ion of the 
elemem by preventing irs conversion 
to insoluble chemical compounds in 
the intestina l tract o r by preventing its 
strong absorptio n on insolub le colloids 
(Scot t et al. . 1982). Consequently 
chelated minerals have a great dea l of 
potential although. l iterature and sc i­
entific publicmions on the subject are 
sc ant y. As co mpa r ed to inorgani c 
sources. cllelaced minerals are general­
ly less sensitive to the inhibiro ry acrion 
of other compounds (i .e .. phytate and 
fiber) and consequently have a higher 
bioavailabi!ity in practica l diet s. 
However. due to the relat ively high 

Cupric su lfate pentahydrate 
Ferrous sulfate heptahydrate 
Magnesium sul fate heptahydrate 
Manganous sulfate monohydrate 
Potassium iodide 

0.004 
0.250 
4.000 
28.398 
0.650 
0.067 
0.0 10 
13. 193 
55. 128 

Sodium Se lanite 
Zinc sulfate heptahydrate 
Fi l ler 

I For shrimp Cupric sulfate pentahydrate 0.550 gi l oog premix: 
Ferrous sul fate = 2.00 g/iOOg premix. Thus providing (as mg/kg 
diet) Cu. 10.95: Fe. 20. 10. 
' Trace m ineral premix provides (as mg/kg diet): Co. 0.050: Cu. 4.98: 
Fe. 40.18: Mg. 140: Mn. 10.57: Se. 0.21 1: I. 2.58: Zn. 150. 

cost of most chelates. it is generally not economical to 

util ize them as m ineral sources. 

Of th e feed ingredients Llsed in practi ca l an imal diets. 
fish meal is rhe richest source of endogenous minerals. 
Researc h on the bioavai labililY of minerals contained 
in fi sh meals has demonstrated that there is consider­
able variation in the bioavai labiliry of [lleSe minerals [0 

various spec ies (probab ly due to luminal pH) and that 
the bioavailability of th e minerals is also affected by 
mea l type .. -Ilt hough fi sh meals are relatively rich in 
minerals and on a chemical basis should satisfy physi­
ologica l requirements of fish. the low avai lab il ity and 
inhibirory imeracrions requi re the supplementation of 
ava ilable sources o f phosphorus. magnesi um. zinc. 
manganese. and copper ro prevenr di eta ry deficiencies 
and maximize growth (Watanabe et al. . 1988). As the 
aquatiC ani mal feed indust ry increases its use of less 
expens ive plant protein sources. Wllic ll are generall y 
poor sources of minerals and/or may comain facrors 
[hat reduce the bioava ilabil iry of m inerals. rhe need for 
mineral supplements shou ld increase. 

GENERAL RECOMMENDATIONS 

Semi-purified research diets should be supplemented 
with a repl ete min era l-pr em ix. A min era l pr emi x 
wh ich has produced good growth and surviva l of P. 
va nnamei and variety of finfish fed semi -purified diets 
are presented in Table 3. Practical diets will genera ll y 
comain a substam ial amoum of endogenous minerals. 

consequently a comple[e mineral premi x is nOt neces­
sary. Although. the macromin eral s are commonly 
supplemented co commercia l feeds. wirh rh e exception 
o f phosphorus ancl mag neS ium (w hi ch may be 
marginally dericient). there is no ev idence that the 
other mac romi nera ls require supplementation. Due In 

low bioavaiJabi lity and/or defi cient leve ls most pract -
ca l di ets wi ll require the supplemenration of a highl y 
available ph osp l1 orus source along wit t1 rrace miner· 
als . A generalized trace mineral premi x for finfish and 
sh rimp is presented in Table 4. 
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