\
Proceedings of the Summer Institute in

Recent Advances in Finfish and Shellfish Nutrition
11 TO 30 MAY 1987

CENTRAL MARINE FISHERIES RESEARCH INSTITUTE
Dr. SALIM ALl ROAD
COCHIN-682 031

e O

— — o



o SUMMER INSTITUTE IN
e ;‘RECENT ADVANCES IN FINFISH AND SHELLFISH NUTRITION

" 11-30 May, 1987

| MINERAL REQUIREMENTS OF FINFISH AND SHELLFISH

' SYED AHAMAD ALI -

' Central Marine Fisheries Reséarchi Institdte"
Marine Prawn Hatchery LaboXatory.

-

Narakkal-682 505._“;‘£_

fNTRéDU'cTIou '

In animal nutrition. while protein. lipid and carbo~ .
hyﬂrate are’ required in major qu&ntities, vitamins and
minerals are required in smell quantities in the diet. |
Though minor in hature, the ‘mineral nutrition is no less
iimportant. Minerals are very eesential because animals are

not capable of synthesising them and should be supplied
| through external scurce. ‘Many of the minerals are vital for
_healthy growth of the animals and their prolonged none
- availability, either through diet or. through environment, may
cause Jlrrecoverable deficiency disease.' Oon one hand'mineral_,
elements are basic units of skeletal structures of the
animals on the other hand mineral ions are important co-
factors of enzymes and other bioiogicai:ohemicals involved in
‘ 11fe process. ° Minerale are .of paramount importance for,
aquatic animals 1ike fish and shellfish since these animals
. need to keep thelr oemtic kalance through nﬁ.neral ions.
Mineral elements required by fish may be clagsified as bhulk
elements such as calcium, phosphorous. potassium. chlorine,
sodium and magnesium (these are required comparitively in
large amounts) and trace elements which are copper, cobalt,
iran, iodiue, manganose, selenium, zinc. aluminum. chromium
and vanadiwm.(toaseeoxe required in very small quantities).
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MINERAL REQUIREMENT STUDIES

Experiments to study mineral regquirements are .rather
- difficult to conduct, mainly becapse;it is not easy to
prepare diets with limiting concentrations of each mineral.
Secondly feeding experiments with the animzls should be of
very long durations, in order to observe the manifestations
of mineral requirements, deficiency and excesses. It is

" much more complicated in the case of aquatic animals since

* water is ‘the largest contributor of a variety of mineral
elements;' Further there is possibility of interactions
between minerals which may qreatefcomplidatibns in dssessing
the dietary requirements. The interactions may Me either
antagonism or synergism. For example large amounts of
ealeium in'the diet may lower the availability of zinc
 present ‘in the diet. Calcium deposition occurs in fish which
is deficient in magnesdium. 'Minerals have a role in many
facets of metabolism such as hormones, respiratory pigments,
| structural elements, high-energy bhonds and enzyme co-factors.
Thus studies on mineral requirements, assumé greater
Importance in fish and shellfish nutrition,

MINERAL REQUIREMENTS OF FINFISH

among the aguatic animals, the mineral nutrition of
finfish has been studied in greater detail, Fresh water fish
show higher requirement of most of the minerals compared to
the marine fish. The later group are capable of absorbing
some of the mineral elements present in salt water. After
detailed experiments, it was.shown that red sea bream need
'only iron, potassium and phosphorous in their diet, the
remainder of the elements coming from the oxternal environe-
_mant- . Magy of the mineral requirement studies are therefore
directed on the tresh water fish species, The mineral
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.|. elements calcium, phosphorous, sodiwm molybdenum, chlorine,

. maghesiums iroﬁ} selemium, iodine, manganese, copper, cobalt
gfand zinc are recognised as essential for body functions in
s ;ffiah. Fluorine and chromium have also been added of late
el to the; list of ssﬁential elements.,

1 Calcigm and phosphorous

Calcium and phosphorous are closely related in meta~

_ ﬂboiism and are discussed together in £ish nutrition, Major
‘portion of calcium (99%) and phusphorous (80%) are found in
 bones, teeth and seiles., The ratio‘of'caloium and phog=
' phorous'iﬁ pone ash is found to he approximately 2:1.

The extra skeletal calcium is widely Gistributed

'throughout the organs and tigsues and exists in diffusable

and non-diffusab*e form. Non-diffusable form is. houad to
proteins and the dlffusable.form.which is generally found as
phosoiate, piays ' signifioant role in the nutrition of
animal, Icnised oaloium in the extracellular fluids and 1n
the circulatnry system participate in muscular activity and
osmoregulotion.

Extra skeletal phosphorous is prosent mostly in oombi—
nation with pr oteins. lipids. sugars, nucleic acids and other
organic compounds. In some species the sk_n also appears to

-~ be an.important repository £or dietary phosphorous.,

As stated ecarlier, fish are capable of extracting
calcium directly from the surrounding water through gills.
On the other hand the absorption of phosphorous is negligiblo
from the environment, and the fish mainly depond upon the
dietsry sources of phosphorous. '

Calcium and Phosphorous are absorbed in fish in the

upper gastro-intestinal tract. while calcium is rapidly

deposited asucaloium.salts in the skeleton, phosphorous is
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distributed to all the ﬁajor tissues. Water temperature
influences the absorption of phosphorous and increases with
‘increase in temperature.  Higher content of glucose in the

- diet was found increase the absorption of dietary phosphorous
by the fish. Absorption and retention of calcium are not
influenced by any such external factors. The level of

. phosphorous in the diet influences the calcium :etention_in
-_the-hody. 'Higher'levels of'dietary phosphorous enhances the
‘tetention of calcium to maintain the ratio between the two
elements in the body.

The'dietary phosphorous requirement of fish are as follows:~

Fish . : Requirement N
. Atlantic salmon | 0.7%
Channel catfish 0.4 = 0.,47%
Common garp 0.6 = 0.7%
Red sea bream - 0.68%

Rainbow trout 0.7 - 0.8%

Thus in general the phosphorous.réquirement in the

- dlet of fresh water and marine finfish is almost same,
Dietary calcium levels for fish are not recorded due to the
aﬁsorptién of this element from the environment by most of
the,fihh'species. '

Many ingredients used for feed making are rich in
daleium and phosphdrous. Fish meal contains rich amounts of
both the miherals. Calcium 1s generally deficient in plant
ingredients and the phosphorbus pfesent in them is not' avail-
able to the fish éspecially when the plant materials contain
-phytin or phytic acid. Phosphorous is readily available to
the animals if potassium or sodium derogen phosphate or
mono caleium phosphate 1s used in the diet. On the other
hand phospharous from tricalcium phosphate is not readily
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- ¢ available, Fish meal is rich in tri-calcium phosphate, Due.
U to _ite poor availability to £ish, it is relecascd into to the
.| water throigh faeceés. This can combine with ammonia in water
o ; -' and lead to extensive eutrephicatien in the ponds. Defici- )

"_ency symptome of caleium are not described in £ish. Poor .

: growth, reduced feed efficiency. low bene ash and low

: haematocrit levele Were ohserved in- cham1e1 catfish fed .

_ E'ipheephorous deficient diet. Prolonged: feeding ‘of: phcsphoreue
’ deficient diet has resulted in lordosis and abnorrnal

'i calcification of bohes (brit,tle structure) in common:carp.

The aymptcme were eimilar 1n red sea hream. ST

Magnes ium

- About. 60% Qf the. body magnesium is found in skeletal
structure .ang, the, remin.i,ng ie dietribut:ed throughout. the
' organic and. mueele taeeues._ It :Ls an impertant en7yme '
! co-factor and component of cell mmbranee. -

_ Marine fish ere capable of extracting magneeium from
the enviromnent. Since this element is very limited” 1 '*‘--".
::Ereeh water, the fresh-water species seém to depehd upen

':'d:l.etary aouree ef megneeium."’ The ﬂiet‘ar} requirement 8.

. mognesium for ra:l.nbcw tx:*out 18 0.0640.07% and forcarp'it is
. 0,04~085%, Mot of thd' conpcsunded ‘toeds propated with.

‘ ' ingrediente of cnimal or ﬁlanﬁ origin have adeqwate levels.

[ I R
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Apart from the general emptc;ﬁe;_:_(;redueed g._rcw._tj.h end
poor food conversion -efficieney) -magnesium de'ficiency in
rainbow trout leads to renial calcinoeie and a flaccidity of
! ‘the mascle Hue to increase in.the extra qellular £luid volume.
'Toss of appetite, s&ugg'ishneee and -convulsion followed by
 tetany were also ohgerved in common carp amd rainbew trout
fed fiagneeium deficlent Aiets. i oo
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2inc is an important co-factor aof many enzymes like
carboxy peptidase, dismutase and.supercxidé‘in the animals.
Many metabolic functions are effected by its deficiency.
In rain bow trout, zinc requirements are normally . met by
dletary levels of 15-30 mg/kg. Large amounts of calcium
present in the dlet appears to lower the availability of
zinc to the animal due to antagonism. .Calcium and zinc

' - perhaps compete for the same hinding sites of protein or

have same metaholic pathway and absorption mechanism. 2inc
sulphate (Znso4) secems to be the bhest source of zinc in the
diet. . “

Deficiency of zinc was found to cause Jawarfism' and
cataract of the eye in rain bhow ‘thout. chever several
hundred mg of Zn per kg cf diet dc not appear to be injurious
to rainbow trout. '

T '.ff'_j' | | - |

nifferent dietary 1evels of COPPGr have no influence
on the growth of rainbow trout,. Copper when included in the
: ‘diet of common carp fingerlings, at O. 7 mg/kg diet. the grcwth
was low. The growth was better with thc diet contgining
3.0 mg copper per kg diet. Dietany copper level for channel
catfish does not appear to be more than 1.5 mg/kg dry diet.
Copper concentrations of 20-~30 mg/kg diet, very much reduced
the growth of catfish. g ' :

Iron

Iron deficiency in the diet of red sea hream resulted
in a £érm of microeytic, hypochromic anasemia similar to iron
deficierncy in land ‘animals. Common carp fed a semi purified
Aiet with iron grew normally but exhibited sub~clindcal
syhptcms of hypochromic and microcytic anaemia. Iron
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».cdnéentration of 150 mg/kg diet was found to be required at

minimum level, to prevent anaemia'in red sea bream and.

- common carp.’

.- Mangsnese '

Mangéﬁese deficiency in rainbow trout gives.rise to

. ‘abnormal curvature of the back bone and mal formation of the
3 3, tai1.;fManganese content of 12-13 mg/kg diet, produced
'cﬁﬂhigherfgrOWth rates in rainbow trout and carp,_'Manganese
“sulphate (Mnsbé) and'ganganese chloride (Mnclz) are found
- to be good sources of manganese in f£ish diets.

Selenium

Selenium is a component 6£ metallo-enzymes glutathione
veroxidase. . It plays an important role in the antioxidant
defence mechanisms of the fiéh.'_It‘functions synergestically
with vitamin E, Deficiency of selenlum lsads to rapid onset
of muscular dystrophy and exerdative diathesis., Maximum '
glutathione peroxidase activity was observed at diatary

‘selenium levels of 0.15 and 0.38 mg/kg diet. At 13 mg/kg

diet it was found to he toxic, causing uncoordinated spiral
swimming behaviour leading to mortality in fish,
Jodine

Iodine deficicncy produces goitrous condition in
trout. A dietary requirement of 1.1 mg lodide/kg is

- recommended in the dlet of chinock salmen.

The role of other trace elements in fish are not clarified{
The requirements may he similar to those described for
land animals. '

A summary of the mineral requirements of different fish and
thalr dsiicienay symptoms are given in Annexure - I.
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Mineral mixtures used in the standard fish diet are given
helow. '

I, Mineral Mixture (USP XII No. 2) (Halver 440)

’_.Célcium phbsphate {g) 13.58

Calcium lactate = 32,70
Ferric citrate 2,97
_}MagnésiumISulphate 13,20
‘"‘PofaSSium*phosphate 23.98
SN (dibasdic) )
Sodium biphosphate 8,72
Sodium chloride 4.35
Aluminum chloride 0.015
Zinc sulphate - 0,300
Copper'chloride 0.010
Manganese sulphate 0.080
Potassium iodide 0.015
Cobalt chioride 0.100

ogino sd;t Mixture for Fish

NaCl (g) . 1.0,
‘Mgso4 15,0
. NaH2 PO4 ‘ 25.0
KH2 P04 32.0
Ca(H2 PO4)2 20,0
Ferric citrate 2.5
Calcium lactate 3.5 ,
Trace elementsw¥ 3.5
Trace.elements kO
| 100.0

3“cpmpositipn'of trace elements _ "
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. Znso4  7H20 (g) 35,3
MnSO4 - 4H20 (g) | 16,2
Cuso4 " 3.1

coclz. " 0.l

| K103 "o 0.3

Cellulese . - 45,0

100.0

MINERAL REQUIREMENTS OF SHELLFISH

. Mineral requirements of cultivable species of prawns
are studied to some extent among the shellfish. Penacid.
prawns were found to require calcium and phosphorous in their
diets. Best growth was.bbtained'wheh the diets of the prawn
Penaeus japonicus diets were supplemented with 1.04% of
phosphorous and 1.24% of calcium. It was indicated that the
caleium and phosphorous ratio in the diet ¢f prawn should bhe
1.2:1. When this ratic was increased to 2:1 growth was
inhibited and pigmentation decreased, Through studies with
radic activity lahelled calcium (45 ca), it was demonstrated
that prawns could ahsord caleium from the éurrounding water.
It was estimated in P. japonicus tﬁat approximately 0.83 ' mg
of calcium is absorbed per day per gram of body weight from

- the environment, when the sea water conthined 0.44 mg/ml of
calcium. This had lead to the conclusion that the calcium

requirement could be satisfied by the calcium in surrounding
secawater. . ' '

‘Supplementation of the diet with calcium (2%). _
magnesium (0.3%) and iron (0,02%) did not improve the nutiie
tive value of the diet P. japonicus. Iron in the diet
rather reduced the growth. Phosphorous at 2% level in the
diet sffentivaly improved the performance of the diet.
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Potassium at 1% level in the diet showed higher growth and
feed efficiency..

The requirement of individual trace elements was not

| atudied,' However when a mixture of trace elements, consisting
. of aluminum chloride (S mg), Zinc sulphate (90 mg), manganese
" sulphate (20 mg), copper chloride (5 mg), potassium iogide

(5 mg) and cobalt chloride was added to the diet at 0.2%

' level, enhanced the efficiency of the feed; higher level of
. this mixtdre above 0.2% in diet lowered the growth.

Studies in detail, on the requirement of each
individual mineral element are needed to understand
" thoroughly the defilciency and excess symptoms of duifferent
minerals which are not available at present. However
nutritionists have beén-adding‘mineral mixtures to their
diet formulations. The mineral mixture used in the diet of
P. japonicus is given below. '

Mineral mixture used in prawn diet per 100 d.
' {(g)

K2HPO4 2.0
Ca3 (P0@)2 o 2.72
NaH2 P04 2.H20 0.79
My S04 3.02
FesSO4. TH20 0.015
MnSO4. SH20 . 0.004

8.549
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- In aniﬁai'nutrition;"while'protéin;‘Iipid and carbo-
hydrate are’ required in major quantities. vitamins and

Iminerals are required in ‘small quantitieﬂ ‘in the diet,

Though minor in nature. the ‘mineral nutrfition is no less

important., Minerals are very essential because animals are

not capable of synthesising them and should be supplied
through external scurce, Many of the minerals are vital for

'heaithy growth of' the animals and their prolenged nonw

- availability, either through diet or thfough environment, may
j cause irrecoverable deficiency disease, :On one hand mineral
ielements are basic units of skeletal structures of the

| animals on the other hand mineral ions are important cow

factors of enzymes and other bioclogical chemicals involved in
life process. Minerals are of paramount importancé for
aquatic animals like fish and shellfish since these animals
need to keep their osmotic kralance through mineral iona.
Mineral elements raoquired by fish may be. classified as bulk\
elements such as calcium._phosphorous. potassium, chlorine,

Esodium anc magnesium (thegse are required comparitively in
: large amounts) and trace elements which are copper, cobalt,

iron, iodise, manganese, selenium, zine, aluminum, chromium

_ _and vanadiumA(thasew?re required in very small quantitdies),
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MINERAL REQUIREMENT STUDIES.

Expefiments to study mineral requirements are rather
difficult to conduct, mainly because;it is not easy to
prepare diets with limiting concentrations of each mineral.

"_SecOndly feedihg experiments with the animcls should be of

very long durations, in order to ohserve thexmanifestations
of mineral requirements, deficiency and excesses. It is

- much more complicated in the case of aguatic animals since
"ﬁatéffis;the largest contributor of a variety of mineral
élements,_ Further there is possibility of interactions
between minerals which may create complications in assessing
the dietary requirements. The interactions may be either
antagonism or synergism. For example large amounts of
calcium in the diet may lower the availability of zinc
present in the diet. Caleium deposition occurs in fish which
is deficient in magnesium. Minerals have a role in many
facets of metabolism such as hormones, respiratofy pigments,
structural elements, high-energy honds and enzyme co-factors.
Thus studies on mineral requirements, assume greater
importance in £ish and shellfish nutrition,

MINERAL REQUIREMENTS OF FINFISH

Among the aquatic animals, the mineral nutrition of
finfish has been studied in greater detail. Fresh water fish
show higher regquirement of most of the minerals compared to
the marine f£ish. The later group are capable of absorbing
some of the mineral elements present in salt water. After
detailed experiments, it was shown that red sea hream need
only iron, potassium and phosphorous in their diet, the
remainder of the elements coming from the oxternal environw
mank . . Many of the mineral requirefient studies are therefore
dirccted on the tresh water fish species. The mineral

N
J*\. B
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. elements calcium, phosphorous, sodium molybdenum, chlorine,
3 magnesium. iron, selemium. iodine, manganese, copper, cchalt

and zinc are recognised as essential for body functions in

.  “;5|51sh. Fluorine and chromium have also been added of late
ﬁ  to the list of essential alements,

“-'Calcium and Ehosghorous

Calcium and phospherous are closely related in meta-

1boliam and are discussed together in fish nutrition. Major
portion of calcium (99%) and phosphorous (80%) are found in
~ bones, teeth and sgales. The ratio of calcium and phos=~

phorous in bone ash is found to he approximately 2:1.

The extra skeletal calcium is widely distributed
throughout the organs and tissues and exists in diffusable
and non-diffusable form. Non-diffusable form is bound to
proteins and the diffusable form which is generally found as
phosphate, plays a significant role in the nutrition of
animal. Ionised calcium in the extracellular fluids and in

i the circulatory system participate in muscular activity and

osmoregulation,

Extra skeletal phosphorous is present mogtly in condbi-
nation with proteins, 1lipids, sugars, nucleic acids and other
organic compounds. In some species the skin also appears to.
be an important repositéry for dietary phosphorous. |

As stated earlier, fish are capable of extracting
calecium directly from the surrounding water through gills,
On the other hand the absorption of phosphorous is negligible
from the environment, and the £ish mainly depend upon the
dietary sources of phosphorous.

Calcium and Phougphorous are absorbed'in fish in the
upper gastro~intestinal tract., While calcium is rapidly.
depositaed as ¢aleium salts in the skeleton, phosphorous is
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.distributed to all the major tissuea.'_water temperature
influences the absorption of phosphorous and increases with
increase in temperature. Higher content Qf glucose in the

. diet was found increase the absorption of dietary phosphorous
by the gish. Absorption and retention of calcium are not
influenced by any such external factors. The level of

- phosphorous in the diet influences the calcium retention in
the hody. Higher levels of dietary phosphorous enhances the
: retention of calcium to maintain the ratio bhetween: the two
elements in the body.

The dietary phosphorous requirement of f£ish are as follows:w

Fish ' ' Requirement
Atlantic salmon 0.7%
Channel catfish 0.4 = 0.47%
Common carp 0.6 - 0.7%
"Red sea bream 0.68%
Rainbow trout ' 0.7 - 0.8%

Thus in general the phosphorous requirement in the
diet of fresh water and marine finfish is almost Same .
Dietary calcium levels for f£ish are not recorded due to the
absorption of this element from the environment by most of
the fish species.

Many ingredients used for feed making are rich in
calcium and phosphorous, Fish meal contains rich amounts of
both the minerals. Calcium is generally deficient in plant
ingredients and the phosphorous present in them is not avail-
ahle to the fish especially when the plant materials contain
phytin or phytic acid. Phosphorous 1s readily available to
the animals if potaésium or sodium hydrogen phosphate or
mono caleium phosphate 1s used in the diet. ©On the other
hand phosphorous from tricalcium phosphate is not readily
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-avallable, Fish meal is rich in tri-calcium phosphate, Due
B to- ite pooxr availebility to fish, it is released into to the
;;; water through faeces. This c¢an combine with ammonia in water
end lead to extensive eutrophicetion in the ponds. Defici-
ency symptoms of calcium are not described in fish, Poor
growth. reduced feed" efficiency, low bone ash ard low
; haemetocrit levels‘Were ohserved in’ ‘channel catfish fed
lphosphorous deficient diet, Prolonged feeding of phosphorous
deficient diet has resulted in lordosis and abnormal
calcification of bones (Brittle structure) in common carp.
E?he eymptome ‘were simflar in red sea hream.

Magnesium _
i - - About 60% of the body megnesium 1s found in skeletal
structure and the remaining 1s distributed throughout the
organic and, ;miscle, tissues. It is an important enzyme '

co-factor and oomponent of cell membranes.___ll

3 Marine £f£ish are oapable of extracting magnesium from
" the environment. Since this element is very limited in

f fresh weter, the freeh water‘epeciee seem to depend upen

: dietery eouroe of nagneeium. The dietary requirement of

‘ magneeium for rainbow trout is 0 06=0.07% and for carp it is

I

.......

g 0.04-0.05%. Most of the compounded feceds prepared with
ingredients of animal or’ ‘plant origin have adequate levels
2 of magnesimn. ’ '

: Apart from the general symptoms (reduced growth and

- poor food conversion efficiency) magnesium deficiency in
-;rainbow trout leads to renial calcinosis and a flaccidity of
}the muscle due to increase in the extra cellular £luld volume.
?Loes of appetite, sluggishness and convulsion followed by
?tetany'were also observed in common carp and rainbow trout
ﬁfed nagmneaium deflcient dicts,.

“
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Mineral mixtures used in the standard fish diet arxe given
below.

T. Miperal Mixture (USP XII Wo. 2) (Halver 440)

_.Célcium phosphate (g) 13.58

' Calcium lactate | 32.70
_ Ferric citrate 2.97
. jMagnéSium sulphate 13,20
" Potassium phosphate 23.98
o (dibasic)
Sodium biphosphate 8.72
sodium chloride | 4.35
Aluminum chloride 0.015
Z2inc sulphate 0.300
Copper chloride 0.010
Manganese sulphate 0.080
Potassium iodide - 0.015

Cobalt chloride . 0.100

Ogino salt Mixture for Fish

" NaCl (qg) 1.0
MSo4 15.0
NaH2 PO4 25.0
KH? PO4 - 32,0
Ca(H2 PO4)2 : - 20.0
Ferric citrate . 2.5
Calcium lactate 3.5
Trace elements* 3.5
Trace elements 1.0

100.0

* pomposition of trace elements
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Znso4 7H20 (g) 35,3
MnSO4 - 4H2o (g) 16,2
Cuso4d .o 3.1
cocl2 wo . 0a -
K103 LI 0.3 : -
Cellulose “ 45.0°
100.0
———

- MINERAL REQUIREMENTS OF SHELLFISH.

Mineral requiremcnts of cultivable species of prawns
are studied to some extent among the shellfish. Penaeid
prawns were found to require calcium and phosphorous in their
diets. Best growth was obtained when the diets of the prawn

'Penaeua japonicus diets were supplemented With 1.04% of
phosphorous and 1. 24% of calcium. It was indicated that the
calcium and phcsphcrous ratio in the diet of prawn should bhe
1.2:1. When this ratio was increased to 2:1 growth was
inhibited and pigmentation decreased. Through studies with .

. radic activity lahelled caleium {45 Ca), it was demonstrated
1 that prawns could absorb caldium from the surrounding water.

iIt was estimated in P. japoni Qus that approximately 0.83 mg
*of caleium is absorbed per day per gram of body weight from

the environment, when the sea water contained 0.44 rxg/ml of
‘calcium. This had lead to the ccnclusicn that the calcium

3requiremcnt could be satisfied by the calcium in surrounding
1seawater.

? Supplementation of the diet with calcium (2%).
;magnesium (0.3%) and iron (0,02%) did not improve the nutri-
itive value of the diet P. japonicus. Iron in the diet
_rather reduced the growth. Phosphorous at 2% level in the
hiet effectively improved the performance of the diet,
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Potassium at 1% level in the diet shqwéd higher growth and
~ feed efficiency.

The requirement of individual trace elements was not
studied. However when a mixture of trace elements, consisting
;.Qf aluminum chloride (5 mg), Zinc sulphate (90 mg), manganese
 sulphate (20 g, copper chloride (5 mg), potassium iodide
(5 mg) and cobalt chloride was added to the diet at 0. 2%

- level, enhanced the efficiency of the feed; higher level of
this mixture ahove 0:2% in diet lowered the growth.

Studies in detail. on the requirement of each >
individual mineral element are needed to understand
thoroughly the deficiency and excess symptoms of different
minerals which are not avallable at present, However _
nutritionists haf®e been adding mineral mixtures to their
diet formulations.. The mineral mixture used in the diet of

« Japonicus is given below.‘

Mineral mixture used in prawn diet per 100 g.

. (g)
K2HP04 2.0

Ca3 (P0O@)2 2,72
NaH2 PO4 2.H20 0.79
Mg S04 ' 3.02
FeSO4; TH20 0.015
M1SO4. SH20 - 0.004 -

8.549

iy — -
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