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ABSTRACT

Series of experinents were carried out using
standard net hods on sone aspects of utilization of

soyabean neal by the young nudfish, Carias anguillaris.

The results of the first experinment which was carried
out to conpare the chem cal conposition and nutritive
val ue of soyabean neal with those of other plant
protein sources shows that soyabean neal was the
richest in protein, fat and indi spensable am no acids

al t hough the | evel of nethionine was found to be |ow.

Two experinents were conducted to study the
effect of dietary supplenents of nethionine on the
growh and food utilization of C. anguillaris

fingerlingS. It was found that C anguillaris

fingerlings could utilize crystalline L- and

D, L-net hionine in soyabean diets effectively for growh.

In the next experinent, soyabean neal were
processed and incorporated in the diet of

C. anguillaris fingerlings. The fingerlings were

ted diets containing raw soyabean neal, soyabean
residue (after mlk extraction), traditionally
roasted soyabean nmeal and soyabean neal roasted at

100°C for 15 mnutes, 30 mnutes, 1 hour and 2 hours.



It was found that soyabean neal roasted at 100°C for
30 mnutes was superior at pronoting the growh of
mudfi sh fingerlings conpared with the other
soyabean treat nments.

An experinment was al so conducted to test the
effect of different dietary lysine levels on growh

of fingerlings C anguillaris fed D, L-nethionine

enriched soyabean diets. It was found that the nean
wei ght gain, specific growmh rate (SGR), feed
conversion efficiency (FCE) , protein efficiency ratio
(PER), and apparent net protein utilization (NPU),
increased linearly with increase in the |evel of

added L-lysine in the diet.

The experinment to determine the |evel of
repl acenent of soyabean neal with fish neal in diets

of C. anguillaris juveniles showed that 100% | eve

of fish neal gave the the highest weight gain
al t hough the highest PER, FCE and NPU was obtai ned at
90% fish meal inclusion. The best PER was obtai ned

at 50% | evel .

I n anot her experinment three hundred and twenty

C. anguillaris fingerlings were distributed into

16 hapas and fed different |levels of cow bl ood

meal to substitute soyabean neal in the diet at
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0, 10, 25, 50, 75, 90 and 100% | evels. The results
showed that the experinmented di et conpounded

with 50% bl ood nmeal and 50% soyabean neal was

hi ghest in growh values while the poorest growth
was recorded in the fingerlings fed diets
contai ni ng 100% bl ood neal .

In the final experiment four hundred and eighty
mudfish fingerlings were fed experinental diets
containing isonitrogenous mxture of fish neal,
soyabean neal, blood neal and groundnut cake. The
best growth rate was obtained in fingerlings fed
fish neal diets while those fed a m xture of soyabean
neal and fish neal diets gave growth performance
which was not significantly different from that of
the control ration containing fish nmeal,, The diet
m xture containing blood neal and fish neal was
better utilized by the fingerlings than m xture of
bl ood neal and soyabean neal .

Based on the result of experinents reported
above it could be concluded that well processed
soyabean neal can be adequately utilized to

pronote growh in the young nudfish C anguillaris.
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1.0 GENERAL INTRODUCTION

Fish culture is gradually gaining prominence
in Nigeria because of the growing deficit in
fish production from capture fisheries
(Bayagbona, 1983). With the low per capita
consumption of animal protein caused by
escalating cost and dwindling supply of meat,
poultry and game, fish is considered the best
option due to its relatively low cost. 1In
' recent times however, fish supply has continued
to decline following the ban on fish importation
and the low domestic fish production (Uboma et al.,
1981; 1ta, 1982; Tobor, 1985; Talabi, 1986).
Consequently, intensification of fish culture
has been identified by various workers as the
only foreseeable short-term solution to inadequate
fish supply to the nation (Sagua, 1976; Ita,
1980, 1989; Eyo, 1983). 1In an attempt to
raise the standard of fish culture in Nigeria,
the Federal Government has through the Directorate
of Food, Roads and Rural Infrastructure
(DFRRI) in 1987 funded all State Fisheries

Departments as well as fisheries Research



Institutes in the area of fish seed production
(Anon, 1989). This has resulted in the
availability of Clarias sp.and Tilapia sp.seeds
in some states of the federation. Increased
production of fish seeds demand provision

of suitable feeds to grow the fish to
marketable size within a reasonably short

period.

The highest proportional cost of a fish
culture system is expended on fish feeds
accounting for over two-thirds of the variable
cost of a fish culture operation (Lovell, 1981a;
Niamat and Jafri, 1984; Akiyvama, 1988). The
rapid expansion and success of commercial
fish culture therefore depends largely upon
the availability of good quality and cheap feeds
(Hastings, 1976; Miller, 1976; Harris, 1980;

Lovell, 1981a; UNDP/FAO, 1983 )

Fish feeds were developed on the concept
of "fish eat fish" which is why fish meal is
often a major and traditional component of fish
feeds (Akiyama, 1988). With the high cost and
limited supply of fish meal, research efforts

should be directed towards cbtaining alternative



gsources of protein for fish feed. Plant profein
sources are commenly used in animal feeds, but
depending on the animal being fed some of these
plant protein scurces are inadequate because
their amino acid profile are often insufficient
to support maximum growth of the animal
(Mahnken et al., 1980). Therefore these piant
protein sources must of necessity be
supplemented with animal protein in order to
bring the amino acid to a bkalance. Among the
plant protein sources, soyabean has potentials
in fish feeds because 1t has one of the best
amino acid profile of all protein-rich plant
feedstuffs for meeting the e2ssential amino

acid requirement of fish (Harris, 198¢;

Lovell, 1980a; Akiyama, 1988},

Previous studies on the ﬁtilization of
soyabean meal by fish, gave conflicting results
cwing to the suboptimal methionine content
{Andrews and Page, 1974; Rumsey and Ketola, 1975;
Steffens and Albrecht, 1976; Murai et al., 1982,
1986), and the presence of antinutritional
factors in_the bean (Rackis, 1974; Spinelli, 1980:

Liener, 1981; Viola et al., 1983). Report on



such studies with tropical fish have been scarce.
No studies have been reported on the utilization

of soyabean meal by Clarias anguillaris {(UNDP/pa0,

1983). It is in an attempt to develop suitable
cost effective artificial feeds using soyabean

meal, that this study was initiated.

1.1 Aims and Objective

The general aim of this study was to monitor

the response of C. anguillaris fingerlings fed

artificial feeds of various levels of soyabean
meal as one of the protein sources. On the
basis of this, identify the best formulation(s)
that would support maximum growth of the

young mudfish, C. anguillaris.

The specific objectives were as follows:

(i) To update information on the
nutrient levels of the commonly
used feed ingredients for fish culture
in Nigeria.

(ii) To identify the level of synthetic
L and D, L, - methionine that must be
added to the diet to ensure

optimum wutilization of soyabean meal.



(iii)

{iv)

(v)

(vi)

To determine the level of added
synthetic L - lysine that would
improve the utilization of D,

I, -— methionine enriched soyabean diet.
To determine the extent of replacement
of soyabean meal with fish meal

and blood meal in isocaloric diets
that would support maximum

growth of the fingerlings.

To identify the best heat treatment
of soyabean meal that would guarantee
maximum utilization of soyabean diet
by the fingerlincs.

To determine the best substitution
level for soyabean meal, fish meal,
blood meal and groundnut cake in
isonitrogenous diets that would

promote the growth of the fingerlings.
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2.0.0 LITERATURE REVIEW

Aquaculture practice world wide can be
divided into two broad categories - extensive and
intensive. 1In extensive aguaculture, fish are
stocked in often large water bodies without any
attempt at supplemental feeding. Intensive
aguaculture requires raising fish in a relatively
small confinement e.g. ponds, cages, raceways and
concrete tanks, at high stocking density and
food supplied to the fish in the form of

artificial diets.

The practice of supplenmental feeding of
fish in ponds has been in widespread use in
Africa since 1950's (Miller, 1976). However,
nutrition and feed technology has experienced
underdevelopment because few efforts have been
made to formulate feeds and evaluate them under
controlled condition (Miller, 1976). Furthermore,
the absence of traditional fish husbandry and the
poor economic status of most rural farmers are
possible reasons why artificial feeding was not

widely accepted (FAO, 1967).

Artificial feeding of fish have the benefits
of promoting faster growth, allowing high stocking

density especially in polyculture trials, greater



production in terms of yield per hectare and
enabling fish farmer through feeding of fish
to have regular contact with his fish thus
permitting early detection of disease problems
(Miller, 1976). However, artificial feeding
of fish are known to pose peculiar problems
for both the fish farmer as well as the feed
manufacturer. Such problens include rapid
nutrient loss through normal deteriorative
processes, leaching of feed by water unless
quickly consumed and disintegration of feed
aggregates into their nutrient components thus
losing their original nutritional properties
(UNDP/FAO, 1983). Therefore a successful
artificial feed should not only meet the
nutritional requirements of the fish, it should
also have good water stability and acceptance

by the feeding animal.

For clear understanding of the role played
by feeds in fish nutrition it is pertinent to
examine the nutritional requirements of most

of the fish species so far studied.

2.1.0 Nutritional requirement of fish

Studies on the nutritional requirement of

fish have been conducted mainly on exotic species



such as salmon, rainbow trout, carp and channel
catfish (Cowey, 1978; Castell et al., 197Zc;
Robinson and Lovell, 1978). Only very limited
studies have been carried cut on tilapia. Although
the African catfish is regarded as a promising
candidate for Aquaculture (Hogendoorn, et al., 1983),
knowledge of the nutrient requirements of these
species is restricted (Machiels and Henken, 1987).
Halver (1976) observed that any balanced formula
for fish diets must include an energy source plus
sufficient jindispensable amino acids, essential
fatty acids and minerals to support life and

promote growth.

Essentially fish have a requirement for
protein, amino acids, lipids, essential fatty acids,
carbohydrates, vitamins, minerals and sufficient

énergy to grow properly (Lovell, 1979).

2.1.1 Protein requirements

Proteins are needed to provide enerqgy, to
supply amino acids and to meet the requirements
for functional proteins - enzymes and hormones

(Ensminger and Olentine, 1978).

The protein requirements of fish varies from

as low as 16% to as high as 60% but the total
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protein content for optimal results depend on the
quality of the proteins used (the lower the
quality, the higher the required protein content),
the live stages of the fishes, the water
temperature, the feeding level and techniques and
the genotype of the fish (EIFAC, 1971). llastings
{1976) also reported the existence of a relationship
between the protein reguirement and energy
regquirement at a given water temperature, size
and age of fish and environmental stresses such

as stocking density, low dissolved oxygen supply

and the presence of toxicants.

Dupree and Sneed (1966) observed the effect
of temperature on the protein requirement of

channel catfish (Ictalurus punctatus). They

reported that channel catfish showed optimal growth
at 20°C on a 35 per cent protein diet whereas at
25°C they grew best on a 40 per cent protein diet.

Similarly, striped bars {(Morone saxatilus)

fingerlings were found to reguire 47 per cent
protein at 20°C and abogt 55 per cent at 24°C
(Millikin, 1983). In an earlier study, Delong et al
(1958) demonstrated that Chinook Salmon |

(Oncorhynchusg tshawytzcha) fingerlings attained
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optimum growth with a food containing 40 per cent
protein at 8.3°C, whereas the same fish in water
of 14°C attained optimum growth with rations
containing 55 per cent protein. At the lower
water temperature, rations containing more than
40% protein produce stress dvue to an excess

of ammonia released from the gills (NRC, 1977).
The requirement of the African catfish, Clarias

gariepinus with respect to crude protein and

metabolizable energy at increased water
temperature were comparable to those of other
omnivorous fish species studied. Thus at 24°C
the optimal crude protein intake per unit
metabolizable energy intake with respect to
growth rate was abeut 25.4ng I{J—1 (about

106 . 3mct kcal”') and at 29°C this amount was
about 34.7mg KJ-1fabout 145.4mg KCal_1]
(Heneken et al, 1986). Thus fish at higher
temperatures should be fed diets containing

a higher protein to eneréy ratio than fish at

low temperatures. Similarly, Degani et al (19893)

maintained Clarias gariepinus fingerlings with

an initial weight of 10 - 12g at three temperatures:

23, 25 and 27°C and six experimental diets one
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of 25%, two of 30%, two of 35% and one of 40%
protein by dry weight. They observed that 27°C
was a better temperature for growth and protein

gain of C, gariepinus than 25°C or 23°C. The

best growth rate and protein gain were found in

fish fed a high protein diet (40% protein) rather
than a low protein diet (25%, 30%, 35%). Hogendoorn
ég al (1983) also found that the optimum temperature

for small C. gariepinus (between 0.5 and 5g) was

30°C and for large fish (125g) it was 25°C. However,
the coldwater fish rainbow trout appear to behave
differently among the fish so far studied. This
follows the observation that rainbow trout fed
practical diets containing 35, 40 and 45 per cent
crude protein at temperatures ranging from 9 to
18°C showed no apparent differences in protein
requirement (NRC, 1981). Since increased feed
consumption occurred at the lower protein diets
when rainbow trout was reared at higher
temperatures it was thought probable that this
was able to meet higher protein requirement at

elevated water temperature (NRC, 1981).

The effect of dietary protein requirements
on the age or size of fish showed a general

decrease in protein requirement with increasing
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fish age or size. For example salmonids require
about 50 per cent protein curing the initial

feeding stage of fry and 4C per cent protein

after 6 to 8 weeks with 35 per cent protein for
yvearlings (NRC, 1973). Similarly, channel

catfish fry require a minimum of 40 per cent

protein decreasing to 30 - 36 per cent for
fingerlings and 25 - 30 per cent protein for

fish weighing more than 114g (NRC, 1977;

Andrews, 1977). Andrews (1977) further demonstrated
that the higher protein concentration in the

two ranges produce better growth of channel catfish
fingerlings and juveniles whereas the lower protein
concentration provide better protein conversion.
Balarin and Haller (1982) have reported that tilapia
of less than 19 require 35 - 50 per cent protein,

1 - 59 fish require 30 - 40 per cent protein,

5 - 25g fish require 25 - 30 per cent protein and
tilapia weighing more than 25g require 20 - 25

per cent protein. Similarly, Carp (Cyprinus carpio)

and eel (Anguilla japonica)showed a high protein

requirement for young fish. The protein

requirement decreased with age (Halver, 1976).
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Lovell (1979) found that channel catfish
of small size (10 - 20g) require 9 - 10g of high
quality protein per kg of fish per day for maximum
growth when fed a nutritionally balanced diet.
As channel catfish approach harvestable size
(0.5 kg) the daily protein requirement decreases
to 7.5 - 8,0g per kg. If channel catfish
fingerlings will consume, or are fed, at the rate
of 3 per cent of their weight per day, a 33 per
cent protein ration will provide all of their
protein requirement (109 of protein per 30¢ of
feed per kg of fish). However, if fed at the
rate of 2.5 per cent of their weight per day,
they would need a 40 per cent protein diet. 1In
the absence of adequate protein in the diet,
there is a rapid reduction or cessation of growth,
ér a loss of weight dué to the withdrawing of
proteins from certain less vital tissues to
maintain the functions of more vital ones (Wilson,
1984; Lovell, 1980a). Alternatively, if too much
protein is supplied by the diet, that which is
not utilised to make new proteins will be broken
down to produce enerqgy (Wilson, 1984). 1In general
warm water fish require 33 - 36% preotein in the

diet (Lovell, 1980a).
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another factor which alters the profein
requirement of fish is the experimental
methodology. It has heen shown for Channel
catfish that crude protein requirement was
25 - 30 per cent in experiments conducted
in earthenware ponds while the fish regquirement
for protein increased to 32 - 45 per cent with
increased stocking density due to a decrease
in the contribution of natural foocd protein
{Robinson and Lovell, 1984). Studies in
aquaria and other controlled environments
have indicated that the protein requirement
ranges from 25 - 36 per cent depending on fish

size (Robinson and Lovell, 1984).

{i) Qualitative Amino Acids requirement

Fish, like other animals do not have a true
protein requirement but have a requirement for
a well balanced mixture of indispensable and
dispensable amino acids (Wilson, 1985; Wilson
and Halver, 1986}. All the fish species s¢o far
studied require the same ten indispensable
amino acids for growth (Cowey and Sergeﬁt, 1972;

Mertz, 1972). These aminc acids are arginine,
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histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan and valine.
These indispensable amino acids must be in the
diet and must be present in nearly balanced
amounts to furnish an acceptable amino acid
pattern before fish flesh can be formed

(Halver, 1976). PFish fed diets devoid of any
ohe indispensable amino acid failed to grow,
whereas those fed diets devoid of dispensable
amino acids grew, as well as control fish, fed
a diet that included all amino acids in the
reference protein (Halver, 1957).

(ii) Determinaticn ¢of Quantitative
Amino acids requirement

Amino acid requirement of fish could be
determined quantitatively by any of the

following methods:

(a) The basic method developed by Halver et al
{1957). The procedure involves feeding
graded levels of one amino acid at a time
in a test diet containing either all
crystalline amino acids or a mixture of
casein, gelatin, and crystalline amino

acids formulated so that the amino acids
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profile is identical to whole chicken
eqqg protein except the amino acid being

tested (Mertz, 1972},

{b) The semipurified diet involves using
an unbalanced protein as the major
source ¢f intact amine acids such as zein
or corn gluten which are deficient in

certain amino acids (wWilson, 1985).

{c) The practical type diet involves normal
feedstuffs to furnish the bulk of the
amino acids in the test diet., These
may be formulated with a fixed amount
of the desired protein level and the
remaining amcunt of the protein eguivalent
is made up of <c¢rystalline amino acids

{Wilgson and Halver, 1986).

(iii) Quantitative aminc acid requirement

The guantity of amino acids required
by fish so far documented is summarised below,
In general more work has been done on the
requirement of fish for tryptophan, methionine,
phenylalanine, isoleucine and lysine than other

indispensable amino acids.

!
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Arginine

Studies so far conducted on the Arginine
requirement of fish indicaze that Salmon have
the highest requirement of 6% (Klein and Halver,
1970) while carp and the Japanese eel have a
requirement of 4.3 and 4.5% respectively
(Nose, 1979). The rainbow trout and tilapia
have a requirement for less than 3 to 4% arginine

per dietary protein (Wilson, 1985).

Histidine

among the fish species so far studied,
histidine requirement seem to be highest in carp
and Japanese eel, 2 - 10% (Nose, 1979). 1t is
lowest in the Salmon, 1.8% (Klein and Halver,
1970) and channel catfish, 1.5% (Wilson et al,
1980).

Threonine

The Japanese eel and Carp have a
requirement for 4.0% and 3.9% threonine
respectively (Nose, 1979). Chinook salmon have
a requirement for 2.2% threonine (Delong et al,
1962) and channel catfish have the lowest
threonine requirement of 2.0% per dietary

protein (Wilson et al, 1978).
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Valine

The valine requirement appears to be
highest in the Japanese eel among all the fish
so far reported 4% (Nose, 1979). Salmon, Carp
and catfish have 3.2% (Chance et al, 1964), 2.6%
(Nose, 1979) and 3.0% (Wilson et al, 1980)
respectively. The valine requirement of lake
trout varied between 2.6 - 3.3% dietary

protein (Hughes et al, 1983).

Leucine

The leucine requirement values varies
from 5.3% in the Japanese eel to 3.3% dietary protein
in the common carp (Nose,1979). Values for
salmon, catfish and lake trout are 3.9% (Chance
et al, 1964), 3.5% (Wilson et al, 1980)
3.5 - 4.6% (Hughes et al, 1983) respectively.
The latter values are recalculated based on the

nitrogen content of the test diet.

Isoleucine

The isoleucine requirement of fish exhibit
excellent agreement of about 2.0 - 2.6% among
the fish studies except the Japanese eel which

has a value of 4% (Nose, 1979). Common carp
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has a value of 2.5% (Nose, 1979) while the values
for Salmon, catfish and lake trout are 2.2%
(Chance, et al., 1964}, 2.€% (Wilson et al., 1980)
and 1.54 - 2.6% (Hughes et al., 1983) respectively.
The low values for lake trcut was explained by

the compositions of the test diet which was
formulated to meet the required levels of amino
acids for a 35% protein diet (Hughes et al., 1983).
Thus when the total protein requirement of

rainbow troﬁt is calculated based on the apparent
nitrogen content of the test diets a much lower
dietary protein level is obtained but when the
total protein level is recalculated based cn

the nitregen content of the diet, the requirement
value is within the range reported for other species,.

Phenylalanine

Both phenylalanine and tyrosine are aromatic
amino acids. The indispensable aminec acid
phenylalanine is readily converted to the
dispensable tyrosine in fish, therefore in order
to determine the total aromatic amino acid requirement
(Phenylalanine plus tyrosine) the dietary
requirement for phenylalanine is determined either
in the absence of tyrosine cr with test diets

containing very low levels of tyrosine (Wilson and
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Halver, 19B6). Based on such determinations the
phenylalanine requirement for carp and Japanese
eel in the presence of 0% tyrosine is 6.5% and
5.8% of dietary protein respectively (Nose,
1979). Values for salmon and channel catfish
are 5.1% (0.4% tyrosine) (Chance et al., 1964)

and 5.0% (0% tyrosine) (Robinson et al., 1980)
respectively. The latter authors also reported
that tyrosine can replace or spare about 50%

of the phenylalanine requirement of channel

catfish.

Trxgtoehan

Apart from being a constituent of protein,
tryptophan also functions as a precursor of
serotonin and nicotinic acid and as a regulator
of polysome function and carbohydrate metabolism

(Wiltman, 1976; Sidransky et al., 1981).

Tryptophan requirement values was found
to be 5% for Salmon (Halver, 1965) and rainbow
trout (wWalton et al.,1984). The common carp
required 0.8% tryptophan while that of Japanese

eel is 1.1% (Nose, 1979).
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Wilson et al, (1978) reported that Channel
catfish fed a tryptophan - deficient diet (0.05%)
for eight weeks had significantly poorer weight
gain and feed conversion efficiency than
individuals fed diets containing as low as

0.12% tryptophan (0.5% dietary protein).

The dietary tryptophan requirment of fishes
are generally lower than of terrestial animals.
This has been ascribed to the inability of the
fish to convert tryptophan to niacin thus
reducing the metabolic need of tryptophan in
fishes compared with terrestial animals

(Wilson et als, 1978) .

Tryptophan deficiency in rainbow trout
resulted in several anatomical abnormalities such
as hyperemia, scoliosis (twisted spines) and
abnormal deposition of calcium both in the bony
plates surrounding the notochord and the kidney
(Kloppel and Post, 1975). Poston and Rumsey (1983)
also reported the occurrence of caudal fin erosion,
cataracts and short gill opercula in tryptophan
deficient rainbow trout. Tryptophan deficiency
has been reported to cause scoliosis and lordosis

in sockeye salmon but not ir chinook salmon
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(Halver and Shanks, 1960}, In general

tryptophan deficiency symptoms has only been
described in rainbow trout, sockeye salmon,

brook trout and channel catfish (Millikin, 1982),
The deficiency signs has not been reported in

other species (Wilson, 19853),

Methionine

The dietary methionine requirements for B
fish have been shown to depend upon dietary cystine
concentration similar to that of terrestial animals
{NRC, 1983). Methionine has a sparing action with
cystine. Cystine is a dispensable amino acid
in that it can be synthesized by the fish from
methionine, Wilson and Halver (1986) explained
that when a fish is fed a diet containing
methionine without cystine, a portion of the
methionine is used for protein synthesis and a
portion is converted to cystine for incorporation
into protein. If cystine 1s included in the
diet, it reduces the amount of dietary methiconine
needed, thus fish have a total sulphur requirement

rather than a specific methionine requirement.
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Studies on the methionine requirement
of fish shows that chinook salmon (Halver et al.,
1959) and Gilthead bream }Luquet and Sabaut,
1974) have a requirement for 4.0% in the presence
Iof 1% cystine for the salmon, while the Japanese
eel (Nose, 1979) and tilapia (Jackson and
Capper, 1982) have a requirement for 3.2%
methionine in the presence of 0% and o.7% dietary
cystine respectively. Channel catfish and
rainbow trout require the least at 2.3%

(Harding et al.,1977) and 2.2% (Walton et al.,

1982) respectively.

Methionine deficiency have been studied in
several species. Page (1978) fed rainbow trout
fingerlings with diet containing different levels
of methionine and cystine. After 12 weeks,
trout fingerlings fed 0.6% methionine plus 0.3
or 0.45% cystine did not develop any cataracts
whereas those fed lower dietary methionine
content (0.3 or 0.45%) combined with dietary
cystine content of 0.4 to 0.6% produced varying
degrees of cataracts in the rainbow trout.
Poston et al,(1977) also observed cataracts in
rainbow trouts fed diets containing isolated

soyabean protein. Rainbow trout fingerlings
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were fed diets deficient in methionine

(0.36% methionine) containing soyabean protein
J1solate as the svle protein scource in a 40%
protein diet., After B weeks the trout
fingerlings showed only initial signs of ..
opacification of sub-capsular areas. After

16 weeks, all the trout fed 0.36% dietary
methionine developed bilateral cataracts while
non of the individuals fed the control diet
containing 1.2% dietary methicnine had cataracts.
Walton et al. (1982) and Rumsey et al.(1983)

have also observed cataract in methionine
deficient rainbow trout. However, cataractogenesis
was absent in methionine deficient diets fed to
channel catfish. This was attributed to the
relatively short duration of the study (8 weeks)
and the slightly larger size of the catfish |
(mean weight,7.79) compared with rainbow trout

(mean weight, 5g}.

Studies on the utilization of several dietary
sulphur compounds in channel catfish showed that
D.L+~ methionine was utilized as effectively as

L - methionine by channel catfish (Robinson et al.,

1978) . Methionine hydroxy analogue was only 26%
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as effective in promoting growth as L-methionine.
No significant growth response was observed

when either taurine or inorganic sulfate was added
to the basal diet (Robinson et al., 1978).
Similarly, Kim et al. (1984) has demonstrated

that D-methionine can replace L-methionine on an
equal basis in rainbow trout., Insufficient
methionine in Salmom diet resulted in reductions
in sulfhydryl group concentrations and a rapid
decrease in the synthesis of lens glutathione
during formation of most cataracts were reported
by Poston et al. (1977). The authors feld that
lens glutathione possibly protects the lens

sulfhydryl groups from oxidation.
)

Lysine

Lysine is a basic amino acid with an g -
amino group and an E - amino group. While the «x -~
amino group is normally bound in peptide linkage,
the E - amino group must be free and reactive
otherwise the lysine, althouagh chemically
measurable, will not be biologically available
(Cowey, 1978). During the processing of
feedstuff proteins, the E - amino group of

lysine may react with non-protein molecules
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present in feedstuff to form additional compounds
that render the lysine biclogically unavailable

(Cowey and Sergent, 1972).

The lysine regquirement of salmon, eel,
catfish and gilthead bream are about 5% of
dietary protein while the rainbow trout fry

require 6.0% (Ketola, 1980).

Excessive dietary lysine in the presence
of marginal or adequate dietary arginine
concentrations did not depress growth or feed
efficiency of channel catfish nor did
excessive arginine depress growth or feed
efficiency of channel catfish in the presence
of marginal dietary lysine concentrations
{Robinson et al., 1981a) in contrast to lysine -
arginine antagonism reported for terrestial
animals by Maynard and Loosli (1969). The
lysine requirement for tilapia was 4.1% of
dietary protein (Jackson and Capper, 1982).
fhis value is lower than those of other species
reported above and may be associated with low
growth rate observed and/or low digestibility

or utilization of the test diet (Wilson, 1985).
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| Lysine deficiency may lead to depressed
rates of collagen formation since Hydroxylysine
iz a constituent cf collagen in fish species
{(Millikin, 1982). Lysine deficiency is also
implicated in the formation of fin rot in
rainbow trout {Ketola, 1979). Supplementatibn
of lysine; arginine, histidine, iscleucine,
threonine, tryptophan and wvaline to lysine -
deficient corn gluten meal diet resulted in
improved survival, increased growth and "
prevention of severe caudal fin erosion. At
the same time removal of lysine from the amino
acid mixture in the corn ¢luten meal supplemented
diet increase mortality, reduced growth and
resulted in caudal fin ercsion of rainbow trout

(Millikin, 1982}.

The great reaétivity of the epsilon amino
group of lysine with aldehydes in sugars forming-
Maillard type compounds may mislead the
investigator if diet formulations are based
solely upon analysis of diet ingredients of
finished feeds for indispensable amine acids
content (Halver, 1976). Obviously biclogical

availability of these reactive amino acids is
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necessary and simple amino acid analyzer values
do not reflect either the optically active form
of the amino acid or the biological availability

of it to the fish fed {(Halver, 1976).

2.1.2 Fish energy regquirement

Energy needs of fish are less than those of
warm-blooded animals because fish being
poikilothermic (Cold-blooded animals) do not
have to expend energy in order to maintain
body temperature (Lovell, 1979). By not having
to regulate body temperature, more enerqy is
available to the fish for growth, actvity and
reproduction (Ensminger and Olentine, 1978).
Fish require less energy for muscular activity
to maintain their position in water than do animals
on land (Tucker, 1969). Fish also lose less
energy in protein catabolism and excretion of
nitrogencus wastes as ammonia instead of as urea
or uric acid (Goldstein anc Forster, 1970).
Lovell (1979) reported that the optimum amount
of metabolisable energy for each gram of protein
in the ration is approximately 14 - 16 KCal for

poultry and 15 - 24 KCal for swine, This compares
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with values of 6 - 10 Kcal per gram of protein
which have been found adequate for fish in
experlmental rations.

The relationship between the protein
content and energy content of diet has been
?xamined for several fish species. Lovell (1979)
reported that when diets fed to channel catfish
contained high percentage of protein (42% and
above) and very low amounts of non protein
energy (< 1.5 Kcal per gram of diet) growth was
suppressed. When the protein level was reduced
to 36% and the non protein energy level remains
the same, growth increased. When the non protein
energy in either the 42% or the 36% protein diets
was increasged, growth improved. He concluded
that even though fish utilize protein for energy
more efficiently than farm animals, when too
many calories in a fish diet comes from protein
the efficiency of utilization of the ration is
suppressed. Lee and Putnam (1973) observed the
response of rainbow trout tc varying protein/
energy ratios in a test diet. The workers
reported that the level of dietary protein which

support maximum growth of rainbow trout depends
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on the dietarf enerqgy. fhe rainbow trout required
160 and 130mg protein per Kcal at 3.0 and 3.7
Kcal/g diet respectively while at 4.4 Kcal/g diet
91mg protein per Kcal were needed for maximum
growth. In general certain trends have been
observed in most of the fish so far studied. An
increase in the ratio of digestible energy: protein
led to an increase deposition of lipid in the fish;
an.'increase in energy level resulted in improved
feed conversion efficiency; protein efficiency

]was negatively correlated with the ratio of
dietary protein to energy. Starch or dexrin up

to a level of 25% was effective as enerygy source,
fish eat to meet their energy requirement (Cowey
and Sergent, 1979). Figure 1.1 shows the schematic
representation of energy losses in fish as food

is digested and metabolished.

2.1.3 Carbohydrate requirement

Carbohydrates are incorportated in fish feed
because they are the cheapest sources of dietary
energy available. Dietary carbohydrates are
sugars and fikre, Phillips et al. (1948) suggested
that feeding trout with high levels of carbhohydrates
might result in poor health, in particular

deleterious changes in the liver and eventual
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inereased mertality. They suggested a safe maximum
content of 12% of digestible carbohydrates in

the diet of brook trout. Edwards et al.(1977)

fed ten different families of rainbow trout for

24 wecks on each of three diets similar in protein
and energy content but differing in the percentage
of metabolizable energy as carbohydrate. They
reported that fish growth was better on diets
containing 17 and 25% of their metabolizable

energy as carbchydrate than on that containing

38%. Fish fed on the 38% diet had lost condition
by the end of 24 week experimental period.
Similarly, Austreng et al. (1977} using three diets
similar in protein and energy content but had
different percentages of metabolizable energy
present as carbohydrate (17, 25 and 38%} found

that utilization of dietary energy and protein

was poorer in fish fed high levels of carbohydrates
but health of all fish appeared good at the end

of the 24 weeks cbservation. |

! The rate of utilization of carbohydrates by

common carp, red sea bream and yellow tail was
compared by Furuichi and Yone (1980). They

showed that growth was retarded in common carp

L)
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fed 40% dextrin, red sea bream fed 30% dextrin
diet and yellow tail fed diets containing over
20% dextrin. Thus common carp and red sea bream
appear to utilise carbohydrate better than yellow
tajil. However, the utilization of carbohydrate
in fish diet appear to differ with complexity

of the carbohydrate. The relative efficiency of
utilization of carbohydrate was found to be as
follows: Monosocharides are bhest used followed
in order by disaccharides, simple polysaccharide,
dextrins, cook starches and raw starches in
brook trout (Phillips, 1948) and rainbow trout
{singh and Nose, 1967; Smith, 1971). Buhler and
Halver (1961) also reported that the relative
growth rates of chinccok salmon fingerlings fed
20% carbohydrates were as follows: glucose >
sucrose > fructose > maltose > dextrin.> potato

starch > galactose.

Furuichi and Yone (1981] investigated
the availabilities of x =~ starch, dextrin and

glucose in the nutrition of carp, Cyprinus carpio

and red sea bream, Chrysophrys major by

comparing the growth and feed efficiency and the

changes in rates of abscrption (per cent absorption
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per hour) and in blood sugar levels after the
administration of carbohydrate. They reported
Fhat the growth and feed efficiency of carp
were highest when fed with the «x -~ starch diet,
followed by the dextrin and glucose diet in that
order, Red sea bream did not show anf
significant difference in growth for the various
carbohydrates sources, but showed higher feed
conversion efficiency when fed with the «x -
starch diet than with the dextrin and glucose
diets. The percentage abscrption within the
2~hour period after the administration was highest
in glucose, followed by dextrin and & - starch
in decreasing order, but the absorptions after
the.period followed the reverse order. This
difference was reflected in the change in blcod
sugar levels. These findings suggested that the
avallability of carbohydrate in fish nutriticn
may be influenced by the difference in per cent
absorption before and after the 2-hour period at
which time the plasma insulin showed the maximum
level.

The extent of utilization of carbohydrates
in fish is also a function of the type of fisgh

being cultured. Carnivorous fish like the Atlantic
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salmon, rainbow trout and the Japanese yellow
tail are ill-equipped to handle significant
quantities of raw carbohydrates in the diet,
for example, gross energy in coocked cornstarch
is about 40 per cent digested by rainbow trout
{NRC, 1973) but appreoximately 80 per cent
digested by channel catfish (NRC, 1977).
Furthermore, carnivores (e.g. Salmonids} develop
high levels of liver glycogen and suffer mortality
when fed an excess, of carbohydrates {(Phillips
et al, 1948). On the other hand omnivores such
as the common carp and the channel catfish are
able to digest fair amount of carbohydrates in
their diets. The grass carp, a herbivore
susbsisted primarily on a vegetarian diet
(Chow and Halver, 1980). 1In general warm water
fish such as channel catfish, carps and tilapia
utilise starch better than cold-water fish

(Lovell, 1979).

2.7.4 Lipids and Essential Fatty acids
requirement

Dietary lipids function as a ready source
of energy for fish and in the provision of

essential fatty acids which are needed for fish
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growth and survival. Dietary lipids provide

the vehicle for absorption of fat soluble -
vitamins and provide other compounds such as
phospholipids and sterol esters which play a
vital role in the structure of biological
membranes at both the cellular and subcellular
levels (NRC, 1983). Dietary lipids also provide
the polyunsaturated fatty acids (PUFA) which

are precursors for prostaglandins., Prostaglandins
are a group of five carbon cyclic compounds which
possess hormonal activities and are reguired in
frace quantities. Prostaglandins were effective

in inducing pigment dispersion in the skin of

black goldfish (Abramowitz and Charvin, 1973).

In feed formulation, the optimal dietary
lipid depend on whether the feed is raised for
human consumption or are being hatchery cultured
for release into natural waters. Wedemeyer et al,
(1980) reported that since consumers require lean
fish inclusion of lipid in the diet may not be
necessary but may be essential in the latter case
as enerdgy reserve during acclimation to natural
food. Lipids are useful components in diet

formulation and are especially desirable for fry

or fingerling feeds when higher intake is necessary
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to promﬁte rapid grdwth (Halver, 197%6). For the
dietary lipids to be effective in promoting growth
they must be utilised. Lee and Sinnhubey (1972)
reported that adequate amount of choline,
methionine and tocopherol must be present in the
diet for fish to utilise 20-30% of the dry diet

ingredient .as fat.

A major reason for supplementing the diets
of cultured fish with lipide is to spare the
oxidation of dietary protein as an enerJgy source,
At the same time a luxus of dietary lipid will
result in excessive deposition of lipid within
the fish and this may be unacceptable to the
consumer {Cowey and Sergent, 1979). Therefore
in order tc determine the optimal dietary lipid
concentraticns for ineclusion in fish feed
consideration must be given to the prctein sparing
action of the feed i.e. the minimal dietary lipid |
concentration that maximizes dietary protein
available for growth rather than for energy.
Dupree (1969) demonstrated that channel catfish
fingerlings (mean weight 1.25g) cultured at
26.7°C to 32.2°C and fed 35% protein diets grew

faster on 8% dietary lipid either as beef tallow or
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corn oil than on 4% of either dietary lipid

sources. The dietary lipid concentration of 16%
corn oil or beef tallow was found to reduce
growth rate and protein deposition of channel
catfish compared with 8% dietary lipid. He
therefore concluded that maximum dietary
protein sparing action occurred at less than
16% of either dietary sources but at more than
8% dietary lipid. Murray et al. (1977) also
reported that channel catfish fingerlings (mean
welght 0.5 and tg at separate experiments)
reared at 28°C grew faster when fed 35% protein
and 12% lipid in the diet rather than 5% lipid
combined with 25 or 35% prctein oxr 12% lipid

combined with 25% protein,

Similar minimal protein sparing action was
also reported for other species. Reinitz et al..
(1978) working with rainbow trout fingerlings
(mean weight 2g) reported that successive
increases in dietary lipid concentration of 7,
11, or 16% protein diets or 9, 15, or 21% lipid
in 40% protein diets resulted in increased
weight gain and improved feed conversion of the

fingerlings within each dietary protein
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concentration when reared at 11°C, Further
studies (Reinitz and Hitzel, 1980) demonstrated
that about 35% protein combined with either 23
or 27% dietary lipid provided better growth of
rainbow trout fingerlings than 36% dietary
protein combined with 14% dietary lipid. However,
better growth rates of rainbow trout fingerlings
was not produced by the two high lipid concentration
diets than a 35% protein and 18% lipid diet.
Similarly, Lee and Putnam (1973) reared rainbow
trout fingerlings (initial mean weight 4.8g) for
18 weeks and reported better growth rates when
fed 35% protein and 24% lipid than indi?iduals
fed 44 or 53% protein each combined with either
B, 16 or 24% lipid, indicating a minimal protein
sparing action and an optimal protein to energy
ratio of 73mg protein/Kcal. On the contrary

Yu et al. (1977) studied the growth response of
rainbow trout fingerlings (initial mean weight
5.4} on three dietary protein concentrations
33, 39 and 44% combined with 22% lipid in each
of three forms (22% herring oil, 14.6% herring
gil plus 7.4% lard or 11% herring cil combined

with 11% lard). They reported that better growth
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was obtained in the rainbow trout fingerlings
fed 44% protein and 22% lipid, regardless of
the ratio of herring oil to lard when reared
'lat 11.5°C over a 14 week period. Protein
efficiency ratios (PER) and protein retention
values (PRV) were similar regardless of dietary
protein concentration and lLipid source

combinations fed to rainbow trout fingerlings,

The contradictory results of the above
studies of the minimal dietary protein required
{35% protein plus 24% lipid) for maximal growth
of rainbow trout fingerlings can be partially
explained by differences in dietary fibkre
concentrations. A low dietary fibre concentration
(6.5%) was incorporated in diets containing 36,

44 or 53% protein plus 8% 'ipid (Lee and Putnam,
1973). However, in the study by Yu et al. (1977)
dietary fibre concentrations were held constant

at 11.2% in all diets. Therefore variéble dietary
fibre concentrations in the first study may have
differentially affected the amino acid absorption

rates or feed utilization i1Millikin, 1982}.
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. The essential fatty acid requirements have
Peen demonstrated in several species of fish
(Lee et al., 1967; Castell et al., 1972 a, b, c;
Owen et al., 1975; Cowey et al., 1976; Kanazawa
et al., 1980; Yamada et al., 1980). In most of
these species it has been shown that fish tissues
contain predominantly polyunsaturated fatty
acids of the comega 3 series rather than the
omega 6 sefies as obtained in terrestial animals
(Kanazawa, 1985). One of the earliest experiments
on the essentiality of polyunsaturated fatty
acid in fish was conducted by Lee et al. (1967).
These workers demonstrated that rainbow trout
fingerlings fed diets containing 1% 18:3 w 3
as a supplement to 7.8% corn oil which contains
linolenic acid, doubled their weight gain compared
with individuals fed 10% corn o0il as the sole
dietary lipid source. Later Castell et al. (1972a,b,c)
also reported that linclenic acid was superior
to linoleic acid in supporting growth and feed
conversion in rainbow trout. The essentiality
of linolenic acid for the rainbow trout was
further confirmed by Watanabe et al. (1974) Qho

demonstrated that 1% methly linolenate plus 4%
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| .4
methly laurate (C 12 - 0) provided maximal growth
and prevention of fatty acid deficiency symptoms
compared with rainbow trout fed 5% methly laurate.
It was further observed that in this species
as in mammals, dietary linoleate . leads to
elevated levels of 20 : 4 w 6 and 22 : 5 w 6
in the polar lipids of the liver while dietary
linolenate similarly elevates tissue levels of
22 : 6 w 3 acids. On the other hand, dietary
short chain saturated acids (e.g. laurate) elevate
the levels of eicosatrienoiec acid (20 : 3 w 9)
lin the body lipids of trout, an effect which is
depressed by dietary linoleate and linolenate

(Watanabe et al., 1%274}). Linolenic acid was also

demonstrated to be essential in the Salmonids

|

Turbot, Scophthalmus maximus a marine species

{8innuber, 1969),

appear to contrast with rainbow trout in their
ability to elongate and further desaturate C 18
fatty acids at substantial rate., Turbot were
fed isoenergetic diets containing one of three
fats. These were hydrogenated coconut ©0il which

exarcebates essential faktty acid deficiency in
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mammals, cod liver oil which contaiﬁs
polyunsaturated fatty acids of the omega 3

series and corn oil which supplies mainly linoleic
acid., At the end of 16 weeks, little conversion
of linoleic to arachidonic occurred in the turbot
fed the corn o0il diet indicating that turbot have
absolute requirement for polyunsaturated fatty
acids (PUFA) of the omega 3 series as they cannot
chain elongate and desaturate linolenic acid,

18 : 3 w 3 (Cowey et El., 1276). This observation
was supported by other workers (Owen et al.,
1975). It was further reported that turbot not
only required the omega 3 fatty acids but
specifically needed dietary 20 : 5 w 3 or 22 : 6 w 3
to satisfy its essential fatty acids requirement
{Cowey et al., 1976). Mead and Kayama {1967)

and Sinnuber (1969) have outlined the following
pathway for the biosynthesis of polyunsaturated
fatty acids in fish (Fig. 1.2L Vertical arrows show chain
elongation reactions, and horizontal arrows show

desaturation reaction.

Fish species vary in their ability to elongate
and desaturate 18 carbon fatty acids, to 20 - or

22 carbon fatty acids. Yamada et al. (1980)
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20:1 —» 20:2 —=20:3 20:2 — 20:3 —> 20:4
22 *1 22 :2 22:3 22:4 —> 22:5
Oleic Acid, Omega 9. Lincleic Acid, Omega 6.
18:3 — 18:4
20:3 — 20:4 — 20:5
22:6 — 225 —»22: 6
¥
24 : 6

Linolenic Acidy, Omega 3.

Fig. 1.2. Pathway for the biosynthesis of polyunsaturated fatty
acids in fish.
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administered labelled 14C 18 : 3 w 3 to
individuals of red sea bream, black sea bream,

Mylio macrocephalus, Opaleye, Girelnigrican,

striped mullet, Mugil cephalus and rainbow trout.

They observed that only rainbow trout exhibited
appreciable radio activity in 22 : 6 w 3 of

body lipids. It was therefore concluded that
marine species have limitec ability to elongate
and desaturate 18 : 3 w 3 resulting in dietary
essentiality of eicosapentaencic acid (20 : 5 w 3)

or 22 : 6 w 3 and non essentiality of 18 : 3 w 3.

Tilapia zilli injected with labelled 14,
acetate converted it into palmitic (16 : 0),
palmitoleic (16 : 1 w 7), stearic (18 : 0) and
oleic (18 : 1 w 9) acids. There was scarcely
any incorporation into linoleic (18 : 2 w 6),
linolenic (18 : 3 w 3) eicosapentaenoic (20 : 5 w 3),
and docosahexaenoic (22 : 6 w 3) acids. Thus

unlike most fish species studied, Tilapia zilli

fingerlings require 1% 18 : 2 w 6 or 20 : 4 w 6
fatty acids for optimal weight gain as opposed
to fatty acid of the omega 3 series (Kanazawa et al.,
1980). Since fish are incapable of "de - novo"

synthesis of 18 : 2 w6, 18 : 3 w 3, 20 : 5 w 3
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and 22 : 6 w 3 fatty acids, diletary sources of
thegse fatty acids are likely to be essential for

normal growth and survival, (Kanazawa, 1985).

It could be said therefore that with the
exception of tilapia and snakehead, fish
generally require omega 3 fatty acids rather than
omega & — fatty acids in contrast to terrestial
animals which require omega 6 - fatty acids such
as linoleic 18 : 2 w 6 and arachidonic 20 : 4 w 6.
Kayama (1977) suggested that pcikilothermic animals
may have a requirement for omega 3 fatty acids
because they generally have a lower body
temperature than mammals {homcthermic animals)
and omega 3 fatty acids have a lower melting point
than corresponding omega 6 - fatty acid of equal
carbon chain. 1In other words the preference ' .,
of fish for w 3 compared to w ¢ polyunsaturated |
fatty aclids reflects fundamesntally the low
temperature (generally lower than 20°C) of the
majority of aquatic environment. Similarly,
freshwater fish consume natuaral food that is
partly terrestial in origin especially herbivores
and omnivores hence freshwater fish have higher

level of w 6 fatty aclds in their tissues than
|



4y

marine fish (Ackman, 1967). In the like hanner,
freshwater fish have higher levels of short chain
w 3 polyunsaturates (e.g. 18 : 3 w 3} than marine

fish (Gruger et al., 1964}.

2.1.5 Minerals Reqguirement

Minerals are important as a constituent of
bones and for the maintenance of skeletal
structures and acid-base eguilibrum in the fish.
Minerals are also domponents of bleood, enzymes
and organic compounds in fish tissues and organs
where they are indispensable for essential
metabolic processes involving gas exchange and
energy transactions (Halver, 1280). The following
mineral elements are recogrised as essential
for body functions in fish: calcium, phosphorus,
sodium, molybdenum, chlorine, magnesium, iron, potassium,
selenium, iodine, manganese, copper, zinc, fluorine
and chromium (Millikin, 1982). It is unlikely
that fish have specific reguirements for inorganic
sulfur and cobalt when their needs for essential
sulfur-bearing amino acids and cobalt - containing

vitamin B12 are met (NRC, 1983}.
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(i) Calcium and phosphorus

Calcium and phosphorus are discussed together
because they occur in the bcdy combined with each
other for the most part and because an inadequate
supply of either limits the nutritive value of
both (Halver, 1980). Apart from its structural
functions in bones and scales, calcium is
essential for the following physiological activities:
blood clothing, muscle function, proper nerve
impulse transmissions, osmoregulation, and for
serving as a cofactor during various enzymatic
processes (NRC, 1983). Phosphorus is a constituent
of adenosine triphosphate (ATP), phospholipids,
deoxyribonucleic acid (DNA), ribonucleic acid (RNA)
and various coenzymes. Thus phosphorus is involved
in energy transformations, c2llular membrance
permeability, genetic coding and general control
of reproduction, growth, and serves as a buffer
for the maintenance of normal pH in body fluids
and cells (NRC, 1983). Much of the body calcium
is found in the skeleton, and in tilapia calcium
accounts for 19 to 24 per cent of the scales on
dry weight basis (Garrod and Newell, 1958). 1t

has also been reported that the amount of calcium
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in the scales of tilapia, salmon and carp
decreases with spawning and during starvation
indicating that the minerals in scales are
reabsorbed for physiological functions (Garrod

and Newel, 1958; vamada, 1958; Ichikawa, 1953).

Since freshwater fish drink very little
water if any (Sinkiss, 1974) and marine fish
swallow considerable quantities of sea water
estimated at between 5 and 4 per cent of their
body weight (Smith, 1930) drinking can provide
a calcium intake for marine fish that equals roughly
40 to 52 per cent of that provided by the food
(NRC, 1983). On the contrary, since freshwater
fish drink little or no wazer they obtain almost

no nutrients from drinking.

Studies on the significance of the dietary
calcium-to-phosphorus ratios in fish nutrition
has been complicated due to dietary factors such
as magnesium and vitamin D or use of suboptimal
calcium water concentrations in various studies
(Millikin, 1982). However, Andrews et al. (1973)
has reported that optimal growth and feed
conversions occurred in channel catfish fingerings

fed a 1.5 : 1 ratio of calcium to phosphorus.
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Similary, Sakamoto and Yone (1973) observed optimal
feed efficiency and serum inorganic phosphorus
in red sea bream fed a 1 : 2 ratio of calcium

to phosphorus.

Signs of calcium deficiency are difficult
to produce due to low dietary requirement of this
mineral element. For example no signs of deficiency
was noticed when common carp and rainbow trout
were reared in water containing 20mg calcium per
liters and fed 0.03 per cent dietary calcium
(Ogino and Takeda, 1976; 1978). Similarly, no
signs of deficiency was detected when channel
catfish were reared in water containing 14 mg
per liter of calcium and fed a vitamin D adequate
diet containing only 0.05 per cent calcium level.
However depressed growth, poor appetite and poor
feed conversion efficiency were observed in
Japanese eel and red sea bream fed calcium deficient
diets. The minimum calcium requirement for these
species were for Japanese eel reared in water
containing 19 ppm it was discovered to be 0.27
jper cent (Arai et al., 1975) and 0.34 per cent of
the diet for red sea bream, (Sakamoto and Yone,

1973] ,
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Common carp fed phosphorus deficient diets
had reduced blood phosphate levels, deformed backs
(lordosis) abnormal calcification of ribs and
soft rays of the pectoral fins and increase in
carcass fat with decreased water content and
increased gluconeogenic enzymes in the liver.
(0Ogino and Takeda, 1976). The minimum phosphorus
requirement was 0.6 - 0.7 per cent of the diet.
Lovell (1978) using purified diet with graded
levels of highly available monobasic sodium
phosphate, reported the minimum phosphorus
requirement of channel catfish to be about 0,45
per cent of the diet. Phosphorus deficiency
symptoms in channel catfish were reduced growth
rate, reduced body content of calcium and phosphorus
and loss of appetite. The Japanese eel was
reported to require 0.29 per cent (Arai et al.,
1975). Watanabe et al. (1980) reported the minimum

phosphorus requirement for tilapia (Oreochromis

niloticus) to be approximately 0.9 per cent.

Phosphorus in most plants is stored in the
form of phytate which is almost unavailable
nutritionally to most species of fish. Hence the

availability of phosphorus to fish is often very
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low in most plant products (NRC, 1983). Phosphorus
in grains, soyabean and ficsh meal is 33 per cent,
35 per cent and 50 per cent available respectively
whereas inorganic phosphorus from sodium,
monocalcium or dicalcium phosphate is highly
available (80 per cent) (Lcvell, 1984). It was
also observed that addition of 0.3 per cent
phosphorus in the form of dicalcium phosphate

to increase the non-phytate phosphorug in the diet
of channel catfish from 0.22 per cent to 0.55

per cent, was adequate for maximum growth of the
fish (Lovell, 1984). Therefore pond-raised channel
catfish fed on all-plant diet require additional
phosphorus in their ration for maximum growth.

This observation is also applicable to many other

freshwater fish species,

(ii) Magnesium

Magnesium is an essential constituent of
bone in fish where it constitutes a little over
0.6 per cent of the ash cortent of bones compared
with 30 per cent and 15 per cent for calcium and

phosphorus respectively (Halver, 1980).
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Magnesium deficiency symptoms have been
studied in several species. The deficiency signs
in channel catfish were poor growth, anorexia,
sluggishness, high mortality, muscle flaccidity
and depressed magnesium levels in the blood
serum, bones and the entire body of the fish
(Gatlin et al., 1982). Deficiency of
pagnesium in the diet of common carp and rainbow
trout leads to loss of appetite, poor growth,
sluggishness and convulsion followed by tetany
including high mortality. Histological changes
were also observed in muscle, pyloric caeca and
gill filaments of trout fed magnesium -

deficient diets (Halver, 1980}.

The minimum dietary rejuirements of

magnesium for channel catfish was established

at 0.04 per cent of diet when fish are reared

in water containing 1.6 ppm magnesium (Gatlin et al.,
1982). 1In the rainbow trout the quantitative

dietary requirement appeared to be between 0.025

and 0.07 per cent dietary magnesium when fish

are reared in waters containing 1.2 and 3.1 ppm

magnesium (Ogino et al., 1978; Knox et al., 1981).
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Common carp reared in water containing 3.5 ppm
magnesium require a minimum dietary magnesium

of 0.04 per cent {0Ogino and Chiou, 1976}.

Although fish do not extract dissolved
magnesium from water to meet dietary needs,
natural foods as well as most artificial feed
ingredients of both animal and vegetable origin
are adequate sources cof magnesium and deficiency
had not beeﬁ observed to date under ordinary

rearing conditions {Halver, 1980},

éiii) Mariganese

Manganese is a cofactor for the enzyme
arginase and many other metabolic enzymes.
Manganese is involved in the formation of bones
and for the regeneration of erythrocyte {Halver,
1980). 1Ishak and Dollar (1268} demonstrated that

tilapia (E' mossambica) reared in water containing -

2.8 ppm manganese suffered soor growth, anorexia,
loss of equilibrum, and mortality. When the
diet was sqpplemented with 35.5 ppm magnesium,
there was no henefit, nor was there any change
when only the water waé supplemented. However

when both the diet and water were supplemented,



56

there was positive result. Ogino and Yang
(1980) working with rainbow trout and common
carp fed them with manganese deficient diets
containing 4mg magnesium and observed depressed
growth in both species and abnormal curvature
of the backbone and malformation of the tail

in the rainbow trout. The authors reported
higher growth rate when the two species were
fed with 12 to 13mg magnesium per kilogram of

diet,

(iv) Iron

; Dietary iron is essential for fish to maintain
the normal haemoglobin level and deficiency was
reported to cause hypochromic microcytic anemia

in red sea bream (Sakamoto and Yone, 1978c) and
common carp (Sakamoto and Yone, 1978b). Red

sea bream was reported to require a minimum of
150mg iron per kilogram diet to prevent the
occurrence of iron deficiency symptoms which
included corpuscular diameter and low blood iron
content (Sakamoto and Yone, 1978a). However,
among the iron dietg, ferrous and ferric chlorides
were found to be more highly available than ferric

citrate in the prevention of hypochromic microcytic

anemia (Sakamoto and Yone, 1978c¢).
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(v) Iodine

Iodine is a constituent of the hormone
thyroxine and chinook salmon fed 0.1mg iodine
per kilogram diet developed thyroid hyperplasia
(goiter) and depressed growth whereas those fed
0.6 and 1.1mg iodine per kilogram diet in
rearing water containing 0.2 ppb iodine attained
maximum iodine storage (Woodall and LaRoche,
1964). The authors concluded that the minimum
iodine reguirement for chinook salmon was 1.6mg.
Supplementation of diet with iodine was found to

prevent goitre in brook trout (Gaylord and Marsh,

1912).
vi) Zinc

Dietary zinc is essential for the structure
and function of insulin and déficiency in channel
catfish led to depressed growth, loss of appetite,
and reduced zinc and calcium in the bones
(Gatlin and Wilson, 1983). Ogino and Yang (1978)
demonstrated that rainbow trout fingerlings fed
Img zinc per kilogram diet had poor growth and
high mortality whereas these fed 5mg zinc per
kilogram diet produced slow jrowth. Rainbow
trout fingerlings fed 15 and 30mg zinc per

kilogram diet had satisfactory growth. 1In a
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later work (Ogino and Yang, 1979) the authors
observed that common carp reared in water
containing 10 ppb zinc needed 5 ppb zinc for
maximum growth supporting a requirement for

15 to 30myg zinc per kilogram diet as for rainbow
trout., Zinc deficiency symptoms in common carp
were depressed growth, loss of appetite and high
mortality with elevated concentration of iron
and copper in the intestinal tract (Ogino and

Yang, 1979).

(vii] Selenium

Selenium was found to be similar to vitamin
E in that a deficiency of both caused muscular
dystrophy in Atlantic salmon. This was prevented
by sypplementing the diet with 0.1mg selenium
per kilogram diet or 500 IU vitamin E per kilogram
diet (Poston et al., 1976). Hilton et al. (1980)
fed rainbow trout on diet containing graded levels
of gelenium in the diet frem 0.07mg per kilogram
dry diet up to 13mg per kilogram diet. The fish
were reared in water containing 0.04 ppb selenium
and fed 400 IU vitamin E per kilogram of diet,
No selenium deficiency symptoms were observed

even with fish fed the lowest selenium diet.
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However since selenium is a component of
glutathione peroxidase, the plasma glutathione
activity showed an increase until the dietary
selenium concentration of C.15 to 0.38mg per
kilogram was attained. Sirce the rainbow trout
fed high selenium level (13 mg/kg) had depressed
growth and high mortality it was concluded that
dietary selenium concentration of 0.15 to 0.38mg
per kilogram would be ideal for rainbow trout.
Studies on selenium deficiency has been limited
to a few cold water species No studies have been
conducted in catfish, carp and other warmwater

fishes (NRC, 1983).

(viii) Copper

Channel catfish fingerlings was found to
have a dietary requirement of 1.5mg copper per
kilogram diet (Murai et al., 1981). Ogino and
Yang (1980) compared the growth responses
of common carp fry fed 0.7mg copper per kilogram
diet with rainbow trout fry fed similar
concentration., They observed that the common
carp fry suffered from depressed growth. This

was corrected by supplementing the diet with 3mg
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copper per kilogram diet, indicating that
common carp require more than 0.7mg copper per
kilogram diet. 1In contrast, rainbow trout fed
0.7mg copper per kilogram diet did not show
any effect on growth. The authors then
suggested that rainbow trout require less

copper than the common carp.

(ix) Sodium, Potassium and Chloride Ion

Dietary deficiency of sodium, potassium and
chloride ion have not been shown to give rise
to deficiency symptoms although these elements
are needed for several prcesses including;
osmoregqulation, acid-base balance, hydrochloric
acid secretion in gastric ‘uices, maintenance
of membrane potentials and transmission of nerve
impulses (NRC, 1983). Murray and Andrews (1979)
could not find any significant difference in feed
‘conversion efficiency and hody moisture content
of channel catfish fed 0.06 per cent sodium and
0.17 per cent chloride, although fish fed diets
with added salt grew 6 to 8 per cent faster than
those fed the basal diet. Thus channel catfish
could tolerate up to 2 per cent salt in the diet

with no adverse effect on growth.
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2.1.6 Vitamin requirement

Vitamins are essential organic compounds
needed for the growth and maintenance of fish,
They are required in small amount and a continuous
deficiency lead to disordersd metabolism, disease
and eventually death. Vitamin requirement in
fish as well as their biochemical and
physiological functions are generally similar
to those of terrestial animals (NRC, 1977). The
primary difference is that reaction rates of the
enzymes involved differ in poikilothermic animals
reared at different water temperatures (Halver,
1976). For some warm water fisheg, intestinal
synthesis by micro-organisms supplies the
requirements for certain vitamins (NRC, 1983).
Thus deficiency signs result only in those cases
when antibiotics are fed along with a deficient

diet.

Vitamin requiremtns are affected by the size
age, stage of sexual maturity, and growth rate
of fishes and by environmental factors and nutrient
interrelationships (NRC, 1983). Generally,
vitamins could be divided into two broad groups.

Water soluble and fat soluble vitamins. The chemical
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structure of the active forms of these vitamins

are shown in Appendix 1.

Vitamin requirements are determined in the
laboratory by feeding purified diets deficient
in a specific vitamin. Test diets are available
which can induce specific water soluble or fat-
soluble vitamin deficiency symptoms in salmonids,
ictalurids, cyprinids, eels and several marine

fishes (Halver, 1976).

{i) Water Soluble Vitamins

The water-soluble vitamins are the
vitamin B complex and vitamin C. The eight
recognised members of the vitamin B complex are
Thiamine, riboflavin, pyridoxine, pantothenic
acid, niacin, biotin, folic acid and vitamin
B12. The water-soluble essential nutritional
factors choline, inositol and ascorbic acid are
required in appreciable quantities in the diet
and sometimes are not referred to as vitamins
but as major dietary nutrients (Halver, 190 ).
Ascorbic acid is often excluded from this

group (NRC, 1983).
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(a) Thiamine

Thiamine (Vitamin B1l 18 a complex nitrogenous
base containing a pyrimidine ring joined to a
thiazole ring first isolated from rice polishings
in 1926 and synthesized in 1936 (Halver, 1980).
Because of the presence of a hydroxyl group at
the end of the side chain thiamine can form esters
e.qg. thiamine monophosphates, thiamine diphosphate
(formerly thiamine pyrophosphates) and triphosphate

(Appendix 1la) (McDonald et al.,. 1979).

Thiamine plays a role in the control of
carbohydrate metabolism. The coenzyme Thiamine
pyrophosphate is required for the decarboxylation
of pyruvic acid and of alpha-ketoglutaric acid
in the metabolism of carbohydrate (Halver, 1985),
and for transketolation in the pentose phosphate

shunt .

Murai and Andrews (197fa) have suggested
that channel catfish fingerlings require a
minimal dietary thiamine concentration of 1mg
per kilogram dry diet to achieve maximal weight
gain, feed efficiency and prevention of thiamine

deficiency symptoms such as anorexia, poor growth,
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dark colouration and high mortality. The

rainbow trout was found to require less than

2mg per kilogram feed {(Halver, 1985). This

level was within the range of that reported for
Turbot (Cowey et al., 1975). These authors

have demonstrated that maximum growth rate of
Turbot occurred when dietarv thiamine concentration

was greater than 0.6mg per kilogram dry diet.

The herbivores omnivores e.,g. carp and
;hannel catfish utilize dietary carbohydrate as
an active energy source whereas many carnivorous
fishes such as salmonids, turbot, tuna and sea
bream metabolise carbohydrates less effectively
(Hilton and Atkinson, 1982). Since thiamine
requirement is related to carbohydrate intake
in most of the animals stud:ed, it was thought
that the vitamin may be particularly important
in certain carbohydrate consuming species of fish
such as the grass fishes, the mullets and many
others that eat phytoplankton or other plants
(Halver, 1976). This information was found to
be untrue due to confounding factors which make
comparison between species and experiments

difficult (NRC, 1983). Murai and Andrews (1978a)
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stated those factors as methods of thiamine
assessment, intestinal bacteria contributions

and evolutionary responses to the presence of

the enzyme thiaminase which is present in some
raw and shell fish that destroys thiamine

but could be inactivated by heating. Thiaminase
acts by severing the pyrimidine and thiazole
moieties of thiamine therebv rendering the
vitamin unavailable or the witamin may be made
inactive by excessive heat treatment during

feed mixing, compaction or extrusion (FAO, 1980).
On the bases of this potential losses of thiamine
in fish feed, Halver (1985) has recommended a
thiamine content of 10 to 15mg per kilogram in
most fish feeds. He suggested that lower levels
may be used with impunity in channel catfish or
carp diet preparations but carnivorous coldwater
species need high levels for nutrient safety in

fish production.

(b) Riboflavin

Riboflavin is a yellow-brown crystalline
pigment which occur in the free form only in

the eye, whey and urine, and was isolated in

1879 (Appendix 1b) (Halver, 1980) .
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Riboflavin is found in the tissue coenzymes
flavin mononucleotide (FMN) and flavin adenine
dinucleotide (FAD). These coenzymes function
as prosthetic groups of oxidation-reduction
enzymes that are needed for the degradation of
pyruvate, fatty acids and amino acids (NRC, 1983;
Halver, 1985). Riboflavin along with pyridoxine
is involved in the conversion of tryptophan to
nicotinic acid and is important in the respiration
of poorly vascularized tissues such as the cornea
of the eye. It is also involved in the retinal
pigment during light adaptation. Deficiency
causes impaired vision and oshotophobia in

experimental animals including fish (Halver, 1980).

Dietary essentiality of riboflavin has been
reported for many species. Poston et al. (1977)
fed riboflavin - deficient diets to rainbow trout
fingerlings (initial mean weight 5.9g9) and reported
the development of bilateral corneal and lenticular
lesions, fin necrosis, snout erosion and spinal
deformation after 11 and 15 weeks of the
experimental period. Takeuchi et al. (1980) also
observed anorexia, poor growth, high mortality
rate, leisions of fins and cataract in rainbow

trout (initial mean weight 1.5g) fed riboflavin -
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deficient diets for 8 weeks. Japanese eels

fed riboflavin-deficient diets displayed poor
growth, anorexia, haemorrhage of the fins and
abdomen, including photophobia and lethargy
(Arai et al., 1972). Similarly carp
fingerlings fed riboflavin-deficient diet
showed anorexia, poor growth, high mortality
rate and hemorrhage of skin and fins (Takeuchi
et al., 1980). 1In channed catfish, dwarfism
(Murai and Andrews, 1978b) and Cataracts (Dupree,
1966) were also observed along with poor growth
and anorexia in fish fed riboflavin - deficient

diets for B weeks.

Dietary requirment of riboflavin may vary
depending on the size of fish, the balance of
other dietary ingredients, caloric density and
the environmental conditions under which the
fish is raised (Halver, 1980). For example
rainbow trout (initial mean weight, 7g)
required 12.2mg riboflavin per kilogram for
maximum growth (Woodward, 1982) whereas larger
rainbow trout fingerlings (initial mean weight

11.29) required 3mg riboflavin per kilogram dry
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diet as judged by the growth rate, food
conversion efficiency and mean erythrocyte
glutathione reductase activity coefficient or
12mg riboflavin per kileogram dry diet for maximal
liver riboflavin content (Hughes et al., 1981),
Stimulation of erythrocyte glutathione reductase
activity has been found to be a sensitive
biochemical measurement of riboflavin in fish
(Hughes et al., 1981). Aoce et al. (1967a) found
that common carp fingerlings (initial mean

weight 1.59) required 20mg riboflavin per
kilogram dry diet over a 6 week experimental
period whereas slightly larger carp fingerlings
(initial mean weight 2.8g) required 10mg
riboflavin per kilegram dry diet over 6 weeks.
Channel catfish fingerlings was shown to require
9mg riboflavin per kilogram dry diet for maximal
growth and 3mg riboflavin per kilogram dry diet
to prevent the occurrence of dwarfism (Murai

and Andrews, 1978b). In general trout requirements
for riboflavin appear to be between 5 and 10mg
Per kilogram dry diet whereas salmonids requirement
is higher since maximum liver storage levels

are not achieved until at least 10mg riboflavin

per kilogram dry diet are fed (Halver, 1985).
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diet as judged by the growth rate, food
conversion efficiency and mean erythrocyte
glutathione reductase activity coefficient or
12mg riboflavin per kilogram dry diet for maximal
liver riboflavin content (Hughes et al., 1981).
Stimulation of erythrocyte glutathione reductase
activity has been found to be a sensitive
biochemical measurement of riboflavin in fish
(Hughes et al., 1981). Aoce et al. (1967a) found
that common carp fingerlings (initial mean

weight 1.5g9) required 20mg riboflavin per
kilogram dry diet over a 6 week experimental
period whereas slightly larger carp fingerlings
(initial mean weight 2.8g) reguired 10mg
riboflavin per kilogram dry diet over 6 weeks.
Channel catfish fingerlings was shown to require
9mg riboflavin per kilogram dry diet for maximal
growth and 3mg riboflavin per kilogram dry diet
to prevent the occurrence of dwarfism (Murai

and Andrews, 1978b). In general trout requirements
for riboflévin appear to be between 5 and 10mg
Per kilogram dry diet whereas salmonids requirement
is higher since maximum liver storage levels

are not achieved until at least 10mg riboflavin

per kilogram dry diet are fed (Halver, 1985).
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(c}y Pyridoxine

Pyridoxine (Vitamin BG) was first reported by
Gyourgi in 1935 and synthesized in 1939 (Appendix 1f)
(Halver, 1980). '1The three compounds pyridoxine,

pyridoxal and pyridoxamine all have vitamin Be

activity. Pyridoxine hydrochloride is the form

in which vitamin B. is usually supplemented in

feeds owing to its solubility in water and heat
stability in acid or alkaline solution (Halver,

1980; Adams, 1978). Frye (1978) reported that
pyridoxine hydrochloride is very stable in

vitamin premixes although it may lose its

stability if the premix also contains trace minerals.
Slinger et al. (1979) found only 7 to 10 per cent
losses in pyridoxine in pelleted or extruded feeds

after 10 months of storage.

Pyridoxine, or the coenzymes pyridoxal phosphate
and pyridoxamine phosphate &re required in amino
acid metabolism. Pyridoxine phosphate is a
coenzyme in the transamination reactions in which
an amino acid is converted to an & - keto acid
and catabolized or an ¢ - keto acid is converted

to an amino acid. Pyridoxine phosphate is also
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a coenzyme during the conversion of tryptophan

to acetyl-CoA and pyruvate to cystine (NRC, 1983).

Dietary essentiality of pyridoxine has been
reported for many species. Dupree (1966)
observed nervous disorders, erratic swimming,
opercle extension and tetany in channel catfish
fingerlings fed pyridoxine deficient diets.
Smith et al. (1974) studied the effect of pyridoxine
deficient diet on rainbow trout fingerlings and
observed the occurrence of hyperirritability,
nervous disorders, erratic and rapid swimming,
flexing of operculum, greenish-blue colouration
and tetany just before death. Chinook salmon fed
pyridoxine deficient rations were found to develop
ataxia, oedema of peritoneal cavity, colourless
serous fluid, blue-green colouration on dorsal
surface and excessive flexing of operculum. Thus
tetany, nervous disorder and greenish-blue

discolouration appear to be common among the fish

so far studied.

The dietary requirement of pyridoxine has
also been studied. Yone (1975) reported a minimum
requirement of 5 to émg pyridoxine per kilogram dry

diet for maximal glutamic Oxaloacetic transaminase
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activity and maximal glutamic pyruvate transaminase
activity in the red sea bream. For maximum weight
gain and pyridoxine liver content a minimum
requirement of 2 to 5mg pyr:idoxine per kilogram

dry diet has been recommended (Yone, 1975).
Similarly, Adron gﬁ al. (1978) demonstrated that
pyridoxine concentrations of 1.0mg per kilogram

dry diet up to 30mg per kilogram had similar

growth rates, whereas individuals fed 0.26 or 0.50mg
pyridoxine per kilogram dry diet had reduced

weight gain. These workers also observed that
liver alanine amino transferase activity and muscle
and liver aspartate aminotrensferase activity
increased with higher dietary pyridoxine
concentrations up to 2.5mg per kilogram dry diet.
They recommended a dietary pyridoxine concentration
of 2.5mg per kilogram dry diet for maximal growth
and liver aspartate aminotransferase activity of
turbot. Andrews and Murai (1979) showed that
channel catfish fingerlings require a minimum of
4.2mg pyridoxine per kilogram diet for maximum
growth, The common carp was reported to require
5.4mg pyridoxine per kilogram dry diet for maximal
growth raté and prevention of deficiency symptoms

(Ogino, 1965). Removal of pyridoxine from the
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diet of carp led to developwment of pyridoxine
deficiency signs in 4 to 6 weeks. Rainbow trout
and salmon finglings require between 5 to 10mg
pyridoxine per kilogram diet. Marine fish appear
to have a higher requirement when high protein
diets are fed (Halver, 1982; Jurss, 1978). Since
pyridoxine requirement depends on protein level,
the onset of pyridoxine deficiency could be
accelerated in carnivorous fish by feeding diets

high in protein (Hardy et al., 1979).

(d) Vitamin B (Cyanocobalamin)

12

This is the antipernicious anemia factor which
was found essential for the growth of chicken fed
entirely on plant diet and was designated animal
protein factor (APF) (Halver, 1980). Cyanocobalamin
which is a large molecule that contains cobalt, is
stable to mild heat in neutral solution but is
rapidly destroyed by heating in dilute acid or alkali
(Appendix 1h). The vitamin is necessary for normal growth,
normal blood formation and healthy nervous system
(Halver, 1982). Vitamin B12 together with folic
acid is needed to provide single carbon units such

as methyl group for the formation of DNA in hemopoietic
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tissue. Vitamin B12 catalysis the formation of
folic acid, folic acid coenzymes and deficiency

of these vitamins accentuates the deficiency of

the other; thus folic acid and cyanoccbalamin

have complementary roles in fish metabolism

(Halver, 1982). John and Mahajam (1979) demonstrated

that folic acid and vitamin B accelerated the

12

development of a more pronounced anaemia in fish.

Chinook salmon fed vitamin B,sy deficient
diets for 16 weeks were reported to show growth
retardation and reduced erythrocyte numbers
(Halver, 1957) whereas channel catfish exhibited
only reduced growth rate when fed vitamin E12
deficient diet for 36 weeks (Dupree, 1966).
However, lower hematocrits was observed in channel
catfish after 24 weeks (Limsuwan and Lovell, 1981).
Kashiwada and Teshima (1966) did not report
deficiency signs in common carp fed diets deficient
in vitamin Bi,- It was later demonstrated
(Kashiwada et al., 1970) that the intestinal

microbial synthesis of vitamin B in common carp

12
was sufficient to meet the requirements of common
carp for vitamin Byge Similar observation has

been demonstrated for tilapia (Lovall and Limsuwan,

1982) .
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The quantitative requirement of vitamin 812
in fish in the absence of fclic acid has been
tentatively set at 0.002 - 0,003 mg vitamin 812

per kg diet (Halver, 1972).

(e) Folic Acid (Folacin or Fteroylglutamic acid)

Folic acid (Appendix 1e) was synthesized in 1946 after
it was found effective in curing metaloblastic
anaemia in monkeys (Halver, 1980). Folic acid
is stable to heat but detericrates when exposed
to sunlight or during prolonced storage especially

at elevated temperatures (Frye, 1978).

Folic acid is essential for the synthesis
of nucleic acids, DNA and RNA and thus is necessary
for normal erythrocyte formation (NRC, 1983). As
the bioclogically active coenzyme, formyltetrahydrofolic
acid, it is requred for the transfer of single-carbon
units (e.g. methyl groups) within rapidly
metabolizing and dividing cells. Examples of this
function are the formation of the amino acid
methionine from homocysteine, serine from glycine,
and the synthesis of choline from ethanolamine
(Halver, 1982). Halver (1957) reported the occurrence

of megalcblastic erythropoiesis, anorexia, anemia,
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lethargy dark colouration and poor growth in
chinook salmon fed folic acid deficlent diets.

Smith and Halver (1969%) also observed anaemia
in Coho salmon fed folic acid -~ deficient diet.
The anaemia was characterised by pale gills,
anisocytosis and poikilocytosis of erythrocytes,
The authors suggested that formation of blood cells
in fish is very sensitive to folic acid deficiency
because of the importance of folic acid in
incorporation of nucleosides into deoxyribosenhucleic
acid. Arai et al. {1972) reported the occurrence
of anorexia in Japanese eels fed folic acid deficient
diet after 9 weeks; poor growth and dark colouration
at 10 weeks whereas common carp fed a deficient
diet for 16 weeks showed no ceficiency signs with
respect to growth, mortality, erythrocyte numbers
or folic acid level of the hepatopancreas (Ace et al.,

1967c) .

Quantitative folic acid reguirement for young
trout and salmon is 1 to 5mg per kilogram diet

{McLaren et al., 1247),
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(f) Pantothenic Acid

Pantothenic acid was synthesised in 1940
and may be considered as dihydroxydimethylbutyric
acid bonded to /f3-alanine (Ha_ver, 1980). It is a
white crystalline powder stable to autoclaving but
labile to heat, hot alkali and hot acid (Appendix 1d).

Pantothenic acid functions as part of coenzyme
A (CoA) in metabolic release of energy from all
three energy providing nutrients - carbohydrates,
fat and protein - by way of the tricarboxylic acid
(TCA) cycle (Halver,1982). Thus pantothenic acid
as a component of CoA is required for the oxidation
and synthesis of fatty acids, oxidation of pyruvate
and is involved as an acceptcr and donor of acetate
groups (acetylation reactions) such as the
conversion of choline to acetylcholine and the
conversion of oxaloacetic acid to citric acid
(NRC, 1983). Dietary deficiency of pantothenic
acid generally result in poor growth, anorexia,
clubbed and exudate covered gills (Halver, 1982).
Studies on channel catfish (Murai and Andrews, 1975)
showed signs of anorexia in pantothenic acid deficient
diet after 4 weeks of culture. After 8 weeks channel

catfish developed clubbed gills and eroded skin,
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lower jaws, fins and barbels. Arai et al.
(1972) observed poor growth, skin lesions and
abnormal swimming in the Japanese eel after 6
weeks on diet deficient in pantothenic acid. Poston
and Page (1982) reported that pantothenic acid
deficient trout shows signs of conglutinated
mitochondria (clubbed mitochondria). These lesions
are caused by anorexia within cellular energy
transfer mechanism and may appear as vacuoles or
hyaline bodies and eventually lead to necrosis
(Hartroft, 1964; Rouiller, 1964). In general signs
of pantothenic acid deficiency are manifested as a
condition called dietary gill disease including
clubbed, exudate covered gill lamellae, swollen
operculum, fused gill filaments, abnormal swimming
near the surface of the water, anorexia, poor feed
conversion, loss of weight and high mortality
within 8 - 10 weeks (Halver, 1982). Essentially
dietary deficiency of pantothenic acid impairs
the normal metabolism with mitochondrial-rich
cells undergoing rapid mitosis and high energy
expenditure. Thus organs invelved in osmoregqulation
such as the gills and kidney tubules are most
affected (Halver, 1982).

Pantothenic acid is usually added to feeds

as either calcium d4 - pantothenate {92 per cent
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activity} or calcium dl-pantothenate (46 per cent
activity) because pure pahtothenic acid is unstable,
hygroscopic and viscous (NRC, 1983). Trout and )
Salmon require 10 - 20mg calcium pantothenate per
kg of diet depending on the size of fish and diet
composition (McLaren et al., 1947; Halver, 1972).
Channel catfish fry require 250 mg/kg dry diet
while the fingerlings require 10 mg/kg dry diet
(Murai and Andrews, 1975; 197%). The higher
pantothenic acid requirement of frys was assoclated
with the possible micronutrient losses in small
feed crumbhles fed to fry compared with larger

feed particles fed to fingerlings due to high

surface to volume ratio in the small feed crumbles

(Murai and Ar_adrews, 1975) .

{g) Niacin

Nicotinic acid synthesis took place in 1913
and in 1937 Niacin was postulated to be part of
faFtor H for fish but the deficiency symptoms were
not adequately described until 1947 (Halver, 1980).
Niacin in the form of niacinamide (appendix 1c} is an
essential component of two enzymes, nicotinamide
adenine dinucleotide (NAD) and nicotinamide adenine

dinucleotide phosgphate {NADP}. Both NAD and NADP
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are involved as hydogen donors and acceptors in

the release of energy from all three enerqgy vielding
nutrients - carbohydrate, £at and protein. The
vitamin is required by all living cells and it is
equally active either as nicotinile acid or as the
amide (Halwveyr, 1982). In many animals the amino

acid tryptophan can be converted to nicotinic acid,
s0 deficiency signs can only be induced by restricting
dietary tryptophan (NRC, 1983). For brook trout

and salmon (Poston and Combs, 1980) tryptophan

is not efficiently converted to niacin therefore
salmonids must obtain preformed niacin to meet their
requilrements. Signs of nutritional deficiency of
niacin in trout and salmon ar=2 pellagralike, and
include anorexia, reduced growth, poor feed
conversion, a photosensitivity to sunburn, intestinal
lesions, muscular weakness, spasms and increased
mortality (McLaren et al., 1347). 1In catfish fed
niacinwdéficient - diets, deficiency symptons |
obkerved after 6 to 8 weeks were skin and fin lesions,
deformed jaws, anemia, exophthalmia and high
mortality rates {Andrews and Murai, 1978). Arai

et al., (1972) noticed reduced growth after 10 weeks

in Japanese eel fed niacin - deficlent - diets.
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After 14 weeks the deficiencf symptoms wére
ataxia, skin lesions, and dark colouration
Aoe et al. (1967k) cbserved high mortality
after 5 weeks in common carp fed niacin -

deficlent - diets.

Dietary requirement.of niacin for maximum
growth of common carp is 28mg niacin/kg dry
diets {(Aoe et al., 1967c) and 14.4mg niacin
for channel catfish fingerlings (Andrews and
_Murai, 1978). Trout require at least 95mg
of the vitamin per kg diet (Phillips and
Brockway, 1857) while salmon may require
up to twice that level (Halver, 1972). HNalver
(1972) reported that the presence of
phencthiazine or antimetabolites such as
. pyridine - 3 - sulphuric acid and thicacetamide
may increase the requirement for dietary
niacin. Furthermcre Poston (1969b) reported
that niacin in excess of requirement inhibits

growth.
{h) Biotin

Biotin was synthesized by workers of Merck
and Company in 19243 and was variously called

"CoenzymeR" and 'Vitamin H*' ({Appendix 1g) (Halver,

1980} .
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The enzyme 1s stable to héat and light but

is destroyed by aclds and alkali and by

oxidising agents such as pefﬁxides or
permenganet. Biotin has been shown to be
important in many reactions invelving

acetyl CoA Carboxylase in fish. Such - | é
reactions include the synthesis of fatty acids,
oxidation of carbohydrates (Pyruvate
carboxylase), synthesis of niacin and

microsomal protein and formation of pancreatic
amylase (Halver, 1982). Blotin deficiency

sign in salmonids include anorexia, poor growth,
and depressed liver acetyl CoA Carboxylase

and Pyruvate carboxylase (Poston and Page, 1982).
In the brook trout, biotin deficiency symptoms
include pale coloured gills often with a mucucus
cecating (Poston and McCartney, 1274}, In c¢hannel
catfish depigmentation of thes skin was observed
after 14 weeks in fish fed Biotin-deficient
diets. Affer 22 weeks there was significant
reduction in the level of liver pyruvate
carboxylase {Robinscn and Lovell, 1978).

Ogino et al. (1970) working on carp observed

reduced growth rate between 8 to 12 weeks in

Y
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carp fed diets deficient in biotin. 1In
Japanese eel fed a biotin deficient diet Arai
et al. (1972) reported the occurrence of
reduced growth, abnormal swimming behaviour

and dark colouration after 8 weeks,

Quantitative biotin reguirement have been
studied for different species. Based on growth
rates maximum liver storage of biotin and
?ptimum feed conversion, young trout requires
a minimum of 0.05 -0.25mg biotin per kg of
diet (McLaren et al., 1947; Poston, 1976b;
Castledine et al., 1978). Lake trout
fingerlings required a minimam of 0.1mg biotin/
kg dry diet for optimal growth, and minimum
of 0.5mg biotin/kg dry diet for optimum
swimming stamina (Poston, 1976a). In channel
catfish fingerlings, 8mg biotin per kg dry
diet was found to enhance liver pyruvate
decarboxylase activity (Robinson and Lovell,
1978). 1In brook trout fingerlings, 6mg biotin
per kg dry diet was sufficient to increase
acetyl CoA carboxylase and pyruvate decarboxylase

activities (Poston and McCartney, 1974},
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However, most diets containing fish meal,
. Orra combination of fish and plant proteins
will probably contain sufficient biotin for
normal growth of young fish (Halver, 1982).
The type and level of dietary fat can affect
signs of biotin deficiency in salmonids
(Halver, 1982). Feeding a partlally hydrogenated
soyabean o©il obscured biotin deficiency signs
in trout (Kitamura et al., 1967a; Poston and
McCartney, 1974). |
(1) Cheline

Choline (Appendix 1k) has three functions: as a
ﬁrecursor to the neurotransmitter acetylcholine,
as a methyl (CH,;) donor in metabolic reactions,
and as a component in choline phosphoglycerides
or phospholipids lecithin and sphingomyelin (NRC,
1983) ., Although the quantity of choline required
in the diet is influenced by the level of methionine,
folic acid and cyanocobalamin, choline is essential
for growth, efficient conversion of food and " '
prevention of fatty livers in trout (McLaren QE Ei'r
1947) and salmon (Halver, 1¢57).

The dietary requirement of Lake trout for
choline was studied by Ketola (1976). Lake trout

were fed an unsupplemented ciet (30mg choline
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per kilogram dry diet} their response were -
compared with those fed diets containing,
equimolar supplements of amincethanol,
dimethylamincethanol, methylaminoethancel,
bethaine HC1l and choline (equivalent to
2,600mg choline per kilogram dry diet). It.
was cobserved that lake trout fed unsupplemented
diet and amincethanol and bethaine supplements
had reduced growth rate and high liver fat content.
It was concluded that since bethaine a source
of l1abile methyl groups dicd not affect growth
or liver fat content, any metabolic function
of cheline in regulation of liver fat in lake
trout is unrelated to transmethylation. The
minimum level of choline required by trout
fingerlings for optimal growth is no meore than
1000mg per kilogram of purified diet (Ketola, 1976).
Channel catfish fed a choline ~ deficient
diet developed hermorrhagic kidneys, intestine
and enlarged livers (Dupree, 1966). Ogino et al.
(1970) observed 10% higher lipid content after
30 days in common carp fed on a choline -
deficient diet. An estimated minimum dietary
choline - chloride concentration of 2000mg per

kilogram was suggested.
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(3} Inositol

Inositol sometimes called myoinositaltﬂppemdbch)
occurs as phospholipid lipositol in animal
cells and it is present in nucleated |
erythrocytes (NRC, 1983). 1Inositol defiéiency
symptoms include poor feed digestibility and
utilization, anorexia, reduced ygrowth and
distended abdomen {Halver, 1972). noe and
Masuda (1967) reported that common carp. .
reguire 4g inositol per kilogram dry
diet for maximal weight gain, feed conversion
and prevention of skin lesions. The requirement
of inositol for the red sea bream was found
to be between 550 and 900mg inositol per kilogram
dry diet in direct proportion to dietary glucose
concentrations of 10 to 40% (Yone, 1975). The
tentative quantitative requirement for inositol is
250 to 300mg per kilogram of diet for young

salmon and trout (McLaren et al., 1947).

{k) Ascorbic Acid

Although ascorhic acid has been known
and feared since ancient times it was not until
1928 that the antisorbutic factor was identified

{Aopendix 1i}) (Halver, 1980).
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Most vertebrate animals are able to synthesize
L~-ascorbic acid (AA}, but several species
e.g. primates, guinea plgs, fish, bats, insecté
and some birds lack the abllity to produce
L-gulonclactone oxidase and are thus dependent
upon a diefary source of vitamin C. Fish is
unique among thege animals in that they have a
system of storing a chemically stable form
of vitamin C which appears to allow metabolism
of this compound differently from other vitamin
C - requiring organisms {Tucker and Halver,
1984). The vitamin C include L-ascorbic acid,
dehydro-ascorbic acid, and ascorbate - 2 -
sulfate, and can be called vitamin C 1,
dehydro C and vitamin C 2 for trivial

nomenclature (Halver, 1285}.

L-ascorbic acid is readily oxidized to
the less biolegically peotent dehydoascorbic
acid (Halver, 1980). Vitamin C is heat
sensitive and is readily lost during processing
and storage due to exposure to oxygen, heat,
neutral or high pH and/or traces of metals
(Halver, 1980). mHilton et al. (1977} found
a 70 per cent loss of supplemental ascorbic acid

during feed preparation and virtually complete

destructicon after seven weeks of storage.
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Vitamiﬁ c is necessary.for numerous
hydroxylation reactions. The vitamin is
required in the formation of hydroxyproline
a constituent of collagen, which is the
protein of capillaries, the fibrous tissues
;f scars, the matrix of bhones and cartilage
and the fibres of tendons. An ascorbic acid
deficiency results in impaired collagen
metabolism (NRC, 1983). Ascorbic acid plays a | o
synergistic role with vitanin E as
intracellular antioxidants and free radical
traps and is also involved in the conversion
of folic acid to folinic acid (Halver, 1980)}.
Ascorblc acid also has a role in iron .
metabolism and detoxification of organic
pollutants such as toxaphene and polychlorinated
biphenyls during accumulaticn in the liver |
(Milliken, 1982}. Thus the effects of organochlorine
.pesticides strychnine poisoning, PCEs and DDT,
heavy metals and toxaphene contamination of feed

all have a diminished effect when ascorbate

nutrition is increased (Tucker and Halver, 1984).

The signs and symptoms of the deficiency

of vitamin € in fish are reduced growth, anorexia
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.
.and lethargy, followed by structural deformation
of skeleton and cartilage, haemorrhage and
anemia acute lordosis and sceliosis and eventuai
dislocation of vertebrae {Halver et al., 1969).
Wild fish consume insects, algae, plankton
.and other fish - all supplying dietary vitamin C

(Tucker and Halver, 1984).

Poston (1967) reported that brook trout
fingerlings fed ascorbic acid-deficient diets
_dver a 34-week period developed scoliosis and/or
lordosis, increased mortality rate and internal

haemorrhaging. Similarly channel catfish
experienced lordosis, scoliocsis (and ultimately
broken back} haemorrhage within the vertebral
column and brittle vertebrae including reduced
serum alkaline phosphatasé activity (65%
lower), lower vertebral collagen content

(42% less on a dry basis) and less hydroxyproline
in the collagen of scorbutic channel catfish
{Wilson and Pce, 1973). Channel catfish
fingerlings (initial weight 4 to 5g) fed
ascorbic acid deficient diets had significant

reductions in length and weight after 150 days.
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There were also 10% reductlions in backbone
collagen and 16% in hydroxyproline concentration
in cellagen. InladditiDn, 24% less force was
regquired to cause permanent damage of vertebral
Centra (elastic limit} and failure of

vertebral centra (rupture) occurred at 16% less
force in channel catfish fed on supplemental
agscorbic acid than in individuals fed 500mg
ascorbic qcid/kg dry diet (Hamilton et al.,
1981). Arai et al. (1972) reported that Japanese
eel fed ascorbic acid - deficient diet showed
reduced growth after 10 weeks and haemorrhage

in the head and fins after 14 weeks,

I The dietary requirement for ascorbic acid
by trout and salmon apparently depends upon
several factors including fish size, growth
rates, other dietary components and stress
conditions under which fish may be reared
(Halver, 1982). Halver et al. {1969) reported
that rainbow trout (initial mean weiqht'0.3q]
require 100mg ascorbic acid/kg dry diet and
Coho salmon (initial mean weight 0.4q9) reguire

about 50mg ascorbic acid/kg dry diet based on
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biood and anterior kidney ascorbic acid.
concentrations and growth rate., The minimum
level of ascorbic acid in the blood of Coho
salmon and rainbow trout necessary for normal

" growth and survival rate is 35mg ascorbic

acid/g blood. Liver ascor.bic acld levels

below 30mg/g indicate an ascorbic acid deficiency
in channel catfish (Lim and Lovell, 1978)..
Young and rapidly growing fish have been obserﬁed
to require the highest amounts of L-ascorbic
acid. Hilton et al. (1978} reported a lower
requirement of ascorbic acid (40mg/kg dry diet}
for larger rainbow trout (initial mean weight
6.7g) based upon ygrowth rate, feed conversion;
survival rate and serum iron levels, The

authors also suggested that a liver ascorbate
concentration of below 20mg per ¢ indicated a

dietary deficiency.

ﬁowever, vitamih C requirements for fish
dannot be easily defined. For example, a
requirement for rapid growth of 100mg per
kilogram dry diet under pristine environmental

conditions may be increased to 5 to 10 fold
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when the fish are exposed to environmental
contaminants, physical or environmental stress
or exposure to fish pathogens (Halver, 1985}.
In a classical éxperiment, (Halver, 1985} reported
that mortality rates of channel catfish
experimentally infected wlth a pathogen can

be decreased when increased levels of dietary
L-ascorbic acid are fed. Mortality rates were
high in fish fed on ascorbic acid deficient
diet but no mortality was recorded in all fish
fed 10 to 20 times the apparent requirement

for L-ascorbic acid. This was ascribed to the
response of the antibody at high levels of
L-ascorbic acid in the diet. Based on this
observation, Halver (1985) has recommesnded that
requirements of L-ascorbic acid should be
increased to a minimum of 300mg per kilogram
dry diet, and further inLreased to 1000mg'per'.
kilogram dry diet, when fish are exposed to
envircnmental stressors. Since losses of
ascorbic acid occur during processing and
storage, Tucker and Halver (1984) have suggested
the use of ascorbate - 2 - sulfate as the form

of vitamin C supplementation in aquatic rations
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instead of L-ascorbic acid because of its ready

absorption from feeds as well as its stability.

[ii} Fat - Soluble Vitamins ) ,

{a) Vitamin A

Vitamin A was synthesized in the mid-thirties
although the chemical structure of wvitamin A (Appendix tﬂ.
and its relationship teo Beta - carotene was
shown by Von Euler in 1928 as cited by Halvex
{1980) . Since then considerable work has been
done on vitamin A and in recent time it has been
shown that vitamin A occurs in two forms,
vitamin A1 (retinol} found in mammals and
: marine fishes, and vitamiﬁ A, (retinol2),
found in freshwater fishes [Lehninger, 1975}.

Vitamin A is needed in vertebrates for the

regeneration of the light - sensitive compound

rhodopsin in the rétina. The vitamin is also

involved in calcium transport across some

membrane, in reproduction and embryonic development -
and in cellular and subcellular membrane

integrity (NRC, 1983). Vitamin A 1s essential

for normal structure and furctions of eye and

gill, through its involvement in the metabolism
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of mucopolysaccharides and visual pigments, and
for general maintenance of epithelial tissues
of various physiological systems (Halver, 1982),.
" Vitamin A has been shown to be essential
in the diet of fish species. Dupree (19266)
feported that channel catfish fed 0.4 ppm B
carotene developed deficiency symptoms after
two years such as exophthalmia, edema, and
kidney haemorrhage. Poston et al. (1977)
showed that pronounced eyeball protrusions and
dermal depigmentation occurred in brook trout
fed vitamin A deficient diet:s. Histopathological
examination of the eyes of salmonids did not
show any damaged lens in vitamin A deficient
fish. Aoce et al. (1968) reported the occurrence
of anorexia, faded body ceolour, fin and skin
haemorrhages, exophthalmia and abnormal gill .
opercula between 8 to 16 weeks in common carp .

fed diets deficient in vitamin A.

The ability of the fish to convert
carotencids to vitamin A is dependent on water
temperature. Cold water fish such as salmonids
can utilize AL carotene at 12.4°C to 14°C but
. only small amounts of the B carotene are

hydrolysed at 9°C (Poston et al., 1977).°






