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P R E F A C E

The food generating systems on the planet earth are the
lone source of energy for sustenance of the human race. With the
exploitation of terrestrial sources near maximum, man has turned
his attention to the food resources of the aquatic environment.
The potential of the world oceans to feed man has been portrayed
in poetic terms since the dawn of time, with impressive promises
including reports of huge krill sources in Antartic waters and
offshore fishery stocks. with the expectation that sooner or
later capture fisheries will level off, fluctuate or even
decline, the obvious alternative source of production to fill
world-wide increasing needs of fisheries products would be that
of aquaculture. Indeed, the legendary promise of the oceans to
feed all of human kind may yet be fulfilled, but if it is, it
will most likely be via aquaculture.

Husbandry of aquatic organisms has been in practice
for several centuries. On an ever—increasing scale, man has been
supplementing the hunting yield from the seas, lakes and rivers
by culturing the plants and animals of these waters. The
techniques have been improved and have reached such perfections
that today we have computer aided aquafarms in developed
countries. The momentum aquaculture has gained throughout the
world during the recent times is probably unparalleled in other
branches of food production.
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The last decade has witnessed the art of pisciculture
being oriented in scientific lines in different parts of the
world. The over-dependence on shellfishes for aquaculture is
fast relegating fish culture to a lower slot, especially in
maritime nations. Nevertheless, finfishes still contribute a
major share (60.6%) to the world aquaculture production of
10.6 million metric tonnes (FAO., cited by Rhodes, 1988). An
average growth rate of 7.5% per year would mean a world
aquaculture production of about 22 million tons by the year 2000;
which would be about 20% of the total world fisheries production
(Rabanal, 1987).

In India freshwater fish culture has come a long way
with the major and minor carps constituting the largest group.
Brackishwater aquaculture is relatively a new area and the farmed
fishes include the mullets, cichlids and milkfish. Mullets are
euryhaline in nature and widely distributed in seas and estuaries
of the tropics and sub—tropics. As a most suitable group for
large scale fish farming in brackishwater impoundments
(Gopalakrishnan and Ghosh, 1976), mullets have been increasingly
used in systems of monoculture, mixed culture and polyculture
(Bardach et 31., 1972). Grey mullets form an important
constituent in multiculture stocking practices in China (Lin,
1955), Israel (Pruginin et 1., 1975) and in India (Job and
Chacko, 1947; Pillay, 1949; Luther 1967).
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Important among the 26 species of Indian grey mullets (Day, 1878)

are Mugil cephalus (Linnaeus), Liza parsia (Hamilton) and Liza
tade (Forskal). Liza parsia — the "gold-spot mullet" hold
immense potential as a candidate species for coastal aquaculture.

Most tropical aquatic environments are naturally
fertile and their natural fertility is renewed very rapidly.
Natural food for many cultivable organisms can be grown to the
maximum by proper management. However, enrichment of the
environment can be done through rational fertilization. Still
further increase in stocking rates, can yield increased crop if
adequate feeding is done. Thus fish and shellfish nutrition is
an important aspect of the multidisciplinary subject of
aquaculture. The oldest and most classical studies in physiology
have investigated the nutritional needs of the species of
interest to aquaculture. The alimentary requirements for
proteins, lipids, mineral salts and vitamins have been
established for some temperate species. But, the nutritional
requirements of only few tropical species have been studied.
Before formulating a diet, a thorough knowledge of the nutrient
requirement of the species is essential.

It is against this background that the present area of
investigation has been identified. "Nutritional requirements of
the fry of gold-spot mullet Liza parsia" is a comprehensive
attempt to quantify the nutritional factors that are essential
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for producing healthy fingerlings for stocking the farms.
Aspects such as the protein and lipid requirements of the fry,
the vitamin essentiality, nutritive evaluation of protein and
lipid sources suitable for compounding diets were covered in this

research project. The ultimate aim has been to evolve practical
diets which could be applied in the nursery phase for juvenile
production.

The thesis is divided into five parts. Part I forms
the general introduction to the study. Part II discusses the
common material and methods adopted for the work. Part III is
divided into four sections, each dealing with specific aspects
covered in the thesis; viz., (1) Dietary protein requirement,
(2) Dietary lipid requirement, (3) Dietary vitamin requirement
and (4) Nutritive value of protein/lipid sources and the
evaluation of compounded diets. In part IV the consolidated
summary of the thesis is presented. Part V consists of the
references citied in the text followed by two research papers
published in the relevant field.

This study has helped in elucidating many of the
essential nutrients required for the fry of the mullet. The
natural protein and the lipid sources identified and the
compounded diets used in the field trial can be applied during
the nursery phase of fish rearing.
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PART I



G E N E R A L I N T R O D U C T I O N

Every animal requires energy for living — growth,
maintenance and reproduction - which it must obtain from its
food. Each animal starts life with a bit of food received from a

parent, but it soon needs to fend itself. It must continue to
feed with suitable food regularly or die. The regularity must
suit the animal's ability to find and ingest food and to store
energy. For most animals feeding is the dominant activity in
their entire lives, because their need is constant and food is
usually scarce.

The past fifty years have seen the understanding of the food
requirements of man and his food animals advance to the stage
where comparative nutrition is a recognised activity. With the
increasing food demands of an expanding population, man has a
growing need to understand the nutrition of those species upon
which he feeds.

An understanding of the feeding activity of fish is useful to
all who are concerned with any aspect of fisheries. If they want
to improve the fish catch they should either develop better
baits or learn about their feeding behaviour. Should they want
to develop a rational method of exploiting a population they
would need to know how food is a limiting factor and how it may
be divided among competing animals. Should they culture animals,
they would need to study intensively the nutritional requirements



of the animal inorder to obtain the best growth, at the least
cost (Royce, 1984);

Fish farming on a global scale still largely depends
upon natural food, with some supplementation with the by-products
of other forms of agriculture or industry. At low culture
densities, these diets are adequate as most of the nutrient
requirements of fish are satisfied from natural food. However,
at high densities fishes are dependent on artificial feeds, only
benefiting little, if at all, from natural food. Thus at higher
densities inadequate feeding leads to poor growth, nutritional
disease and due to poor fish condition increased susceptibility
to parasitic and bacterial infestations.

The production of nutritionally adequate diets for fish
requires research quality control and biological evaluation. A
well balanced diet, not only results in higher production but
also provides the nutrients necessary to hasten recovery from
diseases or aid the fish in overcoming the effects of
environmental stress. In some cases a good quality diet may slow
the progress of idiopathic diseases. Hence nutritionally
balanced and quality controlled diets for fish production are of
critical importance.

It is difficult to imagine a time when no information

existed about fish feeds. Schaperclaus (1933), Wood (1953), Lin
(1959) and Huet (1960) reviewing the art of preparing feeds



showed that early formulae were based on attempts to duplicate
the composition of natural foods. In 1927 McCay and Dilley
attempted to grow trout fingerlings on various levels of purified
protein, fat, carbohydrate and salts supplemented with known
vitamins. Other early workers (Titcomb gt §£.,1928; Agersborg,
1934; Mc Laren et al., 1946; all cited by Halver, 1972) raised
trout and salmon on mixtures of fish meal, vegetable oil meals,
frozen liver and brewers yeast. John Halver pioneered the design
and application of a test diet (Halver, 1957) and this was an
impetus for the vital trend towards defined diets in fish
nutrition. The first successful dry concentrate feed of known
formulation was used by Phillips 33 El. (1964) for raising trout.
Since? then studies on nutritional requirements of fishes and
shellfishes have been conducted with accelerated frequency. Such
studies aid in feed formulation and manufacture. As a
consequence of this basic and applied research on fish and
shellfish nutrition, modern feeds are more nutritionally complete
and more readily available than was true a few years ago.

In the past two decades there has been tremendous increase in
research reports, with information on the nutrient requirements
of fishes. The works of Halver (1972) as well as Cowey and
Sargent (1972) dealt with macro and micronutrient requirements of
fishes, along with known and proposed biochemical pathways in
fishes, feed formulation strategy and feeding aspects of fish
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culture. Sinceqthen much additional information has been gained
on fish nutrition. Synopses have been compiled on chemical
composition of feed ingredients commonly used in formulated fish
feeds, recommendations have been made on test diet ingredient
composition for determining the nutrient requirement of fishes
and feed formulation strategies (NRC., 1973, 1981, 1983). Brief
reviews of qualitative and quantitative nutrient requirements for
specific groups of fishes are also available: for trout, salmon
and catfish (NRC, 1973: Rumsey, 1978; Halver, 1982); carp
(Jauncey, 1982); seabass,grouper and rabbit fish (Kanazawa, 1984)

and shrimps and prawns (New, 1976). Cowey and Sargent (1979)
reviewed the advances in protein, lipid, amino acid, fatty acid,

vitamins and mineral requirement of fishes, since? their early
work (Cowey and Sargent, 1972). The feeding of the captive
fishes in aquarium systems has been discussed by Cowey (1981).
In an excellent review Millikin (1982) has delved into the
interactions of various macro and micronutrients as related to
artifical diet formulation for various life-stages of several
species currently reared in large quantities in fish hatcheries.
Other similar reviews include those of Rumsey (1977), Ketola
(1978) and Stickney (1979). Cowey and Sargent (1977), Ketola
(1982) and Watanabe (1982) have contributed outstanding,
comprehensive reports on individual nutrients.

The widespread interest and importance of aquaculture

nutrition is mirrored by the increasing number of symposia being



organised. The proceedings have been published from time to time
and these are valuable documents in this subject. Being
mentioned here are the works of Price 31 El. (1976), Halver and
Tiews (1979), Castell 31 _l. (1981) and Cowey 31 al. (1985). A
more practical approach to this vital subject is adopted in the
contributions of Lovell (1975), CMFRI (1982), Cho t al. (1985)
and New (1987).

The demand and need for prepared aquatic animal feeds
have continued to increase through the years. The wide body of
published literature bears ample testimony to this. However,
information on the requirements of tropical cultivable fishes,
more so of the vital juvenile stages is scarce.

Although members of the Mugilidae are widely
distributed, much attention has been given to their controlled
mass production (Oren, 1981). Most of the available information,
related to nutrition, on these commercially important fishes is
limited to their natural feeding habits (Pillay, 1950, 1953;
Sarojini, 1951, 1954; Bapat and Bal, 1952; Chidambaram and
Kuriyan, 1952; Thomson, 1954; Suzuki, 1965; Odum, 1970; Ghosh et
al., 1972; Pillay, 1972; Rangaswamy, 1973; Albertini-Berhaut,
1974; Mason and Marais, 1975; Zismann _t al.,1975; Blaber, 1976;
Chervinski, 1976; Moriarity, 1976; Blaber and Whitfield, 1977;
Ching, 1977; DeSilva and Wijeyaratne, 1977; Perera and DeSilva,
1978; and Chan and Chua, 1979). Only a few studies exist on the



formulation of suitable artifical diets (Yashouv and Ben-Shachar,

1967; Vallet 31 al., 1970; Albertini-Berhaut and Vallet, 1971;
Kuo 31 al., 1973; Ghosh El 31., 1975; Nash and Kuo, 1975; Houde
t 1., 1976; Prasadam and Gopinathan, 1976; DeSilva and Perera,DJ

1976; Bishara, 1978; Roy and Chakrabarti, 1979; Chakrabarti et
3i., 1984; Radhakrishna, 1984; Rangaswamy, 1984; Roy and
Chakrabarti , 1984; Papaparaskeva-Papoutsoglou and Alexis, 1986;

Kandasami 31 al., 1987).

This investigation is perhaps the first systematic
attempt in determining the alimentary needs of a cultivable
tropical brackishwater fish found in India.
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G E N E R A L M A T E R I A L A N D M E T H O D 5

All the experiments, except the field trial, were
conducted in the wet laboratory of the Nutrition Section at the
Central Marine Fisheries Research Institute, Cochin.

Experimental Design

Every experiment was carefully designed. The number of
treatments varied with the experiment in question; there were
three replicates for each treatment. Except for the experimental
variables other biotic and abiotic parameters were quite
homogeneous. The design permitted an unbiased outflow of data,
aiding in successful statistical interpretations.

Experimental Facilities
Circular plastic aquaria (tubs), each having a diameter

54 cm and a height 30 cm, were used to rear the fry during the
experiment. The tubs were arranged on wooden racks (Plate I)and
the various treatments were randomly allotted.

Compressed oil-free air was supplied to each tub through
air stone cubes (25 mm), connected to the main air delivery
system by plastic tubing. The air supply was maintained
uniformly throughout the experimental period, except while
cleaning the aquaria or removing the left—over food/faecal
matter.

Full strength sea water, collected from 20-30 m depth in
the open sea, off Cochin, was transported to the laboratory in



PLATE 1. EXPERIMENTAL SET UP FOR THE LABORATORY

BASED NUTRITION STUDIES .



jerry cans. This sea water was filtered clean using bolting
silk, diluted with freshwater to experimental salinity level of
15ppt (Paulraj and Kiron, 1988) and kept in the sea water holding
facility which consisted of a series of fibreglass tanks of 700 1.
capacity, each equipped with a biological filter for further
clarification. For reducing the bacterial load, the water stock
was irradiated for 120 min every day using a 125 W U.V. lamp.
The used seawater was recycled for two more runs following the
procedures mentioned above.

Experimental Fishes

The fry of the mullet Liza parsia (Family: Mugilidae)
were collected either from the Marine hatchery of Central Marine
Fisheries Research Institute at Narakkal or from the Fisheries
station of Kerala Agricultural University at Puduvaipu, both
located in the Vypeen Island, off Cochin. The fishes were
transported in plastic oxygenated seed transportation bags of
20 1. capacity, each holding over 100 fry in the ambient sea
water, to the nutritional research facilities of the Institute at
Cochin. Initially, in the laboratory, the fry were introduced
into large fibreglass pools, gradually acclimatising them to the
experimental salinity. During this transit phase, which lasted
for two to three days, they were not fed. Subsequently, they
were hand—graded to ensure minimum size/weight variation, and
introduced at the rate of 25 fry per tub and fed a starter semi­
moist diet to get them used to artificial diets. Feeding was



suspended a day prior to the start of an experiment. The entire
acclimation period was fixed as two weeks.

On initiation of an experiment in each aquaria only 20
animals were maintained. The total lengths (in mm) and weight
(in mg) were noted for each animal. The animals were weighed on
a Mettler electronic balance. The entire procedure of recording
these biological data was completed within seconds, giving least
stress to the animal. The test diets were applied only from the
next day, thus allowing the animals to recoup from the handling
stress, if any. During the run of an experiment group-fish
weights were recorded at regular intervals to minimise stress on
the animals. when each experiment was terminated, individual
lengths and weights were recorded.

At the commencement of every experiment, a sample of 20
to 30 fry were collected for proximate analysis to determine the
initial body composition.

Experimental Diets

Semi-moist diets (moisture content 30-40%) were used for

all the experimental studies as the initial feeding trials had
indicated a preference for the same. Standard methods and
formulation with suitable modifications were employed for the
preparation of the diets. The ingredient composition of the



10

different diets applied will be described in the respective
sections in part - III.

In general, the studies on nutrient requirements were
conducted using purified ingredients (Table II). Casein and
gelatin were protein sources; dextrin and cellulose constituted
the carbohydrates and codliver oil and corn oil formed the lipid
source in the artificialdiets. The composition of the mineral
mixture and vitamin mixture used were same for all experiments,
except for the experiments on vitamin requirement. Casein was
selected as the protein source as it was available in highly
purified form and contains adequate amounts of almost all
indispensable amino acids. Gelatin, the other protein source
supplements arginine, which is quite low in casein (Halver, 1957;
NRC, 1983), besides its function as a binder for the diets
(McLaren et al., 1947). Though the utilization of dietary
carbohydrates differ with its complexity, dextrin seems to be
well utilized by a variety of fishes (NRC, 1983) and hasfi
thereforeflbeen used in the present study. Lipid sources included
were corn oil (linoleic) and cod liver oil (linolenic), which
provide both n-6 and n-3 essential fatty acids (Watanabe, 1982).

In the experiment to identify suitable natural
ingredient sources of protein, powdered ingredients of both plant
and animal origin were used in definite proportions for



TABLE I: QUANTITATIVE DIETARY PROTEIN REQUIREMENTS OF SEVERAL FISH SPECIES

DIETARY PROTEIN
SOURCE

% PROTEIN
REQUIREMENT

REFERENCE

Oncorhynchus tshwytscha

Oncorhynchus nerka

Cyprinus carpio *
Pleuronectes platessa
Ictalurus punctatus
Anguilla japonica *

Chrysophrys aurata ‘
Salmo qairdneri *

Salmo qairdnerl ‘

Oncorhynchus kisutch

Seriola quinqueradlata
Ictalurus punctatus
Chrysophrys major

Ctenopharyngodon idella *
Oreochromis aurea *

Salmo qairdneri
Chanos chanos *

Tilapia zilli *
Fugu rubripes *
Micropterus dolomieui ‘

Micropterus salmoides *

Cyprinus carpio
Oreochromis aurea *

Oreochromis mossambicus ‘

Oreochromis nilotica *

Channa micropeltes

Salvelinus alpinus

Morone saxatllis ‘
Oreochromis nllotlca *

Oreochromis nilotlca *

Ictalurus punctatus ‘
Mugil capito

Casein/Gelatin

Casein/Gelatin
Casein

Cod muscle

Casein

Casein

Casein/Amino acids

Casein

Fishmeai

Casein

Casein

Whole egg protein
Casein

Casein

Soy/Fishmeai

Fishmeai composite
Casein

Casein

Casein

Fishmeal/Gelatin/
Amino acids
Fishmeal/Gelatin/
Amino acids
Fishmeai

Casein/Egg albumin
Fishmeai

Fishmeai

Fishmeai

Fishmeai

Fish/Soymeal

Fishmeai

Casein/Gelatin
Fishmeai

Casein/Fishmeai

50

35

44

38

40-45
40

40

55

32-36

55

41-43

36

42

40

35

47(50)

45

40-41

35

56

42

35

52

36-43

49

28-30

35

54-55

24

Deiong 31 El.

Halver 31 gl.
Ogino G Saito, 1970
Cowey et 10 , 1972

Lovell, 1972

Nose 8 Aral, 1973

Sabaut G Luquet,1973

Zeitoun gt gl., 1973
Satla, 1974

Zeitoun 31 _i., 1974
Takeda, 1975

Garling 8 Wilson,1976

Yone, 1976

Dabrowski, 1977

Davis 8 Stickney,1978
Austreng 8 Refstle, 1979
Lim et 1., 1979

Mazid gt §l.,1979
Kanazawa gt gl.,198O

Anderson 31 al., 1981

Anderson gt al., 1981
Jauncey, 1981

Winfree 8 Stlckney, 1981
Jauncey, 1982

Santiago et al.,1982
Wee 8 Tacon, 1982

Jobiing 8 Wandsvik,1983

Millikln, 1983
De Silva 8 Perera,1985
Teshima et 1.,19e5

Winfree 8 Stickney,1985
Papaparskeva ­
Papoutsoglu 8 Alexis,1986

Indicates fry or fingerling.



11

compounding the diets. Further details are included in the
relevant chapters.

All the ingredients were pre-weighed for the respective
lots of the experimental diets. Each time feed was prepared to
supply a fortnights' ration. The ingredients were thoroughly
ground, if necessary, either mechanically or manually and mixed
in a waring blender. Fat-soluble vitamins were added on to the
oil mixture.

In the first step, gelatin was allowed to dissolve in
cold double-distilled water (30 ml for 100 g diet) taken in a
container. Then it was boiled over a water bath; cellulose and
dextrin were added on to the liquid gelatin and the contents were
mixed. This was followed by adding casein and minerals and the
diet was mixed thoroughly. Steam heating was done for over 10
minutes. After reducing the heat, oil mixture was added and the
dough was thoroughly churned. After cooling (to room
temperature), water soluble vitamin mixture was added and blended

thoroughly. The pH of the diet was maintained near neutral. The
overall moisture content of the diet ranged between 30 and 40%
during different experiments. The approximate daily total feed
allotment was cut into blocks, kept in air—tight plastic dishes
and maintained in a frezeer. Everyday a block was taken, thawed,
weighed for the respective treatments on a dry matter basis and
the ration supplied as two meals.
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Feeding Strategy and Collection of Left-Over Food and Faecal
Matter

The fish were offered food at 7% of their wet body
weight (Kiron and Paulraj, 1988) in two doses in petri dishes at
0800 hrs and 1500 hrs. The fishes fed actively by attacking the
moist feed ball from all sides. The quantum of food offered was
adjusted after weekly weight recordings.

The left—over food particles (rarely seen) were
collected, an hour after the food was offered, from the food dish
after carefully lifting it out of water. It was oven dried on
aluminium foils and the weights determined.

Daily, before the first meal was provided faecal pellets
were removed using a large volume bulbous filler. The pellets
sucked up into the glass filler was delivered on to a bolting
silk strainer, wherein the pellet was washed with a gentle stream
of distilled water. After this, the pellets were transferred to
aluminium foils and oven—dried at 600 C for 36 hours. After
weighing, the samples were stored in desiccator for further
analyses.

Monitoring of (Water Quality) Experimental Conditions

Salinity was measured using an American Optical
Refractometer. Dissolved oxygen was monitored using a Elico

oxygen meter. At times? the values of the above mentioned
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parameters were cross checked with the respective titrimetric
methods (Strickland and Parsons, 1972). Ammonia content in water
was determined in samples drawn before and after water change in
the experimental system. On collection, the water samples were
fixed with 4% phenol solution and stored in refrigerator before
it was taken up for analysis within 2 hrs. The ammonia
concentration was determined using phenol-sodium hypochlorite
method described by Solarzano (1969). pH of the water in the
tanks were recorded every alternate day under room temperature
using an Elico digital pH meter. Water temperature was recorded
daily at O730hrs and 1630 hrs. The experimental facility was
located in well lighted rooms and hence the natural photo-period
was effective.

Experimental Data Collection

Depending on the objective, the duration of the
different experiments ranged from seven to twentyone weeks.
Daily observations were made on the animals in each treatments —

the general condition, swimming movements, acceptability of food,

feeding behaviour, pattern of faecal output etc. On termination
of an experiment, the animals were quick frozen to avoid post­
mortem changes. Later, a sample was drawn for determining the
moisture content. The rest of the animals, in each replicate,
were freeze-dried and stored in desiccator for future biochemical

analysis.
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Survival : Deaths, if any, were immediately noted in the survival
charts maintained for each experiment. The percentage of
survival was calculated at the end of the experiment for each
replicate and the mean was computed for each treatment.

N —N
Percentage Survival = O x 100

N
o

where NO is the initial number and N the number of dead fishes.
Growth rate : When each experiment was concluded, individual
lengths and weights were taken as described earlier. For further
calculations, mean lengths and mean weights were considered under

each replicate. In all descriptions related to growth, gain in
weight is considered a better mode of expression compared to
length. The percentage weight increment was calculated as
follows:

Wt-WMean % gain in weight = x 100
W

o

wherezwo = mean initial weight
W = mean final weight.t

Since growth pattern over a longer period was a monotonically
decreasing function of time (Kruger, 1965), specific growth rate
(SGR), was used for conveniently describing growth pattern. SGR
was calculated as percent of daily growth rate.

Wt-W0 x 100SGR =

t/2 (Wt + W0)

where t is the duration of the experiment in days and W0 and W
same as above.
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Condition factor (CF) was obtained from

WtCF = x 100
3

Lt

where Wt is the mean final weight and Lt is the mean final
length.
Food Utilization Indices : The data accrued on food consumption
during the experimental duration had been used for computing a
host of related aspects. These include

Feed intake
Feed Conversion Rate = --------- -­(FCR) Weight gain

Weight géin
Protein Efficiency Ratio = ------------ -­(PER) Protein intake
The detailed studies on protein utilization in the experiments on
protein requirement was made possible by calculating the net
protein utilization (NPU), the productive protein value (PPV) and
the apparent biological value (ABV).

Final Body Nitrogen — Final Body Nitrogen at
Zero Nitrogen intake

NPU (%) = -------------------------------------------- -- x 100
Nitrogen intake

Final Body Nitrogen - Initial Body Nitrogen
PPV (%) ; -------------------------------------------- -— x 100

Nitrogen intake

PPV

ABV = --——, where DD is the apparent digestibility of protein.D
D



1_6

Regardless of the type of the nutrient, the most important aspect
involved is the degree of release and uptake of the nutrient in
the digestive tract. Digestibility of the feed nutrients was
determined using the chromic oxide indicator method and
expressed as % indicator % nutrient inin feed faeces
Digestibility = 100-100 x ------------ -- x -------------- -­

% indicator % nutrient inin faeces feed
The nutrient retention efficiency (NRE) has been calculated for
most of the experiments.

Nutrient gain in body x 100
Nutrient intake x Digestibility coefficient of nutrient.

Chemical Evaluation: Growth, food consumption and food conversion

are the most important response parameters usually considered in
nutrition experiments. Information about qualitative and
quantitative metabolic alterations in the organism would be of
greater value for better and deeper understanding of the
influence of feeding regime. Chemical analyses of the fish
carcass and the diets were performed to facilitate this.

Proximate analysis (CMFRI, 1982; AOAC,1984) was performed in

duplicate samples on each diet and on a composite sample of
fishes from each replicate. The moisture content was determined
by oven drying at 1000C overnight. The freeze dried fish and
feed samples for chemical analysis were ground in a microgrinder.
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Crude protein was determined by the micro-kjeldahl method using
N x 6.25. Samples were extracted with petroleum ether for crude
fat (Soxhlet method) determinations. Moisture—free ether
extracted samples were digested with weak acid and then weak
base, washed with acetone and finally the organic residue ignited
to determine crude fibre. Crude fibre and fat were determined
with the help of the semi automatic Fibretec and Soxtec systems
(Tecator AB, Sweden). Ash was determined in samples after
incineration in a muffle furnace at 5500C. Nitrogen—free extract
was calculated by difference from the above values. In the
digestibility studies, the content of the chromic oxide indicator
was measured spectrophotometrically (Furukawa and Tusukahara,
1966). Analytical measurements on pooled faecal samples were
carried out wherever necessary using the same techniques
described above. Gross energy was easily calculated from the
nutrients. The productive energy value of feeds was determined
using a Gallenkemp ballistic bomb calorimeter.
Pathological investigations: The animals under each treatment
were carefully observed daily to detect any clinical
abonormality. Proper record was maintained on the health of the
experimental animals.

Histopathology served as a useful tool in the experiments
designed to study the vitamin requirements. Section of gills,
muscle tissue and liver were cut and scanned microscopically for
pathological abberations. Fish tissues, preserved in 10% neutral
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buffered formalin, were processed for light microscopy using
standard histological techniques: normal as well as suspected

cases were embedded in paraffin wax and sectioned at 6/pm
followed by staining in Harris‘ haematoxylin and eosin (H 8 E).

Haematological observations were made on fishes fed
diets deficient in vitamins. Blood samples were drawn from the
cardiac region directly onto the clean glass slides, rapidly air­
dried, methanol-fixed and stained by Giemsa method (Humason,
1972). The red blood cell morphology was assessed on the basis
of the following criteria: abundance of immature cells,
degenerative changes in cell populations, size variations within
each of cell types and bizzare forms. The microphotographs were
taken using an Olympus universal research microscope, VANOX — S
Model PM 10 A.D.

Statistical analysis: The diet response data had been subjected
to statistical analysis to arrive at valid conclusions. One way
analysis of variance was performed to prove the treatment effects
and the "t" test was employed to locate the significant
difference between means. In the nutrient requirement
experiments, second order polynomial relation has been
established between weight gain/food conversion and nutrient
levels. Using differential calculus in these cases, the optimum
dose in relation to maximum weight gain has been identified.



PART III



1. DIETARY PROTEIN REQUIREMENT

1.1.INTRODUCTION

A successful artificial diet must meet the requirements
for survival and growth of the fish being cultured.
Consequently, aquatic diets must contain appropriate nutrient
combinations which can be effectively and efficiently utilized.
Protein, generally is the major constituent and the most
expensive component in fish diets; and therefore it is of major
concern to fish nutritionists.

Protein in the diet is basically utilized for three main
purposes: (1) maintenance, the making good of tissue wear and
tear, (ii) the repletion of depleted tissues, and (iii) growth
or formation of new additional protein. The utilization of
dietary protein is mainly influenced by its amino acid pattern,
by the level of protein intake, by the level of other nutrients
in the diet, by the caloric content of the diet and last but not
the least by the physiological state of animal.

An animal's need for nitrogen and essential amino acids
is met by dietary protein. Turn over and resynthesis of body
components results in daily loss of endogenous protein. Coupled
with this inefficiency, certain amino acids cannot be synthesised
de novo or at a rate necessary for growth. Thus, there must be
adequate protein in the diet to compensate for catabolic losses
in addition to what is needed for growth. Moreover other dietary
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components interact on a metabolic level and influence protein
utilization. Apart from carbohydrates and lipids, amino acids too
can be utilized for energy. In order to maximise weight gain
while minimising protein intake, energy from these nutrient
classes must be balanced (Lee and Putnam, 1973; Garling and
Wilson, 1976). It should also be noted that as the animals‘
growth decrease, metabolic rate and protein requirement also
decrease. To avoid waste, diets must also reflect current
metabolic demands. Moreover, the protein requirement of a
particular fish is influenced by many environmental and
nutritional factors. A recent review examines some factors which

influence protein utilization (Steffens, 1981).

The optimum dietary protein level required for maximum
growth in farmed fishes is 50-300% higher than that of
terrestrial animals (Cowey, 1975). These quantitative
differences have been mainly attributed to the predominant
carnivorous and omnivorous feeding habit of fishes and their
apparent preferential use of protein over carbohydrate as dietary

energy source. Unlike warm-blooded animals, fishes are aquatic
ectotherms and hence do not need to spend a large proportion of

energy in maintaining body temperature ( Nijkamp 31 al., 1974).
Moreover, as the fishes live in water the primary end product of
nitrogen metabolism, ammonia, can be rapidly dissolved off by
passive diffusion through permeable surfaces. As a result there
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is no build up of toxic ammonia in the tissue, thereby doing away
with the need of converting it into molecules such as urea or
uric acid. Consequently, fishes derive more metabolic energy
from catabolism of protein than do terrestrial animals, which
must convert ammonia to non-toxic substances ( Brett and Groves,

1979). The efficient mechanism possessed by fish for protein
catabolism and excretion of nitrogen is seen by Smith 31 El.
(1978) as one of the factors that contribute to the high energy
efficiency of fish; besides other factors like cold-blooded
existence, low energy cost of voluntary activity in water and low
energy cost of reproduction.

Although there are several aspects of nutrition of fish
that contrast with their terrestrial counterparts, that which has
the greatest significance, at least from the view point of fish
cultivation, is their demand for high levels of dietary protein.
Apart from the biotic and abiotic factors ( Austreng and Refstie,
1979; Cowey and Luquet, 1983) which affect the protein
requirement of the fish, it should be remembered that protein is
useful to the animal only when it can be digested and the
degradation products - peptides and amino acids — absorbed. If
protein in the diet is insufficient for the fish, it is withdrawn
from the tissues to carry on the vital life functions, thereby
resulting in rapid growth reduction. On the otherhand if excess
protein is supplied, proportionately less will be used to make
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new protein and the rest will be metabolized to produce energy.
Hence, it is essential to determine optimum level of the nutrient
to be fed to the fish. The amount of protein required in
prepared diets is directly influenced by the amino acid
composition of the diets. The minimum amount of dietary protein
needed to supply adequate amino acids and produce maximum growth

has been recommended for many fish species. Recommending an
appropriate protein level, however, depends on culture practices
and environmental conditions.

Based on feeding techniques pioneered and developed for
terrestrial animals, the dietary protein requirements of fish
were first investigated in chinook salmon (Oncorhynchus
tshawytscha) by Delong 31 El. (1958). Fish were fed a balanced
diet containing graded levels of a high quality protein (Casein ­
gelatin mixture supplemented with crystalline amino acids to
stimulate the amino acid profile of whole hens’ egg protein)
over a ten week period, and the observed protein level giving
optimum growth was taken as the requirement. Since these early
studies, the approach used by the workers has changed very
little, if at all, with the possible exception of the use by some
researchers of maximum tissue protein retention or nitrogen
balance in preference to weight gain as the criterion of
requirement (Ogino, 1980). Protein requirements are usually
expressed in terms of a fixed dietary percentage or as a ratio of
protein to dietary energy. More than thirty fish species have
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been examined in this manner and the results (Table I) show a
uniformly high dietary protein requirement in the range 35-55%,
or equivalent to 45-70% of the gross energy content of the diet
in the form of protein. The use of different dietary protein
sources, non—protein energy substitutes, feeding regimes, fish­
age classes and methods for determination of dietary energy
content and dietary requirement leaves little common ground for
direct comparison to be made within or between species. However,

some general conclusions can be drawn from the above studies and
the present contribution could be discussed in such light.

1.2. MATERIAL AND METHODS

Carefully planned laboratory based experiments were
performed to determine the requirement of dietary protein. The
general material and methods described earlier (pages 7 to 18)
were followed except for the minor variations described herein.

The fry of Liza parsia were hand—graded and alloted to
different tubs, in groups of twenty. Their mean intial length
measured 29.8Omm (: 0.80) and the initial weight was 349.50 mg
(i 8.15). Each tub was identified as one of the triplicate of
the 13 treatment groups.

In all thirteen different dietary preparations, D1, D2,
D3 . . . . ..D13; (Table II) were offered to 39 groups. Casein and
gelatin were the protein sources. Corn oil and cod liver oil in
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equal proportions constituted the lipids. Dietary caloric
adjustments were made by varying the dextrin content. Chromic
oxide (1%) was included in the diet for digestibility studies.
Table 11 gives the ingredient composition of the thirteen test
diets that were prepared. Table III lists the vitamins and
minerals utilised for diet preparation; the detailed procedure of
which has been described in the general material and methods
section (pages 9 to 11). The proximate analysis of the diets
were performed and the gross energy content was calculated.

After the acclimatisation period or about two weeks, the
fishes were reared on the experimental diets for 10 weeks. They
were fed twice, a daily ration of 7% body weight. Left-over food
was collected, as also the faecal matter which was later analysed
for determining the nutrient digestibilities. The experimental
conditions were monitored through the seventy days. The data
collection procedure and analysis has been described earlier
(pages. 13 to 18).

To study the effect of protein level on ammonia
excretion, individual animals of known weight from respective
treatments were maintained in metabolic chambers containing fresh
sea water of salinity 15ppt. During the 48h acclimatisation
period in the metabolic chamber the fish were fed the prescribed
diet once a day. On the day of data collection, after the 1 h.
feeding time, at 0800 hrs, the chamber was flushed with fresh sea
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water of known ammonia concentration. Only a 12th hour sample

was collected to determine the excretion of ammonia (NH3-N) as
this could probably incorporate certain hourly variation of
excretion which may appear during the said period. The same
procedure was repeated to get four more values for each treatment

group. A control chamber with no fish was also set up. The NH3—N
in the chamber water was determined by the phenol hypochlorite
method (Solarzano, 1969). The mean value of the difference of

intial and final ammonia contents of water samples was the NH3-N
excreted by each group.

1.3. RESULTS

The rearing conditions, for the fry of mullet Liza
parsia, during the 10 weeks were, Salinity = 15:1ppt,
temperature = 27.4i2.1OC pH = 7.956:.114 and ammonia = 0.252:
O.113mg.l,-1oxygen = 4.82 :.33ppm.

The survival rate Table IV was significantly (P<0.01)
influenced by dietary levels of protein. Higher levels ( 20%) of
protein gave better survival rates (93-98%) with the best at 55%
protein (Diet D11). The survival rates drastically slumped to
77% when protein was excluded from the diet (D1). The
differences in the survival rates at higher protein levels were
not statistically significant.



mo.mmmm.omom.q.mm.o,qmq.omuN..

n_.wm_m.ommm.mPsm.n,omq.oomm._

mo.nmmm.om_m.n_

om.nmmm._mmm.mFmN.NNmqm.oqnm._

n_.um<N.—mm_.m~om.n~050.0NoN.F

om.»mm«.ommo.mNmo.mNomm.omqm._

mq.omnm.mmmo.o~mo.m~omq.oo<N.—

,o.mm~_.mmoF.m~~o.ummnm.ooom.F

Amy pmHo ZH zHmHoma

o_.omom.nmmm.mNmo.m~mmm.ommN._

om

wm.mmn_.nmmm.N~mm.nm~n~.omq~._

um

Am_V

an

mm.ommm.ommm._~~m.mmmm_.om©—.F

mm

Ao_v
mo.

mm.qmm_.mmmn.Nmmm._qqmo.omo~..

aAmvNo
.Fzm2mmH:omm zHmpoma ZO »zm2Hmmaxm mm» mo m»4:mmm u>H m4m<»

m3Hm>
Huuwmoaown ucmLmaa<

Ufiawa +0«cmMuw++mou xuwa
wowpmmmmo ucmLmQa<

cfimpoga +0«cmHuu++mou >uHH

Hnwummmwu uCmLmQQ<
m3am>camuoga m>fiuo3DoLaAwv cofiummwafiuan cmwaoua umzumcwmm HcmwmaLoHum+ cowuwocooHm>m>L3mmmmpm2<m<a



26

Condition factor was the best (1.31) in fishes fed 25%
protein (D6). Except for those fed protein levels ranging from 0
to 15%, the values were almost similar and ranged between 1.24
and 1.30.

The protein inclusion had a profound influence on growth
of the mullet fry. The best growth increment of 670mg was
recorded when protein was included at 40% in the diet (D9).
Growth was significantly different (P(0.01) from each other at
all dietary protein levels. At 35% (D8) and 45% (D10) protein
levels, growth recorded was 580mg and 545mg respectively. Only
94mg weight increment was recorded in fry fed diets (D1) without
protein. The specific growth rate (Fig. 1) in the mullet fry fed
40% protein (D9) was 1.405 as compared to 0.344 when protein
component was deleted from the diet. The growth pattern observed
was parabolic with steady incremental gains upto 40% protein in
diet followed by a gradual decline in the increment at higher
levels of protein incorporation (Fig. 3; Table IV ). By
differential calculus it was.found that the optimum % weight gain
could be obtained when fry were fed a diet incorporating 43.54%
protein.

The food conversion ratio was highest for fishes which
were fed the protein free diet. The best conversion rate (1.63)
was obtained for diet D9 (Fig.1). Although the rates for Diets
D8 and D10 were significantly (P<0.01) different from that of
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D9, the figures were closer to that of the best value. A second
degree polynomial relationship was established between the gross
conversion efficiency and the dietary protein levels (Fig.3).

The protein efficiency ratio (PER) decreased with
increase in protein content in the diet (Fig.1). The range was
between 0.84 for diet D13 to 2,01 for diet D2. Calculations on
net protein utilization (NPU) indicate that an inverse
relationship existed between the protein content in the diet and
the NPU values (Table IV). Around 20% utilization was recorded
at protein inclusion levels of over 45% in the diet. Productive
protein values and apparent biological values of protein too
exhibited a similar trend, (Table IV). For diet D8 (40% protein)
and diet D9 (45% protein) the productive protein values were
25.18 and 19.89 respectively while the apparent biological values
read as 27.60 and 21.73.

The carcass analysis revealed that the body moisture
ranged between 70.72 (D1) and 72.74 (D9; Fig. 2). Dietary
protein concentration seemed to significantly (P<0.01) influence
the body protein levels. Only 46.99% protein was recorded in the
dry tissues when no protein was incorporated in the diets (D1).
The tissue protein content increased with dietary levels. At 60%
dietary level, the protein content was 60.58%. Body lipid
exhibited an inverse relationship; the maximum lipid content of
33.63% for diet D1 and lowest of 24.91 for diet D12. Body ash
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was not significantly different between treatments. It ranged
between 14.70% (D13) and 16.13% (D1). Calculations of nutrient
retention efficiency of lipid and protein indicate significant
influence of the treatments. Maximum lipid was retained at diets
D8 and D9 (22.7 and 27.6%, not significantly different from each
other at 1% level); maximum protein was retained (88.5%) when
dietary protein level was 40% (Fig.1)

The protein digestibility (Table IV) was lowest at 5%
level (D2 = 86.15%) and highest at 45% level (91.55%). Lipid was
digested to the extent of 88.17% for Diet D12; the maximum of
84.68% for Diet D1.

The endogenous nitrogen excretion, i.e., nitrogen loss
in fish fed the zero protein diet was calculated as 3.138i 0.190
mg N. 100g fish -1d-1. The metabolic faecal nitrogen (N in
faeces of fish fed zero protein) was found to be 21.23 mg N. 100g

diet_1 The NH3 —N excreted by fishes under different dietary
groups is given below:­

Diet NH3 —N Diet NH3 -Nexcreted excreted
mg g -1h_1 mg g_1h_1D1 0.006 D8 0.020D2 0.011 D9 0.021D3 0.013 D10 0.029D4 0.014 D11 0.030D5 0.016 D12 0.033D6 0.017 D13 0.034D7 0.018
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1.4. DISCUSSION

The importance of dietary protein was revealed by the
fact that survival was lowest, when protein component was
excluded from the diet. The utilisation of protein from the
tissues of the protein-free diet fed fish would have rendered the
fish weak and vulnerable to infection leading to higher mortality
rate. This condition seems to be offset at higher protein
levels, where a greater percentage survived. Though the condition
factor was highest at diet D6, almost similar values were
obtained for protein levels less than 30% indicating almost
complementary performance.

The growth data reveals the best increment of 670 mg
for 40% protein diet with a specific growth rate of 1.405. This
is nearly 100mg more than the next best level. Thus, the
observed data indicate that a level of 40% protein in the diet is
optimum for growth when fed a daily ration of 7% body weight.

Similar results were obtained by Lim 31 El. (1979) for fry of
milkfish Chanos chanos fed a purified casein diet during a 30 day
experiment. In the case of Oreochromis nilotica fingerlings the
requirement was assessed as 35% (Teshima 31 31., 1985). Dupree
and Sneed (1966) experimenting with channel catfish fingerlings
fed casein, gluten or soyabean found lesser weight gains upto 40%
protein. Halver (1976) generalised that the apparent protein
requirements were essentially the same for salmon and trout fry
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at about 50% with a reduction in requirement as the fish
increased in size. However, it must be noted that the
mathematically arrived at optimum level in the present experiment
was marginally higher (43.5%). Almost the same value was obtained

by Dabrowski (1977) for the fry of grass carp Ctenopharyngodon
idella, when raised in a controlled environment.

Fishes given the protein-free diet showed abnormal and
stunted growth and the increment recorded during the 70 days
rearing period was merely 94mg. Protein is absolutely essential
for the build up of new body tissue. If protein is excluded from
the diet, no growth of the fish might be expected. In fact, a
decrease in growth was noted in the initial phase of this
experiment and similar observations have been made earlier
(Dabrowski, 1977; Jauncey, 1982). A slight increase in weight,
however, was reported by Sen _£ El. (1978) and Ogino .31 El.
(1976) in carps. The slight weight gain may be due to the
deposition of lipids in the body (Fig.2) which is mainly derived
from carbohydrate metabolism. The protein-free diet had the
highest carbohydrate level.The results indicate that raising the
level of dietary protein upto 40% improves weight gain; but
further increase induces a reduction in growth rate.The decrease
can be attributed to the low non-protein energy in the diet. Lim
et al. (1979) and Fah and Long (1984) have made similar~
observations in milkfish Chanos chanos and guppy Poecilia
reticulata respectively. Prather and Lovell (1973) even
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indicated that diets with high levels of protein and low amount
of non-protein energy may be toxic to channel catfish Ictalurus
punctatus.

On a critical analysis of the growth characteristics
over the whole experimental period, the slight decrease in
specific growth rate observed for dietary groups D10 and D13
(protein 45 - 60%) corresponds to that reported for grass carp
(Dabrowski, 1977), eel (Nose and Arai, 1972) and tilapia
(Jauncey, 1982) and confirms with the general pattern observed
for high quality proteins (Harper,1965). The decrease in
specific growth rate at protein levels above the optimum can be
attributed to a reduction in available dietary energy for growth,
perhaps due to the energy expended to deaminate and excrete
excess of absorbed amino acids from these high protein diets.

The food conversion ratios decreased with increasing:
dietary protein levels up to 40%; beyond this the values were
almost similar. The groups receiving diets D1 and D2 had a food
conversion ratio more than three times the average of the
remaining groups. The conversion values of fish on diet D1 were
very high because irrespective of the amount of feed they
consumed, the body weight gained was little. The FCRs obtained
are on an average lower than those reported for Mugil capito in
certain preliminary experiments by Vallet et al. (1970) and
Papaparaskeva-Papoutsoglou and Alexis (1986).
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Protein efficiency ratios and net protein utilisation
values decreased with increasing dietary protein levels as
observed for carp (Ogino and Saito, 1970) and tilapia (Mazid et

3l., 1979). The decrease was almost linear except at 35 and 40%
protein levels. The apparent assimilation efficiency varied
directly with dietary protein concentration as observed by Rychly
(1980) and Beamish and Thomas (1984). The maximum values of
percentage protein retained and PER observed in this experiment
are lower than that recorded for rainbow trout fed diet with low

or high energy content (Takeuchi EE_§bW 1978) and almost similar
to that in grey mullet (Papaparaskeva-Papoutsoglou and Alexis,
1986) and gilthead bream (Sabout and Luquet, 1973) and higher

than those found by CoweyJ§;§L,(197O) for plaice. It seems
therefore that L.parsia utilises protein for body growth less
efficiently than do rainbow trout. It may also be that this
mullet requires a better protein with more balanced amino acids
profile than the protein sources (casein and gelatin) used in
this study. Further more, the improvement in protein retention
and efficiency with rise in carbohydrate levels indicate a
protein sparing action. The net lipid retention efficiency
indicates that more of dietary lipid is utilized for production
of energy at low protein levels; thereby there ‘has been a
consistent increase in net lipid retention efficiency with a
corresponding increase in protein in diet upto a level of 35%.
Above this protein level, the lipid retention seems to decrease.
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Thus it is apparent that protein limitation in diet results in
increased utilization of lipid as a source of energy.

The apparent protein digestibility increased from about
86% in 5% protein diet to 91% in 45% protein diet. A similar
increase in apparent protein digestibility has been observed in
channel catfish (Page and Andrews, 1973), snakehead (Wee and
Tacon, 1982) and rainbow trout (Nose, 1963); although in the
case of rainbow trout when corrections were made for endogenous
nitrogen losses, true protein digestibility remained constant.
The low apparent protein digestibility observed in the fish fed
the lower dietary protein levels 5 to 25% was probably due to the
high carbohydrate content of the diets. The studies of Shimeno
gt gi. (1978) has shown that high levels of purified
carbohydrate (potato starch) had a deleterious effect on growth,
feed efficiency and resulted in reduced protein and carbohydrate
digestibility in yellow tail.

The trends discernible in fish carcass composition are
an increase in body moisture and protein contents and a decrease
in lipid content with increase in dietary protein. As regards
the body moisture content, the present result was not in
congruence with the observations in Ctenopharyngodon idella
(Dabrowski, 1977) where no change was found. As in the present
case, a decrease in carcass lipid content was observed in plaice
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(Cowey et al, 1972), grouper (lang et al, 1978), eel (Nose and
Arai, 1972) and tilapia (Jauncey, 1982); with increasing dietary
protein. It can be seen that fish which had high lipid content
were actually those which had received diets containing high
carbohydrates; since dietary lipid level was kept constant. It
is thus clear that excess dietary carbohydrate was converted into
body fat. The linear relationship between protein content of the
diet and body protein as observed in the present case was also
earlier reported by Ogino and Saito (1970) in young carp using
casein as the protein source. Saita (1974) also showed a general
increase in protein content in the carcass of rainbow trout in
relation to the amount of dietary protein. Increase in protein
content was also observed in plaice (Cowey 31 El., 1972),
gilthead bream (Sabaut and Luquet, 1973) and eel (Nose and Arai,
1972). Body water and lipid levels appeared to be inversely
related as has been noted for several other species (Kausch and
Ballion-Cusmano, 1976; Dabrowska and Wojno, 1977; Grayton and

Beamish, 1977; Murray et al., 1977; Atackél §i., 1979; Jauncey,
1982). Body ash did not show any specific pattern in relation to
the dietary regimes as has been noted with other fish species.
(Phillips 31 El, 1966; Cowey El 31., 1974; Elliot, 1976;
Dabrowska and Wojno, 1977; Atack et al, 1979).

The apparent protein digestibility coefficient
increased with increasing protein content in the diet. Since the
metabolic faecal nitrogen is interrelated with dry feed intake
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than protein content in the diet, it will represent a greater
portion of nitrogen in faeces when fed low protein diets than for
fish fed high protein diets (Austreng and Refstie, 1979). The
value of metabolic faecal nitrogen obtained in this study (21.23
mg N.100g diet-1) is almost equal to that recorded for carp fry
by Syazuki (1960). The endogenous nitrogen loss recorded in
tilapia by Jauncey (1982) was three times higher than the present
values. This may be because the experimental tilapia were more
than thrice the size of mullet used in the present experiment.
Ogino et al.(1973) reported the endogenous nitrogen excretion of1 -1carp. to be 7.2mg N.100g fish_ d at 20°C and 8.6 mg N.100g
fish -1 . d-1 at 270C. On the contrary the same authors (1980)
have recorded still higher values for carp and has attributed it
to the higher metabolic rates in smaller fishes.

Practical artificial diets are formulated with highly
digestible and nutritious components with well balanced energy
content, the objective being to enhance utilization and to reduce
faecal and metabolic losses (Hastings, 1969; Cho 3; al., 1982).
Some information is available on the quantitative relationship
between the composition of natural diets and nitrogen excertion
(Gerking, 1955; Iwata, 1970; Elliot, 1976; Guerin—Ancey, 1976).
The major end product of protein catabolism in fish is ammonia.
The formation of this requires no energy and it is easily
eliminated by diffusion across the gills apparently in exchange
with sodium, the latter facilitating a critical requirement for



salt balance (Maetz and GarciaRomeu, 1964; Brett and Groves,
1979). However reduction in fish growth may be caused by a high

concentration of ammonia as pointed out by Soderberg at al.
(1983). The proportion of total nitrogen excreted as ammonia
appears to vary among species and feeding conditions from about
45-90% (From, 1963; Iwata, 1973). In this study it was
observed, that the amount of NH3 — N excreted increased with
dietary protein concentration. )uch a relationship has been
established earlier by Gerking (1955), Beamish and Thomas (1984)

and Degani gt _l., (1985). The quantum of ammonia excreted,
0.006-0.034 mg.g—1. h—1 falls within the range reported in
literature (Brett and Groves, 1979). The linear relationship
observed indicates that at higher protein levels, especially
beyond the optimum (40%), a greater percentage of protein is
catabolised for energy production. The lower ammonia excretion
for diets D1 to D4 may be because the required energy is derived
from the dietary carbohydrate to a certain extent thus partly
sparing catabolism of assimilated nitrogen compounds.

The principal end products of nitrogen metabolism have been
used to measure the efficiency of dietary protein utilization in
several terrestrial and aquatic species (Eggum, 1970; Miles and

Featherston, 1974; Garcia _et_al, 1981). The proportion of
dietary nitrogen excreted or retained is dependent intially on
the organisms’ assimilation efficiency. Retention of assimilated
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nitrogen is known to vary with diet composition (Rychly, 1980)
and environmental conditions (Niimi and Beamish, 1974). The
cumulative losses of N across the gills, in urine and in faeces
provide for an estimate of nitrogen retained within the fish.
In the case of_E; parsia it was found that the net retention
efficiency of protein ranged between 16% and 27% (Fig. 1). A
similar range (15-24%) was reported for Nr efficiency in rainbow
trout fed with approximately 36% protein (Smith and Thorpe,
1976). This was not different from the Nr efficiencies reported
for other teleosts as well (Gerking, 1955; Savitz El 31., 1977;
Durbin and Durbin, 1981). The notable exceptions where higher
values were reported included the researches of Kaushik (1980),
Rychly (1980) and Beamish and Thomas (1984). Protein efficiency
ratio was found to show an inverse relationship to that of NH3 -N
excretion. This agrees with the result of Ming (1985) in
rainbow trout. Garcia 31 El. (1981) while comparing the
efficiency of protein utilization for different diets fed to
rainbow trout found agreement between PER and PPV based on total

ammonia excreted in 24h as observed in_£; parsia, Savitz (1969)
and Iwata (1970) point out that variations in ammonia may be
influenced by nutritional and thermal history. Ammonia excretion
is thus a valid index of dietary protein utilization.

Thus considering the various response parameters, a
dietary level of around 40% is recommended while formulating diet

for the nursery rearing of E; pamfia;



2. DIETARY LIPID REQUIREMENT

2.1. INTRODUCTION

Fishes rely to a large extent, when compared to most
mammals including man, on lipids (and also protein) rather than
carbohydrates as a source of energy. Nevertheless, the overall
lipid content of fish is relatively similar to most land animals.
But, a variety of lipid classes and fatty acids are present in
fish compared to those present in mammals. This diversity stems
from the much larger range of species found in the aquatic
environment and possibly because lipids fulfil certain essential
functions which do not normally occur in land animals.

The two major categories of lipids identified in fishes
are the polar and non-polar lipids. The polar lipids include
phosphatidylserine, phosphatidylethanolamine, phosphatidylcholine

phosphatidylinositol, plasmalogens, sphingomyelins, cerebrosides
and gangliosides. The non-polar or neutral lipids are sterol
esters, triglycerides, alkyl-diacyl-glycerols and wax esters. All
the lipid types contain fatty acids of different chain lengths
and degree of saturation. Limited quantities of free fatty acids
also occur in fish tissues.

Like in other animals, lipids fulfil two broad function
in fishes also. They are involved in maintaining the structural
integrity of a wide variety of biomembranes between and within
cells. Lipids also have the major role as energy nutrient. The
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provision of chemical energy in the form of ATP depends largely
on the oxidation of fatty acid moieties. Though other moieties
like glycerol are readily available they are relatively
unimportant in the provision of energy from lipids. The beta­
oxidation pathway in fish is especially important because the
lipid content of natural fish diets usually exceed the
carbohydrate content. As in terrestrial animals, the
triglycerides provide the bulk of fatty acids for oxidation in
fish although alkyl-diacyl-glycerols and wax esters when present
will also be utilised (Cowey and Sargent, 1972). The other lipid
classes are not known to serve, generally, as energy sources
other than in conditions of prolonged starvation (Olley, 1961;
Wilkins, 1967).

Unlike land animals, fishes store large quantities of
lipid in their livers and muscles. The site of normal lipid
storage is significant from the view point of nutritional status
of fish as well as in understanding the overall energetics. While
the triglycerides feature largely in energy provisions, it is the
polarlipids together with cholesterol and its esters that feature
largely in biomembranes.

Apart from these functions, dietary lipid acts as a
vehicle for the absorption of fat soluble vitamins provided in
the diet. Lipids are also important in the flavour and textural
properties of feed consumed by fishes as well as similar
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properties in fish themselves. Lipids are involved in many other
aspects of metabolism: viz., precursor of steroid hormones and
prostaglandins, and also in the activation of certain enzymes.
Other specific and crucial roles in fishes include its
involvement in embryo development (Leray 31 al., 1985) and in
intestinal functions (DiConstanzo .31 al., 1983; Leray and
Florentz, 1983).

Digestion, absorption and transport of lipid provide the
animal with fatty acids which are used either as a source of
energy, as structural cell wall elements or as precursors of
cyclic or non cyclic derivatives which play an important hormone
like role at the cellular level. All lipid classes in the diet
will contribute fatty acids to the fish although on a normal
diet, the bulk of them will be derived from triglycerides and
phospholipids in about equal proportions. Dietary fat in animals
influence the fatty acid composition of depot neutral lipid, the
fatty acid composition of membrane phospholipids and the ratio of
membrane phospholipid to membrane protein (Stubbs and Smith,

1984; Clandinin 31 al., 1983).

A number of reviews on fish nutrition have been
published which contain information on the lipid requirements of
fish (Castell, 1979; Cowey and Sargent, 1972, 1977, 1979;
Hashimoto, 1975; Lee and Sinnhuber, 1972; Watanabe, 1982). Most
studies indicate that carnivorous fishes like salmonids
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efficiently utilize lipids in their diets, provided adequate
amounts of choline, methionine and tocopherol are present in the
ration. Fats have the distinct advantage of being almost
completely digestible. Fish appear to be designed to metabolise
fats efficiently as an energy source with a concomittant sparing
effect on the protein requirement for maximum growth. The neutral

lipid component of fish rations is,therefore,a useful entity in
diet preparations and is particularly desirable in feeds of fry
or fingerling which require high energy intake for rapid growth.
This asset is not without constraint as some fishes like rainbow

trout, salmon, plaice and seabream do not have sufficient ability
to elongate short chain fatty acids and then unsaturate the
carbon chain to convert simple animal or vegetable fats into
polyunsaturated long chain fatty acids at the levels found in
fish tissue lipids. The polyunsaturated fatty acids are essential
for good fish growth and normal cell functions. The requirement
of fish for polyunsaturated fatty acids of n-3 series creates
problems with respect to feed storage. These types of fatty acids
are very labile to oxidation. The products of oxidation may react
with other nutrients such as protein and vitamins and reduce the
available dietary levels or result in toxic oxidation products.

Numerous studies have been made of the effects of
increasing the dietary energy intake by increasing the levels of
lipid on food conversion, protein utilization and growth of
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various species (Tiemeier 31 al., 1965; Stickney and Andrews,
1972; Lee and Putnam 1973; Sin, 1973 ; Adron 33 al., 1976;
Higuera 21 al., 1977; Viola and Rappaport, 1979; Reinitz et al.,
1978; Takeuchi et 1., 1978 a,b,c; 1979 ).

Liza parsia being a warm water fish, studies on lipid
requirement would prove to be useful as the ambient temperature
in tropical waters improve lipid digestibility, absorption and
utilization. Such efficacy of lipid as a nutrient has been
demonstrated by Kayama and Tsuchiga (1959), Atherton and Aitken

(1970) Shcherbina and Kazlauskene (1971) Stickney and Andrews

(1972) and Andrews 31 El. (1978). The identification of an
appropriate level of lipid that could be incorporated in
practical diets for L.parsia is the ultimate motive of this
experiment.

2.2. MATERIAL AND METHODS

Laboratory based experiments were performed to arrive
at optimum lipid level for diet formulations. Experimental
procedures were as described in part II (pages 7 to 18) except
for the variations included here. Liza parsia fry were of mean
intial length 28.80mm (: 0.80) and weight 335.86 mg (1 9.17).
There were seven triplicate treatment groups; each replicate had
20 fry.
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Seven experimental diets (Table V) were prepared
(D1....D7) containing graded levels of lipid at 2,4,6,8,10,12%
and a zero-lipid diet. Casein and gelatin were used at a
constant proportion to provide 40% protein in the diet. Caloric
adjustments were done using carbohydrate provided as dextrin.
Corn oil and cod liver oil in equal ratio met the lipid
requirement of each dietary formulation. Proximate analysis was
done and the gross energy content was calculated (Table V).

After the initial acclimatisation period, the
experimental diets were fed to the fish for a period of ten
weeks; feeding a restricted ration of 7% body weight daily in
two doses. Faecal matter was collected daily to calculate the
nutrient digestibility. The experimental conditions were
monitored regularly. The data collection procedures and analysis
of results were as mentioned in part II (page 13 to 18).

2.3. RESULTS

The experimental conditions during the 10 week period

were: salinity 15 1 1 ppt; temperature 31.1 + 3.0OC; pH 7.638 1
0.275; ammonia 0.285 : 0.144 mg 1-1 ; oxygen 4.86 i 0.25 ppm.

Even though the survival rates (Table VI) were found to

be influenced by the lipid levels in the diet, the difference
among treatment were not significant especially at levels of 4%
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and above. Very good survival (96—98%) was recorded at these
levels. Even omission of lipid from the diet did not drastically
reduce survival.

Lipid level in the diet significantly (p4< 0.01)
influenced the condition factor. Higher values, 1.34 and 1.32,
were observed at 4% and 2% lipid inclusion (Table VI).

Dietary lipid levels seemed to distinctly reflect on
the total weight gain of the fry. A well defined gradation was
observed in the accrued data. The weight gain was best at 596 mg
for diet D7(12%). Diet D6(10%) recorded a weight gain of 579 mg.

On exclusion of lipid in the diet the gain was reduced by nearly
three times (230 mg.). The specific growth rates (Fig.4)were
1.357 for diet D7, 1.333 for diet D6 and 0.731 for the lipid­
free diet(D1). The specific growth pattern exhibited was almost
linear, peaking off at about 6% lipid level. The percent weight
gain and dietary lipid levels exhibited a second order
polynomial relationship (Fig.6).

The poorest food conversion ratio was recorded for the
lipid-free diet (D1=4.60). The conversion values did not
significantly improve when content in the diet was in excess of
6%, though the best conversion rate of 1.91 was obtained with
12% lipid diet. A second order polynomial relationship (Fig.6)
existed between the lipid in the diet and gross conversion
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efficiency. The calculated optimum level of lipid for the best
conversion ratio was 10.74. The protein efficiency ratio was
better at dietary lipid levels of 6% and above and the best
ratio was at 12% lipid inclusion. For the zero lipid diet PER
was 0.57 (Fig.4).

Proximate analysis of the fish revealed that all the
components were significantly (P < 0.01) influenced by the level
of lipid in the test diets. An inverse relation between body
moisture and dietary lipid was evident from the analysis. For
the lipid-free diet fed fish,moisture measured was 73.5 %,
whereas at 12% it was 71.80% (Fig.5). Protein content (Fig.5) in
dry tissue also showed a similar trend with the maximum (57.93%)

in the lipid-deficient diet. At 12% lipid in the diet, protein
percentage recorded was only 52.06% . Dietary lipid influenced
significantly the body lipid composition and a direct
relationship was observed. The maximum body lipid of 27.96% was

recorded for fishes fed the 12% lipid diet. No significant
difference in ash content (Fig.5) was observed between the
different treatments. Maximum ash content of 16.25% was recorded

for 8% lipid diet.

The nutrient retention studies reveal that significant
influence has been exerted by the dietary lipid level. Lipid was
retained more when the percentage of dietary lipid was low. The
lipid retention was lowest (45%) in the fishes fed 12% lipid
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(Fig.4). On the contrary, protein was retained more in fishes
when dietary lipid level was 6% and more and the retention
values were not significantly different from each other. When
the dietary lipid fraction was excluded, the protein retention
efficiency of the fry was the lowest (9.5%)

A comparison of the data on apparent digestibility
coefficient indicates that lipid diqestion was slightly improved
at higher (6% and above) dietary lipid levels. The maximum value

84.51% was for the diet containing 8% lipid. A marginal decline
in protein digestibility was recorded with the increase in
dietary lipid level; the values ranging from 92.87% for diet D1
to 91.86% for diet D7.

2.4. DISCUSSION

The survival rates are a good indicator of the efficacy
of feeds supplied to fry and fingerlings. The diets provided to
Liza parsia fry in this experiment, except D1 where lipid
component was excluded, proved to be very competitive as regards

survival. The best survival of 98.33% was obtained when lipid
was included at 6 to 8% in the diet. Even complete elimination
of lipid did not drastically reduce survival rates. In salmon
paars, Austreng (1979) and Bregstrom (1973) also recorded good
survival in the same dietary lipid range.
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The maximum weight gain of 596 mg (in 10 weeks) was
recorded for the fry fed diets with the highest lipid level of
12%. This was 17 mg more than the weight gain recorded for diet
with 10% lipid. The rate of increment had greatly slowed down
above 6% lipid incorporation (Fig.6). However, the fat-free diet
gave the lowest weight gain even as the diets were isocaloric,
as observed in the case of carp and rainbow trout.(Watanabe et

El., 1975; Migita El El.,1973). The specific growth rate was
highest for the maximum lipid diet (D7). Similar responses have
been recorded in many other species. Channel catfish has been
grown successfully on diets containing 10-12% lipid (Stickney
and Andrews, 1971,1972; Page and Andrews 1973). In separate

studies in the same fish Phillips El El.(1964) and Dupree El El.
(1979) obtained maximum growth when fed 15% lipid. But Garling

and Wilson (1977) had concluded that 15% lipid was excess and
1-12% levels proved better with comparable growth. On the
contrary, Murray El El. (1977) found that the fry of this fish
seemed to need only 5% lipid alongwith 25 to 35% protein. But
this lower requirement for channel catfish can be equated to the
lower metabolic need due to low rearing temperature.

Early workers like Higashi and Kitamikado (cited by
Cowey and Sargent, 1972) El El. (1964) fed high levels of 25% and
34% lipid respectively to rainbow trout without any ill effect.
Rainbow trout fingerlings have been raised on diets containing



48

upto 24% herring oil with excellent growth rates (Lee and
Putnam, 1973). Yu El El. (1977) and Takeuchi (1978 a) also
reported similar values (22% and 20% respectively) for the same

species. Reintz El El. (1978) obtained increased weight gain at
16% and 21% lipid when protein level was 30% and 40%
respectively. But earlier Ono El El. (1959) and later Watanabe
El El.(1979) after testing lipid levels 5 to 25% recorded better
growth at 15% lipid. Increase in fat content in diet from 8 to
16% resulted in improved growth in salmon (Bergstrom 1973;
Austreng, 1979). Millikin (1982) has recommended 12-17% lipids

for fingerlings of stripped bass. Adron El al., (1976) fed diet
containing upto 9% to turbot Scophthalmus maximus and found that

weight gain of the fish increased upto the maximum level of
lipids used. In yellowtail Seriola quinqueradiata, Deshimaru
El El.(1982) have observed 9% lipid as the optimum level. On the
contrary, Takeuchi El El. (1979) interestingly found no effect
on growth rate when diets with lipids ranging from 5 to 15% were
fed to carp. A survey of the literature indicates that most
fishes do have a optimum level of dietary lipid acceptance. In
£.parsia fry too, this level seems to be around 6-8% of lipid,
as revealed by the response parameters. However, lipid levels as
high as 12% (the maximum used in the study) does not show any
inhibiting effect.

Food conversion rate for the fry of El parsia did not
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vary markedly between lipid levels 6 and 12% though the best FCR

was at the maximum level (12%) of lipid incorporation. This
confirms to the results of Page and Andrews (1973) and Murray et
al. (1977) in channel catfish. In, rainbow trout, Watanabe et
El. (1979) did not find any significant pattern of variation in
the conversion value though the highest lipid level (20%)
recorded the best. Dupree 31 El. (1979) noted that the
conversion efficiency in channel catfish with 5% oil was greater
than that recorded in the lipid-free diet and that the
efficiency decreased at levels above 15%. The protein efficiency
ratio also improved with an increase in the amounts of lipid in

the diet in E; parsia. Similar observations have been made by
Watanabe 33 al., (1979) in Salmo géirdneri and Jauncey (1982) in
Cyprinus carpio. Growth of the animal depends on proper
utilization of ingested food and proteins. In this study on E;
parsia food and protein utilization were significantly
influenced by dietary lipid levels. The high food conversion
rate and the low protein efficiency ratio recorded in the group
fed lipid-free diet corroborates the previous statement.
Inclusion of lipid in the diet significantly improved the two
parameters upto about 8% level and above this the dietary lipid
did not have any improved effect on food and protein
utilization. The good conversion rates and protein efficiency
ratios at the higher dietary lipid levels is attributed to the
derivation of the maximum potential of energy from the increased



50

lipid content and maximum utilization of the ingested protein.

Dietary fat has the major impact on body composition.
Cultured fish consistently have more body fat than wild fish and
the amount and composition of body fat is directly related
particularly to the amount of dietary energy supplied as fat
(Buckley and Grooves, 1979). Inadequate or excess levels of
dietary fat influences the amount of fat deposition, in
addition to changes in fatty acid composition of body lipid. In

the fry of El parsia, a positive linear relationship was
observed between dietary lipid and body fat. Tissue lipid levels
alter significantly with lipid accretion at higher dietary
incorporation. Increasing the‘ lipid level to 12% resulted in
whole fish lipid level ranging from 23.98% to 27.96%. The linear
relationship between dietary lipid and body lipid as observed in

El parsia has been established for several other species; by
Buhler and Halver (1961) in chinook salmon; Brett El El. (1969)
in sock-eye salmon; Sin (1973 ) and Jauncey (1982) in mirror
carp; Cowey et 1. (1975) in plaice; Adron El El. (1976) in
turbot; Ogino El El. (1976), Watanabe El El. (1979), Casteldine
and Buckley (1980) in rainbow trout; and Garling and Wilson

(1976) and Murray El El. (1977) in channel catfish. On the
contrary, Seurman et al. (1979) did not find any influence of
dietary lipid levels on the total lipid content in the muscle
tissues of S. qairdneri. On making a similar observation in
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salmonids, Wood et al.(1957) attributed it to variations in
feeding level.

The protein content in the tissue showed a gradual
decrease with increasing levels of lipid in the diet of E;
parsia as observed in channel catfish by Dupree (1969) Stickney
and Andrews (1971, 1972) and Page and Andrews (1973). It was
also noted in the present study that increase in carcass lipid
was concomittant with decrease in carcass moisture. Such a

pattern has also been observed by Brett 31 al. (1969), Andrews
and Stickney (1972), Papoutsoglou and Papoutsoglou (1978)
Takeuchi (1978a) and Jauncey (1982) for several other species.

The digestibilities of both protein and lipid were
fairly good and it seemed that the dietary lipid variation did
not exert any influence. The protein digestibilities were
marginally better at lower levels. The net protein retention
efficiency increased as lipid in the diet increased; but the
relationship was negative for lipid level in the diet and lipid
retention efficiency.

Lipid at adequate levels spare protein for growth
(Watanabe, 1982) in fishes. The main sparing effect of dietary
lipid is to replace protein which could otherwise have been
catabolised and used for energy production. This type of sparing
action has been established for various species of fishes (Lee
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and Putnam, 1973; Page and Andrews,1973; Takeuchi gt ai., 1978

a,b,c; Shimeno gt al.,1980; Bromley and Smart 1981) The protein
sparing action of lipid is more prominent in carnivorous fishes.
Therefore, it is not surprising that we are unable to detect
such a mechanism in E; parsia. At higher dietary lipid levels,
we infact observe reduced body protein content. It could be that
in this mullet, protein is a favoured energy nutrient compared
to lipid. The protein retention almost doubles at around 8%
lipid level compared to the lipid deficient diet, but still the
quantum retained is low, further proving that a certain amount
of protein is being catabolised. Comparing this data with the
diqestibility values it is found that only about 6% lipid is
utilised at dietary levels 8% and above. This again highlights
the point that the optimal level of lipid acceptance is around
6% more so because the animal is predominantly not a carnivore.

Several studies have indicated that excessive dietary
levels of lipid may result in lipid accumulation in cultured
fish. The extra weight gain may end up bemg discarded with high
levels of visceral fat during cleaning and gutting. Thus the
design of practical diets is a compromise between a level that

will permit good growth with little conversion to energy and an
energy level concomittant with high rates of protein synthesis
but not such as to lead to greater deposition of carcass lipid.
Thus after reviewing all the responses in question, in this
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study, it is recommended that dietary lipid inclusion can be at
6-8%. Such were also the recommendations of Phillips (1970) and
the teams of Watanabe (1979) and Dupree (1979). Most commercial

diets also contain less than 10% lipids due to technical reasons
like difficulties encountered with the mechanics of pelletising
processing and storing in high lipid diets.



3. DIETARY VITAMIN REQUIREMENT

3.1. INTRODUCTION

Vitamins are a chemically diverse group of vital complex

organic substances usually of comparatively small molecular size.
Even though they are required in the function of most forms of
life, some organisms are unable to synthesize them. Vitamins are
critical for the maintenance of normal metabolic and
physiological functions. Deficiency diseases occur when they are
totally absent from the diet. They are distributed in feedstuffs
in small quantities and form a distinct entity from other major
and minor food components (Cho 3; al., 1985).

The importance of vitamins as essential constituents in
the diets of animals came to light in the early part of this
century. During the past five decades active and rapid progress
in vitamin research was made in almost all commercially important
species. Little attention was paid on their mode of action in the
early decades of the present century. Even so, the view was that
they functioned as catalysts. Later on it has come to stay that
many vitamins act as essential co-factors in enzyme systems
functioning in various aspects of carbohydrate, fat and protein
metabolism. (Cowey and Sargent, 1972)

The development of a vitamin deficiency syndrome occurs

in several stages. First, the body is gradually depleted of the
vitamin or coenzyme due to vitamin deficiency in the diet,
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malabsorption or abnormal metabolism. Secondly, there is a fall
in the activity of those enzymes dependent on the vitamin.
Thirdly, as the vitamin activity is depressed a general decline
in the well being of the animal is apparent with loss of appetite
and hyperirritability. Finally the deficiency syndrome is perhaps
manifest with diagnostic tissue pathology, permanent damage and
death (Brin, 1967).

While contributions to vitamin nutrition of mammals and

poultry are numerous (Mitchell, 196A) contributions from aquatic

species are relatively less. Following the lead of nutritionists
working with terrestrial animals, aquaculturists began in the
1940's to investigate specific vitamin requirements for trout.
Schneberger (1941) demonstrated that injections of thiamine
alleviated paralysis in rainbow trout (Salmo gairdneri)
previously fed a minced fish diet. In the early 1950's Wolf
(1951) adapted the use of purified test diets to fish, after
which rapid progress was made in defining other vitamin
requirements of trout. This test diet was refined and used
extensively by Halver (1957 a,b). Halver's diet and its
modifications have also been used for other species, and most
successfully with catfish (Dupree, 1966). Information is also
available for other salmonids, eel, carps, red sea bream,
yellowtail, and herring.



56

The slow progress in vitamin nutrition research on
aquatic organisms was partly due to the inherent problems posed
by the aquatic medium. The major constraint is the leaching of
vitamins from the diets when introduced into the water. The
extent of this leaching is difficult to quantify, but it is
probably reflected in the incremental differences of
approximately two orders magnitude in the apparent requirement of

fish over chick (Castell 31 31., 1981). The vitamin levels in the
diets of fishes are only recommended levels as compared to
poultry where the actual requirements are reflected due to
minimal delivery problems. Another factor to be considered in
vitamin research is the contribution from gut microbial flora in
certain species which may mask the actual requirements. It has
also been observed that since vitamins and their precursors are
already present in the raw materials, blanket applications of
vitamin premix in multi—ingredient diets may result in some
excesses (New, 1976).

Exciting new data have appeared on the role of water ­
soluble vitamin intake and fish health with respect to disease
vectors or other stressors which fish encounter in their culture
environment. New knowledge has been accumulated on specific
quantitative and qualitative vitamin requirements of fish with
respect to different fish species, fish size and environment in
which they are reared. Much of this information has been
summarized in two recent publications of the National Academy of
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Sciences (NRC 1981 ; NRC 1983). The FAO manual (1980) on fish

feed technology contained more extensive descriptions of general
physiology and biochemical functions of water — soluble vitamins
and included techniques to minimise loss of these during fish
feed manufacture. A more complete description of vitamin
chemistry can be found in the treatise of Halver (1972).

Vitamin requirements are affected by size, age, and
growth rate of fishes and environmental factors and nutrient
relationships. Supplementary diets are formulated primarily to
supply protein and energy with the presumption that fishes obtain
some vitamins and other growth factors from food organisms
present in the environment. The vitamin supplement added to a
diet is termed as premix. A premix is formulated to supply the
vitamins not present in the dietary ingredients or to compensate
for vitamins not completely available and losses that occur
during processing and storage. A vitamin allowance that meets
only the minimum requirements (for ingredients and added premix)
leaves little margin for safety. The level of each vitamin in a
pelleted diet should be higher than the required level for
several reasons. Certain vitamins may be destroyed during
manufacture and storage. Inorder to ensure an adequate level of
vitamins prone to oxidation in feeds, diets should be
overfortified with protected forms of these vitamins, the use of
oxidising fats should be eliminated, improper storage conditions
should be avoided and feed should be used soon after pelleting.
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Allowance should also be made for leaching of vitamins from the
pellets.

So far four fat-soluble and eleven water-soluble
vitamins are known to be required by fish. Many of the water ­
soluble vitamins function either directly or in a modified form
as a coenzyme for one or more enzymes. None of the fat - soluble
vitamins is known to function as a coenzyme. Among the fat­
soluble vitamins, Vitamin A is involved in the metabolism of
mucopolysaccharides and visual pigments and for general
maintenance of epithelial tissues. Vitamin D functions in
calcium homeostasis possibly by induction of co-binding proteins.
Vitamin E is a lipid soluble antioxidant and may terminate
peroxidative chain reactions among highly unsaturated fatty acids
of biomembranes. Finally vitamin K is involved in the electron
transport and oxidative phosphorylation and is also a cofactor in
blood coagulation process. The rest of the vitamins are dealt at
length here.

Thiamine functions metabolically as a coenzyme which has

been characterized as thiamine pyrophosphate. This compound is
an essential co-factor for the enzymic transfer of acyl groups
from many substrates such as oC-keto acids and ketophosphates.
The reactions in which they partake include: 1.) the non­
oxidative decarboxylation of keto acids to aldehydes, 2.)
conversion of <1?-keto acids to acyl phosphates and formates and



59

3.)- Oxidative decarboxylation of pyruvate. Essentiality of
dietary thiamine has been verified for rainbow trout, brook trout
and brown trout (McLaren at al., 1947; Phillips and Brockway,
1957), chinook salmon (Halver, 1957a}, channel catfish (Dupree,

1966; Murai and Andrews, 1978), rainbow trout (Kitamura 31 El.,
1967; Aoe gt 3i., 1967, 1969), eel (Arai 31 gl., 1972), red sea
bream (Yone, 1975) and turbot (Cowey at al., 1975).

The riboflavin molecule is composed of a ribose moiety
attached to an isoalloxazine nucleus. Two coenzyme forms of the
vitamin occurs: flavin-mononucleotide and flavin—dinucleotide.

These coenzymes function widely in the carbohydrate metabolism
where their general role is that of hydrogen transfer from
nicotinamide- adenine-—dinucleotides to the cytochrome system.
They are part of the large and complex system involved in the
transfer of hydrogen from substrates to molecular oxygen. Because
of its crucial role in metabolism and because it cannot be
synthesised by animals, riboflavin is essential in diets of all
animals including fish. Dietary riboflavin requirement has been
reported for rainbow trout (McLaren et_al., 1947; Kitamura ‘gt
§i.,1967 ; Poston EL 31., 1977; Takeuchi El 31., 1980); brook
trout, brown trout and lake trout (Phillips, 1970); Atlantic
salmon (Phillips, 1959), channel catfish (Dupree, 1966; Murai and

Andrews, 1978; Woodward, 1984), common carp (Aoe 33 gl.,1967;

Ogino, 1967), Japanese eel (Arai 31 gl., 1972) and red sea bream
(Yone, 1975).
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Pyridoxine includes a family of closely related pyridine
derivatives all of which occur naturally and represent different
forms of vitamin B6. The active coenzymes are pyridoxal phosphate

and pyridoxamine phosphate which are required for many enzymatic
reactions in which amino acids are metabolized. Transamination
reactions in which amino acid is converted into an dC—keto
acid and catabolized or an 0<-keto acid is converted to an amino

acid are the most common types of reaction requiring pyridoxal
phosphate. Other reactions requiring pyridoxal phosphate as a
coenzyme include conversion of tryptophan to acetyl coenzyme A
and pyruvate to cysteine. Important contributors on pyridoxine
requirements in fishes were by McLaren El, El. (1947), Phillips
and Brockway (1957), Halver(195%Q, Coates and Halver (1958),

Phillips (1959), Ogino (1965), Dupree (1966), Kitamura El El.
(1967), Sakaguchi_El El. (1969), Arai El El. (1972), Yone (1975),
Adron El El. (1978), Jruss (1978), Kissil El El. (1981), Halver
(1982) and Herman (1985).

In animal tissues nicotinic acid is converted to
nicotinic acid—-mononucleotide and then to coenzyme forms
nicotinamide-adenine-di nucleotide (Coenzyme I) and nicotinamide

adenine.—dinucleotide-phosphate (Coenzyme II). These coenzymes

function as a part of a large number of oxidoreductases,
collectively called pyridine linked dehydrogenases. More than
two hundred dehydrogenases function in normal metabolism. They
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act as hydrogen acceptors in various energy yielding and
biosynthetic pathways. Niacin has been shown to be an essential

dietary constituent for rainbow trout (McLaren 31 al., 1947),
brook and brown trout (Phillips and Brockway, 1957), lake trout
(Phillips, 1959), chinook salmon (Halver, 1957a),channel catfish

(Dupree, 1966; Andrews 8 Murai, 1978), common carp (Aoe et al.,
1967), Japanese eel (Arai 31 al., 1972),brook trout (Poston and
Di Lorenzo, 1973) and red sea bream (Yone, 1975).

For the living organisms, pantothenic acid functions
solely as a component of coenzyme A. While animals have an
absolute requirement for pantothenate, they can synthesize
coenzyme A from it by a series of enzymic reactions occuring
generally in the liver. Coenzyme A forms high energy acyl groups
which participate in reactions like fatty acid oxidation and
other biological acetylations such as conversion of choline to
acetyl choline and conversion of oxaloacetic acid to citric acid.
Acetyl Coenzyme A is also required in reactions in which the
carbon skeleton of amino acids enter into energy yielding
metabolic pathways. Pantothenic acid essentiality in fishes has
been demonstrated by McLaren El 3l.(1947), Phillips and Brockway
(1957), Halver (1957), Coates and Halver (1958), Phillips (1959),

Kitamura et al.(1967), Arai 33 El. (1972), Yone (1975), Murai and

Andrews (1975) and Wilson 3; al.(1983).

Unlike the preceding water-soluble vitamins, choline
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has no coenzyme function. It occurs in animal cells mainly as a
constituent of phospholipids but also as acetyl choline and free
choline. Choline has three known functions: as a precursor to
the neurotransmitter acetyl choline, as a methyl donor in
metabolic reactions and as a component in choline
phosphoglycerides or phospholipids (structural role in membrane
systems). Almost all the workers mentioned in the case of the
preceding vitamin have pointed out the importance of choline too.

Inositol is a water-soluble growth factor for which no
coenzyme function is known. Inositol, also known as myoinositol,
is a sugar alcohol that is apparently not required in the diet of
most animals. The only known function of inositol is as a
component of the inositol phosphoglycerides that are found in
many cells. Studies on inositol requirement of fishes in many
include those of McLaren gt gl.(1947), Phillips and Brockway
(1957), Halver (19573), Coates and Halver (1958), Aoe and Masuda

(1967), Arai 31 El. (1972), Yone (1975) and Burtle (1981).

Ascorbic acid is structurally one of the simplest
vitamins. Most birds and mammals can synthesize it, but not
fish. It has been proved that many fish require ascorbic acid
for maximal growth. Ascorbic acid has non-specific activity in
several areas of metabolism. It is a strong reducing agent
loosing two hydrogen atoms to become dehydroascorbic acid. It is
also a co-factor in the hydroxylation of proline to hydroxy
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proline, a precursor to collagen. Thus ascorbic acid deficiency
results in impaired collagen metabolism. Though some of the
specific biochemical roles of ascorbic acid are known, its
general physiological function is not, since it can be replaced
in specific reactions by other reducing agents (Lehninger, 1975).
A review of ascorbate metabolism in fish has been published by
Tucker and Halver (1984). Extensive research has been conducted
on the qualitative and quantitative ascorbic acid requirements of

fish. These include those of McLaren_El_El. (1947), Kitamura El
El. (1965), Hilton El_El. (1978), Sato El El. (1978) and John_El
El. (1979) for rainbow trout; Poston (1967) for brook trout;
Halver (1969), Yoshinaka El El. (1978) and Tucker and Halver
(1984) for coho salmon; Sakaguchi El El. (1969) for yellow tail;
Arai El El. (1972) for Japanese eel; Lovell (1973), Wilson and
Poe (1973), Andrews and Murai (1975) and Lim and Lovell (1978)

for channel catfish; Yone (1975) for red sea bream; Mahajan and
Agrawal (1979) for snakehead and Mahajan and Agrawal (1980) for
mrigal.

Test diets based on Halver's diet (1957a,b) have been
used frequently to identify the essential vitamins. Values for
dietary requirement of certain vitamins may depend on the method

of assessment used - growth rate or tissue level - and where
certain vitamins fulfil more than one metabolic role, the
requirements for each may differ. Because many vitamins function
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as coenzymes, one might logically regard the vitamin requirement
as the dietary level of a vitamin which permits optimal activity
of all those enzymes for which the vitamin serves (possibly in a
modified form) as a coenzyme. Thus the correlation between
vitamin intake and the activity of related enzymes in controlled
experiments would be the ideal way to establish quantitative
vitamin requirements (Jauncey, 1982). However, the type of
experiments performed till date concentrate on growth and tissue
level of the vitamin. The present experimental study too
considers growth response as the criterion for arriving at
vitamin requirement. In addition, pathomorphological techniques
have been adopted wherever suitable.

The vitamin requirements of hardly any tropical
brackishwater finfish has been studied. Hence an attempt is made

here, though superficial to probe into the essentiality of
certain water-soluble vitamins in the diet of the mullet Liza
parsia. Besides, an experimental study has been carried out to
determine optimal level of vitamin mixture in the diet.

3.2. MATERIAL AND METHODS

Experiments were conducted in the laboratory. The
general techniques adopted in the conduct of the experiment has
been same as described in part 11 (pages 7 to 18).
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3.2.1 Qualitative requirements

Twentyfive fry of Liza parsia were alloted to each of
the experimental aquaria. There were eight treatment groups and
one control group, all in triplicate. The mean initial length of

the fish was 25.65 mm ( 1 0.32) and the mean weight was 267.70 mg

(1 9.60).

Test diets to examine the vitamin essentiality were
prepared identically, except for the deletion of specific vitamin
in each diet. Fish on test diet was compared with fish receiving
a control diet having all the vitamins to discover signs of
deficiency. Table VII indicates the composition of the
experimental diets. Vitamin free casein and gelatin were the
protein sources. Diets D1 to D8 were devoid of the respective
vitamins, in order : choline, inositol, ascorbic acid, nicotinic
acid, pantothenic acid, riboflavin-, thiamine and pyridoxine.
The control diet D9 had the full complement of vitamins. As and
when the digestibility studies were conducted 1% chromic oxide
was included in the diet; necessary adjustments being made with
cellulose levels. The diets were maintained isocaloric to the
extent possible. with the lapse of the acclimation period, the
animals were put on experimental diets. They were fed a daily
rationof 7% of their body weight, in two doses. The experiment
was conducted over a period of 21 weeks. Relatively stress free,
uniform conditions were ensured during the period. This was done
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because tentative vitamin requirements of fish is related to the
species, its environment and the physiological stress
encountered. The response parameters considered were mortality,
growth and food conversion, besides haematological and
histological observations, wherever necessary.

3.2.2 Quantitative requirement

The experiment was conducted only to determine the
effect of selected levels of the vitamin mix included in the
diets.

Five diets (D1 to D5) containing the vitamin mixture at
0.5, 1, 1.5, 2 and 2.5% of the diet (Table VIII) were prepared.
Cellulose level was adjusted to incorporate the specific amount
of vitamin mix. The rest of the ingredients were the same as
that used for the qualitative studies (Table VII). Each of the
diet was fed to triplicate groups (25 numbers in each group) of
Liza parsia fry of initial mean length 25.54 mm (i 0.26) and mean
weight 263.67 mg (i 6.63). The experimental duration, conditions
and methods were the same as described in the previous
experiment. General data collection and analytical procedures
have been described in Part II. The diet treatment resulting in
low mortality, maximum growth and food conversion was selected as

the vitamin level meeting the requirements.
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3.3. RESULTS

The experimental conditions were as follows:

Salinity 15 : 1ppt, temperature 31.2 i 4.80 c , pH 7.787 1 0.206,
ammonia 0.363 i 0.171 mgl71, and oxygen 5.31 : O.22ppm.

3.3.1 Qualitative requirements

Deletion of vitamins had a highly significant influence
(F’1( 0.01) on the survival rates of the fry of L.parsia. The
survival was very low when riboflavin (48%) and niacin (49.3%)
were deleted. The rates were relatively poor in the case of
pyridoxine (56%), choline (60%) and thiamine (70.7%) deleted
diets. Survival was 88% in the control diet (D9) fed groups.

The influence of treatment on condition factor was
prominent (P -< 0.01) and the control value (1.30) was
significantly (P < 0.05) superior to other experimental values.
The factor was comparatively lowered when pyridoxine (1.16),
riboflavin (1.18), choline (1.18) and ascorbic acid (1.19) were
deleted from the diets (Table IX).

Growth was also significantly (P < 0.01) influenced by
the different treatments in this experiment (Table IX). Over the
21 week period, the lowest weight gain of 599 mg was recorded for
niacin deleted diets. For pyridoxine deleted diet it was 653 mg,
pantothenic acid: 664 mg,thiamine: 744 mg, ascorbic acid: 808 mg,
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riboflavin: 845 mg, choline: 850 mg and inositol it was 966 mg.
The weight gain in control diet fed groups (1132 mg) was above
the highest value in treatment groups by 166 mg and the lowest
value by 533 mg. The weight gains in the case of riboflavin and
choline deleted diet were almost similar. The weight gains in
the case of pantothenic acid and pyridoxine were also not
significantly different.

The triweekly weight recordings were subjected to
statistical analysis and it was observed that in the initial
phase of the experiment the diets without pantothenic acid,
riboflavin, thiamine and pyridoxine produced almost similar
response as the control diet containing the vitamins (Fig. 7).
By the end of the 9th week clear cut distinction could be made in
the weight gain of different groups. Triweekly increments for
choline, inositol and ascorbic acid deleted diets which were
almost in par with the control group in the initial stage of the
experiment were drastically reduced towards the final phase of
the experiment. Regression analysis performed on the data could
establish a positive relationship between weight gain and time in
the different groups (Fig. 8). The growth pattern in diets
without ‘ascorbic acid (D3), riboflavin (D6), pantothenic acid
(D5) and pyridoxine (D8) were almost identical. Specific growth
rate also was the lowest for niacin deleted diet (0.712). The
fishes fed all the vitamins (D9) had a specific growth rate of
0.923 (Fig.9).
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The food conversion ratios were also significantly
(P 4 0.05) influenced by the deletion of vitamins. The deletion
of pyridoxine resulted in the poorest conversion (5.63). The
conversion rate (4.85) when niacin was excluded from the diet was
not significantly different from that of thiamine (4.78). The
ratios obtained with pantothenic acid, riboflavin, choline,
ascorbic acid and inositol deficient diet were 3.90,
3.58,3.19,2.82 and 2.52 respectively. For the control diet (D9),
a comparatively better conversion of 1.92 was obtained.

The protein efficiency ratio was the lowest (0.45) when
pyridoxine was deleted from the vitamin mix. The values obtained
for other vitamin deficiency diet were niacin: 0.52 thiamine:
0.52, pantothenic acid: 0.64, riboflavin: 0.70, choline: 0.79,
ascorbic acid: 0.89 and inositol: 0.99. The PER for the control
diet D9 (1.30) was significantly different (P'< 0.05) from those
fed vitamin deficient diets (Fig. 9).

Deletion of different vitamins seemed to significantly
influence the body composition of the fishes. Body moisture
(70.37%) was lowest when ascorbic acid was removed from the diet.

The body moisture content in control diet was only 72.39% whereas
in the pantothenic acid deficient diet it was 73.29% (Fig 10).
The body protein in control diet (61.51%) showed a minor edge
over the content (61.08%) in thiamine deficient diet. The most
significant difference (protein content = 51.23%) was that when
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niacin was removed from the mix. The deletion of macro vitamins

- choline, inositol and ascorbic acid as well as pyridoxine also
resulted in reduced body protein (Fig 10). Removal of vitamins

resulted in enhanced body lipid content as compared to the
control. The lipid content of pantothenic acid free diet
(23.03%) was not significantly different from that of the control
diet (22.77%). when riboflavin was excluded from the vitamin mix
the value was 24.41% . Exclusion of niacin and thiamine from the
diet resulted in almost similar lipid values of 25.2 and 25.1%
respectively. Ash content did not differ significantly from the
control (14.53%) when pyridoxine (14.68%), thiamine (14.46%),
pantothenic acid (14.34%) and inositol (14.25%) were excluded
from the vitamin mix (Fig. 10).

Deletion of vitamins profoundly influenced (P < 0.01)
the retention efficiency of nutrients (Fig.9). Protein retention
was remarkably low at the deletion of pyridoxine (7.3%), niacin
(8.2%) and thiamine (9.9%). The value for the control group
(24.6%) was significantly (P <f 0.05) higher than all other
experimental groups. The retention efficiency of lipid too was
lowest (27.1%) when pyridoxine was excluded from the diet.
Equally poor were the values obtained for thiamine (28.6%) and
niacin (29.9%) deficient diets. Comparatively poor recordings
were made in the case of pantothenic acid (30.7%) and riboflavin
(36.6%). The exclusion of macrovitamins (choline, ascorbic acid



71

and inositol) did not seem to affect the lipid retention
efficiency and in the case of ascorbic acid and inositol it was
slightly higher than the control value of 63.4%.

The apparent digestibility coefficient of protein
(92.58%) was the highest for the control diet (D9) with all the
vitamins. Deletion of ascorbic acid (D3 = 92.39%) and inositol
(D2 = 92.14%) did not seem to alter the coefficient. The value
recorded when niacin was deleted was the lowest (D4 = 89.71% ;
Table IX). Lipid digestibility (84.11%) was also the best when
all vitamins were present (D9). Lipid digestibility was
comparatively low (81.72%) when pantothenic acid was deleted from

the diet supplied to fishes. Lower digestibility coefficients
were also recorded in the case of riboflavin (82.13%) and niacin
(82.29%) deficient diets (Table IX).

The deficiency symptoms exhibited in L; parsia, on
deprivation of the specific water - soluble vitamins are
indicated in Table X.

3.3.2 Quantitative requirements

Survival rates were not significantly influenced by the
levels of vitamin mixture incorporated in the diet. The maximum
survival of 90.7% was obtained when the mixture was included at
2.5% (Table XI).



TABLE X: INDICATORS OF VITAMIN DEFICIENCY EXHIBITED BY THE FRY OF E; PARSIA

APPROXIMATE
PERIOD FOR
ONSET (Weeks)

PERCENTAGE
ANIMALS
AFFECTED

Thiamine

Riboflavin

Pyrldoxlne

Nlcotlnic
acid

Pantothenic
acid

Choline

Inositol

Ascorbic
acid

Anorexia
Reduced growth increment
Mortality
Uneasy rapid movements on
shock resulting in disor­
ientation
Subcutaneous haemorrhage
leading to muscular
dystrophy. (Plate 3,7).
Anorexia and poor growth
Mortality
Finerosion
Photophobia
Mono 8 bilateral corneal
opacity (Plate 3)
Poor appetite and growth
Mortality
Hyper irritability
erratic swimming

and

Poor growth
Mortality
Skin erosin and muscle
damage (Plate 5,8)
Anorexia
Poor weight Qéin
Mortality
warped opercuium (Plate A)
Liver damage (Plate 10)
Typical gill condition
lamellae clubbed, filaments
erode and mucous covered
(Plate 11)

Anorexia and reduced growth
Mortality
Pale liver and haemorrhagic
damage (Plate 9)
Growth reduction
Mortality
Distended abdomen (Plate b)
Haemorrhaglc fin box leading

lkOU'|

15
12

15

10
15
18

15
18
18
18

to muscle degeneration(Piate13)
Growth reduction
Mortality
Scoliosis/iordosls (Plate 6)
Anaemic condition (Plate

15
15
1512) ­

Almost All

40

All
All

25
Generally all

20

All
hh
All

All

50

All
All

40

60

All
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PLATE 3. VITAMIN DEFICIENCY SYMPTOMS

(a) Corneal opacity — Riboflavin

(b) Muscular dystrophy - Thiamine.



PLATE 4. VITAMIN DEFICIENCY SYMPTOMS

(a) Warped operculum - Pantothenic acid

(b) Distended stomach — Inositol.



PLATE 5. VITAMIN DEFICIENCY SYMPTOMS

(a), (b) Skin erosion — Niacin.



PLATE 6. VITAMIN DEFICIENCY SYMPTOMS

(a) Lordosis - Ascorbic acid

(b) Scoliosis - Ascorbic acid.



PLATE 7.

i ‘. ‘;I1“&v“"',‘>‘k~‘q’-f-";1" '

A

o

HISTOPATHOLOGY OF VITAMIN DEFICIENCY; THIAMINE:
a) Normal Muscle x 100; b) Muscle fibre has undergone
longitudinal splitting (s) at several places; loss of stria­
tion and granular degeneration (G) x 100; c) Hyperfunct­
ional changes in muscle indicated by necrosis (N) and
fibrosis (F) x 200.



PLATE 8. HISTOPATHOLOGY OF VITAMIN DEFICIENCY; NIACIN:
(a) Normal Muscle x 200; (b) Loss of striation,granular
degeneration and liquefaction necrosis x 100; (c) Hyalini­
zation leading to necrosis(N), note areas of calcium depo­
sition (C) x 100.



HISTOPATHOLOGY OF VITAMIN DEFICIENCY;
CHOLINE:

(a)

(b)

PLATE 9.

Normal Liver x 200

Central region with inflammatory
cells x 200.
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PLATE 10. HISTOPATHOLOGY OF VITAMIN DEFICIENCY;
PANTOTHENIC ACID:
(a) Normal Liver x 200

(b) Area of necrosis (N) where proteinaceous
exudate is found x 200.



PLATE 11. HISTOPATHOLOGY OF VITAMIN DEFICIENCY; PANTOTHENIC
ACID:
(a) Hyperplasia at the base of gill epithelium, lamella
dialated at tip x 100, (b) Condition in (a) has
worsened, inter lamellar space completely filled with
cell x 100 (c) Epithelial hyperplasia x 200.



PLATE 12. HAEMATOLOGICAL OBSERVATION UNDER VITAMIN
DEFICIENCY; ASCORBIC ACID:

(a) Normal blood cells x 200,

(b) Anisocytosis and poikilocytosis x 200.



PLATE 13. HISTOPATHOLOGY OF VITAMIN DEFICIENCY;
INOSITOL:

a) Normal muscle x 100; b C)Muscle degener­
ation (H) indicates hyalinization x 100.
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The condition factor too was not affected by the vitamin

levels (P = 0.01). The value was 1.31 at 2% (D4) vitamin level.
1.28) alone wasThe factor at 0.5% vitamin level (D1

significantly (P < 0.05) different from the others (Table XI).

The influence of dietary level of vitamin mixture was
evident only after the experiment was half—way through.
Statistical analysis of the 9th week growth data revealed no
significant (P < 0.01) treatment effect. The maximum weight gain
of 455 mg at this stage was recorded at 1.5% (D3) level of
vitamin inclusion. But by the twentyfirst week, ie., at the
termination of the experiment, growth was significantly (P<0.01)
affected by the different levels of vitamin mix included in the
diet. The maximum gain was recorded for diet D4 (1153 mg) with 2%

of the vitamin mix. However, the weight gain for 1.5% level and
above were not significantly (P > 0.05) different from each
other. The lowest weight gain (1070 mg) was recorded for diet D1.
In the case of specific growth rate (Fig.11) treatment influence
was revealed at 5% significance. Though the highest figure of
0.935 was for diet D3, this was not significantly different from
the values at D4 and D5. At 0.5% vitamin level the specific
growth rate recorded was 0.914. Quadratic equation of the second
order was employed to establish the relationship between percent
weight gain and level of vitamin incorporation (Fig.13).
Differentiating X and Y in the above equation, 1.974 say 2% was
found to be the vitamin level giving maximum growth response.
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The best food conversion ratios were obtained when
fishes were fed diets having 2.5% vitamin mix. Though the
experimental levels of vitamins had influenced (P < 0.01) the
conversion rates, the differences were not significant (P > 0.05)
among levels 1.5, 2 and 2.5% (Fig.11). 0n fitting a second degree
polynomial relationship between the vitamin levels and gross
conversion efficiency, an inclusion level of 2.07 was found ideal
(Fig.13).

The protein efficiency ratio was significantly low at
0.5% (1.14) and 1% (1.30) vitamin levels (Fig.11). It was not
different (PJ> 0.05) among the next three higher levels and the
maximum of 1.44 was obtained at 2.5% vitamin level.

Carcass analysis revealed that none of the proximate
principles were significantly (P = 0.01) influenced by the level
of vitamins incorporated in the diet (Fig.12). The maximum
moisture content(%) was 72.39 (at 1%) and minimum 71.77 (at
2.5%). Highest body protein recorded at 1% vitamin level (61.51%)
was not significantly different from that at 1.5% (61.29%). At
2.5% vitamin level protein percentage was 60.45%. Body lipid was
maximum at 0.5% (24.28%). The next in order was 2% (22.86%). This

was almost similar to the lipid content at all other remaining
values. Maximum body ash was obtained when fishes were fed at 1%

level (14.53%). The values for the other treatments were almost
the same.
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The nutrient retention efficiency was affected by the
quantum of vitamin mix in the diet. Maximum protein was retained

(27.5%) when diet D5 was offered, but this was nearly the same as
that for D3 and D4 (Fig.11). Lipid retention efficiency was 70.7%
at 2.0% vitamin level; and it was not significantly different
from the values at 1.5 and 2.5% vitamin levels. At 0.5% (D1) the
lowest retention efficiency (60.9%) was recorded.

The apparent digestibility coefficients for protein as
well as for lipids did not differ significantly between
treatments (Table XI).

3.4. DISCUSSION

3.4.1 Qualitative Requirements

3.4.1.1 Thiamine

Thiamine has been found to be an essential vitamin
additive in the diets of Liza parsia. Though the mortality rate
was not considerable, anorexia resulting in poor weight gain was
noted. It was almost mid way through the experiment that the
effect of-deletion became more prominent, manifesting in reduced
growth. The food conversion rates and protein effciency ratios
were also very poor. The lipid retention efficiency seems to be
affected probably because of the reduction of thiamine
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pyrophosphate which could have impaired the dicarboxylation
reactions in the metabolism. In this study, the carbohydrate
levels in the feed were kept constant. Therefore, no
relationships could be established between carbohydrate level and

thiamine requirement as correlated by Aoe 31 El. (1969). Lipids
in the diets were maintained at an optimum level to ensure that
it does not impair the study. This was so because dietary fats
affect thiamine requirement as carboxylase participates in the
oxidation of fat throughcfl-keto glutarate. Halver (1980) had made

it clear that fish on a high fat diet and low thiamine intake
might take longer time to develop deficiencies, thus leading to
erroneous interpretations.

The deficiency symptoms observed in E; parsia are in
common with what has been pointed out in the case of many other

fishes. Anorexia and reduction in growth had been identified, as

early as 1947, in trouts by McLaren Et al. (1947). This was
later confirmed in chinook salmon (Halver, 1957) channel catfish

(Dupree, 1966) and Japanese eel (Arai_g£.gl., 1972). Loss of
equilibrium was also reported in the above cases as observed in
the present study. Violent movements were exhibited by the fish
on being ‘disturbed. A trunk winding symptom occured in eel
Anguilla japonica (Hash imoto 31 al., 1970). In carp (Aoe et al.,
1969) and in red sea bream Alvamis sp. (Yone, 1975), skin
congestion and subcutaneous haemorrhage have been reported. In L.

parsia this condition, noted in 20% of the animals, had even
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further worsened resulting in muscular dystrophy (Plate 3).
Histological studies (Plate 7) had confirmed the above
observation. The muscle fibre under such conditons had extensive

damage indicated by the granular degeneration and necrotic
changes.

3.4.1.2 Riboflavin

The present experiment has indicated that riboflavin is

an essential vitamin for E; parsia. The high mortality rates and
poor growth with riboflavin deficient diet bear testimony to this
fact. By about the 12th week the effect of deletion of the
vitamin became evident as the fishes were lethargic indicating
apparent muscular weakness. High mortalities have been recorded
in salmonids too, fed unsupplemented diets. (Halver, 1957;
Kitamura et al.,1967; and Steffans, 1970). However, Ogino (1967)
and Aoe 31 al. (1967); Arai gt §i.(1972); and Dupree (1966)
recorded only low mortalities in carp; eels and catfish
respectively. The fishes under riboflavin deficiency were
comparatively shorter than their counterparts, the control
fishes. This could be a condition indicative of short body
dwarfism,- a symptom described in larger specimens of channel
catfish (Murai and Andrews, 1978b).The abnormal growth in channel

catfish has been related to hypothyroidism. Several workers have
demonstrated biochemical similarities between hypothyroidism and
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riboflavin deficiency. Wolf and Rivulin (1970) suggested that
thyroid hormone regulates the activities of flavoprotien enzymes
by enhancing the synthesis of apoenzymes and coenzymes FMN, FAD

to which enzymes are stably bound. It has also been suggested
that a retarded synthesis of thyroid hormone by riboflavin
deficiency is responsible for the lowered basal metabolic rate.
The lethargic condition described in the mullet can be attributed
to this. The food conversion rates and protein efficiency ratios
were also Pfior as reported in channel catfish by Dupree (1966)

and Murai and Andrews (1978Efl- Aoe El El. (1967) have described
similar conditions in common carp in a short time of 3 weeks.
Another symptom in ll parsia was fin erosion, as was observed in
rainbow trout by Poston El El. (1977) and Woodward (1984) and
common carp by Takeuchi El El. (1980). It is of interest to note
that fin erosion was a consistent feature of the deficiency
syndrome. The mild degree of fin erosion had resulted in
roughened, scalloped borders of the caudal and dorsal fins. Two
very characteristic symptoms of riboflavin deficiency detected in

El parsia were photophobia and mono/bi-lateral corneal opacity
(Plate 3). The full blown symptoms were exhibited in 20% of the
animals, thus proving the involvement of this vitamin in retinal
pigment during light adaptation. These conditions were also
observed in salmon (Halver, 1957a), eels (Arai El 'El.,1972),
rainbow trout (Poston El El.,1977; Hughes El El.,1981; Takeuchi
et al.,1980). However, Aoe El El. (1967) and Woodward (1984) did
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not observe such ocular abnormalities in carps and rainbow trout

fry and fingerlings. Hughes and Rumsey (cited by Cowey gt
§i.,1985) reviewed the many causes for lenticular cataracts
induced by several nutrient deficiencies including riboflavin as
one major cause for the disease. Woodward (1984) has concluded
that the development of ocular opacities in riboflavin deficient
trout appears to be dependent on an interaction between the
vitamin deficiency and one or more additional conditons.

3.4.1.3 Pyridoxine

The .low survival rates among fishes fed on diets
deficient in pyridoxine is clearly indicative of the importance
of the vitamin in the diet. Anorexia was exhibited within six
weeks. Other non-specific conditions of reduced growth and poor
feed conversion also occur. Similar reports on chinook salmon
(Halver, 1957a) and yellow tail (Sakaguchi 31 al., 1969) are
already available. Hyperirritability and erratic swimming were
also detected in pyridoxine deficient diet fed 5; parsia. Such
nervous disorders have also been reported in common carp (Ogino,
1965), channel catfish (Andrews and Murai, 1979) and Japanese eel

(Arai gt ‘gl.,1972). In a very recent work on Atlantic salmon,
(Salmo salar), Herman (1985) noted in addition to behavioural
change, degenerative changes in kidneys, ovaries and liver.
Similar experimentally induced deficiencies have been described
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in rainbow trout (Smith et 1., 1974) and gilthead bream,
Sparusaurata (Kissil et 1., 1981).

A large array of enzymes concerned in intermediary
metabolism of amino acids require pyridoxal phosphate as
coenzyme. Amongst the variety of reactions it is involved in,
transaminations are the most important because when linked to
synthesis and transformation of glutamate by specific enzymes,
they form reaction sequences which are crucial to the
assimilation and excretion of nitrogen (Cowey and Sargent, 1972).

The low protein efficiency ratio in the fry of L; parsia fed on a
diet lacking pyridoxine can be linked to the failure of the
metabolic route discussed above. Vitamin B6 has also been proved
to be influencing fat metabolism in other groups of animals
(Sherman, 1950; Mueller 1964). Beare 31 al., (1953), Sure and
Easterling (1949) and Desikachar and McHenry (1954) have reported

a striking decrease in total body fat on pyridoxine deficiency. A
parallel could be drawn from the above discussion and the
findings in L; parsia. The lipid retention has been found to be
poor in the present experiment which may be due to the impairment
of the lipid metabolism.

3.4.1.4 Nicotinic Acid

This vitamin is required by all living cells. Niacin in
the form of niacinamide constitutes the enzymes involved in the
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release of energy from all the three energy yielding nutrients.
Hence, it becomes essential for the maintenance of life
processes. The low survival rates in E; parsia deprived of niacin
in the diets prove this point. Growth was poorest amongst all the
treatments. High mortality and reduced growth as a consequence of
nicotinic acid deficiency has been described in young carp. (Aoe

El gi.,1967), Japanese eel (Arai gt al.,1972) and channel catfish
(Andrews and Murai, 1978). Another prominent symptom detected in

this mullet was skin erosion and the associated muscle damage
(Plate 5,8); which was revealed through histological studies. Aoe

gt gl.,(1967) and Andrews and Murai (1978) have described such
conditions in other fishes. The histopathology of the muscle in
the present case indicated loss of striation leading to granular
degeneration and necrosis. However, Andrews and Murai (1978) did

not observe any histological abnormalities. They have
substantiated this by referring to reports in other animals
(Gries and Scot, 1972) where death occured as a result of
starvation, bacterial infections or biochemical abnormalities
before histological abnormalities became evident. Previous
reports on niacin deficiency signs in fishes have not been
consistent. In rainbow trout McLaren et l.(1947) observed
swollen gills, but Kitamura _l al.(1967) failed to demonstrate
deficiency signs other than slightly retarded growth. Chinook
salmon have been reported to have signs such as jerk and
difficult motion, weakness, lesions of stomach and colon, muscle
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spasms and increased sensitivity to sunburn (Halver 1957a, Delong

g1_gl.,1958); but, silver salmon did not exhibit any deficiency
symptoms. In channel catfish, tetany, high mortality after
stress, lethargy and reduced co-ordination have been reported as
niacin deficiency symptoms (Dupree, 1966). Since tetany, lethargy
and reduced co-ordination and other neurological disorders were
not observed in the present study, and yet growth depression,
mortality and cutaneous damage were severe; the si gns were more

similar to that in carp (Aoe gt gl.,1967), eel (Arai et al.,1972)
and channel catfish (Murai and Andrews, 1978a). Since tryptophan

is an in vivo precursor of niacin and niacin deficiency cannot be
induced in most animals without reducing dietary tryptophan
(Dalgliesh, 1956), it was surprising that deficiencies were
quickly exhibited in E; parsia. Poston and Dilorenzo (1973) and
Andrews and Murai (1978) have reported that brook trout and
channel catfish cannot efficiently convert tryptophan to niacin.
As the present diet was limiting in niacin, the results indicate
tryptophan conversion inefficiency in E; parsia, as was in the
case of brook trout and channel catfish.

3.4.1.5 Pantothenic Acid

Pantothenic acid plays a stellar role in general
metabolic pathways and aid in the release of energy from all the
three energy producing nutrients by way of the tricarboxylic acid
cycle. Symptoms associated with pantothenic acid deficiency are
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mostly non-specific and vary from species to species. Deficiency
studies in higher vertebrates have shown retardation of growth,
impairment of reproduction, imbalance of salt and water
metabolism and reduction of coenzyme-A content in tissues leading

to poor utilization of pyruvate (Chow, 1964). Exclusion of this
vitamin from the premix has been identified to be the cause of
growth retardation by the 9th week. Anorexia conditions exhibited
led to poor conversion and protein efficiency ratios. In carp
too, extremely poor weight gain was the consequence of
pantothenic acid deletion (Ogino, 1967). The reduced amount of
body fat recorded in these group of fishes may be due to the
reduction in the synthesis and mobilization of fat. It is an
established fact that pantothenic acid, as a component of
coenzyme-A, is required for the synthesis of fat. A dietary
insufficiency of pantothenic acid impairs the normal metabolism
within mitochondrial rich cells undergoing rapid mitosis and high
energy expenditure (Halver, 1982). Structures such as gill and
kidney tubules which are involved in osmoregulation or active
hydromineral homeostasis and pancreatic acinar cells almost
constantly synthesize enzymes essential for digestion of fats,
carbohydrates and proteins. A continual high level of energy is
required for these activities. Pantothenic acid deficient trout
(Poston and Page, 1982) showed conglutinated metamitachondrial
lesions. These subcellular lesions which may be caused by anoxia
within cellular energy transfer mechanisms (Hartroft, 1964;
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Rouiller, 1964) intially appear as vacuoles or hyaline bodies and

eventually lead to necrosis. Grossly the signs of pantothenic
acid deficiency are manifested as a condition called dietary gill
disease (Wolf, 1945; Halver, 1953), including clubbed exudate
covered gill lamellae, swollen operculum, fused gill filament and
abnormal swimming near the surface of the water. In salmon, trout
and catfish such conditions were described (Halver, 1979; Dupree,

1966; Murai and Andrews, 1979; Wilson et al.,1983). Gill lesion
observed in E; parsia were characterised by an epithelial
hyperplasia and interlamellar tissue proliferation which was most
marked at the distal end of the filaments (Plate 11). This was
also observed in catfish fingerlings by Murai and Andrews (1979)

and Mfilson 31 El. (1983). In ‘E; parsia another condition
associated with the nutritional pathology was the pale liver.
Sections revealed that necrotic changes were taking place
resulting in foamy degeneration (Plate 10). Similar foci of
necrosis was observed in cultured herring (Clupea harengus) by
Blaxter 31 El. (1974).

3.4.1.6 Choline

Choline is an essential vitamin especially due to its
structural role in biomembranes, as constituent or a phospholipid
in a neurotransmitter and as a lipotropic and anti— haemorrhagic
agent. From the present study it is evident that it is
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unavoidable in the diet of gold—spot mullet too. Though the
growth increment recorded was better than some of the previous
reports the effect of the vitamin deletion on growth became
evident by the 9th week. Survival was only 60%. Conversion
efficiency was also poor. Similar manifestations of dietary
deficiency has been reported in chinook salmon (Halver, 195%fl,
Coho salmon (Coates and Halver, 1958). As in the present study,
pale moderately enlarged livers has been observed in trout
(McLaren 33 3A., 1947), and channel catfish (Dupree, 1966). The
livers in £;_ parsia changed in colour from light tan to dark
brown and exhibited a motted appearance with focal areas of
discolouration. Inflammatory cells, with vacuolization in some
cases, characterstic of damage, were identified histologically
(Plate 9). Such pathomorphological observations has been made in
the hepatic tissue of other animals under choline insult (Keith
and Tryphonas, 1978). Other manifestations of choline deficiency

include grey white intestine in eels (Arai et al.,1972) and
haemorrhagic areas on kidney and intestine in redsea bream (Yone,
1975). The body composition studies in the present treatment
could not reveal anything substantial.

3.4.1.7 Inositol

The essentiality of this vitamin is often debated. In
the present study too, if growth and mortality can be considered
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as good indicators of vitamin status, then the above view can be
corroboratedo A slight reduction in growth was the only sign
exhibited in Japanese eel fed an inositol deficient diet for 15
weeks (Arai gt gi.,1972). Burtle (1981) has indicated that
inositol is not normally required in the diet of channel catfish.
He has demonstrated intestinal synthesis and dengvo synthesis of
inositol in the liver of channel catfish. However in rainbow
trout (McLaren et al.,1947) and chinook salmon (Halver, 1957a)the
non specific symptom of poor growth has been reported. Certain
nutritional pathological indicators specific to inositol
deprivation were noted in E; parsia - distended abdomen (Plate 4)
and haemorrhagic fin base leading to muscle degeneration.
Histological observations corroborate this inference (Plate 13).
Yone (1975) related the distended abdomen to the ineffeciency in
digestion and poor feed utilization; but this point is hard to
prove based on the present study. Aoe and Masuda (1967) had
indicated skin lesions in carp which in severe cases resulted in
scales, fins and epidermis being sloughed off; and the muscle and
bone being exposed. However, the proportion of carps exhibiting

this deficiency sign was low as observed in E; parsia.

3.4.1.8 Ascorbic acid

Ascorbic acid performs numerous physiological functions

in both plants and animals (Tolbert, 1979). The dietary needs for
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salmonids, ictalurids and cyprinids for vitamin C has been
reported over the last 2 decades. The deficiency syndromes
explained are very many. In E; parsia too, some of these could be
detected when vitamin C was excluded from the diet. The morta.ity
rates (23%) were not very high in the present experiment. By
about the 10th week a clear reduction in weight gain was recoded.
Such reduction was reported in channel catfish by Lovell (1973),
Andrews and Murai (1975), and Lim and Lovell (1978) and in yellow

tail by Sakaguchi gt _l.(1969). Food conversion rate and protein
efficiency ratio and in turn the retention efficiencies in the
mullet fed vitamin C deficient diet were considerably better than
many other treatments, probably indicating a less profound impact
of vitamin C insult. The body proximate composition analysis did
not reveal anything important that is worth mentioning. The major
deficiency symptoms that has been described in different fishes
include scoliosis / lordosis, an alteration of pigmentation,
haemorrhagic area along the spinal column and ultimately a broken
back. These symptoms collectively characterize the broken back

syndrome. In L; parsia the scorbutic condition exhibited were
scoliosis and lordosis (Plate 6). Scoliosis was indicated by a
lateral curvature of the spinal column at approximately the mid
length of the fish. There was usually external swelling near the
damaged area. Most mullets showed scoliosis with or without
lordosis which was characterised by a hump just posterior to the
dorsal fin. These conditions have been described in coho salmon
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(Halver EL 31., 1969); where extreme dislocation of the
vertebrae and atrophy of spinal cord had occured in the area of
acute deformity. Similar pronounced effects were observed in
channel catfish (Lovell, 1973). Wound repair was also affected in

ascorbic acid deficient yellow tail (Sakaguchi gt gl.,1969), the
rate of repair being proportional to the ascorbic acid content of
the food. Other signs of ascorbic acid deficiency in channel
catfish were internal and external haemorrhage, fin erosion, dark
skin color and reduced formation of bone, collagen and gill
damage (Wilson and Poe,1973; Liniand Lovell, 1978).

Only very few attempts have been made to determine the

impact of vitamin C on blood in fishes (Hilton 31 al., 1978;
Andrews and Murai, 1975; Lim and Lovell, 1978; Agrawal and
Mahajan, 1980). In the present study, the anaemic conditions
induced by vitamin C deprivation is characterized in the blood
picture (Plate 12) by the varying red blood cell size and shape
(anisocytosis and piokilocytosis), cytoplasmic vacuolization, and
disintegrated erythrocytes. A haematological assessment of the
blood morphology of L; parsia fed diet deficient in ascorbic acid
has reaffirmed the role of this vitamin in normal physiology of
the animal. However, there are two reports, one in channel
catfish (Dupree, 1966) and another in rainbow trout (Primbs and
Sinnhuber, 1971) on the non-essentiality of vitamin C.
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Fishes cannot generally synthesize vitamin C (Halver
1972, 1980). This inability in these group of animals may be due
to genetic failure of enzyme synthesis or lack of expression
(Levin, 1976). Wilson (1973) and Yamamoto 33 El. (1978) have
postulated that the dietary essentiality of ascorbic acid is due
to the absence of the enzyme L-gulonolactone oxidase which is
required for the synthesis of ascorbic acid. A higher dietary
level than that required to prevent deficiency signs may be
required to provide maximum resistance to bacterial infections

(Durve and Lovell, 1982) and under stress (Mayer 31 31., 1978;
Agrawal 31 al., 1978).

3.4.2. Quantitative requirements

The common place knowledge that severe vitamin
deficiency predisposes or exacerbates infections has been
verified over the years by different workers. The present set of
experiments on qualitative requirements of vitamins in L. parsia
too, proved this point. The severity of the deficiency was
decided based on the pathomorphology. To prevent the onset of
symptoms it is necessary that the vitamins are provided in
adequate quantities. Several experiments have been conducted in
different species to determine the level of individual vitamins
that are to be included in the premix. In this study on L;
parsia, the minimum amount of vitamin premix, to be included in
the diets to prevent the gross symptoms was determined.
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As probably the minimum requirement was met by the
dietary incorporation of all the vitamins, the mortalities
recorded did not reveal anything striking. The growth data too
did not exhibit any significant difference until towards the end
of the experiment when 2% vitamin seemed to elicit better
response. Considering gross conversion efficiency and weight
gain, the level of incorporation of the vitamin mix at around 2%
seemed to be the best. The protein efficiency ratio also indicate
the levels 1.5 to 2% as appropriate. The nutrient retention
efficiencies also was better in the range 1.5 to 2.5%. However,
no relevant inference could be made from the results on body
.proximate composition.

Though no qualitative change could be pointed out in
this experiment, the consequence of offering graded quantities of
vitamin were reflected in certain factors governing the
efficiency of food utilization and resultant growth. The
experimental effects were roughly parallel to the quantum of mix
and it would be inappropriate to identify an optimum level based
on the performance differences between the groups. On the safer
side it is advised that a vitamin mix above 1% should be
incorporated in the diets of L; parsia fry. However, this
experiment remains to be illustrative but not exhaustive. Further
studies on quantitative requirements of individual vitamins are
warranted to support the findings.



4. EVALUATION OF DIETARY PROTEIN AND LIPID SOURCES

AND COMPOUNDED FEEDS

4.1. INTRODUCTION

The dramatic proliferation of interest in aquafarming has
resulted in increased attention towards understanding cultural
conditions that may determine the economic viability of a
particular operation. Such efforts have been developing with
emphasis on specific nutritional requirements of the candidate
species and design of dietary preparations to optimize growth and
achieve maximum survival under mass rearing conditions.
Determination of nutrient requirements has been aimed at
replacing live-food with fabricated artificial diets. Unlike
conventional or natural food, artificial diets are not subject to
seasonal variations in supply or nutrient composition and can be
manufactured under strict quality control. Since the cost of
feeds and feeding represent the single largest item in the
operating budget any gains in the efficiency through improved
nutrition and feeding technology resulting in greater growth and
survival can make a significant contribution to the
profitability.

As fish feeds become better formulated to comply with
research findings of balanced nutrient requirements, and are
texturized to improve acceptability and availability, they are
likely to show improved utilization. The preparation of complete
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diets, in accordance with known nutritional requirements, is
clearly essential to the success of intensive aquatic animal
husbandry. While the emphasis will be on complete rations, it is
common in many culturing systems to have several different types
and sources of feed constituting the total diet (Webber and
Huguennin, 1979).

Feed formulations incorporate naturally available,
nutritive, local and cheap ingredients to keep the diet cost»
efficient.‘ In this regard, a variety of natural feed sources are
currently being utilised the world over.

Unlike most domesticated farm animals, the majority of
the fish species currently farmed in intensive culture systems
are either carnivorous or omnivorous and consequently require
high protein diets. Hence, protein meals of animal origin
particularly those of marine origin, are of great value in
aquaculture feeds. Animal protein are generally rich in
essential amino acids especially those (lysine and methionine)
which are often limiting in plant proteins. At present high
quality fish meal supply the major portion of protein in
commercial rations formulated for fish culture operations. The
fish meal content in the diets usually range between 25 and 65%
by weight, with higher levels being used in starter and
fingerling rations (Tacon and Jackson, 1985). In view of the
high cost of good quality fish meal of relatively constant
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chemical composition, the feed costs amount to 40 - 60% of the
operating cost in intensive aquaculture (FAO, 1983). Besides,
quality fish meal is in short supply in several countries,
including India, while the demand is steadily increasing due to
the accelerated development in animal husbandry and aquaculture.
Therefore there is a definite need to identify alternate, ideally
less expensive sources of good quality protein.

Unfortunately attempts by feed compounders and
nutritionists alike to replace the fish meal component of
practical fish feeds with alternate protein sources have met with
only variable success and have generally led to reduced feed
efficiency and growth. Protein sources which have been
considered in this category include meat, bone meal, blood meal,
poultry by —products, hydrolysed feather meal, soyabean meal,

dried brewer's yeast, and corn gluten meal. These secondary
protein sources are commonly incorporated at low levels in
practical fish feeds (5 - 15%). Partial or total replacement of
fish meals in commercial fish feed is by either conventional feed
ingredients with enhanced nutritive value or by the use of new
generation unconventional feed ingredients. The latter includes
single cell proteins - algae, fungi (including yeasts)and
bacteria which are produced by fermentation; plant protein
concentrates like those of potato and leaf; whole food organisms
— rotifers, copepods; and animal and food processing wastes ­
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rendered hide fleshings, activated sewage sludge dried coffee
pulp, brewery and distillery wastes (Tacon and Jackson, 1985;
FAO, 1983).

In the present study three plant protein sources ­
groundnut oil cake, soyabean meal and dried algae (Spirulina) and
two animal protein sources — fish meal and prawn-head meal and
three combinations of both plant and animal sources were tested
to evaluate their efficacy in the diets of the mullet.

Lipids are generally recognized as important and highly
digestible nutrients in fish diets and are widely used for
improving feed efficiency. Several types of oils have been used
in fish feeds. Since fish are incapable of de novg synthesis of
n-6 and n-3 fatty acids, dietary sources of these are essential
for normal growth and survival. Fishes generally require n-3
fatty acids rather than n-6 in contrast to terrestrial animals
(Kanazawa, 1985). Marine fishes appear to have a greater
requirement for highly unsaturated fatty acids than fresh water
species (New, 1987). Dietary lipids are efficiently utilized,
provided the essential fatty acids requirements are met
(Watanabe, 1977; Viola and Rappaport, 1979; Yu and Sinnhuber,
1981; Gatlin and Stickney, 1982). In all these studies dietary
lipid spared dietary protein or improved net protein
utilization. Although the associated increased
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deposition of body fat may not always be desirable, the
increasing cost of fish meals and other important sources of
protein for fish feeds make higher dietary lipids appear
increasingly attractive. Fish oils and vegetable oils are the
commonly used lipids, either singularly or in combination in fish
diets. Although many vegetable lipids contain high levels of n—6
poly unsaturated fatty acids, the best sources (and the most
expensive) of the n-3 highly unsaturated fatty acids are marine
lipids. Animal fats have low total levels of poly unsaturated
fatty acids (New, 1987). Many different natural animal tallows
(solid above 400C), lards (melting point b etween 20 - 400C) and
oils (liquid below ZOOC) are available. The fish oils currently
employed in dietary combinations include cod-liver oil, pollack
liver oil, herring oil, menhaden oil and capelin oil. A variety
of plant oils are being used in fish diets. These include
soyabean oil, cotton seed oil, sunflower oil, sesame oil,
groundnut oil, safflower oil and corn oil. Since fish oils and
most plant oils are rich in poly unsaturated fatty acids,
antioxidants are to be added to them during processing to delay
the onset of rancidity.

In the present experiments, four plant lipids and four
animal lipids were tested on the mullet £353 parsia. These
included gingely oil, soyabean oil, groundnut oil, sunflower oil,
sardine oil, shark liver oil, cod liver oil and beef tallow.
Different combinations of these oils were also tested.
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A prerequisite for long term culture of any fish is a
practical diet that is nutritionally sound and reproducable, easy
to handle and store, and capable of promoting growth and survival

for a number of generations.The objective of feed formulations‘
is to supply the required nutrient density for optimal animal
production (Conklin e£_al;, 1977). In dietary formulations
feedstuffs with generally similar properties may be substituted
for one another and exchanges made within mixtures in accordance
with market prices, local availability and nutrient composition.
Particular regard should also be paid to essential nutrient
content and balance of final diet and to an extent cultivist's
preference (Cho et a1., 1985). Thus different proportion of
ingredients are combined to achieve the deserved nutrient
balance. The chemical definition of the dietary composition
through quantitative requirement studies and the subsequent
identification of natural feed sources have aided in compounding
practical diets. The efficacy of such formulations has to be
tested in culture conditions. It is impossible, from field
studies to state how efficient the feeds were, directly in
promoting growth, and to what extend indirectly by raising
primary productivity of the pond. However, the performance of
the diets under pond trials alone can mark a particular diet as a
successful formulation.

Intensification of mullet culture has made it essential
to develop suitable feeds to be used either as a supplementary
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diet in ponds or as a complete diet in tanks. In the final
experiment included in this study five dietary preparations based
on data accrued in the preceding experiment were fed to the fry
of the mullet E; parsia. The main objective was to develop an
appropriate starter diet formulation using different natural
ingredient sources for the young ones.

4.2. MATERIAL. AND METHODS

The experiments to evaluate the protein and lipid
sources were conducted in the laboratory. The evaluation of
compounded diets was undertaken in actual pond conditions.
Variations to the general materials and methods (pages 7 to 8)
adopted are discussed below under seperate heads.

4.2.1. Evaluation of Protein Sources

Twenty numbers of uniform sized fry of E; parsia were
held in each experimental aquaria. There were eight test
diets, each one tested in triplicate. The mean intial length of
the fishes was 24.21 mm (:O.63) and the mean weight was 236.42 mg

(i10.25).

Eight diets (D1 - D8) were compounded; three were based

on plant proteins — groundnut cake, soyabean meal and an algal
meal (Spirulina sp.); two were based on animal proteins - fish
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meal and prawn waste; and three other formulations with both
plant and animal sources. (Table XII). The energy content was
adjusted by varying the level of potato starch and cellulose.
The other additives were common to all diets. The diets were
made iso nitrogenous and iso caloric to the extent possible.

The fishes were put on the test diets during the two
week acclimatisation period itself. The daily food quota of 7%
body weight was offered in two meals. Left-over food, if any and
faecal matter were collected for digestibility determinations.
The physico chemical conditions of the water were monitored
regularly during the seven week study.

4.2.2. Evaluation of lipid sources.

Twenty similar sized fry were allocated to each of the
thirty three experimental aquaria. There were eleven treatments,
all in triplicate. The mean intial length and weight were
25.87mm (10.53) and 267.39mg (:10.45) respectively.

Eleven test diets (D1 - D 11) were formulated (Table
XIII). Four plant lipids - gingely oil (D1) soyabean oil (D2),
groundnut, oil (D3) sunflower oil (D4) and four animal lipids ­
sardine oil (D5), beef tallow (D6), shark liver oil (D7) and cod­
liver oil (D8) were tested in single lipid source diets. The
mixed oil diets had the following combination in equal
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proportions: Diet D9 = sardine oil + groundnut oil + soyabean
oil; D10 = shark liver oil + sardine oil + groundnut oil; and D11
= gingely oil + soyabean oil + groundnut oil. Fishmeal and
groundnut cake were the protein sources common to all diets and
the carbohydrate component was constituted by potato starch.
Chromic oxide at 1% was incorporated for digestibility studies.
Proximate analysis revealed the diets to be of fairly uniform
compositions and energy.

After the initial acclimatisation as described in the
protein source experiment, the animals were maintained on the
experimental rations for seven weeks. They were fed twice, a
daily ration of 7% body weight. Faecal matter was collected for
finding out the digestibility. Uniform environmental conditions
were ensured for all treatments.

4.2.3. Field trial of compounded feeds.

This experiment was conducted over a period of seven
weeks to test the efficacy of five formulated diets under farm
conditions. Uniform sized ( initial length 25.20 mm, weight 248
mg) fry of E; parsia (100 nos in each hapa) were carefully
allotted to the velon net hapas (1m3) fixed in the brackishwater
pond of the Central Marine Fisheries Research Institute at
Narakkal, Cochin. (Plate 14). The pond enjoyed good water



PLATE 14. NET CAGES HOLDING THE FRY UNDER
DIFFERENT TREATMENTS IN THE FIELD TRIAL

OF COMPOUNDED DIETS.
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exchange as it was directly connected to the main canal of the
brackishwater system.

Five diets were compounded based on the data accrued
from the experiments conducted in the laboratory. (Table XIV).
The ingredients used in compounding the diets were groudnut cake,

gingely cake, coconut cake, rice bran, mangrove leaves (Avicennia

officinalis), fish meal and prawn waste. Tapioca powder and
wheat powder also acted as binders. Mineral and vitamin mixtures
were added in all the diets, except D5. The feed materials were
included at maximum possible levels compatible with providing
around 35% protein (except for D4, where it was 28% Diet D1
included all the feed stuffs listed above. In D2 coconut cake
was removed and an increment was made in the level of mangrove
leaves. In diet D3 the animal protein components (fish meal,
prawn waste) were replaced by an increased amount of groundnut
cake. Therefore, D3 was a plant based diet. Diet D4 was similar
to D1 except that it had reduced protein percentage. Diet D5 was
similar to D1 in ingredient composition except that it did not
have vitamin and mineral mixtures.

The diets were tested in duplicate. Initially feeding
was at 7% body weight, but only about 4% was ingested by the
fish. Therefore the latter amount was offered to the fish during
the subsequent feedings. Food was offered in a single ration at
0800 hrs. The percent weight gain, the relative daily gain and
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apparent food conversion were calculated.The diets were tested in
duplicate. They were offered to the fishes at 4% body weight in
a single ration at 0800 hrs, on a feeding tray to avoid
wastage.A control group of unfed fishes were also maintained.
Weekly observations on growth were made during the experimental

period. The conditions of the experiment should have eliminated
any differential effect from environmental variables, extraneous
food, feeding protocol etc., so that the observed differences in
growth is a function of the diet alone.

4.3. RESULTS

4.3.1. Evaluation of protein sources

The experimental conditions recorded were:

salinity 15 : 1ppt, temperature 27.4 i 2.1OC
pH 7.730 I 1.80, ammonia 0.414 1 0.109 mg 1”‘
and oxygen 5.27 :0.15ppm.

The survival percentage varied when the diets containing
different sources of protein were fed to fishes. Best survival
(95%) was obtained with diet D4 containing fish meal. Equally
good survival (92%) was obtained with diet D8 containing equal
proportion of plant and animal protein sources. Lower survival
values were recorded for soyabean meal based diet, D2 (75%) and
prawn waste based diet D5 (70%; Table XV).
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The condition factor obtained for the different
treatments ranged from 1.23 for fish meal diet (D4) to 1.30 for
soyabean meal diet (D3). The values obtained for groundnut oil
cake diet D1 (1.29), algae diet D3 (1.29) and prawn waste diet D5
(1.28) were not significantly different from each other (Table
XV).

The total weight gain in the fry was significantly
(P < 0.05) influenced by the protein sources in the diets. The
maximum weight gain (597 mg) was obtained when both animal and

plant protein sources were included in the diet (D8) at equal
proportions (Fig. 14). The increment was 582 mg when the mixture
of sources contained more of plant material (D6). The weight
gain in the case of fish meal diet D4 (563 mg) was not
significantly different from that of combination diet D7
containing more of animal sources in the mixture. Increment was
least (466 mg) when the diet contained prawn waste as the protein
source (Table XIV). Specific growth was maximum (2.29) for D8.
The value for groundnut cake based diet fed group (D1) was 2.24
and fish meal fed group (D4) was 2.22. The values obtained for
soyabean meal diet D2 (2.18) was not significantly different from
that obtained for groups D6 and D7 (2.19), both containing plant
and animal protein sources (Fig. 15).

Food conversion ratios were better (1.47) when a mixture
of both plant and animal protein sources were included in the
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diets, with the best value for a diet containing 1:1 ratio of
both the sources. A change in proportion slightly lowered the
conversion rates. Diet with algal protein source could provide a
conversion of only 2.46. Conversion ratio was the poorest (2.81)
for the prawn waste diet (Fig.15)­

Protein efficiency ratio too was best for diet D8 (1.70)
containing equal amount of plant and animal protein sources. The
other combined sources diets D6 and D7 also provided good ratios
of 1.54 and 1.52 respectively-PER was relatively poor for the
algal source diet (1.01) but the lowest (0.87) was for prawn
waste meal fed group (Fig. 15)

Proximate analysis revealed that the body composition is
significantly (P < 0.01) influenced by the dietary protein
sources. The moisture content varied between 73.33% for diet D8

and 72.12 for diet D5 (Fig.16). The application of dietary
protein sources of both plant and animal origin,in different
proportions (Diets D8, D7 and D6) resulted in higher percentages
of protein (62% - 63.98%) in the body. The diet containing fish
meal as the protein source also resulted in good protein
deposition (62.72%). Maximum body lipid (22.38%) was noted for
the fish fed diet D7 in which more of animal protein source was
incorporated. But this was not significantly different from the
values recorded for algal diet fed groups (D3 = 22.20%) and
soyabean diet fed groups (D2 = 22.10%). Lipid was the least in
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the groups fed the diet with prawn meal. There was no
significant difference in the value (20.99%) obtained for plant
sources dominant diet (D6).Maximum body ash was found in fishes

fed on prawn meal diet D5 (15.6%). The algae diet fed group
recorded a value of 15.3%. The ash content in fish groups fed
diets containing soyabean meal (D2), fish meal (D4) and the
combination of protein sources D6, D7 and D8 were not
significantly different from each other (Fig 16).

Nutrient retention efficiency was significantly
(P < 0.01) influenced by the source of protein used in the diets.
Mixed protein source diets proved to be the best retainers of
protein, with the diet D8 showing a retention efficiency of
33.9%. Amongst the individual sources.Diet D4 with fish meal
achieved an efficiency of 27.6% as compared to 26.4% of diet D1
containing groundnut cake. Retention efficiency was the lowest
for the diet with prawn meal, recording 18.5% for protein and
35.2% for lipid. Lipid retention efficiencyiuas maximum (68.7%)
in the animals fed the diet containing more of animal protein.
The efficiency was equally good in the case of diets D8 and D6
(65.7% and 61.2% respectively). Amongst the single protein
source diets, fish meal based diets recorded the best lipid
retention efficiency of 58.1% (Fig 15). The apparent protein
digestibility coefficient was the highest for the diet (89.28%)
containing a mixture of both plant and animal protein sources in
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the ratio 1:1. Diet with fish meal and diets D6 and D7 with
mixture of plant and animal protein sources also had better
coefficient than the other diets (Table XVI). The lowest value
was recorded for prawn waste meal (76.34%). Lipid digestion
seemed to be better in the combined diets, especially when the
animal component was more (D7=92.66%). Soyabean meal had
comparatively poor digestibility (90.86%).

4.3.2. Evaluation of lipid sources

The conditions that prevailed during the 7 week feeding

experiment were salinity 15:1 ppt, temperature 28.1 +1.7 C;
pH 7.815 i 0.152, ammonia 0.325 1 0.117 mg 1-1 and oxygen
5.05: O.36ppm.

The different lipid sources in the diet supplied to the
fry of the mullet significantly (P <' 0.05) influenced the
survival. Survival was best (98%) in cod liver diet (D8) and
diet D9containing a mixture of sardine oil, soyabean and
groundnut oil. Good survival rates (95%) were also obtained for
diets having groundnut oil (D3), sardine oil (D5) and the mixture
containing more of animal oils (D10). Survival was poor (76%)
when beef tallow was the lipid source in the diet.

Condition factor was better in fishes fed diets
containing either gingely oil (D1=1.28), shark liver oil
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(D7=1.27) or sunflower oil (D4=1.27). The oil mixture containing
more of plant oils when supplied to the fry resulted in a factor
of only 1.19.

The dietary lipid sources significantly (P < 0.01)
influenced the growth of fishes. The best response (623 mg) was
obtained for the diet D9 containing a mixture of oils with the
plant oils predominating. The weight gain was 594 mg when
another diet (D10) with oil mixture containing more of animal
oils were fed. Among the single oil sources tested, cod liver
oil (575 mg) and sardine oil (571 mg) provided almost similar
gains. Soyabean oil proved to be the best in promoting growth
(weight gain, 542 mg) amongst plant lipids. The lowest weight
increment of 434 mg was for the diet with beef tallow as lipid
source (Table XVI). The percentage weight gains are graphically
represented in Fig.17. The maximum specific growth was recorded
for diet D9 with more of plant oils in a mixture; but it was not
significantly different from the specific growth obtained for
diets D8, D10, D11 (Fig.18)

The best conversion ratio (1.70) was obtained with the
diet containing the oil mixture (D9). Nearly equal value (1.75)
was obtained when fed diet D10 with more of animal oils. The
ratios for cod liver oil (D8 = 1.8) plant oil mixture (D11 =
1.81) and sardine oil (D5 = 1.83) were not significantly
different from each other. Conversion was very poor for the diet
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with beef tallow (D6). Protein efficiency ratio was the best
(1.46) when diet D9 was fed to the fishes. Equally good ratio of
1.42 was obtained with diet D10. The ratios obtained for the
diets containing cod liver oil (D8) and plant oil mixture (D11)
and sardine oil (D5) were similar. Beef tallow based diet proved
to be the least efficient (0.92; Fig. 18).

The different dietary lipids offered to the fry had
highly significant (P < 0.01) effect on their body composition
(Fig. 19). The moisture content ranged between 72.17(D9) and
73.26% (D6).

Maximum body protein (61.70%) was recorded in fish fed
the diet containing a mixture of plant oils alone (D11). This was
however not significantly different from the response of soyabean
oil diet (61.57%). The protein percentage recorded for diets with
ground nut oil (D3 = 61.26%), sardine oil (D5 = 61.24%), codliver
oil (D8 = 61.20%) and shark liver oil (D7 = 61.08) were not
significantly different from each other . The body lipid
percentage was highest for diet D9 (26.45%) with a mixture of
oils. But this was not significantly different from values
obtained for Diets D10 and D8 = 26.33 and Diet D5 = 26.20
(Fig.19). Ash content was highest in the fish group fed beef
tallow (14.76%) in the diet. The percentages of 14.46 and 14.37
obtained for groups fed on diet containing gingely oil and
sunflower oil (D4) were not significantly different. The
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first group supplied a diet with an oil mixture containing more
of animal oil (D10) had the lowest ash (13.42%) level.

The nutrient retention also varied significantly
(P ( 0.01) with the different oils included in the diets. The
maximum retention efficiency for protein was obtained with diet
D9(24.5%). The values for diets D10 (23.2%) D11 (23.6%) and D5

(23.2%) were not significantly different. Diet with beef tallow
recorded a value of only 15.3% (Fig.18). A wide variation in
lipid retention efficiency was noted when different sources of
lipid were employed in the diets. Oil mixtures containing both
plant and animal lipids were retained better D9 = 79.6%, D10 =
79.3%-Diets with plant oil mixture (D11 = 76.2%),codliver oil (D8
= 74.3%) and soyabean oil (D2 = 75.2%) recorded a performance
which did not vary significantly. Lipid retention efficiency was
least (47.1%) when beef tallow was the lipid source.

Good protein digestibility was recorded for diets D8
with cod liver oil (89.45%), D9 with more of plant lipids in the
mixture (89.24%), D5 with sardine oil (89.21%) and D2 with
soyabean oil (89.04%; Table XVI). Highest digestibility
coefficient for lipid (96.16%) was obtained when fed the diet
with cod liver oil. The oil mixture in diet D9 gave an apparent
digestibility coefficient of 95.49%. Sardine oil was also well
digested (coefficient = 95.32%). The digestibility coefficient
was very poor (76.31%) in the case of beef tallow.
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4.3.3. Field trial of compounded feeds

The abiotic conditions that prevailed in the pond during

the seven week experimental period were: salinity 14 1 2.5ppt,
temperature 30.5: 2.1°c and pH 7.85 i 0.20.

Five compounded diets were offered to five duplicate
groups of fishes. Percentage survival was above 90 in all cases,
97% being recorded for diet D1. The maximum gain of 1289 mg was

obtained for diet D1. This was followed by diet D5 (1247 mg) and
diet D3 (1208 mg; Table XVII). The weight gained by the fish in
treatments were over twice that recorded in the control (unfed)
groups. The percentage wet weight gain was 520 for D1 as against
230 for unfed control (Fig.20). Diet D4 produced a weight gain
of only 430%. The condition factor of fishes fed on different
diets were 1.61 for D1, 1.49 for D3, 1.47 for D5, 1.31 for D2 and
1.28 for D5. In the unfed group it was 1.03. The relative daily
weight gain was better for D1 (10.6%) and D5 (10.3%) than that
for D4 (8.79%). The apparent conversion ratio was best (1.22) for
diet D1 followed by D5 with a value of 1.23. Diet D4 recorded a
comparatively poor conversion of 1.300. The gross conversion
efficiency for diet D4 was 77% as against 82% recorded for D1.

Analysis of stomach content of the unfed fishes revealed

remains of crustaceans (copepods/amphipods), nematodes, diatoms,
plant fragments etc.
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4.4. DISCUSSION

The growth potential of a fish is influenced to a great
extent by the food quality (Pandiyan, 1967). The fry of Liza
parsia exhibited feed preferences when a variety of diets,
formulated from a host of natural sources, were offered. The
findings of these experiments are discussed based on the relative
nutritive value of the feed stuffs.

4.4.1. Nutritive Value of Protein Sources

The plant sources studied were ground nut cake (D1)
soyabean meal (D2) and algal meal - Spirulina (D3). Among these
groundnut oil cake seems to be a better protein source as it
turned out the maximum survival and growth of fish besides good
conversion of ingested food and protein. However the condition
factor did not reveal any significant difference between the
diets (D1, D2 and D3). The poor conversion value for the fish
group fed on diet with algal meal reflected on the weight gain
and the protein efficiency ratio. Body protein content in fishes
fed plant proteins (D1, D2 and D3) was less compared to those on
animal protein diets. The percentage lipid was almost the same
in all the groups fed plant proteins and it was slightly higher
than that recorded for other groups. The mixed protein
sources diets (D6, D7 and D8), the fish meal diet (D4) and the



groundnut diet (D1) retained more of the nutrient as they were
better digested.

Groundnut cake seems to be a plant protein source fairly
accepted by Liza parsia. All the perfomance parameters discussed
earlier point out this fact. Das (1976) has also identified
groundnut cake as a highly preferred feed stuff for grey mullet
Mugil cephalus. In tilapia Sarotherodon mossambicus (Jackson 31
al. 1982) groundnut cake was found to be an accepted protein
source but at low inclusion levels. However, Wu and Jan (1977)
reported poor growth in Tilapia aurea when fed on an all
groundnut protein diet. The deficiency of methionine and lysine
in the ingredient is a limiting factor for maximum utilization.

Soyabean meal is used extensively, next only to fish
meal, in commercial feeds, because of its high nutritive value
and palatability (Robinson and Daniel, 1987). In the present
experiment on Liza parsia a fairly good weight increment was
recorded with soyabean meal in the diet inspite of a slightly
greater mortality. The protein digestibility was lower to that
of groundnut cake, probably indicative of a partial trypsin
inhibition. Soyabean meal was used successfully in feeding
salmonids as a substitute for fish meal when the lacking amino
acids were supplemented (Dabrowska and Wojno, 1977; Smith, 1977).

However there are many reports on inferior growth rates when fed
soyabean meal in the diets. Davis and Stickney (1978) reported a
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32% decrease in growth rate and Wu and Jan (1977) recorded a 27%

decrease when soyabean was the protein source instead of fish
meal in the diets of Tilapia aurea. Poor growth was also noted
in plaice and carp (Cowey 33 El., 1971; Dabrowski and Kozak,
1979; Viola 31 al., 1983). The trypsin inhibitor in soyabean
is responsible for its poor utilization because it interferes
with the protein digestion (Smith, 1971; Dabrowski and Kozak,
1979). But Nose (1971), Atack and Matty (1979) and Atack 31 El.
(1979) found unimpaired protein digestibilities and obtained
biological value of soyabean meal as high as those of fish meal.
The principal conclusions on soyabean meals arrived at by Viola

31 _al; (1982) are that it is deficient in available energy and
lysine in addition to methionine. These deficiencies can be
remedied by proper supplements of oil and amino acids.

The use of unicellular algal meal as feed for warmwater
fish has been reported by several workers (Terao, 1960; Ahmad,
1966 ; Stanley and Jones, 1976 ; Meske and Pruss,
1977). The species usually employed for the meal are Chlorella,
Scenedesmus, Spirulina, Euglena, Oocystis and Micratinum. In
general the dried cell material of most algae contain 50 to 65%
protein (Tamiya, 1975) but the cost of production hampers large
scale utilization. Digestibility of algae is lower than that of
fish meal but comparable to other vegetable protein sources
(Hepher 31 al., 1979). Although the algal diet was well accepted,
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the poor growth in 5; parsia could be attributed to amino acid
limitation as pointed out by Atack and Matty (1979) in trouts.
The inferior performance of the algal diet in E; parsia can also
be due to the lower digestibility recorded. A similar
observation has been made earlier by Hepher and co-workers
(Hepher gt gl.,1979) when identifying alternate protein sources.

As in the present study, low protein effeciency ratio
has been reported in mirror carp fingerlings for the same species

of algae (Atack 31 al., 1979). The proximate composition of gold­
spot mullet fed the algal incorporated diet showed a higher
percentage of fat and lower protein levels. In black seabream
and yellowtail (Nakagawa 31 al., 1984,1985) also algal diets
induced lipid accumulation. It seems, more energy from the diet
is channelized for synthesis of lipid. This may be one of the
reasons for excess fat being deposited in edible tissues. Algal
meal though a good source in terms of protein content does not
seem to be an ideal one for use in diet as a major component.

The dominance of fish meal in feeds of cultivated fishes

has challenged nutritionists for many years. Successful
replacements by other protein feed stuffs have been reported,
mostly of animal origin: milk or whey powder (Meske et al.,
1977), feather meal and meat meal (Tiews 31 al., 1976), krill
meal (Pfeffer and Meske, 1978), single cell protein (Atack 31
al., 1979) and algal meal (Sandbank and Hepher, 1978). But most



of these items are scarce or as expensive as fish meal. On the
other hand most attempts to replace fish meal by plant proteins
like soyabean meal have led to reduced growth and low food
conversion rates in carp and other fishes (Nose, 1971; Koops 31
gl., 1976; Atack and Matty, 1979; Atack et al., 1979). Growth,
food conversion, protein efficiency ratio and protein retention
data suggests fish meal to be the best source of protein for E;
parsia fry. The utilization of fish meal by the fry indicates
that the essential amino acid content in the ingredient is quite
well balanced to the requirements of the mullet.

The quality of shrimp meal determines how best the
ingredient could be incorporated in the diets of E; parsia. The
mullet fry does not seem to relish this protein source as
revealed by the poor growth and conversion. The proximate
composition of the animal also gave an indication of the poor
quality of the meal. The high ash content can be attributed to
this. Care should be taken in its inclusion as an ingredient for
it may affect pellet stability too (New, 1987).

Diets with mixed protein sources offered to the mullet
in the present study proved superior to the diets based on
individual protein sources. Equal proportions of animal and
plant proteins seemed to be the best formulation for the young
ones of Liza parsia. The groups of fishes fed on the above diet



ranked better as regards growth, conversion efficiency, protein
efficiency and nutrient retention. The digestibility coefficient
also was better than that recorded for the counterparts offered
mono dietary sources-Mathavan 31 El. (1976) also observed in
Oreochormis mossambica that supplementation of animal matter to
vegetable food increased the digestibility fraction, thereby
improving growth performance. Pandiyan and Vivekanandan (1985)
have also established that when fed exclusively on plants or
detritus, the absorption efficiency of herbivores/detritivores
was lower than that recorded for carnivores. The higher
absorption efficiency exhibited by a herbivore when fed
exclusively on an animal diet and the high protein requirement
suggest that animal matter is essential for herbivorous and
detritivorous fishes and that these fishes neither will nor can
consume and absorb a sufficient quantity of plant/detrital
material to meet their metabolic energy demands (Menzel, 1959;
Kitchell and Windell, 1970).

The main protein source suitable for fish feed must have
high protein content because of the higher protein requirements
of fish especially in the younger stages. Thus animal and plant
protein sources have been used in various combinations. For fast
growing animals, the protein which contains essential amino acid
in such a balance as those found in protein of growing animal is
evaluated as high in quality (Nose,1970). The essential amino
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acid composition of whole body has been revealed to be remarkably

similar between freshwater/seawater fish and between egg, yolk
sac, fry and fingerlings (Halver, 1957a). Fish meal showed
similar patterns in essential amino acid contents as the fish of
low or high fat content, from freshwater/seawater origin (March

1967). Thus fish meal can be the animal protein of best
quality for most fishes. Other proteins show specificity in that
their amino acid composition is different from that of whole
fish. Therefore, these materials should be used in combination
with fish meal to ensure well balanced amino acid composition.
In conclusion, it could be stated that a combination diet
incorporating plant and animal sources is ideal for rearing the
fry of Liza parsia.

4.4.2. Nutritive value of lipid sources

Though the use of lipid is widely recommended in fish
feeds, most commercial formulations conveniently avoid oil
supplements because the individual feed stuffs constituting the
diet contain a good percentage of lipids. Moreover it has also
been noted that the natural foods of mullets (Quasim, 1972;
Kurian, 1975) contain appreciable percentage of lipids. As fats
with high melting point are poorly absorbed, fish oil and
vegetable oils are commonly used singularly or in combination in
the fish diets. Several species of oils have been used for



feeding the fry in this experiment. The relevance of the
findings in formulation of starter diets have been discussed
irrespective of the fact that only few attempts have been made
earlier in comparing the nutritive value of natural lipid
SOUPCGS .

The vegetable oil sources tested were gingely oil,
soyabean oil, groundnut oil and sunflower oil. Among these,
soyabean oil evoked the best growth response with better FCR and

PER, though morta lity was slightly more than that observed in
fish groups fed diet with groundnut oil. Higher body protein was
also recorded in these fishes. The efficient utilization of
soyabean oil as an energy source would have spared protein for
growth. That the other oils were not as efficient in sparing
protein was indicated by the fact that their'body protein levels
were comparatively lower even as the diets were almost
isocaloric. Sin (1973 ) had earlier found a protein sparing
effect by soyabean oil in small carps. The lipid retention
efficiency in the case of soyabean fed fishes was high and this
preferential response can be attributed to the higher content of
n-3 series fatty acids (about 6.8% of the lipid) in this oil
(New, 1987). Groundnut, ginge ly and sunflower oils had very
little amount of the n-3 fatty acids (Shephard El 31., 1978).
Among the animal oils tested cod liver oil and sardine oil
induced the best growth, FCR and PER. Body protein was also high



in these groups. Similar observations have been made in channel

catfish groups fed fish oils (Dupree_et.al., (1979). Protein
and lipid retention efficiency was also superior in fish fry fed
codliver oil and sardine oil. Hardy 31 El. (1979) found heavier
pacific salmon when fed codliver oil compared to beef tallow.
The improved performances of codliver and sardine oil can be
primarily related to the high amount of n-3 fatty acids in them
(Chandge, 1987), especially because energy would not have been a

limiting factor. The relative drops in response to shark liver
oil in diet is probably due to the large quantity of squalene it
contains, inspite of high essential fatty acid levels. Its
growth inhibiting effect in fish has been demonstrated by Kayama
(1964). Beef tallow is found to be a poor dietary source for
Liza parsia due to the low levels of poly unsaturated fatty acids
in it. (Stickney and Mc Geachin, 1985). Besides poor
digestibility due to high melting point, as observed in this
mullet, has been reported earlier (New, 1987). Stickney and Mc
Geachin (1985) has recorded that tilapia grew slowly when fed a
diet containing 10% beef tallow. This observation has been
related to the low levels of poly unsaturated fatty acids in the
diet.

The diet containing a mixture of sardine oil, groundnut
oil and soyabean oil was the best among the diets tested in this
experiment. The combination of shark liver oil, sardine oil and



groundnut oil was superior to the diet incorporating a mixture of
plant oils alone - gingely oil, soya bean oil and groundnut oil.
Growth and its related parameters, the nutrient retention
efficiencies etc., point out the superior performance of the
diets incorporating oil mixtures. The increased digestibility of
lipids when fed in combination resulted in better food conversion
and protein efficiency ratio. Even though the apparent
digestibility of plant lipids is poor (Takeuchi 31 al., 1979) the
values could be improved with the addition of marine lipids which
contain n-3 highly unsaturated fatty acids. Recent
investigations (Read 1981, Chandge, 1987) have established that a
mixture of plant and marine lipids are more effective than only
animal or plant lipids for promoting growth in prawns.

Farmed fish seem to accumulate more lipids than wild
ones (Love, 1970; Barnabe, 1980; Oshima _t §i., 1982) and this is
associated with a fall in food conversion (Bromley and Smart,
1981). Moreover, it is increasingly evident that alterations in
dietary lipid can lead to changes in a variety of cellular and
sub cellular enzymes and functions which may be related to
differences in fatty acid composition produced within tissue
structures by dietary means (Holman, 1964). Hence a judicious

selection of natural lipid sources is warranted. In E; parsia it
is concluded that the lipid additive should include both plant
and marine oils for better performance.
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4.4.3. Nutritive evaluation of compounded feeds in field
conditions

In the pond trial with E; parsia five compounded feeds
were tested. In addition to the sources identified in the
previous experiment, coconut cake, mangrove leaves (Avicennia
officinalis), tapioca (Cassava) powder and wheat flour were
employed in the formulation. They were identified as the locally
available cheap ingredients to keep the cost of the diet low. An
unfed control group of animals were also maintained.

The survival rates observed in all groups were above
90%. The wholesome diet D1 incorporating all the mentioned
ingredients, maintaining a protein level of about 35% resulted in
the best weight increment. A similar diet (D5) but for the
exclusion of mineral and vitamin mixture produced almost
equivalent weight gains. This brings to light the non­
essentiality of these two costly components of the diet when
supplementary feeding is adopted. Probably the minimal
requirements are met from the natural food available to the fry
in culture ponds as well as from the mixed ingredients included
in the diet. Thus if the food productivity of the pond and the
composition of the ingredients in the feeds are known addition
of vitamins and minerals in diets can be avoided. The diet D3
wherein the animal protein sources were completely replaced by
plant ingredients, not much of a change was recorded compared to
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diets D1 and D5. This observation seems questionable especially
because conclusions to the contrary were drawn in the experiment

to identify the protein sources. It can be explained that,
again, the fry may be meeting its requirement of animal proteins
by feeding on the zooplankton in the water body. This was
confirmed by microscopic examination of gut contents when remains

of animal origin were detected. Performance was poor when
coconut cake was replaced by more of mangrove leaves in the diet

(D2). Probably the digestibility is affected in the fry when
fibrous component in the diet is increased. Proximate analysis
of the feed had indicated a greater percentage of fibre. Too
much fibrous material in the diet has been reported to lower feed
efficiency (Cruz, 1975). This is more so because the
experimental animals were in the fry stage. One mechanism
believed to account for this effect is, dilution of nutrients in
the ration by the indigestible fraction. Another probability is
that fibrous materials, which are structural carbohydrates in
plant feed stuffs, prevent digestive enzymes from acting upon the
digestible fraction of the feed (Ellis and Pfander, 1958).

The performance of Diet D4 was the poorest. This can be
attributed mainly to the lowering of the protein content and
higher inclusion level of carbohydrate in this diet. Probably
the titre of amylase in the young animal is insufficient to fully
digest the carbohydrate. Thus among the diets, D5 seems to be an
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adoptable formulation for commercial application cost-wise and
efficiency-wise. However, it is interesting to note that unfed
animals could gain around one third the weight obtained in the
fed groups. Hence, if some school of thought holds that
artificial feeding is not necessary; it is prerogative to
demonstrate to them that additional feeding would double or
treble the gain during the same span of time. This is amply
demonstrated in the present experiment.

If one can characterize the total biota of the culture
environment, well enough to model the ecosystem, then natural
food organisms may be identified, characterized and certain ones
encouraged to grow so that artificial feeds can then be designed
truly to supplement the ration provided by natural forage.
Programming the seasonal availability of natural feeds and
integrating the formulated supplement into a total least cost
feeding regime made to meet the predetermined nutrient
requirements would result in truly technically and economically
sophisticated feeds and feeding regimes. (Webber and Huguenin,
1979). The ultimate challenge in fish husbandry still remains to
evaluate, modify and formulate commercial and potentially
available feed stuffs into aquaculture diets that provide for
optimum growth, food conversion and physical well—being of the
animal throughout its life cycle.



PART IV



S U M M A R Y

The aim of the study was to quantify the requirement of some of
the nutrients, identify some suitable protein and lipid sources
and to determine the suitability of some compounded feeds, all

for the successful rearing of the fry of Liza parsia in the
nursery phase.

A series of statistically designed feeding experiments in the
laboratory preceeded a pond trial of a few compounded diets.
The duration of the experiments ranged from 7 to 21 weeks and the
abiotic factors were monitored regularly. Food was offered at 7%

of the body weight to the fry maintained in the laboratory. The
response of the fry to the diets were guaged from survival,
growth, food utilization and biochemical indices.

To determine the protein requirement, isocaloric purified diets
incorporating graded levels of protein ranging from O to 60%, at
intervals of five, were fed to the fry for a period of 10 weeks.
Casein and gelatin were the main protein sources and the lipid
component of the diet came from cod liver oil and corn oil.
Dextrin was the carbohydrate source. Mineral and vitamin
mixtures were included to balance the dietary composition. The
animals clearly elicited response to varying quantity of protein
in the diet. Based on growth, food conversion, protein
utilization, digestibility and nutrient retention, the optimum
level of dietary protein for the fry seems to be around 40%. It
was also found that excretion of ammonia by the fry was directly
related to the level of protein in the diet.

A ten week experiment was conducted to determine the optimum
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level of lipid required in the diet of Liza parsia. lsocaloric,
isoproteic diets were fed to the fry. The protein in the diet
was fixed at 40% and the lipid levels ranged from O to 12 at
intervals of 2%. Corn oil and cod liver oil were used in equal
proportions. A well defined gradation was observed in the weight
gains as the lipid level in the diet increased. Conversion
efficiency $150 showed a similar trend. The retention
efficiencies and digestibilities were better in the range 4-8%
lipid levels. Considering the cummulative effects of all the
aspects studied, a dietary lipid level of 6-8% is suggested for
mullet fry.

Two experiments were conducted simultaneously for twenty one
weeks; to determine the qualitative requirement of the major
water soluble vitamins and to determine the optimum level of
incorporation of the vitamin mixture in the diet. The deletion
technique was adopted to determine the essentiality of choline,
inositol, ascorbic acid, nicotinic acid, pantothenic acid,
riboflavin, thiamine and pyridoxine. Survival was poor when
riboflavin and niacin were deleted. Niacin deletion also
resulted in poor growth. The food conversion was low when
pyridoxine and niacin were excluded. Protein efficiency ratio
was maximum affected when pyridoxine was not included in the
diet. Body composition and nutrient retention efficiency data
also prove the essentiality of the vitamins. A host of clinical
symptoms associated with vitamin deficiency was recorded. They
included anorexia , erratic movements, photophobia, fin
degeneration, body lesions, haemorrhagic damage etc. The chara­
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cteristic deficiency symptoms observed were corneal opacity for
riboflavin, gill damage for pantothenic acid and scoliosis/
lordosis in the case of ascorbic acid. Histopathological and
haematological observations were also made.

The optimum level of vitamin mixture to be included in the fish
diet was also determined by incorporating the mixture at 0.5, 1,
1.5, 2 and 2.5% in the diet. Data on growth response, conversion
efficiency and nutrient retention indicate vitamin levels of 1.5
to 2% is adequate in the diet. It is recommended that the
vitamin level in the purified diet should not be below 1%.

A seven week experiment was conducted with diets containing
selected protein sources. In all, three plant protein sources
(groundnut cake, soyabean meal and algal meal) two animal protein
sources (fish meal and prawn waste) and three combination of
sources were tested. The protein content of the diets were fixed
at 40%. Groundnut cake was identified as better among the plant
sources and fish meal among the animal sources. The combination
diets offered to the mullet proved to be superior to the diets
based on individual feed stuffs. It is therefore suggested that
equal proportion of plant and animal proteins (especially fish
meal) be included when compounding diets.

The nutritive evaluation of a variety of lipid sources was
completed in a seven week experiment. The plant oils tested were
gingely, soya, groundnut and sunflower. The animal oils were
from sardine, shark liver, cod liver and beef tallow. The mixed
oil diets were of the following combination: sardine oil, ground­
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nut oil, soyabean oil; shark liver oil, sardine oil, groundnut
oil; and gingely oil, soyabean oil, groundnut oil. Cod liver oil
and sardine oil were found to be better among the individual
sources followed plant oil from soyabean. The diet containing
the mixture of sardine oil, groun nut oil and soyabean oil was
the best among the diet tested. It is recommended that a mixture
of plant and marine oil should be used as lipid sources while
compounding diets for mullet fry.

The pond trial was conducted over a period of seven weeks to test
the efficacy of five formulated diets. The mullet fry were
reared in velon hapas fixed in brackishwater ponds. Diets were
tested in duplicate and the fishes were offered a daily ration of
4% body weight. The ingredients used in the diet preparation
were groundnut cake, gingely cake, coconut cake, rice bran,
mangrove leaves, fish meal and prawn waste. Tapioca powder and

wheat flour were mainly intented as binders. The protein content
of the diets was kept at 35% except for a lower protein diet were
it was 28%. The diet incorporating all the mentioned
ingredients, maintaining protein level at 35% provided the best
weight gain. Exclusion of minerals and vitamins from diets
applied in field condition did not seem to drastically affect
growth. When plant ingredients alone was provided to the fry it
was equally accepted under pond conditions. Lowering of protein
in the diet induced a drop in weight gain of the fry in the pond.
when no supplementary feed was provided, hardly 1/3 rd growth was

recorded as compared to the wholesome diet with the protein level
of 35%. This outlines the importance of artifical feeding in the
nursery phase of Liza parsia.



PART V



R E F E R E N C E S

ADRON, J.W., A.BLAIR, C.B.COWEY and A.M.SHANKS, 1976. Effects of
dietary energy level and dietary energy source on
growth feed conversion and body composition of turbot
Scopthalmus maximus L. Aquaculture, 7:125-132.

ADRON, J.W., D.KNOX, C.B.COWEY and G.T.BALL, 1978. Studies on thenutrition of marine flatfish. The pyridoxine
requirement of turbot (Scophthalmus maximus). Br. J.Nutr., 40:261-268. ’TT' "T

SAGRAWAL, N.K., C.J.JUNEJA and C.L.MAHAJAN, 1978. Protective role
of ascorbic acid in fishes exposed to organo chlorine
pollution Toxicology, 11:369-375.

AGRAWAL, N.K., and C.L.MAHAJAN, 1980. Haematological changes due
to Vitamin C deficiency in Channa punctatus Bloch.
J.Nutr., 110:2172—2181.

AHMAD, M.R., 1966. Observation on the effect of feeding Labeo
rohita (Ham.) with Microcystis aeruginosa (Kutz.)
Hydrobiol., 29:388-392.

‘ALBERTINI - BERHAUT, J., 1974. Biologie des stages juveniles de
Teleosteens Mugilidae Mugil auratus Risso 1810, Mugil
capito Cuvier 1829 et Mugil saliens Risso 1810. II.
Modifications du regime alimentaire en relation avec la
taille. Aquaculture, 4:13-27.

ALBERTINI - BERHAUT, J., and F.VALLET, 1971. Utilization
alimentaire de l'uree chez les Muges. Tethys, 3(3):677­
680.

ANDERSON, R.J., E.W.KIENHOLZ and S.A.FLICKINGER, 1981. Protein
requirements of small mouth bass and large mouth bass.
J.Nutr., 111, 1085-1097.

ANDREWS, J.W., and T.MURAI, 1975. Studies on Vitamin C
requirements of channel catfish. (Ictalurus punctatus)
3; Nutr.., 105:557—561.

/ANDREWS,‘J.W., and T.MURAI, 1978. Dietary niacin requirements of
channel catfish. 3; Nutr.., 108:1508-1511.

ANDREWS, J.W., and T.MURAI, 1979. Pyridoxine requirements of
channel catfish. 1; Nutn., 109:533—537.

ANDREWS, J.W., M.W. MURRAY and J.M DAVIS, 1978. The influence of
dietary fat levels and environmental temperature ondigestibility and absorbability of animal fat in
catfish diets. 1; Nutr., 108(5) : 749-752.



ii

ANDREWS, J.W., and R.R. STICKNEY, 1972. Interaction of feeding
rates and environmental temperature on growth, food
conversion and body composition of channel catfish.
Trans. Am. Fish. Soc., 101:94-99.

AOAC., 1984. Official Methods of Analysis of the Association of
Official Agricultural Chemists. AOAC Wasington,D.C.
11th Edn., 1015p.

AOE, H., I. MASUDA, T. SAITOM, and A. KOMO, 1967. Water - soluble
vitamin requirements of carp. I. Requirement for 62.
Bull. Jpn. Soc. Sci. Fish., 33 : 355-360.

AOE, H., and I. MASUDA, 1967. Water soluble vitamin requirements
of carp — II. Requirements for p—amino benzoic acid and
inositol. Bull.Jpn.Soc.Sci.Fish.,33 : 674-680.

“AOE, H., I. MASUDA,T. MIMURA,T.SAITO, A.KOMO,and S.KITAMURA,1969.
Water — soluble vitamin requirements of carp VI.
Requirement for thiamine and effect of antithiamines.
Bull. Jpn. Soc. Sci. Fish., 35 : 459-465.

ARAI, S., T. NOSE, and Y. HASHIMOTO, 1972. Qualitative
requirements of young eels Anquilla taponica for water
- soluble vitamins and their deficiency symptoms. Bull.
(Tokyo) Fresh w. Fish Res Lab., 22 : 69-83.

ATHERTON, W.D. and A.AITKEN, 1970. Growth, nitrogen metabolism
and fat metabolism in Salmo gairdneri Rich. Comp.
Biochem. Physiol., 36:719-747.

ATACK, T.H., K.JAUNCEY and A.J.MATTY, 1979. The utilization of
some single - cell proteins by fingerling mirror carps
Cyprimus Carpio. Aquaculture, 18:337-348.

ATACK, T., and MATTY A.J, 1979. The evaluation of some single­cell proteins in the diet of rainbow trout. II. The
determination of net protein utilization, biological
value and true digestibility. In: J.E.Halver and
K.Tiews (Eds.), Finfish nutrition and fish feed
technology, I. Heeneman, Berlin, pp 263-273.

AUSTRENG, E., 1979. Fat levels and fat sources in dry diets for
salmonid fishes. In. J.E.Halver and K.Tiews(Eds.),Finfish nutrition and fish feed technology, 11.
Heenemann, Berlin, pp 313-328.

AUSTRENG, E., and T.REFSTIE, 1979. Effect of varying dietary
protein level in different families of rainbow trout.
Aquaculture, 18:145-156.



\_

‘BISHARA,

VBLABER,

TBLAXTER, J.H.S.,

'\.

iii

BAPAT, S.V., and D.V.BAL., 1952. The food of some young fishes
from Bom bay. Proc. Indian Acad. Sci (B) 35(2):78—92.

BARDACH, J.E., J.H.RYTHER and W.O.McLARNEY., 1972. Aquaculture,
the farming and husbandary of fresh water and marine
organisms. Wiley Interscience, New York. 868p.

BARNABE.G., 1980. Expose synoptique des donnees biologique sur le
loup ou bar - Dicentrarchus labrax (Linne, 1758).
Synopsis F.A.O.Sur les Peches, No. 126, pp 1-70.

BEAMISH, 1975. BioenergeticsF.W.H., A.J.NIIMI and P.F.K.P.LETT.,of teleost fishes: Environmental influences. In:
L.Bolis, H.P.Maddrell and K.Schmidt Nielsen (Eds.),
Comparative physiology-Functional aspects of Structural
materials. North Holland Publishing Company, Amsterdam,
pp. 187-209.

Effects of dietary protein
trout Salmo

BEAMISH, F.W.H.,
and lipid
gairdneri.

and E.THOMAS., 1984.
on nitrogen losses in rainbow

Aquaculture, 41:359-371.

BEARE, J.L., J.R.BEATON, E.W.McHENRY.,1953. Studies on Vitamin B
Carcass composition of Vitamin B6 deficient rat.
Chem., 202: 589-595.

in growth and survival
International

BERGSTROM, E., 1973. The role of nutrition
of young hatchery reared Atlantic salmon.

J.Biol

Atlantic salmon symposium 1972. The International
Atlantic salmon foundation, 4:265-282.

single cell
J.E.Halver andand fish feed

105-116.

1978. Experiments on the use of
proteins in Atlantic salmon diets. In:
K.Tiews (Eds.), Finfish nutrition
technology, II. Heeneman, Berlin, pp.

BERGSTROM, E.,

in Egypt by pond
13:361-367.

N.F., 1978. Growth
fertilization and feeding.

of Mugil cephalus
Aquaculture,

BLABER, S.J.M., 1976. The food and feeding ecology of Mugilidae
in the St.Lucia lake system.Biol.J.Linn.Soc.,8:267-277.

1977. The feeding ecology ofin South east African
9: 277-284.

S.J.M.,
juvenile
estuaries.

and A.K. WHITFIELD,
mullet (Mugilidae)
Biol.J.Linn.Soc.,

1974. B
herring.

and A.McQUEEN,
cultured

R.J.ROBERT.,F.BALBONTIN,
vitamin deficiency in

3: 387-394.
group
Aquaculture,

BRETT, J.R., and T.D.D GROVES, 1979. Physiological energetics.
In: W.S.Hoar and D.J.Randal1 (Eds.), Fish physiology,
Vol.8. Academic Press, New York, pp. 279-352.



iv

/BRETT, J.R., J.E.SHELBOURNE, and C.T.SHOOP, 1969. Growth rate andbody composition of fingerling sockeye salmon
Oncorhynchus nerka in relation to temperature and
ration size. J.Fish. Res. Bd. Can., 26: 2363-2394.

BRIN, M., 1967. Functional evaluation of nutritional status
Thiamine. In A.A. Albanese (Ed.), Newer methods of
nutritional biochemistry, Vol. III. Academic Press,
New York, pp. 407-445.

BROMLEY, P.J., and G.SMART., 1981. The effects of the major food
categories on growth, composition and food conversion
in rainbow trout (Salmo gairdneri Richardson).
Aquaculture, 23:325-336.

BROWN, M.E., 1957. Experimental studies on growth. In: E.M. Brown
(Ed.), The physiology of fishes, Vol.1. Academic Press,
New York, pp.361-400.

BUCKLEY, J.T., and T.D.D.GROOVES, 1979. Influence of feed on the
body composition of the body composition of finfish.
In; J.E Halver and K. Tiews(Eds.) Finfish nutrition and
fishfeed technology, 11. Heenemann,Berlin, pp. 335-344.

BUHLER,D.R., and J.E.HALVER, 1961. Nutrition of salmonid fishes
1X. Carbohydrate requirements of chinook salmon
J.Nutr., 74:307-318.

BURTLE, G.J., 1981. Essentiality of dietary inositol for channel
catfish. Ph.D. dissertation, 1981, Auburn University,
Alabama. 127 p.

’CASTELL,J.D., 1979. Review of lipid requirements of finfish. In.
J.E. Halver and K Tiews (Eds.) Finfish nutrition and
fishfeed technology, I. Heenemann, Berlin, pp.59-84.

CASTELL, J.D., D.E.CONKLIN, J.S.CRAIGIE, S.P.LALL and K.NORMAN—

BOUDREAU, 1981. Aquaculture nutrition. In: M. Bilio, H.
Rosenthal and C.J.Sinderman (Eds.), Realism in
Aquaculture — Achievements, Constraints Perspectives.
European Aquaculture Society, Belgium, pp. 251-308.

CASTLEDINE, A.J., and J .T.BUCKLEY, 1980. Distribution and
mobility of n-3 fatty acids in rainbow trout fed
varying levels and types of dietary lipid. 3; Nutr.110: 675-685.

CHAKRABARTI, N.M., H.C.KARMAKAR and A.K.ROY.1984. Observations
on the effect of supplementary feed on growth and
survial of grey mullet Liza parsia (Hamilton) fry in
brackishwater nursery ponds at Kakdwip. Proc. §ymp;
Coastal Aquaculture, 3: 797-802.



ICHAN, E.H., and T.E. CHUA.1979. The food and feeding habits ofgreen — back grey mullet, Liza subviridis
(Valenciennes), from different habitats and at various
stages of growth. 3; Fish. Biol ., 15: 165-171.

CHANDGE, M. S.,1987. Studies on lipid nutrition in larvae and
juveniles of the Indian white prawn Penaeus indicus H.
Mline Edwards. Ph.D thesis, 1987, Cochin University 31
Science and Technology, Cochin. 194 p.

CHIDAMBARAM,K., and G.KURIYAN., 1952. Notes on the Grey mullets(
Mugil spp.) of krusadai Island, Gulf of Mannar, A;
Bombay. Nat.Hist. Soc., 50 (3): 515-519.

CHING, c.v. 1977. Studies on the small grey mullet Liza
malinoptera (Valenciennes). 3; Fish. Biol.,11:293-308.

CHERVINSKI, J., 1976. Growth of golden grey mullet (Liza aurata
R.) in salt water ponds during 1974. Aquaculture, 7:
51-57.

CHO, C.Y., H.S.BAYLEY and S.J. SLINGER, 197A. Partial replacement
of herring meal with soya bean meal and other changes
in a diet for rainbow trout (Salmo gairdneri). J. Fish.Res. Bd. Can., 31(9): 1523-1528. '7'

CHO, C.Y., C.B. COWEY and T. WATANABE, 1985. Finfish nutrition in
Asia : methodological approaches to research and
development. IRDC., Ottawa, 154 p.

CHO, C.Y., S.J. SLINGER and H.S. BAYLEY, 1982. Bioenergetics of
salmonid fisheszenergy intake, expenditure and
productivity. Comp. Biochem. Physiol. 73 B :25-41.

CHOW, B.F., 1964. The B Vitamins: B6, B12, Folic acid,
Pantothenic acid and Biotin. In : G.H. Beaton and E.W.
McHenry, (Eds.), Nutrition, Vol II. Academic Press,
New York, pp. 207—26A.

CLANDININ,M.T., M. FOOT and L. ROBSON, 1983. Plasma membrane:
can its structure and function be modulated by dietary
fat ? Comp Biochem. Physiol. 76 B: 335-339.

CMFRI., 1982. Manual of research methods for fish and shellfish
nutrition. CMFRI. Special Publication No.8. 125 p.

COATES, J.A., and J.E HALVER, 1958. Water soluble vitamin
requirements of silver salmon. U.S.Fish. Wildl. Serv.
Spec. Sci.Rep. Fish., 281.9p.



vi

CONKLIN, D.E., K. DEVERS and C. BORDNER, 1977. Development ofartificial diets for the lobster Homarus americanus
Proc. World Maricult Soc.8th Annual Meeting San Jose,
Costa Rica, Jan 9-13, 1977., 231-245.

COWEY, C.B., 1975. Aspects of protein utilization by fish.
Proc.Nutr. Soc., 34: 57-65.

COWEY, C.B., 1981. The food and feeding of captive fish. In:
A.D. Hawkins (Ed.) Aquarium Systems. Academic Press,
London. 452p.

COWEY, C.B., J.W. ADRON, A. BLAIR and J. POPE, 1970. The growthof O-group plaice on artificial diets containingdifferent levels of protein. Helgol.Wiss.
Meeresunters., 20:602-609;

COWEY, C.B., J.W. ADRON, A. BLAIR, and A.M. SHANKS, 1974. Studieson the nutrition of marine flatfish. Utilization of
various dietary proteins by plaice, Pleuronectes
platessa. BE; 1; Nutr.,31:297-306.

COWEY,C.B., J.W.ADRON, and D.A. BROWN, 1975. Studies on the
nutrition of marine flatfish. The metabolism of glucose
by plaice (Pleuronectes platessa) and the effect of
dietary energy source on protein utilization in plaice.
Br. J.Nutr., 33:219-231.

COWEY,C.B., J.W.ADRON,D. KNOX and G.T.BALL, 1975. Studies on the
nutrition of marine flatfish. The thiamine requirement
of turbot Scopthalmus maximums. Br.J.Nutr.. 34:383-390.\_

'COWEY,C.B., and P.LUOUET, 1983. Physiological basis of protein
requirement of fishes. Critical analysis of allowances.
In: M. Arnal., R. Pion 8 D. Bonin (Eds.), Protein
Metabolism and Nutrition,Vol.l.INRA.,Paris, pp.365-384.

-cowev, C.B., A.M. MACKIE and J.G.BELL, 1985. Nutrition and
feeding in fish. Academic Press,London, 489p.

COWEY,C.B., J.A. POPE, J.W.ADRON and A.BLAIR, 1971. Studies on
°the nutrition of marine flatfish. Growth of the plaice
Pleuronectes platessa on diets containing proteins
derived from plants and other sources. Mar.Biol.,10:145-153. ‘T’

COWEY,C.B., J.A.POPE, J.W.ADRON and A.BLAIR, 1972. Studies on the
nutrition of marine flatfish. The protein requirement
of plaice Pleuronectes platessa.Br.J.Nutr.,28 :447—456.

COWEY, C.B., and J.R.SARGENT, 1972. Fish nutrition. Adv. mar.
Biol. 10: 383-492.



COWEY, C.B., and J.R. SARGENT, 1977. Lipid nutrition in fish.
Comp. Biochem. Physiol., 57B: 269-273.

COWEY, C.B., and J.R.SARGENT, 1979. Nutrition. In: W.S.Hoar,
D.J. Randall and J.R. Brett (Eds.), Fish physiology.
Bioenergetics and growth Vol. VIII. Academic Press, New
York, pp.1-69.

CRUZ, E.M., 1975. Determination of nutrient digestibility in
various classes of natural and purified feed materials
for channel catfish. Ph.D. Dissertation. 1975,Auburn
University, Alabama, 88p.

DABROWSKA, H., and T.WOJNO, 1977. Studies on the utilization by
rainbow trout (Salmo gairdneri) of feed mixtures
containing soyabean meal and an addition of amino
acids. Aquaculture, 10:297-310.

DABROWSKI,K., 1977. Protein requirements of grass carp fry
(Ctenopharyngodon idella Val.) Aquaculture, 12: 63-73.

DABROWSKI,K., and B.KOZAK, 1979. The use of fish meal and
soyabean meal as a protein source in the diet of grass
carp fry. Aquaculture, 18: 107-114.

DALGLIESH, C.E., 1956. Interrelationships of tryptophan,
nicotonic acid and other B vitamins. Brit. Med. Bull.,
12:49-51.

DAS, H.P., 1976. Feeding experiment on grey mullet, Mugil
cephalus. Mahasagar, 9:1—2.

DAVIS, A.T., and R.R.STICKNEY, 1978. Growth responses of Tilapia
aurea to dietary protein quality and quantity. Trans.
Am. Fish. Soc., 107: 479-483.

DAY, F., 1878. The fishes of India. Bernard Quaritch, London.

'DEGANI, o., A.HOROWITZ and D.LEVANON, 1985. Effect of protein
level in purified diet and of ammonia density and
Oxygen level on growth of juvenile European eel

- Anguilla anguilla L. Aquaculture, 46:193-200.

TDELONG, D.C., J.E.HALVER and W.T.YASUTAKE, 1958. A possible cause
of sunburn in fish. Prog. Fish. Cult., 20:111-113.

DELONG, D.C., J.E.HALVER and E.T.MERTZ., 1958. Nutrition of
salmonid fishes VI. Protein requirements of chinook
salmon at two water temperatures. J.Nutr., 65:589-599.

DESHIMARU, 0., K.KUROKI and Y.YONE., 1982. Suitable levels of
lipids and ursodesoxycholic acid in diet for yellow
tail. Bull.Jap.Soc.Sci Fish. 48(9):1265-1270.



viii

DESIKACHAR, H.S.R., and E.W.McHENRY, 1954. Some effects of B6
deficiency on fat metabolism in rats. Biochem., 56:
544-547.

DE SILVA, S.S., and P.A.B.PERERA, 1976. Studies on the young grey
mullet Mugil cephalus L. I. Effects of salinity on food
intake, growth and food conversion. Aquaculture, 7:
327-338.

DE SILVA, S.S., and M.K.PERERA, 1985. Effects of dietary protein
level on growth, food conversion and protein use inyoung Tilapia nilotica at four salinities.
Trans.Am.Fish. Soc.., 114: 584-589.

DE SILVA, S.S., and M.J.S.WIJEYARATNE, 1977. Studies on the
biology of young grey mullet Mugil cephalus L. II. Food
and feeding. Aquaculture, 12: 157-167.

DICONSTANZO,G., G.DUPORTAIL, A.FLORENTZ and C.LERAY, 1983. Thebrush border membrane of trout intestine - influence
of lipid composition on ion permeability, enzyme
activity and membrane fluidity.Mol.Physiol.,4: 279-290.

DUPREE, H.K., 1966. Vitamins essential for growth of channel
catfish.Tech. Pap. US. Bur. Sport. Fish. Wildl.,7:1-12.

DUPREE, H.K., 1969. Influence of corn oil and beef tallow on
growth of channel catfish. Tech. Pap. US. Bur. Sport.
Fish. Wildl., 27: 3-13.

DUPREE, H.K., E.J.GAUGLITZ, A.S.HALL, and C.R.HOULE, 1979.
Effects of dietary lipids on growth and acceptability
(Flavour) of channel catfish (Ictalurus punctatus). In:
J.E Halver and K. Tiews (Eds.), Finfish nutrition and
fishfeed technology II. Heenemann, Berlin, pp. 87-103.

DUPREE, H.K, and K.E.SNEED, 1966. Response of channel catfish
fingerlings to different levels of major nutrients in
purified diets: Bureau Sport Fisheries and Wildlife;
U.S. Dept. Int., Tech. paper No. 9. 21 p.

DURBIN E:D., and A.G. DURBIN, 1981. Assimilation efficiency and
nitrogen excretion of a filter feeding planktivore, the
Atlantic menhaden, Brevoortia tyrannus (Pisces:
Clupeidae). Fish. Bull., 79: 601-616.

DURVE, V.S., and R.T. LOVELL, 1982. Vitamin C and disease
resistance in channel catfish. Can. ,1; Fish. Aguat.Sci. 39: 948-951.

EGGUM, B.O., 1970. Blood urea measurement as a technique for
assessing protein quality. Br. 3; Nutr., 24: 983-988.



ix

ELLIOT, J.M., 1976. The energetics of feeding metabolism and
growth of brown trout (Salmo trutta) in relation to
body weight, water temperature and ration size. J.Anim. Ecol., 45: 923-948. T"

ELLIOT, J.M., 1976. Energy losses in the waste products of brown
trout (Salmo trutta L.) A; Anim. Ecol., 45: 561-580.

ELLIS, W.C., and W.H. PFANDER, 1958. The influence of varied
cellulose and nitrogen levels upon ration digestibility
and nitrogen balance of lambs fed purified rations. J.Nutr., 65: 235-250. ‘­

FAH, S.K., and C.Y.LENG, 1984. Some studies on the protein
requirement of the guppy, Poecilia reticulata (Peters)
Journal of Aquaculture 8 Aquatic Sciences, IV (4): 79­
84.

FAO., 1983. Fish feeds and feeding in Developing countries.
UNDP/FAO, ADCP/REP/83/18, 97p.

FORBES, E.B., 1933. The law of maximum normal nutritive value.
Science (Washington D.C), 77: 306-307.

FROMM, P.O., 1963. Studies on renal and extra renal excretion in
freshwater teleost, Salmo gairdneri. Comp. Biochem.
Physiol., 10: 121-128.

FURUKAWA, A., and H. TUSUKAHARA, 1966. On the acid digestionmethod for the determination of chromic oxide as an
index substance in the study of digestibility in
fishfeed. Bull. Jap. Soc. Sci. Fish., 32: 502-508.

GARLING, D.L., and R.P. WILSON, 1976. Optimum dietary protein to
energy ratio for channel catfish fingerlings I ctalurus
punctatus A; Nutr., 106: 1368-1375.

GARLING, D.L., and R.P. WILSON, 1976. Effects of dietary
carbohydrate to lipid ratios on growth and body
composition of fingerling channel catfish. J. Nutr.,
106: 1368-1375.

GARLING, D.L., and R.D. WILSON, 1977. Effects of dietarycarbohydrate to lipid ratios on growth and body
composition of fingerling channel catfish. Prog. Fish.
Cult., 39: 43-47.

GARCIA, M., S.ZAMORA and M.A.LOPEZ, 1981. The influence of
partial replacement of protein by fat in the diet on
protein utilization by the rainbow trout (Salmo
gairdneri). Comp. Biochem. Physiol., 68 B: 457-460.



GASTLIN, D.M., and R.R. STICKNEY, 1982. Fall-winter growth of
young channel catfish in response to quantity and
source of dietary lipid. Trans. Am. Fish. Soc., 111:
90-93.

GERKING, S.D., 1955. Endogenous nitrogen excretion of blue-gill
sunfish. Physiol. Zool., 28: 283-289.

’cHosH, A.N., P.R. DAS and L.K. DAS, 1972. Experimental
observations on the food requirements of fry of Mugil
parasia Hamilton In: T.V.R. Pillay (Ed.), Coastal
Aquaculture in Indo-pacific region. Fishing News
(Books) Ltd. London, pp. 429-437.

GHOSH, A.N., M.K. MUKHOPADHYAY and G.N. CHATTERJEE, 1975.
Supplementary feeding as a tool for enchanced
production in mullet culture Mugil parsia (Hamilton).
J. Inland Fish. Soc. India., 8: 209-211.._——:n

GOPALAKRISHNAN, V., and A. GHOSH, 1976. The mullet resources of
the Hooghly- Matlah estuarine system in West Bengal,
India - A case study. IPFC Symposium on the Developmentand utilization of Inland fishery__Resources 17th
session, ColomboT_ Sri Lanka. 27-29 Oct 1976.,
IPFC/76/SYM/12. pp. 1-8.

GRAYTON, B.D., and F.W. BEAMISH, 1977. Effect of feeding
frequency on food intake, growth and body composition
of rainbow trout (Salmo gairdneri). Aquaculture, 11:
159-172.

GRIES, C.L., and M.L. SCOTT, 1972. The pathology of thiamine.
riboflavin, pantothenic acid and niacin deficiencies in
the chick. J. Nutr., 102: 1269-1286.

GUERIN-ANCEY, 0., 1976. Etude experimentale de l' excretionazotee du bar (Dicentrarchus labrax) encours de
croissance. II. Effets du jeune sur 1' excretion d'
ammoniac et d'uree. Aquaculture, 9: 187-194.

’HALVER, J.E., 1953. Fish diseases and nutrition. Trans. Am. Fish.
Soc., 83: 254-261.

HALVER, J.E., 1957 a. Nutrition of Salmonid fishes III. Water
soluble vitamin requirements of Chinook salmon.i;
Nutr., 62: 225-243.

HALVER, J.E., 1957 b. Nutrition of Salmonid fishes IV. An amino
acid test diet for Chinook salmon J. Nutr.,62: 245-254.

HALVER, J.E., (Ed.), 1972. Fish nutrition, Academic Press, New
York, 490 p.



HALVER,

HALVER,

HALVER,

HALVER,

HALVER,

HALVER,

HALVER,

HALVER,

HARDY,
with
Maricul.

.E.,

xi

Nutritional requirements of cold water fish.
Congr. Nutr., Mexico 1972, 3: 158-175.

1975.
Proc. 9th Int.

.E., 1976.
Board Can.,

Formulating practical diets for fish.
33: 1032-1039. 1;

Res.

.E.,

.E.,

.E.,

1979. Vitamin requirements of finfish. In: J.E
Halver and K. Tiews (Eds.), Finfish nutrition and
fishfeed technology, I. Heenemann, Berlin, pp. 45-58.

FAO,The Vitamins In: Fish feed technology,
pp. 65-103.

1980.
ADCP/REP/80/11,

cultivated
43-50.

The
Biochem.

required for
73 B(1):

Vitamins
Physiol.,

1982.
Comp.

J.E.,
salmonids.

Ascorbic acid
trout.

L.M.ASHLEY
requirements of
Am. Fish. Soc.,

and R.R. SMITH, 1969.
coho salmon and rainbow
98: 762-771.

.E.,

.E.,

technology,

Protein
trout

1964.
rainbow

BATES and E.T.
for sockeye salmon
Proc., 23 (1): 397.

L.S.
requirements
(Abstr.). Fed.

MERTZ,
and

1979. Finfish nutrition and
8 2. Proceedings of theNutrition and
June, 1978.

and K. TIEWS
fishfeed technology,
world symp. on

Hamburg,

(Eds.),
Volume 1

Finfish
20-23 Heenemann,

R.

Berlin.

A new dry diet
Proc. World

W., W.T. IWAOKA and E.L. BRANNON, 1979.
alternative oil sources for pacific salmon.

Fish

Trans.

Fishfeed

Soc., 10: 728-734.
HARPER, A.

HARTROFT,

HASHIMOTO,

‘HASHIMOT0,

HASTINGS,

on
43:

in protein intake
Can. A; Biochem.,

E., 1965. Effect of variations
enzymes of amino acid metabolism.
1589-1603.

C.Rouller (Ed.),
Physiology Vol.2.

W.S., 1964.
The liver Morphology,
Academic press, New York,

Experimental cirrhosis In:
Biochemistry,

pp. 477-514.

Y., 1975. Nutritional requirements of warm water fish.
Proc. 9th Int. Congr. Nutr., Mexico, 1972. pp. 158-175.

1970.
in the eel.Thiamine deficency

Bull. Jpn.
Y., S. ARAI and T. NOSE,

symptoms experimentally induced
Soc. Sci. Fish., 36: 791-797.

O.W Neuhaus and J.E
Academic press, New

1969. Nutritional Score. In:
(Eds.), Fish in Reasearch.

pp. 263-292.

W.H.,
Halver
York,



xii

HEPHER, B., E. SANDBANK and G. SHELEF, 1979. Alternative proteinsources for warm water fish diets. In: J.E. Halver and
K. Tiews (Eds.), Finfish nutrition and fish feed
technology, I. Heenemann, Berlin, pp. 327-342.

~HERMAN, R.L., 1985. Histopathology associated with pyridoxinedeficiency in atlantic salmon (Salmo salar).
Aquaculture, 46:173-177.

HIGUERA, M. A. MURILLO, G. VARELA and S. ZAMORA, 1977. Theinfluence of high dietary fat levels on protein
utilization trout (Salmo gairdneri). Comp. Biochem.Physiol., 56 A: 37-41. 3

HILTON J.W., C.Y. CH0 and S.J. SLINGER, 1978. Effect of graded
levels of supplemental ascorbic acid in practical diets
fed to rainbow trout (Salmo gairdneri). J. Fish. Res.Board. Can., 35: 431-436. "7

HOLMAN, R.T., 1964. Nutritional and metabolic inter-relationships
between fatty acids. Federation Proc., 23: 1062-1065.

HOUDE, D., S. BERKELEY, J. KLINOVSKY and R. SCHEKTER, 1976.
Culture of the larvae of the white mullet Mugil curema.
Aquaculture, 8: 365-370.

HUET, M., 1980. Traite de Pisciculture, Article III. pp.369.
HUGHES, S.G., R.C. RIIS, J.G. MICKUM and G.L RUMSEY, 1981.

Bimicroscopic and histological pathology of the eye in
riboflavin deficient rainbow trout (Salmo gairdneri).
Cornell. Vet., 71: 269-279.

HUMANSON G.L., 1972. Animal Tissue Techniques. W H Freeman 8
Company, San Francisco. 274.p.

IWATA,K., 1970. Relationship between food and growth in young
crucian carps, Carassius auratus Cuvieri as determined
by nitrogen balance. Jpn. 1; Limnol.,31: 129-151.

JACKSON, A.J., B.S. CAPPER and A.J MATTY, 1982. Evaluation of
some plant proteins in complete diets for the tilapia,
Sarotherodon mossambica. Aquaculture, 27: 97-109.

JAUNCEY, K., 1981. The effects of varying dietary composition on
mirror carp (Cyprinus carpio) maintained in thermal
effluents and laboratory recycling systems. In:
Proceedings of World Symposium on Aquaculture in HeatedEffluents and Recirculation Systems, Vol. II.
Heenemann, Berlin, pp.247-261.

JAUNCEY, K., 1982. Carp (Cyprinus carpio) Nutrition — A review.
In: Recent Advances in Aquaculture. J.F. Muir and R.J.
Roberts (Eds.), Croom Helm, London, pp. 217-263.



xiii
,.

JAUNCEY, K., 1982. The effects of varying dietary protein level
on the growth, food conversion, protein utilization and
body composition of juvenile tilapias. (Sarotherodon
mossambica). Aquaculture, 27: 43-54.

JOB, T.J., and P.I., CHACKO, 1947 Rearing of saltwater fish in
fresh waters of Madras. Indian Ecologist, 2: 1-9.

JOBLING, M., and A. WANDSVIK, 1983. Quantitative protein
requirements of Arctic charr, Salvelinus alpinus (L). i;
Fish. Biol., 22, 705-709.

JOHN, T.M., J.C. GEORGE, J.W. HILTON and S.J. SLINGER, 1979.
Influence of dietary ascorbic acid on plasma lipid
levels in the rainbow trout. Int. J. Vitam. Nutr. Res,49: 400-405. '7"

JRUSS, K., 1978. The effect of pyridoxine deficiency on
aminotransferax activity in liver and white muscle of
rainbow trout (§almo gairdneri Richardson) Comp.
Biochem. Physiol. 61 8: 385-389.

KANAZAWA, A., 1984. Feed formulation for panaeid shrimp, sea
bass, grouper and rabbit fish culture in Malaysia FAO,
FI: DP/MAL/77/008, Field Document 2: 61-78.

KANAZAWA, A., 1985. Essential fatty acid and lipid requirement
of fish. In: D.B.Cowey, A.M. Mackie and J.G. Bell (Eds.)
Nutrition and feeding in fish. Academic press, New York,
pp. 281-298.

KANAZAWA, A., S. TESHIMA and S. TOKIWA, 1977. Nutritional
requirements of prawn - VIII. Effect of dietary lipid
source on growth. Bull. Jap. Soc. Sci. Fish., 43(7):
849-856.

KANAZAWA, A., S. TESHIMA, M. SAKAMOTO, A. SHINOMIYA, 1980.
Nutritional requirements of the puffer fish: purified
test diet and optimum protein level. Bull. Jpn. Soc.
Sci. Fish. 46: 1357-1361.

KANDASAMI, R., R. PAULRAJ, D. C. V. EASTERSON, 1987. Effect of
selected levels of dietary protein on the growth and
feed efficiency of mullet Liza macrolepis fry Indian. A;
Fish., 34(3): 306-311.

TKAUSCH, H., and M. F. BALLION—CUSMANO, 1976.
Korperzusammensetzung, Wachstum and Nahrungsausnutzungbei jungen Karpfin (Cyprinus carpio L.) unter
Intensivhaltungsbedingungen Arch. Hydrobiol.,48:141-180.



/1</\l1S3||ll< , E5 ..J. , l€)t$(). 111 I ltJ(:I1(:L: ()1‘ IILIL r i L l()l1(ll tilij llJt5 ()1) L|l()daily patterns of nitrogen excretion in the carp.
(Cyprinus carpio L.) and the rainbow trout (Salmo
qairdneri R.) Reprod. Nutr. Dev., 20: 1751-1765.

KAYAMA, M., 1964. Fatty acid metabolism in fish. Bull. Jap. Soc.
Sci. Fish., 30: 647-659.

'KAYAMA, M., and Y. TSUCHIGA, 1959. Fat metabolism in fish II.
Intestinal absorption and distribution; a study of oil
in carp, Cyprinus carpio. Tokyo. 3; Agr. Res., 10: 229­
236.

“KEITH, M.O., and L. TRYPHONAS, 1978. Choline deficiency and the
reversibility of renal lesions in rats. 1; Nutr., 108:
434-446.

KETOLA, H.G., 1978. Nutritional requirements and feeding of
selected water fishes: A review. Prog. Fish. Cult., 40:
127-132.

KETOLA, H.G., 1982. Amino acid nutrition of fishes: Requirements
and supplementation of diets. Comp.Biochem. Physiol.,
73 B :17-24.

KIRIYAMA, S., 1970. Biological quality of dietary proteins and
urinary nitrogen metabolites. In: A.A. Albanese (Ed.,)
Vol. IV. Academic Press, New York.

KIRON, V. and R. PAULRAJ, 1988. Food ration for rearing the fry
of the mullet Liza parsia. In: M.M.Joseph (Ed.), The
First Indian Fisheries Forum, Proceedings. Asian
Fisheries Society, Indian Branch, Mangalore, pp. 91-94.

KITAMURA, S., S. OHARA, T. SUWA and K. NAKAGAWA, 1965. Studies
on vitamin requirements of rainbow trout Salmo géirdneri
- 1. On the ascorbic acid. Bull. Jpn. Soc._Sci. Fish.,
31: 818-826.

KITAMURA, S., T. SUWA, S. OHARA and K. NAKAGAWA, 1967. Studieson vitamin requirements of rainbow trout. II. The
deficiency symptoms of fourteen kinds of vitamins. Bull.
Jpn. Soc. Sci. Fish., 33: 1120-1125.

KITCHELL, J.F., and J.T. WINDELL, 1970. Nutritional value of
algae to blue-gill sunfish, Lepomis macrochirus. Copeia,
1970: 186-190.

KISSIL, G.W., C.R. COWEY, S.W. ADRON and R.H. RICHARDS, 1981.
Pyridoxine requirement of gilt-head bream, Sparus
aurata. Aquaculture, 23: 243-255.



XV

KOOPS, H., K. TIEWS, H. BECK and J. GROHP, 1976. Die Verwertung
von soja protein durch die Regenbogenforelle (Salmo
gairdneri). Arch. Fishereiwiss., 26: 181-191.

‘KRUGER, 1965. Hegolander Wiss Meersunters 12, i.Fish. Res. Bd.
Can.,Transl. Ser. No.824: 78-136.

KUO, C.M., Z.H. SHEHADEH and K.K MIUSEN, 1973. A preliminary
report on the development, growth and survival of
laboratory reared larve of grey mullet, Mugil cephalus.
i;_Fish. Biol., 5: 459-470.

KURIAN, C.V., 1975. Mullets and mullet fisheries of India.
Aquaculture, 5: 114-115.

LEE, D.S., and C.B. PUTNAM, 1973. The response of rainbow trout
to varying protein/energy ratios in a test diet. A;
Nutr., 103: 916-922.

"LEE, D.S., and R.0. SINNHUBER, 1972. Lipid requirements. In.
J.E. Halver (Ed.) Fish nutrition. Academic Press, New
York, pp 145-180.

LEHNINGER, A.L., 1975. Biochemistry. 2nd ed. Worth, New York,
1104 pp.

LERAY, C., and A. FLORENTZ, 1983. Biochemical adaptation of
trout intestine related to its ion transport properties.Influences of dietary salt and fatty acids and
environmental salinity. In: M. G. Baillien and R.
Gilles (Eds.), Intestinal Transport. Springer-Verlag,
Berlin, pp. 354-365

LERAY, C., G NONNOTTE, P. ROUBAUD and C. LEGER, 1985. Incidence
of (n-3) EFA deficiency on trout reproduction process.
Reprod. Nutr. Develop., 25: 567-581.

‘LEVIN, S., 1976. Vitamin C: Its molecular biology and medical
potential. Academic Press, London, 231 p.

LI, H.W., and R.W. BROCKSEN, 1977. Approaches to the analysis of
energetic costs of inter specific competition for space
by rainbow trout (Salmo gairdneri). ‘i; Fish. Biol., 11:
329-341.

LIM, C., and R.T. LOVELL, 1978. Pathophysiology of Vitamin C
deficiency syndrome in channel catfish, Ictalurus
punctatus. A; Nutr., 108: 1137-1146.

LIM, C., S. SUKHAWONGS and F.P. PASCUAL, 1979. A preliminary
study on the protein requirement of Chanos chanos
(Forskal) fry in a controlled environment. Aquaculture,
17: 195-201.



xvi

LIN, S.Y, 1955. Chinese system of pond stocking. Proc. Indo­
Pacific Fish Coun. Seg., 2: 113-125.

LIN, S.Y., 1959. Pond culture of warm water fishes, UNESCO.
Conference, Warm Springs, Georgia.

LOVE, R.M., 1970. The chemical biology of fish. Academic press,
London, 547 p.

LOVELL, R.T., 1972. Protein requirements of cage cultured
channel catfish Proc. Annu. Conf. South east. Assoc.
Game, Fish Comm. 26: 357-360.

LOVELL, R.T., 1973. Essentiality of Vitamin C in feeds for
intensively fed caged channel catfish. i; Nutr., 103:
134-138.

LLOVELL, R.T., 1975. Laboratory manual for fish feed analysis andfish nutrition studies. International centre for
aquaculture, Auburn University, Alabama. 63 p.

“LUTHER, G., 1967. The grey mullets. In: 20th Anniversary
Souvenir Issue., CMFRI., Mandapam, pp. 70-74.

MAETZ, J., and F. GARCIA-ROMEU, 1964. The mechanism of sodium
and chloride uptake by the gills of a jresp water fish,Carassius auratus II Evidence for NH4 /Na and HCo5’/Cl‘
exchanges 3; Gen. Physiol., 57: 1209-1227.

MAHAJAN, C.L., and N.K. AGRAWAL, 1979. Vitamin C deficiency in
Channa punctatus Bloch. J. Fish, Biol., 15: 613-622.

MAHAJAN, C.L., and N.K. AGRAWAL, 1980. Nutritional requirements
of ascorbic acid by Indian major carp, Cirrhina mrigala
during early growth. Aquaculture, 19: 37-48.

MARCH, B.E., 1967. Composition and nutritive value of meals from
alewife, sheepshead, maria and tullibee. J.Fish Res.
Board. Can., 24: 1291-1298.

mMASSON, H., S.F.K. MARAIS, 1975. Stomach content analysis of
mullet from Swartkops estuary. Zool Africana, 10: 193­
207.

'MATHAVAN, 5., E. VIVEKANANDAN and T.J. PANDIAN, 1976. Foodutilization in the fish Oreochromis mossambica fed on
plant and animal foods. Helgolander wiss. Meeresunters,
28: 66-69.

"MAYER, F.L., P.M. MEHRLE and P.L. CRUTCHER, 1978. Interactions
of toxaphene and Vitamin C in channel catfish Trans. Am.
Fish. Soc., 107: 326-333.



xvii

MAZID, M.A., Y. TANAKA, T. KATAYAMA, M.A. RAHMAN, K.L. SIMPSON
and C.O. CICHESTER, 1979. Growth response of Tilapia
zillii fingerlings fed isocaloric diets with variable
protein levels. Aquaculture, 18: 115-122.

McCAY, C.M., and W.E. DILLEY, 1927. Purified diets for trout
fingerlings. Trans. Amer. Fish. Soc., 57: 250-260.

MCCAY, C.M., and A.V. TUNISON, 1935. Report of the experimental
work at the Cortland hatchery for the year 1934. N.Y.
Conservation Dept., Albany, New York, 28 pp.

MMCLAREN, B.A., E. KELLER, D.S. O'DONNEL and C.A ELVEJEM, 1947.The nutrition of rainbow trout. 1. Studies of vitamin
requirements. Arch. Biochem. Biophys., 15: 169-178.

MENZEL, D.W., 1959. Utilization of algae for growth by the angel
fish, Holocanthus bermudensis. J. Cons. perm. int.Explor. Mer., 24: 308-312. T"

MESKE, C., K.H. NEY and H.D. PRUSS, 1977. Fischmehlfreies
Fischfutter auf Molkenbasis. Fortschr. Tierphysiol.
Tierernahr, Beiheft, 8: 56-70.

MESKE, C., and H.D. PRUSS, 1977. Mikroalgen als komponente von
fischmehlfreiem Fishchfutter (Eng. Summ.) In: C. Meske
and E. Pfeffer (Edisors), Ernahrungsphysiologische
Untersuchungen an Karpfen Und Forellen. Fortschritte
inder Tierphysiologie Und Tierernahrung, pp. 71-81.

MIGITA,M., T. HANAOKA, K. TSUZUKI, 1937. Growth of carp on
different test diets. Suisan Shikenjo Hokoku, 8:104—106.

AMILES,R.O., and W.R.FEATHERSTON, 1974. Uric acid excretion as an
indicator of the amino acid requirements of chicks.
Proc. Soc. Exp. Biol. Med., 145: 686-689.

MILLIKIN,M.R., 1982. Qualitative and quantitative nutrient
requirements of fishes: a review. Fishery Bulletin:
80(4): 655-686.

MILLIKIN,M.R.,1983. Interactive effects of dietary protein and
lipid on growth and protein utilization of age 0 striped
bass. Trans,5m.Fish.Soc.,112: 185-196.

MING,F.W., 1985. Ammonia excretion rate as an index for
comparing efficiency of dietary protein utilization
among rainbow ‘trout. (Salmo gairdneri) of different
strains. Aquaculture, 46:27-35.

MITCHELL,H.H., 1934. Balanced diets, net_ energy values and
specific dynamic effects. Science (Washington D.C), 80:
558-561.



xviii

MITCHELL,H.H., 1964. Comparative nutrition of man and domestic
animals. Vol II. Academic Press, New York, 1994 p.

MORIARITY,D.J.W., 1976. Qualitative studies on bacteria and
alqae in the food of the mullet Mugil cephalus L. and
the prawn Metapenaeus bennettae. J.Exp.Mar.Biol.Eco1.,
22: 131-143.

MULLER, J.F., 1964. Vitamin B6 in fat metabolism Vitamin Horm.,
22: 787-796.

MURAI, T., and J.W.ANDREWS, 1975. Pantothenic acidsupplementation of diets for catfish fry.
Trans.Am.Fish.Soc., 104: 313-316.

MURAI,T., and J.W.ANDREWS, 1978a. Thiamine requirement of
channel catfish fingerlings. i;Nutr., 108: 176-180.

MURAI,T., and J.W.ANDREWS, 1978b. Riboflavin requirement of
channel catfish fingerlings. J.Nutr., 108: 1512-1517.

MURAI,T., and J.W.ANDREWS, 1979. Pantothenic acid requirements
of channel catfish fingerlings. J.Nutr., 109: 1140­
1142.

MURRAY,M.W., J.W.ANDREWS and H.L.DELOACH, 1977. Effects of
dietary lipids dietary protein and environmental
temperature on growth feed conversion and body
composition of channel catfish. J.Nutr., 107: 272-280.

NAKAGAWA,H., S.KASAHARA,T.SUGIYAMA and I.WADA, 1984. Usefulness
of Ulva-meal as feed supplementary in cultured black sea
bream. Suisan Zoshoku, 32: 20-27.

NAKAGAWA,H., H.KUMAI, M.NAKAMURA and S.KASAHARA, 1985. Effect of
alqae supplemented diet on serum and body constituents
of cultured yellow tail. Bull.Jpn.Soc.Sci.Fish., 51:
279-286.

NASH,C.E., and C.M.KUO, 1975. Hypothesis for problems impeding
mass propogation of grey mullet and other fin fishes.
,Aquaculture, 5:119-133.

NEW,M.B., 1976. A review of dietary studies with shrimp and
prawns. Aquaculture., 9: 101-44.

’NEw,M.B., 1987. Feed and feeding of fish and shrimp.
ADCP/REP/87/26., FAO., Rome. 275 p.

/NIIMI,A.J., and P.W.H.BEAMISH, 1974. Bioenergetics and growth of
large mouth bass (Micropterus salmoides) in relation to
body weight and temperature. Can.J.Zool., 52: 447-456.



ANIJKAMP,

NOSE,T.,

NOSE, T.,

NOSE, T.,

NOSE,T.,

N.R.C. 17

.R.C., 1

N.R.C., 1

ODUM.W.E.

0GlNO,C.

OGINO, c.

OGINO, c.

xix

H.L., A.J.H.VanEs and A.E.HUlSMAN, 1974. Retention of
mitrogen, fat, ash, carbon and energy in growing
chickens and carp. Eur.Assoc.Animal.Prodn., 14: 277-281.
1963.
on fish.
protein
rainbow trout.

Determination of nutritive value of food protein
11. Effect of amino acid composition of high

diet on growth and protein utilization of the
Bull. Freshwater Fish. Res. Lab. Tokyo

Univ., 19: 31-36.
1971. Determination of nutritive value of food protein

in fish. III. Nutritive value of casein white fish meal
and soyabean meal in rainbow trout fingerlings.
Bull.Fresh water. Fish.Res. Lab. Tokyo Univ., 21: 85-98.
1979. Diet composition and feeding techniques in fish

culture with complete diets. In: J.E.Halver and K.Tiews
(Eds.) Finfish nutrition and fishfeed technology.
Heenemann, Berlin. pp: 283-296.

and ARAI,S., 1972. Optimum level of protein in purified
diet for eel., Anguilla japonica Bull. Freshwater Fish.
Res.Lab., Tokyo, 22: 145-155.
973. Nutrient requirements of trout salmon and catfish
(Nutrient requirements of domestic animals). National
Academy Press, Washington D.C., 11: 57 p.

981. Nutrient requirements of cold water fishes
(Nutrient requirements of domestic animals). National
Academy Press, Washington D.C., 16: 63p.

1.

983. Nutrient requirements of fishes and shell fishes.
National Academy of Sciences, Washington D.C., 102p.
,, 1970. Utilization of the direct grazing and plantdetritus food chains by the striped mullet Mugil
cephalus. In: J.H.Steele (Ed.) Marine food chains
Oliver 8 Boyd, Edinburgh. pp. 222-240
1965.

Deficiency symptoms and requirements of vitamin
31: 546-551.

B vitamins requirements of carp Cyprinus carpio­
B6.

Bull.Jpn.Soc.Sci.Fish.,
B vitamin requirements of carp-II., 1967. Requirementsfor riboflavin and pantothenic acid. Bull.

Jpn.Soc.Sci.Fish., 33: 351-354.
, 1980.
Bull Jpn.

Protein requirements of carp and rainbow trout.
Soc.Sci.Fish., 46: 385-390



XX

OGINO, C., J.Y.CHIOU and T.TAKEUCHI., 1976. Protein nutrition
in fish. VI. Effects of dietary energy sources on the
utilization of proteins by rainbow trout and carp.
Bull.Jap.Soc.Sci.Fish., 42: 213-218.

OGINO, C., J.KAKINO.,M.S.CHEN and 1973. Protein nutrition in
fish. II. Determinations of metabolic faecal nitrogenand endogenous nitrogen excretions of carp.
Bull.Jap.Soc.Sci.Fish., 39(5): 519-23.

OGINO,C.,H.KAWASAKIand H.NANRI., 1980. Method for determination
of nitrogen retained in the fish body by the carcass
analysis. Bull. Jap.Soc.Sci.Fish., 46(1): 105-108

“OGINO, C.,and K.SAITO, 1970. Protein nutrition in fish. I. Theutilization of dietary, protein by carp.
Bull.Jpn.Soc.Sci.Fish., 36: 250-254.

OLLEY,J., 1961. Phospholipids in fish lipo-proteins.
Biochem.J., 81: 29p.

0NO,T.,F.NAGAYAMA,T.MASUDA., 1959. Studies on the fat metabolism
of fish muscles. 4. Effects of the components in foods
on the culture of rainbow trout. J.Tokyo Univ.
Fisheries., 46: 97-110.

OREN, O.H., 1981. Aquaculture of grey mullets. Cambridge
University Press, Cambridge, 507 p.

OSHIMA, T.,H.WlDSAJA,S.wADA.,and C.KOIZUMI, 1982. A comparisonbetween cultured and wild Ayu lipids.
Bull.Jpn.Soc.Sci.Fish., 48: 1795-1801.

PAGE, J.W and J.W.ANDREWS, 1973. Interactions of dietary levels
of protein and energy on channel catfish Ictalurus
punctatus. J.Nutr., 103: 1339-1346.

PANDIAN,T.J., 1967. Transformation of food in the fish Megalops
cyprinoides. 1. Influence of quality of food. Mar Biol.
1(1): 60-64.

PANDIAN, T.J., and E.VlVEKANANDAN, 1985. Energetics of feeding
and digestion. in: P.Tytler and P.Calow (Eds.), Fish
Energetics New Perspectives. Croom Helm, London, pp. 99­
124.



xxi

'PAULRAJ, R., and V.KIRON., 1988. Influence of salinity on the
growth and feed utilization in Liza parsia fry. In:
M.M.Joseph (Ed.), The First Indian Fisheries Forum,
Proceedings. Asian Fisheries Society, Indian Branch
Mangalore, pp. 61-63.

APERERA PAB, S.S.DeSILVA., 1978. Studies on the biology of young
grey mullet (Mugil cephalus) digestion. Mar Biol., 44:
383-87.

PETER,R.E., 1979. The brain and feeding behaviour. In: W.S.Hoar,
D.S.Randall and S.R.Brett (Eds.), Fish physiology,
Vol.8. Academic Press, New York, pp. 121-159.

PFEFFER, E.,and C.MESKE, 1978. Untersuchungen uber casein and
krill mehl als einzige proteinguelle in Alleinfutter fur
karpfen. Z.Tierphys., Tierernaehr. Futtermitteled., 40:
74-91.

”PHILLIPS,A.M., 1959. Vitamin requirement of Altantic Salmon.
State N.Y.Conserv.Dep.,Fish.Res.Bull., 22: 79-81.

"PHILLIPS, A.M., 1970. Trout feeds and feeding. Manual 3: fish
culture 3.B.5. Washington Bureau of sport fisheries and
wildlife. 49p.

”PHILLIPS, A.M., and D.R.BROCKWAY, 1957. The nutrition of trout.
IV.Vitamin requirements. Prog.Fish.Cult., 19: 119-123.

PHILLIPS, A.M., D.L.LIVINGSTON, H.A.POSTON, 1966. Use of caloric
sources by brook trout. Prog.Fish.Cult., 28: 67-72.

PHILLIPS, A.M., H.A.PODOLIAK, H.A.POSTON, D.L.LIVINGSTON, H.E.
BROOKE, E.A.PYLE, G.L. HAMMER, 1964. Cortland Hatchery Report 31

for the year 1962. Fisheries Res.Bull. 26. State of New
York Conservation Department, Albany.

PILLAY, T.V.R., 1949. On the culture of grey mullets in
association with commercial carps in freshwater tanks in
Bengal. J.Bombay.nat.Hist.Soc., 48: 601-604.

[PILLAY, ‘T.V.R., 1950. A preliminary note on the food and feading
adaptations of the grey mullet. Mugil tade (Forsskal).
Sci. and Cult., 16: 261-262.

PILLAY, T.V.R., 1953. Studies on the food, feeding habets andalimentary tract of the grey mullet Mugil tade
(Forskal). Proc. nat.Inst.Sci, India, 19(6): 777-827.

PILLAY, S.R., 1972. A bibliography of the grey mullets. Family
Mugilidae. FAO Fish.Tech.Pap., 109: 99p.



xxii

POSTON, H.A., 1967. Effect of dietary L-ascorbic acid orimmature brook trout. State N.Y.Conserv. Dep., Fish.
Res. Bull ., 30: 46-51.

POSTON, H.A., 1975. Influence of dietary protein and energy on
swimming, stamina, growth and body composition of brown
trout. Prog.Fish. Cult., 37: 257-261.

POSTON, H.A., and R.N.DILORENZO, 1973. Tryptophan conversion toniacin in the brook trout (Salvelinus fontinalis).
Proc.Soc.Exp.Biol.Med., 144: 110-112.

POSTON, H.A., and J.W.PAGE, 1982. Gross and Histological signs
of dietary deficiencies of biotin and pantothenic acid
in lake trout, Salvelinus namaycush. Cornell.Vet., 72:
242-261.

POSTON ,H.A.,R.C.RIIS, G.L.RUMSEY and H.G.KETOLA, 1977. The
effect of supplementary dietary amino acids minerals and
vitamins on salmonids fed cataractogenic diets. Cornell
Vet., 67: 472-509.

PRASADAM, R.D.,and K.GOPINATHAN, 1976. Experimental studies on
food preference and the effect of supplementary fed on
the growth and survival of the grey mullets Mugil
macrolepis Smith. J.Inland.Fish.Soc.India., 8: 183-178.

PRATHER, E.F., and LOVELL, R.T., 1973. Response of intensively
fed channel catfish to diets containing various protein
energy ratio. Report Dep. of Fish 8 Allied Aquacultures,
Auburn Agric., Expt., Stn.T_AuburnT Alabama, 11p.

PRESTON, M.J., 1982. The quantitative nutrient response
relationship. J.Nutr. 112: 560-566.

PRICE, K.S.,W.N.SHAH, K.S.DANBERG (Eds)., 1976. Proceedings
First international conference on aquaculture nutrition.College of Marine studies, University of Delaware,
Delaware, 323 p.

PRIMBS, E.R.J.,and R.O.SINNHUBER, 1971. Evidence for non
’essentiality of ascorbic acid in the diet of rainbow

trout. Prog.Fish.Cult., 33: 141-149.
PRUGININ.Y., S.SHILO and D.MIRES, 1975. Grey mullet. A component

in polyculture in Israel. Aquaculture, 5: 291-298.

QASIM, S.Z., 1972. The dynamics of food and feeding habits of
some marine fishes. Indian J.Fish., 19:11-28.

.RABANAL, H.R., 1987. Managing the development of aquaculture
fisheries. Journal 3: World Aquaculture Society.,
18(2):117-125



xxiii

RADHAKRISHNA, S. 1984. Experiments on the utilization of
brackishwater macrophytes as supplemental diet for
fish. Proc. Symp. Coastal Aqaculture, 3:

RANGASWAMY, C.P., 1973. Studies on the age and growth and food
habits of grey mullet Mugil cephalus Linnaeus of the
Lake Pulicat. 3; Inland. Fish. Soc. India, V, 9-22.

RANGASWAMY, C.P., 1984. Experiments with artifical feeds on Lizaparsia (Hamilton) fry. Proc. Symp. Coastal
Aquaculture, 3:

READ, G.H.L., 1981. Response of Penaeus indicus (Crustacea,
Penaeidae) to purified and compounded diets of varying
fatty acid composition. Aquaculture, 24: 254-256.

REINITZ, G.L., L.E. ORME, C.A. LEMM and F.N. HITZEL, 1978.
Influence of varying lipid concentration with two
protein concentration in diets for rainbow trout (Salmo
gairdneri). Trans. Am. Fish. Soc., 107: 751-754.

RHODES, R.J., 1988. The Status of World Aquaculture, 1988.
Aquaculture Magazine, 18th Annual Buyers Guide, pp.6—7.

ROBINSON, E.H., and W.H.DANIELS, 1987. Substitution of soyabean
meal with cotton seed meal in pond feeds for channel
catfish reared at low densities J.World. Aquaculture
Society., 18(2) : 101-106.

ROUILLER, C., 1964. Experimental toxic injury of the liver. InC. Rouiller (Ed.), The liver Morphology and
biochemistry Vol 2.Academic Press, New York, pp 335-476.

ROY, A.K., and N.M. CHAKRABARTI, 1979. Experimental studies on
effect of supplementary feed on the growth and survival
of a grey mullet Liza tade (Forsskal) Pro. 66th Ind.
Sci. Cong., 3: Abstract 97-98.

ROY, A.K., N.M. CHAKRAABARTI, 1984. Studies on the effect of
supplementary feeds and fertilization on the growth and
survival of grey mullet Liza tade (Forsskal) fry in
brackishwater nursery ponds. Proc. Symp. Coastal
Aquaculture, 3: 812-817.

ROYCE, W.F., 1984. Introduction to the practice of fishery
science. Academic Press, New York, 428 pp.

RUMSEY, G.L., 1977. Fish nutrition - Recent advances. Proc Int.
Symp. Diseases Cult. Salmon, 16-40.

RUMSEY, G.L., 1978. Recent advances in nutrition of salmonids.
Salmonid 2(4) : 14-17.



xxiv

RYCHLY, J., 1980. Nitrogen balance in trout. II. Nitrogen
excretion and retention after feeding diets with
varying protein and carbohydrate levels. Aquaculture,
20: 343-350.

SABAUT J.J., and P. LUQUET, 1973. Nutritional requirements of
gilt -head bream, Chrysophrys aurata. Mar. Biol., 18:
50-54.

SAKAGUCHI, H., F. TAKEDA and K. TANGE, 1969. Studies on the
vitamin requirements by yellow tail. I. Vitamin B6 and
Vitamin C deficiency symptoms. Bull Jpn. Soc. Sci.
Fish., 35: 1201-1206.

SANDBANK, E., and B. HEPHER, 1978. The utilization of microalgae
as a feed for fish. Arch. hydrobiol. Beiheft., 11:
108-120.

SANTIAGO, C.B., M. BANES-ALDABA and M.A, LARON, 1982. Dietary
crude protein requirement of Tilapia nilotica fry.
Philipp. 3; Biol., 11: 255-262.

SAROJINI, K.K., 1951. The fishery and biology of the Indian Grey
Mullets A review. i; Zool. Soc. India, 3(1): 159-179.

‘SAROJINI, K.K., 1954. The food and feeding habits of the grey
mullets Mugil parsia (Hamilton) and M. speigleri
(Bleeker). Indian 3; Fish., 1(1 8 2): 67-93.

SATIA, B.P., 1974. Quantitative protein requirements of rainbow
trout. Prog Fish. Cult., 36: 80-85.

iSATO, M., R.YOSHINAKA and S.IKEDA, 1978. Dietary ascorbic acid
requirement of rainbow trout and collagen formation.
Bull Jpn. Soc. Sci. Fish., 44: 1029-1035.

SAVITZ, J., 1969. Effects of temperature and body weight on
endogenous nitrogen excretion in the blue—gill sunfish
(Lepomis macrochirus). J. Fish. Res. Board. Can., 20:1813-1821. T“

SAVITZ, J., E. ALBANESE, M.J. EVINGER and P. KOLASINSKI, 1977.
Effect of ration level on nitrogen excretion, nitrogen
retention and efficiency of nitrogen utilization for
growth in large mouth bass (Micropterus salmoides). 1;
Fish. Biol., 11: 185-192.

SCHAEPERCLAUS, W., 1933. Text book of pond culture. U.S. Fish
Wildl. Serv., Fish. Leafl., 311: 240 p.

SSCHNEBERGER, E., 1941. Fishery Research in Wisconsin. Prog. Fish.
Cult., 3: 14 - 17.



XXV

SEN, P.R., N.G.S. RAO, S.R.GHOSH and M.ROUT, 1978. Observations
on the protein and carbohydrate requirements of carps.
Aquaculture, 13: 245.255.

SEURMAN, L., C.MARTINSEN and A.LITTLE, 1979. The Effect of
dietary lipid and pigment concentration in the feed of
Salmo gairdneri on sensory characteristics and
objective measurements of the fish muscle tissue. In.
J.E.Halver and K.Tiews (Eds.), Finfish nutrition and
fishfeed technology. 11. Heenemann, Berlin, pp. 402­
410.

SHCHERBINA,M.A., and O.P.KAZLAUSKENE, 1971. Water temperature anddigestibility of nutrient substances by carp.
Hydrobiol. 3;, 7(3):40-A4.

SHEPHARD,A.J., J.L.IVERSON and J.L.WEIHARAUCH, 1978. Composition
of selected dietary fats, oils, margarines and butter.
In: A.Kuksis (Ed.), Fatty acids and Glycerides.
Oxford, Plenum Press, pp. 3A1-379.

SHERMAN,H., 1950. Pyridoxine in fat metabolism. Vitam. Horm., 8:
55-68.

SHIMENO,S., H.HOSOKAWA and M.TAKEDA, 1979. The importance ofcarbohydrate in the diet of a carnivorous fish. In:
J.E. Halver and K. Tiews (Eds.), Finfish nutrition and
fish feed technology.I. Heenemann, Berlin, pp. 127-137.

SIN, A.W., 1973. The utilization of dietary protein for growth of
young carp (Cyprinus carpio) in relation to variations
in fat intake. Honq Kong Eish Bull., 3: 77-81.

SINNHUBER, R.O., 1969. The role of fats. In: D.W.Neuhaus and J.E.
Halver (Eds.),Fish in research. Academic Press, New
York, pp. 245-261.

SMITH, C.E., M.BRIN and J.E.HALVER, 1974. Biochemical,
physiological and pathological changes in pyridoxine
deficient rainbow trout (Salmo gairdneri). J.Fish. Res.
Board. Can., 31: 1893-1898.

/SMITH, M.A.h., and A.THORPE, 1976. Nitrogen metabolism andtrophic input in relation to growth in freshwater and
saltwater salmo gairdneri. Biol. Bull., 150: 139-151.

SMITH, R.R., 1971. A method for determining the metabolizable
energy of fish feeds. Prog. Fish. Cult., 33:132-136.

SMITH, R.R., 1977. Recent research involving full-fat soyabean
meal in salmonid diets. Salmonid, 1(4):8-18.



xxvi

‘SMITH, R.R., G.L.RUMSEY and M.L.SC01T, 1978. Heat increment
associated with dietary protein fat carbohydrate and
complete diets in Salmonids Comparative energetic
efficiency. J.Nutr., 108, 1025-1029.

/SODERBERG, R.W., J.B.FLYNN and H.R.SCHMlTTOU, 1983. Effects of
ammonia on growth and survival of rainbow trout in
intensive static water culture. Trans. Am. Fish. Soc.,
112: 448-451.

SOLARZANO, L., 1969. Determination of ammonia in natural waters
by phenol hypochlorite method. Limnol. Oceanogr. 14:
799-801.

STANLEY, J.G., and J.B.JONES, 1976. Feeding alqae to fish.
Aquaculture, 7: 219-223.

“STEFFENS, W., 1970. The vitamin requirements of rainbow trout
Salmo gairdneri. Int. Revue. ges. Hydrobiol., 59: 255­
282.

STEFFENS, W., 1981. Protein utilization by rainbow trout and
carp: a brief review. Aquaculture, 23: 337-345.

STICKNEY, R.R., 1979. Feeds Nutrition and Growth. In. Principles
of warmwater Aquaculture. John Wiley 8 Sons, New York,
pp. 161-121.

STICKNEY, R.R., and J.W.ANDREWS, 1971. Combined effects of
dietary lipids and environmental temperatures on
growth, metabolism and body composition of channel
catfish Ictalurus punctatus). J.Nutr. 101: 1703-1710.

STICKNEY, R.R., and J.W.ANDREWS, 1972. Effects of dietary lipids
on growth, food conversion lipid and fatty acid
composition of channel catfish. J.Nutr., 102: 249-257.

STICKNEY,R.R. and R.B.McGEACHIN, 1985. Growth, food conversion
and survival of fingerling Tilapia aurea fed differing
levels of dietary beef tallow. Trans. Am. Fish. Soc.,
114: 338-343.

STICKNEY, R.R., R.B.McGEACHIN, D.H.LEWIS, and I.MARKS, 1983.
Response of young channel catfish to diets containing
purified fatty acids. Trans.Am.Fish.Soc., 112: 665-669.

‘STRICKLAND, J.P.H., and T.R.PARSONS, 1972. A practical handbook
of sea water analysis. Fish. Res. Bd. Cd. Bull., 167,
310 p.

STUBBS.C.D., and A.D.SMITH, 1984. The modification of mammalian
membrane poly unsaturated fatty acid composition in
relation to membrane fluidity and funtion. fiiochem.Biophys. Acta. 779: 89-137.



xxvii

SURE. B., and L. EASTERLLNG, 1949. The role of pyridoxine in the
economy of food utilisation. 1; Nutr.,39: 393-396.

SUZUKI, K., 1965. Biology of the striped mullet, Mugil cephalus
L.I. Food contents of young. Rep. Fac. Fish. Univ.
Mie.,5: 296-305.

TACON, A.G.S., and A.J.JACKSON, 1985. Utilisation of conventional
and unconventional protein sources in practical fish
feeds. C.B. Cowey, A.M.Mackie and J.G. Bell (Eds.)
Nutrition and feeding in fish. Academic Press, New
York, pp. 119-146.

TAKEUCHI, T., T. WATANABE and C. OGINO, 1978a. Studies onnutritive value of dietary lipids in fish. XI.
Supplementary effect of lipid in a high protein diet of
rainbow trout. Bull. Jap. Soc. Sci. Fish. 44:677-681.

TAKEUCHI, T., T. WATANABE and C. OGINO, 1978b. Studies on
nutritive value of dietary lipids in fish. XII. Optimum
ratio of protein to lipid in diets of rainbow trout.
Bull. Jap. Soc. Sci. Fish., 44:683-688.

TAKEUCHI. T., T. WATANABE and C. OGINO, 1978c. Use of
hydrogenated fish oil and beef tallow as a dietary
energy source for carp and rainbow trout. Bull. Jap.
Soc. Sci. Fish., 44: 875-881.

TAKEUCHI,T.,M.YOKOYAMA, T.WATANABE and C.OGINO, 1978d. Studies on
nutritive value of dietary lipids in fish. X111.0ptimum
ratio of dietary energy to protein for rainbow trout.
Bull. Jap. Soc. Sci. Fish.,44: 729-732.

:TAKEUCHI.T., T.WATANABE. and C.OGINO, 1979a. Studies on nutritive
value of dietary lipids in fish. XV1. Availability of
carbohydrates and lipids as dietary energy source for
carp. Bull. Jap. Soc. Sci.Fish., 45: 977-982.

TAKEUCHI.T., T.WATANABE and C.OGINO, 1979b. Optimum ratio of
dietary energy to protein for carp. Bull. Jap. Soc.
Sci. Fish., 45: 983-987.

TAKEUCHI.T., T.TAKEUCHI and C.OGINO, 1980. Riboflavin
requirements in carp and rainbow trout.Bull. Jap. Soc.
Sci. Fish., 46: 345-353.

TAMIYA,H., 1975. Green micro algae. In: N.W. Pirie (Ed.), Food
Protein Sources. Cambridge Univ. Press, Cambridge, pp.
35-39.

TENG, S., T.CHUA and P.LIM, 1978. Preliminary observations on the
dietary protein requirement of estuary grouper
Epinephelus salmoides Maxwell cultured in floating net
cages. Aquaculture, 15: 257-271.



xxviii

TERAO, T., 1960. Studies on fish culture food. 8. On the effect
of dry powder of freshwater greenalgae Chlorellaellipsoidea added to diets of carp fingerlings.
Sci. Rep. Hokkaido Fish Hatch., 15:85-88.

'TESHIMA S., A.KANAZAWA and Y. UCHIYAMA, 1985. Optimum protein
levels in Casein - Gelatin Diets for Tilapia nilotica
fingeriings. Mem. Fac. Fish., Kagoshima Univ., 34(1):
45-52.

THIEULIN., C, C.LEGER and P.LUQUET, 1973. Etude bibliographique
sur les effets nutritionnels des graisses animales chez
le poisson. Bull. Soc. Sci. Hyg. Alimentaire 61(4)
196-208.

STHOMSON, J.M., 1954. The organs of feeding and the food of some
Australian mullet. Austr. J.Mar. Freshw. Res. 5: 469­
485.

TIEMEIER.D.W., C.W.DEYOE and S.WEARDON, 1965. Effects on growth
of fingerling channel catfish of diets containing two
energy and two protein levels. Trans. Kansas Acad. Sci.
68(4): 180-186.

’TIEWS.K., J.GROOP and H.KOOPS, 1976. On the development ofoptimal rainbow trout pellet feeds. Arch.
fishereiwiss., Beiheft; 27: 11-13.

TOLBERT, B.M., 1979. Ascorbic acid metabolism and physiological
function Int.J. Vit. Nutr. Res., Suppl., 19:127-142.

TUCKER,B.W., and J.E. HALVER, 1984. Distribution of Ascorbate 2 ­
sulfate and distribution, half life and turn over rate
of (1—C14) Ascorbic acid in rainbow trout. J. Nutr.114: 991-1000. T"

VALLET.F., J.BERHAUT, C.LERAY, B.BONNET and P.PIC, 1970.
Preliminary experiments on the artificial feeding of
Mugilidae. Helgol. Wiss. Meeresunters 20:610-619.

VIOLA,S., S. MOKADY, U. RAPPAPORT and Y. ARIELI, 1982. Partial
and complete replacement of fish meal by soyabean meal
in feeds for intensive culture of carp. Aquaculture.,
26: 223-236.

VIOLA,S., S. MOKADY and Y. ARIELI, 1983. Effects of soyabean
processing methods on the growth of carp (Cyprinus
carpio). Aquaculture, 32: 27-38.

VIOLA, S., and U. RAPPAPORT, 1979. The "extra—caloric effect" of
oil in the nutrition of carp. Bamidgeh, 31: 51-68.



xxix

VIOLA, S., and U. RAPPAPORT, 1979. Acidulated soap stocks in
intensive carp diets; their effect on growth and body
composition. In J.E. Halver and K. Tiews (Eds.) Finfish
nutrition and Fish feed technology. Heeneman, Berlin,
pp. 51-62.

WATANABE, T., 1977. Sparing action of lipids on dietary protein
in fish. Low protein diet with high calorie content.
Technocrat, 10(8): 34-39.

WATANABE, T., 1982. Lipid nutrition in fish. Comp. Biochem.
Physiol. 73 B: 3-15.

WATANABE, T., T. TAKEUCHI and c. OGINO, 1979. Studies on the
sparing effect of lipids on dietary protein in rainbow
trout (Salmo gairdneri) In J.E. Halver and K. Tiews
(Eds.), Finfish nutrition and fish feed technology, Vol
II p. 113-125. Heeneman, Berlin, pp. 113-125.

WATANABE, T., O. UTSUE, I. KOBAYASHI and O. OGINO, 1975. Effect
of dietary methyl linoleate and linolenate on growth of
carp. Bull Jpn. Soc. Sci. Fish., 41: 257-262.

WEBBER, H.H., and H.E. HUGUENIN, 1979.Fish feeding technologies
In: J.E. Halver and K. Tiews ( Eds.) Finfish nutrition
and fish feed technology, I. Heeneman, Berlin, pp. 297­
310.

WEDEMEYER, G.A., R.L. SAUNDERS and W.C. CLARKE, 1980.
Environmental factors affecting smoltification and
early marine survival of anadromous salmonids. Mar Fish
Rev. 42(6): 1-14.

(WEE, K.L., and A.G.J. TACON, 1982. A preliminary study on the
dietary protein requirement of juvenile snake head.
Bull Jpn. Soc. Sci. Fish., 48: 1463-1468.

’WILKINS, N.P., 1967. Starvation of the herring Clupea harengus L.
Survival and gross biochemical changes. Comp. Biochem.
Physiol. 23: 503-518.

WILSON, R.P., 1973. Absence of amino acid synthesis in channel
catfish Ictalurus punctatus and blue catfish Ictalurus
frucatucs. Comp. Biochem. Physiol., 46 B: 635-638.

WILSON, R.P., P.R. BOWSER and W.E. POE, 1983. Dietary pantothenic
acid requirement of fingerling channel catfish. i;
Nutr., 113: 2224-2228.

WILSON, R.P., and W.E. POE, 1973. Impaired collagen formation in
the scorbutic channel catfish. A; Nutr., 103: 1359­
1364.



XXX

WINFREE, R.A., and R.R.STICKNEY, 1981. Effects of dietary protein
and energy on growth, feed conversion efficiency and
body composition of Tilapia aurea. i; Nutr., 111: 1001­
1012.

WINFREE, R.A., and R.R.STlCKNEY, 1985. Starter Diets for channel
catfish: Effects of dietary protein on growth and
carcass composition.

WOLF, L.E., 1945. Dietary gill disease of trout. State of
N.Y.Conservation Dept. Alabama. Fish. Farm. Bull., 7:
1-32.

WOLF, L., 1951. Diet experiments with trout. Prog. Fish. Cult.,
13:17-24.

WOLF, G., and R.S.RIVLIN, 1970. Inhibition of thyroid hormoneinduction of mitochondrial glycerophosphate
dehydrogenase in riboflavin deficiency. Endocrinology,
86:1347-1353.

WOOD, E.M., 1953. Prepared food for fishes. Prog. Fish. Cult. 15:
147-162.

WOOD, E.M., W.T.YASUTAKE, A.N.WOODALL and J.E.HALVER, 1957.
Nutrition of salmonid fishes. II.Studies on production
diets. A; Nutr. 61:479-488.

WOODWARD, B., 1982. Riboflavin supplementation of diets for
rainbow trout. J.Nutr., 112:908-913.

/"WOODWARD, B., 1984. Symptoms of severe riboflavin deficiencywithout ocular opacity in rainbow trout Salmo
gairdneri. Aquaculture., 37:275-281.

WU, J., and L.JAN, 1977. Comparison of the nutritive value of
dietary proteins in Tilapia aurea. 3; Fish. Soc.
Taiwan, 5:56-60.

YAMAMOTO, Y., M.SATO and S.IKEDA, 1978. Existence of L —
gulanolactone oxidase in some teleosts. Bull. Jpn. Soc.
Sci. Fish., 44:775-779.

'YASHOUV, A., and A.BEN-SNACHAR, 1967. Breeding and growth of
Mugilidae. II. Feeding experiments under laboratory
.conditions with Mugil cephalus L. and Mugil capita
Cuvier. Bamidgeh, 19(2/3):50-66.

SYONE, Y., 1975. Nutritional studies of red sea bream. Proc.
First. Int. Conf. Aquaculture Nutr., pp.39-64.



YONE, Y.

YONE, Y.

iYOSHINAKA,

YU, T.C.

YU,

.ZEITOUN,

ZEITOUN,

ZISMANN,

, 1976.

, and

., and

xxxi

Nutritional studies of red sea bream. In. K.S.
Pruce, W.N. Shaw and K.S. Danberg (Eds.) Proceedings of
the first International conference on Aquaculture
Nutrition. University of Delaware. pp.—§9-64.

on nutrition of red sea
water-soluble

2:25-32.
M.FUJII, 1974. Studies

Qualitative requirements for
Rep. Fish. Res. Lab. Kyushu Univ.

bream. X.
vitamins.

In vitro formation of
rainbowR., M.SATO and S.IKEDA., 1978. __collagen in skin of ascorbic acid deficient

trout. Bull. Jpn. Soc. Sci. Fish., 44:1147—1150.
Use of swine fat as
Prog. Fish. Cult.,

R.O.SINNHUBER and G.B.PUTNAM, 1977.
an energy source in trout rations.
39:95-97.

of beef-tallow as an
(Oncorhynchus Eisutch)

Sci., 38:367-370.
R.O.SINNHUBER, 1981. Use

source in Coho-salmon
Can. J. Fish. Aquat.

energy
rations.

I.H., J.E. HALVER, D.E. ULLREY and P.I. TACK, 1973.Influence of salinity on protein requirements of
rainbow trout (Salmo gairdneri) fingerlings. J. Fish.Res. Bd. Can., 30: 1867-1873. _— ‘-7’­

HALVER, P.I. TACK and W.T.of salinity on protein
salmon (Oncorhynchus kisutch)

Bd. ggg., 31: 1145-1148.

I.H., D.E. ULLREY, J.E.
MAGEE, 1974.Influence
requirements of coho
smolts. J. Fish. Res.

L., V.BERDUGO and B.KIMOR, 1975. The food and feeding
habits of early stages of grey mullets in the Haifa Bay
region. Aquaculture 6: 59-75.



‘XXX fl

Influence of Salinity on the Growth and Feed Utilization in
Liza parsia Fry

R. PAULRAJ
V. KIRON

Nutrition Section,
Central Marine Fisheries Research Institute.

Cochin — 682 031, Kerala

PAULRAJ, R., and KIRON, V. 1988. Influence of salinity on the growth and
feed utilization in Liza parsia fry. In: M. Mohan Joseph (Ed) The
First Indian Fisheries Forum, Proceedings. Asian Fisheries Society.
Indian Branch. Mangalore. pp. 6| — 63.

Abstract

Liza parsia is one of the euryhaline species of finfish cultivated in the
low saline coastal waters of India. Since salinity influences growth and
food intake in euryhaline species, an experimental study was carried out

'to determine the effect of salinity levels 5%‘, to 35"'rl,. on growth and food
conversion in Liza parsia fry. Salinity levels ranging from 5 to 23%,, did not
significantly influence the survival (88.3% to 93%) but 3f) to 333° .'Sal'.I’lll_\'
levels provided relatively low survival rates of 79.7 and 78"?» respectivlev.
Under the restricted ration (8% of body weight) food intake was not
significantly influenced by salinity. Growth and food conversion rates were
significantly influenced by salinity, levels 15 to 2S"o_, providing the best
growth. This study shows that though L. parsia fry can tolerate salinities
from 5%,, to 35%,, levels above 25%,, seem to be unfavourable for normal
growth and feed utilization.

Introduction

In an excellent review, Kinne (1971) discussed the
diverse effects of salinity on euryhaline species. Salinity is
known to influence the distribution and abundance.
survival and growth, as well as maturation and spawning of
a variety of euryhaline species (Pearse and Gunther. I957:
Gunther, 1961). Responses of euryhaline fish species to
environmental salinity changes have been well
documented from the wild, with major emphasis on salinity
induced variations in distribution. However, there is
paucity of experimental evidence concerning the effects of
salinity changes on euryhaiine finfish. Knowledge of the
response of cultivated finfish species to salinity changes
would be of immense value in coastal aquaculture.
especially in selection of sites as well as in maintaining
desirable salinity levels, to achieve maximum survival.
growth and efficient utilization of ingested food.

Ever since the pioneering experimental study on
Cyprinodon macularius (Kinne. 1960) several attempts
have been made to evaluate the influence of salinity on
growth, food intake, food conversion, nutritional
requirements or biochemical changes in the organs and

tissues of euryhaline finfish (De Silva and Perera, 1976,
I985; Mukhopadhyay and Karmakar. 1981; Teshima et al.,
198i; and .lurss et al.. 1984, 1986). The ability to tolerate
waters of a particular salinity varies, amongst other things,
with the stage of development of the fish (Holliday, 1971).
Hence. experimental studies are essential to ascertain the
salinity preferences of different growth stages of fish. The
objective of the present study was to understand the effect
of salinity on survival, growth and feed utilization in the fry
of the cultivated mullet, Liza parsia.

Material and Methods

The mullet fry for the experiments were collected from
the estuarine creeks of Vypeen Island, Cochin, using a
velon-screen net and transported under oxygen packing to
the experimental facility. They were acclimatised for 48
hours in ambient salinity (l3‘.‘t'i,,i).

Sea water (35°o0) for the experiment was collected from
off-shore regions and the desired saline media was
prepared by dilution. Salinity concentrations were
measured with an American Optical Refractometer. The fry
were segregated size-wise and transferred to circular
plastic tubs (50 cm dial and acclimatised to test salinities
for one week. Fifteen fishes (3.3i0.3 cm total length and
mean weight fl./I3-I git were maintained in each of the three
replicates per treatment. Individual fish weights were
recorded after acclimatization. Water was aerated and
temperature and salinity monitored daily. Water change
was made once in two days. The fishes were maintained for
4:3 days and fed with a semi-moist purified diet, at 8% of
the body weight, once a day at 0900 hrs. and the left-over
food collected next morning. Group fish weights were
recorded every 15 days and the ration supplied was
adjusted accordingly. Analysis of variance was carried out
on the. data to examine the effect of salinity on growth and
conversion efficiency. Students 't‘ test was used to find out
the significance in results between the different treatments.

Results and Discussion

Data on food intake obtained from different treatment
groups are given in Table 1. Food intake was not
significantly affected by salinity levels when the restricted
ration was offered. Food consumption depended on weightof fish. _

Growth of the Fish (Fig. I) was significantly influenced by
the salinity level. The maximum weight gain (0.543:’;(l.0I8
g.) was at salinity 15%,. followed by almost similar gains at
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211%» (0.512 t 0.0/13 g) and 25%» (0.536 :f. (1.028 g). Lower
and higher salinity levels produced inferior weight gains.
Analysis of variance indicated that salinity content of the
medium has highly significant (P < 0.001) effect on weight
gains. Significant difference was noted at 5, 10, 30 and 35%:
when compared to the weight gains in the range 15-25%o
(P < 0.01). The food conversion efficiency also was
significantly affected by salinity. Salinities which resulted in
good conversion ratios in the descending order are 25, 15,
20, 10 and 5. Gross conversion efficiency (Fig. 2) was
comparable among salinity levels of 15, 20 and 25960, while
in other treatments they were significantly lower. Survival
rates (Table 1) ranged from 78 to 93%. While there was no
significant differences in survival rates between salinities 5
and 25%o, significantly low rates were observed at
salinities 30%o (79.7%) and 35960 (78%).

Seasonal salinity variations are pronounced in estuaries,
backwaters and lagoons of India, and therefore Liza parisa
which is cultivated in coastal ponds is exposed to wide
changes in salinity. The results indicate the salinity of
water has significant influence on survival, growth and
food-conversion efficiency of L. parsia fry. Salinities
ranging from 5 to 35%o are usually encountered in their
nursery grounds. However, the fry had high survival rates
at S%o 5 to 25%o indicating their preference for lower
salinity levels. The results of the acclimatization tests
indicate that the fry are not probably capable of regulating
the internal osmotic and ionic concentration in fresh water.

Growth rate recorded from various salinity treatments
indicate that for maximum growth the fry require relatively
narrow ranges (15 to 25960) of salinity. The gross
conversion efficiency data also i-ndicate that the above
salinity range is ideal for better utilisation of ingested food.
Thus salinity ranges of 15-25%o is bio- energetically
advantageous to the fry. The significantly lower gross
conversion efficiency at higher and lower salinity levels
indicate that the fish fry expend a greater proportion of the
ingested food energy for maintainence and routine
metabolism than for growth.

Usually salinity tolerances tend to decrease as test
temperatures and concentration of dissolved gases
decrease (Kinne, 1971). In the present study all treatments
were maintained under almost similar laboratory
conditions and hence not discussed further. However,

variations in the ionic composition of various saline media
as a result of mixing of fresh-water might influence
tolerance levels. Besides, differences in salinity may also
modify the specific gravity of water which may result in
differences in swimming effort and activity levels (Holliday,
1971). These factors may necessitate diverting a certain
amount of energy for physiological adjustment by fish
which otherwise would have been used for tissue building.
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Abstract

The objective of this study was to detennine the optimum feeding level
for rearing the fry of a euryhaline mullet, Liza parsia. Six feeding levels. (4.
8, 12, 16. 20 and 24% of the body weight) were selected for experimental
trial. Three groups. each with twelve fish fry (0.650 .+_ 0.025 g.) were fed on
semi-moist purified diet at each of the above feeding levels. once a day for
5 weeks. Data on growth. food intake and food conversion were obtained.
Food intake did not increase significantly beyond 8% feeding level. The
growth increased linearly upto a feeding level of about 8%. Further
increase in feeding level did not proportionately increase growth. The
food conversion efficiency was better at the lower feeding levels, the best
being at 4%.

Introduction

The influence of rate of feeding on growth rate.
conversion efficiency, body composition and metabolism
has been extensively studied by Gerking (1955, 1971) on
Lepomis macrochirus; Pandian (1967) on Megalops
cyprinoides and Ophiocephalus striatus; Brett et al. (1969)
on Oncorhynchus nerka; Andrews and Stickney (1972) on
Ictalurus punctatus; Pandian and Raghuraman (1972) on
Tilapia mossambica; Reddy and Katre (1979) on
Heteropneustes fossilis; Teshima et al. (1984) on Chanos
chanos and Singh and Srivastava (1985) on Heteropneustes
lossilis. Karmakar and Qhosh (1984) attempted to
determine the optimum rates of feeding in Liza parsia using
rice polish as the lone feed source. This feed is
nutritionally inadequate especially because of its low
protein and high fibre contents. That study thus remained
empirical as the authors failed to consider important
aspects like nutrient composition of the diet, food intake
and conversion rate. The present work was therefore
carried out using a. standard reference diet of known
composition to detennine ration levels for nursery rearing,
as well as for laboratory based studies with the fry of L.
parsia.

Material and Methods

Fry of the mullet L. parsia, (size 3.6i0.2 cm and mean
weight 0.625 g) were obtained from the fish farm of Kerala
Agricultural University, Vypeen lsland, Cochin. They were
acclimatised to the laboratory conditions and artificial
diets for ten days. Twelve animals were introduced into
each of the eighteen circular plastic tubs holding about 40l
of sea water. The fish were fed on a modified, Halvers H 440
purified test diet (Table 1) in semi-moist (moisture content
about 35%) fonn. The selected feeding levels were 4, 8. 12,
16, 20 and 24%) (designated as F4 F3 F12 F15 F20 and F24) of
the live body weight of the fishes. Each of the ration was
fed to three groups of fry and thus a total of 36 fish fry were
maintained in each ration. The amount of feed consumed
by the fish was detennined after collecting the food left
over, if any. Individual weights were recorded in the initial
and final stages of the experiment. However, group weights
were measured every week. Salinity was maintained at
l5il ppt: temperature ranged between 30.3 and 32.2°C and
pH varied between 8.03-8.32 during the experimental
period.

Results and Discussion

Growth (Fig. 2) observed in the fish depended on the
amount of food offered, the maximum (64.67%) being for
the fish fed 24% of their body weight and the least (28.57%)
for fish fed 4%. The weight increment in the 4% fed group
was significantly less (P<0.00l) than those of groups F3 to
F24. The percent gain in weight at the higher feeding levels
(F3-F24) was not significantly (P>0.0l) different from each
other Table 2). The correlation pattern of growth over the
experimental duration in the different group is indicated in
Fig. 1. The data on the weekly growth increment revealed
that gains were greater during the initial weeks of the
experiment. The overall growth exhibited by the fish in the
present study gave a non-linear exponential relation when
plotted against daily ration provided (Fig. 2).

The food consumption at the F8 level was significantly
(P<0.00l) higher than at F4. At higher feed levels the
increase in consumption was not statistically significant
(P>0.00l). Maximum amount of left-over food was
collected from the F24 groups. Fig. 2 also shows that feed
offered above 8% body weight is wasted. The gross
conversion efficiency showed an inverse relation with
ration: level (Table 2, Fig. 3). The Food conversion ratio
ranged between 4.73 (F4) and 5.97 (F15). The protein
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efficiency ratio was higher at the lower feed levels and the
maximum was 0.48 at F4 (Fig. 3). No significant difference
in mortality rate was found between fish groups fed at
different levels.

Consumption is the quantity of food eaten (as % body
weight) by an animal in unit time of 24 hours (Fischer,
1979). The growth of fish is dependent on the quality and
quantity of food offered. Under the present conditions, the
growth of fish did not proportionately increase when fed in
excess of 8% of the body weight. From Fig. 2 it is evident
that the fry of L. parsia can consume a maximum of about
80 mg of feed/g live fish day". This is comparable to the
figure for an euryhaline fish Tilapia mossambica: 65 mg g
day" "(Pandian and Raghuraman, 1972) and that of an
airbreathing fish Ophiocephalus striatus: 70 mg/g day"
(Pandian, 1967). The values obtained for other fishes were
higher: Gasterosteus aculeatus, 120 mg/g day" (Beukema,
I968); Mystus vittatus, 157.6 mg/g day" (Arunachalam,
1978) and Heteropneustes fossils, 127.26 mg/g day" (Reddy
and Katre, 1979). Karmakar and Ghosh (1984) had
concluded that 12% body weight ration was ideal for the L.
parsia fry having a mean weight of 142 mg using rice polish
as the feed. The increased intake can be attributed to the
small size of the fish, or to the nutritional imbalance of the
rice polish. The percent food consumption (Fig. 2) in the
fry of L. parsia did not increase much beyond the feed level
of 8%, indicating that the maximum acceptable. ration for
the fry is about 8% of its body weight. Food satiety is
probably reached around this level, thereby mechanisms
inhibitory to feeding reflexes are induced resulting in no
further increase in food consumption. This accounts for the
increasing amounts of left-over food (Fig. 2) at higher
feeding levels.

Fig. 1 indicates strong correlation between weight gain
and time found in all treatments. The ‘b’ values also
showed an increase with ration levels. From the
growth-ration curve (Fig. 2) we can deduce a linear
increase up to a level of 8%, beyond which the growth
slowed down to a non-linear pattern. The drop in growth
increment beyond the feeding level of F3 was such there
was no significant difference amongst the values. Brett et
af. (1969), Edward et af.(l972). Allen and Wootton (I982)
and Singh and Srivastava (1985) have described such a
relationship. In the present study the grwoth rate at the

different feeding levels are 7.13 mg/g day“' (at 4%). 12.72
mg/g day" (at 8%), 13.13 mg/g day‘ (at 12%), 13.26 mg g
day" (at 16%), 13.49 mg/g day"! (at 20%) and 13.96 mgg
day“ (at 24%). In the catfish, Heteropneustes fossifis.
Reddy and Katre (1979) reported a growth of 8.6 mg g day”
at feed level of 4%. Since a limit has been noted in the
maximum food ingested, the effective utilization for growth
seems to be poorer at the higher levels of feeding.

Conversion efficiency decreased with increase in the

level of food offered. The reduction in conversion efficiency
may be attributed to the decrease in the efficiency of
assimilation and digestion at higher rations (Werner and
Blaxter, 1980). Increased SDA also may have contributed in
lowering the conversion values.

The survival rates in the experiment were not affected by
the feeding rates eventhough 8% mortality was observed at
F... This is in contrast to the observations made by
Kamtaker and Ghosh (1984) wherein there was great
variations in survival (31 to 88%), which the authors
attribute to the high stocking density (3/1) of the fish. The
superior survival rates obtained in this study clearly
indicates that the feed supplied was nutritionally adequate.

Acknowledgements
The authors express their gratitude to Dr. E.(i. Silas, former

ltirector. and Dr. I’.S.B.R. James. present Director. Central Marine
Fisheries Research Institute for providing facilities to carry out this
work The award of a Senior Research Fellowship by the Indian
Council of Agricultural Research to one of us (\’.K.) is gratefully
acknowledged.

References

Allen, JRM. and Wootton. RJ., I982. Effect of ration and temperature on
the growth of the three spined stickle back Gasterosteus acufeatus.
J Fish. Bio|.. 20H l;-109422.

Andrews. J.\\'. and Stickney. R.R.. 1972. Interactions of feeding rates and
environmental temperature on growth. food conversion and I)ody
composition of channel catfish. Trans. Ant. Fish. Soc. l0l(l L94-99.

-\runacltalant. 5.. I978. The Energetics of feeding and bod_v composition of
a Irt'SIl\\'aIE'f catfish. M. Phil. dissertation. Bangalore University. 77 pp.

Betikt-ma. J.l.. I9tiR. Predation by three spined stickle back (Gasferosteus
aculeatus Ll. the influence of htutger and experience. Behaviour.
3l:I-I35.

Brett. JR.. .'\'helboum. .l.F.. and Shoop. C.T.. I969. Growth rate and body
Contpnsilion of fingerling sock-e_ve salmon. ()m'orhynchus nerka in
relation to temperature and ration size J. Fish. Res. Bd. Canada.
2612363-2394.

Eduards. R.R.C.. I-‘inlayson. DM. and Steele. .l.H.. I972. An experimental
study of the oxygen consumption. growth and metabolism of the
cod Gadus morhua LJ. Exp Mar. Biol. F.co|.. 8:299-309.

Fischer. 7... I979. Selected problems of fish bioenergetics. In: .l.E. llalver
and K. Tiews (Editors). Finfish nutrition and fish feed technology.
Heenemann Yerlagsgesellschaft mbH. Berlin. Vol. I. pp. 17-44.

Cierking. SD. I955. Influence of rate of feeding on body composition and
protein metabolism of blue gill stmfish. Physiol. Zool.. 28267-282.

Gerkrng. 3.1).. l97l. Influence of rate of feeding and body weight on protein
metabolism of blue gill sunfish. Physiol. Zool.. 44:9-l9.'

Karmakar. H.C. and Ghosh. A.N.. I98-I.‘-Ilxperitnent for optimisation of
feeding rate and feeding intensity during nursery rearing of Liza
parsia t Hamilton). Proc. Symp. Coastal» .-\quaculture. 3:Stl3-Btlti.

Pandian. TJ.. I967. Intake. digestion, absorption and conversion of food in
the fishes flfegalops ctprinoides and Ophiocephalus striafus. Mar.
Biol. I.It3-.'l2.

Pandlan. TJ. and Raghuraman. R.. I972. Effects of feeding rate on
conversion efficiency and chemical composition of the fish Tifapia
moxsambica. Mar. Biol. I2:I29-I36.

Rt-dd_v. SR. and Katre, S.. I979. Growth rate and conversion efficiency of
the air breathing catfish ffeteropneustes fossilis in relation to
ration size. Aquaculture. I8(I)35--10.



XXXVH

Singh, R.P. and Srivastava AJ(.. 1985. Effect of different ration levels on the Werner. R.C. and Blaxter, .l.H5.. l980. Growth and survival of larval herring
growth and the gross conversion efficiency in a siluroid catfish Clupea harengus in relation to prey density. Can. .I. Fish and
Heteropneustes fossilis (Bloch). Bull. Inst. Zoo|.. Academia Sinica.. Aquatic Sci., 3'i'('i'):l063-I067.
24(l):69-74.

Teshima, S.. Kanazawa. A. and Kawamura, G.. 1984. Effects of several
factors on growth of milk fish (Chanos chanos Forskal) fingerlings
reared with artifical diets in aquaria. Aquaculture. 3739-50.

Table l. Composition of experimental diet.

as R ‘a

Ingredient

Casein

Dextrin

Gelatin

Starch
Cornoil

Codliver oil

Vitamin mix’

Mineral mix"
Cellulose

O

-Odo-—JoUiU'|SL?|g

Vitamins (11): Choline chloride 0500; lnusitol 02(1); L-Asuirbic acid 0 H1); Nicotinic acid 0075, Calcium paiilctheiiate 0 'J:'itl, Ribr-has-in 0I‘.2|i, Thiamine h)’dH)('hll|lId(‘ 0 ms) Pyridoxine hydruchliiride 0005;
Menadione (Ml)-1; Fulic acid 0.00|5. (fyanucolialamiii Owll; Biotin 0.01115. L-To-soipherol acetate 0.(>lU,'

" Minerals (for I003): Calcium tiiphusphate I358: Calcium lactate 32.70; Ferric citrate 29?. Magru;-siuni sulphate l3;'0; l’ot.i.\<ium phosphate dibasic 23.93; Sodium hiphosphate 8.72; Sodium chloride -135; Zinc
sulphate 03(1); Manganest-sulphate 0.080; Cobalt chloride 0.l00; Aluminium chloride 0.0l:'i. Potassium iodide 0013. Cu[)r0i.i.< chiuiidr 0.0l0.

Table 2. Growth, luod cormimptinn and gross conversion efficiency of Liza puma fry.

Daily ration Initial mean Final mean Total weight Daslv rate us r..i;,| (00.3 (3,055 com-l.,~5gUn
“ti bodyweight weight (3) weight (3) increment IS) gruwil: (N? (‘U."lSUlllC'd (mg) efficiencyF Wu “G <1. rc E

4 0.676 U Ni‘) ZRST" ii 713 «_i];_-_33-' 31131-.014 r 012 3107 < 023 : .+z7Bt) 1 .47
3 0-671 I U56 5730" 127: ii<44:i;i" zoxi3-029 t "313 2 L15 2 024 13007 .+. .12
i2 0.530 ' i (06 59 57° l 3 I3 2008.67" 18.7012020 : NU :l3l : 022 :79.-16 .+ 50
"5 0-652 I "*2 60 43" I 325 233933” l6.77:00!-l t "H : I 03 .1018 23750 : .15
20 0.6-1| I in: 6| xii“ I349 2357.00" 15m-:.040 ‘_‘Ii7 ziiiii .*.0l8 39143 ._ 5r,
24 0.634 I im 54 57° l_l‘.Ifi 2417.55" 15971c.0ll : ins : I26 : mi 32219 1 32

t —' duration of experiment = 35 days

U - w'———' W‘-—" mo" i2(W,, «- W,) '
w _ wE I n ­FC I00

Means not sharing a common superscript letter are significantly difierent (P< l}.HI)l i
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Fig. 1. Pattern of weight gain over time in the different groups. Fig. 2. Weight gain and food consumption in relation to feeding levels.
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Fig. 3. Gross conversion efficiency (3) and Protein efficiency ratio (0) in
relation to feeding levels.
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