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PREFACE

Prawns and shrimps occupy an important place in the
marine Fisheries of Indis., The present prawn production of
the country, contributed by penaeid and non-penazeid prawns,
is of the order of about 0.2 million tonnes annually. The
penaeid prawns, forming about 62% of the total marine prawn
catch, greatly influence not only the prawn production of the
country, but also the sustained growth and development of the
marine products export trade. The intense explcoitation of
the penaeid prawn resources over the time and space has resulted
in near stagnation or declining trend in their production in
recent years. This situation has lead to an urgent need to
develop the prawn culture in the coastal waters to augment
the production and to an awareness to change over the prevailing
traditional prawn culture practice to the more beneficial system
of culture entalling selected fast growing species, supplementary
feeding and effective water management. With the advent of
hatchery technology for production of penaeid prawn seed and
other technological advancements, the prawn culture fisheries
is now witnessing a rapid growth in several regions including
India,

Feed is one of the major inputs in the hatchery production
of prawn seed and theilr subsequent culture in the grow-out
ponds to marketable size. Among the different types of feed,
the development of nutritionally balanced compounded formula
feed has gained considerable attention due to its distinct
advantage of preparation and mass production using low-cost
ingredients and its use off-the-shelf wherever and whenever

required. In fact, this aspect has been given top priocrity



ii

in the agquaculture programmes,

A comprehensive knowledge of the nutritional requirements
and related aspects of the candidate species selected for culture
and of the characteristics of the food sources used in the for-
mulation and preparation of the compounded diet, is an essential
prerequisite for evolving balanced feeds, Over the past 20
years, there has been considerable progress in the study of
dietary nutrient requirements of fishes and shellfishes inclu-
ding prawns. Several compounded feeds using a variety of con-
ventional and non-conventional ingredients and having different
levels of protein, lipid, carbohydrate, vitamins and minerals
have been developed and some of them are being used in the
semi-intensive and intensive culture of prawns abroad., As the
efflicacy of the compounded feed, among other factors, depends
greatly on the judicious manipulation of the selected ingredi-
ents and since the cost of feed plays a significant role in the
economics of the overall prawn culture operation, the search
for more suitable and economical food sources and their evalua-
tion vis-a-vig the nutrient profile, rutritional and growth re-
quirements of the cultured species is still continuing
vigorously,

In India, directed research on penaeid prawn nutrition
was taken up only recently when the aquaculture of prawns
gained momentum, One of the important penaeid prawns sought for

culture and has great potential is Penaeus indicus, H.Milne

Edwards, The Central Marine Fisheries Research Institute working
on different aspects of culture of this species over the

past one and half decades, has developed a hatchery technology
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for mass production of its seed and has suggested several
improvements on its farming in the grow-out systems. One of the
areas of active research in this direction has been on the nutri-
tion of the species with a view to develop suitable feed not only
for hatchery production of seed, but also in the field culture,
As part of this investigation, the present study, on the evaluat-
ion of different protein and carbohydrate sources and mineral
requirements for the juvenile P, indicus was taken up and the
results obtained are embodied in the thesis,

The thesis is parted in four chapters. In the first
chapter, the evaluation of four purified proteins, albumen (egg),
casein, fibrin (blood) and gelatin and nine natural protein
sources -~ five animal materials (clam meat, fish meal, mantis
shrimp, prawn waste and silkworm pupa), four plant materials -
(coconut cake, gingelly cake, groundnut cske, single cell protein
Spiruling) for the juveniles of P. indicus, is presented.

These evaluations are carried out employing the standard methods
of nutritional biochemistry by determining the digestibility,
biological value (BV), net protein utilization (NPU), protein
efficiency ratio (PER) and growth,

In the second chapter, seven different sources of carbo-
hydrates - three monosaccharides (fructose, galactose,
glucose), two disaccharides (maltose, sucrose) and two
polysaccharides (glycogen, starch) were evaluated in the diet
of P, indicus, The effect of carbohydrate level in the diet on

digestibility, growth, food conversion ratio and survival were
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investigated and discussed. The role of cellulose in the
diet of prawn was elucidated.

The third chapter contains the results of the studies
on the requirement of six minerals (calcium, phosphorous,
copper, zinc, magnesium and manganese) in the diet of E.
indicus. The requirement of each of the minerals was deter-
mined by not only measuring the growth, food conversion ratio
and survival but also by investigating the relationship between
the dietary levels and body levels of each mineral,

Based on the information obtained in the present study,
a purified diet and a practical feed were formulated, prepared
and fed to P, indicus in long term feeding experimentsin the
laboratory, and the results were compared with those of a
conventional prawn feed. The prospects of using the purified
diet as a basal diet for nutritional studies on prawns in this
region and the practical feed for the culture of penaeid prawns
~are discussed in the fourth chapter,

Nutritional research on the prawn P, indicus was initiated
by the author by studying the relative efficiencies of some
proteins and the effect of protein (Ahamad Ali, 1982a),
carbohydrate (Ahamad Ali, 1982b) levels in the diet on growth,
food conversion ratio (FCR) and survival, Subsequently, different
sources of lipids were evaluated and the role of vitamin and
mineral mixtures in the feed of the same prawn were studied,
The relative efficiencies of different binding materials in
preparing water stable feed pellets were investigated (Ahamad

Ali, 1986). Using the experience gained in the field of nutirtion,



feed formulation and feed preparation technigues, the author
evolved certain compounded formula feeds with locally available

t _a_l.' 1983)'

feed ingredients for feeding the larvae (Mohamed
Post larvae (Ahamad Ali and Sivadas, 1983) and juveniles
(Ahamad Ali and Mohamed, 1985) of P, indicus., However, gaps
still existed in the knowledge, especially on the carbohydrate,
minerals and protein nutrition of this prawn and these aspects
have been taken up for investigation in the present study.

As envisaged, the results obtained in the present study
have provided valuable information on the missing links in the
protein, carbohydrate and mineral nuttition of penaeid prawns
in general and of P, indicus 1In particular. The data are
immensely useful in the selection of a better protein source
for formulating suitable and economical compounded feeds for
use in feeding the prawns on large scale culture. The investi-
gations on carbohydrate nutrition have great practical utility
in formulating high efficiency - low cost practical feeds. The
information obtained on mineral requirements would go a long
way in prepering nutritionally more balanced feeds, thus
contributing to the establishment and promotion of an organised

prawn culture irdustry in the country.
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INTRODUCTION

The first documented studies on fish nutrition date
back tc early Nineteen thirties. It was however, only after
the second World War, the field attracted greater attention
as an area of separate investigation or as part of the overall
studies on the biology of fishes, In the earlier years, the
methods commonly employed in animal husbandry studies were
also applied to study the food and feeding habits of fishes.
These methods though posed considerable difficulties in providing
a comprehensive information on different aspects of nutrition
in fishes that are poikilotherms and inhabit the dynamic aguatic
environment unlike the homeothermic land animals, enabled
to gather valuable data on the food and feeding habits, parti-
cularly of the commercially exploited fishes. In the capture
fisheries, the implications of these studies thus helped to
explain the distribution pattern, growth and fluctuations of
the exploited fish resources.

With the advancement and standardisation of methods in
nutritional and physiological investigations, intrcduction of
biochemical analysis and exposition of the relation between
the environment and the fish and the predator-prey relationship,
a wealth of information on qualitative and quantitative aspects
of food consumed by the fishes, the digestion process, energy
utilisation at various trophic levels and nutrient requirements,
was accumulated between 1950 and 1970, and formed the subject
of excellent reviews by Winberg (1956), Cowey and Sargent (1972),

Halver (1972) and others. Robertson (1945), Hynes (1950),



2
and later, Nose (1963, 1967a), Ogino and Chen (1973a,t), Ogino,
Kakino and Chen (1972) and Schneider and Flatt (1475) perfected,
standardised and developed new methodologies/techniques in fish
nutrition studies.

Fish and shellfish nutrition received tremendous impetus
with the active development of aquaculture all over the world
during the past one and half decades. As a result, enormous
literature is now available not only on the dietary requirements
of fishes and shellfishes, digestion and bioenergetics, but also
on the larval nutrition, feed formulation and feed technology.
Synthesising these works, several reviews are also now available,
the most important among these being the 'Bioenergetics and
growth' in the series of 'Fish Physiology' edited by Hoar
Randall (1978); National Research Council (1977, 1981, 1983);
Castell et al., (1981); Millikin (1982) and Tytler and Calow
(1985). Realising the importance of a comprehensive knowledge
of fish nutrition, particularly in the context of development of
aquaculture under controlled conditions, a series of 8&ymposia,
Workshops and Task Force have been organised during this period,
The noteworthy of these are the EIFC -~ Symposium on Finfish
Nutrition and Feed Technology held in Hamberg in 1978 (Halver
and Tiews, 1979), World Mariculture Society Nutrition Task
Force established in 1970 to ‘co-ordinate the Society's role
in putritional Science' (Conklin and Beagk, 1979) and the Asian
Fish Nutrition Workshop held in Singapore in 1983 (Cho, et al.,
1985). The publication and the Proceedings of these Symposia/
Workshops reviewed the different aspects of fish and shellfish
nutrition, its status, constraints encountered, methodoloqica}

approach and the strategies for future development,



Among shellfishes, crustaceans that include the familiar
forms such as shrimps, prawns, lobstexs and crabs, occupy an
important place both in the capture and culture fisheries of
many nations in the world. 1Inhabiting diversified ecosystems,
crustaceans feed on a variety of material which vary from
microorganisms in microcrustaceans,to detritus and a range of
animal and plant matter in larger crustaceans. Armoured with
a diversity of external appendages and mouth parts, but with
a rather simple alimentary system, they are equipped to ingest,
digest and assimilate protein, lipids, carbohydrates and other
nutrients required for their growth, survival and reproduction.
Since, crustaceans excrete nitrogenous waste products in the
form of ammonia, they are known as 'ammonotelic' animals.

A perusal of literature on crustacean nutrition reveals
that the bulk of the information o food and feeding habits,
nutritional requirements and digestive physiology 1is derived
from the larger crustaceans belonging to Decapoda, although
appreciable data are also available on the lower crustacean
groups such as amphipods, isopods and cirripedes. Marshall
and Orr (1960), Vonk (1960) and Fisher (1960) reviewed the
aveilable ‘works upto 1960 on feeding and nutrition, digestion
and metabolism and vitamins respectively in the 'Physiology
of Crustacea' volumes edited by Waterman (1960)., Over the
last 20 years which paralleled the growth and development of
aquaculture of decopod crustaceans, the nutritional science of
Crustacea has grown considerably and reviewed by New (1976,
1980); Zein-Eldin and Meyers (1973); Kinne (1977); Conklin

(1980); Dall and Moriarty (1983) and by Grahame (1983).
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Among decapods, prawns are of vital economic importance,
being intensively exploited from the wild by over 20 countries
including India and widely cultivated in tropical and subtropical
regions, The warm-water penaeid prawns (Order, Decapoda,
Sub-order, Dendrobranchiata; Superfamily, Penaeiodea; Family,
Penaeidae) constitute the most commercially importaent group.
Most of the penaeid prawns breed in the sea and the eggs hatch
out as free swimming planktonic naupliar larvae., Passing
through different larval stages such as protozoea and mysis,
the postlarvae enter into shallow inshore waters or estuaries
wherever available, and develop further into juvenile stage.
The juveniles or sub-adults after certain period of growth in
these ecosystems, migrate offshore for further growth and
spawning, The food, feeding mechanism and behaviour of
penaeid prawns are found to vary with the different life stages.
Thus the first larval stage, namely the nauplius, does not
feed and lives by utilising the internal yolk. The protozoea
larvae feed mainly on the available phytoplankton of approxi-
mately 3 to 10 micron size. In the mysis stage, the particulate
food of about ten times the size of the food of protozoea and
in the postlarval stage, still larger size particulate food
available in the water table are ingested. As the prawn grows,
it gradually changes to different modes of feeding described
as omnivorous, scavanger, detritus or carnivorous feeders,
depending on the species by different workers. The structure
of the mouth parts and feeding appendages playasignificant role
in the food selection, collection and feeding behaviour.

As in the case of fishes, most of the earlier works on

food and feeding habits of penaeid prawns were based on the'but



content analysis which provided information on the gualitative
and guantitative aspects of the food constituents of the species
studied (Gopalakrishnan, 1952; Williams, 1955, 1958; Ikematsu,
1955; George,1959, 1974; Hall,1962; Dall,1967; Thomas,1972,1980:
Kuttyamma, 1973; and Wickins,1976), These studies by and large,
related to juvenile and adult prawns feeding in the wild on a
community level and found much application in their capture
fisheries rather than in the culture., Similarly, the knowledge
on larval nutrition at that time haa been grossly inadequate.
The successful rearing of Penaeus japonicus by Hudinaga
(Fujinaga) in 1942, the technological advancements made in the
physiological and bilochemical studies and the realisation of
great growth potential of aquaculture of prawns,stimulated inte-
nsive interest in penaeid prawn nutrition and a good deal of
work cameforth during the past 20 years from several laboratories
in the world, Compiling these information, New in 1976 presented
an excellent review of the literature available on dietary
studies with prawns and shrimps., This was followed by another
comprehensive review by Kinne (1977)., Biddle (1977) Qdescribed
the various aspects of nutrition in freshwater prawns. Besides,
the books published by Shigueno (1975 and 1978), Chen (1976)
Imai (1977), Hanson and Goodwin (1977) and Stickney (1979)
treated some aspects of nutrition of the candidate species

dealt with by them, Subsequently, New (1980) compiled a
bibliography of prawn and shrimp nutrition and Pruder et al,
(1983) compiled studies on penaeid nutrition, More recently,
Kanazawa (1984) presented the recent advances made in penaeid

prawn nutrition at the First International Conference on the
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Culture of Penaeid prawns/shrimps held at Iloilocity, Philippines.

One of the areas which received considerable attention,
ever since the report of Hudinaga (1942) on rearing of P,
japonicus on the diatom, Skeletonema costatum, has been the
search for suitable live food organisms to rear the larval
stages. The works carried out by Fujinaga and Miyamura (1962),
Cook and Murphy (1969), Liao and Huang (1972), Thomas et al,
(1976a , 1976b), AQUACOP (1978), Platon (1978), Beard et al,
(1977), New (1979), Kurata and Shigueno (1979) and Muthu (1982)
identified several species of diatoms and other live food
organisms which could be advantageously employed for feeding
penaeid larvae and postlarvae. Parallel to these studies,
attempts were also made on large scale culture of microalgae
and zooplankton by several investigations (Ukeles, 1976; Shaw
Watson, 1979; Kinne, 1977; Kahan, 1982; DePauw and Pruder
1981; Sorgeloos, 1981 ; Nellen, 1981) to meet the requirements
of hatchery production of larvae.

While the endeavours in the selection and mass production
of live food orgamisms have been progressing in one front,
attempts have been made in the other front to replace the live
food organisms, as theilr large scale production posed constraints
due to wide fluctuation in the yield, contamination by unwanted
species and considerable cost of production, with artificial
diet (Subrshmanyam and Oppenheimer, 1969; Kanazawa et al.,1970;
Forster and Gabbott, 1951: Cowey and Forster, 1971; Hirata gt al.,
1975; Shigueno, 1975; Sick et al., 1972; Kitabhayashi et a}l.,
1971 a,b,c,d; AQUACOP, 1978; Villegas and Kanazawa ,1980; Villegas

gt al.,1980; Alikunhi gt al., 1980, 1982; Usha Goswami and  «
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Goswami, 1979, 1982; Raman et al.,1982; Mohammed Sultan et al.,
1982; Ahamad Ali,1982a ; Mohamed et al., 1983, Ahamad All and
Mohamed, 1985). The results of these investigations have shown
the feasibility of using different types of artificial diets to
rear the larvae in the hatchery, postlarvae in the nursery and
juveniles in the grow out systems with varying survival and growth
per formance depending on the qualities of diets,experimental
design and water quality management,

One of the noteworthy advancements of nutritional research
in the mid-seventies, has been the development and use of microen-
capsulated diet for the filter feeding crustacean larvae (Jones
et al., 1974). Jones gt al.(1976) and Moller et al, (1979)reared
the larvae of P,merquiensis upto postlarvae II with micro-encap-
sulated diet. Subsequently, Jones gt al. (1979a) employed the
encapsulated diet consisting of chicken eggqg, short necked clam
(Tapes philippinarum), Soybean cake and the purified diet-B of
Kanazawa et al.(1977a), having particulate size ranging from 10
to 100 micron, to rear P, japonicus with encouraging results,
Successful rearing of Penaeid Prawn larvae with micro-particulate
and micro=-encapsulated diets was demonstrated in P. japonicus
(Kanazawa, 1985), P.monodon, P,stylirostris and P,vannamei (Jones
gt al,,1987)and more recently by Galagani and AQUACOP (1988)
in zoeal stages of some penaeid prawns.

The development of micro-encapsulated diets also helped
to study the nutritional requirement of larvae., Thus, Jones
gt gl. (1979b) studied the fatty acid requirement of the larvae
of P, japonicuss Kanazawa (1982, 1983) Teshima and Kanazawa
(1984) and Kanazawa gt al. (1985) on protein, 1lipid, carbohydxate,
phospholipid and vitamin requirements.



Studies on nutritional regquirements of prawns and
shrimps received considerable impetus in the recent years.
Grezter emphasis was given for understanding the protein
requirement and determining optimum protein levels in the
diet for different species (Kanazawa et al., 1970; Lee, 1970;

1,, 1971 a, b, c; Deshimaru and Shigueno, 1972;

Kitabhayashi et
Andrews et al., 1972; Balazs et al., 1973; Forster and Beard,

1973; Deshimaru and Kuroki, 1975a; Venkataramaiah, et al.,1975a;
Colvin, 1976a; AQUACCP, 1977; Khannapa, 1979; Bages and Sloane,
1981; Kanazawa et al., 1981; Ahamad Ali, 1982 3a; Charles John
Bhasker and Ahamad Ali, 1984). 1In these investigations, a

protein requirement ranging from 15% to 80% was reported for
different species of penaeid prawns., The variations in the

protein requirement among the different species were thought

to be due to different factors such as the aminoacid profile

of the protein source used, the carbohydrate level in the diet

and factors such as differences in feeding habits and age of
experimental animals. The amino acid requirements of penaeid
prawns (Cowey and Forster, 1971; Kanazawa and Teshima, 1981)

and also the Caridean prawns(Watanabe, 1975; Miyajima et al.,
1976), were investigated and found that the same number of

amino acids which were found to be essential for land animals

were also found to be essential for these prawns.

Prawns have specific qualitative requirement of lipids
rather than their quantity. Eventhough a lipid level of below
10% was found to be adequate in the prawn diet (Andrews et al.,
1972; Forster and Beard, 1973), the fatty acid composition of
the lipid source used is found to be more important for growth

and survival, Employing radioisotope tracer technique, Kanazawa
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et al. (1979b) and Kanazawa and Teshima (1977) have shown that
prawns are not capable of synthesising polyunsaturated fatty
acids (PUFA) such as linoleic acid (18:2 W6), linolenic acid
(18: 3 W 3), eicosapentaenocic acid (20: 5 W 3) and docosAhexaenoic
ecid(22: 6 W 3), These fatty acids are essential for prawns and
should be supplied in their diet. Infact Kanazawa et al.(1977b,
1978, 19794, 1979f) have demonstrated that the diets containing
the fatty acids 18: 2 W 6, 18: 3 W 3, 20: 5 W 3 and 22: 6 W 3
produced faster growth in P, japonicus. Similar results have
been obtained by Shewbart and Mies (1973) in P, aztecus. The
optimum levels of the fatty acids, 20: 5 W 3 and 22: 6 W 3

were found to be 1,0% in the diet of P, japonicus (Kanazawa

et al., 1979a).

Prawns are also found to require chclesterol at 0,5% in
the diet (Teshima and Kanazawa, 1971; Teshima, 1982; Kanazawa
et al., 1971a; Shudo et al., 1971), Further, Kanazawa et al.
(1971b) demonstrated that P, japonicus could utilize ergosterol,

sitosterol and stigmasterol to some extent as substitute for
cholesterol, Based on the dietary value of different steroids,
Teshima et al, (1982) suggested the metabolic pathway for
the conwersion of C 28 and C 29 sterols to cholesterol in prawns,
Subsequently Teshima gt al, (1983, 1986a,b,c,d) investigated
the role of phospholipids in the diet of prawn.

The nutritive valie of carbohydrates in the diet of
prawns was investigated (Cowey and Forster, 1971; Forster and
Gabbott, 1971; Sick and Andrews, 1973; Deshimaru and Yone, 1978b;
Abdel Rahman et al., 1979; Ahamad Ali, 1982b; Pascual et al.,

1983; Alava and Pascual, 1987) and found that penaeid prawns °
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generally utilize disaccharides and polysaccharides better than
monosaccharides. A carbohydrate level of 5 to 40% has been
suggested in the diets of penaeid prawns. The role of amino
sugar, N-acetylglucosamine in the diet of prawn has also been
investigated, reporting conflicting results on the role of
glucosamine in the diet. While Kitabhayashi et 21, (1971a)
have demonstrated that addition of 0.52% of glucosamine in

the diet improved the growth of P, japonicus, Deshimaru and
Kuroki (1974b) have pointed out that it is not necessary in
the diet of the same prawn. However, Vaitheeswaran and Ahamad
Ali (1986) observed positive growth promoting effect of glucosamine
in the diet of P, indicus. Addition of cellulose to the diet
is found to help better utilisation of nutrients by prawns
(Venkataramaiah et al., 1975a; Fair et al., 1980).

Requirement of vitamins and minerals in the diet of prawn
was investigated by several workers., Deshimaru and Kuroki
(1976, 1979) have shown that the juveniles of P, japonicus
require 300-1000 mg of ascoxbic acid, 60 mg of choline, 200-400
mg of inositol, 6-12 mg of thiamine and 12 mg of pyridoxine
per 100 g diet. Lightner et al. (1977, 1979) found that ascorbic
acid deficiency could lead to abnormal symptoms (black death)

in B, californiensis and P, stylirostris. Kitabhayashi et al.

(1971b) found accelerated growth in P,japonicus fed with the diet
having Vitamin C. Reviewing the metabolic functions of vitamins
in crustaceans, Fisher (1960) reported that most of the B group
vitamins were required in the diets of prawns. Although the
vitamin D would be partly ingested, it ould also be synthesised

by the animals from ergosterol. The role of vitamin K was noted



to be antagonistic in some species of crusteceans. While the
vitamin A might not be essential in prawvn diets, its precursor
FB—carotene wac recuired in the diet. The presence of p-carctene,
astexanthin, and canthaxanthin were demonstrated in F, japonicus
(Kitayama et al., 1972). The importance of carctenoids in the
prawn diets for the pigmentation had been demonstrated by Joseph
and Williams (1575) and Sandifer and Joseph (1976).

In the case of minersls, the requirement of calcium and
phospheorous in the diet of P, japonicus (Deshimaru and Yone,
1978a; Deshimaru et al., 1978; Kitabhayashi et al., 1971a) and
P, aztecus (Hysmith et al., 1972; Shewbart et al., 1973; Huner
and Colvin, 1977) was studied and varying results were obtained.
It was demonstrated that prawns could absorb calcium from sea
water. Recently Kanazawa et al. (1984) reported the requirement
of calcium, phosphorous, magnesium, potassium, copper, iron and
manganese in the diet of P, japonicus.

In India, the information on prawn nutrition is relatively
less as compared to those available on finfish nutrition. Most
of the observations on the food and feeding habits of prawns have
been made during the course of biological investigation of the
species (Rai, 1933; Panikkar, 1952; Gopalakrishnan, 1952;

Pani kkar and Menon, 1956; George, 1959; 1974; Subrahmanyam

1963; Bhimachar, 1965; Rao, 1967; Kuttyamma, ,6 1973; Thomas,

1972, 1980). Although these studies have shown that the penaeids
feed on a variety of plant and animal organisms and other detritus
indicating their opportunistic omnivoroucs feeding behaviour,

Rao (1967) discussed the relative importance of food in their

diet. Selective feeding by different size groups in P, indicys



and Metapenaeus monoceros (George, 1974) and food species differ-

ences related to habitat preference of prawns (Kuttyamma, 1973)
have been observed.

A series of investigations were carried out in recent
years on the energy conversion, energy metabolism and food
conversion in some of the penaeid prawns of India (Qasim and
Easterson, 1974; Laxminarayana and Kutty, 1982; Sumitra Vijaya-
raghavan and Ramdhas, 1982; Thomas et al. 1984), Ravichandra
Reddy and Katre Shakuntala (1982) investigated the use of Moina
for the juveniles of M, affinis while Usha Goswami and Goswami
(1979, 1982) formulated certain artificial diets and evaluated
them for feeding the penaeid prawns.

As witnessed elsewhere in the world, nutritional studies
on penaeid prawns received greater thrust in the country with
the propagation and promotion of aquaculture of prawns, Hameed

Ali (1980) and Hameed Ali et al., (1982)reported successful

rearing of larvae of P, monodon, P, ipdicus, P. merguiensis,
and Parapenagopgis gtylifera on crustacean tissue particles

maintained in a suspension state., Microparticulate artificisal
diet prepared from mantis shrimp, prawn waste, groundnut cake,
fishimeal and tapioca, fortified with vitamins and minerals was
used by Mohamed et al. (1983) to rear P, indicus larvae,
Silas gt al. (1985) discussed the hatchery techniques of mass
rearing of this species,

Studies on nutritional requirements of penaeid prawns
particularly on P, ipdicus were carried out by several workers

in recent years (Ahamad Ali, 1982a, 1982b, 1986; Udayaram



Jyothy 1983; Ahamad Ali and Sivadas, 1983; Charles John
Bhaskar and Ahamad Ali, 1984; Ahamad Ali and Mohamed, 1985;
Sally Anne Thomas, 1985; Vaitheeswaran, 1983). Gopal (1986)
studied certain aspects of protein and vitamin requirements,
while Chandge (1987) investigated the 1lipid reqguirements of
larvae and juvenile P, indicus.

Some observations are also available on the culture of
prawns in the grow out systems by feeding with compounded diets
(Raman et gl., 1982; Mohamed Sultan gt al., 1982; Sambasivam
et al.,, 1982)., These diets were mainly used to supplement the
natural food available in the pond and related to growth and
production per formance of prawns.

Although the above studies have comnsiderably contributed
to the information on the food and feeding habits and nutritional
requirements of penaeid prawns of India, there are still very
large gaps in our knowledge and much remalns to be done. The
studies avallable now are neither comprehensive nor exhaustive.
Since nutrition 1is basic to aquaculture and since penaeid prawns
offer great potential for large scale agquaculture in the vast
coastal waters of the country, the present study to evaluate
the feed sources of purified and natural proteins and carbo-
hydrates and on the mineral requirements was taken up with a
view to develop a balanced prepared diet and a practical feed

for feeding penaeid prawns, particularly for P, indicus.



CHAPTER -1



EVALUATICN OF DIFFERENT SQOURCES OF PROTEINS

Present status

Protein is the most important and the Principal nut-
rient in the diet of prawns, As in fishes, these crustaceans
also show a preferential use of protein over the carbohydrates
as dietary energy source. Because of this and the fact that
Protein in a compounded feed forms the most expensive item,
contributing to not only the cost of the feed but also to
over all economics of culture operation, studies on protein
nutrition, its requirement and evaluation of the sources in
search of cheaper rawmaterials have received considerable atten-
tion from different guarters.

Feed stuffs can be classified into protein sources and
energy supplements (Harris, 1978). Generzlly ingredients hav-
ing more than 20% crude protein are considered as protein
sources and those containing less than 20% crude protein and
less than 18% crude fibre are considered as energy feeds, The
efficiency of a protein source depends upon its quality and
its digestibility by the recipient animal, Besides, the amino
acid profile of the protein and the candidate species, feed-
ing regime, developmental stages, proteins available in the
aquatic. food chain and its physical state, also influence.
significantly the protein requirement, Due to these reasons
the determination of quantitative protein requirement not only
vary from species to species but also within the Same group,
The observations made on the optimum protein requirement of

juvenile penaeid prawns and protein sources used by differen;



workers are summarised below,

Silkworms, brine
shrimp and f£ish

Squid meal, white
al, mysid
meal, sludge and

Soybean, Hawaian
fish and shrimp

Casein and egg

Species
1 2
Penaeus
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"
fisﬁme
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]
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]
albumen
Penaeus
aztecus

P.getiferus
P.duorarum

Fish protein

Soy flour

Menhaden meal

Soybean meal

P.merguiensis Casein

P, indicus

Young post-
larvae
Juveniles

Mussel meat

Prawn and fish
meals

Mantis shrimp and
groundnut cake
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60.0

40.0
52,0
57.0

30,0
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Kanazawa et al, (1970)

Shigueno et al.(1972)

Balazs et al. (1973)

Deshimaru and Yone.
(1978 <)

Shewbart et al,(1973)
Venkataramaiah et al.
(1975a)

Zein-Eldin and
Corliss, (1976)

Andrews et al,(1972)

Sick and Andrews
(1973)

AQUACOP (1978)

Sedgwick (1979)

Colvin (1976a)

Ahamad Ali (1982a)

Charles dohn Bhaskar
and Ahamad Ali (1984)



P, monodon " 40-30 Khannapa (1979)

Penaeus Growth pro- Bages and Sloane
monodon ) portional (1981)

to the pro-

tein level

Mixture of casein,

" squid meal, soy-
bean meal, fish
meal, shiimp meal,
bread flour

40 Alava and Lim (1983)

The variations in optimum protein levels for same species, when
two different sources are used, are mainly attributed to the
difference in the quality between the two sources, Further, as
the amdnopcids are the bullding blocks of proteins, their pro-
file in the protein source greatly determines the efficacy of
its utilisation. Shewbart et gl.’(1972) investigated the amino-
acid requirement of the prawn Penaeus aztecus. By injecting
radioactive isotope labelled acetate, Kanazawa and Teshima(1981)
studied the aminojacid prcfile in the body of P, japonicus and
reported that ten aminodacids were not synthesized by the animal
and were required to be supplied in the dict. The aminofacids,
identified as essential aminoacids for the penaeid prawns are
arginine, histidine, isoleucine, leucine, lysine, m>thionine,
phenylalanine, threonine, tryptophan, and valine, The same

ten aminoacids were also found to be essential for caridean

prawns, Macrobrachium rosenbergii (Watanabe, 1975), M,ohione

(Miyajima et al.,1976) and Palaemon serratus (Cowey and -
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Forster, 1971). 1Interestingly, Torres (1973), using the flu-
ctuations between extreme values in the free aminoacid pool,
indicated only eight aminogcids, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine and valine as
essential in Penagus kerathurus, He also demonstrated the
changes in the free amino acid pool of the abdominal muscle

of P, kerathurus, fed on natural foods during moult cycle,
Total free aminoacid content varied from a low, 0.85 mg/100 mg
fresh weight at postmoult stage, Bl’ to a high 7.27 mg/100 mg
at intermolt stage, C,. Dietary concentration of non-essential
as well as essential aminopacids was found to effect the meta-
bolic performance of the prawn and to play a significant role
in the palatability of fresh diets (Takei and Ai, 1971).

The above studies, however, indicate only the qualitative
essential amingacid requirement. Information on the quantitat-
ive requirement is still scarce. Sewveral workers have studied
the effect of amingacid supplementation to the diet, Cowey
and Forster (1971) compared the weight gains in Palaemon
serratus by feeding pure proteins deficient in essential ami-
noacids and mussel mantle tissue and found that the growth
was 20% less in the animals fed with pure proteins. Supple-
mentation of tyrosine and tryptophan to maize protein (zein)
andtryptophan to gelatin did not improve their performance as
proteins, Kitabhayashi et al. (1971 ¢) supplemented a basal
diet of squid meal, squid meat extract and squid liver extract,
with methionine and obtained superior growth in Penaeus

jsponicus. The authors found that the optimum level of methie
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onine was 0.53% above which growth was inhibited, Deshimaru
and Kuroki (1974 c) prepared diets with pure crystalline aminojcid
mixtures similar to the aminogacid composition of casein and
albumen and fed to P, japonicus. Diets containing pure amino
acids gave very poor growth rates, high mortality and reduced
intake of food, Further studies by Deshimaru and Kuroki(1975a,b)
confirmed that pure amingacids and peptides were inferior to
intact native proteins,

Deshimaru and Shigueno (1972) analysed the amino acid

profiles of the Kuruma prawn Penaeus japonicus and that of the

short necked clam, Tapes philippinarum, which is one of the

best conventional food for this prawn,and found close resemb-
lance between the two, They postulated that the proctein
sources whose amino acid profile is close to the amino acid
profile of the prawn are the best high quality protein sources
for preparing the diets, The authors observed that the diets
prepared with fish meal were inferior to short necked clam,
They also found that the aminoacid composition of fish meal
ig not similar to that of the prawn P, japonicus. (Colvin
(1976a) and Ahamad Ali (1982a) found poor results with fish meal
in P, indicus. Colvin suggested that the relative deficiency
of the aminopcids, tyrosine and phenylalanine in the fish meal
may be the reason for its relatively poor performance, Thus
the amino acid profile of a protein source appears to grea:ly
influence its performance.

Apart from the profein source and its amingacid profile,
the formulation and preparation cf the diet, feeding regime

and the abiotic factors can also influence the protein require=



ment of the animal, While formulating the diets for protein
requirement study, only the protein 1is varied in graded lewvels,
but the diet should have adequate levels of carbohydrate and
1ipid to meet the energy requirement and vitamins and minerals
to make the diet otherwise balanced. It is also essential to
ensure that all the diets are made isocaloric and should have
same composition of the formula in respect of nutrients other
than the protein source. Grinding the ingredients to a specific
uniform particle size and homogenising the feed mixture are
equally essential to eliminate the variability due to these
factors., To minimise loss of nutrients and to make the diet
sufficiently water stable, use of an appropriate binding mater-
ial is as important as the diet formulation itself. The physical
design of the diet to suit the feeding habits of the animal are
equally important.

As the growth of animals and conversion efficiency depend
upon the feeding regime and level of feeding, these also indire-
ctly influence the protein requirement of the animal, The quan-
tity of feed offered to the animals is generally based on the
body weight and ranges from 100% to 5% dry diet of wet body
weight, depending upon the size of the aniral (Subrahmanyam and
Oppenhiemer,1970; Venkataramaiah et al., 1972 a,bs; 1975b). 1In
nutritional studies, it is important and essential to ensure
that the diet is available to the animals at all times by feed-
ing *ad libitum', However, feeding level should be regulated
according to the consumption and the diet left-over., Feeding
the animals in devided doses twice or thrice a day was found to

contribute towards better growth and conversion efficiency than
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feeding the entire dose once in a day (Primavera gt 19793

al.,
l., 1980; Chua and Teng, 1982; Cuzon et al.,

Metailler et

1982),

Abiotic factors such as age and size of the animal,
environmental parameters such as salinity, oxygen, temperature
and PH of the water are known to influence the food consumption,
growth and conversion efficiency and hence the protein require-
ment of the animal. Charles John Bhaskar and Ahamad Ali (1984)
demonstrated in P, indicus that the protein requirement in the
diet varies according to the size of the animal and found that
it decreases as the size of the animal increases. Similar
observations were made by Khannapa (1979) in P. monodom and by
Balazs et al, (1974) 1in the freshwater prawn, Macrobrachium
posenbergii, Sick et al. (1972) studied selected environmental
and nutritional requirements of Penaeid shrimp and Venkata-
ramaiah et al, (1975b) reviewed the influence of environmental
and nutritional factors on brown shrimp P, aztecus, Lakshmi-
kantham (1982) studied the salinity tolerance of post larvae of
P, indicus and determined the optimum salinity required for
different size groups of this prawn. While studying the effect
of salinity on food intake, growth, conversion efficiency and
proximate composition of the body in P, indicus, Kalyanaraman
(1983) reported that the salinity had profound influence on
food consumption, growth, food conversion efficiency and pro-
ximate composition. He also observed increased ammonia excre-
tion in juvenile P, indicus at lower (5%,) and higher (35%,)
salinity levels and related it to the increased catabolism of

aminokcids at these salinity levels., Oxygen, temperature and .



PH of water have marked effect on the metabolic activity of the
animals and indirectly influence the protein requirement in the
diet, It is therefore essential that while designing the feed-
ing experiments, optimum levels of these environmental conditions
should be provided for obtaining reliable results,

The techniques/approach employed in most of the studies
on protein requirements of prawns followed the feeding of
prawns on a balanced diet containing graded levels of protein
over a period of time and to record the protein level which regi-
sters the optimum growth as the requirement, It was in 1970
Kanazawa et al, (1970) first prepared synthetic diets using puri-
fied ingredients and evaluated their performance against the
shortnecked clam for P, japonicus. They found that the perfor-
mance of the diet compounded with casein, glucose, sucrose,
starch, glucosamine, sodium citrate, sodium succinate, cholesterol,
pollack liver oil, minerals, vitamins and cellulose, was com-
parable to that of the control diet, Subsequently this diet was
used as a basal diet for studying the nutritional requirements
of P, japonicus. 1In recent years great strides have been made
in protein evaluation methods especially in the introduction of
newer methods and equipments to study nutritional biochemistry.
Principally the efficiency of a protein is measured against gro-
wth of the animal, However, many expressions have been introduced
for the evaluation of proteins which lead to very comprehensive
testing of the quality of the proteins with greater insight,
Thomas (1909) described first the quantitative method for
evaluating protein quality and called it, Biological Value (BV),

The biological value Of a protein is defined as the percentage *
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of the absorbed protein which is utilized by the body. The
method to determine the BV is laborious. However, the absor-
bed nitrogen is calculated from the intake of food nitrogen
and the nitrogen in the faeces of food origin, When BV is
multiplied by true digestibility of protein it gives an actual
measure of the biologically complete protein in the food and
is termed Net Protein Utilisation (NPU), Bender and Miller
(1953) first determined NPU satisfactorily in rats. Subse-
quently it was employed for protein evaluation studies in
fishes,

Another parameter employed to evaluate the protein 1is
protein efficiency ratio (PER), It is defined as the increase
in the weight of animal per unit protein consumed and in this,
the protein used for body maintainance is not taken into account.
Eventhough the procedures involved in determining wvarious
parameters to evaluate proteins are laboriocus, it is fairly
easy in the case of homeothermic land animals to collect the
metabolites like faeces and urine for analysis, On the other
hand collection of metabolites in case of aquatic animals poses
very complex problems since these are released into the water
in which the animals are reared,

Reasonably good designs of equipments (Ogino et al.,

1973 and Windell et al,, 1978) are available for collection of
faeces and urinary nitrogen for finfish, Protein evaluations
through the measurement of BV, NPU, and PER have been made in
finfish, especially fresh water fishes., However,little attempts
have been made to measure these parameters in prawns., Never-

theless, digestibility studies in prawns using internal marker _



like chromium oxide were made by Nose (1964) in crayfish and

prawn fish, Forster and Gabbott (1971) in Palaemon serratus

and Pandalus platyceros, Condrey et al. (1972) in Penaegus
setiferus and P, aztecus and Colvin (1976a)in F, indicus.
Recently Bordpoer et al. (1983) studied the digestibility of

feed in lobster, Ashmore et al. (1985) in Macrobrachium rosen-

bergii, Lee and Lawrence (1985) in P, setiferus, Seidman and
Lawrence (1985) in P, vannamei and P, monodon and Smith et al.
(1985) in P. vannamei,

In the present study four piirified proteins and nine
practical protein sources wera evaluated through the measure-
ment of digestibility, protein efficiency ratio, Net Protein
Utilisation, Biological Value, growth and food conversion ratio
for the prawn, Penaeus indicus. Por the first time, attempts
were made to calculate the endogenous metabolic nitrogen in
the prawn by feeding zero protein diets. The observatioﬁs made

and the results obtained are presented in the following sections.,



MATERIAL AND METHODS

Four purified proteins and nine natural protein sources
were evaluated for the juveniles of the prawn Penaeus indicus.
The purified proteins were Albumen (egg), casein (milk), Fib-
rin (blood) and Gelatin, Out of the nine natural protein sou-
rces tested, five were of animal origin and four were of plant
origin, The animal protein sources are clam meat, fishfmeal,
mantis shrimp, prawn waste meal, and silkworm pupa, Coconut
cake, gingelly cake, ground nut cake and Spigylina were the

plant protein sources. The details of the source of these

materials are given below:

1, Albumen (egg) e Albumen portion of the hen's egg
and obtained from BDH,

2, Casein (fat free) es Casein is the milk protein made
free of fat; purchased from SISCO
Research Laboratories Private Ltd,
Bombay.

3. Fibrin (blood) s This purified protein is prepared
from the blood of animals; obtained
from SIGMA Chemical Company, P.O.
Box 14508, St.Louis MO 63178 USA,

4, Gelstin ee This is purified protein of animal
origin, procured from BDH.

5. Cod Liver oil oo Cod liver oil is a commercial pro-
duct under the brand name 'Seven
Seas' prepared by Universal Generics
Pvt, Ltd., Apollo Street, Bombay -23,

6o Clam meat powder e+« Prepared from the meat of the clam
Sunneta scriptas; the extracted meat
from the animal dried in the oven at
60°C for 12 hours,

7. Fish meal ee A commercial product obtained from
the Tamil Nadu Fisheries Development
Corporation, Mandapam,



10.

11,

12.

13.

14.

Mantis shrimp

Prawn waste meal

Silkworm pupa

Coconut cake

Gingelly cake

Groundnut cake

Spirulina

no
A1

Oratosquilla pepa, caught by trawl
nets off Cochin and landed at the
Cochin Fishing harbour, were colle-
cted. After cleaning the sample in
fresh 'water and washing off the
adhering salt, it was dried in the
oven at 60°C for 12 hours,

Waste materials such as head, eyes,
eye stalk, exoskeleton, hepatopan-
creas and residual meat of prawns
were obtained from the processing
units in fresh condition and dried
in the oven at 60°C for 12 hours,

The residual material left after
extraction of silk fibre €from the
cocoons, defated and sold as silk-
worm pupa,was obtained from Bangalore,
Karnataka State.

Is the residue after extraction of
oil from coconut; procured from local
market.

Is the residue after extraction of
o0il from gingelly seeds and purchased
from local market.

Is the residue after extraction of
oil from ground”nuts; purchased
from local market,

A blue green fresh”water alga Spirulina
platensis and popularly known as

single cell protein, was obtained from
the @entral Food Technological

Research Institute, Mysore,

For formulating diets with natural protein sources, tapioca

(Mannihot utilissima) Powder was used as a source of carbohydrate

and was purchased from the local market.

All the chemicals used in formulating diets, for chemi-

cal analysis, and as binders (agar agar, polyvinyl alcohol and

sodium alginate) were guaranteed pure grade chemicals obtained

from Standard Chemical Companies.

The purified and natural proteins selected for evaluation,

were analysed for their chemical compositior, after drying them



Table 1$a2.

Fibrin
Gelatin

Proximate composition of purified proteins

Total
nitrogen
12.49
13,42
13.56
15.47

Crude
protein
78.1
83.86
84,72

96,71

Carbo-
hydrate
0.73
0,77
1.46
0.69

Ash



Table 1 (b). Proximate composition of natural protein sources.
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Nama of
material

% on dry basis (g/100 g)

Total Protein
nitro- nitro-

gen

Crude

prote- Lipid

in
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Clam meat powder
Fish meal

Mantis shrimp meal
Prawn waste meal
Silkworm pupa
Coconut cake
Gingelly cake
Groundnut cake

Spirulina
Tapioca

7. 69
10.30
7.05
5,63
9.95
3.80
4,90
7.74
9.74
0.32

6.35
6.93
5.23
4,34
6.25
3.80
4,27
6.16

8,05

48,10
44,06

-35.20

62,17
25,96
34.03
48,42
60,89

2.00

13,55
4.70
7.55
6. €0

10, 64

11.20

10.80
7.56
9,00
0.54

7.62
19.26
23,63
23,95
19,03

8.88
12,52

6.03
13.00

1.45



in an electrical oven at 60°C for 12 hrs. Crude Protein was
estimated by Kjeldahl method. Lipid was extracted by Chloro-
form-methanol (2:1) mixture (Bligh and Dyer, 1959), Carbo-
hydrate was determined by spectrophotometric method using
anthrone reagent. Ash was determined by incinerating the
material at 550°C for 6 hrs in a muffle furnace. The chemical
composition of the purified proteins is given in Table 1(a) and

that of the natural protein sources and tapioca in Table 1(b).

Formulation of diet

(a) Purified proteins

Four groups of diets, group I with five types, Group II
with six, group III with five and Group IV with seven types, were
formulated with purified ingredients for evaluation of their re-
lative superiority in four different experiments. The ingre-
dients of the diets, the formulation characteristics and the

evaluation objectives of each experiment are as follows,

Group Experiment Type Diet formulation Evaluation
of diets No, of diets characteristics objectives
1 2 3 4 5
Group I Experiment 1 PEO'PEI' While the diet PEO Evaluation

PE_ . PE had no protein, of relati-
2773 each of the other Ve charac-
and PE4 diets contains teristics
one of the puri- of the pro-
fied proteins of tein sour-
either albumen or ces,
casein or fibrin
or gelatin, formu-
lated on the basis
of the purified
diet 'B' prepared
by Kanazawa et al,
(1970, 1977a)jeach
diet contained 40% *
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Group II Expexriment 2 PE.,PE_,
PE?,PE6,
pEg : agd

PE10°

Group III Experiment 3 pEll'PE
PE, 4,PE
and PE

12¢
14
15

27
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protein, a mixture
of sucrcse and st-
arch as source of
carbohydrate and

cod liver oil as
l1ipid source:each

of the dlets conta=-
ined wvitamins snd
mineral mixture and
additives guch as
glucosanine,cholest-
erol,sodium citrate
aind succinate and sod-
fium carbonate; The
diets also contained
cellulose and chro-
mium oxide to deter-
mine digestibility:
Agar agar was used as
the binder: Conposi-
tion of diets given

in Table 2,
The diets contained Evaluation
0, 20, 30,40, 50 of

and 60% of albumen albumen
respectively as pro-
tein source; each

diet contained fixed
amount of lipid and

all the diets were made
isocaloric with carbo-
hydrate. Each diet con-
tained cellulose,Vita-
mins, minerals and
other additives same

as in diets of experi-
ment 1, Agar agar was
used as binder.Compo-
sition 18 presented

in Table 3,

In this group,the Evaluation
diets contained 20, of
30,40,50 and 60% caselin,
casein respectively

as protein source.

The remaining compo-

nents of the diets

were same as in the

diets of experiment 2
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1 2 3 4 5
Composition given
in Table 4.
Group IV Experiment 4 PEl6,PE17chh diet contain- Evaluation

PE PE ‘ed a mixture of two of mixed
18’" 719,purified proteins Protein
PE20,PE21 from among a}bumenosources.
and PE casein,gelatin and
22, fibrin in equal
proportion ., In diet

PE22 all the four

prcteins were pre-
sent in equal propor-
tions: The diets were
iso-nitrogenous hav-
ing same quantity of
metabolisable energy:
The additives were
same as used in the
diets of experiment 3,
Sodium alginate was
used as the binder:
Composition of the
diets given in Table -5,
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(b) Natural Protein sources.

Three groups of diets, group V, with nine types, five of
animal protein sources and four of plant protein sources, group
VI with nine types and group VII with seven types, were. formula-
ted with natural protein ingredients to evaluate their relative
efficiencies in three different experiments. The ingredients
of the diets, the formulation characteristics and evaluation

objectives of each experiment are as follows:

Group Experiment Type of Diet formulation Ewvaluation
of diets No, diets characteristics, objectives
1 2 3 s T s T
Group V, Experi- PE23,PE24, First five diets con- Evaluat-
ment-5, PE PE tained animal prote- ion of.re-
o o
25 26 ins clam meat powder 1lative
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PE27,PE28, fishmeal, mantis shrimp, ef

PE,g+PE 4,
and PE31.

Group VIExperi-PE

¢PE_ -,
ment B 32 33

’PE34,PE35,
PE36,PE37,
PE38,PE39“

40°

and PE

rrawn waste and silkworm of

ficiencies
natural

pupa respectively, Protein

The next four diets con- so
tained plant protein ma-
terials coconut cake,gin-
gelly cake,groundnut cake
and Spirulina respectively,
All the diets contained
30% crude protein., The
dlet with coconut cake was
formul ated in combination
with fishmeal to make up
the protein content 30% in
the diet. Tapioca powder
was used as the source of
carbohydrate. The diets
were nutritionally balan-
ced by adding lipid (fish
oil), Vitamins and miner-
al mixture.Chromium oxide
was included at 1% to de-
termine the digestibility;
polyvinyl alcohol was used
as the binder.The composi-
tion of the diets is pre-
sented 1in Table 7.

To formulate this group of
diets, a mixture of animal
protein sources (APS) and
another mixture of plant
protein sources (PPS) were
prepared first, The APS
mixture contained clam

meat powder(10%), fishmesl
(30%), mantis shrimp(30%),
and Prawn waste (30%).The
PPS mixture contained co-
conut cake (30%), gingelly
cake (30%) and groundnut
cake (40%), The APS mixture
and the PPS mixture were
present in the diet, in the
ratio 13:1 to 6:1, while the
crude protein in the diets
varied from 51.89% to 35.57%
The diets were balanced as
in the previous experiment,
The composition of diets

is given in Table 8,

urces,

Evaluation
of animal
and plant
protein mix-
tures in 4i..
fferent
combinations.,



Group VII Experi- PE41,PE42,PE43,These diets were Evaluation

ment 7. PE PE PE formulated tak- of protein
44° 46 1ing APS and PPS levels in
and PE mixtures in the the diets

ratio 70:30.All1 formulated

the diets were with natur-

iso-caloric but al protein

the protein con- sources,

fents were 42,

38, 33, 28, 23,

19 and 14% res-

pectively., The

sources of car-

bohydrate and

lipid and also the

vitamins and min-

eral mixtures

were same as used

in the experiment

5. Polyvinyl al-

cohol was used as

the binder;compo-

sition of the die-

ts is given in

Table 9.

45°¢
47°

Vitamin mixture
Vitamin mixture was prepared in the laboratory by mixing

the individual vitamins., They were grouped into water soluble
and fat soluble vitamins. Riboflavin, thiamine, cyanocobalamine,
folic acid, choline chloride, ascorbic acid,para aminobenzoic
acid, nicotinic acid, calcium pantothenate and prydidoxine were
grouped as water soluble vitamins and biotin, ﬁ -carotene,
menadione, o =tocopherol, inositol and calciferol as fat solu-
ble vitamins. At the time of mixing with the diet, the first
group of vitamins were dissolved in water and latter group in

alcohol, The composition of the vitamins used is presented in
Table 2 a,



Mineral mixture

The mineral mixture was also prepared in the laboratory.
The individual salts were weighed, mixed together and homogenised
in a varing blender. The mixture was stored in polythene con-
tainers until use. The composition of the mineral mixture is
shown in Table 2 b,

Preparation of purified diets

Each ingredient used in formulating diets was seperately
powdered and sieved through 250 micron sieve before using in the
preparation of diets. The water soluble vitamins were dissolved
in water and fat soluble vitamins in alcohol. The solid ingre-
dients, including the mineral mixture and chromium oxide were
first mixed together and blended thoroughly in an electrical
varing blender. To this,cod liver oil was added and further
homogenized the diet. The binder (agar agar or sodium alginate)
was dissolved in approximately 40 ml of water (for 100 g diet)
heated to 50-60°C, The diet mixture and vitamin solutions were
added to the binder solution and the total diet was prepared
into a dough, It was then steamed for ten minutes and extruded
in a hand pelletizer using 3 mm diameter die, The pellets were
collected in a suitable tray and dried in the oven at 60°C for
12 hours. The dry pellets were broken into small pieces (2-3 mm
length) and packed in polythene covers. The diets were stored
in descicator until use,

Preparation of Practical diets

The ingredients were individually powdered (approximately

250 micron) and weighed according to composition of the diet and

mixed together. 40 ml, of water (for 100g of diet) was taken and



Table 2. Composition (g/100q) of the purified diets PE . _PE,, PE,,
PE. and PE,.

33—
"""""""""""""""""""" biet Now
Ipgredients N

Albumen (egg) 0.00 40,0 - - -
Casein (fat free) 0.00 - 40,0 - -
Fibrin (blood) 0.00 - - 40,0 -
Gelatin 0.00 - - = 40,0
Sucrose 15.8 6.4 6.4 6.4 6.4
Starch 55.0 24,4 24,4 24,4 24,4
Cod liver oil 6.0 6.0 6.0 6.0 6.0
Glucosamine hydrochloride 0.8 0,8 0.8 0.8 0.8
Cholesterol 0.5 005 0.5 0.5 0.5
Sodium citrate 0.3 0.3 0.3 0.3 0.3
Sodium succinate 0.3 0.3 0,3 0.3 0.3
Vitamin mixture * 2.7 2,7 2.7 2.7 2,7
Mineral mixture * 8.6 8.6 8.6 8.6 8.6
Cellulosée 6.5 6.5 6.5 6.5 6.5
Sodium carbonate 1,0 1.0 1.0 1.0 1.0
Chromium oxide 0.5 0.5 0.5 0.5 0.5
Agar agar 2.0 2.0 2,0 2,0 2,0

* The composition of vitamin and mineral mixture is given in
table 2a and 2b respectively.



Table 2a.

Composition of vitamin mixture

Water goluble vitamins: (g/100g diet)

Ascorbic acid

Choline chloride

Cyanocobalamine

Folic acid

Nicotinic acid

Pantothenic acid (Calcium salt)

Para amino benzoic acid

Pyridoxine hydrochloride

Riboflavin

Thiamine hydrochloride

Fat soluble vitgmins: (g/100g diet)
Biotin

/3 =carotene
Calciferol

Inositol

Menadione
O<-Toc0pherol

2,000
0.120
0.00008
0.080
0,040
0,060
0.010
0.0120
0.0080
0.0040

0.00004
0.0096
0.0012
0.200
0,004

0,029



Tgble 2b. Composition of mineral Mixture: (g/100g diet)

Calcium lactate 2,72

Potassium dihydrogen

orthophosphate 2,00

Sodium dihydrogen

orthophosph ate 0.79

Magnesium sulphate 3,02

Manganese chloride 0,004

Ferrous chloride 0,015



Table 3. Composition (g/100q) of the purified diets PE., PE,

PE7e PEg, PE5 & PE (e
Ingredients PE PE
' 5 6
Albumen (egg) 0.00 20.0
Cod 1liver oil 6.0 6.0
Sucrose 16.3 11.0
Starch 50.0 44.4
Vitamin mix * 2.7 2.7
Mineral mix * 8.6 8.6
Cholesterol 0.5 0.5
Glucosamine HC1 0.8 0.8
Sodium citrate 0.3 0.3
Sodium succinate 0.3 0.3
Cellulose - 0.9
Chromium oxide 0.5 0.5
Sodium hydrogen
carbonate 1.0 1.0
Agar agar 3.0 3.0

6.0
5.8
22,3
2,7
8.6
0.5
0.8
0.3
0.3
8,2

0.5

1.0
3.0

* Vitamin and mineral mixtureswere same as used in experiment 1
(Tables 2a and 2b)



Table 4. Composition (g/100qg) of the purified diets pE11‘ PE12'

g§13L_PE and PE

14 15°

"""""""""""""""""""" Diet No.

foredients PE11 PE12 PE13 PE1e PE1s
Casein (fat free) 20.0 30,0 40.0 50.0 60.0
Cod liver oil 6.0 6.0 6.0 6.0 6.0
Sucrose 11,0 8,6 5.8 3.0 0.4
Starch 44,4 33.2 22,3 11.4 0.4
Vitamin mix * 2.7 2.7 2.7 2,7 2,7
Mineral mix * 8.6 8.6 8.6 8,6 8.6
Cholesterol 0.5 0.5 0.5 0.5 0.5
Glucosamine HC1 0.8 0.8 0.8 0.8 0.8
Sodium citrate 0.3 0.3 0.3 0.3 0.3
Socium succinate 0.3 0.3 0.3 0.3 0.3
Cellulose 0.9 4.5 8.2 11.9 15.5
Sodium hydrogen
carbonate 1.0 1.0 1.0 1.0 1.0
Chromium oxide 065 0.5 0.5 0.5 0.5
Agar agar 3.0 3.0 3.0 3.0 3.0

* Vitamin and mineral mixtures werz same as used in experiment 1
(Tables 2a and 2b)



Tgble 5. Composition (g/100g) of the purified diets PE, ., PE, v
PE g PE o PE, , PE,,, and PE, ..
""""""""""""""""""" Diet No,
momerens G e e,
Albumen 20 20 20 ——— cemee  ee=-e 10
Casein 20 - -— 20 20 ~—e= 10
Fibrin - - 20 - 20 20 10
Gelatin - 20 - 20 - 20 10
Sucrose 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Starch 24,4 24.4 24.4 24.4 24.4 24.4 24.4
Cod liver oil 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vitamin mix * 2,7 2.7 2.7 2.7 2.7 2.7 2,7
Mineral mix * s.6 8,6 8.6 8.6 8,6 8.6 8,6
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Glucosamine HC1 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sodium citrate 0.3 0.3 0.3 0.3 0,3 0.3 0.3
Sodium Succinate 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Cellulose 8.2 8,2 8,2 8.2 8,2 8,2 8,2
Sodium hydrogen
carbonate 1.0 1.0 1.0 1,0 1.0 1.0 1.0
Sodium alginate 3.0 3.0 3.0 3.0 3.0 3.0 3.0

* Mineral and vitamin mixtureswere same as used in experiment 1
(Table 2a and 2b)



Tgble 6. Composition (g/100gq) of the diets PE23, PE24. PE25.P§26_

PE,,_with natural protein (animal) sources.

Clam meat powder
Fish meal

Mantis shrimp
Prawn waste
Silkworm pupa
Tapioca

Fish oil (Sardine)

Vitamin and mineral
mixture *

Chromium oxide

Polyvinyl alcohol

* Vitamin and mineral

40,5

3.0

1.5
1.0
3.0

1.5
1.0
3.0

1.5
1.0
3.0

50.0
41,5
3.0

mixture composition is shown in Table 6a

&



Table 6a, Vitamin and mineral mixture used in diets PE23 to PE27.

Each 100g of the diet contained the following vitamins and minerals:

Vitamins

Vitamin A (acetate) 5000 I.U.
Thiamine mononitrite 4,00 mg.
Riboflavin 6.00 mg,
Nicotinamide 50.00 mg.
Pyridoxine hydrocchloride 3.00 mg.
Calcium pantothenate 10.00 mqg.
Cynocobalamine 2.00 )ag.
Ascorbic acid 100.00 mg,
Cholecalcifercl 400 I.U.
Vitamin E (Alphatocopheryl acetate) 20.00 mg.
Biotin 0.10 mg.
Minerals

Calcium phosphate 0.416 g.
Ferrous sulphate 21. 24 mg,
Magnesium phosphate (dibasic) 96.00 mg,

Manganese hypophosphite 1.2 mg.



Table 7. Composition (g/100g) of the diets PE

28e-LEyqe PR

5231 with natural protein (plant) sources.

""""""""""""""""""""""""""" Diet Nou

Ingredients —'"EE;; """" ;5;; """" ;E;; """" ;g;;'-'
Coconut cake 72.5 - - -
Fish meal 16,0 - - -
Gingelly cake - 88.5 - -
Groundnut cake - - 62 -
Spirulina - - - 50
Tapioca 3.0 3.0 29,5 41,5
Fish oil 3.0 3.0 3.0 3.0
Vitamin and Mineral
mixture * 1.5 1.5 1.5 1.5
Chromium oxide 1.0 1,0 1.0 1,0
Polyvinyl alcohol 3.0 3.0 3,0 3.0

* Composition of vitamin and mineral mixture is same as given in
Table 6a.



Table 8. Composition (g/100g) of the experimental diets PE,,ePE 4,

PEy e PEyce PEjge PR, PE.., PE.  and PE, .
Diet No,
Ingredients o PE PE PE PE PE PE., PE,. PE

Animal Pro-
tein mix.1 90,0 80.0 70.0 60,0 50.0 40.0 30,0 20,0 10,0

Plant protein

Mix, 2 i0.0 20,0 30,0 40,0 50.0 60.0 70.0 80.0 90,0
FiSh 011 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 300
Vitamin and

mineral

mixture* 1.5 1,5 1.5 1,5 1.5 1,5 1.5 1,5 1.5

Chromium oxide 1.0 1.0 1.0 1.0 1.0 1,0 .0 1.0 1.0

Polyvinyl
alcohol 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3,0

Ratio of ani-
mal and plant
protein 12.1:1 5,721 3,321 2;231 1,4:1 1:1 0,631 0,4:1 0.2:1

* Vitamin and mineral mixture was same as used in experiment 5
(Table 6a)



1. Animal protein mixture (g/100q)

-

Clam meat powder
Fish meal
Mantis shrimp

Prawn waste

Crude protein %

2. Plant protein mixture (g/100g)

Coconut cake
Gingelly cake

Groundnut cake

Crude protein %

30
30

40

- s ms GO -e» e

100

37.2



Tagble 9. Composition (g/100d) of the experimental diets PE, 4.

3.0

1.5

PE, ¢ PE 5, PE,,, PE ., PE, . and PE,..
Dieﬁ No.

Ingredients = “_°°TTT7C TTETTEI o messeee SEmET T o T T oo

PE"'1 PE42 PE43 PE44 PE45 PE46
Protein mixture® 90.0 80.0 70.0 60,0 50.0 40.0
Tapioca 10,0 20,0 30,0 40.0 50.0 60.0
Fish oil(sardine) 3.0 3,0 3.0 3.0 3,0 3.0
Vitaminzand mineral
mixture 1.5 1.5 1.5 1.5 1.5 1.5
PVA 3.0 3.0 3.0 3.0 3.0 3.0

1 Protein mixture:s A mixture of 70% of animal protein mix

3.0

and 30% of plant protein mix (Table 8) used in Experiment 6,

2 Vitamin and mineral mixture was same as given in Table 6a.
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the fish o0il was emulsified in it using 19 of glycerol mono-
laurate with the help of a varing blender. The binder was
seperately melted in a small quantity of hot water at 70°C,

To this the dry ingredient mixture, the o0il emulsion were
added and thoroughly homogenized. The dough was steamed for
ten minutes and extruded through a hand pelletizer using 3 mm
diameter die. The resultant pellets were dried in the oven

at 60°C for 12 hours. The dry pellets were broken into pieces
of 2-3 mm size and stored in descicator until use.

Experimental animals: Early juveniles of the Indian white prawn,

Penaeus indicus (H. Milne Edwards) (Plate 1) used in the experi-

ments, were obtained from the hatchery of the Marine Prawn
Hatchery Laboratory (MPHL) of the Central Marine Fisheries
Research Institute (CMFRI) at Narakkal., For each experiment,
the animals from a single brood were only used. In all the
feeding experiments, the animales ranging from 20 to 30 mm in
size (total length measured from tip of the rostrum to the
tip of the telson) were used,

Rearing facility: Ten litre capacity, transparent circular

containers, made of pursplux, were used for rearing the animals

in feeding experiments (Plate 2). The background of the bottom of
rearing tanks was specifically made milky white to facilitate easy
recognition and collection of faeces for digestibility studies.

Water management: A mixture of filtered .through bolting cloth

No,30) sea water and tap water, in the regquired proportion,
to obtain the desired salinity, was used for rearing the
animals in feeding experiments. Intermittant aeration (not less

than 15 minutes per hour) was provided with the help of an air-.



Plate 1. The Indian white prawn Penaeus indicus

H. Milne ©dwards,
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blower using air stones. $ediment from each of the tanks was
siphoned out everyday and three fourths of the water was repla-
ced by freshly prepared water with the same salinity as men-
tioned above. Complete water was replaced in the tanks once

in f£ive days. Since the early juveniles of penaeid prawns were
found to have (Venkatarzmaish et 2l., 1975b) highest growth and
survival at salinity between 15-20%,, the salinity of the water
in the rearing tanks was selected within thics range in all the
feeding experiments. The hydrographical data in respect of each
experiment are given separately in Table Hl'

Design of feeding experiment: 1In all the feeding experiments,

the rearing tanks were arranged in rendomized block design, in
order to eliminate the influence of position and place of the
tanks among different treatments. For each treatment there were
three replicates. A group of eight animals were stocked in each
tank. Thug there were twentyfour animals for each treatment,
The duration of each feeding experiment was for a period of 30

days.

Feeding Procedure: 1In all the experiments group feeding pro-
cedure was adopted. The animals were fed at the rate of appro=-
ximately 20% of body weight of dry diet in two divided doses

in the morning and evening. Before feeding, the left-over feed
was recovered, the adhering salt was washed gently and dried in

the oven at 60°C to constant weight.

Faeces collection: PFor collection of faeces in digestibility
studies, a pilot experiment was conducted first in which the

animals were fed in the morning. It was observed that three



Plate 2, Experimental set up used for rearing animals
for the biological evaluation of diets.



Table .Hl. Hydrographical data of the feedina experiments 1, 2,
3, 4, 5, 6 and 1,
Experiment Salinity Oxygen o Temperature
No. %o cc/L °C
1 16,7 + 1 4,0 8,05+ 0,1 28,5 + 0,5
2 18,29+ 1 3.9 8.29 + 0,2 29.4 + 0,5
3 18,14+ 1 4,0 8.15 + 0.1 29,1 + 0,5
4 17.9 + 1 4.1 8,20 + 0.1 28,5 + 0.5
5 18,13+ 1 3.69 8,12 + 0.1 29.0 + 0.5
6 16,0 + 1 3.69 8.1 + 0.1 28,0 + 0.5
7 17.19+ 1 3.82 8.01 + 0.1 29.1 + 0.5



hours after feeding, maximum sheding of faeces occurred. In
all the experiments in which the digestibility was determined,
collection of the faeces was therefore commenced three hours
after the morning feeding., Generally the faeces used to come
out as long strands. These were collected carefully with the
help of a pipette on to a2 piece of bolting cloth. After gently
washing the adhering salt with distilled water, the faeces were
transfered to a petridish and dried in the oven at 60°C to con-
stant weight, The dry faeces were homogenized in an agate mor-
tar and used for analysis,

After commencement of the feeding experiment, the animals
were allowed to fully acclimatize to the diet and no faeces were
collected during the first week. In order to cover the inherent
variabilities in the digestibility with time, faeces were colle-
cted regularily over a period of twenty days. The design and
planning of the feeding experiments both for digestibility stud-
ies and growth evaluation simultaneously,helped to achileve faeces
collection for long time, which had distinct advantages., Besides
providing the opportunity to cover longer period for feeces colle-
ction,it helps to obtain sufficlently large sample of faeces ade-
quate for chemical analysis,

Bacterial growth is known to occur in rearing tanks dur-
ing the feeding experiments, Many a times it is practically
difficult to quantify them and take into account for the pur-
pose of feeding, As far as possible, to avoid such growth of
bacteria, filtered water was used, the sediments were regularly
removed and left-over food was taken out before fresh batch of
food 1is given, However, no other precaution could be taken in

addition to these measures.



measurements

Total length and weight: The total length of the animals,

before, during and after the feeding experiment, was measured
from the tip of the rostrum to the tip of the telson, For
measuring the initial dry weight, three groups of eight animals
each were sacrificed and after drying them at 60°C to con-
stant weight, each group was separately weilghed and the aver-
age dry weight of the animal was calculated, At the end of

the experiment the dry weight was measured by sacrificing the
total number of animals in each replicate. The initial and
final live weight of the animals was determined by weighing the
individual group of animals in each treatment after removing
the external water with filter paper. Subsequently, the dried
animals were finally powdered and used for estimation of nitrogen.
Growth: The growth of the animals in length, live-weight and
dry weight was measured by using the following formula,

o Final measurement - initial measurement
Growth % Initial measurement

x 100,

Food convergion ratio (FCR): Food conversion ratio of the

diet is calculated using increase in live-weight and the food

consumed, by the following formula,

FCR = Average welght of food consumed in dry weight
Average live-weight gain

Digestibility: Edin (1918) first introduced the use of chro-

mium oxide as an inert digestion indicator in animals. This

had obviated the need to collect the total faeces quantitatively.
Phillips(1969) conducted extensive studies on digestibility of
food components in fish, Latcer Smith and Lovell(1973) studied
the digestibility of protein nitrogen using this method in cat-

fish and found that the results obtained in catfish were similar o



3€
the digestibility of protein in live stock. Austring (1978)
confirmed the suitability of this procedure for measuring
digestibility in fish, Forster and Gabbott (1971), Colvin
(1976a), Bordner et al.(1983), Ashmore et al. (1985), Lee and
Lawrence (1985), Seidman and Lawrence (1985), Smith et al.
(1985) successfully used this method to study the digestibility
of nutrients in prawns,

In the present study the digestibility of protein in the
diet was determined using the same inert internal marker
Chromium odixe (Cr203). The method consists of adding a known
amount Cr,0, in the diet. The chromium oxide is excreted out
by the animal undigested. The faeces are collected for a period
of time and the nutrient and Cr203 in the faeces and diet are
determined, The apparent digestibility coefficient of the

nutrient is calculated by the following formula,
% Cr.0. in diet % nutrient in

Apparent 2-3 % fagces _____» 100
digestibility=100- % Cr,0, in faeces % nutrient in
coefficient diet

Mgtabolic Faecal Niatrogen (MFN) and True digestibility

For the determination of Biological Value of a protein,
the true digestibility of the protein by the animal is necessary.
Calculation of digestibility of protein involves determination
of faecal nitrogen which contains not only the undigested nitro-
gen from the diet but also the nitrogen excreted due to the meta-
bolic activity in the body. Metabolic faecal nitrogen (MFN)

comprises residues of the digestive juices, epithelial cells
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derived from the walls of the alimentary canal, and bacterlial
residues (Maynard and Loosli, 1969). 1In prawns the secretion
of a chitinous peritropic membrane around the faecal pellets
(Forster, 1953) would also contribute to the MFN, To obtain

the undigested dietary nitrogen in the faeces, the MFN should
be subtracted from the total fsecal nitrogen,

Metabolic faecal nitrogen is usually expressed in terms
of nitrogen excreted per unit weight of dry diet consumed by
the animal (milligrams of nitrogen per 100 grams of diet), It
can be determined in two ways. One is by directly feeding anie
mals a known quantity of a nitrogen free diet, and the nitrogen
appearing in the faeces must therefore be MFN. The second
method is by feeding diets containing different protein levels
and determining the nitrogen in faeces. The level of faecal
nitrogen, expressed as nitrogen per unit weight of food eaten,
is then regressed against the level of dietary nitrogen, and
the value when the level of dietary protein is zero, 1is taken
as the estimate of MFN. These two methods have been critically
evaluated by Mitchell and Bert (1954) for albino rats and have
shown to give good agreement, Nose (1967b) also obtained rea-
sonably good agreement of the two methods in rainbow trout.
Both the methods were employed successfully by Forster and
Gabbott (1971) for studying the assimilation of nitrogen in the
prawns Palaeion serratus and Pandalus platyceros. In the pre-
sent study MIN was determined by feeding zero protein diet to
the prawns. A known quantity of chromium oxide was added as an
inert marker, By determining the chromium oxide in diet as

well as in faeces it is possible to calculate the MFN., It is
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very advantageous to use the inert marker in the diet, because,
by this method, accurate estimation of both the diet consumed
and the fzeces excreted need not be dcne. The ratio of the
merker in the faeces and the diet could be directly used for
calculating the amount of food consumed and MFN per 100 g diet.
For this purpose, animals were individually held separately in

six rearing containers and fed with zero protein diet PE_,'ad

OI
libitum' for 30 days. Faeces were collected every day as per
the procedure described earlier. Nitrogen, chromium oxide in
diet and faeces were determined., At the end of the experiment

the carcass of the animals was analysed for nitrogen for deter-

mining NPU.

The metabolic faecal nitrogen was calculated using the following

formula:
MFN excreted when 100 g of diet consumed = A xB
]
Where A = % Nitrogen in faeces of animals fed zero protein diet.
E = % Chromium oxide in zero protein diet,
C = % Chromium oxide in faeces.

Correction of MIN in the faecal nitrogen of test diet for cale-
culating true digestibility is obtzined by using the formula,

MFN due to the amount of E
test diet consumed = X

C
Where D = % Chromium oxide in test diet.
E

% Chromium oxide in faeces of test diet fed animals,
The MFN thus obtalned is subtracted from the total faecal nitro-
gen of the test group animals to obtain the corrected faecal

nitrogen of the test group.
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Using the corrected faecal nitrogen of the test group, the
true digestibility of the protein was calculated using the

formula of digestibility coefficient.

% corrected
o protein in
% Cr205 in diet . ¢..ces x 100
%Tér203 in faeces % protein in
diet

True digestibility=100 -

Protein Efficiency Ratio (PER):

The Protein efficiency ratio was calculated by the

formula

PER = Average live weight gain
~ Average protein consumed

Net Protein Utilizgtion (NPU):

Net protein utilization was determined using the modified
formula (Castell and Tiews, 1980) for fish,
Body nitrogen of test Body nitrogen of animals re-

NPU = group animals " __ceiving zero protein diet
Nitrogen consumed

Biological Value of Protein (BV):
The biological value of the protein is calculated by the

following formulas

_ _Net protein utilization

BV True digestibility of protein

Analysis:

Total nitrogen and protein: Total nitrogen in dry diets, ani-
mals and faeces was determined by the standard Kjeldahl method,
The percentage of protein was calculated by multiplying the per-
centage of total nitrogen by the factor 6,25,

Chromium oxide: The chromium oxide in the diets as well as in
faeces was estimated by the method of McGinnis and Kasting(1964).

The organic matter in the material was first digested with nitric
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2O3 was oxidised to Cr20;'. The dichromate ion

thus obtained was determined by spectrophotometric method using

acid and the Cr

diphenylcarbazide reagent. This is a very sensitive method in
which the reagent gives intense pink colour even with traces of
chromium which can be easily measured at 530‘)m using potassium

dichromate standard,

Statistical Analysis:

The data obtained in the fe=ding experiments on various
parameters were subjected to the analysis of variance (ANOVA)
and the least significant difference (LSD) was calculated in
each case following Snedecor and Cochran (1973). The growth of
the animals which was calculated as percentage was first changed
to ‘angular transfermations®' and then subjected to ANOVA. The
results of ANOVA 1n respect of each experiment were tabulated

separately,



RESULTS

"urified Proteins

tvaluation of purified proteins

The results of evaluation of the four purified proteins

for the early juveniles of the prawn Penaeus indicus, are pre-

sented in Table 10,

The feeding experiment carried out with the zero protein
diet (PEO) had given interesting results. There was a loss in
welight in the body of the animals fed this diet., The animals
lost 5.4% in live-weight and 4.8% in dry weight. Gradually
the animals became less active and mortality occuﬁ?d. The sur-
vival was 60% at the end of the experiment, As a result of feed-
ing zero protein diet the total body nitrogen came down to 9,91%
from the initial value of 10.94%  The corresponding loss of body
protein was 6.43%,

The excretion of nitrogen in the faeces and metabolic fae-
cal nitrogen (MFN) of the animals fed with zero protein diet
are given in Table 10 (A), There was variation in the nitrogen
(N) excreted in the faeces by the animals, The lowest value of
N. excreted in the faeces was 1,04% and the highest value was
1,75%. The middle valuesof N excreted were 1.40%, 1.43% and
1,72%, The average value of N excreted was 1.,46%. The MFN
varied from 248,5 mg to 351.6 mg per 100 gram of diet, with an
average of 326.4 mg per 100 gram of diet. Among the proteins
tested albumen (egg) had produced the highest growth in length
(52,1%), live-weight (359.4%) and dry weight (298,5%). The

food conversion ratio (FCR) was 2.4 and the survival was 100%.



Table 10. Growth, food conversion ratio and survival of juvenile

P. indicus fed with purified diets PE _to PE, for 30

—0——4
days.
Diet No,
Particulars oo T TTLoTTTTTTTooTTTTTTI o oTTTTTTI o OTTTTTT
PEO PE1 PE2 PE3 PE4

Initial average
length (mm) 24,5 24.4 24.4 24.6 24.3
Initial average
live weight (g) 0.0634 0,0631 0,0631 0.,0636 0.,0629
Initial average
dry weight (g) 0.0168 0,0168 0.,0168 0.0169 0.0167
Final average
length (mm) 24,5 37.1 32.5 33,7 29,3
Final average
live weicht (g) 0.0600 0.2899 0.1840 0.1999 0,1376
Final average dry
weight (g) 0.0160 0.0669 0.0396 0.0481 0.0274
Growth in length %  Nil 52,12  33.2° 27,0  20.6°
Growth in live
weight % ~5.4 350.4%  191.6° 214.3° 118.8°C
Growth in dry
weight % 4.8 208,5% 135, 7° 184.6° 64,19
Food conversion
ratio - 2.40% 4,17  5,08°¢ 9.829
Survival % 60.0 100,0 53,3 100,0 53.0

Note: Values with same superscript are not significantly differ-
ent among themselves, Growth in length, dry weight and
food conversion ratio significant at 1% level (P « 0.01) and

- growth in live weight significant at 5% level (P . 0.05).



Table 10(A). Determination of metabolic Faecal nitrogen (MFN)

in Juvenile P, indicus using_zero protein diet.

- I I G S e GED GED T GED G GED GED CED D G P S CED e G SN e D CEN G G G GUn G 4 She Sem G GEN GO GEN GEN GNP S G G GNP G Gm T G SN gu Se WNy G Gw O G w e GED mm S GE

. Metabolic faecal
Chromium oxide % Nitrogen nitrogen (MFN)

e O Tl alet i fasces K (M9 of N per 100g
1 0.4342 1.8169 1.40 334.6
2 . 1.8169 1.04 248, 5
3 . 1.8167 1.43 341,.8
4 . 2.1500 1.72 347.4
5 " 2.1610 1.75 351.6
6 . 1.8167 1.40 334.6

Average 1,9297 1.46 326.4
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which were superior to the FCR and survival produced by the
other proteins. Fibrin produced a growth of 27,0% in length,
214.3% in live-weight and 184,6% in dry weight, while casein
obtained a growth of 33,2% in length, 191.,62% in live-weight
and 135.7% in dry weight., The FCR obtained by casein was 4.17
and that of fibrin was 5.08. Howewver, the survival of the
animals fed casein was low (53.3%) compared to that of the
fibrin (100%). Gelatin produced low growth (20.6% in length,
118.8% in live-weight and 64.1% in dry weight), survival (53%)
and poor food conversion ratio (9.82),

Interestingly gelatin had shown highest true digestibility
(Table 10B) of 93.41 followed by fibrin, 82,42, The digesti-
bility of albumen and casein was 72.48 and 76.44 respectiwely.
While the diet with fibrin had shown the highest Net Protein
Utilization (NPU), of 53, the NPU obtained by the diets with
albumen, casein and gelatin were 43, 36 and 38 respectively,

The Biological Value (BV) of albumen was 59 and that of casein,
fibrin were 49 and 65 respectively, The BV obtained by gelatin
was 39,

The Protein Efficiency Ratio (PER) produced by albumen
was 1.34, whereas the PER obtained by casein, fibrin and gelatin
respectively was 0,76, 0.67 and 0.27.,

Analysis of variance (ANOVA) of the data (Table 10C) on
growth, FCR, PER, t-ue digestibility (TD), NPU and BV obtained
by the four proteins had shown that the growth, FCR, PER and TD
differ significantly among the treatments, The growth in length
dry weight and PER were significant at 1% level (P < 0.01) and

the growth in live weight, FCR and TD were significant at 5% level
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Table 10(C). Angalysis of variance of the data obtained by

diets PEI' PE2, PE3 and PEI'

ANOVA
Degrees of Sum of Mean sum of
Source freedom squares squares
1 2 3 4

1. Growth in_length
Treatment 3 602, 26 200, 75%*
Error 8 13,22 1.65
Total 11 615.48

2. Growth live-weight
Treatment 3 119321.38 39773.,99*
Exror 8 31666.96 3953,37
Total 11 150988, 34

3. Growth in dry-weight
Treatment 3 84971.03 28323,67%%
Error 8 2402,52 303.3
Total 11 87373.55

4. Food conversion ratio
Treatment 3 90,47 30.16*
Error 8 12.48 1,56
Total 11 102,95

S. Protein Efficiency Ratjio
Treatment 3 1.7368 0.5789%%
Error 8 0.1024 0.0128
Total 11 1.,8392

6, Digestibility
Treatment 3 556,63 185,.54*
Error 8 119,57 14,95
Total 11 686, 20




Table 10(C) (continued)

7. Net Protein Utilization

Treatment

Exrror

Total

8. Biological Value
". Treatment

Error

11

11

3 4
110.17 36,72
35,00 4.42

145,17
11.49 3,830
18,16 2,27
29. 65 6.10

** Significant at 1% level (P < 0.01)

* Significant at 5% level (P £ 0.05)

N Not significant at 5% level,
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(p £ 0.05). However, NPU and EV did not show any significant
difference among the treatments (P £ 0.05). The growth, FCR,
and PER obtained by the diet with albumen were significantly
higher than those with casein, fibrin and gelatin. There was
no significant difference in the growth in live-weight and FCR
obtained by the diets with casein and fibrin, The growth in
length, dry weight and FCR of the diet with gelatin were signi-
ficantly lower than those with casein and fibrin, However, no
significant difference was observed in growth in live-weight
produced by the three diets, with casein, fibrin and gelatin,
The TD of gelatin is significantly higher followed by those of
fibrin, casein and albumen, But the PER of albumen was signi-
ficantly higher compared to the PER obtained by casein, fibrin
and gelatin, No significant difference in the PER Of casein
and fibrin was observed, however, the PER of both casein and
fibrin was significantly different to that of gelatin.
Comparison of the evaluation results (Fig. 1 & 2) of the
four purified proteins albumen, casein, fibrin and gelatin had
shown that albumen registered highest growth (Fig. 1a and 1b)
and protein efficiency ratio (Fig. 1d) and the best food con-
version ratio (Fig, 1c). While the growth, FCR and PER obtae
ined by casein and fibrin were comparsble, celatin gave poor
results, Gelatin showed highest true digestibility (Fig.2b)
followed by fibrin, casein and albumen in decreasing order,
Fibrin showed highest BV,(Fig.2c) followed by albumen, Gelatin
had a very low BV, While fibrin showed comparitively higher
NPU (Fig,2a) followed by albumen, there was no diffefence in

NPU obtained by casein and gelatin,
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Figure 1, Evaluation of Purified Proteins for juvenile P,
indicus. (a) growth in weight (b) growth in length
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digestibility and (c) biological value (BV).



ivaluation of albumen

The results of the feeding experiment conducted with

iets PEs to PE are given in Table 11, As observed in the

10
first experiment the animals fed with zero protein diet had shown
negative growth., The loss in weight was 6.4% in live-weight and
5.8% in dry weight, There was a slight decline of 0.9% in
length, The diets PE

PE7, PEe, PE_, and PElO produced a

6’ 9
growth of 32,2%, 59.1%, 32.0%, 32,3% and 34.€% in length res-
pectively, The corresponding growth in live-weight was respect-
ively 146.7%, 256,.,6%, 138,7», 148,8% and 126,3%, and the growth
in dry weight being 154.5%, 262.7%, 154.2%, 155.8% and 167.1%
respectively. The food conversion ratio obtained by the five
diets, varied between 3.49 and 8,49, the maximum being for the
diet PES. The survival of the animals in the case of zero pro-
tein diet (PES) was 30%. It was 45.8%, 75.0%, 75.0%, 50.0% and
58.3% in the case of the diets PE6 to PElO respectively.

The true digestibility (TD) (Table 11A)of protein in the
diets PE6 to PElO was 87,34, 91,43, 79.35, 91,72 and 96,64 res-
pectively, while the PER in respect of these diets was 0.6,
1.16, 0.43, 0.46 and 0.56. The NPU was varying from 33,90 to

47.39. The BV was highest in the diet PE_ followed by PE,, PE

8 9’
PEIO and PE¢ in the decreasing order,

The ANOVA data is presented in Table 11B. The growth
produced by the diet PE7, in length, and dry weight was signifi-
cantly higher (P <« 0,01) compared to that of the other diets.

No significant difference in the growth in length, live-weight

The FCR obtained by different dietswas not found significantly °

and dry weight was found among the diets PE PE



Table 11. Growth, food conversion ratio and survival of juvenile

P. indicus fed with albumen diets PE. to PElo, for 30
days.
Diet No.
Particulars oo oL TTTTT oo TTTTTTooTTTTTT o oTTTTTT T T
PE5 PE6 PE7 PE8 PE9 pElO
Initial average
length (mm) 22,7 22,7 22,5 22.5 22,6 22.8

Initial avera?e
live weight(g 0.0658 0.0658 0.0652 0.0654 0,0658 0.0661

Initial avera?e
dry weight (gJ 0.0154 0.0154 0.,0153 0.0153 0.0154 0.0155

Final average
length (mm) 22.5 30.0 35.8 29,7 29,9 30,7

Final average
live weight(g) 0.0616 0.1623 0.2325 0.1561 0.1637 0.1496

Final average
dry weight(g) 0.0145 0.0392 0.,0555 0.0389 0.0394 0.0414

Growth in len-

gth % 0.9  32.2° 59,12 32.0P 32.3° 34,6
Growth in live

weight % -6.4 146.7° 256.65 138.7° 148.8° 126.3°
Growth in dry-

weight o -5.8  154.5° 262.7% 154.2° 155.8° 167.1°
Food conversion

ratio - 6.15  3.49  8.4%  8.47  3.63
Survival ;g 30.0 45,8 75.0 75.C 50.0 58,3

Note: Values with different superscripts are significantly
different among themselves. Growth in length, live
welght and dry weight significant at 1% level (P £ 0.01).
Food conversion ratio not significant at 5% level
(P £ 0.05).



°(S0°0 7 )
T9A8T %S 3 JUeDTITUDTS 30U Ag pPuR ‘nNgN ‘ATTITATISadTg °(S0°0 77 d) 18A@1 %G 3B 3URDTI

-TubTs yagd °soatesweyy bHuowe ArjuediyTubis Jez3Tp s3dyIiosaedns 3USIBIITP U3FM sonTep : 830N

90°0% TL°BE 95°0 ¥9°96 LTEST  092S°0 98°C1 8L°LY Lv*ts  Olaag
vL°8y OL°vY 9¥°0 L6 869€°T  ¥ET9°0 1AM 0T *89 8z °1¥ 634
TLT6S  6E°LY EV°O GE 6L 618Z°T  0¥E9°0 v6°2¢ LT°69 TE°EE 834
91°0S 98°Sy 9T°IT €EV°16 0696°T 0089 °0 (AR 06°0L SL°¥Z Laa
18°€E 06°€€ 09°0 vE°LS 692€E°CZ  VELS° O $8°87 S0°L9 LL*9T 934
— - - - L9T8°T  ZYEP°O L6°8 61°19 $°0 Sga
SI9TP Y3ITA
A3TTFAF SeO8ey ur 3OTp Ur 8ed9ey ur OUFpPee3 19338 3¥TP UT *oN
Ad NéN ¥3qa  —-3s9b7p sTewTue ur °
enxyg, -—————— — - 3I%Tqa
o, OPTXO wWNFwoIyd o, UFejoaxd epniy
SO D - - - D = - - - - G T D S e e e el - - = . e G G G e D G D e I D s GED SED GED S - [ - - em o o
“BA5TpUT °3 OTFuUeAnl UF O'ag pue  °ad 7 oaa

oL

33 ‘734 s307p Uewnqie 94Us Kq DoUTE3q0 Ad PUE NaN 'dad 'AITITArassbia (V) 1T oiaeg



Table 11 (B),

Analysis of variance of the data obtsined by

albumen diets PES'

PE7 e PEE e PEE

and PE, ..

10

Mean sum
of squares

4.

Growth in length

Treatment
Exror
Total

Growth in Live-weight

Treatment

Error

Total

Growth in dry weidht
Treatment

Error

Total

Food conversion ratio

Treatment
Error

Total

10
14

10
14

10
14

4
10
14

Protein efficiency ratio

Treatment
Error

Total

10
14

1430, 60
190,73
1621,33

29318, 69
10363.35
39682,04

124688.81
6775.85
131464,66

266,41
113,54
379.95

357, 65%%

19,07

7329, 67*
1036.33

31172,20%*

677,58

66,6

11,35

0.05



Table 11 (B) Continued,

6., Digestibility

Treatment
Error

Total

7. Net Protein Utilisation

Treatment
Error

Total

8. Biological Value

Treatment
Error

Total

** Significant at 1% level (P £ 0,01)
* Signifdcant at 5% level (P £ 0.05)

N Not significant at 5% level,

10

14

10
14

685, 67
421,87

1007.54

382,97
547,80

930,77

95,74
16,48

8.46"

1,80



different at 5% level (P £ 0.05), while only the PER of the
diet PE, was significantly higher (p < 0.,05) from that of all
the other diets; the TD, NPU and BV had not shown any signifi-
cant difference among the different diets at 5% level (P < 0.05).
The relationship between the dietary protein and the gro-
wth of P, indicus is shown in Fig. 3. The growth of Prawns in
length (Fig. 3b) and weight (Fig,3a) increased as the protein
in the diet increased from 0 to 25%, When the protein in diet
further increased to 33% the growth,both in length and weight,
declined. The growth curves leveled off as the protein in diet
increased from 33.3 to 51.,5%. The PER was the highest at 25%
protein in the diet (Fig, 4a) and decreased at 33% protein and
levelled off as the protein in the diet further increased to
51.5%. The diet with 25% protein recorded the lowest FCR (Fig,
4b), showing the high efficiency of the diet., Higher protein
content (33,3% and 41.3%) in the diet only increased the FCR
showing low efficiency of the diet. The diet with 51% protein
had again shown low FCR, comparable to that of the diet with 25%,
True digestibility (Fig,5a) of the protein was seen increa-
sing in the lower levels of protein, but decreased at 33,3% pro-
tein level and to increase again at higher levels. The NPU
gradually increased (Fig.5b) with dietary protein level upto
33.3% and showed declining tendency as the dietary protein
raised from 33.3% to 51,5%. Similarly the BV of the protein
increased (Fig. Sc) with increase in the dietary protein and
recorded a maximum value at 33,3% protein level. Thereafter it

started declining with increase in the dietary protein.
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Figure 3. Evaluation of albumen diets for juvenile P,
indicus. Relationship between dietary proteins
and (a) growth in weight and (b) growth in length,
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Evaluation of casein

From the results presented in Table 12, it can be seen

that the diet PE realised the highest growth of 48,8% in

12
length, 257.5% in live-weight and 238.8% in dry weight. The
diets PE,,, PE13' PE14 and PE15 had produced a growth of 45,2%,
36.1%, 24.1% and 28.0% in length, 179.5%, 137.6%, 90,1% and
111.4% in live weight and 122.3%, 106.9%, 82.,2% and 93.7% in
dry weight respectively. The FCR obtained by the diet PE14

was relatively higher (10.67), followed by PE13, pE11' and PE15
while higher survival rate was recorded with the dietsPE11 and
PEq2e

The protein in the diets PE11 t:oPE15

digestibility (Table 12A) of 92,45, 95.05, 79.15, 98.52 and

had shown @ true

97.37 and PER of 0.65, 0,92, 0,27, 0.19 and 0.34 respectively,
As in the case of TD and PER, NPU and BV were greatest in PE12.
Analysis of variance of the data (Table 12 B) had shown that the
treatments were highly significant among themselves, The growth
in length and dry weight, TD, PER, NPU and BV were significant
at 1% level (P £ 0,01) while the growth in live-weight and FCR
were significant at 5% level (P £ 0,05).

The growth of the animals in length (Fig, 6b) and weight
(Fig, 6a) increased with the dietary protein up to 29,3% and
declined thereafter. The growth was significantly higher at
this protein level in the diet (PE12) than at the other protein
levels, The same diet (PE12) had shown highest PER (Fig,7b) and
low FCR (Fig, 7a) showing higher efficiency of the diet, Higher
protein levels in the diet lowered the PER and produéed higher

food conversion ratio decreasing the efficiency of the diet,



Table 12. Growth, food conversion ratio and survival of juvenile
P. indicus fed with casein diets PE,, to PE15 for 30
days.

Diet No,
Particulars e e e, e - ———————————
PE,,  FPEByp PB4y FEy, PEyg

Initial average length(mm) 23,9 24,0 24,1 24,1 24,0

Initial average live-weig-

ht (g) 0.0605 0.,0607 0.0609 0.0609 0.0623

Initial average dry

weight (g) 0.0152 0.0151 0.0153 0.0153 0.0156

Final average length(mm) 34,7 35,7 32.8 29,9 31,5

Final average live-

welght (g) 0.1691 0.,2170 0.,1446 0.1158 0,1317

Final average dry

weight (g) 0.0337 0.0511 0.,0316 0.0278 0.0302

Growth in length % 45.2% 48,82 36,1° 24.1° 28.0°C

Growth in live-weight % 179.5> 257.5° 137.4%¢ 90,19 111.4¢

Growth in dry weight %  121.7% 238.4° 106.53¢ 81,79 o3, 6@

Food conversion ratio 7.89%  5,96%° 9.92° 10,67 5.50P4

Survival % 66,0 62.5 50.0 45,8 58,0

NB: Values with different superscripts are significantly differ-
Crowth in length, growth in dry weight
are significant at 1% level (P &£ 0,01) and growth in live-
weight and food conversion ratio significant at 5% level

ent among themselves,

(P £ 0.05).
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Table 12(B).

Analysis of variance of the data obtained by casein

1. Growth in length

Treatment
Error

Total

2, Growth in Live-weight

Treatment
Error

Total

3. Growth in dry weight

Treatment
Error

Total

4. Food conversion ratio

Treatment
Erxor

Total

diets PEll' PE12, PE PE14 and PE
ANOVA
D. F. Sum of
squares
2 3
4 1331.80
10 146,96
14 1478, 76
4 53186, 76
10 9354,.86
14 62541,62
4 48076.46
10 1802, 39
14 49878.85
4 63,88
10 11.96
14 75.84

332,95**
14, 69
347,64

13296, 69*
935,49

14232,18

12019,11%**
180, 24
12199,.35

15,97*
1.19
17.16



Table 12(B) continued,

6.

Protein efficiency ratio

Treatment 4
Error 10
Total 14

Digestibility

Treatment 4
Error 10
Total 14

Ngt Protein Utilisation

Treatment 4
Error 10
Total 14

Biological Value

Treatment 4
Error 10
Total 14

1,12
0.06

1.18

744.04
88, 67

832,71

2270, 69
50,06
2320.75

2633,92
149,36
2783, 28

Significant at 1% level (P Z 0.01)

Significant at 5% level (P £ 0.05)

0,28**
0.006
0.286

186,01**
8,87
194.88

567, 67**
5.01
572. 68

658,48**
14,94
673,42
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The TD (Fig., 8a) of protein tended to be higher at higher
levels of protein in the diet, though the values were not
significantly different except that of the diet with 37.4%
protein (diet PE,,) which had shown low 1D, significantly
different from that of the other diets., The NPU (Fig, 8b)
had shown a peak at 29.3% protein in the diet and decreased
below and above this protein level. Similarly the BV (Fig.
8c) increased with dietary protein level with a peak at
29,3% protein and showed a downward trend with higher levels
of dietary protein,

The results obtained with casein as protein source
are practically similar to the results obtained with albumen
as protein source in experiment 2, Both the protein sources
apparently showed same effect of dietary protein level on
growth, FCR, PER, digestibility, NPU and BV,

Dietary Protein level and excretion of faecsl nitrogen

The excretion of faecal nitrogen (Fig, 9a) per 100 gm of
the diet gradually increased with the increase in dietary
protein level and registered a peak at a particular Protein
level and decreased thereafter., The trend was similar with
albumen and casein, when used separately as protein sources,
In case of albumen, the faecal nitrogen per 100 g diet increa-
sed from 326.4 mg to 2667.5 mg as the protein in the diet
increased from zero to 25%. From 2667,.5 mg, 1t gradually came
down to 706,6 mg as the protein in the diet further increased
from 25% to 51.5%, In the case of casein the peak of maximum
faecal nitrogen shifted to 37% protein in the diet. However,

the faecal nitrogen decreased with further increase in the
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Figure 9(a). Relationship between dietary protein and faecal
nitrogen in Juvenile P, indicus.
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dietary protein level, The excretion of nitrogen was higher
in the animals fed with albumen diet than those fed with casein
diet,
Nitrogen balance

The nitrogen balance was calculated as the difference in the
nitrogen of the diet and the nitrogen in the faeces of the
animals fed that diet, The relationship between the dietary
protein and the nitrogen balance is presented in Fig.9b, At
lower dietary protein, the nitrogen balance was negative and as
the protein in the diet increased, the nitrogen balance became
positive and gradually increased, The results were practically
similar between albumen and casein, when used as protein sources
separately. In both the cases, the nitrogen balance curve
intercepted the protein axis (Y-axis) at 22,.5% protein, At
this protein level, the nitrogen balance was zero, below which

it was negative and above this level, it was positive,
Evaluation of mixed protein sourceg.

The results of the experiment with the diets PE__ to

16
PE,q in which the effect of mixed protein source in the diet
on different parameters was tested, are given in Table 13,
Among the different combination of purified proteins tested,
the diet PE22 having the four proteins, albumen, casein, fibrin
and gelatin in equal proportions had produced the higﬁesf
growth in length (49,.8%), live weight (321.4%) and dry w.ight
(371.1%)., The same diet had also shown lowest FCR (3.82) and
high survival (87.5%). This was followed by the diets PE, g0
PE17. PE18 and PE19 having albumen-casein, albumen-gelatin,
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Table 13(A). Analysis of variance of the data obtained by puri-

fied diets PE16‘ PE17, PE18' PE19‘ PEZO' PE21 and
EE)oe
""""""" T Tawova T
sewee T e Sum of Mean sum
squares of squares
N - O S
1. Growth in length
Treatment 6 268,75 44, 79%*
Error 14 67.57 4,82
Total 20 336,32 49,61
2, Growth in live weight
Treatment 6 49571.03 8261 ,63**
Error 14 5601, 73 400,12
Total 20 55172.76 8661, 75
3. Growth in dry weight
freatment 6 71626.92 11937,82%*
Error 14 1400.00 100.00
Total 20 73026.92 12037.82
4, Food conversion Ratio
Treatment 6 90.48 15,08% *
Error 14 9.87 0.705
Total 20 100.35 15,785

** Significant at 1% level (P £ 0,01)
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albumen-fibrin and casein-gelatin as protein combinations res-
pectively. Analysis of variance of the data (Table 13A), had
shown that there was significant difference (P £ 0.01) in the

growth and FCR obtained by these diets. The diets PEZO and PE21

having casein-fibrin and fibrin-gelatin as protein combinations
had produced significantly low growth and high FCR compared to
all the other diets. The survival of the animals fed with the

PE and PE

diets FE was very low compared to that of the

18°

other diets,

20 21

The performance of the diet having all the four proteins
as a mixture was significantly superior (Fig. 10) over the per-
formance of all the other combinations. Albumen-casein,
albumen-gelatin and casein-gelatin had shown practically iden-
tical results. Though, the growth of prawns obtzined by the
albumen-fibrin combination (diet PE18) was comparable to that
of the diets PE16, PE17, and PE19, the FCR was high and sur-
vival was Very low. The combinations, casein-fibrin and fibrin-
gelatin were distinctly inferior to all the other combination

of proteins tested,

Natural protein sources.

Evsluation of relative efficiencies of natural protein sources.

The results of evaluation of the five animal protein
sources, clam meat powder (CMP), fish meal (FM), mantis shrimp
(MS), prawn waste (PW) and silkworm pupa (SWP) for P, indicus
are given in Talle 14, The diet PE e prepared with PW regi-
stered the highest growth of 58,1% in length, 493,9% in live-

welght and 548,9% in dry weight. Clam meat powder in diet PE23,,
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obtained a growth of 51,4%, 374.2%, 375.8% in length, live=~
weight and dry weight respectively. P. ipdicus fed by the diet
prepared with FM had shown a growth of 48.5% in length, 317.4%

in live-weight and 325,7% in dry weight. The diet PE25 conta-
ining MS had produced a growth of 40.2%, 234.5% and 263.8% re-
spectively in length, live-weight and dry weight. Silkworm pupa
in the diet PE,,, produced the lowest growth of 19.7% in length,
154,3% in live-weight and 170.8% in dry weight, The FCRs obta-
ined by all the diets were good, However, the diets with CMP
(1.83) and MS (1,95) were the best among the five protein sources
tested. These were followed by FM (2,15), SWP (2.85) and PW
(3.33). All diets had shown a survival of above 60%. CMP and

MS had shown a survival of 66,6% and 62.5% respectively while

FM, PW and SWP had shown 83.3%, 79.2% and 75.0% survival respect-
ively. The growth in liVe-we;ght obtained by the five diets
differ significantly (Table 14B) among themselves (P < 0.01).
The difference was significant in the growth in length obtained
by the diets PE24, PEZS' PE26 and PE27. However, there was no
significant difference in respect of growth in length, between

the diets PE26 and PE23 and between PE and PE

23 In the dry-

weight, the growth obtained by the diets PE

24°
26 PE23 and PE2,7
among them was only significantly different (P <. 0.01). The
growth in dry weight in case of diets PE23 and PE24 and also
that of PE24 and PE25 was not significantly different between
them, though it was significantly different between PE23 and
PEzs. In respect of FCR, the diets PE23, PE24 and PE25 did not
show any significant difference (P < 0.05) among themselves

though the three values were significantly different from that



A
b

of the diets PE26 and PE,-. The FCR of the diets PE26 and P§27
had however shown significant difference between them.

The true digestibility (TD) (Table 14A) of clam meat pro-
tein was 81.19 and that of FM was 70.05. The digestibility of
the protein of MS, PW and SWP was 66.91, 77.21 and 60.99 respe-
ctively. The diets containing CMP, FM, MS, PW and SWP produced
a protein efficiency ratio of 1.77, 1.46, 1.52, 0.96 and 0.88
respectively. The net protein utilisztion of clam meat powder,
fish meal and mantis shrimp showed relatively higher values
for the former two diets and lower (33,64) value for mantis
shrimp., In the case of prawn waste and silkworm pupa it was
47.81 and 27,03, These proteins had shown a biological value
of 74.6, 92.6, 53.1, 61.93 and 44,32 respectively.

The TD of protein of the diets with CMP, FM, PW and SWP
was found to differ significantly (Table 14B) at 5% level
(P £ 0.65) among the diets . No statistical difference was
found in the TD of protein of FM and MS, though the TD of pro -
tein of MS was significantly different from that of the other
diets. In case of PER, there was no significant difference
among the diets PE,,, PE,, and PE25 though the PER of these
three diets was significantly different from the PER of other

two diets. Similarly the PER obtained by the diets PE and

26
PE,, d1d not differ significantly (P « 0,05). The NPU obtained

for the diets PE23, PE24 and PE26 did not differ significantly
(P &£ 0.05), but it was significantly different from that of

the diets PE25 and PE27. The NPU of the diets PE25,and PE26

also did not differ significantly, The biological value shown

by all the five diets (PE23 to PE27) was significantly different
'® &£ 0.01) among the diet
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Table 14 (B). Analysis of variance of the data obtained by the

diets PE23, PE24, PEZS' PE26 and PE27
T aova
T seuwee T be Sum of Mean sum
squares of squared,

T H T S
1. Growth in length

Treatment 4 1172.,03 293,01**

Error 10 44,83 4,48

Total 14 1216.86 297,49
2. Growth in live-weight

Treatment 4 203042, 63 50760 .65**

Error 10 1009.02 100 .90

Total 14 204051.65 50861 .55
3. Growth in dry weight

Treatment 4 249053.41 62263,35%*

Error 10 13858,97 1385.89

Total 14 262912,38 63649,24
4, Food Conversion Ratio

Treatment 4 5.00 1, 25%

Error 10 1.52 0.15

Total 14 6.52 1.40



Table 14(B) continued.

Protein efficiency ratio

Treatment
Error

Total

Digestibility

Treatment
Error

Total

10
14

10

14

Net Protein Utilisation

Treatment
Error

Total

Biological value

Treatment
Error

Totsal

10
14

10
14

324,00
88,63

412, 63

2565.06
574,25
3139.31

4421,91
66,81
4488,72

** Significant at 1% level (P £ 0,01)
* Significant at 5% level (P £ 0.05)

0.44*
0,05
0.49

81.00*
8.86

89.86

641,26*
57.42
698, 68

1105,47%%*
6. 68

1112,15



The arowth curves of the diets PE23 to PE°7 are shown in

Fig.11. The diet PE, . prerared with PV, showed the highest

2
growth in length (Fig.112), live-weight (Fig.11b) and dry

weicht (Fig.1lc). This was followed by the diet PE . with

4 ot with MS and diet PE27 with

SWF, Clam meat vrotein showed highest TC (Fig,12a) followed

CMP, diet PE,, with Fi, diet PE
by the protein of PW, The TD of the proteins Fl and IS were
comparable and lower than that of CMP end PW. The protein of

SWP showed the lowest digestibllity of the five protein sources
tested. Though the diet with PW gave higher growth, the PER
(Fig,12d8) was low and FCR (Fig.,12c) was higher compared to

that of the others, The PER and FCR of the diet with CMP were
slightly superior, but were comparable to that of the diets with
FIi and MS. The three diets, with CrP, I and MS, produced FER

and FCR superior to the PER and FCR of the diet with PW. The

diet with SWP recorded low PER and high FCR than that of the other
diets, except that its FCR was slightly better than the FCR

of the diet with PW. The NPU and BV (Fig,12b) produced by the
diet with Fi¥ weres superior to the NFU and BV obtained by all

the othor diets, This was followed by the diets with CIKP, PW,

I'S and SWP in the decreasing order.

The results obtained with the diets PE PE and

28¢ FEag9r FE3q

PE,,+ prepared with the plant protein sources coconut cake (CNC),
gingelly cake (GINC), groundnut cake (GNK) and Spirulina (SPL)
respectively, are presented in Table 15. The growth of prawns
fed with the diets PE,q (Growth in length 16,5%, growth in live-
weight 127,3% and growth in dry weight 110.3%) and PEé9
in length 16.2%, growth, in live-weight 121.3% and growth in dry

(Growth
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Figure 11. Evaluation of natural animal protein sources for
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(b) live weight (c) dry weight and (d) survival,
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weight 119.,0%), was similar. The diet prepared with groundnut
cake (PE30) indicated a growth of 31.5% in length, 202,3% in
live-weight and 227,1% in dry weight and the diet with Spirulina
showed a growth of 23.8% in length, 240.4% in live-weight and
215,7% in dry weight. While the FCR obtained by CNC and GINC
was 2.35 and 2,98 respectively, it was 4.99 and 4.02 in respect
of the diets formulated with GNK and SFL. The survival of the
animals fed CNC and GINC was 87,.5% and 83,3% respectively, it
was 66, 6% in the prawns fed with GNK and 37,5% with that of SPL,

The four plant protein sources CNC, GINC, GNK and SPL, had
shown a true digestibility (Table 15A) of 88,41, 85,02, 86.14
and 77,36 respectively. The PER of these protein sources laid
between 0.63 and 1.29. The Net Protein Utilization of CNC and
GINC was 23,27, and 31.82 respectively, while the NPU of GNK
and SPL was 20.41 and 39,43, These plant proteins CNC, GINC,
GNK and SPL had shown a BV of 27,02, 37,34, 23,36 and 50,96 in
that order.

The ANCVA of the data of the diets PE,, to PE is given in

28 31

Table 15(B). The TD of the different plant protein sources was
significantly different (P £ 0,05). The PER of CNC was significa-
ntly different from the PER obtained by GINC, GNK and SPL,while
there was no significant difference in the PER of the latter
three protein sources. The NPU of CNC and GNK and that of GINC
and SPL was not found significantly different (P £ 0.01) between
them, But the NPU of CNC and GNK was significantly different
from the NPU of GINC and SPL, The results were similar in the

case Of BV, The BV of CNC and GNK was sianificantlv different



Table 15. Growth, food conversion ratio and survival of juvenile

P. indicus fed with diets PE2g_to PE for 30 davys,

31
T T Diet No.
Particulars ";E;; """" ;5;;""';5;; """ ;g;;-"'
Initial average length (mm) 25,4 25.3 26,1 25,2

Initial average live-weight(g)0.0759 0.0754 0.0780 0.0751
Initial average dry weight (g)0.0194 0.0193 0.0199 0.0192
Final average length (mm) 29,6 29.4 34.4 31.2

Final average live weight(g) 0.1725 0.1668 0.2358 0,2556

Final average dry weight(g) 0.0408 0.0422 0.0651 0,0606

Growth in length % 16.5°  16.2°  31.5°  23.8P
Growth in live weight % 127.3%  121.3°  202.3P  240.4%
Growth in dry weight ¥ 110.3°  119.0°  227,1® 215.7°
Food conversion ratio 2, 35° 2.98%  4.99®  4.02°
Survival % 87.5 83,3 66,6 37.5

D > D S D D G D S D e S D D e - - S e e G P T G G TP G GuD GED $uD IR SIP GED G s IR G GUD N WD et SN G

Note: Values with different superscripts differ significantly
among themselves. Growth in live weight, dry weight and
food conversion ratio significant at 1% level (P £ 0.01).
Growth in length significant at 5% level (P £ 0,05).
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Table 15 (B), Analvsis of variance of the data obtained by the

diets pE28’ PE29, PE3O and PE31.
ANOVA
Sum of Mean sum
Source D. F. squares of squares
1 2 3 4
1, Growth in length
Treatment 3 269, 20 89, 73*
Error 8 43,90 5.49
Total 11 313,10 95,22
2, Growth in live weight
Treatment 3 30504.,75 10168, 25%*
Errorx 8 2013, 65 251,70
Total 11 32518.40 10419.95
3, Growth in dry weight
Treatment 3 34452,99 11484 ,33%*
Errorx 8 3047, 61 380,95
Total 11 37500. 60 11865, 28
4, Food Conversion Ratijo
Treatment 3 12,14 4,04%*
Error 8 0,09 0.12

Total 11 12,23 4,16



Table 15 (B) continued

Protein efficiency ratio

Treatment 3
Error 8
Total 11
Digestibility

Treatment 3
Error 8
Total 11

Net Protein Utilisation

Treatment 3
Error 8
Total 11

Biological Value

Treatment 3
Error 8
Total 11

0.93
0.22

1.15

125.09
48.16
173,25

267.81
7.01
274.82

493,51
43.11

536, 62

0.31%
0.03

0.34

41, 69"
6.02

47.71

89,27%*
0.87
90. 14

164,50**
5.39

169.89

Significant at 1% level (P £ 0.01)
* Significant at 5% level (P <£_ 0.05)

N Not significant at 5% level.
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(P < 0.01) from that of GINC and SPL, while it was not signi-
ficantly different between the first two protein sources and
between the second pair of protein sources.

The growth in length obtained by GNK was significantly
higher than that obtained by CNC, GINC and SPL, No significant
difference was observed in the growth in dry weight of CNC and
GINC and that of QK and SPL. However, the growth in live-weight
of GNK and SPL was significantly different between them and was
significantly higher than the growth obtained by CNC and GINC.
Similar results were obtained in case of FCR, While there was
no significant difference in FCR of CNC and GINC, it was
significantly different from the FCR of GNK and SPL. The FCR
of GNK and SPL was also found to be significantly different
between them,

The growth curves of the diets PE,q to PE;, are shown in
Fig.13. In general the diet prepared with GNK produced the
highest growth (Fig. 13a, b and c) followed by the diet prepared
with SPL. The growth obtained by the diets prepared with CNC
and GINC was identical and was lower than the growth obtained
by both GNK and SPL. The survival (Fig.13d) of the animals fed
with the diet prepared with SPL was very poor. It was the highest
in the case of the diets prepared with CNC and GINC.

The TD of all the four protein sources tested, was practi-
cally similar (Fig,14a). However, the NPU and BV of SPL were
high and that of &K ware low, The NPU and BV (Fig, 14b) of
GINC were slightly higher than those of CNC, but the NPU and BV
of both protein sources were higher than that of GNK and lower

than that of SPL. Both GNK and SPL showed high FCR (Fig, 14c)
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and low PER (Pig, 14d) compared to CNC and GINC., CNC showed
the lowest FCR and the highest PER compared to all the other
three protein sources,
Evaluation of apimal and plant protein mixtures in different
combinations.

The results of the feeding experiment conducted with the
diets PEy, to PE,, on B, indicus are given in Table 16, The
growth of the animals (315.9% in live-weight and 346.5% in dry

weight) fed with the diet PE_,, containing 70% animal protein

34
source (APS) and 30% of plant protein source (PPS) was the
highest among the different combinations of APS and PPS tested
in diets. The growth of the animals fed the diets PE32 and P333
(prepared with 90% APS and 10%¥ PPS and 80% APS and 70% PPS
respectively) was less than the growth obtained by the diet PE, 40
The growth obtained by diets 9335 (244.3% in live-weight, 220,9%
in dry weight) and PE; ¢ (234,74 in live-weight and 247.9% in
dry weight) was comparable, It was higher than the growth pro-
duced by the diets PE;, (156.2% in live weight, 170.5% in dry-
weight), PE;g (197.4% in live weight, 229.2% in dry weight),
PE 4 (186.3% in live-weight, 226,2% in dry weight) and also PE4O
which registered the lowest growth of 160.8% in live-weight and
155.4% in dry weight,

ANOVA of the data (Table 16B) had shown that the growth
(in live weight and dry weight) obtained by the diet PE,, was

significantly higher (P < 0,01) and that of the diet PE,. was

40
significantly lower than the growth obtained by all the other diets,
The difference in growth obtained by the diets PE32 and PE33 was

not significant. And also no significant difference was observed -



ot

in the growth produced by the diets PE35, PE36' PE38 and PE39.

Similarly the growth obtained by the diets PE and PE was

37 40

not significantly different, Though there were small variat-
ions in the growth in length and the FCR obtained by different
diets, the difference was not found to be significant (P 0.05).
The survival of the animals fed with the diets PE32, PE34, PE35.
PE;5, PE g was above 80%; that with the diets PE

33¢ FEyq and

showed the highest survival

3
PE39 between 70 and 75% and PE

40
percentage of 95,8,

The data on true digestibility, PER, NPU and BV of the
diets are presented in Table 16A, The TD of the protein in the
diet PE,, (57.86) was low and that of the diet PE,, (81,24) was

high, while the TD of the protein in the diets PE_.. (62.87),

33
PE5, (60.36), PE;¢ (65.48) was around 60. However, it was

around 70 in the case of diets PE ¢ (69,99), PE,q (72,72) and
PE,o (71.08). The TD of protein in the diet PE,c, was 58,58,

The TD shown by the diet PE,, was significantly higher (P.£ 0.01)
compared to that of all the other diets., The difference in

the TD of protein in the diets PE38' PE39 and PE40 was not

significant, Similarly the diets PE 5e PE g and PE o did not

3 3 4
show any significant difference in the TD among themselves, The
true digestibility of protein in the diet PE32 was significantly
lower than that of the diets PE36' PE,q, PE38‘ PE39 and PE4°.
Only the PER obtained by the diets PE40 and PE34 was signifi-
cantly higher compared to the PER obtained by all the other diets.
The diets P334, PE3S, PE38 and PE39 produced a PER of around 0,7
and the difference in PER of these diets was not found to be

si ifi °
gnificant, The PER of the diets PE32, PE33, PE36 and PE37 was
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Table 16 (B), Apalysies of variance of the data obtained by the

diets PE32 tc PE 0°

ANOVA
Sum of M@an sum
Source D. F. squares of squares
1 2 3 4

1. Growth in length

Treatment 8 769.88 99, 61"

Error 18 1493, 40 82,96

Total 26 2290, 28 182,57
2, Growth in live-weight

Treatment 8 71531,.32 8941, 41%**

Error 18 1391,51 77.31

Total 26 72922.83 9018. 72
3. Growth in dry weight

Treatment 8 94231,21 11778,90%*

Error 18 2813, 14 156, 28

Total 26 97044, 35 11935, 18
4, Food Conversion Rgatio

Treatment 8 4,30 0.54N

Error 18 4,59 0.26

Total 26 8.89 0.80



Table 16 (B) continued.

5., Protein efficlency ratio

Treatment 8 0.28 0,03 %%
Error 18 0.03 0.0018
Total 26 0.31 0.0318

6. Digestibility

Treatment 8 1434,23 179,27**
Error 18 1596, 66 9.02
Total 26 3030.89 188, 29

7. Net Protein Utilisation

Treatment 8 1244,24 155, 53*=*
Error 18 440,40 24,46
Total 26 1684, 64 179,99

8. Biological Value

=

Treatment 8 4494,48 561.,81**
Erxor 18 40.39 2,24
Total 26 4534,87 564,05

** Significant at 1% level (P < 0.01)
* Significant at 5% level (P £ 0.05)

N Not significant at 5% lewvel,



not significantly different among themselves,but it was signi-
ficantly low compared to the PER of the other diets. The NPU
of the diet PE,, (40, 67) was significantly higher (P < 0.,01)
and that of tha diet PE,, (16.66) was sianificantly lower com-
pared to the NPU of all the other diets. The NPU of the diets
PE,, (28.75), PEy, (27.59), PE,(28.09) and PE,(28,18) was
similar and not found to be significantly different among them-
PE and PE

37 38 39
19.53 and 18,76 respectively and the difference among them

selves. The NPU of the diets PE was 23,57,

was not found to be significant., The BV of the protein in the
diet PE,, (70.29) was significantly higher (p £ 0.05) from

the BV of the rest of the diets, The difference in the BV of
the protein in the diets PE,, (45,72), PE,, (45.70), PE35(47.95).
PE;, (43,08) was not found to be significant., The BV of the
protein in the diet PE,, (23,43) was significantly low as com=-
pared to the BV of the protein of all the other diets, However,
the BV of the protein in the diets of PE,, (29,01), PE,. (27.9)
and PE5,(25,79) were more or less similar and the difference
among these values was not significant.

The growth of animals improved (Fig.,15a & b) when the diet
contained 10 to 30% PPS and 90 to 70% APS. The diet having 7:3
ratio of APS and PPS recorded the highest growth in weight,
Higher lewvels of PPS above 30% in the diet resulted in gradual
decrease in growth of animals., The FCR was low (Fig,16a) when
the ratio of APS and PPS was 6:4 and also at 2:8, PER was high
when the r?fio was 7:3 and it decreased as APS and PPS ratio
reached 5:52Lhe diet (Fig, 16b), Though the rate of survival

slightly varied (Fig,16c), it practically remained same in
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Figure 15. Effect of the ratio of animal and plant protein
scurces in the diet on (a) growth in lerngth and
(b) growth in weight ir juvenile P.indicus. The
values in parenthesis are percent crude protein
level in the diet.



SURVIvVAL (%)
L )
O o
I 1

20 4

Fig.16

100 —
80— o\o/o\-o\/\_()\o/o

(c)

0-8

0-6

(b)

(a)

°© 9: g: 2

-t l l ‘1

7 3 6 4 5:5 4 6

(51-9) (47-3) (44-9) (42:8) (4/-0) (39°9) (37 2)(35 9)(35 5)
RATIO OF ANIMAL AND PLANT INGREDIENTS INDIET

Figure 16,

Effect of the ratio of animal and plant protein
sources in the diet on (a) food conversion ratio,
(b) Protein efficiency ratio and (c) survival in
juvenile P. indicus. The values in parenthesis

are percent crude protein level in the diet,



relation to APS and PPS ratio in the diet,

The true digestibility of the protein in the diet remained
almost same (Fig.17a) dntil the APS and PPS ratio in the diet was
6:4; it increasad to reach the maximum at 4:6 ratio. The TD decre-
ased again at 337 ratio and levelled of thereafter. The NPU
(Pig.17b) and also the BV (Fig.17c) gradually decreased as the
PPS proportionately increased in the diet. However, the NPU
remained almost constant between ratios 8:2 and 5:5 of APS and
PPS in the diet, The BV from its peak value in the diet with
9:1 APS and PPS decreased sharply in the diet with 8:2 ratio,
remained comparable between the diets PE

3 and PE 6 and decreased

3 3
again in the diet PE 4, thereafter it remained constant,

Evaluation of protein levels in the diets formulated with

patural protein sources:
From the results presented in Table 17, it can be seen

that the feed PE,, having a crude protein content of 29.9% gave
the highest growth in length (64.2%), in live weight (358.7%) and
in dry weight (332.2%), The feed also gave a food conversion ratio

of 1,99 and the survival rate of 83.3%, The feeds PE PE

41° "T42
and PE, 4, which had higher protein contents of 41.81%, 37.89%
and 33,27% respectively produced a growth of 56.3%, 62,9%, 63.8%
in length, 291,0%, 348.7%, 319.1% in live weight and 264.3%,
323,6% and 311.3% in dry weight. The FCRs corresponding to
these feeds were 2.19, 1.91 and 2.19 respectively. Ihe animals
fed with these feeds also had a high survival of 91,6%, 83,3%

and 91,6% respectively, The feeds PE PE 6 and PE

45’ 4 4
had lower protein than the feed PE44, produced lower grouth.

qe which

The growth of the animals fed with the feeds PE PE and PE

45° 46 47
was 57.8%, 53,7% and 48.6% in length, 279,6%, 264.5% and 229.5¢
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Effect of the ratio of animal and plant protein
sources in the diet on (a) digestibility, (b) net
protein utilisation (NPU) and (¢) biological value
(BV) in juvenile P, indicus. The values in paren-
thesis are percent crude protein level in the diet,
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(2

in live weight and 279,9%, 273.3% and 253.,9% in dry weight
respectively., The survival of the animals fed with the feeds
PE45, PE, o and PE,, was respectively 75.0%, 91,6% and 91, 6%
and their corresponding values of FCR being 2.37, 2,39 and 3,45.
ANOVA of the data (Table 17B) had shown that the growth
obtained by the feed PE,, was significantly higher (P £ 0.01)
a1¢ FByse PEyg
and PE 4. The difference in the growth obtained by the feeds

compared to the growth obtained by the feeds PE

PE, e PE43'and PE44 was not found to be significant, Similarly
the growth realised by the feeds PE41, PE45, PS46 and PE47 was
not significantly different from each other. While there was

no significant difference (P £ 0,01) in the FCR produced by the
feeds PE41 to PE46, the difference was significant between the

diet !’1-347 and the rest of the feeds,

The data obtained on the body protein of the animals fed

with PE to PE,., and excretion of protein in the faeces is shown

41
in Table 17A, The body protein of the animals experimented with
different feeds remained almost the same, But the protein excre-
ted in the faeces was high (35.,02X) in the animals fed with the
lower level protein feeds, and low (20,24%) in the animals rea-

red with higher protein feed.

Protein balances:

The protein balance was calculated as the difference of
the protein in the feed and the protein excreted in the faeces
(Table 1A)., The protein balance was negative (-19.93) when the
protein level in the feed was 15%, It gradually increased with
increase in the protein level of the feed to reach the positive

value at 29,9% protein level. The highest positive value of
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Table 17 (A). Protein in diet, body and_faeces of juvenile

P, indicus fed with diets PE to PE

=41 =47°
Protein
R motein % b Tance
giet in animals (Dietary
O. protein-
in diet after feeding in faeces 1
with diets protein in
faeces)
PE41 41,81 67.50 25,59 + 16,22
PE42 37.89 67.27 20, 24 + 17,65
PE43 33.27 68,49 22.64 + 10,63
PE44 29,91 66,88 22,69 + 7,22

PE, 4 15,09 65, 29 35,02 - 19,93



Table 17 (B),

Analysis of variance of the data obtzined by the

diets PE to PE

Mean sum

3.

o

—41 -4 7°
ANOVA
Source D,F.
Growth in length
Treatment 6
Error 14
Total 20
Growth in live weight
Treatment 6
Error 14
Total 20
Growth in dry weight
Treatment 6
Exrror 14
Total 20
Food Conversion Ratio
Treatment 6
Error 14
Total 20

209.40
61.24

270, 64

38654.40
2390.67
41045,07

17093, 64
4318, 23
21411.87

4.10
0.76

4,86

34,90%*
4,37

39,27

6442,40*
170.76
6613,.16

2848,94**
308.44
3159,38

0. 68**
0.05
0.73

Significant at 1% level (P < 0.01)
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17,65 was obtained with the feed PE42 having 37,89% protein.

The relationship between the dietary protein and the
protein balance is shown in Fig.,18. A straight line, inclined
to X-axis, was obtained. The line intercepted the protein axis
(Y-axis) at 26X, where the protein balance is zero., At this
point the protein in the feed was same as the protein excreted
in the faeces. Below this protein level in the feed, the protein
balance was negative, above which it was positive. The results
on protein balance obtained in this experiment were similar to
the results shown in experiments 2 and 3 with regard to nitrogen
balance., The results in all the three experiments had shown
that the protein required in the diet for zero protein balance

was between 20 and 25%,
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Figure 18, Relationship between dietary protein and protein
balance in juvenile P. indicus.
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DISCUSSION

Purified proteins

Among the four purified proteins evaluated for the early

juveniles of Penaeus indicus, albumen (egg) gave the highest

growth, protein efficiency ratio (PER) and low food conversion
ratio (FCR), The growth, FCR and PER obtained by fibrin and casein
were comparable. Gelatin showed poor performance among the pro-
teins tested. The true digestibility (TD) of albumen was low and
that of gelatin was high, Forster and Gabbott (1971), while
studying the assimilation of nitrogen in the diets prepared with

different protein ingredients, for Palsemon serratus and Pandalus

platyceros, showed that the assimilation was 97.7 in casein
based diet, 96,6 in albumen and 97.5 in the case of gelatin
based diet, While the TD of protein in gelatin, obtained for
P, indicus was comparable (93.4) to the results obtained for
Palaemon serratus and Pandalus platyceros, the TD of protein

in albumen and casein for P, indicus was low., The TD of fibrin
was 82,42 and was also slightly lower than the assimilation

of casein, gelatin and albumen by the two caridean prawns.

This may be due to difference in the level of protein material
used in the diet. Forster and Gabbott (1971) prepared the
diets with 60% protein level whereas only 40% was used in the
diets of P. indicus. However, in the diet which contained 60%
albumen and 60% casein the TD of protein was 96 and 97 respect-
ively. Nose (1964) determined the digestibility of albumen and
a combination of albumen and gelatin and casein and gelatin in

the crayfish Procambarus clarkii, The digestibility of albu-
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men alone (at 55% in the diet) was 94,6, The protein from
albumen-gelatin (54:15 in the diet) and casein-gelatin (54:5
in the diet) had shown a digestibility of 96.5 and 94.1 respect-
ively., The T of casein and albumen (at 40% in the diet) obtained
in P. indicus in the present study was comparitively lower than
the digestibility of these proteins obtained in the crayfish,
But then it may be again due tc the difference in level of the
protein sources used in the diets in this study. 1In the subse-
quent experiments when the protein source was used at 60%, the
digestibility was above 95 which was comparable to the results
obtained both in the caridean prawns and the crayfish, Comparative
studies of digestibility of albumen, fibrin and gelatin in prawns
and fish are very limited, BEowever, the digestibility of casein
was determined in some finfishes, Atack et al,(1979) found a true
digestibility (TD) of 93 protein at 30% protein level in mirror
carp, Cyprinus carpio, using casein in the diet. Atack and
Matty (1978) reported a TD of 98.7 in rainbow trout at the same
dietary protein level. The digestibility of protein from casein
in P. indicus, at 30% level, was lower than the values obtained
in carp ané réinbow trout,

The metabolic faecal nitrogen (MFN) determined for the
first time, in the prawn Penaeus indicus, in the present study,
varied from 248.5 mg to 351.6 mg N/100 g diet, with an average
value of 326.4 mg N/100 g dlet., The MFN was determined in some
finfishes and caridean prawns. Using zero protein diet, Nose(1967b)
determined MFN in young rainbow trout, The values obtained were
85.7 mg,139,7 mg and 151.,0 mg N per 100 g diet in three different

experiments, Ogino and Chen(1973a), using the same method, obtained
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170 mg N/100 ¢ diet of MFN in carp (Cyprinus carpio). But Atack
et al. (1979), while studying the utilication of some single cell
proteins, calculated the MFN in carp and found a value of 217 mg
N/100g diet., Jauncey (1982) reported a MIN of 161 mg N/100 ¢
diet in Tilapia (Sarotherodon mossambicus). In albino rats the
MFN was found to be 132 mg N/100 g diet (Mitchell and Bert, 1954),
and it was 100 mg N/100 g diet in humans (Maynard and Loosli,
1969), Maynard et al.(1981) summarised the results of various
studies on MFN and reported that in general the MFN was about

200 mg N/100 g in non-ruminants and 545 to 576 mg N/100 g diet

in ruminants, The high value of MIN in ruminants was thought to
be due to the microbial residues and tissue desquammation,
Forster and Gabbott (1971) determined MFN in Palaemon serratus
and obtained a value of 185,2 + 27,9 mg/100 g diet, From the
above results it is obvious that the MFN varies from animal to
animal, Differences were also found in the values of MFN deter-
mined by different workers withip the same species as in the case
of carp, It is quite interesting to note that the MFN is slightly
higher in albino rats as compared to humans, The value of MFN
obtained in finfish 1s higher than that is obtained in albino
rats. In caridean prawn (P.serratus) the MFN 1s again higher
than the value reported in £infish, though it is comparable to
the value obtained in carp, On the other hand the MFN in
ruminants is twice higher than the MMN in all the other animals,
In the penaeid prawn, P, indicus the MFN was greater than the
value shown by Palaemon serratus, and very much less than what
was reported in ruminants. Prawns are known to secrete (Forster,

1953) a chitinous peritropic membrane round the faecal pellets.
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In addition to this, digestive juices, epithelial cells abra-
ded from the walls of the alimentsary tract and bacterial resi-
dues contribute to MFN. The comparatively higher value of MFN
in prawns in general among the aquatic animals, can be due to
the secretion of chitinous peritropjec - membrane around the
faecal pellets which is absent in the case of finfish, The
difference in MFN between the prawns Palsemon sgerratus and
Penagus indicus was significant and might be due to the differ-
ence in the nature and quantity of faecal membrane in the two
types of prawns. Determination of MIN in more spacies of
penaeid prawns and the caridean praswns might throw more light
on this aspect,

Forster and Gabbott (1971) observed that the influence of
MFN on determining the true digestibility (TD) of protein was
related to the dietary protein level, While the effect of
MIN is more marked on the TD at low dietary protein level, its
influence is negligibly small on TD at higher levels of protein
in the diet. This is true due to the fact that at lower dietary
protein levels the constant excretion of MFN makes up a greater
proportion of faecal nitrogen output which becomes progressively
less as the dietary protein levels increase (Maynard et al.,
1981),

Eventhough, albumen had shown slightly low TD, compared
to the other proteins, its prctein efficiency ratio (PER) was
higher. The PER of casein and fibrin were comparable while
the PER of gelatin was very low., Fibrin had shown highest net
protein utilisation (NPU), which was supported by high deposi-
tion of protein in the body of the animals fed this diet. The

NPU of albumen vas higher than the NPU o“ casein and gelatin,



Interestingly, gelatin which showed low PER, gave the NPU
comparable to that of casein., But the biological value (BV)
of gelatin came down because of low PER and high TD, By
virtue of higher value of NPU, the BV of fibrin was superior
to the BV of albumen and casein. As expected, the BV of
albumen is higher than the BV of casein, While the data on
NPU and BV of the purified proteins is not available for
prawns, these were determined for some finfishes. Atack and
Matty (1978) determined the NPU of casein in carp and rainbow
trout and obtained the values of 49 and 40 respectively. The
corresponding BVs were 52 and 41 respectively. Teshima et al.
(1978) reported a NPU of 25,7 in Tilapia 2illi using 35% casein
in the diet., While the NPU and BV of casein obtained in
P, indicus were comparable to those obtained in carp and
rainbow trout, the NPU of casein in P. indicus was superior
to the value reported in Tilapia., On the other hand, the NPU
and BV of albumen and fibrin obtained in P, indicus were sup-
erior to the NPU and BV of casein obtained in finfishes,
However, the values of NPU and BV of gelatin in P, indicus
were inferior to those obtained in carp and rainbow trout,
using casein,

While the digestibility of protein generally depends
upon its method of processing, the digestive enzymes, and
the age of the recipient animal, the NPU and BV are related
to the quality of the protein in terms of amino acids. The
animal body needs specific aminoacids which make up the
protein or other nitrogenous tissues or compounds to be for-

med. The kind of aminoacids needed for protein synthesis,
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are taken up from the available aminopcid pool in the required
proportions, and the left overs are wasted in so far as protein
nutrition is concerned. This loss is very substantial when the
amino acid mixture absorbed is relatively deficient in any one
essential aminoacid., If the consuming animal could utilize the
aminoacids derived from the dietary protein, for the synthesis
of protein in the tissue, that dietary protein will show high
biological value., From the results obtained on the four puri-
fied proteins it can be seen that albumen and fibrin have high
biological quality followed by casein for the prawn P, indicus,
Gelatin alone is found to be an inferior protein source. Con-
sidering the growth of animals, FCR and PER, albumen appears to
be the best protein among the four proteins tested for preparing
research diets for prawns.

Protein requirement in the diet of penaeid prawns showed
wide variations not only between the species but also within
the same species when diffdrent protein sources were used by
different workers for conducting the study., In general, the
dietary protein requirement for penaeid prawns varies from a
minimum of 20% in Penaeus aztecus (Shewbart et al,, 1973) and
maximum of 60% in P. japonicus (Shigueno et sl., 1972), thus
indicating large scale interspecies differences. Shigueno et
al. (1972) used a mixture of squid meal, white fish meal, mysid
meal, sludge and yeast as the protein source. But when Kanazawa
et al. (1970) used silkworms, brine shrimp and fish meal, the
dietary requirement of protein for this prawn was found to be
55%. Subsequently Balazs et al. (1973) showed that the protedin

requirement for P, japonicus was only 40%, These authors used
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soybean, fish meal (Hawaiiam)and shrimp meal mixture as protein
gource. Deshimaru and Yone (1978c), using cegein and egg albumen
had shown that the requirement was 52.57%., The results of
protein requirement studies in B. aztecus were also quite inter-
esting, First Shewbart gt al.(1973) showed that the protein
requirement was between 22 and 30%., Using fish protein, Venkae
taramaiah et al.(1975a) showed a protein requirement of 40%,

In the subsequent year Zein-Eldin and Corliss (1976) found that
the requirement was 51.5% in the same prawn, uvsing soyflowr as
the protein source. Similar differences could also be seen in
other species like P, merquiensis and P, indicus. IN P, merqu-
densis, AQUACOP (1978) showed a protein requirement of 43-55%
using casein as source, while Sedgwick (1979) found the requ-
irement between 34 and 42% using mussel meat as the protein
source, While Colvin (1976a) using shrimp meal and Rhamed Ali
(1982a) with mantis shrimp and ground nut cake mixture as
protein source f&und a protein requirement of 43% for juvenile
P, indicus, Charles. John Bhaskar and Ahamad Ali (1984) using
casein as protein source subsequently found that the post larvae
(PL1 to PL,,) had the requirement of 40% protein, and for the
juveniles it was only 30%,

In all these studies, the protein requirement was deter-
mined by measuring the growth of animals and their food conver=-
sion ratio (FCR) and in some cases the protein efficiency ratio
(PER), The differences in protein requirement shown within the
same species were explained as due to the differences in quality
of the protein sources in terms of aminomcids, especially the

essential aminoacids (EAA). With a view to understand clearly,
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the intricasies in the protein requirement, it had been decided

to investigate the effect of dietary protein level on 1ts dige-
stibility, PER, NPU and BV in conjunction with the growth of the
animals and the FCR in the present study. This approach yielded
interesting results. For comparison, the effect of protein in
the diet on the above mentioned parameters, was studied using

two different protein sources albumen and casein, In the experi-
ment in which albumen was used as the source, the diet with
24,75% protein gave the highest growth, best food conversion
ratio and high value of protein efficiency ratio. In the experi-
went in which casein was used as the source, the diet with 29,3%
protein gave the highest growth, best FCR and high PER., The dif-
ference in the protein requirement shown by albumen diets and
casein diets was 4.55% and can be considered as an important dif-
ference, Though the true digestibility of protein did not show
any clear trend with dietary protein, it tended to be high at
higher dietary protein lewvels, and low at lower protein lewvels,
Almost similar observations were made by Smith et al.(1985) in

P. vannamei., As in the case of the growth, the PER, NPU and BV
registered a peak at the optimum dietary protein level, and
showed a decreasing tendency as the protein level in the diet
increased., The excretion of nitrogen per 100 g diet also regi-
stered a peak value at a particular protein level and declined
thereafter when the protein in diet further increased. The
results were similar in both albumen and casein based diets,
However, the peak of N excretion in the faeces was at a lower
protein level in albumen diets (24,6%) than in casein diets

(37.3%), indicating that the nitrogen required for basal meta-



bolism can be met at lower dietary protein level when albumen
is used and when casein was used this requirement could be met
only at higher protein level in the diet. These findings had
clearly shown that the intraspecies differences in optimum di-
etary protein level weremainly due to the different protein so-
urces used in preparing the diets. 1In the present case albumen
had higher BV than casein. Albumen diets had shown lower pro-
tein requirement than the casein diets. This implies that when
a protein with higher BV is used, the protein requirement will
be less and vice versa, Since BV of a protein 1is related to
its quality interms of essential aminomcids, it is emphasised
that the protein bhaving good essential aminojacid profile only
should be used to determine the protein requirement in the
animal, The protein requirement of P, indicus obtained by al-
bumen (25%)hand casein (30%) diets in the present study 'is
lower thaaniotein requirement of P, japonicus, reported by
Deshimaru and Yonme (1978c), P, merquiensis, obtained by AQUACOP
(1978), P. indicus shown by Charles John Bhasker and Ahamad
Ali (1984), Metapenaeus monoceros reported by Kanazawa et al.
(1981) and P. monodon, found-by Alava and Lim (1983)., 1In all
these studies, casein was used as the protein source. However,
such low protein requirement in the diet of penaeid prawns was
also reported in literature, Andrews et al. (1972) concluded
that the dietary protein requirement for Penagus getiferus was
around 30%, Shewbart gt al. (1973) had shown a protein require-
ment of 22-30% for P, aztecus, Similarly for Pepagus duorarum,

the requirement was found to be 28-30% by Sick and Andrews (1973),
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New (1976), while reviewing the dietary studies of shrimp and
prawn, concluded that the protein in the diet of penaeid prawns
lies between 27 and 35%, In this context, the determination of
NPU and BV and also the protein balance, in the protein require-
ment experiments in the present study, offered much more insight
into the understanding of the dietary protein and the response
of the animals to it. PFirst of all, the results had indicated
that all the purified proteins do not have the same rating of
biological value. Eventhough fibrin has the highest BV, the
growth of animals fed with the fibrin diet and its FCR were

lower than those fed with the albumen diet, indicating that
albumen should be preferred in protein requirement studies, When
the suitable protein source is selected for preparing diet, the
calorific value of the diet plays an important role in deter-
mining the protein required in the diet for the receipkent animal,
In the present study the diet with 25X protein (Albumen) gave
the best performance. This diet had 31% of carbohydrate and 6%
of 1lipid to provide the snergy in the diet, Higher protein level
lowered the performance of the diet, and showed enhanced assi-
milation of dietary protein., But the assimilated protein was
not utilised for tissue growth, This is clearly reflected by
low growth, low PER and low NPU, Consequently, the biological
value of the protein came down. In the animals fed with high
prote.in diet, which had proportionately less carbohydrate, the
assimilated protein may be biologically oxidised for metabolic
energy. The deamination of aminoacids and their subsequent

oxidation need extra energy and thereby the growth of the animal



is reduced., This is evident from the fact that low protein
deposition in the body of animals fed high protein diet and also
low nitrogen output in the faeces. Decrease in FER, NPU and BV
was experienced in finfish and also in higher animals as the pro-
tein in diet increased. Ogino and Saito (1970) found that the
PER, NPU and BV decreased with increase in the dietary protein
level in carp. Later Ogino and Chen (1973a,b) confirmed these
findings. Similar results were obtained in Tilapia zilld by
Mazid et al. (1979), Teshima gt al, (1978) and also in
Sarotherodon mossambicus by Jauncey (1982). In albino rats,

the PER decreased as the protein in the diet increased (Albanese,
1972), The NPU and BV were higher at lower dietary protein
levels and lower at higher levels of dietary protein. Explain-
ing this interesting phenomenon Mitchell (1923-24) stated, that
the decrease in the utilisation of protein in anabolism as the
level of intake increaseg, is probably due to a lower utilisat-
ion for growth than for maintainance. He further stated that
another possible factor for the reduction in the biological
value of a2 given protein, as its concentration in the diet
increases, is an inevitable wastage of aminoacids in the oxida-
tive process of the cells. The amincacids are not immune to
biological oxidation even if enough energy is available for
metabolic needs from other sources. The extent of oxidatiom of
aminomacids will depend upon their concentration in the cellular
fluids with respect to the concentration of non-nitrogenous
nutrients, The amino acid concentration in the cells largely
depends upon the protein content of the diet consumeé by the

animal, If the wastage of amino acids by oxidation increases
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more rapidly than the protein intake, a greater percentage of
loss of absorbed nitrogen would result with the diets containing
higher percentage of protein, The oxidation of protein, referred
to as Specific Dynamic Action (SDA), will be higher at higher
protein levels than at the lower protein levels, This expla-
nation therefore ascribes the lowering of biological value of
protein as the level of intake of protein through diet increases,

Examination of nitrvodenbalance (Fig.9b) shows that the
curve intercepts the protein axis at 22% of dietary protein,

At this point the intake and excretion in faeces of protein is
same, The results are similar with albumen as wellf;ith casein
diets. A small increase in the protein (2,75% in case of albu-
men and 7,3% in case of casein) in the diet above this level

had resulted in highest growth and Protein deposition in the

body of the animals, Any further increase in the dietary protein,
though resulted in positive nittrogenbalance, decreased the growth
and body protein in thé'animals. From these findings it is clear
that the dietary protein required to achieve highest growth and
best food conversioca is just above the dietary protein at which
the nitrogenbalance is zero.

In the experiment in which the combinaticn of different
proteins were tested in the diet, the diet containing all the
four proteins albumen, casein, fibrin and gelatin in equal pro=-
portion gave the highert growth and best food conversion ratio,
Obviously, this diet having all the four proteins. must be better
balanced in the essential amino acids profile which resulted in
significantly superior performance., Albumen-casein and albumen-

gelatin were found to be the next best combination of proteins
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without any significant difference between the two,Among the combi-
nations tested, fibrin-gelatin showed significantly poor performance
in P.indicus.Deshimaru and Yone(1978c) used a mixture of casein and
egg albumen to study the protein requirement of P, japonicus.Deshi-
maru and Kuroki(1974a,1975a) used a mixture of vitamin free casein
(54%)and egg albumen(6%) to study the nutritional requirements of
the same prawn.,But these results could not be directly compared with
the results obtained in the present study due to the difference in
proportions of proteins in the mixtures.However,the findings of the
present study have indicated that it is advantageous to use a mixture
of albumen,casein, fibrin,gelatin in equal proportions to study the
protein requirement.In case this is not possible,albumen alone can
be successfully employed for this purpose.Casein alone and other
combinations may be used only as alternatives.,

Natural protein sources.

In the animal protein sources,prawn waste meal(PW) gave the
highest growth followed by clam meat powder(CMP)fish meal(FM),mantis
shrimp(MS) and silkworm pupa(SWP) in the decreasing order., But clam
meat powder gave the best food conversion ratio followed by mantis
shrimp, fish meal,silkworm pupa and prawn waste meal. The true dige-
stibility of protein in the clam meat powder was the highest and that
of the protein of silkworm pupa was the lowest.The TD of prawn waste
protein was also good and that of fish meal and mantis shrimp prote-
ins were intermediate. The PFR of clam powder, fish meal and mantis
shrimp were high and that of prawn waste and silkworm pupa were low.,
In contrast to the PER,the NPU of clam meat powder and fish meal

were only tigher. The NPU of mantis shrimp meal was lower than
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the NPU of prawn waste, and SWP showed a very poor NPU, 1In the
case of biological value (BV) fish meal was on the top followed
by clam meat powder, prawn waste, mantis shrimp and SWP,

Fresh clam meat was conventionally used as a feed for
prawns, Kanazawa gt al. (1970) reported that the fresh diet of

short-necked clam, Tapes philippinarum gave superior growth com-

pared to compounded diets in P, japonicus. But Villegas (1978)
showed that the growth and survival of P, monodon larvae fed
with Tapes was only next to the compounded diets. Superior re-
sults were obtained by Forster and Beard (1973, 1974) for

Palgemon serratus using fresh mussel meat, Ahamad Ali (1982a)

used fresh clam meat of Sunneta scriptg as control diet. while
evaluating some protein materials for P, indicus and found infer-
ior performance of fresh clam meat and heavy mortality. Colvin
(1976a) used a diet of fresh mussel meat and prawn meat (50:50)
as control diet for the same prawn and found remarkably inferior
growth by this diet.,-ﬁut Venkataramaiah et al. (1975b)experienced
that, although live foods, such as Artemia nampliil and shrimp

meat gave superior growth in brown shrimp P, aztecus, a high rate
of chitinoclastic bacterial infection leading to heavy mortality.
The poor results of fresh clam meat observed by Ahamad Al1i(1982a)
might be due to similar feasons. In the same study, the author
(Ahamad Ali, 1982a) using the dry meat powder of the clam,
Villorita cyprinoidea, prepa-ed the diet which gave the highest
growth and best food conversion ratio in juvenile P, indicus.

The results obtained with clam meat powder in the present study

are comparable to these results,



Fish meals, prepared from different varities of fish,
were extensively tested and used in feeds of both finfish and
prawns. Nose (1964) found 89,0 assimilation of fish meal
protein in the prawn P, japonicus, with the diet containing
96.4% of it., Deshimaru and Shigueno (1972) found comparitively
poor results with fish meal in the same prawn. While Shigueno
et al. (1972) used white fish meal, Balazs et al. (1973) used
Hawaiianfish meal for studying protein requirement of P, japonicus,
Andrews et al. (1972) prepared diets with menhaden meal to study
the protein requirement of P, setiferus., Varying results were
obtained by these authors, Forster and Gabbott (1971) found
90.5 assimilation of white fishmeal in Palsgmop serrgtus and
and 75.4 4n Pandalus platyceros. Colvin (1976a) used fish meal
along with prawn meal to prepare diets with constant protein
level, and found an apparent protein assimilation of 69,4 to 72.8
in P, indicus. At 35% protein in the diet the assimilation of
the protein from fish meal was 72,8, Ahamad Ali (1982a) compared
£fish meal (prepared from oil sardines) with other protein sources
in P, indicus and found inferior results with it. In the pre-
sent study, the fish meal, prepared from a mixed fish (Predomi-
nantly silver bellies) had shown a true digestibility of 70 in
P, indicus, This is slightly lower than the assimilation of
protein from fish meal found by Nose (1964) in P, jagonicus/but
comparable to the results obtsined by Colvin (1976a) in P, indicusg.
The fish meal diet in the present study had shown high PER and
NPU and excellent biological value., These findings are in
agreement with the conclusions of Lee (1970) who obtained super-

ior results with white fish meal in Penaeus monodon, But Pascual
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and Destajo (1978) found inferior growth of P, monodon postlarvae
fed fish meal diet, though their survival was higher on thds diet.
But the results were superior when fish meal was mixed with shrimp
head meal., The assimilation of fish meal (Sardine) in gold £fish
was 92 (Nose, 1967a). Rainbow trout showed an assimilation of
90.8 of white fish meal at 50% level in the diet (Inaba gt al.,
1962). When flatfish meal was used in the diet (Nose and Mamiya,
1963), the assimilation in the same fish was 87,6, Using herring
meal, Atack and Matty (1978) showed a true digestibility (TD) of
91.2 in trout and 80.3 in carp. The TD varied from 88.9 to 91.84
in Tilapia (Sarotherodon mossambjcus when white fish meal was

used in the diet at 8 to 56% level (Jauncey, 1982), The assi=
milation of fish meal im P, indicus obtained in the present study
is slightly lower than the results obtained in different finfishes
using various types of fish meals. However the TD obtained in

P, indicus is comparable to the assimilation of fish meal in
poultry, which was 73,3 with white fish meal and 73,3 with brown
fish meal (Ward, 1960). The same fish meals had shown an assimi-
lation of 97 and 93.3 respectively, in pigs. From the above dis-
cussions it can be seen that the assimilation of fish meal pro-
tein varies from animal to animal and also depends upon the origin
of fish meal and its method of preparation, Forster and Beard
(1973), while studying the diets with different high protein
materials for Palaemon gerratus, found that Peruvian fish meal

and Norweglan herring meal were inferior to white fish meal and
confirmed the above observation, Deshimaru and Shigueno (1972)
found that the amingacid composition of £fish meal was not similar

to that of the prawn P, japonicus and thereby responsible for its
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relatively poor performance. However, Colvin (1976a) observed
that fish meal was relatively deficient in the essential amino--
acids tyrosine and phenylalanine and was of the opinion that these
factors might be responsible for its inferior results. Neverthe-
less, the fishmeal tested in the present study scored the highest
biological value, contrary to these observations,

Mantis shrimp protein showed good conversion efficiency
next to clam meat, However, 6 the TD of mantis shrimp protein was
comparitively low., Eventhough the PER was highe? than that of
fishmeal, the NPU was low. The low TD was mainly due to the
chitinous shell material of the mantis shrimp, The higher value
of PER, good FCR and finally the BV of 53, show that the protein
fraction of the material is of good quality. Garg gt al.(1977)
extracted protein from mantis shrimp, Using this extracted pro-
tein, excellent results were obtained (Ahamad Ali, 1982a) in the
Juveniles of P, jindicus with the diet having 35% protein. The
performance of mantis shrimp protein in that study was on par
with that of the clam meat powder and superior to that of fish
meal. Mantis shrimp has not been evaluatéd for any other penaeid
prawns or finfish in literature. However, mantis shrimp was used
for preparing feeds for rearing larvae in hatchery (Mohamed et al,,
1983), post-larvae in nursery (PAhamad Ali and Sivadas, 1983) of
the prawn P, indicus and also for its culture (Ahamad Ali and
Mohamed, 1985) in grow-out-ponds, In all these experiments it
was found that mantis shrimp is one of the potential animal pro-
tein sources for preparing prawn feed. Alikunhi et al,(1980)

used ground tissue suspension of mantis shrimp (Ogatosgg;;;a



pepa) and Acetes prawn and successfully reared the larvae of
P, indicus, P, mopodon and other penaeid prawns. Baner jee(1978)
listed Squilla as the new protein source for animal feeds.

Prawn waste meal produced the highest growth compared to
the other animal protein sources tested. But the FCR was higher
than those of the other protein sources. The TD of protein was
slightly higher than that of silkworm pupa, mantis shrimp and fish
meal but lower than the true digestibility of the protein from
clam meat powder. Eventhough, the PER was low, prawn waste show-
ed better NPU and BV than mantis shrimp and SWP, Forster and Ga-
bbott (1971) determined the digestibility of Norwegian shrimp
meal for the caridean prawns Palaemon serratus and Pandalus
platyceros. The assimilation of protein (at 40% level) was 87
in the former prawn and 82 in the latter. As compared to these
results, the true digestibility of prawn waste protein in P,
indicus was low. Meyers and Rutledge (1971, 1973) identified
shrimp meal as an important by.product from the prawn processing
industry. Forster (1975) reported that Prawn waste protein had
several essential aminogcids, The prawn head oil was found to
contain polyunsaturated fatty acids (Joseph and Meyers, 1975)
essential for crustaceans and it was a potentizl additive (Joseph
and Williams, 1975) in the feeds of marine animals, Choubert and
Luquet (1983) utilized shrimp meal in the diet of rainbow trout
(Salmo gairdiperi) for pigmentation. Sandifer and Joseph (1976)
found waste shrimp heads of P, setiferus were a good source of
fatty acids and pigments in the diets of the fresh water prawn
Macrobrachium rosenbergii. Similar results were obtained by
Forster and Beard (1973) for Palsemon serratus. While comparing
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the nutritive value of prawn waste and high marsh grass,
Venkataramaiah et al., (1978) found that the feed prepared with
prawn waste gave very good growth in Pepaeus gztecus. These
observations are in agreement with the results obtained in P,
indicus. But prawn waste was found to be inferior (Ahamad 2Ali,
1982a) to clam meat powder and mantis shrimp protein and superior
to fishmeal for the prawn P, indicus. Pascual and Destajo (1978)
found that shrimp head meal as one of the most promising protein
sources in the diet of Pegnagus mofiodop. Contrary to this finding,
the authors observed slow growth and low survival of the postlarvae
of P, monodopn fed with the diet prepared exclusively with shrimp
head meal, The authors concluded that shrimp head alone does not
provide good growth and survival, But addition of shrimp head
to fish meal diet improved the performance of the diet. This
varying performance of prawn waste may be attributed to its
varying quality, as prawn waste could be derived from different
species and also the method of processing is varied. It was
observed that the residual meat of prawn thrown along with the
waste was different in different consignments of prawn waste obta-
ined from the same processing unit, The utilization of prawn
waste as potential feed ingredient for the culture of P. indicus
was studied by Ahamad Ali and Mohamed (1985). Prawn waste was
successfully used for preparing the feeds (Mohamed et al.,

1983, Ahamad Ali and Sivadas, 1983). Vaitheeswaran and

Ahamad Ali (1986) demonstrated that prawn shell, prepared from
prawn waste, when supplemented at 0.8 g per 100 g diet, was a
positive growth promoting agent in P, indicus. Prawn head extract
was an excellent lipid source (Ahamad Ali, unpublished) in the
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diet of the prawn P.indicus. The higher value of FCR, though the
growth of prawns was superior in the present experiments, shows
that high ingestion of this diet by the animals, Does this mean
that prawn waste meal is more palatable for prawns? 1t appears
tc be true when Pascual and Destajo(1978) observed improvement in
the performance of fish meal diet when shrimp head meal was added
to it for the post-larvae of P.monodon. Perhaps the flavour of
prawn head meal is a good feed attractant in prawn feeds, And
its high BV shows that it 1s a good protein source for compounde
ing prawn feeds,

Silkworm pupa produced lowest growth among the five animal
protein sources tested. The true digestibility of the protein was
also low, But the FCR was not poor., Eventhough PER was not signi-
ficantly lower than that of prawn waste meal, it gave very low
value of NPU and poor BV, Less growth but not wvery high FCR shows
that the diet prepared with SWP was not ingested very well, But
whatever that was ingested efficlently converted into growth,
This is further supported by moderate PER, The low TD may be due
to comparatively higher percentage of non-protein nitrogen in the
material, which also resulted in low NPU and biological value.
Though silkworm pupa is extensively used in poultry feeds, the
referenceson its use in fish and shellfish feeds are scarce.
Kanazawa et al. (1970)used silkworm as one of the ingredients
for preparing the diets for P, japonicus along with fish meal
and brine shrimp, These results could not be compared with
those obtained with SWP in the present study. Silkworm
pupa is having very high lipid (about 36%), But this was
extracted and only the defzated material is used for

feed making, But it still had 10% 1lipid which can



produce high peroxide value and off flavour., The poor ingestion
of the diet with SWP by the prawns in this study shows. that the
flavour of this material is not attractive to them, It is also

not clear whether the poor growth 1s due to high peroxide value.
However, the low BV of SWP and its non-palatability to prawns do
not appear to make it a prospective protein sourxrce for compoun-

ding prawn feeds,

Among the plant protein sources, groundnut cake{GNK) gave
comparitively better growth, followed by Spirulina, gingelly
cake (GINC) and coconut cake (CNC). The growth obtained by
groundnut cake and Spirulina 1is comparable between them while
the growth obtained by coconut cake and gingelly cake was similar,
Interestingly, the FCRs obtained by coconut cake and gingelly
cake were similar and superior to the FCRs obtained by ground-
nut cake and Spirulina, The survival of the animals fed Spirulina
diet was, however, very poor,

The true digestibility of protein in all the four protein
sources was not significantly different. The PER of coconut cake
was significantly higher and the PERs of all others were compa-
rable. The NPU and BV of gingelly cake and Spirulina were higher
than those obtained by coconut cake and groundnut cake., The BV
of Spirulina was significantly higher among the four plant pro-
tein sources,

Both coconut cake and gingelly cake are commonly used for
feeding cattle. 1In the present study, these plant protein mater-
ials have been systematically evaluated for penaeid prawns,
Coconut meal was screened for the prawn P, monodon (SEAFDEC,1978)

and found that it was not a good protein source when used solely.
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These results are similar to the results obtained with coconut
cake in B, ipdicvs.
Balazs and Ross (1976) used coconut cake along with tilapia

meal in the diets of fresh water prawn Macrobrachium rosenbergi}

and obtained good growth in a 244 day feeding trial. Coconut

cake was used at 7% level in fish feeds by Law et al. (1985) and
the digestibility of the fecd was evaluated for grass carp (Cte-
popharyngodon idella), Fatlmasothy (1985) included coconut cake

from 7 to 14% in the brood sitock diets of the fish Leptobarbus

hogvenii. These observations indicate that coconut cake is
gradually finding its use in aquatic diets. As one of the oil
cakes, coconut cake is deficient in the essential amino acid
lysine and may be because of winich the BV is very low., It is
therefore advisable that coconut cake should not be used as the
major or sole protein source in prawn dietr, It may however, be
used to a limited extent 1in prswn feeds considering its superior
PER and FCR,

Nearly 78% of the protein in gingelly cake was found to
be digestible in higher animals (Banerjee, 1978)., The true
digestibility of GINC protein in P, indicus is higher than that
was found in higher animals. Cho et al. (1985) observed that GINC
is now being used in fish feeds in Asian countries. Just like
the other o0il caskes GINC is deficient in lysine. However, gingelly
cake, with good dicestibility of protein and moderate PER and BV
can be used as one of the plant protein sources in prawn feeds,
But it may not be used as a major or sole protein source in the
feed, for it has very low protein content. It should‘be noted
that the FCR of the diet prepared with GINC is low (2,98), which
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shows that addition of this material in the feed would not affect
the conversion efficicihcy of the feed. Groundnut cake 1s exten-
sively used as the plant protein source in animal feeds, Forster
and Gabbott (1971) detsymined the assimilation of groundnut cake
in the caridean prawn Eﬁl@gﬁgg_sergatué, at 34% protein level in
the diat., The mean asslimilotion of the protein was 89.,5. The
true digestibility of p:ul=in from GNK for P, indicus (86,14) is
comparable to the assimilastion obtained in the caridean prawn.
The digestibility of groundnut protein for many animals including
fish is about 89 (Harris, 1978), which is in agreement with the
findings in P, jindicus. However, the PER, NPU and BV of GNK are
low in the present study., Though, GNK protein is one of the

good plant proteins, the sulphur containing amingacids, methionine
and cystine are relatively deficient in it, The lysine is also
found to be a limiting amino acid in GNK, The low score of BV

in P, indicus might be 4ue to these factors, Comparing the diges-
tibility of GNK, yeast and white fish meal, Lee (1970) found
that the diet with GNK having 47% protein was one of the best
digested fweds for Pengeus rmonodon., Groundnut cake (8lso known
as Peanut cake) has been used in various proportions (New,1976)
in both experimental diets and practical fceds of different spe-
cles of prawns, It is uszd at 8 to 10% level in the commercial

feeds (Lovell, 1978) of channel catfish (Ictalurus punctatus).

Cho et al. (1935)reported that GNK is used as one of the protein
aources in multi-ingredient feed formulations for finfish in Agis,
But only in the present study, this piant protein has been indi-
vidually evaluated for prawns through measuring the true digesti-

bility of its protein, PER, NPU and the biological value. This
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information would serve as the reference guide for the use of
GNK in future research work as well as for the aquatic feed
industry.

Spirulina, though gave growth and FCR comparable to that
of GNK, the survival of the animals was very low, However, it
emcrged as the protein source with high NPU and BV among the
four plant protein sources evaluated, This unicellular fresh
wéter alga, 1is being cultured on large scale, at the Central
Food Techmological Research Institute (CSIR) at Mysore, Lim
et al, (1978) prepared diets with Spirulina having 50% crude
protein and fed to the postlarvse of P, monodon. The growth and
survival (17%) of the post~-larvae fed this diet were very poor and
the diet had shown very low PER (0.6), The authors compared the
results of Spirulina diet with other diets prepared with casein,
shrimp meal and squid meal and found that the results of Spiru-
1ipa dlet were inferior to all other diets tested, While the
growth of P, indicus fed Spirulina diet in the present study was
not poor, the FCR, PER and survival were similar to what was
found with P, monodon post-larvae by Lim et al. (1978), Cuzon
et al,(1981) incorporated Spirvlina in a standard diet of P,
jsponicus from 0 to 8%, The wuthors found good growth and FCR
of the diet having 8% Spirulina. They also observed that Spiru-
lina in the diet contributed to the pigmentation of the prawns,
In another experiment in ‘he same study, the authors extracted
lipid from Spirulina and incorporated in the Standard diet at
4,57% level, The prawns fed this diet bhad very low survival of
16%, Investigations showed that the lipid extracted from

Spirulina had a very high ‘Peroxide value' due to the oxidation
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of lipid., The low survival of prowss fed (his diet was attri-
buted to the toxic peroxide in tre 1ipid adled to the diet, The
growth and ¥R cttained in P, 3Indicus with Spirvlina diet in the
present study &ave comparsble to thosa obtalned in P, japonicus,
And the lcw survival of the prawn, P, indicug might be due to
similar resscns put forward by vhoo2 auvthors, It is reported
that single _ell protelns have hich countent of free nucleic acids
(Personal dlscurslons with Dr,Vernkataroman, L.V,Sclentist, CFIRI,
Mysore) and their influence on the survival of prawns need thoro-
ugh investig.ilon,

Atack et al. (1979) tested %he digestibility of protein in
Spirulina maxima (Mexico) for carp (Cyprinug carpio). At 30%
protein level in the diet, the trve digestibility was 87, The
diet had shcwn a PER of 1,15 with a ®v¥U of 36 and BV of 41, Si-
milar results wre obtained in sowe warm water fishes by Hepher
gt al. (1978). Eventhough the truc digestibility and PER of
Spirulina diet wss low in P, indfcus corpared to that of carp,
the NPU and BV were relatively hicher in prawn than in carp,
Fowever, martledly low survival of prawn should be noted which was
not observed in carp by the albove &:ihors,

The uni-.cellular alga is cwaioing as a pew source of plant
protein and a pctential ingredient in aguatic feeds, It may be
used in prawn dlet only at a limited level {upto 8%), as reported
by Cuzon et al.(1981), 1It, |owever, is not advisable to use it
as the sole protein source in the diet, As Spirulina is an
expensive material at the moment, cautious approach should be

adopted in using it in prawn feeds,
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Comparing the animal protein sources (APS) to the plant
protein sources (PPS), it can be seen that the digestibility of
APS is low but they have higher NPU and BV, Whereas the PPS have

high digestibility but low NPU and BV, These differences bet-
ween APS and PPS are mainly due to the difference in their pro-
tein quality, especially of the essential aminoacids, Harris
(1978) pointed out that the APS are generally rich in the essen-
tial amino acid lysine but deficient in sulphur containing amino.
acids, cystine and methionine. On the other hand plant protein
sources are generally deficient in lysine but relatively rich in
sulphur containing aminoacids. Howewver, groundnut cake contains
comparatively low levels of cystine and methionine. The essen=
tial aminomcid composition of some of the protein sources, colle-
cted from literature, is given in Table 18, It is established
that the aminoacids arginine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryptophan, and
valine were essential both for caridean prawns such as Palaemon
serratus, Haggobrachium ohione and M, posenbergii (Cowey and
Forster, 1971; Miyajima et al., 19756; Watanabe, 1975) and
penaeid prawns, Pengeus aztecus, P, kerathurus and P, japonicus.
{Shewbart et al., 1972'; Torres, 1973; Kanazawa and Teshima,1981).
The quantitative requirements of these essential aminomcids

in prawn diets are however, not yet known, though several workers
have studied the effect of aminoacid supplementation in the diets
(Cowey and Forster, 1971; Kitabhayashi et al,, 197ic,d; Dehsimaru
and Kuroki, 1974c, 1975a, b), Determination of quantitative re-
quirement of essential aminomcids (EAA) for prawns will go a long

in formulating practical feeds with exact EAA balance with optimum
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protein level in the feed. This will greatly help in achieving
better economics of feed and avoid wastage of valuable protein,
Studies on aminolacid requirements of rats and chicks showed
that growth is a direct function of the amount of the limiting ami-
noacid; Mitchell and Block (1946) considered the amounts of ami-
noacids in whole egg protein as a standard reference since it
was known to contain a good balance of aminoacids. Egg protein
had a BV of approximately 100, Taking egg protein as standard,
the authors suggested a chemical score for assessing the quality
of a protein source depending upon the limiting aminoacid, Rao
et al,(1964) found a high correlation between BV and chemical
score in rats., Thus the Biological Value is a good indication
of the quality of a protein for that animal for which it is tested.
Campbell and Chapman (1959) developed a ‘protein rating system’
based on both the quality and quantity of the protein in the food,
The protein rating was obtained by multiplying the PER of the
food by the grams of protein in a reasonable daily intake, A
food having a rating of 40 or more was designated as *'an excellent
dietary source of protein' and the one with a rating of 20 to 39
as a good dietary source of protein, A similar rating system is
followed in the "“proposed Standard Identity of texture of Protein
Products" in United States. But in this system, instead of daily
reasonable intake, the quantity of food based on 100 calories was
taken., The PER of the protein expressed as a fraction of the
PER of casein, multiplied by the amount of protein in grams must
not be less than 6,0. and the protein must also have a biological
quality not less than 70% of that of casein. It was also pointed

out that NPU would be more preferable to PER in the calculation
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of ratings of proteins. Protein rating system is useful mostly

in case of humans, because it 1is possible to estimate an average
daily intake @f a particular protein (such as milk, wheat bread,
egg ¢&c,) for calculating its rating, But it is not so in case of
aquatic animals like prawns. The 'chemical score' may be more
useful to undersand the quality of the protein, in generasl.
Examining the BVs of the proteins evaluated for P, indicus,

among the purified proteins albumen, casein and fibrin may be
considered as good (BV above 40) and gelatin as not good (BV balow
40). All the animal protein sources except SWP tested can be
regarded as excellent (BV above 50) and SWP as good (BV below 50).
In the plant protein sources, only Spirulina can be given a
rating of good (BV, 50) and the others are only as satisfactory
(BV between 20 and 40),.

The experiment on the effect of the ratio of animal protein
source (APS) and Plant Protein Source (PPS), in the diet on gro-
wth, digestibility, PER, FCR, NPU and BV gave interesting results,
The APS and the PPS when present in the ratio 70:30 in the diet,
gave the highest growth in the prawn P, indicus, Neither the diet
having only APS nor the diet made exclusively with PPS gave better
growth, Chen et al, (1985) observed improved performance of the
feed when contained a mixture of APS and PPS in P. getiferus and
P.vannamei, The FCR of the diet having 70% APS and 30% PPS in
the present study was not inferior to FCRs obtained by the other
diets, But the performance of the diet was reduced as the PPS
in the diet increased. These results have shown that in compounded
feeds with natural ingredients, a mixture of APS and PPS is essen-

tial, This is mainly because, that neither the APS nor the PPS



can provide all the essentlal amino acids (EBA) in adequate
levels, While the animal protein sources are deficlent in sul-
phur containing EEAs, the plant protein sources are deficient

in lysine. 7To strike the balance of EEA, a mixture of APS and
PPS in the diet is therefore imperative., It 1is evident from the
fact that the diet prepared exclusively with APS had higher pro-
tein content than the diet which contained 70% APS and 30% PPS,
Still, the growth and PER obtained by the former were low, How-
ever, the diet having only APS showed high NPU and BV, As the
PPS content in the diet increased, the NPU and BV came down,
showing the APS possess superior biological quality over the PPS,
The diets having higher percentage of PPS. did not show any infer-
lority in FCR, and in fact gave higher values of PER, However,
the NPU and BV of these diets were signifiéantly low confirming
the earlier statement regarding their protein quality. A close
examination of the values of NPU and BV of the diets indicates
that these are uneffected even if the diet contained 50% PPS.

But the growth of the animals was significantly reduced if the
diet had more than 30% PPS, The limiting of the aminolacid lysine
might be becoming more pronounced beyond this PPS level in the
diet, When Deshimaru and Shigueno (1972) first introduced the
prawn, P, japonicus to the artificial diet, they used a diet

made up of several ingredients such as squid meal, fish meal, whale
meal, mysid shrimp meal, yeast, soybean protein, active-sludge,
casein and gelatin. They found that the diets having the amino
acid composition similar to the aminoacid composition of prawn
gave good results. The authors prepared diets having aminopciad
composition similar to that of P, japonicus by using a mixture of
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animal and plant protein sources and established that the prawns
could be successfully cultured on such artificial diets. Forster
and Beard (1973) observed that the growth of the prawn Palaemop
serratus, was high when the diet contained more than one ingre-
dient. But when the animal protein white fish meal was completely
substituted with soybean protein, the diet gave very poor results,
However, Sick and Andrews (1973) found soybean to be a superior
ingredient even when it was used as the sole protein source for

P, duorarum, Soybean protein is more balanced in the essential
aminoacids among the various plant proteins available., Venkata-
ramaiah gt al. (1975a) found better utilization of protein in P,
aztecus, when the diet contained certain amount of vegetable
matter. Zein-Eldin and Corliss (1976) reported similar results

in the same prawn and found that inclusion of rice bran in shrimp
meal based diet improwved the growth,

Fenucci and Zein-Eldin (1976) postulated that synergistic
effect between dietary components improves performance of the
diet., But this synergism must be the result of improved balance
of essential nutrilents in the required level when more tham omne
ingredient is used in the diet, 1In Macrobrachium rosenbergii,
the results were much superior when the diet contained fishmeal-
soybean-shrimp meal (Balazs et al., 1973) compared to the diet
having only soybean meal., Subsequently Balazs et al. (1974) found
that the diet with soybean meal-tuna meal gave significantly
greater results than the diets containing only soybean, tuna meal
and shrimp meal, These authors concluded that by using different
ingredients (animal and plant) the possibility of approaching

optimum aminoscid balance in the diet are greater and thus could
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achieve superior results. The varlations in the dietary protein
requirement within the same species as obteined by different work-
ers may larcely be explained due to the different protein sources
used in preparing the diet. 1In the diets where the optimum aminc
acid balance is not reached, the animals may show higher protein
requirement, and in the diets where the aminopcid balance is achi-
eved, the diletary protein requirement may be much lower. The
discussions presented above and also the results obtained in the
prawn P, indicus clearly suggest that compounded feeds should be
multiingredient based and no single material, either animal or
plant origin, can be a complete feed by itself, It is only logi-
cal that animals like pra wns feed on a variety of materials of
plant and animal origin in nature. In doing so, the animals
must be deriving the balanced nutrition and thus disposed to a
healthy growth,

Formulation of compounded feeds has important bearing on
the cost of resultant practical feed and influences the economics
of production, Generally protein in the feed constitutes the most
important and expensive nutrient in the feed. Further,animal
protein sources are comparitively more expensive than the plant
protein sources. It is in this context the results obtained in
this particular experiment, in the present study, are very import-
ant, The results have clearly shown that the growth of prawns is
higher when the feed is formulated using both animal ana plant
protein sources. 1In the present case, the plant protein sources
can be used upto 30% with 70% animal protein source, without
affecting the efficiency of the feed.
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It was discussed earlier that combination of APS (70%)
and PPS (30%) in diet might have helped in attaining more closer
aminoacid balance required by the prawn, P, indicus, Using this
protein combination as the protein source, diets were formula-
ted with protein content varying from 15% to 40%., In this experi-
ment, the feed with 30% protein gave the highest growth and good
FCR. Low growth and high FCR were observed at protein levels
lower than 30%, But at protein levels higher than 30%, though
the FCR was not significantly different, the growth had shown a
decreasing tendency. The protein requirement shown by P,indicus
in this experiment 1s same as that obtained by casein diets and
slightly higher than the value shown by the albumen diets, How-
ever, the protein requirement obtained in this study is lower
than the protein requirement shown for this prawn by Colvin(1976a)
and Ahamad.Ali (1982a) which was found to be 40%. The former
author used shrimp meal and the latter, a mixture of mantis shrimp
protein and ground nut cake as protein source. But the results
of the present study are in agreement with the findings of Charles
John Bhaskar and Ahamad All (1984) in which it was shown that
juveniles of P, indicus required 30% protein in the diet, using
casein diets. The protein requirement shown by P, indicus in this
study is comparable to the protein requirement shown by P,aztecus
(Shewbart et al., 1973). P. setiferus (Andrews et al., 1972),
P, cuorarum (Sick and Andrews, 1973) and also the Juveniles of
P, monodon (Khannapa, 1979). It is lower than the protein re-
quirement of P, japonicus (Kanazawa, et al., 1970; Shigueno et al.,
19728 Balazs 23’91" 1973; Deshimaru and Yone, 1978c, Deshimaru

and Shigueno, 1972), P, aztecus (Venkataramaish et al., 1975a;
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Zein-Eldin and Corliss, 1976), P.merguiensis (AQUACOP, 1978;

Sedgwick, 1979). P, monodon (Alava and Lim, 1983) and Metapenaeus

monoceros (Kanazawa et al., 1981),

As seen under the purified proteins, the faecal nitrogen
was comparitively higher in animals fed low protein diet and
lower in the faeces of animals fed high protein diet. This has
been found to be true even in land animals., At low levels of
protein intake, the constant excretion of metabolic faecal nit-
rogen (MFN) makes up a greater proportion of the faecal nitrogen
(Maynard et al., 1981). out put, which becomes progressively
less as the feed protein levels increase. It was also found
that apparent digestibility of protein increases in a curvilinear
fashion as the level of dietary protein increases. Similar resul-
ts are obtained in P, ipdicus both with purified proteins as well
as the practical protein sources in the present study,

The protein balance (Fig.18), just like the nitrogen balance
(Fig,9b) seen under the purified proteins, was negative at lower
dietary protein level, then gradually increased with dietary
protein level, and became positive at higher dietary protein
levels, The protein balance curve (Fig.18), which is inclined to
X-axis, intercepted the protein axis (Y-axis) at 26% protein level
where the protein balance is zero. This is almost similar to the
nitrogen balance curve (Fig. 9b) in which it intercepted the
protein axis at 22,5%, The diet with 29,9% protein, which ies just
3,9% higher than the level of zero protein balance, gave highest
growth of the animals., Protein levels above and below this level
tended to decrease the growth, The results once again emphasised

that to obtain highest growth, the protein content in the diet
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should be a little above (within 5% in the present case) the
protein level at which the protein balance is zero, Ewven though
the diet contains adequate levels of energy, the animals have

a minimum essential protein catabolism for the maintainance of
vital processes of thqbody. When the protein for this purpose

is met fully from the diet, probably the protein balance is be-
coming zero, But even at this dietary protein, the growth in

the animal is positive perhaps due to the, available metabolisable
energy in the diet consumed, Once the animal receives the prote-
in a little in excess of this minimum requirement, the excess
protein received must be fully utilised for growth registéring
highest growth at that protein level in the diet, But too much
in excess of protein in the diet might be causing handling strain
on the system, there by resulting in lower growth, Reviewing the
dietary studies with shrimps and prawns, New (1976) suggested
that it is reasonable to conclude that the optimum protein lewvel
for penaeid prawn diets, lies in 27-35% region, The results
obtained in the present investigations are fully in agreement and
are well within this limit, The possibility of achieving still
low levels of dietary protein could be examined only after know-
ing the qualitative and quantitative essential aminocacid require-
ments of candidate species. Perhaps, the most urgent need is

the determination of quantitative aminoacid requirement for each
commercially importai t species of prawns to approach towards more

economically efficient diet,
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CONCLUSIONS

The purified proteins fibrin and albumen have high biologi-

cal value (BV) for the prawn Penaeus indicus, followed by

casein, Gelatin is a poor protein source for this prawn
with low BV.

Considering growth, food conversion ratio (FCR) and protein
efficiency ratio (PER) in conjunction with Net Protein Uti-
lisation (NPU) and BV, albumen is the best protein source
for formulating research diets for P, indicus.

The average metabolic faecal nitrogen (MFN) in juvenile P,
indicus is found to be 324 mg N/100 g diet, when determined
using z;ro protein diet.

The true digestibility of protein in the diet tended to be
low at lower lewvels and high at higher dietary protein
levels, though the difference was not statistically signi-
ficant,

The PER, NPU, and BV were high at lower dietary protein
levels and decreased as the protein level in the diet incre-
ased,

The dietary protein requirement of juvenile P,indicus is
found to be 25% with albumen diets and 29% with casein diets.
The growth, FCR, PER, NPU and BV were the highest at the
optimum protein level in both albumen and casein diets,

The nitrogen balance (calculated as the difference in nit-
rogen of the diet and the faeces) was zero at 22% dietary
protein, When the dietary protein was raised a little above
this lewvel (3% in case of albumen diet and 7% in case of

casein diet) the protein balance was positive at which the

d. t-had shown the best per’ rmance,
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9. In the different mixed protein combinations, the diet
having, all the four proteins, albumen, casein, fibrin
and gelatin in equal proportion gave the best results,

This was followed by the combinations albumen-casein and
albumen-gelatin, Fibrin-gelatin combination gave poor
results,

10, To obtain balanced aminolcid profiles in the diet, it is
suggested that a mixed portein source may be used for
protein requirement studies., Albumen alone can be success-
fully employed for this purpose. Casein alone and other
combinations mentioned above may be used only as alter-
natives, Proteins having high BV only should be used for
protein requirement study to obtain realistic information,

11, Among the animal protein sources evaluated, fish meal,clam
meat powder, prawn waste meal and mantis shrimp were found
to be good protein sources with high PER, NPU and biological
value in the decreasing order for P, indicus. Silkworm
pupa was found to be a poor protein source for this prawn
having low digestibility, PER, NPU and BV.

12. Among the plant protein sources, Spirulina and ground;nut
cake gave best growth, the former showed high biological
value, but the BV of ground nut cake was very low, However,
the animals fed Spirulina diet showed very low survival,

13. Coconut cake and gingelly caka, cannot be used as sole
protein sources in the diet of P, indicus as they showed

low growth and BV, though their protein had high digestibi-
lity and low FCR.
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Animal protein sources in genersl had low digestibility

but showed higher growth, FER, NPU and BV over the plant
protein sources,

The diet having 70% animal protein source and 30% plant
protein source gave the best growth and FCR, than the
diets made exclusive either with animal protein source  or
plant protein source. The performance of the diet decre-
ased as the plant protein source in the diet increased,

The juveniles of P, indicus showed a protein requirement

of 30% in practical diet, when the diets were prepared with
70% animal protein source and 30% plant protein source.
These results are similar to the protein requirement shbwn
using casein diets,

The protein balance, which is the difference between the
dietary protein and the protein in the faeces, was negative
at lower dietary protein level and positive at higher diet-
ary protein level,

The protein balance in practical diets was zero at a diet-
ary protein lewvel of 26% which was similar to the nitrogen
balance obtained in casein and albumen diets.

The optimum protein level in the diet shown by the prawn
was just 3.7% above the dietary protein level where the
protein balance was zero,

Possibilities of achieving further lower levels of optimum
protein in the diet could be examined only after the quan-
titative requirement of essential amino acids of candidate

species of commercial prawns is knowp.
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EVALUATION OF DIFFERENT SOURCES OF CARBOHYDRATES

Present status

Carbohydrate is an important source of energy component
in the diet of animals including prawns. There are different
types of carbohydrates available in nature, These are
monosaccharides (eg. glucose, fructose, galactose), disaccha-
rides (eg. sucrose, maltose, lactose) and polysaccharides
(eg. starch, glycogen and cellulose), Most of the carbo-
hydrates which contribute to the diet of the animals are
of plant origin. The polysaccharide, glycogen is of animal
origin and is generally known as animal starch. Carnivorous
fish such as Atlantic salmon and Japanese yellow tail do not
utilize appreciably, the dietary carbohydrate because their
digestive system is not equipped to handle significant
quantities of carbohydrate. On the other hand omhivorous
fish such as common carp and channel catfish are able to
digest fair amounts of carbohydrates in their diet, Digest-
ion of carbohydrate in crustaceans has been demonstrated by
Kooiman (1964)., Dall (1964) studied the metabolism of
carbohydrate in the Prawns (Metapenaeus sp.). Tyagl and
Prakash (1967) investigated the nutritional importance of
carbohydrates in Prawns., Subsequently Telford (1970) con-
ducted comparitive study of carbohydrate activities of some
crustacean tissues and Parvathy (1971) studiedé the carbo-
hydrate metabolism in two crustaceans during starvation,

The presence of enzymes involved in carbohydrate metabolism
such as oL-amylaae, p -amylase, maltase, saccharase,
chitinase, has been demonstrated, Amylase activity was

foun® in the digestive tract o ' the prawn Pengeug indicu
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(Karunakaran and Dhage, 1977)., Carbohydrates are important
for energy production in the Kreb's cycle, in glycogen sto-
rage, in chitin synthesis and in the formation of steroids
and fatty acids. Prawns do not appear to utilise efficien-
tly all types of carbohydrates available in nature, The
ability to digest specific sources of carbohydrates varies
from species to species, Andrews et al,(1972) found that
addition of 20% glucose to a diet based on menhaden meal
reduced the growth rate in Penaeusg aztecus., When starch
was included in the same diet at 30% level, increased growth
rate was obtained., Andrews and Sick (1972) observed that
when radio-active isotope (14,) lsabelled starch and glucose
were used separately in the diet, the incorporation of radio-
activity in the tissue was at higher rate from starch than
from glucose in Penaeug getiferug. It was postulated that
the dietary glucose was very rapidly absorbed into the
body but not utilized efficiently, On the other hand, glu-
cose from digested polysaccharides was absorbed very slowly
and thus utilized efféctively, When glucose was used at
lower levels (about 10%) the growth of the prawn Penaeug
duorarum was not affected, but at higher levels (about 40%)
the growth was very poor (Sick and Andrews, 1973),
Deshimaru and Yone (1978b) tested different carbohydrates,
gluc >se, sucrose, glycogen, starch and dextrin for P, japu-
picug. The authors found that higher growth was obtained
with the group fed on the diet containing sucrose followed
by glycogen. Glucose resulted in lowest gain in weight,
The diets having glucose, starch and dextrin caused high
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mortality, AQUACOP (1978) suggested that starch appears
to be more suitable carbohydrate than glucose for P,

merguiensis. Abdel Rahman et al. (1979) also evaluated

different types of carbohydrates for P, japonicus and

found that disaccharides and polysaccharides gave better
growth, As reported earlier, these authors also found that
glucose resulted in poor growth and high mortality,

Pascual et al. (1983) demonstrated that sucrose and dextrin
were better utilised than any other carbohydrate by P.,monodon.
When glucosamine was used in the diet in the place of
glucose, the growth of Prawn P, japonicus was improved
(Kitabhayashi gt al., 1971b}, and at 0,53% it was found

to enhance the growth rate in P, japonicug (Kitabhayashi

et al.,1971a). Similar resuits were obtained in P,indicus
by Vaitheeswaran and Ahamad Ali (1986), Contrary to this
Deshimaru and Kuroki (1974b) found no beneficial effect of
glucosamine in the diet of P, japonicus. A suitable source
of carbohydrate in the diet seems to spare carbon chains
from aminoacids for chitin synthesis (Cowey and Forster,1971).
Venkataramaiah gt al. (1975a) reported that inclusion of
vegetable fibre in the diet resulted in better utilisation
of dietary protein in P, aztecus, Better growth was obta-
ined in P, japonicus when 6% dextrin was included in the diet
(Deshimaru and Kuroki, 1974a)., Fair et al,(1980) studied
the eftect of dietary fibre on growth and assimilation and
the presence of cellulase activity in the gaint prawn,

Macrobrachium rosenbergii.
The quantitative requirement of carbohydrate in the
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diet of prawns vary from species to species. Andrews et al.
(1972) had reported that 30% starch in the diet gave better
growth and spared protein in the diet in P, aztecus. Sick
and Andrews (1973) found that 40% corn starch in the case-
in-based diets produced faster growth in P, duorarum, The
growth of prawns P, indicug increased with increase in the
dietary level of starch up to 40% (Ahamad Ali, 1982b). Rece-
ntly Teshima and Kanazawa (1984), while studying the nutri-
tional requirements of the larvae of P, japonicus,observed
that the growth and survival of the larvae varied with pro-
tein and carbohydrate levels in the diet and not with the
lipid levels. Alava and Pascual (1987) found that the diets
containing trehalose and sucrose gave better weight gain
in Juvenile P, monodon than the diets having glucose, They
also observed that the best results were obtained with the
diet having 20% carbohydrate,

Studies on the digestibility of dietary carbohydrates
in prawns are very limited., Forster and Gabbott (1971)
studied the assimilation of carbohydrate by the caridean
prawns Palaemon serratus and Pandalus platycerosg.

In the present study, three monosaccharides, two
disaccharides and two polysaccharides were selected and
evaluated for their suitability as carbohydrate source in
the diet of P, indicus. The digestibility of each carbo-
hydrate and the effect of dietary carbohydrate level on its
digestibility, growth, and food conversion ratio were
studied, The influence of cellulose in the diet was inve-
stigated, The protein sparing action of carbbhydrate
under different dietary conditions was studied and discussed

in detail,



10

MATERIAL AND METHODS

Seven different carbohydrates were selected for
evaluation in the diet of the prawn Penaeus indicus, Out
of them, three were monosaccharides, glucose, fructose and
galactose; two were disaccharides, maltose and sucrose, and
‘two were polysaccharides, glycogen and starch, These mater-
ials were of aﬁalytical grade and were obtained from the

companies described below:

1. Monogaccharides
a) Glucose BDH Chemicals
(Glaxo Laboratories, Bombay)
b) Fructose E. Merck Chemicals,
Bombay.
¢c) Galactose Sarabhai M, Chemicals,
Baroda,
2, Disaccharjdes
a) Maltose LOBA Chemic Indoaustranal, Ce,,
Bombay.
b) Sucrese BDH Chemicals
3. Pelysaccharides
a) Starch BDH Chemicals
b) Glycogen LOBA Chemicals

All the materials were solids in fine powder form,
and were used in the diets as such,

Expgriment 8: Evaluation of dietary characteristics eof

diffeorgnt sources of carbohydrates.
To evaluate the identified carbohydrates, seven

separate diets were formulated using each carbohydrate im
the diet at 30% level, The basal purified diet, having
albumen(egg) and cod liver oil as proteir and lipid sources
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respectively and used for evaluation of purified proteins
(vide Chapter-I), was adopted. A zero carbohydrate diet CE,
was also formulated for comparison, For determining the
digestibility of each of the carbohydrates, the inert marker
chromium oxide was included at 0,5% level in all the diets.
The composition of the experimental diets, designated as
CE,é CE;,(glucose), CEz(fructose) CE3(galactose), CE, (suc-
rose), CES(maltose), CEe(starch) and CE7kglycogen) is shown

in Tabie 15.

§§geriment 9., Evaluation of dietary characteristics of
different combinations_of carbohydrate

sources.
Seven diets, comprising of carbohydrates, glucose-gly-

cogen, glucose-starch, glucose-sucrose, glucose-maltose,
glucose-sucrose-gtarch, glucose-maltose-starch and sucrose-
maltose-starch were prepéred and their eftect on the growth,
food conversion ratio (FCR) and survival of P,indicug was
studied. In each combination the individual carbohydrates
were used in equal proportions to obtain a mixed carbohy-
drate level of 30%, The detailed composition of these

diets (CE8 to CE14) is given in Table 20.

Enggimgnt 10. Evaluation of carbohydrate level in the
diet_at constant Protein and lipid.

In the earlier experiment it was found that the car-

bohydrate consisting of sucrose-maltose-starch in equal
proportions was the best source of carbohydrate in the

diet of P, indicus. Using this mixed carbohydrate source,
the effect of carbohydrate level in the diet on its digest-

ibility, arowth, FCR and survival of P, indicug was studied



Table 19, Composition (g/100ag) of the experimental diets CE,
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to CE,

Ingredients CEO
Albumen (egg) 70,0
Cod liver oil 6.0
Glucose -
Fructose -
Galactose --
Sucrose -
Maltose -
Starch -
Glycogen -
Cholesterol 0.5
Glucosamine HCl 0.8
Vitamin mixture¥* 2,7
Mineral mixture® 8,6
Cellulose 7.9
Cx:203 0.5
Sodium alginate 3.0
Crude Protein % 55,0

40.0
6.0

30.0

0.5
0.8
2,7
8.6
7.9
0.5
3.0
31.5

Diet No.
CE2 CE3
40.0 40.0
6.0 6,0
30.0 -

- 30.0
0.5 0.5
0.8 0.8
2.7 2.7
8.€ 8.6
7.9 7.9
0.5 0.5
3.0 3.0
31.5 31.5

* Vitamin mixture:
chapter T (Table

@ Mineral mixture:
chapter 1 (Table

0.5
0.8
2.7
8.6
7.9
0.5
3.0
31.5

0.8
2.7
8.6
7.9
0.5
3.0
31.5

s G T R G e S ED e m @ S D @D BB m T P

0.5
0.8
2.7
8.6
7.9
0.5
3.0
31,5

Same as used for the diets PE. to PE, in

2a)

2b)

0

o

4

Same as used for the diets PE, to PE4 in

30,0
0.5
0.8
2.7
8.6
7.9
0.5
3.0

31.5



Table 20, Composition (g/100g) of the experimeptal diets CEg

to CE14.
------- Diet No.
Ingredients  Ton  am en  em  em . oE  CE
CEe CE9 CE10 CE11 CI-:12 CE13 CE14
Albumen (egqg) 40,0 40.0 40.0 40.0 40.0 40.0 40,0
Cod liver oil 6,0 6.0 6,0 6.0 6,0 6.0 6,0
Glucose 15,0 15.0 15,0 115.0 10.0 10,0 -
Sucrose - - 15.0 - 10.0 - 10,0
Maltose — — - 1540 - 10,0 10,0
Glycogen 15,0 - — - - — -—
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Glucosamine HCl c.8 0.8 0.8 0.8 0.8 0.8 0.8
Vitamin mixture * 2,7 2,7 2.7 2,7 2,17 2,7 2,7
Mineral mixture ¢ 8,6 8.6 8.6 8.6 8.6 8.6 8.6
Cellulose 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Sodium alginate 3,0 3.0 3,0 3.0 3.0 3.0 3.0
Crude protein % 31,5 3i.5 31,5 31,5 31,5 31,5 31.5

* Vitamin mixture ¢ Same as used for the diets PE,. to PE

0 4 in
Chapter I(Table 2a)

@ Mineral mixture

Same as used for the diets PEO to PE4 in
Chapter I(Table 2b)
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in this experiment. Seven diets, numbering CE to CE

15 21
were formulated varying the carbohydrate content from §

to 50% in the diet but keeping the protein and 1lipid con-
stant. Chromium oxide at 0.5%‘1eVel was included in all the
diets to determine the digestibility of carbohydrate. The
composition of the diets is shown in Table 21.

Experiment j1. Determingtion of optjimum level of carbochy-
drate in the diet at constant lipid.

To study the effect of different levels of carbohy-
drate at constant lipid on its digestibility, growth, FCR
and survival of the animals and thereby determining the
optimum level required in the diet, isocaloric (4,03 K cal/
gram) diets were formulated with varying levels of carbohy-
drate, keeping the lipid constant. 7To make the diets iso-
caloric, protein content was adjusted. As a result, high
protein-low carbohydrate to low protein-high carbohydrate
diets were obtained, While the carbohydrate in the diet
varied from 5 to 50%, the protein content varied from 21,9%
to 50,7%. The composition of these diets, designated as

CE22, c 0824, CE25, CE26' CE27, and CE28' is given in

Eoze
Table 22,

Experiment 12, Determination of optimum level of carbo-
hydrate in the diet at congtant protein.

Seven more iso-caloric diets were formulated to

study the combined influence of varying levels of carbohy-
drate and 1ipid in diet at constant protein, on its di-
gestibility, growth, FCR and survival of P, jndicug.

In these diets, keeping the protein constant, the carbo-



Table 2}]. Composition (g/100g) of the experimental diets CE15

to CE21.
"""""""""""""""""" Diet No,
ey o,
Protein mix, * 40,0 40,0 40.0 40,0 40,0 40.0 40,0
Cod liver oil 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Carbohydrate mix.+ 5,0 10,0 15,0 20.0 30,0 40.0 50.0
Cholesterol 0.5 0.5 0,5 0.5 0,5 0.5 0.5
Glucosamine HC1 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Vitamin mixture @ 2.7 2.7 2.7 2.7 2.7 2.7 2.7

Mineral mixture £ 8.6 8.6 8.6 8.6 8,6 8.6 8.6

Cellulose 32,9 27,9 22.9 17.9 7.9 — -—
Cr203 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sodium alginate 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Crude pretein % 34,8 34,8 34.8 34.8 34.8 34.8 34,8

* Protein mix: A mixture of albumen, casein, fibrin and gelatin
in the ratio 1:1:1:1.

+ Carbohydrate mix: A mixture of sucrose, maltose and starch in
the ratio 1:1:1,

@ Vitamin mixture : Same as used for diets PE0 to FE, in Chap-~
ter 1 (Table 2a)

£ Mineral mixture : Same as used for diets PE, to PE, in Chap=-
ter 1(Table 2b)



Table 22, Composition (g/100g) of the experimentsl diets CE22
to CE28'

Protein mix. *

Cod liver oil

Carbohydrate mix.+

Cholesterol
Glucosamine HC1l
Vitamin mixture @
Mineral mixture &£
Cellulose

6:203

Sodium alginate

Crude protein %

* Protein mix:

58.26 54.51 50.89 47.19 40.0 32,5 25,23
6.0 6.0 6.0 6,0 6,0 6.0 6.0
5.0 10.0 15,0 20.0 30.0 40.0 50,0
0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.8 0.8 0.8 0.8 0.8 0.8 0.8
2.7 2.7 2.7 2.7 2.7 2.7 2.7
8.6 8,6 8,6 8,6 8.6 8.6 8.6

14.64 13,39 12,01 10.71 7.9 S.4 2,67
0.5 0.5 0.5 0.5 0.5 0.5 0.5
3.0 3.0 3.0 3.0 3.0 3,0 3,0

50,7 47.8 44.3 41.1 34.8 28,3 21.9

A mixture of albumen, casein, f£ibrin and
gelatin in the ratio 1:1:1:1.

+ Carbohydrate mix: A mixture of sucrose, maltose and starch

@ Vitamin mixture

£ Mineral mixture

in the ratio 1:1:1.

¢ Same as used for diets PEO to PE4 in
Chapter 1 (Table 2a)

$ Same as used for diets PEO to PE4 in
Chapter 1(Table 2h)
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hydrate was varied from 5 to 50%, At the same time the
lipid in the diet was also varied to make the diets iso-
caloric, resulting in high lipid-low carkohydrate and low-
lipid-high carbohydrate diets. The detailed composition

of the diets, CE to CE is presented in Table 23,

29 35

Experiment 13, Effect of cellulose level in the diet on

the growth and food convergion ratio of
P. indicus.

In order to study the effect of cellulose level in
the diet on the growth and food conversion ratio of P,
indicus, eight diets, designated as CE,,, CE3,, CE,g, CEyq,
CE,., CE,., CE

and CE43, were formulated. The cellulose

40’ “T4a1t Th42f
in the diets was varied from 0 to 20% replacing the corres-
ponding amount of carbohydrate. . The protein and lipid in the
diets were kept constant, The composgition of the diets is
given in Table 24,

Experimental Procedureg: The design of the feeding experi-
ments, rearing facility, experimental animals, water manage-
ment, feeding procedure, faeces collection, measurement of
growth, food conversion ratio were same as described under
Chapter 1. The hydrographical data in respect of different
feeding experiments are summarised in Table H,. The apparent
digestibility of carbohydrate was calculated using the follo-

wing formula,

Apparent digestibi-

- % Cr203in diet x %Carbohydratexloo
lity of Carbohydrate

in faece
% Cr.0.1in faeces XCarbohydrate

2”3 in diet.

= 100




Table 23. Composition (g/100g) of experimental diets CE,

9
to CE35
Diet Noo
Ingredients T T LT T T T T T ST LTt ot o -
CE,g CE3y CE3y CE3, CEj3 CEyy CEgg
Protein mix. * 40,0 40.0 40,0 40.0 40,0 40.0 40.0

Carbohydrate mix.+ 5.¢ 10.0 15.0 20.0 30.0 40.0 50.0

Cholesterol 0.5 0.5 0.5 0,5 0.5 0.5 0.5
Glucosamine HC1l 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Vitamin mix, @ 2,7 2.7 2,7 2.7 2.7 2,7 2,7
Mineral mix, £ 8,6 8,6 8,6 8,6 8,6 8,6 8,6
Cellulose 22,1 19,2 16,31 14.48 17,9 2,32 --
cr203 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sodium alginate 3.0 3,0 3.0 3.0 30 3.0 3,0
Crude protein % 34.8 34,8 34,8 34.8 34.8 34,8 32.8
* Protein mix: A mixture of albumen, casein, fibrin and

gelatin in the ratio 1:1:1:1,

+ Carbohydrate mix. A mixture of sucrose, maltose, and starch
in the ratio 1:1:1.

@ Vitamin mixture: Same as used for diets PEO to PE4 in
Chapter 1 (Table 2a)

£ Mineral mixture: Same as used for diets PE
Chapter 1 (Table 2b)

0 to PE4 in



Table 24, Composition (g/100g) of the experimental diets CE

to CE!3

36

Protein mix, * 40,0 40,0 40,0 40,0 40,0 40.0 40,0 40,0
Cod liver oil 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Carbohydrate mix.#40.0 39,0 37,0 35,0 32,0 30.0 25,0 20,0
Cellulose 0.0 1.0 3.0 5.0 8.0 10.0 15,0 20,0
Cholesterol 0.5 065 0.5 065 0.5 0.5 0.5 0.5
Glucosamine HCl 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Vitamin mix, @ 2,7 2,7 2,7 2.7 2.7 2.7 2,7 2,7
Mineral mix, £ .6 8,6 8,6 8,6 8,6 8,6 8,6 8,6
Sodium alginate 3.0 3.0 3.0 3.0 3¢0 3.0 3.0 3.0

Crude protein % 34,8 34.8 34,8 34,8 34.8 34.8 34.8 34.3

* Protein mdx: A mixture of albumen, casein, fibrin and
gelatin in the ratio 1:1:1:1.

+ Carbohydrate mix:A mixture of sucrose, maltose and starch
in the ratio 1:1:1.

@ Vitamin mix: Same as used for dilets PEO to PE, in chapter 1
(Table 2a)
£ Mineral mix: Same as used for diets PE; to PE, in Chapter 1

(Table 2b)



Table HZ‘ Hydrographlcal data of the feeding experiments

8 to 13.
Experiment Salinity Oxygen Temperature PH

No, % CcC/L °c

8 20,7 + 1,0 4,2 29,0 + 0,5 7.9 + 0,2
9 16.0 + 1,0 4.1 29,5 + 0,5 8.0 + 0,2
10 16.5 + 1,0 3.78 28,0 + 0.5 8.1 + 0.2
11 18,1 + 1.0 3.97 28,7 + 0.5 8.1 + 0,2
13 18,5 + 1.0 4,1 29.0 + 0.5 8.1 + 0,2



The methods followed for determining 1lipid, chromium
oxide in diets, animals and faeces were same as those
followed in Chapter I, While carbohydrate in diets, faeces
and animals was determined by 'Anthrone' method using Junior
Spectrophotometer, Proteir in animals was determined by
the biuret method.

The procedure followed for statistical analysis of the

experimental data was also same as adopted under Chapter I,



RESULTS

Evaluation of dietary characteristics of different sources of

carbohydr ates

The results of the evaluation of three monosaccharides,
two disaccharides and two polysaccharides in the diet of P,
indicus are given in Table 25. The growth in length and dry
weight (33.3%, 112,2%) obtained by the zero carbohydrate diet
CEO was higher than the growth in length and dry weight obta-
ined by the diets with glucose (16.3%, 44.5%), fructose (20.6%,
55.5%), galactose (1?.2%, 42,3%), sucrose (28,25%, 47,65%) and
glycogen (21,7%, 38.,4%), The food conversion ratio (FCR) of
the diets having glucose (8.06), fructose (10.9), galactose
(8.19) and sucrouse (5,14) was higher than the FCR obtained by
CE, diet (3.53). Among the diets having the carbohydrates
glucose, fructose, galactose, sucrose and glycogen, the diet
with fructose showed slightly superior growth, but the FCR
of the diet with sucrose was superior to the FCR of diets hav-
ing glucose, fructose and galactose, However the FCR (2.,4) of
the diet with glycogen was more superior to not only to the
FCR of these diets but alsc to that of the CEO diet.

In conctrast, the growth in length and dry weight
obtained by the diets with maltose (40,6%, 123.9%) and starch
(39.0%, 177,7%) was higher than the growth obtained by zero
carbohydrate, CEO diet, The FCRs 0f the diets with maltose
(2.19) and starch (2,18) were far superior to the FCR of the
CE, diet. The survival of the animals fed the diet with glucose

0
was comparitively low (54,1%) and that of glycogen was very
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poor (29.2%); while the survival obtained by all the other die-

ts was above 62% and comparable, it was 70.8% in case of CEO

diet,

The protein, lipid and carbohydrate content of the ani-
mals fed with diets containing different sources of carbohy-
drates did not show any definite trend except that the carbo-
hydrate in the animals fed with CEO diet was significantly
low compared to that of the other group of animals,

The apparent digestibility of different sources of
carbohydrates (Table 26) did not show much variation. The
digestibility of glucose (89,19), fructose (96.45), galactose
(92.37), sucrose (94.34) and maltose (91.55) was slightly
higher than the digestibility of starch (88,04) and glycogen
(88,96),

The results of the analysis of variance (ANOVA) of the
data obtained by the diets CE, to CE

0 7
The growth in dry weight obtained by the diet with starch was

are given in Table 26A,

significantly higher (P < 0,01) than the growth recorded by
all the other diets. The difference in the growth realised

by the zero carbohydrate diet and the maltose diet 'was not
significant while the growth obtained by both diets was sig-
nificatly higher than that of the dilets with glucose, fructose,
galactose and sucrose., Similarly no significant difference
was observed in the growth obtained by the diets with glucose,
fructose, galactose, sucrose and glycogen, The FCRs of the
diets having starch, maltose, glycogen, sucrose and of the

zero carbohydrate diet, did not significantly differ (P < 0.01)
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Table 26, Digestibility of carbohydrates in_the diets CE,_to CE,
at 30% level by P. indicus.

Diet Carbohydr ate % Chromium oxide % Apparent
No. Tinaist i fasces In diet in Eesces Olcestivility
CEo 2,56 11,22 0.5125 1.8550 -

CE1 32,07 15.83 0.5348 2.4400 89,19

CE2 33.22 4,69 0.5183 2,0560 96.45

CE, 34,75 9,62 0.5485 1.9900 92,37

CE4 33.78 8,21 0.4524 1.9400 94, 34

CEg 33,91 15. 60 0.5969 3.3200 91,55

CEg 33.39 17,19 0.5115 2.2000 88.04

CE,, 33.36 15,04 0. 5882 2,4000 88,96



Table 26(A)., Analysis of variance of growth and food conversion
ratio obtained by diets CE0 to CE7 in P, indicus,

ANOVA ‘
Source P e et ST w0 e TS e S s P G S e TR D T b T oS e e - e seones -
D. F. S. S. M. S.
1. Growth in length
Treatment 7 785,76 112,25*»
Exrror 16 256,61 16,04
Total 23 1042,37 . 128,29
2, Growth in dry wgight
Treatment 7 55719.33 7959,90**
Error 16 1198,.97 74,93
Total 23 56918, 30 8034.83
3. Food conversion ratio
Treatment 7 236.27 33,75%«
Error 16 28,70 1,79
Total 23 267.97 35,80

** Significant at 1% level (P £ 0.01)
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among themselves, but they were significantly different from
the FCRs of the diets with glucose, fructose and galactose.
However, the FCRs of the latter group were not found to differ
significantly among themselves.

The growth curves of animals fed with the dilets of
different carbohydrate sources are shown in Fig.19. The
diets formulated with three monosaccharides, glucose, fructose,
and galactose, the disaccharide, sucrose, and the polysaccha-
ride glycogen, showed poor growth, But the diets containing
the disaccharide, maltose, and the polysaccharide, starch
showed superior growth over the zero carbohydrate diet. The
apparent digestibility of different carbohydrates was practi-
cally same (Fig,20a), but the diets with monosaccharides showed
poor FCR (Fig,20b) than those with disaccharides and polysaccha-
rides. While the FCR of diet with sucrose was slightly infer-
ior, the diet with maltose gave FCR identical to that of starch
and glycogen.

Evaluation of dietary characteristicg of different combinationg
of carbohydrate sources.

The results obtained with the dlets CE8 to CE14 in which
the effect of different combinations of various carbohydrates
in the diet on the growth, FCR and survival of P,indicus was
studied, are shown in Table 27. Among the diets tested, the
diet 0314 produced the highest growth (64% in length, 339.5%
in dry weight) followed by the diets CE, g (51.3% in length,
237.4% in dry weight), CE12 (41.,5% in length, 172,8% in dry

weight), CE. (33,6% in length, 126.7% in dry weight), CE,

8
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(32.9/1n length, 102.7% in dry weight) and CE_. (30,2% in

10

length and 88,4% in dry weight). The diet CE.. recorded the

11
lowest growth (30.4% in length, 82.2% in dry weight). Lowest

FCR was obtained by the diet CE (3.45) followed by CE13(4.37),

14
CE12(6.31). CE8(8.11), CE11(10.05), CE10(10.29) and CE9(11.89)

in the increasing order. The survival of the animals fed with
the diet CE; was low (50%) whereas the survival of the animals
fed all the other diets was above 65%,

The animals fed on the diets CE13 and CE14 had highest
body protein (58,25 and 58.0% respectively) but low carbohydrate
(1.06 and 1.29% respectively). P. indicus reared with the diet

CE11 had the lowest body protein (51.53%) but the carbohydrate

(1,65%) was not as low as those observed in the feeding experi-

ments with diets CE13 and CE The animals fed with the diet

14°
CEg showed highest carbohydrate in the body (2,05%) when the

body protein of the animals was 54.12%, With the diets CE9

and CE the body protein of P, indicus was 55.1 and 55,11%

10
and the carbohydrate was 1.7 and 1.49% respectively, Only the

animals fed with the diets CE. (11.55%) and CE (13,74%) showed

9 12
low lipid, The lipid in the body of the animals fed all the

other diets was comparable, The growth (in length and dry
weight) and FCR obtained by different diets were significant
among the treatments (Table 27A), The growth obtained by the

diets CE,, and CE,, was significantly higher (P £ 0.01)., The

13 14
difference in the growth obtained by the diets CE12, CE11 and

CE8 was not found to be significant, Similarly no significant

difference in the growth was observed among the diets CEy,CE,,
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Table 27(A). Analysis of variance of growth and food conversion
ratio obtained by diets CE, to CE in P.indicus.

14
T aova
Source 2 eeeccccccccccccccccncnmcceeeee—- ————— e ee——-
D.F, S.S. M. S.
1. Growth in length
Treatment 6 827,717 137,96*
Error 14 441,63 31.55
Total 20 1269,40 169,51
2. Growth in dry weight
Treatment 6 160616, 18 26769,36*%*
Error 14 35898.42 2564.17
Total 20 196514. 60 29333,53
3. Food conversion ratio
Treatment 6 199,36 33,22%*
Error 14 59.51 4,25
Total 20 258,87 37.47

** Significant at 1% level (P £ 0,01)
* Significant at 5% level (P £ 0.05)



1

L

and CE11. The FCRs obtained by the diets .CE13 and CE14 were

also significantly lower (P &£ 0.01). However, the difference

in the FCRs obtained by the diets CE and CE_, was not found

12 8
to be significant. The FCR obtained by the diet CE9 was sig-

nificantly higher though it was not significantly different

from the FCRs obtained by the diets CE CEg, CE and CE

10 11°
is depicted in

8’

The performance of the diets CE_. to CE

8 14
Fig.21. The diets (CEB, CE9, CE and CEll) having 15% glu-

10
cose resulted in poor growth (Fig.21a). ©Only the combination
of gluwose-glycogen (diet CEe) was slightly superior among
them, The diets (CE8 to CE115 having 15% glucose in combinat-
ion with other carbohydrates, showed very poor food conversion
ratio (Fig,21b), However, when the glucose content was reduced
to 10%, the growth andFCR of the diets (CE12 and CE13) impro-
ved. The glucose-starch-glycogen mixture (in the ratio 1:1:1)
was superior %O the glucose-sucrose-starch combination, But
among the combination of different carbohydrates tested, the
surrose-maltose-starch combination (diet CE14) gave the highest
growth and the best FCR which were also significantly different
from those obtained by all the other combinations.

Evaluation of carbohydrate level in the diet at constant
Protein and 1lipid.

The results of the feeding experiment with diets CE15
to CE21 are given in Table 28, It could be seen that the diet

C produced the highest growth in dry weight of 560.7%

E1s
(growth in length was 54.8%) and lowest FCR of 3,61, among

the diets tested. Although the growth percentage of animals
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Evaluation of different combination of carbohy-
drate sources in diets CE; to CE for juvenile
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Food conversion ratio (FCR).
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fed different diets was fluctuating between 234,6% and 521,5%,

the diets CE CE and CE17 showed relatively better growth

20 21

rates. The FCRs obtained by the diets CE CE17 (4,06,

15¢ CEye
4,34, 4.45 respectively) were comparable to those of the diets

CE g CE_ . and CE (4,54, 4.19 and 4.51 respectively). The

20 21
survival of the animals fed on the diet CE15 was very low
(33.3%)., All the other diets showed a survival above 58%, the

diet CE resulting in the highest survival (79,2%) followed

21
by the diet CE, (75%).

The body protein of animals fed with different diets
did not show any appreciable difference. The carbohydrate
content of the animals fed with the various diets was almost

similar, except in those reared with diet CE The lipid

18°
content of the animals fed with this diet (CE18) was also
comparatively higher.

The apperent digestibility of carbohydrate of the diet
CE g was 68,25 which was the lowest among the values (Table 29).
The diet CE19 showed the highest apparent digestibility of 83.5,
18 (77.60),

c321 (75.78) and CE,, (73.85) in the decreasing order. The

followed by the diets CE, ¢ (81,63), CE20 (79.02), CE

ANOVA of the data on growth and FCR is given in Table 29A,
The treatments were significant at 1% level (P < 0.01) with
respect to growth in length and dry weight., The growth obtained
by the diet CE18 was significantly higher, though it was not
significantly different from those obtained by the diets CE

17/
CEZO and CE21. Similarly the growth obtained by the remaining
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Table 29, Digestibility of carbohydrate in the diets CE15 to CE

21

by P, indicus,
piec ____ Cavenydrate X | Chroniun oxoe " hpporent
No. in diet in faeces in diet in faeces bility
CE15 7.33 4,15 0.,4301 0.7669 €8, 25
CE16 12,65 4,75 0.4681 0.9565 81,63
0317 17.28 7.83 0.4709 0.8157 73.85
CE18 22,53 14,05 0.4380 1,2392 77. 60
CE19 32,34 15,83 0.4380 1.2989 83.50
CEZO 42,07 27, 34 0.4709 1,4583 79,02
C321 52,28 35.80 0.3980 1,1250 75.78



Table 29(A). Analysis of variance of growth and food gonversion
ratio obtained by the diets CE .. to CE in P. indicus,

15 21
T T T e T i
Source @ 2= 2 mcecsmmcccccmcccrmmnmrcmcccc e e mc e e e - ——
e it
1. Growth ip length
Treatment 6 11956.83 1992,80**
Exror 14 514,36 36,74
Total 20 12471,.19 2029, 54
2, Growth in 4 ight
Treatment 6 271609.93 45268,32%*
Exrrorx 14 27169,.88 1940,70
Total 20 298779,81 47209.02
3. Food conversion ratio
Treatment 6 1.95 0.64%*
Exror 14 9.02 0.32
Total 20 10,97 0.96

** Significant at 1X level (P £ 0,01)
* Not significant at 5% level (P £ 0.05)
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diets was also not found to be sigrnificantly different. In
the case of FCR, the treatments were not significant at 5%
level (P < (0,05). However, diet CE18 produced distinctly
low FCR though it was not found to be significantly differ-
ent from the FCRs obtained by the other diets,

The influence of dietary carbohydrate on growth and
FCR 1s depicted in Fig.22, The growth reached a peak (Fig,
22a) when the carbohydrate in the diet was 22.5%. Further
increase in the dietary carbohydrate, brought down the growth
of the animals, The diét witn 22,5% carbohydrate registered the
lowest FCR (Fig.22b), while the diets with carbohydrate
levels beiow and above thls showed higher values of FCR, The
influence of dietary carbohydrate on its apparent digestibility
(Fig.23a), though did not show a clear trend, the curve incli-
ned towards improved digestibility at higher dietary carbo-
hydrate levels, Similarly the survival (Fig.23b) was better
at higher dietary carbohydrate levels, These results had
indicated that dietary carbohydrate, at constant protein and
lipid, influences the growth of prawns and the highest growth
and the best FCR were obtained when the diet had 22.5% of
carbohydrate, comprising sucrose, maltose and starch in the

ratio 1:1:1,

Determination of optimum carbohydrate level in the diet at
congtant 1lipid,
From the results of feeding experiment with the diets

CE22 to CE28

could be seen that the diet CE28 produced the highest growth

on juvenile P, indicus, shown in Table 30, it
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in dry weight (684%) and length (89.6%). The same diet also
reslised the lowest FCR (3.45) among the diets tested. The
diet CE,, showed the lowest growth (22,7% in length, 118.4%
in dry weight) and high value of FCR (7.24). With the other
dilets (CE23, CE,,s CE,ce CE,. and CE27) the growth variation
was between 147.4% and 614.,7% in dry weight and 26.6% and
78.1% in length, The FCRs of these diets were 5.20, 5.16,
4,61, 4.57 and 3,46, The survival of the animals fed with

the diets CE to CE was respectively, 66,7%, 50%, 62,5%,

22 28
62,5%, 79.2%, 75% and 58, 3%,

The body protein of the animals fed with the diet CE28
recorded the highest value of 62,9%., While the body carbo-
hydrate and lipid of the animals fed with the different diets
were comparable, the 1ipid content of the animals fed the
diet CE,, was particularly low (10.34%) compared to that of
the other groups,

The apparent digestibility of carbohydrate (Table 31)
in the first four diets, CE22, CE23, CE24 and CE25 was 71.5,
41,95, 54.78 and 50,83 respectively. In the remaining three
26¢ CE27 and CE28
ANOVA of the data (shown in Table 31A) indicated that

diets, CE it was above 75,

the treatments were highly significant with respect to growth
and the food conversion ratio . The growth (in length and dry
weight) and FCR obtaine¢ by the diets CE,, and CE,, were sig-
nificantly superior (P < 0.01) to the growth and FCR obta-
ined by the other diets. Particularly, the growth and FCR

obtained by the diet CE,, was significantly inferior(P < 0.01),
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Table 31. Digestibility of carbohydrate_ in the_ diets CE,, to CE g
by P, indicus .

Carbohydrate % Chromium oxide % Apparent
Diet No, e me e e e ——— - e —————————————————— digesti-

diet faeces diet faeces bility
CE22 7.59 4.50 0.4903 1,0198 71.50
CE23 12.89 10, 63 0.6034 0.8571 41,95
CE24 18.92 16,82 0.6474 1.2727 54,78
CEZS 23,72 16, 65 0. 6568 0.9375 50.83
CE26 32,60 18,83 0.6568 1,6796 77.42
CE27 44.50 17.83 0.7142 2,4347 88, 25
CE28 53.39 19.01 0. 6609 2,2117 89,37



Table 31(A). Analysis of variance of growth and food conversiop

ratio obtained by the diets CE

28

in B

1, Growth in

Treatment

Exrror

Total

2, Growth in

Tre atment

Exror

Total

indicus,
D.F,
length
6
14
20
dry weight
6
14
20

3. Food ¢onversion ratio

Treatment

Error

Total

14

20

4577.00

655,31

5232,31

849740.05

146912,00

996652,05

29,95

7.00

36,95

** Significant at 1% level (P £ 0,01)

762,83%%

46,81

809,64

141623 ,34%*

10493,71

152117,05

4,99%%

0.50

5. 49
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The effect of graded levels of dietary carlohydrate,
on the growth and FCR is shown in Fig.24. The growth curve.
wae seeh increasing (Fig.24a) with the dietary carbo-
hyc<rate level upto 1Y%, thereafter it showed a deceease only
to increase again as the dietary carbohydrate level progres-
cively increased. In a similar fashicn, the FCR cshowed a de-
creasing trené (Fig.24b) with increase in dietary carbohydrate
level,

The aprarent digestibility of carbohydrate decreased
(Fig, 25a) as the dietary carbohydrate increased from 7.6 to
12.9%; it remained relatively low between the dietary carbohy-
drate levels of 12,9 and 23,7% and again showed an upward trend
upto 44.5% and leveled off thereafter. The survival was hig-
her (Fig,25b) at higher carbohydrate levels than at lower levels
of carbohydrate in the diet.

The results of this experiment thus clearly indicated
that the carbohydrate level in the diet would play very import-
ant role in promoting growth of animals and in improving the

FCR, thereby sparing protein level in the diet.

Determination of optimum level of carbohvdrate in the diet at

congtant Protein.

The results of the feeding experiment with the diets CE29

to CE ‘are presented in Table 32, At constant protein, the

35

diet CE having 6% lipid and 33.24% of carbohydrate produced

33
the highest growth in length (48.4%) and dry welght (280.4%).

The diet also showed the best food conversion ratlo of 2.9.

Injconztrast, the diet CE29 with 16.8% 1ipid and 8,44% carbohy-
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drate produced the lowest growtt (10.2% in length and 45.5%
in dry weight), Tﬁough the growth of animals fed with the
diet CE35 having 53, 36% carbohydrate and nil lipid, was com-
parable (108.3% in dry weight) to that of the diet CE32 with
23.31% carbohydrate and 10.42% lipid (109.7% in dry weight),
the former resulted in high FCR (12.86). The growth obtained
by the diete CE CE

and CE,, was 8€.9%/19.8%, 71,74/19.0%

307 31 3
and 205%/44,.4% in dry weight and length respectively. The FCRs
of these diets were 3,75, 3.82 and 4.25. The survival of the

animals fed with the diet CE was 91,7% while it varied from

33
54.2% to 70.8% in the other diets.,

The body protein of the animals fed with the diets CE33
and CE35 was higher (57,12% and 57.3% respectively)than the
groups fed with the other diets. The body carbohydrate of
P. indicug fed with the different diets was almost similar.
The body lipid of the prawns reared on the diets CE30 and CE32
was high (17.82%,17.45%) while it was low in those fed with

the diets CE and CE g, (10.11%, 10.77%). The lipid content

29

of the animals fed the remaining diets was comparable among

themselves, ,
The apparent digestibility of carbohydrate (Table 33)

in the diet CE._, was very low (17.92) and it was as high as

29
25,82 in the diet CE35. It was 54,63, 63,96, €7,73, 72,60
and 85,02 respectively in the diets CE30 to CE34.

The treatments, with respect to growth (in length and
dry weight) and FCR (Table 33A) were found to be significantly

different. The growth realised by the diets 0333.and CE34 was



(S0°0 7 d) 18431 %g 3B 3URDTITUOTS OF3RI UOTEIBAUCD pPooF pue jubyem Xip pue yzbuer

U YaMoIs °seaTlesweyy bHuour

50°Z1 ST°ET
LY°1 62°1
0€ °LS €1 °SS
0°0s 8°0L
598°CT . 52°F
q€°80T  5°502
oql°ST o¥ VY
ZOE0°0  E¥0°0
1°9¢ S Z€
SPI0°0  S¥10°0
9°z2 $°22
S0 Ve
BnOTPUY

86°¢T
st
¢l°LS

L°T6
L06°2
o °082
oV 8y
¥¥50°0
A
§¥10°0

beze

€35

A13uedyyTubys I83JITp S3draosyedns 3ua18JITp YITM senTep :930N

SY°LT LL®°0T Z8°LT TT°0T (%) 3uejuod prdfn
8v°1 S °T es°t 69°1 (%) 3us3luod a3k IpAyoqaeyn
SL°SS $¥6°€S 86°2S £8°€S (%) 3JFuewyyedxe
buipeey Jo uorjeuFWIS] UO
BNOTPUL °J JO 3JU23U0D UF830I3
Z°%S L*99 A 2 Z°%S %IRATAINS
@¥’? qel8’E eSL°E qef9 "L OT3eI UOTEIBAUCD poOOd
ql “60t ol TL q®°98 qs S % 3YybTem AIp UuT ymolao
o o ® ®
q0 "2 oq0 67 oqB8" 67 pot "07 % UY3bual ur ymolo
¥0€0°0 6%20°0 €LZO0°0 TTZ0°0 (O)aydbremiap ebexdae Teurd
6°LZ 6°9¢ T°Le 8°¥z (ww)yzbuey ebexsae Teufg
S¥10°0 S¥#10°0 9%10°0 SPT0°0 (D)
qybrem Kip ebexeae TeTITUI
s°ze 9°22Z L°ze G °ZZ (wwyyzbuer ebexsae TRTITUI
(43 T€g 0E. 62,
- - - sIeTNdT3IRg
*ON 3®9TQ

“SAEp O¢ 403 Pe3

3 BT7usAn] 86 ° T35 03 °CH5 63570 (3TA JusuTiod®e BUTpoeY dU3 JO 53INSed °Tf OTqel



Table 33, Digestibility of carbohydrate in the diets CE,, to CE..
by P, indicus,

Diet Carbohydrate % Chromium oxide % | Apparent
O e gttt digesti-
° in diet in faeces in diet in faeces bility
CE,q 8.44 12,50 0.5938 1.0714 17.92
CE30 13,85 11,93 0. 6041 1.1469 54,63
CE31 18,35 13,27 0.6225 1,2488 63.96
CE,, 23,51 15.91 0.6423 1.3676 67.73
CE33 33,24 23.96 00,5915 1.5560 72.60
CE34 41,63 26,87 0.,6113 2,6337 85.02
CE 53.36 18,74 0.5327 4.4700 95,82



Table 33 (A). Analysis of variance of growth and food conversion

in P,

ratio obtained by the diets CE29
indicus.

35

1. Growth in length

Treatment

Error

Total

14

20

2. Growth ip dry weight

Treatment

Error

Total

14

20

3, Food conversion ratio

Treatment

Error

Total

1719.86

609, 18

2329,04

117853,54

36465,73

154319, 27

* Significant at 5% level (P £ 0.05)

286, 64*
43,51

330.15

19642, 26%

2604. 69

22246,95

36.97*
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significantly higher (P £ 0,05) than that registered by the

other diets. The FCRs obtained by the diets CE to CE33 were

29

significantly lower than the FCR of the diet CE However, the

35°
difference in FCRs of all other diets was not found to be signi-
ficant (F £ 0.05),

The maximum growth in dry weight (Fig,26a) was obtained
at 33, 24% carbohydrate though it decreased between 13.85 and
18, 35% carbohydrate in the diet, At highzr levels the growth
of the prawns decreased. The FCR gradually decreased (Fig.26b)
and reached a minimum vaiue at a dietary carbohydrate of 33, 24%,
Then again the FCR sharply increased with increase in the die-
tary carbohydrate level., The apparent digestibility showed
gradual increase (Fig.27a) as the levels 1in the dietary carbo-
hydrate enChanced. The survival (Fig,27b) was the highest when
the diet had 33.24% carbohydrate. Above and below thls dietary
carbohydrate level, the survival was very low.

In summing up, the results of this experiment showed that
the carbohydrate in the diet was utilised better in the diets
having low 1ipid than in those having high lipid. The growth,
FCR and survival were the best with low lipid (6%) and high
carbohydrate (33, 24%) diet.

Effect of celiulose level in the diet on the growth, FCR and

survival of P, indicus.

The growth performance of P, indicus fed with the diets
with 0, 1, 3, 5, 8, 10 and 15% celiulose (diets CE,¢ to CE42)
showed relatively better growth in length and weight by the

diet CE and the lowest by the diet CE,, (Table 34). In the

36
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diets CE38 to CE42 the growth in length was less than 60%, The
FCRs of the diets having 1, 3, 5, 8, 10 and 15% celtulose were
3.61, 3.17, 3.32, 4,29, 3,04 and 3,66 respectively. The diet
having 10% cellulose recorded the lowest FCR of 3,04, The
ANOVA of the date (Tsble 34A) showed that the growth of the
animals fed with them was not significantly different(P £ 0.05)
among themselves, But the FCRs obtained by the diets having

1, 3, 5, 8, 10 and 15% cellulose were significantly superior

(P &£ 0.01) to the FCR obtained (6.23) by the diet having no
cellulose,

The body protein of the animals fed with the diets having
cellulose was marginally higher than those fed the zero cellu-
lose diet. The body lipid of the animals fed the zero cellulose
diet was slightly higher, compared to those groups fed the diets
having cellulose,

Figure 28 shows the growth, FCR and survival at differ-
ent levels of cellulose in the diet. The growth of animals
(Fig.28a) apparently showed slight decrease as the cellulose
level in the diet increased. On the other hand, the FCR clearly
improved (Fig.,28b) with progressive increase in the dietary
cellulose. The FCR registered a minimum value at 10% cellulose
level in the diet. Further increase in the dietary celiulose,
though resulted in decrease in growth, the FCR remained pra-
ctically same. The survival of the animalsg fed the diets hav-
ing different levels of cellulose varied widely (Fig.28C),
however, the curve inclined towards improved survival with

increase in dietary cellulose,
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Table 34(A), Analysis of variance of growth and food conversion

ratio obtained by the diets CE,, to CE,, in P,
indicus,
T aova )
Source - e e 5 e e et e e e e e e e -~
D.F. S.S. M, S.
1. Growth in length:
Treatment 6 190,82 27,26N
Error 14 141,76 8.86
Total 20 332,58 36,12
2, Growth in dry weight
Treatment 6 19573,.79 2796, 25*
Error 14 10906.96 681, 68
Total 20 30480.75 3477.,93
3., Food conversion ratio
Treatment 6 22,21 3.17%*%
Error 14 5.54 0.34
Total 20 27,75 3.51

** Significantad% level (P £ 0.,01)

* Significant at 5% level (P .~ 0,05)
N Not gignificant at 5% level,
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To sum up the results, dietary cellulose appears to be
required, even at the cost of dietary energy, for achieving
efficient convercion of the feed and better survival of the
cultured animals, The celiulose level between 1 to 10% in
the diet does not seem to affect the growth of animals, but
the begt FCR wag obtained with the diet having 10% celiulose,
Higher levels of cellulose beyond 10% seem to affect the gro-

wth of animals,
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DISCUSSION

Cerbohydrate is an inexpensive source of energy in
the diet. Though it is not considered as a physiologically
essential nutrient, carbohydrate plays an important role in
swplylng the required energy to the animal through Kreb's
cycle and also provides the carbon skeletons for synthesis
of vital bilochemicals such as chitin, steroids and fatty
acids in the body. The importance of carbohydrate in the diet

of the prawn, Penaeus indicusg, could be clearly understood

through the various experiments conducted in the present
study.

Among the different types of carbohydrates tested,
P, indicug has been found to utilize disaccharides and poly-
saccharides better than the monosaccharides. The three mono-
saccharides glucose, fructose and galactose tested, resulted
in poor growth and food conversion ratio (FCR), The disaccha-
ride maltose and .the polysaccharide starch gave the best growth
and FCR, Though glyccgen (Polysaccharide) resulted in poor
growth, the FCR wag comparable to that of maltose and stearch,
However, the survival of the animale fed with the diet having
glycogen was very poor. The disaccharide sucrose produced
growth similar tc that of the monosaccharides, but the FCR
obtained by the former was much superior to that of the latter.
It could be demonstrated that the carbohydrate in the diet 1is
necessary and beneficial, since the diets having carbohydrate
(maltose and starch at 30% level) produced bhetter growth and

FCR than the diet having no carbohydrate, though the latter had



a high protein (55%) in it,

b

Deshimarv an

€

. Yone (1978b) evaluated glucose, sucroee,

dextrin, starch and glycogen in the diet of Penaeus japonicus.

They found that the prawns fed with the diet having sucrose
produced the highest growth, followed by the diet composed of
glycogen, Wwhereaes the prawns fed with the diet conteining glu-
coOse resulted in very poor growth., They alsc found that the
efficiency of the diets having starch was the highest follow-
ed by glycogen, sucrose and dextrin in the decreasing order.
The efficlency of the diet with glucose was particularly poor
and the survival of the animals was very low. Simlilar results
were obtained by Kitabhayashi et al.(1971 b) in this prawn.

In the present study the growth of P. indicusg was poor
with the diets having glucose and other monosaccharides like
fructose and galactose. The FCR of these diets was high, re-
sulting in low survival, These findings in P, indicug are
gsimilar to those observed in P, japonicus with regard to mono-
saccharides by Deghimaru and Yone (1978b). Contrary to their
findings, the diet with sucrose did not give highest growth in
P, indicus as in the case of P, japonicus, but the FCR of
sucrose diet was better than that recorded by the other mono-
saccharides used., On the other hand, the diets having mal-
tose and starch gave the highest growth, best FCR, and the
survival was also fairly superior. Ag in the case of P,
japonicus, the growth of P.indicus fed the diets with glycogen
wag low with poor survival, but the FCR wag comparable to that

of the diets with maltose and gtarch.
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Subseguently Abcel Rahman et al.(197%) evaluated differ-
et sources of carbohydrates for P, japonicus and founa that
the prawns fed with the diets containing sucrose, lactose,
maltose, soluble starch, potato starch, dextrin anc glycogen
showed higher growth and those fed the diets having glucose,
fructose and galactose showed very low growkh with poor FCR
and low survival. These findinge are very much similar to those
obtained in F,indicug in the present study. The poor perfor-
mance Of glucose as the source of carbohydrate in the diet was
also observed in other penaeid prawns. Andrews et al,(1972)
observed that when 20% glucose was used in a diet based on
menhaden meal, the growth of P, aztecus was reduced. Sick and
Andrews (1973) found that when 10% glucose was uged in the diet,
the growth of P, duorarum was similar to the diet having 10%
starch, But when the glucose level was raised to 40%, the
diet resulted in very poor growth, Alava and Pascual (1987)
observed poor growth of P, monodon fed with the diet containing
glucose, and reported further that the growth of P.,monodon fed
the diets having sucrose and trehalose (trisaccharide) was
suparior. Abdel Rahman et al.(1979) analysed the serum glu-
cose levels of P, japonicus feeding orally, glucose, fructose,
maltose and soluble starch, These authors found that the serum
glucose of prawns which received glucose, rapidly rose to a
very high value in one hour and maintained the same level for
about 24 hours. But in the prawns which received fructose, the
serum glucose did not raise as rapidly as it was in the cage of

glucose, This might be the reason that fructose gave better



growth than glucose in P. indicus. Abdel Rahman et al.(1979)
further observed that in the prawns receiving maltose and
starch, the serum glucose level gradually increased to a maximum
level only in three hours and it came down to very low level
after 24 hrs, in conZtrast to what observed in the case of glu-
case, It was postulated that dietary glucose 1s quickly absor-
bed from the alimentary canal and then released into the haemo-
lymph, and it is not metabolised quickly causing physiological
upsets leading to poor drowth. On the other hand the glucose
from digested disaccharides and polysaccharides is absorbed more
slowly and metabolised effectively. Andrews and Sick (1972)
using radio-active isotope (14C) incorporated starch and giucose,
found that 14C from starch was incorporated into the tissues of
P. setiferus at higher rate than from glucose, showing that
starch 1s more effectively utilised than pure glucose as carbo-
hydrate source. However, Kitabhayashi et al.(1971b) found that
in the presence of adequate vitamin C, glucose was found to be
utilised for energy production,

The apparent digestibility of monosaccharides at 30% in
the diet was understandably high and that of the polysaccharides
was slightly lower. Forster and Gabbott (1971), while studying
the assimilation of different nutrientes from the diet by caridean
prawns, found that wheat starch and dextrin were completely
digested by Palaemon serratus (at 47.5% level in the diet) and
the apparent assimilation of wheat starch was 88,6, potato
starch, 86.4, dextrin, 88,9 and that of glycogen, 88.9. The

assimilation of potato starch in Pandalus platyceros was 86, 1.
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The results are similar to the apparent digestibility of
starch and glycogen (88.04 and 88,96 respectively) obtained
in P, indigus. But the poor growth and low survival of the
animals fed by the diet with glycogen as carbohydrate could
not be explained. Superior FCR of the glycogen diet, however
shows that the animals did not ingest the diet very much but
whatever that was ingested was digested well and effectively
utilized, Whether glycogen in the diet influences the pala-
tability is not known,

It was interesting to observe that the faeces of the
animals fed with the CEO diet (2.56% carbohydrate) showed 11,22%
carbohydrate, This experiment was repeated four times., It
was found that the amount of faescal carbohydrate varied from
50 mg to 116 mg/g of dry diet consumed, Does this mean that
the prawns constantly excrete carbohydrate just like nitrogen?
Can this be called as the ‘metabolic faecal carbohydrate®
similar to metabolic faecal nitrogen? If a correction is
applied to the faecal carbohydrate based on this, the true
digestibility of all the carbohydrates tested will come to
100%, But this was not done, as the nature of compounds in
the faeces was not known. Further studies are essential on
this aspect to establish the existance of metabolic faecal
carbohydrate, their quantity and then be calculated the truve
digestibility of the carbohydrate, Lergot and Breque (1983),
while studying the digestibility of starch in the rainbow
trout showed that the faecal carbohydrate of fish fed by
gelatinised starch contained dextrin and other proaucts.

But no such observations are available in prawns,
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The digestion of carbohydrate in crustacea has been
demonstrated by Kooiman (1964). The presence of many carbo-
hydrases, including o(—and P-amylases,, maltase, Bsaccharase,
chitinase and cellulase was shown. The activity of these enzy-
mes was demonstrated not only in the carnivorous crab, Potamop
martensl (Agrawal gt al., 1967) but also in herbivorous pramns
like (Maggobrachiuwn davanum (Tyagi and Prakash, 1967). Karuna-
karan and Dhage (1977) already demonstrated the presence of
amylase activity in the digestive tract of P. indicus and
Metapenaeus monocerog. Pengeus indicuys, which is an omnivorous
species (Menon, 1954; Panikkar and Menon, 1955) might also
possess most of the enzymes needed for carbohydrate digestion.
The excellent digestibility of different varieties of carbo-
hydrates tested in this study clearly demonstrates the presence
of most of the carbohydrases in the prawn. The poor utilisat-
ion of monosaccharides by P. ipndicus might be due to similar
reasons demonstrated in P. japonicus by Abdel Rahman et al.
(1979) . However, the disaccharide maltose and the polysaccha-
ride starch are excellent individual sources of carbohydrate
in the diet of P. ipdicus.

Experiments with the diets having mixed carbohydrate
sources gave interesting results, When starch, glycogen,
sucrose and maltose were used in combination with glucose in
equal proportion (15% each), the growth and FCR were signifi-
cantly low, though starch and maltose individually produced
very superior growth and FCR. But when glucose was ugsed in
combination with sucrose and starch at 10% each, the growth
of the animals and FCR considerably improved. And the combi-

nations of glucose, altose and starch at 10% ach produced



much higher growth and further improved the FCR of the diet.
This indicates that prawns have a tolerable limit for glucose
in the diet. Sick and Andrews (1973) observed in P. guorarum,
that the diet having 10% glucose produced similar growth as to
the diet having 10X starch, and when glucose was raised to 40%
the growth was very much reduced. This shows that glucose can
be used upto 10% in the diet. Kanazawa et al. (1970),, when
first designed artificial diets to study the nutritional re-
quirements of P. japonicus, used a mixture of glucose (5.5%),
sucrose (10%) and starch (4%) in the purified diets. With
these diets the authors obtained growth comparable to the con-
trol diet, short necked clam (Tapes philippinarum) and evolved
a purified diet designated as Diet-B, This diet was success-
fully employed by the authors in many subsequent nutritional
studies. Abdel Rahman et al.(1979) prepared diets having 5,
10 and 20% glucose and found that the growth of P, jigponicus
was depressed as the glucogse level in the diet increased., In
the present study,the mixed carbohydrate having sucrose, mal-
tose and starch in equal proportions produced the highest gro-
wth and the best FCR. It is, therefore, apparent that a mixed
carbohydrate source, not having glucose (or any other mono-
saccharide) is more preferable and a mixture of di-and poly-sacc-
harides is the best source of carbohydrate in prawn diets.,
Increasing the level of carbohydrate in the diet, at
constant protein and 1lipid, increased the growth of the
prawvn P. indicus and improved the FCR. The diet having 22,5%
carbohydrate at 34.8% protein and 6% lipid, produced the
highest growth and the best FCR. Further addition of carbo-

hydrate to the diet resulted in marginal reduction in the per-
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fomance of the diet. The carbohydrate source used in this
experiment was a mixture of sucrose, maltose and starch in
equal proportions, These results indicate that carbohydrate
can be used up to 22.5% in the diet, at constant protein and
lipid and obtain higher growth and low FCR. Using starch as
the source of carbohydrate, Ahamad Ali (1982b) found that the
growth of juvenile P. indicus increased and FCR improved as
the dietary starch level increased from 10 to 40%. But in the
present study, higher growth and good FCR were obtained at a
dietary carbohydrate level of 22.5%. Andrews et al. (1972)
observed increased growth in P. aztecus when the diet conta-
ined 30% starch. Andrews and Sick (1972) obtained faster
growth in P. gquorarum using 40% starch in a casein based diet.
The starch level in the diets at which higher growth was obta-
ined in these species was higher than the carbohydrate level
at which the higher growth was recorded in P, indicus in the
present study. These differences could be due to the differ~
ence in source of the carbohydrate used. It is also attributed
that starch contributes to the binding of the diet, improving
its water stability resulting in better growth and FCR, On the
other hand, Alava and Pascual (1987) found that the diet having
20% carbohydrate gave the best result in P, popodon and the
diet having 30% carbohydrate, gave the lowest result, The
authors used sucrose and trehalose as carbohydrate source.
These findings are quite in agreement with findings in P,
indicugs in the present study.

Carbohydrate level above 22,5% in the diet, though did
not bring any improvement in the growth, its apparent digesti-

bility did not show any reduction., On the other hand it was
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better than at lower carbohydrate levels., This is a clear
indication that P. dndicus is capable of digesting higher lev-~
els of dietary carbohydrate. The fact that the body carbohy-
drate of the animals fed with high carbohydrate diets did not
show any difference with the other groups fed with low carbo-
hydrate diets, indicates that there might be an optimum level of
storage of glycogen in the body, Carbohydrate levels in the
diet higher than 22.5% might exert handling strain on the system
which might be resulting in marginal reduction in growth,
Subsequently, the role of carbohydrate level in the diet
at constant 1lipid was studied. In this experiment the protein
as well as the carbohydrate levelswere varied, keeping the diets
isocaloric. This has been done mainly to study the interaction
of protein and carbohydrate in the diet and thelr combined role
on the growth and FCR. The growth of the animals and FCR pro-
gressively improved as the carbohydrate level in the diet in-
creased and protein level simultaneously decreased. Finally
the diet with 21.9% protein and 53.4% carbohydrate recorded
the highest growth and best food conversion ratio, These re-
sults have relevance to the protein requirement study in
Chapter I, The dietary protein requirement of the animal
depends not only on the quality of the protein source used
but also on the amount of carbohydrate as the energy supplier,
When the energy is balanced in the diet with carbohydrate, the
optimum protein required in the diet could be as low as 22X,
These results are very much in agreement with findings in
Chapter 1, in which the protein requirement in the diet was

shown to be only 25% using albumen as the source, when the
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diet had 42X carbohydrate. Animals need certain amount of
metabolic energy for maintainance. The energy derived from
the diet is used first to meet the maintainsance energy requ-
irement, and the balance only could be utilised for growth,

Now in a high protein-low carbohydrate diet (at constant
lipid), the animal has to derive the maint € nance energy part-
ly from the dietary protein in addition to the carbohydrate.
Conversion of carbohydrate into energy through Kreb's cycle,
is comparatively easy than conversion of protein to energy.

In the presence of adequate level of carbohydrate in the
diet, the dietary protein can be effectively utilised for growth.
Under this situation, the dietary éarbohydrate can spare the
dietary protein and the animals show low protein requirement im
the dilet for optimum growth. This protein sparing action of car-
bohydrate in the diet is also demonstrated in the present
study in P. indicug from the fact that high carbohydrate-low
protein diet produced higher growth, improved FCR, and the
animals had increased protein deposition in their body., In the
previous experiment in which the protein was kept constant, the
diet with 22.5% carbohydrate gave the best result and higher
levels of carbohydrate had no beneficial effect, It might be
because that eventhough the carbohydrate level is increased
beyond 22.5% in the diet, the protein level remained constant.
This protein (34.8%) is at a higher level than required. That
means the handling stress of excess protein (due to specific
dynamic action) still persists in the animal, nullyfing the
beneficial effect of increased carbohydrate in the diet. It
is therefore logical to conclude that high carbohydrate diet
could become efficient only when the protein is gpared from
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the diet. Increasing just carbohydrate level keeping the pro-
tein constant will not bring any beneficial effect beyond cer-
tain level., It is also appropriate to conclude that the cdmbined
effect of protein and carbohydrate in the right proportion in
the diet is more relevant than considering each one of them in
isolation,

Protein sparing action of carbohydrate was reported by
Andrews et al. (1972)in Penaeus setiferus and Sick and Andrews
(1973) in P, duorarum, These authors obtained best results
with high carbohydrate level (up to 40%) in the diet, The
diets had only 28% and 30% protein respectively., These results
are comparable to those observed in P. indicus in the present
study. The apparent digestibility was comparitively low at lower
dietary carbohydrate than at higher dietary carbohydrate levels,
In the first experiment it was pointed out that in the faeces of
animals fed zero carbohydrate diet considerable amount of carbo-
hydrate was measured, It was explained that this might be due to
the excretion of s0 called metabolic faecal carbohydrate, This
faecal carbohydrate might be responsible for the lower values
of apparent digestibility at low dietary carbohydrate levels,

But at higher dietary carbohydrate levels the apparent digestibility
would show higher values even if the excretion of metabolic
faecal carbohydrate remained same,

In the subsequent experiment, the diets were made isocaloric
by varying lipid and carbohydrate, keeping the protein constant,
As a result, high lipid-low carbohydrate and low lipid-high
carbohydrate diets were obtained. This had been designed
mainly to understand whether lipid cquld be used to enhance the
calorific value of the diet, While the lipid-free and low-lipid
diets reduced the growth and increased FCR. tha high-lipid diet
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depressed the growth and affected FCR. The negative effect is
more pronowced in the high-lipid diets than in the low-lipid
diet. These results indicate that lipid is essential in the
diet but it may not be used to enhance the calorific value of
the diet, Using a mixture of lipids, consisting of cod liver
oil, sardine oil, soybean lecithin and prawn head oil (in
equal proportions) the quantitative lipid requirement of juve-
nile P, jndicus was studied (Ahamad Ali, unpublished), It was
found that the prawn P, jindicus required only €% 1lipid in the
diet, Wwhile the growth of prawns fed the diets with lower
1ipid levels (less than 6X) was poor, higher lipid levels de-~
pressed growth and caused mortality, Andrews gt al. (1972) found
adverse effect on the growth and survival of P, getiferus when
the diet was added with 10% lipid. Similar adverse effect of
high 1ipid (15%) on growth was also observed in Pglaemop
gerratus by Forster and Beard (1973), Higher lipid levels in
diet appear to increase the free fatty acid levels in the body
of the animal which are toxic and retard growth, Lipid is an
essential nutrient in the diet rather than an enexgy filler,
On the other hand prawns have specific qualitative lipid requ-
irement. It was well established that penaeid prawns such as
Penseus jgponicus, P, mopodon, P, indicus and P, merguiensis
were found to have essential requirement for the polyunsaturated
fatty acids (PUFA) like linolenic acid (1e=3w3), eicosapentae-~
noic acid (20:5W,) and docosahexaenoic acid (22 16W,) (Kanazawa
and Teshima, 1977; Kanazawa gt al,,1979a,b,c; Colvin, 1976b),
Generally the lipids of plant origin are deficient in these
fatty acids, where as the lipids of animal (marine) origin
like fish oil and prawn head oil are very rich in MUFA.
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The apparent digestibility of carbohydrate in the high
1ipid diet showed very low value. And these values are much
lower than those obtained in low lipid (at 6%) diet. While
this low digestibility might be partly due to the similar
reasons of metabolic faecal carbohydrate explained earlier,
the influence of high lipid in the diet on the digestibility
of carbohydrate cannot be ruled out. As the lipid level in
the diet is reduced, the apparent digestibility of carbohy-
drate increased and reached the highest value when diet had
no lipid in it,

Hysmith et al.(1972) while investigating with P, aztecus,
concluded that low protein-high energy diets gave better
growth. With the possibility of using lipid to increase the
dietary energy being ruled out, it is the carbohydrate which
should be used for this purpose. From the results of the pre-
sent investigations, it is clear that for achieving faster
growth and best FCR, the diet should have low=protein and high-
carbohydrate. These findings have very important economic im-
plication in a package of prawn culture technology, because
the cost of a practical feed, meant for commercial culture oper-
ations, has direct bearing on the cost of production of the
cultured animals, as feed forms a major portion of the expendi-
ture.

Addition of cellulose to diet, though did not improve
the growth of animals, helps to realise improved food conver-
sion ratio, The FCR progressively reduced with the addition of
cellulose and reached a lowest value at a dietary cellulose of
10%. Since cellulose was added at the expense of carbohydrate

in the die’, the results obtained wi{ these diets had shoun



that the cellulose was either acting as a nutrient by itself

or aiding in better utilisation of the other nutrients. Venka-
taramaiah et al.(1975a) obtained improved food conversion effi-
ciency wi£hout altering the original growth pattern in P,aztecus,
by the addition of vegetable matter (fibre). These observations
are similar to those found in P,indicus in the present study.
Kooiman (1964) detected cellulase activity in the digestive
juices of crayfish, Astacus fluviatilis and the lobster Homarus
vulgaris, Yasumagu and Yokoe (1965) reported the biosynthesis
of cellulose in the hepatopancreas of the crayfish, Procambarus
glarkii, Forster and Gabbott (1971) found assimilation of small
amounts of cellulose (20.8%) Sy the caridean prawn Palaemop
gerratus and indicated the presence of weak cellulase activity
in the gut of this prawn., Fair et al.(1980) tested the effect
of dletary cellulose at 0, 5, 15, 20 and 30% lewvel and found
that the growth of Macrobrachium rosenbergii was not affected at
all the dietary cellulose levels, On the other hand, the growth
was better with diets having 5 and 20% fibre than with the diet
having zero cellulose., The authors detected high cellulase
activity in the prawn anddemonstrated that the enzyme activity
was six times higher in adult prawn than in smaller ones. The
findings in P, indicus in the present study with regard to diet-
ary cellulose are in agreement with the observations made in
different species of prawns discussed above. The fact tuat the
growth of prawns is largely unaffected with the addition of
cellulose in the diet up to 10% suggests that the cellulose is
partly assimilated indicating limited cellulase activity. On

the other hand, the dietary cellulose improved the FCR suggesting
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that it is helping in better utilisation of diet by the ani-

mal. Perhaps in nature the detritus (Panikkar and Menon 1955;
Williams, 1955) and algal filaments (GeOrge,1959) on which the
prawns feed, form the cellulose base. To sum up, cellulose (or

roughage) 1is needed, if not essential, in the diet of P,indicus
and the maximum limit of it may be 10%.



1.

3.

5.

CONCLUS IONS

Among the different sources of carbohydrates tested, the
disaccharides such as maltose and Polysaccharides like
starch are found to be the best sources of carbohydrate

in the diet of the prawn Penaeus indicus.

A mixed carbohydrate source consisting of sucrose, maltose
and starch, in equal proportions was found to be relatively
better combination for P, indicus., The combination of dis-
accharides and polysaccharides with 15% glucose was not
found to be good carbohydrate sources.

At constant protein (34.8%) and lipid (6%) the diet with
22,5% carbohydrate produced the best growth and food conver-
sion ratio (FCR).

At constant lipid (6%), carbohydrate has protein sparing
action in the diet, Highest growth and best food conversion
ratio were obtained with the diet having 22% protein and 53%
carbohydrate,

At constant protein (34.8%) 14ipid is not suitable to increase
the calorific value of the diet., High lipid (16.8%) and

low carbohydrate (8.44) produced low growth and poor FCR.
Only the diet with 6% lipid and 33% carbohydrate produced
the highest growth and best FCR.

High energy-low protein feeds are more economical without
compromising with the performance of the feed,

Cellulose is needed in the diet of the prawn P.indicus,

Best FCR was obtained with the diet having 10% cellulose

than the diet having zero cellulose, eventhough growth obta-

ined by both diets was not significantly different, Cellulose



13€

can be used up to 10% in the diet of P, jindicus.

The faeces of animals fed zero carbohydrate diet had consi-
derable amount of carbohydraste. The excretion of carbohyd-
rate in the faeces varied from 50 to 116 mg/g of dry diet
consumed. Whether this i1s a case of metabolic faecal car-
bohydrate similar to metabolic faecal nitrogen, needs fur-

ther investigation,



CHAPTER = III
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DIETARY MINERAL REQUIREMENTS

Presept status:

Compared to protein, lipid and carbohydrate, minerals
are required in small quantities in the diet. Though minor
in nature, the mineral nutrition in animals including prawns,
is no less important., Minerals are essential because these
cannot be synthesised by the animals and should be provided
through external sources., Mineral ions are vital compoments
of many biological chemicals such as enzymes, hormones and
other organic compounds, 3involved in a number of biochemical
life processes, Their non-availability for a prolonged per-
iod often leads to irrecoverable deficiency diseases. Mineral
ions are particularly important to aquatic animals as these
play very important role in osmotic regulation,

Mineral elements can be grouped into bulk elements such
as calcium, phosphorous, chloride, potassium, magnesium and
trace elements, copper, zinc, manganese, cobalt and aluminium,
Crustaceans have high content of ash, 15.9%, in their body
(Sze, 1973). Since sea water is rich in many mineral ioms,
they are capable of extracting most of the minerzls required
(Gilles and Pequeux, 1983) for the body from the surrounding
environment, This often makes quite difficult to assess the
dietary requirement of minerals, The fluctuation of differ-
ent minerals and their seasonal variations in different eco=-
systems have been extensively studied (Sankaranarayanan and
Qasim, 1969; Murty and Veerayya, 1972; Nair et al., 1975:
Matkar et al,, 1981; Venugopal et al,, 1982; Nagarajaiah



and Gupta, 19833 Rajendran and Kurisn, 1986; Subhash
Chander, 1986), The variations in the body mineral composition
of the crustaceans in relation to the ecosystem have also been
investigated (Colvocorresses and Lynch, 1975; Zanders, 1980;
white and Rainbow, 1982), Many a study indicate that these
animals are capable of regulating the concentration of most
of the body ions in tune with the ionic concentration of the
surrounding medium, Among the minerals,6 calcium and phosphorous
are studied in detail, Crustaceans in general were found to
absorb Calcium from the surrounding water (Kleinholz and
Bourquin, 1951; Guyselman, 1953; Robertson, 1960a, bj; Lockwood,
1962; Smith and Linton, 1971; Hecht, 1975; Graf, 1978; Zanders,
1980). Calcium absorption from the water was specifically
demonstrated in crayfish (Gibbs and Bryan, 1972; Greenway,1972;
Mills and Lake, 1976; Mills et al., 1976; Chichibu, 1979) and ~
in blue crab, Callinectes sapidus (Colvocorresses et al.,1974).
While Dall (1965) studied the metabolism of calcium in
Metapenaeus sp, and Greenway (1985) reviawed the calcium balance
and moulting in crustacea in general, Subhash Chander (1986)
studied the relationship between the calcium content in different
organs of the prawn Pepaeus ipdicus and the surrounding medium
under different ecosystems, Miyazaki and Jozuka (1964) and
Deshimaru et al. (1978) confirmed the absorption of calcium by
the crayfish and the praswn Penaeus japonicus respectively by
using radio-active labelled calcium (45Ca).

The body phosphorous of the aquatic animals appears to
be related to the body calcium and magnesium and thus its

variation is not directly linked to the fluctuations of the
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environmental phosphorous. While working on phosphorous in

the prawn Penaeus californiensis, Huner et al. (1979) opined
that the variations of phosphorous levels are difficult to
explain. Nevertheless, the dietary requirement of both

calcium and phosphorous for prawns had been studied in greater
detail, Kitabhayashi et al. (1971a) achieved the best growth
rate in the prawn P, japonicus, by supplementing 1,24% calcium
and 1,4% phosphorous in the diet. When the ratio of calcium

and phosphorous was increased to 2:1, the growth was inhibited
and the pigmentation decreased. This had lead to the suggestion
that the ratio of calcium and phosphorous in the diet should be
1.2:1, Sick et al.(1972) provided a calcium phosphorous ratio
of 1,3:1 (0.66% calcium and 0,51% phosphorous) in a casein based
diet and obtained 18% increase in biomass in P, aztecus. At

the same time Andrews and Sick (1972) used & mineral mixture
containing only 0.26X calcium and 0.21% phosphorous in the diet/
of P, setiferus and Deshimaru and Kuroki (1974a) obtained the
highest growth in P, japonicus with the diet having a calcium
Phosphorous ratio of 0.76:1., On the other hand Parker and
Holcomb (1973) reported the use of wvery high calcium phosphorous
ratio (2:1 to 4:1) in the prawn diets due to addition of limestone
to increase pellet density. While Shewbart et al, (1973)
postulated that calcium, potassium, sodium and clioride requirements
for P, aztecus might be satisfied through osmotic regulation,
Deshimaru and Yone (1978a) did not £ind any improvement in the
nutritive value of the diet when supplemented with 2% calcium

along with other mineral elements 1n_f. japonicus, But Kanazawa

et al.(1984) reported that P, japonicus required 1% calcium and
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1% phosphorous in the diet. It was emphasized that phosphorous
might be essential in the dilet of prawns, since sea water
contains vefy little phosphorous in it,

White and Rainbow (1982) studied the regulation of
trace metal concentration in the prawn Palaemon elegans in
relation to the trace metal concentration in the surrounding
water. Lewls and Cave (1982) revigwed the literature on copper
in relation to the marine environment, While the importance
of copper in crustaceans was highlighted by Lontie and Vanqui-
ckenborne, (1974) its variations in the different parts of the
body was studied by Stickney et al. (1975) in P, aztecus and
P, setiferus, Zindge et al, (1976)in P, monodon and Metapenaeus
affinis, Horowitz and Presley (1977) in P, aztecus and Subhash.
Chander (1986) in P. indicus. Though it was suggested that
copper is absorbed by crustaceans (Bryan, 1968; White and
Rainbow, 1982; Subhaschander, 1986) from water, dietary studies
have shown that copper is required in the diet of P, japonicus
at 0,6% level (Kanazawa et al., 1984).

The investigations on the regulation of zinc in the

body of lobster, Homarus vulgaris (Bryan, 1964), the crab,

Callinectes sapidus (Colvocorresses and Lynch, 1975) and the

prawns P, californiensis (Bryan, 1968), Palaemon elegans (White
and Rainbow, 1984) P, indicus (Subhash Chander, 1986) had

vielded varying results, These studies indicated that zinc was
absorbed to some extent by these animals from the surrounding
medium. However, Deshimaru and Yone (1978a) reported the
requirement of 0,2% trace element mixture consisting of aluminium,

Copper, Cobalt, Iodine, Manganese and zinc in the diet of
P, Japonicus,
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Even though little seasonal variation in the macgnesium
content of the saline water (Naik, 1978; Gupta and Naik, 1981)
was reported, the body magnesium of crustaceans appears to be
related to the salinity of the water and the animals seem to
regul ate the body concentration of this element from the surro-
unding medium (Zanders, 1978). It was demonstrated that
penaeid prawns were capable of absorbing magnesium from water
(Graf, 1978: Subhashchander, 1986} and the food as its source
is only secondary. However, Kanazawa gt al.(1984) reported a
requirement of 0,3% magnesium in the diet of P, japonicus.

The nutritive value of potassium in the diet of P,
japonicus was studied by Deshimaru and Yone (1978a) and
Kanazawa et al. (1984) and reported that the prawn required
about 1% potassium in the diet for higher growth and feed
efficiency. Addition of iron and manganese was found to
inhibit the growth of prawns,

From the above discussions it can thus be seen that the
mineral studies in prawns are directed mainly in relation to
the environment and the investigations on their dietary require=
ment are very limited which are essential for preparing balanced
feeds. With a view to obtaining information on these aspects,
the dietary requirement of six minerals, calcium, phosphorous,
magnesium, copper, zinc and manganese was individually investi-

gated for the juvenile P, indicus and the results presented,
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MATERIAL AND METHODS

Six sets of experiments were conducted to study the dietary
requirement of six minerals namely calcium, phosphorous, magne-
sium, copper, zinc and manganese, for juvenile Penagug indicug,
by formulating purified diets with varying amounts of each
mineral (Tables 36 to 41). The feeding experiments were carried
out with these different diets and the level of requirement was
determined by measuring the growth of the test animals and the
food conversion ratio, The composition of animals for protein,
lipid, carbohydrate, ash and for the concerned mineral, was
analysed before and after the experiment to understand the in-
fluence of the mineral on these parameters. The proportion of
diets used in this work was based on the purified diets formu-
lated in Chapters I & 1II, But the protein source used was a
mixture of fibrin and albumen (egg) in the ratio 80:20, For
preparing mineral free diet, fibrin was found to be a better
source of protein (Lovell, 1978) and it showed high biological
value for P, indicug., Since albumen promoted better growth,
it was used in combination with f£ibrin in the ratio indicated
above, Thé mineral sources used were of analytical grade chemi-
cals of standard brands, The mineral element studied in each
experiment and the mineral source used and the supplier of the

chemical are summarised below.
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Experiment Mineral
xgo element Source Chemical Supplier
° studied
14 Calcium Calcium carbonate Indian Drugs and
Pharmaceuticals,
Hyderabad,
15 Phosphorous Potassium dihydrogen Glaxo Laboratories
Orthophosphate (BDH) , Bombay,
16 Copper Copper sulphate - do =
17 finc Z2inc chloride S.D.Fine Chemicals
Pvt, Ltd,, Boisar,
18 Magnesium Magnesium sulphate E., Merck Pvt, Ltd.,
Bombay.
19 Manganese Manganese sulphate Glaxo Laboratories

(BDH), Bombay,
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Formulation of diets.
The diets,to study the selected mineral requirements for

juvenile P, indicus were formulated with base diet (Table 35)
having 35% protein mix, 30% carbohydrate mix and 6% cod liver
oil, Keeping the major nutrients as well as the vitamin mix
and other components at constant levels, the mineral to be
studied was varied and seven diets in each of the groups were
formulated. Thus to study the calcium requ’rement, the calcium
carbonate was varied from 0 to 5%, for phosphorous requirement,
the potassium dihydrogen orthophosphate was varied from 0 to
8.8%, for copper, copper sulphate was varied from 0 to 0,14%,

for zinc, the zinc chloride was at levels varying from 0 to



0.12%, in the case of magnesium, the magnesium sulphate was
varied from 0 to 7» and manganese sulphate from 0 to 0,008%
for studying the manganese requirement., Sodium alginate was
used as the binder. The diets in each of the groups were
serially numbered to facilitate their identification., The
composition of the diets formulated for calcium, phosphorous,
copper, zinc, magnesium and manganese requirement studies are

given in tables 36, 37, 38, 39, 40 and 41 respectively,

Preparation of diets:

The details of preparation of the diets are essentially
same as described under the 'preparation of purified diets'
in Chapter-I, except that in case of minerals copper, zinc and
manganese, seperate solutions were prepared with the respective
mineral salts in distilled water arnid appropriate amounts were

included in the diets.

Feeding Experiments:

The design of the feeding experiments, rearing facility,
experimental animals, stocking and number'of replicates, water
management, measurement of length and weight of animals, feed-
ing shedule and procedure, measurement of growth and food con-
version ratio were same as described in Chapter I. The hydro-
graphical data of the different feeding experiments are shown

in Table H.. The duration of each feeding experiment was

45 days.
3° ———-

Chemical Analysgis:
Preparation of samples for analysis and the methods of
estimation of protein, lipid, carbohydrate and ash were same

as described in Chapter I.
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Phosphorous in the diets and in the animals was estimated
by the Spectrophotometric method using Molybdovanadate reagent.
The other mineral elements calcium, copper, zinc, magnesium and
manganese both in diets and animals, were estimated by using
Atomic Absorption Spectrophotometer (AAS), The samples for
AAS analysis were prepared by 'Dry Ashing Method' described in
the manual supplied along with the instrument. 1In this method,
the ash obtained was dissclved in hydrochleric acid., The
solution was gently boiled, cooled, filtered, and made upto
a known volume using double distilled water. A blank was also
prepared by same procedure. The sample thus prepared was
analysed for the mineral element using Perkin Elmer Atomic
Absorption Spectrophotometer of model 2380, in an air-acetylene

flame (Plate 3),

Statistical analysis:

The data obtained on growth in length, dry weight and
the food conversion ratio in all the feeding experiments were
subjected to analysis of variance (ANOVA), following the same

method described under Chapter 1.



Table 35, Composition of the base diet used in mineral requirement

studies.

Protein mix! 35.0 g.
Carbohydrate mix> 38,0 "
Cod liver oil 6.0 "
Glucosamine HC1 0.8 "
Cholesterol 0.5 "
Vitamin mix> 2.7 "
T83.0 g.

Sen on an oo enem - w aben - - - an > e -

1., Protein mix H A mixture of fibrin and albumen in the
ratio 80 : 20

2, Carbohydrate mix: A mixture of sucrose, maltose and starch
in the ratio 1:1:1,

3. Vitamin mix : Same as used for the diets PEO to PE4
in Chapter I (Table 2a)



Table 36, Composition (g/100g) of the experimental diets M

1
to M7 to study calcium requirement,
piet Nou 7T
Ingredients T TTT ST ess o e se s e e S o
M M
1 2 My My Mg Mg ¥,
Bage diet 83,00 83.00 83.00 83.00 83,00 83.00 83,00

Calcium carbonate 0.00 1.30 2.0 2.7 3.25 3.8 5.0

Potassium

dihydrcgen ortho-

phosphate 4.00 4.00 4,00 4.00 4,00 4,00 4.00
Cellulose 10,00 8.7 8.0 7.3 6.75 6.2 5.0

Sodium alginate 3,00 3,00 3.00 3,00 3.00 3.00 3,00

Agh % 5.14 6.86 7.56 8,26 8,81 9,36 10.20

Calcium % 0.024 0,525 0.774 1,025 1,275 1.525 2,024

Phosphorous % 1.0 1,0 1.0 1.0 1.0 1,0 1.0



Table 37. Composition (g/100g) of the experimental diets Mo

to M14 to_study Phosphorous_reguirement.

Diet No,
Ingredients T o TS TTTTTT_ TTTTTToTToTTToTTITTToTTTTT
Mg My My My My, My3 My,
Base diet 83,00 83,00 83.00 83.00 83.00 83.00 83.00

Calcium carbonate 1.3 1.3 1.3 1.3 1,3 1.3 1.3

Potassium dihydro-
gen orthophosphate 0.00 2.2 3.3 4.4 5.5 6.6 8.8

Cellulose 12,7 10,5 9.4 8.3 7.2 6.1 3.9
Sodium alginate 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Ash % 5,93 6.97 7.50 8. 60 9,10 10.56 13,01
Calcium % 0.53 0.53 0.529 0.53 0,53 0,53 0.53
Phosphorous % 0.2155 0,6470 0.8482 1,0495 1.1810 1.3125 1.8303



Table 38, Composition (g/100q) of the erimental diets M,

to H21 to study Copper reguirement,

Diet No,

Ingredients T T T T e T T e e m s ST ST T
Mis Mg Mg Mg Mg My My

Base diet 83,00 83.00 83.00 83.00 83.00 83.00 83.00

Calcium carbonate 1.3 1,3 1.3 1,3 1.3 1.3 1.3

Potassium dihydro-
gen orthophosphate 4.4 4.4 4,4 4.4 4.4 4.4 4,4

Copper sulphate 0.0 0.007 0,0105 0.014 0,042 0.07 0.14
Cellulose 8.3 8.293 8,2895 8,286 8,258 8,23 8,16
Sodium alginate 3.0 3.0 3.0 3.0 3.0 3.0 3,0

Ash % 7.5 7.96 7.6 7.0 6.94 7.0 6.94
Copper mg/100 g 2.4 4.2 5.5 7.1 10.2 13,6 22,7



Table 39, Composition (g/100g) of the experimental diets M

to M,o_to study Zinc reguirement.

Basa diet 83,00
Calcium carbonate 1.3

Potassium dihydro=-
gen orthophosphate 4.4

Copper sulphate 0.07
2inc chloride 0,00
Cellulose 8,23
Sodium alginate 3,00

Ash % 6.9
Zinc (mg)/100g 6.0

4.4

0.07
0.02
8.21
3,00

7.54

14,10

4.4

0.07
0.04
8.19
3.00

7.50
18,90

Diet No,
Mas Mg
83,00 83,00

1.3 1.3

4.4 4.4

0.07 0,07

0.06 0.08

8,17 8.15

3.00 3.00

7.54 7.45
23,60 30.4

4.4

0.07
0.10
8,13
3.00

7.4
38.6

22

4.4

0.07
0.12
8,11
3.00

7.5
50. 2



Table 40. Composition (g/100g) of experimental diets M,,_to
M,g_to study Magnesium requirement.

Diet No,
Ingredients =  cocommmmmmrrmmrme e
Mo By M3y My, Myy My, Myg
Base diet 83,00 83,00 83,00 83,00 83,00 83,00 83,00

Calcium carbonate 1.3 1.3 1.3 1.3 1.3 1.3 1,3

Potassium dihydro-
gen orthophosphate 4.4 4.4 4,4 4.4 4.4 4.4 4.4

Copper sulphate 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Zinc chloride 0.06 0,06 0.06 0.06 0,06 0.06 0.06
Magnesium sulphate 0.00 1.0 2.5 3,0 4,5 5.0 7.0

Cellulose 8.17 7.17 5.67 5.17 3.67 3,17 1.17
Sodium alginate 3,00 3.00 3,00 3.00 3,00 3,00 3.00

Ash % 6.74 6,90 7.15 17.40 1.6 7.8 9.5
Magnesium (g)/100g Trace 0.099 0.1980 0.2982 0.3976 0.4970 0.6958



Table 41. Composition (g/100g) of experimental diets M,. to

§42 to study Manganese reguirement.

Diet No,
Ingredients T o T TToTTTTSSoTSmSTToSTTTTT oI AT -
Mig M3; Mg Mg My My Mg
Base diet 83.00 83.00 83.00 83,00 83.00 83.00 83,00

Calcium carbonate 1.3 1,3 1.3 1.3 1.3 1.3 1.3

Potassium dihydro-
gen orthophosphate 4.4 4.4 4.4 4.4 4.4 4.4 4.4

Copper sulphate 0.07 0.07 0.07 0.07 0.07 0,07 0,07
Zinc chloride 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Manganese sulphate 0.00 0.002 0,003 0,004 0.008 0,006 0,008
Cellulose 8,17 8,168 8,167 8,166 8,165 8,164 8,162
Sodium alginate 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Ash % 8.2 7.9 7.53 6.8 7.50 7.3 7.8
Manganese(mg)/100g 0,21 0.69 0.99 1.299 1,615 1,949 2,599



Table H3.

Hydrographical data of the feeding experiments

conducted with different groups of diets in the

mineral requirement study,

Experiment
No,
(diets)

14

(M1 to M7)

15

(Ma to M, 4)

16

(M15 to le)

17

(M), to Myg)

1)

18
to n35)

19

(My, to M42)

Salinity

©

18.6+1.0

18.641,0

20.8+1.0

20.8+1.0

18.39+1.0

18.3940.5

5.4

4.11

27.0

28,5

28,5

30,2

30,2

0,2

0.5

7.98+ 0.2



Plate 3, Perkin Elmer model 2380, Atomic Absorption
Spectrophotometer used for analysing mineral
elements.,
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RESULTS

Calcium requirement,

The results of the feeding experiment with diets M1 to

M, in which the dietary requirement of calcium for juvenile

7
P. indicus was studied, are presented in Table 42. The

growth in length obtained by the diets M M2, Mg, M4, M

1* 5
M6 and M7 was 60,0, 76.7, 76.1, 75.5, 66,1, 55,8 and 50,5%
respectively and the corresponding growth in dry weight was
265,7, 383,0, 331.,3, 275.8, 277.8, 213.1 and 291.9%, The
diets in the same order produced, food conversion fatio
(FCR) of 5,13, 3.89, 4.95, 5.69, 6,79, €.,88 and 4.85 respectively.
The analysis of variance (ANOVA) of the data is given in
Table 44. The treatments were significant among themselves
in respect of growth in dry weight (P < 0,01) and FCR (P« 0.085).
The growth in length was not significantly different (P < 0,05)
among the treatments. The growth of animals fed with the diet
(MZ), having 0,525% calcium, was significantly higher than the
growth obtained by the diet (Ml) having 0.024% calcium and
also those diets (M; to M;) having higher levels of calcium
above 0,525%, The FCR of the diet having the 0,325% calcium
was significantly lower compared to the values obtained by all
the other diets.

The body composition of the animals before and after

feeding with diets M, to M7 is presented in Table 43, %he

1
crude protein content of the animals before feeding (64, 79%)

and those of the prawns after feeding with diet M, (63,91)

were comparable, But there was a decreasing trend in crude

protein of animals fed with the diets M, to M,. On the other

3 7

hand the body lipid of the animals fed with the diet M1 was
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Table 43. Body composition of P, indicus fed with the diets

1——7

T % ary basis (g/1009)

o o e e 0 o o g Ca/P

Croiti vl ES, aen omiciue I
Before
feeding 64,79 16,36 1.66 16,15 2,62 1,76 2,63
After feeding
with diets.
M1 63.04 14,00 1.65 18,77 3.86 1.53 3.83
M, 63.91 15,00 1,60 20.61 3.48 1.85 3.30
M3 63,48 17.12 1,62 19.50 3.91 1,89 3,12
H4 63.04 15,00 1.62 19.42 3.71 1.94 2,94
Mg 62,06 18,14 1.61 18,50 3,62 1,91 2,95
M 62,16 20,00 1,57 18,26 3.53 1.87 2,95
M, 60,42 20,24 1.54 21,31 3.00 1.42 3.52



Table 44. Analysis of variance of the data obtained with the

diets Ml to M7.

Degrees of s.s M. S
freedom °Ee T

1, Growth in length

Treatment 6 732,15 122.02%
Error 14 1185.47 84,67
Total 20 1917.62 206, 69

2., Growth in dry weight

Treatment 6 50640.63 8440,10%*
Error 14 15673,63 1119.54
Total 20 66314,26 9559,64

3. Food Conversion ratio

Treatment 6 21.03 3.50%*
Error 14 10,51 0.75
Total 20 31,54 4,25

** Significant at 1% level (P £ 0,01)
* Significant at 5% level (P < 0,05)
N Not significant (P < 0,05)
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lower (14%) than that of the animals before feeding (16.3€%).
The lipid showed increasing trend in the animals fed the
diets M2 to M7. The body carbohydrate did not seem to be
affected appreciably but the values were slightly less in
the animals after feeding with different diets, than the
initial value, The ash content in prawns fed different diets
was higher than. in those before feeding, Smzll variations
could be noticed in the body phosphorous of the animals fed
with the diets M1 to M7. Cnly the body phosphorous of prawns
fed the diets M1 and M, was less than that of the animals
before feeding. The body phosphorous of all other groups was
marginally higher than that of the initial value, The relationship
between the dietary calcium and growth and FCR 1is shown in
Fig.29. The growth curve showed a peak (Fig,29a) at a dietary
calcium level of 0.,5% and gradually declined with the increase
in calcium level in the diet. The FCR showed a lowest value
(Fig,29b) when the diet contained 0,5% calcium and further
increase in the dietary calcium gradually enhanced the FCR,
The body calcium slightly declined (Fig,30a) at the dietary
calcium level of 0.5% and raised agzin at 0,774% dietary calcium,
and beyond thils point the body calcium gradually came down,
Similarly the calcium-phosphorous (Ca/P) ratio decreased
(Fig,30b) with progressive increase in the dietary calcium
level, The survival of the animals did not show much variation
(Fig,.30c) with the dietary calcium level.

The results of this experiment showed that the juveniles

of P, indicus require about 0,5% of calcium in their diet, for
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better growth and FCR. The body calcium of the animals fed
with the diets having low and high calcium levels did not

show significant variation,

Phosphorous _reguirement:

The results of the fe=zding experiment with the diets M8

to M are given in Table 45 and the ANOVA of the data is

14
presented in Table 47. The growth of the animals (13.1% in
length and 12.2% in dry weight) fed with the diet MB/having

only 0.2155% of phosphorous, was very significently low

(P £ 0.05)., The animals became weak and sluggish. The growth
was very much improved when the diets contained added amount

of potassium dihydrogen orthophosphate as phosphorous source,

The growth in dry weight of the animals fed the diets M_,

Mige Myqe Mo, M 5 and M, was 287.6% (61,9% in length), 326.8%
(63.,4% in length), 365.,9% (69,.,8% in length), 335.1% (61,0% in
length), 301.0% (57.9% in length) and 326,8% (70.6% in length)
respectively. The FCRs obtained by these diets were respectively
7,16, 7.08, €.78, 7.52, 8,02 and 7,24, Due to very negligible
growth, the FCR of the diet Mg was not calculated but the con-
sumption of diet by this group was in same order as in the
case Of other diets. The difference in the growth obtained

by the diets My to M,, was not found to be significant but the

14
growth obtained by all these diets was significantly higher
than the growth obtained by the diet MB' However, the FCRs
recorded by different diets were not found to differ significantly
among themselves (P £ 0,05).

The body composition of animals fed the diets M8 to M14
is presented in Table 46, The crude ' rotein content of the



*18a@1 %G 3UEDTFTubTs 30U SBM UOTBIBAUOD pPoog °(T0°0 = d) TeAeT I
3& 3uedTITUDTS ybTem Axp ur Y3Moib pue (S0°0 > d) T@AdT %G 3I® JUedDTITUSTS yabuat
UT yamols °seateswayl bBuowe Aq13uedyztubts Ie3Itp S83diIdsiedns uaI8IITP UYITA saniep 3930N

9°16 S°L8 0°08 0°SL 0°c8 9°16 8°0L % TeATAIng
vZoL z0°8 s L 8L °9 80°L 9T L - OF3el UOTSIGAUCD pPOOg
e8°9T€  0°TOE T SEE  6°S9€  .B°9ZE  9°LBT T°Tl % 3ubTem XIp uF y3moIo
R2°0L  g6°LS  GO°T9 869 ¥°€9  6°19 Tl % 43buel Ut ymolo

PI¥0°0 €6£0°0 ZZ¥Y0°0 ZSP0°0 ¥I¥O°0 9LEO°O  OTT0°0 (5) 3ydbtam Lxp ebesmae Teutld
8° Ve L°ZE LT €€ 8°¥vE G°EE (A X €°€Z (wu) y3buet sbegeae TRUTF

L600°0 8600°0 L600°0 L600°0 L600°0 L600°0 8600°0 (B)3aydbrem Axp ebelaae (eFITUT

v°0Z L°0Z 9°0Z G°0Z s°oZ S °0Z 9°0Z (wa) y3zbuat ebeisae TeTITUT
12 €T A 19 ot 6 8
— . ______H K __=n H W EXeNOTIIRg
*ON 39IQ

*SX€p Gv 103 STOIpUF °d
UTpee3 Jo sj[usey °SP elqel

®17USANn| UuoO vﬁz o3 9y 8307P UITA pPO3ONPUOD JudwT



Table 46. Body composition of P, indicus fed with the _diets

% to M14.
% on dry basis(g/100q)
--------------------------------------------------- Ca/P
Crude Carbo- Phospho-
protein Lipid hydrate Ash Calcium rous
Before feed- 65,00 16,36 1.66 16.51 2,60 1. 7600 1.47
ing
Aftexr feeding
with diets
Me 61, 29 12,05 1.53 20, 65 4,40 1.0762 4,08
Mg 66, 67 15,62 1,52 19,60 4.08 1.3850 2.95
MlO 62,50 18,21 1,50 20, 20 3.50 1.3500 2. 59
M11 60.40 21,81 1,52 22,20 3.84 1.4403 2,67
M12 60.46 20.78 1.51 20.50 3.70 1.3700 2.70
M13 62,16 21.87 1.56 198,00 3.60 1.4716 2,45
M 60,53 21,87 1.52 20,00 4,33 1.4990 2.88

14



Table 47. Analysis of variance of the data obtained with diets

Mgto M .
ANOVA
Degrees of
Source freedom S.S. M. S,
1. Growth in length
Treatment () 2230, 20 371.70*
Errox 14 936.02 66.85
Total 20 3166,22 438,55
2, Growth ip dry weight
Treatment 6 256086, 58 42681,09%*
Error 14 22685,96 1620.42
Total 20 278772, 54 44301.51
3. Food conversion ratio
Treatment 6 2.93 0.58"
Error 14 13.12 0,93
Total 20 16.05 1.51

** Significant at 1% level (P < 0,01)
* SignificantasS% lewel (P < 0. 05)
N Not significant (P <« 0,05)
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animals after feeding with the diets was slightly lower than
the crude protein content of the animals before feeding, with

the exception of the group fed with the diet M The crude

9.
protein of prawns fed this diet was better (66,67%) than that
of the animals before feeding (65.0%), The lipid content of

the animals fed with the diet M, was reduced (12,05%) as

8
compared to the lipid of the animals (16,36%) before feeding.
But the lipid content gradually incressed in the animals fed

the diets M9 to M The body carbohydrate in animals fed

14°
different diets was slightly less than the value in the animals
before feeding. The ash and calcium content. of the prawns
fed with different diets (MB to M14) were higher than the ash
and calcium content of the animals before feeding,
The influence of dietary phosphorous on growth and FCR
is shown in Fig.31. The growth of the animals (Fig.31a)
sharply increased as the dietary phosphorous increased from
0.2155% to 0.647%. It continued to raise with the increase
in dietary phosphorous level up to 1,0495% registering a peak,
The growth declined gradually with further increase in the diet-
ary phosphorous, up to 1.3125% and levelled off with further
increase in the dietary phosphorous. The FCR was gradually redu-
ced (Fig,31b) with dietary phosphorous and reached a low value
when the phosphorous in the diet was 0.8482%, It showed increasing
tendency with further increase in the dietary phosphorous level,
The body phosphorous (Fig,32a) increased gradually with
the dietary phosphorous between 0,2155% to 0,647% and remained
almost constant with further increase in the dietary phosphorous
level. The calcium phosphorous ratio in the body of the animals

(Fig.32b) came down sharply with the addition of phosphorous
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1o¢

in the diet (at 0.647%) and the decline continued until the
phosphorous level in the diet reached 1.31%, The ratio started
raising again when the diet had a phosphorous content of 1,83%,
The survival of the animals (Fig.32c¢) marginally improved by the
addition of phosphorous to the diet and largely remained same
with increased levels of phosphorous in the diet. Thus the
juveniles of P, indicus require about 1% phosphorous in the
diet. Diets having phosphorous below 1% resulted in poor

growth and FCR. Higher levels of phosphorous in the diet

(above 1%) are not desirable as these diets lowered the performance,

Copper regquirement:

The results of the experiment on the dietary requirement

of copper (diets M. . to M21) are presented in Table 48, The

15
diet M15 in which no copper sulphate was added, had shown a
copper content of 2.4 mg/100 g of diet. The diets M16' M17,

M18' M19, M20 and M21 had copper contents 4.2, 5.5, 7.1, 10,2,
13.6 and 22,7 mg per 100 g dlet respectively., The diet M15
produced the highest growth of 668.3% in dry weight and 100.9%
in length, The diets M16 to M21,on the other hangd, showed a
growth of 540.3% (85,3% in length), €00.8% (83.2% in length),
448.8% (80.8% in length), 460.2% (83.2% in length), 472.1%
(86.2% in length) and 528.7% (85.4% in length) in dry weight
respectively which were lower than the growth obtained by the
dilet M,5eAnalysis ofvariance of the data (Table 50) had shown
that the difference in growth in length and dry weight was
however not significant (P « 0,05) among the treatments. The

FCR of the diet M15 was 2,42 and that of the diets M to M

16 21
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Table 49. Body composition of P, indicus fed with the diets

Y15 ko My,
% on dry basis(g/lOOg)
—————————————— - e = e o o e ———e———-e——- Copper
Crude Carbo- mg/100g
protein Lipid hydrate Ash
Before feed-
ing 61,12 11.76 1.64 13.40 33.0
After feeding
with diets
M15 65, €6 19,00 1.45 16,66 36.0
"16 67.41 20.0 1.44 15.46 36,1
M17 67,14 18,16 1.46 14.91 37.2
MIB 67,41 20,00 1.50 14,00 39.6
M19 65,93 19,62 1.51 16.76 38.9
M20 66.53 21,00 1.58 17. 66 38,8
M 65. 66 20, 20 1.43 17.00 43,0

21



Table 50, Analysis of variance of the data obtained with the

*-— -----------------------------------------------------------
ANOVA
Degrees of
Source freedom S.S. M, S,
1, Growth in_ length
Treatment 6 799,90 133,31
Error 14 940.97 67.21
Total 20 1740.87 200. 52
2. Growth im dry weight
Treatment 6 102256. 76 17042, 798
Error 14 163779.58 11698. 54
Total 20 206036, 34 28741, 33

3, Food conversion ratio

Treatment 6 1.19 0.199"
Error 14 1.16 0.083
Total 20 2.35 0.232

N Not significant at 5% level (P < 0.05)



were 2.48, 2,83, 2,53, 2,82, 2.27 and 2,14 respectively. As

in the case of growth, the FCRs obtained by these diets were

not significantly different (P £ 0,05) among themselves,
The body composition of P, indicus before and after

feeding with the diets M15 to M is presented in Table 49,

21
The crude protein content and lipid in the prawns after feeding
with the diets were higher than in those before feeding. But

the values remained largely the same in the groups of animals

fed with different diets. The body carbohydrate showed reduction
in all the groups of prawns after feeding the diets as compared

to the value in the animals before feeding.

The ash content in the body of P, indicus after feeding
with the diets was higher than in the animals before feeding.

But the values varied among the groups fed different diets,

The influence of copper in the diet on growth and FCR is
shown in Fig.33, The growth decreased (Fig,33a) as the copper
content in the diet increased from 2,4 to 7.1 mg/100 g diet and
thereafter the growth remained parallel to X-axis with further
increase of copper in the diet. The FCR fluctuated (Fig.33b)
as the dietary copper raised from 2.4 mg to 10.2 mg/100 ¢ diet.
At 13.6 mg/100 g diet, the FCR came down and the decline continued
up to 22,7 mg copper/100 g diet.

The copper content in the body of animals gradually
increased (Fig,34a) upto a dietary copper level of 7.1 mg/100 g,
it remained more @r less at the same level between 7.1 mg and
13.6 mg copper/100 g diet, but showed increase as the copper
level in the diet went up to 22.7 mg/100 g, The survival of the
animals showed gradual improvement (Fig.34b) with the progressive

increase in the dietary copper level.
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The results showed that addition of copper, through
copper sulphate, in the diet had no beneficial effect on the
growth of the animals. But the FCR improved when the diet
contained 13,6 mg of copper per 100 g. The animals fed this

diet had higher 1lipid and ash in their body.

Z2inc reguirement:

From the results presented in the Table 51, obtained

by the diets M to M it could be seen that the diet M

22 28° 25
recorded the highest growth of 83,4% in length and 482.,8% in

dry weight. The FCR obtained by this diet was 2,81. The

growth of the prawns fed with the diets M M and M2

22 M23 4
366,2% (64.8% in length), 445.0% (76.3% in length) and 465,9%

was

(78.2% in length) respectively., On the other hand the growth
obtained by feeding with the diets M26' M27 and M28 respectively
was 476.4% (74.1% in length), 448.1%(69.9% in length) and 310.9%
(65.5% in length). The ANOVA of the data presented in Table 53,
showed that the growth obtained by the different diets was not
significantly different (P < 0.05). Eventhough the FCRs
recorded by the diets M

to M were 2,70, 2,66, 2,76, 2,81,

22 28
2,94, 2,30 and 3.03 respectively, the difference among themselves
was not found to be significant (P « 0.,05).

The body protein of the animals (Table 52) fed with the
diet M,, was slightly higher (68,29%) than the body protein of
t.;e prawns fed all the other diets, But lipid was significantly

lower in the group fed by the diet M and higher in the animals

22
fed with the diet M25. Both crude protein and lipid were hidgher
in the animals after feeding with the diets than in the animals

before feeding. Only the animals fed with the diet M27 had



(S0°0 = d) %S 3I© ssaTssweyl Duowe UIISIJTP K13uRDFITubls ®q 03 pumoyg
08 SIaA OF3IRI UOTSIBAUCD Poog 2yl pum JYBTen Lxp pue yabual utl STewfue Jo YNoaIb eyy s8N

£°18 £°9S €°99 8°0L 8°0L T 6L T°6L %X TeAfalIng

€0°¢ (1] e 4 y6°Z 18°C 9LZ 99 °Z QL2 OF3IRI UOTSIBAUCO Dok
6°0T¢E 1°8%» v°9LY 8°Z8Yy 6°S9? 0°S» 2°99¢ % 3uybtea Axp uy ynolp
G°S9 6°69 T°¥%L y°c8 z°8L €°9L 8°%9 % yibuey uy yamoxp

92S0°0  8TLO°0 ZELO®O 9PLO°0 OELO°O ¥»TILO°0 9090°0 (B)aybten Lap sbeieas TRURL
6°9¢€ 6°8¢ 0°6¢€ 6°0¥ T°0% T°0y veLE (ua) yadust sbeieaw TRUTL
8210°0 TIET0°0 LZT0°0 B2T0°0 6ZT0°0 TETO0°0 OFT0°0 (B)awbrea Axp edeieaw (RTITUY

£°2¢ 6°2C y°ze €°Z2 e°ze 8°ze L°2Z (uan) Ybue1 ebeieas TRFITUX
82 L 92z (14 £ r X4
‘oN ¥9TQ

VAP ¢ 303 STOTOOT °d
TITuBAG] G0 9% 03 o5 B3BTID TR DEASUD TGOS JUBNTISARS BUTpo8; 3o 531n8bw  °T% Dlqes




Table 52, Body composition of P

M22

Before
feeding

After feeding
with diets.

Ma2

M3

Mae

M5

M6

Myq

i

to M

28°

68,29

66,53

66, 53

66,53

66,53

66,53

64.79

12. 60

17,00

18,62

20,00

19,14

18, 65

19,00

indicus fed with the diets

1,38

1.58

1,52

1,57

1.72

1.52

15,00

16.80

14,90

12,50

14.50

13,00

14,30

23,25

26.25

28,52

32,00

33,52

33,25

37,75



Table 53. Analysis of variance of the data obtained with the

diets M to M

22 28°
ANOVA
Degrees of

Source freedom S.S. M.S.,
1, Growth in length

Freatment 6 948,80 158, 13"

Exror 14 1453.,48 103.80

Total 20 2402, 28 261, 21
2, Growth in dry weight

Treatment 6 61556. 56 10259,42"

Error 14 235985, 90 16856, 13

Total 20 297542.46 27115.55
3. Food conversion ratio

Treatment 6 0.99 0.16"

Error 14 2,96 0.21

Total 20 3,95 0.37

N Not significant at 5% level (P < 0,05)



higher carbohydrate than the initial value. All the other
groups showed lower body carbohydrate after feeding as compared
to the animals before feeding,

The ash content of P, indicus fed with the diet M,. was

25
lower than the ash content of the animals before feeding
(143.4%). The highest ash content (16.80%) was seen in the
prawns fed the diet M23 among the different groups.

The relationship between the dietary zinc and growth
and FCR is depicted in Fig.35. The growth curve was a smooth
(Fig,35a) parabolic shaped curve with a transitory apex. The
growth increased with dietary =zinc up to 23,6 mg/100g diet,

It remained constant between 23,6 and 30,4 mg/100 g level and
again declined thereafter with further increase in the zinc
level in the diet. The FCR (Fig,35b) showed a slight decline
at 14.10 mg/100 g level and gradually increased as the zinc
level in diet raised up to 30,4 mg/100 g. The FCR showed the
lowest value at 38,6 mg/100 g diet and again raised sharply as
the zinc in diet increased to 50.2 mg/100 g. 7The zinc in the
body of the animals showed gradual increase (Fig.36a) with
progressive increase in the dietary zinc. The survival of
animals (Fig,36h) decreased with the increase in the dietary
zinc, but at 50.2 mg zinc/100 g diet the survival was significantly
higher than that fed with the diet having only 6 mg zinc/100 g.

Thus the diet having 23,6 mg zinc/100 g produced better
growth than the diets having lesser amounts of zinc., Higher amo-
unts of zinc in the diet above 23.6 mg/100 g again depressed
the growth., However, the FCR of the diet having 23.6 mg 2zinc/100 g
was not significantly different from the FCR of the diets having

less or more amounts of zinc,
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Magnesium recuirement.

The results of the experiment with diet M29 to M35,
in which the magnesium was varied from trace to 0,6958%, are
shown in Table 54, It could be seen that the growth of the
animals was depressed by addition of magnesium to the diet,

The diet M in which no magnesium was added, produced a

29
growth of 44.5% in length and 155.2% in dry weight., The

FCR of this diet was 5,29, Whereas the diets M3O' M31, M32,
M33, M34 and M35 in which graded amounts of magnesium were
added, could produce a growth of only 83.4% (32,9% in length),
85.,5% (32,2% in length), 87.4% (24.6% in length), 98,1%

(30.7% in length), 102,5% (32.8% in length) and 117.1% (34,4%
in length) respectively. The corresponding FCRs were respect-
ively 9.56, 10.5, 12.5, 10.88, 10,33, and 7,82, ANOVA of the
data (given in Table 56) indicated that the growth (in length
and dry weight) and FCR obtained by the different diets were
not significantly different (P £ 0,05) among the treatments,
The prawns fed with the diet M29 without any magnesium only
had high values of crude protein, lipid, and ash (Table 55).
Whereas theAValues of protein, 1lipid, carbohydrate and ash in
the body of zhe animals fed all other diets were lower,
However, the carbohydrate was higher in the animals after the
feeding experiment than the initial value,

“he effect of dietary magnesium on growth and FCR is
depicted in Fig.37. The growth sharply declined when the
diet contained 0.1% of magnesium (Fig,37a)., This depression
in the growth curve remained practically constant with the

addition of higher amounts of magnesium to the diet. The FCR
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Tgble 55. Body gomposition of P, indicus fed with the diets

Crude
Protein
Before
feeding 70,04
After feeding
with diets
M29 68, 65
M30 60.03
M31 63,76
M32 65, 67
M33 62,27
M34 63,12
Mac 66, 15

22,00

19, 62

17,21

18,34

17.68

18, 28

19,52

1,63

1.61

1.65

1.68

1.70

1.69

1,71

19,50

19,00

17.40

15,94

15,00

15.00

19.00

Magnesium
mg/100g

206,12

382,17

386.25

393.52

400,90

385.90

379.17

402,90



Table 56. Analysis of variance of the data obtained by the

diets H29 to M35 in P, indicus.

Not significant at 5% level (P 2 0,05)

ANOVA
Degrees of
Source freedom S.Se. M.S,
1. Growth in length
Treatment 6 740. 21 123,36"
Error 14 1310.41 93,60
Total 20 2050, 62 216,96
Growth in dry weight
Treatment 6 7975.05 132917
Exror 14 27750.85 1982.20
Total 20 35725,.90 3311,.37
Food conversion ratio
Treatment 6 99, 38 16.56"
Error 14 63,62 4,54
Total 20 163.00 21,00



reached a highest value at 0.,3% magnesium (Fig,.,37b) in the
diet and further increase in the dietary magnesium brought
down the FCR, but the decline did not reach the wvalue of the
diet having no magnesium,

Body magnesium of animals remained same (Fig.38a) after
feeding with the diets having 0 to 0.7% of magnesium. Similarlx
the survival of the animals was not @ifected significantly
(Fig.38b) by the dietary magnesium,

The results of the experiment showed that addition of
magnesium to the diet, depressed the growth of the animals and

adversely affected the food conversion ratio,

Manganese requirement.

The manganese requirement for P, indicus was studied
by using the diets M36 to M42 and the results obtained are
given in Table 57. The growth (in length and dry weight) and
FCR were subjected to ANOVA (Table 59). The results showed
that the treatments were not significant (P £ 0.,05) among
themselves in respect of growth and FCR, However, the diet
M36' to which manganese was not added, produced 159.8% growth
in dry weight (35.9% in length) and its FCR was 7.40. 1In

M

contrast, the growth obtained by the diets M 40°

37+ M3ge Migs

and M,., was 143,6% (34.4% in length), 54.6% (31.3% in

Myq 42
length), 96,9% (27,2% in length), 121.,5% (27.5% in length),

146,6% (34.8% in length) and 126,9% (38,.7% in length) respectively,

which was less than the growth obtained by the diet M The

36°
FCRs obtained by the diets M37 to M42 were respectively 8,02,

9,00, 9.79, 8.51, 7.08 and 8,75, These values were higher than

the value obtained by the diet M, ,except that of the diet M

36 41°



12-0- Fig.37

10-0-

8.0

F CR

(b)
4.0

160

120 —

@
o
1

(a)

GROWTH IN DRY WEIGHT (%)
A
o
|

1 T 1 | i | i
100 200 300 400 500 600 700

DIETARY MAGNESIUM (mg/10049)

Figure 37. Growth (a) and food conversion ratio (b) of P,
indicus fed with diets having different levels

of magnesium,



SURVIVAL (%)

BODY MAGNESIUM(mg/1009)

100—

0]
(e}
|

H
o
1

N
o
|

Fig. 38

(o))
o
i

(b)

[¢d
o
(o]
J

H
(o]
o
g

300

200

3
1

(a)

T 1 | | 1 1 |
100 200 300 400 500 600 700

DIETARY MAGNESIUM (mg/i00g)

Figure 38, Effect of dietary magnesium on (a) body magnesium
and (b) survival in P. indicus,



(s0°0 7= Qa)
TOAST %S 3I® USISIITP AT3uedTITubTs 9q 03 PuUNOF 30U SJIaM S3UBWIRSIF FJUSIASIITP
Aq peuyre3zqo o173l UOTSIBAUOD DPOOF @Yl ouau pue jybtem Aap pue yzbuel uy nvsouo onH $930N

llllllllllllllll - an e o an an @ @ = oo o0 - e - - s an

z°6L S°29 € °8S z°¥s S °8v 8°CY 0°0s % TSATAINg
SL°8 80°L 1s°8 6L°6 00°6 z0°s ov°L OF381 UOTSI3AUOCD pOOJ
6°921 9°9¥t S°TTT 6°96 9°%S 9°Ey1 8°6ST % IydTems AXp uy yzmolo
L°8E 8°vE S°Le z°Le €°T€ 128 13 6°S€E % Yabul1 uy ymolp

0LEO®0  ZO¥0O°0 T9E0°0 TZEO®O 6SE0°0 L6EO°0 9Z¥%0°0 (6) 3uybyem A1p abeJear TRUTS
L°EE 6°2¢€ T°1¢ 6°0¢€ 6°1¢€ 8°Z¢ €°¢¢E (uu) yxbuey ebereae TRUTL
€9T0°0 €9T10°0 €910°0 €9T10°0 €910°0 €9T0°0 #910°0 (B)juybtem Lxp ebeBI@A® TRTIFUI

€°¥2 1 8 74 2 4 €°%2 €°¥C 1 2k 74 3 24 (uu) y3busy ebexsae TRFITUI
4/ 1% o¥ 6€ 8¢ LE 9¢
mll |||m ||m W W ——— W W sIRTNOJIIRYG
*ON 38TQ

*$§X8p GV Jo3 SNOTpuUT °g

ST700AN] 60 ' 03 ¢ 53570 WTA posonpa

TPe93 Jo s3(nsdy °*LG O1qug



Table 58. Body composition of P, indicus fed with the diets

Hig-to My).

- e D D o S e SR E S e S M D P DG G G T e S e A D e S e - .

Crude
Protein
Before
feeding 70.04
After feeding
with diets
H36 60.40
M37 67,37
H38 64,23
M39 61,28
M40 60,88
M41 61,28
M 62,16

42

12.12

18.57

14,37

11,53

13,35

15,00

14.70

1.99

1.80

17,50

17,20

17,25

18,00

19.80

21,00

19,40

mg/100 g

1.11

1,33

1,35

1.40

1.75



Table 59. Analysis of variance of the data obtained by the

diets M3E to Mlz‘

ANOVA
Degrees of
Source freedom S.S. M.S.
1. Growth in length
Treatment 6 7201.93 1206.32"
Er ror 14 9806.99 700. 49
Total 20 17008.92 1906.81
2, Growth in dry weight
Treatment 6 21813, 60 3635, 60"
Error 14 58921.01 4208, 64
Total 20 80734.61  7844.24
3. Food conversion ratio
Treatment 6 17.14 2.85"
Error 14 13,43 0.95
Total 20 30.57 3,80

N. Not significant at 5% lewvel (P < 0,05)
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The body composition of the animals before and after feed-
ing with the diets My to Mg is given in Table 58, It could be
seen that the crude protein and lipidé decreased after feeding
with different diets from the initial value, However, the body
carbohydrate and ash were higher in thdprawns after feeding
with different diets than the initial values.

The effect of manganese in the diet on the growth and FCR
is show in Fig. 39. The growth curve declined with in increase
in dietary manganese (Fig.39a) and reached the lowest point at
dietary manganese level of 109pg/100 g dlet., It started raising
again and reached a peak at the dietary manganese level of 196
/pg/loo g diet. The growth again declined between dietary
manganese levels of 196 and 269pg/100 g diet, The FCR increased
(Fig,39b) upto a dietary manganese level of 139pg/100 ge then
declined and reached lowest point at 19§pg of manganese/100 g
diet. It again started raising as the dietary manganese was
increased further,

The manganese content in the body of prawns gradually
increased (Fig.40a) with the increase in the dietary manganese
level, The survival of the animals first slightly declined
(Fig.40b) at about 79pg of manganese/100 g diet, after that it
showed continuous improvement as the manganese level in the diet
increased,

From these results it could be concluded that addition cof
manganese to the diet did not have any appreciable effect either
on accelerating the growth or on improving the FCR. Higher
levels of manganese in the diet resulted in increased accumulat-
ion of the metal ion in the body of prawns, but improved the

survival of the animals.

4
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DISCUSSION

Due to lesser quantitative disposition in the diet as
well as in the body, minerals are considered as micro nutrients.,
Nevertheless, they are involved in body structure and in many
vital life processes and should be considered more as essential
nutrients rather than as just required nutrients. Further,
their deficiency causes abnormalitiles/disease and at the same
time excess causes toxicity. The mineral nutrition of finfishes
was studied to some extent, but very little information is
available on the dietary mineral nutrition of prawns. In the
present study, therefore, the important minerals such as
calcium, phosphorous, copper, zinc, magnesium and manganese are
studied with a view to formulate a suitable nutritionally balanced
diet including the minerals,

The growth of prawn P, indicus was higher and food
conversion ratio was low when the diet contained 0.525% of
calcium, If the calcium content in the diet was less or more
than 0,5%,the growth was reduced and the FCR increased. Thus
the prawns showed a requirement of 0.5% calcium in the diet.
Regarding the calcium requirement in the diet of penaeid prawns,
varying results were obtained in different species and also within
the same species. Kitabhayashi et al. (1971a) obtained faster
growth in P, japonicus with diets having 1.24% calcium, in
combination with 1.04% phosphorous, When the calcium-phosphorous
ratio was increased to 2:1 by these authors, the growth of
prawns was inhibited and pigmentation decreased. The authors

also observed that increasing calcium and phosphorous in the



diet (keeping the ratio of Ca/P 1.2:1), inhibited the growth,
Kanazawa et al. (1984) reported a requirement of 1,0% calcium
in the diet of P, iaponicus. However, Deshimaru and Yone
(1978a) found that supplementing the diet with 2% calcium dig
not have any beneficial effect on the growth of F, japonicus.
The results found in P, indicus in the present study are in
agreement with the findings of Kitabhayashi et al. (1971a)
and Kanazawa et al,(1984), But the calcium requirement shown
in the diet of P, japonicus by these authors was higher than
that was found for P, indicus. The observations made by Deshimaru
and Yone (1978a) were also true, because the authors used 2%
calcium in the diet which was higher than the required level.

The body calcium of P, indicus fed with the diet having
lowest calcium was not less than the body calcium of the animals
fed the diet having higher levels of calcium; on the contrary,
there was decreasing tendency (Fig. 30a) in the body calcium
at higher levels of dietary calcium, Similarly, the Ca/P in the
body of the animals also decreased (Fig,30b) as the calcium
content in the diet increased. Thus higher levels of calcium
in the diet are not beneficial and produce negative effect on
growth,

While investigating the mineral requirements of P,
aztecus, Shewbart et al. (1973) postulated that along with
other mneral elements, calcium requirement of prawns might be
met through osmotic regulation., The exoskeleton (shell) of
crustacedns contains fair amount of calcium carbonate (Richards,
1951; Venkataramaiah gt al.,, 1978). During the préméﬁt period

calcium concentration in the blood increases to a very high value,



The large amount of calcium resorbed from the old exoskeleton
accounts for most of the excess calcium in the blood., Feavy
deposition of calcium takes place in the new exoskeleton during
the postmdﬁt period., But the calcium level in the blood is
rapidly restored to its intermé}t period by the regulatory
mechanism which includes, absorption of sea-water calcium,
reduced cealcium excretion, and expenditure of calcium reserves
in tissue. These observations suggest that calcium is an
important mineral element essential for crustaceans including
prawns. It should be available to the animals in adequate
levels for carrying out the physiological functions for healthy
growth, Deshimaru et al. (1978) Qemonstrated that the prawn

P, japonicus absorbed radiocactive isotope labelled calcium from
sea water. It was calculated that approximately 0.83 mg of
calcium was absorbed by the prawn per day per gram of body
welight, when the sea water contained 0,44 mg of calcium per ml,
The authors concluded that the requirement of calcium could be
met from the surrounding water when lacking in the diet., Positive
correlation between the haemolymph calcium and that of
surrounding water was found in penaeid prawns by Dall (1981),
While studying the fluctuation in calcium levels in the
exoskeleton, muscle and haemolymph of P, indicus cultivated in
a brackish water pond, Rao et al. (1982) observed that the

body calcium level was linked to the calcium level in the water.
Similar observations were made by Subhash Chander (1986) in the
same prawn, The findings discussed above clearly suggest that

prawns are capable of absorbing calcium from the environment,
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Nevertheless, the results of the present study showed that the
dietary calcium at 0,5% level enhances the growth and improves
the FCR,proving that P, indicus can successfully utilise dietary
calcium readily available to them,and at the same time they are
capable of absorbing calcium from the environment when it 1is
not available in the diet. The differences in dietary calcium
requirement in different penaeid prawns might be due to that
the requirement 1s different for different species. However,
the differences within the same species could be due to the
differences in the availability of the element in surrounding
water and in the diet,

The prawns fed with the diet without phosphorous had
stunted growth; became sluggish and weak., Addition of phos-
phorous to the dilet restored normal growth indicating that
phosphorous is very essential in the diet of P, indicus.
The growth of the animals reached the highest value when the
diet contained 1.05% of phosphorous. At this level the FCR
of the diet also showed improvement, However, higher amounts
of phosphorous did not have any beneficial effect. Kitabhayashi
et al. (1971a)achieved best growth in P, japonicus by supplementing
1.05% of phosphorous in the diet. But Deshimaru and Yone (1978a)
found that 2% of phosphorous in the diet was very effective only
in the absence of calcium, in the same prawn. On the other hand
Kanazawa et al. (1984) found that the requirement of phosphorous
was 1,0% in the diet of P, japonicus. The phosphorous requirement
found in the diet of P,_indicus was same as that was found in
P, Japonicus by Kitabhayashi et al., (1971 a) and Kanazawa et al,

(1984) but it was lower than the phosphorous requirement as
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shown by Deshimaru and Yone (1978a). Sick et al.(1972) achieved
increased growth in P, aztecus by adding 0.51% phosphorous in the
diet which was lower than the value shown by P,indicus in the
present study,

Phosphorous is not only found associated with calcium in
the body structure, but also forms an important element in the
high energy compounds such as AMP, ADP and ATP, nucleic acids
and in phospholipids which are involved in the vital biochemical
life processes. The deficiency of phosphorous in the diet results
in reduced growth, poor feed efficiency, low haematocrit levels
as observed in channel catfish and red sea bream (Cho et 3al.,
1985). Prolonged feeding of phosphorous deficient diet results
in deformities and accumulation of fat in the liver (lardosis)
in common carp. Feeding phosphorous deficient diet to P,indicus
had resulted in stunted growth and poor FCR. The body phospho-
rous declined disturbing the Ca/P ratio, The possibility of
prawns absorbing phosphorous from the environment being practi-
cally nill, it is essential to provide it in the diet.

Apart from the individual levels of calcium and phospho-
rous, their ratio in the diet seems to play an important role
(Huner and Colvin, 1977) in the nutrition, Kitabhayashi et al,
(1971a) reported that the calcium-phosphorous ratio (Ca/P) of
1.2:1 in the diet produced the best results in P, japonicus. Wwhen
this ratio was increased to 2:1,the growth was inhibited, On the
other hand Deshimaru and Kuroki (1974a) reported the highest
growth in P, japonicus fed with the diet having Ca/P ratio of
0.76:1, In the present studx'Ca/P ratio of 0.5:1 (or 1:2) gave
the best result in P, indicus and changing the ratio to 1,3:1
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depressed the growth and reduced the food cqnversion efficiency,
Sick et al. (1972) obtained increased growth in P, aztecus with
the diet having 0.66% of calcium and 0.51% of phosphorous in
the diet with Ca/P ratio of 1,3:1, Hysmith et al.(1972) observed
that when the Ca/P ratio was 1:2, the growth of P, aztecus
was lower than when it was 2:2, The Ca/P ratio found to be
required in the diet of P, indicus in the present study was
lower than the Ca/P ratio reported to be required for P, aztecus
both by Sick et al,(1972) and Hysmith et al. (1972), High Ca/P
ratios, ranging from 2:1 to 4:1, were also reported by Parker
and Holcomb (1973) in the diets of shrimp due to the addition
of lime stone to increase the pellet density. The calcium-
Phosphorous ratio in the body of vertebrates like finfishes was
found to be generally in the order of 2:1 (Chow, 1978), But in
P, 1nd1cﬁs it was slightly higher (Tables 43 and 46) and
inconsistant, Similar observations were made in the prawn
Pepaeus galiforniensis (Huner et al,, 1979). Gallagher et al.
(1978) fed the lobsters (Homarus americanus) with diets having
different Ca/P ratios and obtained best results with the diet
having 0,56% calcium and 1,10% phosphorous (Ca/P ratio 1:2),
The findings are similar tc those found in P, indicus in the
present study.

Copper is found to be required in the diets of finfishes,
Diets having 3 mg copper/kg showed higher weight gains in common
carp than the diets having lower lévels. But rainbow trout 3did
not show any response to the dietary copper levels while copper
concentrations of 20-30 mg/kg diet resulted in reduced growth

in channel catfish (Cho et al., 1985), In crustaceans copper is
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an important element found in the haemolymph and is associated
with protein in the formation of haemocyanins which participate
in oxygen transport. The copper content found in the haemocy-
anins of decopod crustaceans such as Homarus and Linpulus 1s
about 0,25%. This is remarkably higher concentration (Goodwin,
1960) as compared to the copper content generally found in sea
water (0.0}pg/looml). Whether copper is required in the diet
of prawns or they are capable of extracting this element from
the surrounding water to meet the requirement has been the sub-
ject matter of discussions, eventhough there are evidences that
crustaceans do absorb copper from water (Bryan,1968; white and
Rainbow,1982; Subhash Chander,1986), But Deshimaru and Yone
(1978a) opined that copper may not be required in the diet of
prawn,

However,some of the natural foods used for rearing prawns
contain appreciable amounts of copper., For example, copper con-
tent in rotifiers (Brachjopus plicatilis) varies from 4 to 23pg/g
on dry basis, In Artgmia nauplii, it is found from 11 to lsgpg/q
and in Tigrjopus 18 to Bapg/q. Whereas in Dephina,it varies from
11 ¢to lapg and in Mojina spp. from 28 to Sgpg/g depending upon the
season and strain(wWatanabe et al.,1978). Therefore,it may be con-
sidered that the diet is a source of copper for prawns., In the pre-
sent study addition of copper to the diet did not help in increas-
ing the growth of the prawns,on the other hand the growth slightly
decllined with the increase in the dietary copper. However, the
growth obtained by the low copper diet(2,4mg/100g) and high copper
diet (22,7mg/100g) was not statistically different (P < 0.05),
But the food conversion ratio showed constant improvement with

increase in the dietary copper. From these results it cannot be
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said that copper is not essential in the diet of P.indicus.
May be that 2.4 mg copper/100 g diet is meeting requirement
since this diet had shown highest growth, But when the diet
contained 13.6 mg copper/100g,the FCR was low indicating that
the dietary copper is involved in the effective utilisation
of the diet. Deshimaru and Yone (1978a) found that 0.2% of
trace element mixture was required in the diet of P, japonicus,
which contained 0.,0066% copper chloride., The effect of
copper as an individual element on the growth and FCR of the
prawns was, however, not ascertained by these authors,
Recently Kanazawa et al., (1984) recommended 0, 6% copper requirement
in the diet of P, japonicus. It is very much higher than the
copper content (0.013%) in the diet of P, indicus, which showed
improved FCR, The dietary level of copper (13.6 mg/100g)found to
improve the FCR in P, indicus is comparable to the copper content
recorded in Artemia nauplii, which forms famous live food in
the culture of larvae of penaeid prawns,

Experiments on the requirement of zinc revedled interesting
results, The growth of prawns increased (Fig.35a) with the
increase iIn the dietary zinc upto 23,6 mg/100g diet, Higher
amounts of zinc in the diet only reduced the growth, The FCR,
“however, did not show any significant difference (P £ 0.05) with
the Aifferent levels of dietary zinc (Fig.35b)., These results
indicate that zinc is required in the diet of P, indicus, and
23,6 mg/100 g diet (or 0.06% of zinc chloride) would meet the
requirement, Deshimaru and Yone (1978a) indicated that 0.2%
of trace elements were required in the diet of the prawn
P. j3ponicus, The trace element mixture used contained zinc

sulphate which was equivalent to about 34.5 mg of zinc per 100 g



16¢

diet. Compared to this, the zinc requirement shown by P,

indicus was lower. <2Z2inc is an important component of mettallo-
enzymes such as super oxide dismutase and carboXy pepsidase,

Its deficiency may cause disfunction of many metabolic processes.
In rainbow trout, zinc requirements are normally met by dietary
levels of 15-30 mg/kg diet (Cho et al., 1985), Its deficiency
caused mortality, cataract in the eyes and erosion of skin and
the fins (Chow and Schell, 1978). But dietary zinc levels up

to several hundred milligrams per kilogram diet do not seem to
be injurious to rainbow trout,

Requirement of zinc in the diet of prawns is not studied
very much though its regulation in the body of some crustaceans
was studied (Bryan, 1964, 1968; Colvocorresses and Lynch, 1975;
White and Rainbow, 1984; Subhash Chander, 1986) in relation to
the environment., Perhaps the present study is the first attempt
in this direction in which the requirement of zinc as an indivi-
dual element for P.indicug has been investigated, The zinc level
in the body of the animals, fed diets with low levels of zinc,
showed reduction as compared with the value found before the
start of the feeding experiment (Table 52). As the amount of zinc
in the diet increased, the zinc level in the body also increased
(Fig. 363), These results clearly show that prawns effectively
absork the dietary source of zinc, while the water in which the
feeding experiments were conducted showed 5.4 ppm of minc.
Watanabe et al.(1978) reported that zinc content in the rotif ers
varied from 43 to 93pg/g (on dry basis)., In Artemia nauplii,it
varied from 160 to 969pg/g,depending upon the season and the
strain, On the other hand, Tigriopus showed a zinc content of

81 to 40§pg/g; whereas Moina, 94 to 17%pg/g; Acartia 390 to
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1309pg/g and Daphnia, 12§pg/g. From these findings it could

be understood that some of the conventional live foods used for
the culture of prawns are good suppliers of zinc to the reci-
pient animals, It is therefore logical that the prawn P.indicus
showed a dietary requirement of 23.6 mg zinc per 100 g in the
diet.

Magnesium constitutes one of the most important prosthe-
tic (non-protein) groups in many metallow-enzymes. Magnesium
ions act as co-factors in the enzymes involved in the metabolism
of fats, carbohydrates and proteins and also as an important
structural component of cell membranes. Magnesium is found to
be essential in homeothermic land animals, Its deficiency causes
loss of appetite, poor growth, sluggishness and conwvulsions
followed by tetani, often leading to hich mortality (Maynard
et al., 1981; Georgleveskii et al., 1981; MRC, 1977). Magnesium
is also found to be required in aquatic animals like finfish,
But fish are capable of extracting magnesium from the environ-
ment (Chow and Schell, 1978)., Due to comparatively low concen-
trations of this mineral element in fresh water, non-marine
specles appear to depend upon dietary source to meet their re-
quirement of magnesium, Magnesium requirement of common carp
was found to be 0,04-0.05% and that of rainbow trout 0,06-0,07%
(Cho gt al., 1985). Deficiency of magnesium in fish was found
to cause symptoms s;milar to those found in land animals, 1Its
deficiency in rainbow trout leads to renal Calcinosis and
flaccidity (accumulation of water) of the muscle. Retarded
growth and behavioural abnormalities are also observed in common

carp.
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Kanazawa et al.(1984) reported that 0.3% of magnesium is
required in the diet of the prawn P, japonicus. But the experiments
conducted on P, indicus in the present study did not show any
dietary magnesium reguirement for this prawn. On the other hand
depressed growth and poor food conversion ratio were observed
(Fig, 37a and 37b) with the addition cf magnesium in the diet.
These findings are in agreement with the findings of Deshimaru
and Yone (1978a) who found no improvement in the nutritive value
of a purified diet when supplemented with 0.3% magnesium in P,
japonicus, Graf (1978) and Subhash Chander (1986) observed that
penaeid prawns are capable of abso;bing magnesium from water and
the source of magnesium through food is only secondary. Perhaps
because of these reasons the prawn P, indicus did not show
dietary requirement for magnesium,: ‘

Discussing osmotic and ionic regulations in crustacea,
Robertson (1960a) indicated that almost all the crustaceans are
capable of exchanging many inorganic ions in which Mg++ ion 1is
one among them., The plasma concentration of Mg++ varies between
individual species. The Decapods such as the anonurans and
brachyurans, including crebs, have the highest levels of magnesium
ions in the blood, while the stomatopods (Sguilla) have the lowest
Mg++ concentration in their blood, It was experimentally demon-
strated that in the uptake of ions from water, the gills are
primarily involved., Chemical proof of The absorption of Mg++ and
Nat ions was established by the help of interméﬁt specimens., It
was found that the animals attained equilibrium between ions present
in the body and in the surrounding water by absorbing and

excreting equal amounts of these ions.
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Examination of the body magnesium of P, indicus fed with
the diets having different levels of magnesium, showed little
varjation (Fig.32a)., It remained constant irrespective of the
dietary magnesium, Further the magnesium content in the prawns
fed with the diet having no additional magnesium, was appreciably
hioh as compared to the value present before the start of the
feeding experiment (Table 55). The water in which the feeding
experiment was conducted, contained magnesium eguivalent to
10,5 ppm., Viewing these results vis-a-yis the capacity of
crustaceans to regulate the absorption of inorganic ions from
the environment, it is amply clear that prawns are extracting
magnesium from the surrounding water, Since magnesium ions are
involved in the osmotic regulation, the absorption of this element
from the environment may be more primary than from the diet, 1In
the light of these discussions it may be concluded that magnesium
is required for P, indicus, but meet their requirement by
absorbing it from water,

Feeding the diets with manganese varying from 0,21 to
2,599 mg/100g to juvenile P, indicus did not improve the growth
and food conversion ratio, The growth and FCR of the control diet
were slightly better than that of the other diets, though, the
difference was not statistically significant (P £ 0,05).
Deshimaru and Yone (1978a) included manganese sulphate (20 mg
in a mixture of 150 mg trace metal salts) in the diet of P,
japonicus, But the authors did not evasluate the requirement of
manganese individually. On the contrary, Kanazawa et al. (1984)
reported that inclusion of 0.003% manganese in the diet depressed
growth in P, japonicus., These results are similar éo those

ohtained in P, indicus in the present study.
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Manganese 1is found as co-factor in some of the metabolic
enzymes such as arginase, involved in bone formation and erythrocyte
regeneration in the animals, Manganese had been found to be

essential in finfishes such as rainbow trout and Tilapia mossambica

(Chow and Schell, 1978)., Higher growth was obtained in carp
and rainbow trout when fed on the diet having 12-13 mg/kg of
manganese (Cho et al.,1985)., P, indicus have shown progressive
increase in the manganese content in their body (Fig.40a) as
the dietary manganese increased, indicating accumulation of
this element in the body from the diet, But the survival of
the animals improved with the dietary manganese. The water in
which the feeding experiment was conducted had shown 0,024 ppm
manganese in it,

Some of the zooplankton cultured and used as food for
postlarvae of prawns, such as rotifers (4-2%pg manganese/g on
dry basis), Artemia nauplii (2-989pg/g), Tigriopus (9 - 2¥pg/g),
Acartia (2 - 10ng/g), Daphnia (132}1g/g) and Moina (5 - 35ug/q),
had shown fairly good amounts of manganese in them, This means
that diet might be the source of manganese for prawns. The
control diet in present study had 219yg manganese/100 g which
had shown better growth and FCR. May be the amount of manganese
present (219pg/100 g) in this diet is meeting the requirement of
the prawns. And higher amounts of manganese in the diet might
be exerting undesirable affect on growth as ti‘e animals had shown
accumul ation of this element in their body. In conclusion it can
be said that the manganese requirement of P, indicus is very low
and the amount of this element present in the various ingredients

of the diet meets the requirement of the animals, Addition of
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manganese to the diet had no beneficial effect and higher amounts

might prove even toxic to the prawns,



1,
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CONCLUSIONS

0.53% of calcium is required in the diet of the prawn

Penaeus indicus for best growth and food conversion

ratio,

Phosphorous 1s essential in the diet of P. indicus.
Feeding phosphorous deficlent diet resulted in very
poor growth and FCR. 1.05% of phosphorous is required
in the diet.

The food conversion ratio of the diet was improved when
the diet contained 13,6 mg of copper per 100 gram diet.
Best growth and FCR were obtained by the diet having
23,6 mg of zinc. Zinc levels in the diet lower or higher
than this level depressed growth,

Magnesium was not found to be required in the diet of

P, indicus. Addition of magnesium to the diet decreased
growth and increased FCR.

The control diet had 0.21 mg of manganese/100 g which
gave the best results. Addition of manganese to the

diet depressed growth and increased FCR,
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A PURIFIED DIET AND A PRACTICAL FEED FOR PRAWNS

INTRODUCTION

Compounded diets can be classified as purified diets and
practical feeds. The former diets are formulated using purified
ingredients and are generally used for studying the nutritional
requirements of the animals, whereas the practical feeds are
formulated based on the nutritional requirements oZ the recip-
ient animal, using naturally available feed materisls and are
used for different phases of culturing the animals, Different
purified diets, for standard reference, have been published in
literature for finfish (Halwver, 1972), Prawns (Kanazawa et al.,
1977a) and lobsters (Conklin et al,, 1980; Boghen et al., 1982;
Kean et al., 1985). Any one of these diets could be used for
nutritional studi@s in finfish and shellfish., But very often,
it happens that these diets could not be formulated in totality
in a given region as some of the diet components enlisted may
not be available in that particular region. This situation
necessitates the development of a purified diet formulated using
the ingredients locally available and suitable for the species
that are cultureé in the prevailing conditions of the region,

In the traditional prawn and fish culture practices in the
brackishwater region followed in India and some of the south-
east Asian countries, feeding of the population in the pond is
generally not practised. The prawn and fish population grow
by feeding on the natural food avezilable in these ponds. Supple-

mentary feeding is resorted to only when the productivity or
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the growth of the natural food in the pond is found depleted.
In such cases and in the early years of development of semi-
intensive culture systems, several kinds of supplementary feeds
have been used with varying degrees of success, The most import-
ant supplementary feeds used are clams, mussels, trash (cheaper
varieties) fish, animal flesh, 0il cakes such as groundnut,
coconut, gingelly,mustard and soybean; rice bran, wheat bran,
and other grains either singly or in combinations,

wWith the rapid progress of gemi-intensive and intensive
systems of culture, the formulation and development of practical
feeds, meeting the nutritional requirements of candidate species
for obtaining optimum growth and survival during the different
phases of its growth and in consideration of the cost of manu-
facture of feed, have been assigned high priority, Accordingly,
during the past two decades, considerable advancements have been
made in the various aspects of feed development and feed techno-
logy. As a result of the Research and Development Programmes,
several types of compounded feeds are developed and being used
for the culture of prawns in different regions, (Asia: Hirasava,
1984; Kungvankij, 19843, Japan: Shigueno, 1984; Philéppines:
SEAFDEC, 1981, 1983; Liu and Mancebo, 1983; Apud, 1984; Pascual,
1984; Tibbu gt al., 1984; Taiwan: Liao, 1981; Chiang and Liao,
19853 Tahitis AQUACOP, 1984a,b; United States: Caillouet et 21.,
1974; Parker and Fred, 1974; Eleam and Green, 1974; Huang et al.,
1984; Lee and Shlesser, 1984; Latin America: Escobar, 1984;
Scura, 1985),

In India attempts were made to develop the practical feeds
with the locally available materials by Alikunhi et al. (1980),
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Ahamad Alj and Sivadas (1983) and Mohamed et al.(1983) to rear the
larvae in the hatchery and post larvae in the nursery. With a view
to developing suitable artificial feed for feeding the prawns in
the grow-out systems, different types of feeds were formulated and
feeding experiments were conducted by many workers (AICRIP, 1978;
Ahamad Ali, 1982a; Mohammed Sultan et al., 1982; Raman et al.,
1982; Ahamad Ali and Mohamed, 1985,) Recently a pelletized feed
under the brand name 'Tamco feed' has been introduced by M/S,TATA,
Madras and it was supplied to the farmers at a subsidised price
by Marine Products Export Development Authority,

Although the above endeavours have provided certain infor-
mation on the use 0of the compounded feeds, the results and the
Production rate obtained have been inconsistant and it is found
imperative that an asppropriate formulated feed has to be further
developed and perfected for large scale use in the commercial
operations., In this context, on the basis of results obtained in
the present atudg,a purified diet is formulated with the intention
that this formula diet can bg used as a basal purified diet for
studying the nutrition of penaeid prawns in this region, as all
the diet components listed in the diet are easily available, A
practical feed is formulated using feed ingredients evaluated in
the present study and attempts are made to balance it according
to the requirements of the prawn P, indicus. Long term feeding
experiments are conducted in the laboratory with the purified
diet and the practical feed formulated on P,indicus. The results
. are compared with those of the conventionally used feed fresh clam
meat, The prospects of using the purified diet for nutritional
studies in this region and the practical feed for the culture of

penaeid prawns are discussed,



MATERIAL ARD METHODS

The ingredients, albumen (egg), sucrose, msltose, starch,
cod liver o©il, used for preparing purified cdiet, and prawn waste,
mantis shrimp, fish meal, groundnut cake and taploca, used for

preparing practical feed are already descriked in Chapter I,

Formulation of diet and feed

Purified diet: The purified diet,Cesignated as PDP, was formu-

lated@ using albumen (egg) as the protein source, a mixture of
sucrose, maltose, starch (in equal proportion), as carbohydrate
source and cod liver oil, as the soaurce of 1lipid, Cholesterol,
glucosamine and the vitamin mixture were added based on the
purified diet formulated b& Kanazawa et al, (1970) for P, japonicus
The mineral mixture consisted of calcium carbonate, potassium
dihydrogen orthophosphate, copper sulphate and zinc chloride,
prepared according to the requirement of these minerals shown by
P, indicus in the present study. The diet had 28.9% crude pro-
tein, 40% mixed carbohydrate and 6,17% of cellulose whichwere
found to be adequate for this prawn. Sodium alginate was used

as the binder, The composition of the diet is given in Table 60,

Practical Feed: The practical feed,designated as PFP, was for-

mulated using prawn waste, mantis shrimp, fish meal, groundnut
cake and taploca. The protein base in the feed was made up of
65% of animal protein source and 35% plant protein source.
Tapioca was used as the source of carbohydrate. A commercial
vitamin mixture (Becadex) manufactured by Glaxo Laboratories,
Bombay and meant for human consumption, was included in the feed,

Since the feed had adequate levels of calcium and phosphorous,



Table 60. Composition (g/100g) of purified diet -PDP

Ingredients q/100¢.
Albumen {(egg) 35
Carbohydrate mix 40
Cod liver oil 6
Cholesterol 0.ES
Glucosamine HC1 0.8
Vitamin mixture 1 2.7
Mineral mixture 2 5,83
Cellulose 6.17
Sodium alginate 3.00
Crude protein (%) 28,90

1. Vitamin mixture: Same as used for the diets PE. to PE, in

Chapter I (Table 2a) 0 4
2, Mineral Mixture? Calcium carbonate = 1.3

Pot"assium dihydrogen

orthophosphate = 4,4

Copper Sulphate = 0.0€

Zinc chloride = 0.07
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these were not added, but copper and zinc were supplemented at
the required level in the feed. Simce tapioca acts as the binder,
no additional binder was used, The composition of the feed is
given in Table 61.

Control feed: The fresh meat of the clam, Sunneta scripta was

used as the control feed., The composition of the clam meat was
same as given in Chapter I (Table 2).

Preparation of purified diet and practical feed: The method of

preparation of purified diet and the practical feed is same as
described under the respective sections in Chapter I,

Feeding_ experiments: Hatchery reared, early juveniles of the

prawn Penaeus indicus with an average length of 20,7 mm and aver~

age live-weight of 0.0249g were used in the feeding experiments,
The animals were stocked in 3' x 2' circular plastic pools, (Plate
4), containing 200 L of a mixture of filtered sea water and tap
water to give a salinity of about 16%,. Each pool had ten animals
and there were three replicates for each treatment. The water in
the pools was completely replaced once in five days and aeration
was provided with the help of an air compressor. The hydrogra-
phical data is presented in Table H4.

The animals were fed at 20% of the body weight approxi-
mately in two devided doses in the morning and evening., Feed was
placed in petridishes kept in the pools. Left over feed was
removed, washed gently with water and dried in the oven at 60°
for 12 hrs. The feeding experiment was continued for a period
of 100 days.

The total length and live-weight were measured before

and after feeding experiment individually for each treatment.



Table 61, Compocsition of practical feed - PFF

Ingredients (g)
Prawn waste 14.0
Mantis shrimp 14.0
Fish meal 11.0
Groundnut cake 21.0
Tapioca 40,0
Vitamin mixture1 1.0
CuSO4 0.0¢€
Zncl, 0.07
Proximate composition (g/100g)
Moisture 5. 60
Crude protein 28.02
Lipid 10,00
Carbohydrate 34,40
Ash 16.80
Crude fibre 5.18
Calcium 2.54
Phosphorous 1.23

1. Vitamin mixture (1 g consists of)

Vitamin A 5000 I.U.
Vitamin D3 400 1I.U.
Vitamin 81 4 mg
Vitamin 82 4 mg
Nicotinamide 50 mg
Vitamin C 60 mg

Calcium phosphate 500 mg.



Plate 4, Plastic liner pools used for long term feeding
experiments with purified diet (PDP), practical
feed (PFP) and fresh clam meat,



Table H.. Hydrographical data of the feeding experiment with

PDP, PFP and clam meat.
Salinity O;Y—;en Temperature
%o cC/L °c
21.2 - 25.9 3.81 - ‘.21 28.‘ - 30.2

8.1 - 8.29
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Biochemical Analysis: The preparation of samples of animals and

the diets for analysis and the methods used for analysing them
for protein, 1lipid, carbohydrate and ash are the same as des-
cribed in Chapter 1. Moisture was estimated by drying the
sample at 60°C to constant weight., While calcium and phospho-
rous were estimated by the same methods described in Chapter III,
crude fibrewas determined by the AOAC method,

Statistical Analysis: The data obtained by the purified diet,

practical feed and the control feed on growth and food conver-
sion ratio were subjected to analysis of variance and the results

are shown in Table 62 A,
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RESULTS

The results of the feeding experiment conducted with FDP,
PFP and fresh clam meat are presented in Table 62, The practical
feed PFP produced highest increase in length (72,2mm) and live
weight (4.69g), followed by the fresh clam meat(63,7mm in length
and 4,42¢g in live-weight) and the purified diet(54,7mm in length
and 3,83g in live-weight)., The increase in length and live-weight
obtained by the practical feed and clam meat were significantly
higher (P« 0.05) than the increase in length and weight obtainé;
by the purifisd diet. However, the difference in length and
weight obtained by the practical feed and fresh clam meat was not
significant. The food conversion ratio (FCR) obtained
by the practical feed was the lowest (1,80) followed by the clam
meat (2,09) and purified diet (2,37), though the values were not
statistically different (P < 0,05)., The survival of the animals
was the highest in the case of purified diet (90%), followed by
the prattical feed (63.3%) and clam meat (53,0%),

The crude protein in the animals fed the practical feed,
PFP was the highest (66.53%) while the animals fed the clam meat
had low protein (60.4%X). However, the lipid of the animals fed
clam meat had shown high value (21.0%) and that of the animals
fed practical feed was low (13,6%), The carbohydrate and ash
did not differ significantly among the animals fed the Aifferent
feeds,

The growth curves of the animals fed the three different
feeds are shown in Fig. 41, For the first ten days, the in-
crease in live weight (Fig.41a) and length (Fig,41b) wes similar



Table 62, EKkesults of the feeding experiment conducted with PDP,
PFP _and fresh clam mesat on P. indicus for 100 days.

Feed

Particulars - — Freizailam
Initial average lencth(mm) 20.9 20,7 20,8
Initial average live-
weight (g) 0.0249 0.0249 0.0249
Final average length(mm) 75.5 92.9 88.1
Final average live-
weight (g) 3.86 4,72 4,45
Increase in length (mm) 54, 7° 72, 2° 63.7b
Increase in live-weight(g) 3.83b 4,69° 4,42%
Food conversion ratio 2,37 1.80 2,09
Survival % 90.0 63.3 53.0
Composition of animal§ (% on dry bagis)

after completion of feeding exp-riment,
Crude protein 63.90 66,53 60.40
Lipid 1€, 60 13. 6C 21.00
Carbohydrate 1.41 1,44 1.52
Ash 17.23 16,93 16.81

Notes: Values with different superscripts differ significantly
among themselves. Increase in length and weight signifi-
cant at 5% level (P & 0.05), Food conversion ratio not
significant at 5% level (P «_ 0.05).



Table €2 A, Anslysics of variance of the data oblained by POP,

PFrF and fresh clam meat

B e s v e G e G G T =D D G S D g G R TS GeS v G S CED P S e - e e (E W G S GED GED gmn e Gt e ED Gu Mt SEP et Gt Gmn B G s MDD G weS T s S D

ARNCVA

'''' source  Db.Er.  s.s. s,

1. Increase in _lencth
Treatment 2 588,15 294,07*
Error 6 52,93 8.82
Total 8 441,08 302.89

2. Increase in live-weight
Treatment 2 1.18 0.59*
Error 6 0.19 0.03
Total 8 1.37 0.62

3. Food conversion ratio
Treatment 2 0.495 0.2475"
Error 6 1.50 0.2500
Total 8 1.995 0.4975

* Significant at 5% level (P £ 0.05)
N Not significant (P £ 0.05)
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in the case of all the three feeds. With time, the growth curves
separ ated out, with the practical feed PFP occupying the top
position and the purified diet PDP, occupying the lower position.
The control feed clam meat remained intermediate between the

practical feed and purified diet,
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DISCUSS ION

The purified diet PDP formulated with albumen (egg), mixed
carbohydrate, cod liver oil, vitamins, minerasls and other additive:

resulted in the highest survival (90%) of the prawn Penagus indicus

at the end of 100 days rearing. The average increase in length
of the animals fed this diet was 54.,7mm and the average increase
in weight was 3.83g. The food conversion ratio of the diet was
2.37, Purified diets were first formulated by Kanazawa et al.
(1970) for the prawn P, jzponicus and subsequently by Kitabhayashi
et al.{(1971a, b, ¢, d) and Deshimaru and Kuroki (1974a,b,c, 1975a,
b) for studying different aspects of nutrition, AQUACOP (1978)
and Kanazawa et al. (1981) formulated purified diets for study-
ing the nutritional requirements of P, merquiensis. Lim et al.
(1978) prepared casein diets and compared with those of shrimp
meal, squid meal and Spirulind for the post larvae of P,

monodon, Ahamad Ali (1982b), Charles John Bhasker and Ahamad Ali
(1984) and Gopal (1986) prepared purified diets for the prawn

P, indicus to study carbohydrate and protein requirements in the
diet. Alava and Pascual (1987) formulated and prepared purified
diets for P, monodon. While Conklin et al. (1980) evolved a
purified diet for the culture of juveniles of American lobster

Homarus americanus, D' Abramo et al., (1981, 1982, 1984) studied

the reguirements of different nutrients for the same lobster
using purified diets. In all the above mentioned works, casein
was used as the protein source whereas albumen (egg) was used

in the purified diet PDP in the present study. Most of the diets
formulated in these studies were test diets and the protein con-

tent varied from 15 to 80% where as the protein content of the
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purified diet PDP was only 28,.9%.
The growth obtained by the purified diet FLP in juvenile

P. indicus compares well with growth of P, japonicus obtained

by Kanazawa et al.(1970), P, mergquiensis by AQUACOP (1978) and

Kanazawa et al. (1981) and of P. monodon reported by Lim et al.
(1978) and Alava and Pascual (1987), The growth of the prawns
obtained in the present study 1is higher than the growth recorded
in P, indicus fed with casein diets by Ahamad Ali (1982b) and
Charles John Bhasker and Ahamad Ali (1984). Besides, the food
conversion ratio and the survival rate obtained by the present
diet in P. indicus are superior to those obtained in P, japonicus
P. merquiensis and P. monodon in the studies mentioned earlier.
These indicate that the purified diet PDP, prepared with albumen
is superior to the casein diets.,

However, the growth and food conversion ratio shown by the
diet PDP are lower than the growth and food conversion ratio recor-
ded by the Practical feed PFP and also the control feed clam meat
in this study. Only the survival of the animals fed with the puri-
fied diet was higher as compared to those fed with the control feed
and the practical feed. But such inferior growth of prawns fed
with the synthetic purified diets is not uncommon in nutritional
studies. Poor growth of prawns, fed with purified diets prepared
with casein, gelatin, albumen and aminomcid miztures, compared to
the diets prepared with natural ingredients, was reported by Sick
et al, (1972), Deshimaru and Kuroki (1974c, 1975a, 1975b), Ahamad
Ali (1982b) and Teshima gt al., (1986e). The difference in the
growth of the prawns fed with purified diet and natural feed

might be due to the non-palatability of the purified diet as it
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is prepared with purified materials and chemicals., Nevertheless,
the use of purified diets is essential as the effect of a parti-
cular nutrien£ could be clearly understood, without the interfer-
ence cf extraneous factors,only through purified ingredients.

It is well known that purified diets are primarily meant
for studying the nutritional recuirements of candidate species,
However, these are also used for practical purposes, Villegas
and Kanazawa (1980) and Jones et al. (1979a) used the purified
diet for rearing the larvae of P. japonicus, and Conklin et al.

(1980) for culturing the juveniles of the lobster, Homarus ameri-

canus, Some of the purified proteins are also mixed with natural
ingredients in formulating diets (Lee, 1971; Andrews and Sick,
1972; Alava and Lim, 1983) either to enhance the protein level
of the diet or to balance the aminoacid profile. A balanced pnri-
fied diet can be used for maintaining animals in laboratory where
practical feeds are not availlable., Feed attractants such as
Squid extract, mussel mantle, shrimp extract and aminoacids like
glutamic acid are often used in purified diets to increase their
acceptability.

Feeding constitutes a major cost of agquaculture production,
It is thought that the triumph of future aquaculture depends
largely on the development of 3 nutritionally balanced and econ-
omical feed and its sustained supply. In this context the results
of the experiments conducted on the practical feeds in this study
are compared with those similar observations and discussed.,
The control feed fresh clam meat produced low growth and survival
compared to the practical feed in the present study. Similar

results were reported in P, indicus with fresh clam meat by
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Colvin (1976a) =and Ahamad Ali (1982a), especially it resulted

in hich mortalitv in both the studies. Ahamad Ali (19822) obser-
ved frecuentmoulting and hich incidence of cannibalism in the
prawns fed with fresh clam meat. Contrery tc the results obta-
ined in E. indicus, Kanazawa et al. (1970) reported superior
growth in P, japonicus fed with the meat of short-necked clam

(Tapes philippinarum). Similar observations were made by Forster

and Beard (1973) in the Prawn FPalaemon serratus., However, clam

meat by itself may not be considered as a nutritiously balanced
feed for prawns. Besides,it is relatively expensive (5 to 8
rupees per kilogram of fresh meat with 80% moisture) and is used
for human consumption., Further, the availability of clam meat
in adequate quantity for feeding large scale culture of prawns
may not be assured, It may,however, be used as supplementary
feed for prawns wherever it is available at a competitive price.

The practical feed PFP prepared with prawn waste, mantis
shrimp, fish meal, groundnut cake and tapioca, fortifi=d with
vitamins and minerals gave highest growth (72,2mm in length and
4,69 g in weight) and best food conversion ratio (1.80) in P,
indicus among the three diets tested. The survival of the prawns
fed with the practical feed was 63,3%,

Several different feeds were formulated in India for feed-
ing the prawns., At the Kakdwip Research Centre (AIC%? 1978),
supplementary feeds were formulated, consisting of soybean flour,
brewer's yeast, maize powder, wheat flour, calcium phosphate,
vitamins and algin ,for feeding the post larvae of P, monodon,
and another feed consisting of goat offal, yeast,algal powder,

wheat flour and terramycin for feeding the post larvae of P,
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indicus., It was reported that the survival of the post larvae
fed with the above feeds, ranged between 57% and 90% depending
upon the temperature of the medium, In another experiment, four
feeds were prepared with prawn meal alone, prawn meal + maize
(1:1), prawn meal + wheat powder (1:1) and wheat powder and
maize (1:1) and fed to the post larvae of P, monodon at different
feeding rates. It was found that the feed with prawn meal +
wheat powder (1:1) gave the highest survival of 90% at 10% (of
body weight) feeding level at the end of 8 weeks, The survival
of P, indicus in the present study is 63,3% which is slightly
less than that recorded in P, monodon post larvae in the above
study,

At the Kakinada Brackishwater Research Centre (AICRIP,
1978), feeding trials were also conducted on P, monodop in cement
cysterns with three feeds prepared with a mixture of f£fish meal,
groundnut cake and rice bran, fish meal alone, and flesh of
trashfish (Orygias melastigme). It was reported that the feed
prapared with flesh of trashfish gave the highest growth and
best food conversion ratio (FCR). The post larvae of P,monodon
fed with the feed mixture had grown from 0,015 g to 0,332 g on
an average in 30 days, where as those fed with fish meal alone
had grown from 0,015g to 0.2415g and those fed with trashfish,
from 0,015g to 0.368g, The FCR recorded by the feed mixture was
3.5,vwhile those recorded by the fish meal and trashfish were 4,37
and 1,26 respectively, In the present study,P,.jindicus fed with the
practical feed had grown from 0,0249g to 4.72 g in 100 days,
While the FCR (1,80) of the practical feed prepared in present

study is slightly inferior compared with the FCR of flesh of
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trashfish obtained in E, monodon, it 1s superior to the FCRs
recorded by the feed mixture and fish meal.

Raman et al. (1982)conducted feeding trials on P.indicus
using different combinations of feed ingredients consisting of
fish meal, prawn factory waste, groundnut oil cake, gingelly
cake, black gram husk, Bengal gram husk, bsjra, wheat flower,
wheat bran, rice bran and tapioca, Among the feed combinations
tested, fish meal, rice bran and tapioca in the ratio 1:1:1 and
2:32:1 gave satisfactory results., The FCR obtained by the first
combination feed was 1,69, while it was 3,21 and 3.32 by the
second combination feed in two different experiments. The FCR
(1.80) of the practical feed PFP for P, indicug compares well
with the FCR obtained by the first combination but superior to
the FCRs of the second combination feed reported by Raman et al,
(1982). Mohammed Sultan et al. (1982) formulated feeds with frog
flesh waste and reported a food conversion ratio between 3,01 and
4,96 for P, indicus and 5,87 and 8,21 for P, monodon. The food
conversion ratio obtained by the feed in the present study 1is
superlor to FCRs obtained by the feeds with frog flesh both in
P, indicus and P, monodon in the above study. Compounded feeds
were formulated using prawn waste,mantis shrimp, groundnut cake
and taploca for feeding juveniles of P, indicus by Ahamad Ali
and Mohamed (1985) and the best feed among the tested, recorded
a food conversion ratio of 3,22, Compared to this FCR, the FCR
obtained (1.80) in P. indigus is superior in the present study.

Out side India, Colvin (1976a) studied the growth, digesti-
biiity and FCR of some diets formulated with fish meal and

shrimp meal in P, indicus and reported a growth of about 44 mg/
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day and the lowest FCR of 2.72. While the growth of P, indicue
in present study is 46.9 mg/day, the FCR is 1.80 which are super-
ior to those reported by Colvin (1976a). Recently Apud et al.
(1984) studied the growth, survival and production of the prawn
F. indicus in brackishwater ponds in the Philippines. Supple-
mentary feeding of the prawns was done with a compounded feed,
The production was 343.2 Kg/ha in the test pond (where feeding
was done) and 180 Kg/ha in the control pond, The averege sur-
vival was 70,36%, The FCR of the feed was not reported for
comparison with that of the present practical feed.

The performance of the present practical feed compares
well with some of the diets formulated for other species.,
Feeding trials conducted on P, monodon cultured in cages using
a practical feed in the Philippines (SEAFDEC, 1981) had shown
a food conversion ratio of 4,8, In a semi-intensive culture
experiment with the same prawn (SEAFDEC, 1983) a commercial
prawn feed with 45% protein and an experimental feed with 35%
Protein produced FCRs 3.4 to 4.6 and 6,1 respectively. Similarly
in another intensive culture experiment (SEAFDEC, 1983), a cru-
stacean pelleted feed resulted in a FCR of 3,01 in the same prawn,
Certainly, the FCR (1.80) shown by the prattical feed in P,indicus
in the present study is much lower than the FCRs obtained by
the feeds tested in P, monodon in the above experiments, Furtbher,
in pond culture experiments with P, monodon in the Philippines,
Liu and Mancebo (1983) used a commercial formula feed developed
by the ‘President Enterprises Corporstion, Taiwan, and obtained
food conversion ratios of 1,69 and 1.78, The FCR of the present

practical feed in P, indicus is in agreement with these values,
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Venkataramaiah et al. (1972a,b, 1975a,b), while studying
the effect of feeding level and salinity on growth and FCR in
P, aztecus, reported that the FCR of a standard prawn feed varied
from 3,73 to 1.25, and the FCR of the present practical feed (1.80)
in P, indicus falls within this range. But the FCR of the diets
formulated with fish meal,naving different protein levels, in
P. aztecus (Venkataramaiah et al., 1975a) ranged from 2.8 to
19,0 which are inferior to the FCR obtained by the feed in the
present study,

Elam and Green (1974) conducted feeding experiments with
different formula feeds on P, setiferus and obtained food conver-
sion ratios ranging from 1.8 to 2.3 which are comparable to the
value recorded by the feed in the present study. Howewver, the
pink shrimp P, dvorarum fed with wheat bran and a catfish ration
attzined 6,C g and 8,0 g weight in 78 and 92 days respectively,
in pond experiments (Caillout et al,, 1974)., Parker and Fred
(1974), while studying the shrimp production module for P,aztecus
observed that the Prawns fed stzndard commercial rations attained

a weight of 10.77 g. in 139 days, while P, stylirostris attained

a weight of €,54 g in 136 days. Compared to the size of the prawns
attained ir above studizs, the weight attsined by P. indicus in
present study is low. But these differences are obvious because
of the species difference and also the difference in experimental
conditions in these investigatious,

Frem the above discussions it is clear that the performance
of the present practical feed PFP is componable tc that of many of
the standard formula feeds used for feeding penaeld prawns and it

is superior tc the performance of some of the formulated feeds,
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Moreover, the material cost of the present practical_feed is
found to be Rs, 3/- per kilogram, kased on the existing retail
prices of the ingredients (prawn waste R 2/-per kg; mantis shrimp
Rse 2/ = pef kg: Fish meal Rs, 6/- per kg; tapioca Rs, 2/~ per kg)
including the cost of vitamin and mineral mixture (which is
equivalent to k.0.35 per kg of the feed), With a food conversion
ratio of 1,8, the cost of the feed to produce one kilogram of
prawns is only R, 5,40 which can be considered as very economical,

Prawn waste and mantis shrimp are available in sufficiently
large quantities in most of the maritime states. A major portion
of these two materials is not utilised at present and are pra-
ctically thrown away. Only a small quantity of prawn waste and
mantis shrimp are collected, sundried and used as manure or
mixed with some plant fertilizer mixtures and in poultry feeds,
Nevertheless, these two materials are potential feed ingredients
to reckon with for formulating prawn feeds, Both prawn waste
and mantis shrimp are good sources of animal protein rich in
essential aminopcids (Forster, 1975; Sandifer and Joseph, 1976)
and have shown good digestibility and biological wvalue (Chapter I)
Besides, prawn waste is a good source of lipid rich in poly =
unsaturated fatty acids and carotenoids (Joseph and Meyers, 1975;
Joseph and Williams 1975; Ahamad Ali, unpublished) essential for
prawns, It also contains calcium and phosphorous and the Chitin
present in it has growth promoting effect (Vaitheeswaran and
Ahamad Ali, 1986) when mixed with the diet of P, indicus. The
composition of prawn waste sometimes varies according to the
size of the prawns from which it is derived., Often it was found

that the residual meat was left more in the peelings of smaller
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size prawns such as Metapenaeus dobsoni, M, monoceros and

Paranenaeopsis stylifera, compared to the larger prawns such as

P, indicus and P. monodon. In the case of mantis shrimp large
size animals (contain higher amount of meat) are landed generally
from December to May. In other months, the landings of mantis
shrimo are very less and also the size of the animals is very
small, The composition of mantis shrimp meal is very much influ-
enced by the presence of trashfish, molluscs, crabs, starfish

and other biomass, which are generally discorded along with this
material.

Fish meal, though available in fairly large quantities at
present, it is in great demand as a feed ingredient of other
animals, especially poultry. Of late the production of fish
meal is on the decline in the country. As a potential raw
material for prawn feeds, fish meal production should be encour-
aged for the development of large scale brawn farming in the
years to come,

Fish meal is a good source of protein with essential amino..
acids and has high biological value. The composition and quality
of fish meal varies according to the rawmaterial used for pre-
paring it., Generally fish meal with a protein content of above
60% 1s considered as good quality fish meal, White fish meal
preparad using predominantly silver belleis and anchovies are of
high quality compared to the brown fish meal prepared using
sardines and other trashfish,

Groundnut cake, which is a versatile feed ingredient of
many animals, is available in fairly large quantities. It is a

good source of plant protein., The composition of groundnut cake
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is known to vary according to the process used for expelling the
0il., The cake obtained from mechanical expellers contains higher
amount of lipid than that obtained from the solvent extraction
process. Seasonal and regional variations are known to cause
minor differences in the composition of groundnut cake.

Tapioca is a double action material in prawn feeds. 1t is
a very good source of carbohydrate and@ at the same time acts as
the natural binding agent in aquatic feeds, The water stability
of feed pellets prepared with tapioca as binder was tested (Ahamad
Ali, 1986) and found that the Pellets prepared with 20% of it
were stable for more than 6 hours in the water., Its binding
capacity was comparable to chemical binders such as agar agar,
sodium alginate and polyvinyl alcohol, Tapioca is available in
large quantities in Kerala, Tamil Nadu and Andhra Pradesh,

Taking into account, the good performance of the feed,
its low cost, the adequate availability of ingredients, the
detailed information available on the techniques of preparation
of water stable pellets, the practical feed PFP can be recommended

for the large scale culture of the prawn Penaeus indicus.



192

GEXCRAL REMARKS

On a pervcsal of the available information at present,
the live feeds, especially, the diatoms seem to meet adequately
the requirements for rearing the larvee of peneeid prawns,
Mixed culture of phvtoplankton are successfully used for
rearing protczoea tc post larvae, But after post larvae,
diatoms 8lone are not adeguate., Introduction of micro-parti-
culate compournded feeds of different types, for rearing the
post larvae both in hatchery and nursery until they become
stockable size, has helped in largely replacing the use of
live feeds such as Artemia, rotifers and other organisms,
However, the success of using artificial feeds for rearing
the early stages of larvae (Protozoea to Post larvae) is yet
to take off on large scale. Eventhough it is possible to
prepare a nutritionally baleanced feed, the greatest impediment
has been the physiczal design of the diet. The diet should
have a particle size below 50 microns, having all the nutrient
package in it and these particles should be kept in suspension
in the water columnr without appreciable loss by leaching,
Tissue suépensions (Alikunhi et al., 1980, 1982:; Hameed Ali,
and Dwivedi, 1982) and powdered formula feeds (Mohamed et al.,
1983) were used for culture of larvae of penaeid prawns in
out door tanks. In these systems, the excess feed helps in
the growth of diatoms which are also ccnsumed by the larvae,
Nevertheless, it is reported that the technique works successfull

resulting in good survival of post larvae comparable to the
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survival rates obtained in the conventionel systems, It 1is
emphasised that this mixed diet (artificial diet + diatoms

grown in the culture tank) technigue obviates seperate pro-
duction of diatoms for this purpose. Further,the same artificial
feed could be used for subsequent rearing of the post larvae

in hatchery and alsc in the nursery. It may therefore, be
worthwhile that investigations may be czarriedout on the
comparitive ecconomics cf this technique with that of the

standard techniqgues.

In the recent past,considereble technological advance-
ments have been made in the preperation of larval feeds through
encapsulation and micro-binding, Reports of rearing the
larvae using these diets in the hatchery are available
(Kanazawa, 1985; Jones et al., 1987). However, further
information on their larce scale production and economic use
are required before they could substitute the live feeds
being used at present for rearing the larvae of prawns.

As juveniles and adult prawns. are capable of holding
the food and nibble on, pelleted feeds appear to be more
appropriate than the soft moist feeds which appear to be more
acceptable. Preparation and storage of dry pellets are more
practicable, The performance of an aquatic feed depends upon
many factors such as its nutritional balance, the ingredients
used, the method of preparation and the abiotic properties.

It is slso important to adopt proper storage procedures of the
feed to ensure its shelf life., Based on the requirements of

receipient animal, the feed can be nutritionally balanced by the
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jucéicious selection of the ingredients. This could be more

effectively achieved by formulating multi-ingredient formula
feed rather than single ingredient feeds. If necessary, the
feed can be fortified with vitamins and mineral mixtures to
meet the recuirement,

The range of feed ingredients used for formulating
feeds are compiled in Table I, Certain feed stuffs, particularly
of plant origin, are known to contain antinutritional factors
which may inhibit growth of animals if not removed, Principal
among these are soybean, which contains a digestive enzyme
inhibiter (Urease), groundnut cake, containing phytates and
cotton seed cake which contains gossypol, In addition,
isothiocyanates and cyanogenic glycosides are found in linseed
and hydrocyanic acid in tapioca. All these anti-nutritional
factors are easily destroyed just by heat treatment of the
material except the gossypol present in cottonseed cake which
should be removed by a special process (Chow, 1978),

In a culture operation, since the cost of the feed
constitutes the major experditure,it should be kept at its
minimum possible to make economically viable, But at the same
time the nutritional quality of the feed cannot be compromised
with, Selection of raw materials plays an important role in
containing the cost of the feed, Materials which are used for
human consumption should generally be avoided as it creates
competition for them and escalates the cost. One of the important
criterea for selection of feed ingredients is that they should
be available in considerably large quantities with consistant

quality,
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Employing appropriate technique for preparing feed is
essential to ensure its desired guality. Grinding feed ingre-
dients to uniform particle size is imperative to prepare a
homogeneous feed mixture, Non-uniformity of particles of
ingradients not only results in poor guality of feed pellets
but also leads to selective feeding by the animals disturbing
the nutrition package of the feed. Grinding the materials into
fine powder also helps in improving the Sigestibility and pre-
paring compact and water stable fead pellets. It was reported
that grinding the rawmaterials of feed to about 200 microns
had resulted in highest water stability of the pellets, enhanced
digestibility and best food conversion ratio (Rani, 1984) in

the prawn Penaeus indicus,

As the feed has to be provided under the water column
to the aquatic animals, its water stability plays a major role
in its performance. Faster disintegration of the feed not only
pollutes the culture medium but also leads to wastage of feed
resulting in poor conversion ratio, Water stability of
crustacear. diets using different bincding materials have been
studied (Meyers et al., 1972; Meyers and Zein-Eldin, 1972;
Balazs et al., 1973; Meyers and Brand, 1975; Meyers, 1980)-
Prominant binding materials used in the prawn fes=ds are agar
agar, alginates (Sodium), gelatin, gums, carboxy methyl cellulose
(CrMC), Polyvinyl alcohol (PVA), Carrageanan (Polysaccheride),
Zein (Corn protein) and starch.Sczlection of the binding agent
has to be done carefully as some of the binders are very
expensive and can considerably enhance the cost of the final

feed. Natural feed materisls such as vheat flour, wheat gluten,



rice flour and tapioca are also used ac binderes resides being
feed components. Waile tapioca, which conteins more than 705
starch, is a good source of carbohvdrate in the feed, it is
alsc found tou ke a potential bindirng sgent (Ahamad Ali, 19€6)

in prawn feeds. It was found that feed pellets prepared having
20« tapioca were stable under water for more than =ix hours,
Its kinding cuality compared well with the binding oguslity of
acar ager, sodium alginate and polyvinyl alcohcl and wasg
superior to that of pure starch.

Steaming the feed does many a good to it. It not only
kills the unwanted micrc-organisms and makes the feed inoccuous
but also gelatinises the starch present in the feed and improves
the digestibility and pellet stasbility. Steaming also removes
some of the antinutritional factors present in certain feed
materials. However, steaming the feed at hicher temperature,
especially under preseure, may bring in undesirable alterations
in the feed ingredients and destroy some of the heat lebile
components particulerly, the vitamins., It is advisable to
incorporate vitamins only after the steaming process is completed.

Froper stcracve of feed is as important zc the develop-
ment ¢f & good feed. The lipid, particularly, the polyunsaturzsted
fatty acids are very much prone to atmospheric oxidation leading
to rencidity. The end products, epoxides and hydroperoxides
arc not only toxic to animals but z2lso render some of the
nutrients in the feed unavailable to the recipient animal,
Eventhough the lipids contain the natural antioxidants, such
as tocophercls, chemical antioxidants like Butylated Hydrosty
Anisole (BHA), Butylated Hydroxy Toluene (BHT) and ethoxy=-

quin are used :o prevent the lipid oxid. ‘ion,
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Improper storage of feed may lead to insect attack,
destruction by rodents and mould growth, This will make the
feed unsafe and causes economic loss. Moisture plays a critical
role in the storage of feed. The moisture content in the feed
should be below 10%. Higher moisture content invites fungal
growth which makes the feed stale and musty., Some of the

species of fungi (Aspergellus flavug) contaminate the feed

with aflatoxin which is poisonous to the animals. Absorption

of moisture by the feed, in places where the relative humidity

is very high, can be prevented by storing in air-ticght containers.
Eventhough, potassium metabisulphite (KMS), Sorbic acid, benzoic
acid and propionic acid are used in many food stuffs to prevent
mould growth, their use in the prawn feed needs to be
investigated,

The use of certain growth promoting agents, such as
anabolic steroids, harmones, and some antibiotics in the feeds
of land animals, especially. poultry, is well known, As such
there are 'starter' and 'booster' feeds available for poultry
farming, Investigations on the possible use of growth promoting
agents in the feeds of prawns are very few. Encouraging results
were not observed on the use of antibiotics (oxytetracycline)
in prawn diets (Corliss et al., 1977: Vaitheeswaran and Ahamad
Ali, 1986). It is reported that testosterone, glucosamine,
prawr shell, and alfalfa extract had growth promoting effect
(Rao gt al., 1983; Vaitheeswaran and Ahamad Ali, 1986) in P,
jndicus. On the other hand thyroid and ethylostrenol (Oestrogen
derivative) have no such effect, This is an areawhere work

needs to be carried out, Invention of legally acceptable growth



promoting substances may go a long way in achieving faster
growth of prawns and increasing the efficiency of the feed.

The concept of Linear Programming (LF), in which the
nutritionist first lays down a set of constraints and then
lists all available rawmaterials which he wishes to be consi-
dered for selection by the computer tc achieve the objective
of least cost feed formula that will satisfy all the constra-
ints, had been introduced in the animal feed industry some
time ago. Its application in finding least cost feed formula
for livg-stock and poultry has gained widespread acceptance
in most countries of the world., Recently LP in the least cost
feed formulation for finfish (fresh water) has been attempted.
This is a promising area in which the Linear programming
techniques have to be introduced in the formulation of prawn
feeds, For this purpose, the existing gaps in the knowledge
of prawn nutrition need to be completely filled up, Data on
the digestibility of common feed stuffs by the cultivable
species of prawns, as in the case of present study, need to
be obtained and documented, which will help in formulating
cost-effective formula feeds for the large scale culture of

prawns to augment their production,



TABLz - I. Some rawmaterials and their comoccition,

uceld for

compounding feedes.

Name of et bty
rawmaterial gigi:in lf;:é Carbohydrzte
Ty T 2 3 A
I, Energy feeds:
Barley $5.,9-20, 29 2,17 16, 34
Corn (Maize) 6.2- 9,6 4.3-5,5 69,6-70,7
Oats 12,0 2.4 63.7
Rice (whole) 8.4 2.1 76.7
Rice (broken) 7.5 0.5 79.9
Rice bran 13,24-15.80 18,2 47.43
Rye 11,6 1.7 69,8
" Sorghum (Milo) 11.0 2.8 71.6
Tapioca 2.0 0.54 68. 50
Wheat grain 13.07 1,96 63.61
Wheat flour 10,80 1.10 74, 60

Wheat bran 13.90 4.20 55.60

Frivedi
__g______g___
5.81 2,36
1.4 1.4
5.0 -
0.7 0.8
0.3 0.5
9.0 14.8
1.9 2.0
2.0 -
- 1.45
3.91 3.85
0.20 0.5

10.50 5.3



TABLE - I (Continued)

1I, Protein Supplements:

(a) Plant materials.

Brewer's grains 26,0 6.0 41.8 15.0 -
Coconut cake 25,96 11.2 22.19 - 8.88
Cottonseed cake 42,0 2.0 30.0 11.0 -
Distiller's grains 27,0 - 41.0 12,0 -
Cingelly cake 34,03 10.8 24,76 - 12,52
Gluten (Wheat) 25.0 2.0 48,0 8.0 --
Groundnut cake 48.42 7.56 28,18 - 6,03
Linseed 35.0 2.0 39,0 8.0 -
Malt sprouts 26,0 1.0 44.0 14.0 -
Rapeseed cake 46,0 1.0 28.0 14,0 -
Soybean cake 46,0 1.0 31.0 5.0 -

Sunflower cake 47.0 3.0 24,0 11.0 —



TABLE - I (Continued)
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(b) Animal materials:

Blood mezl 80.0 2.0 —— - 0.52
Clam meat

(Sunneta scripta) 48,10 13.55 16. 62 - 7.62
Crab meal 30,0 1.7 - - —
Fish meal (Brownfish 52-74 1.0-10.0 -— -- 14.0-31

mezal, low protein;
white fish mezl, high

protein)
Mantis shrimp

(Squilla) 44,06 7.55 1.27 — 23,63
Meat meal 53.0 10.0 - - 12,03
Meat and bone meal 51.0 10.0 - - 16,07
Mysid meal 76,05 2,72 5.57 - 15,66
Prawn waste meal 35.20 6. 60 0.97 - 23,95
Silkworm pupa

(1) whole 55.91-57,5 24,5-29,7 5.58 - 2.98
(ii) defated 75, 36 1.75 8.40 - 5.59
Shrimp meal 36,0-48,0 3.0 — - —

Squid meal 81,38 9.63 5,33 - 3.66



TABLE - I (Continued)

III Non-conventional

feed ingredeints

House fly larvae

Poultry feather meal

(Hydrolysed)

Single cell protein

(1) Krill

(ii) Marine yeast

45.0

80-85

55.0

25,63

(iii) Petrolium yeast61, 22

(iv) S1ludge
(v) Spirulina
Snail (Vivipara)

Vorms:

(1) Limnodrilus

(1i) Tubifex

43.0

60.89

84.93

47,21

64.48

15.0

24,15

16.0

63.50

26, 24

15.0

15.40

4,27

3.9

28,0

3.0

15.2

3.91

6. 54
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SUMMARY

Penaeid prawn farming is being practiced in the
coastal water impoundments in India to supplement the production
of prawns from the capture fishery resources. Adequate seed
and appropriate feed are the two important requisites for the
culture of prawns. For preparing balanced and low cost feeds,
knowledge on the nutritional reguirements of the candidate
species and the evaluation of locally available raw-materials
are essential, In this context, evaluation of different sources
of proteins and carbohydrates and the requirement of minerals

in the diet of the prawn Penaeus indicus, an important species

for culture along the entire Indian coast, has been undertaken
in the present study., The data obtained are presented in four

different chapters.

1, In the first chapter four purified proteins and nine
natural protein sources were evaluated for the juveniles of
P, indicus.

2. The purified proteins were albumen (egg), casein,
fibrin (blood) and gelatin,

3. Among the natural protein sources, five were animal
materials - Clam meat, fish meal, mantis shrimp (Squilla),
Prawn waste, Silkworm pupa and four were plant materials -
Coconut cake, gingelly cake, groundnut cake and Spi-ulina
(single cell protein),

4, The evaluation of these proteins was carried out through
standard methods of nutritional biochemistry by measuring
digestibility biological value (BV), net protein utilisation

(NPU), Protein efficiency ratio (PEP) and growth, in
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statistically designed feeding experiments,

5. For the first time, endogenous nitrogen excretion
(metabolic faecal nitrogen) was determined for penaeid prawns,
using zero protein diet, For P, indicus the metabolic faecal
nitrogen was found to be on an average 324 mg N per 100 gram
diet,

6. With purified proteins four sets of experiments were
conducted in which relative efficiencies of individual proteins
and their different combinations were studied.

7. The influence of dietary protein level on its digestibility,
BV, NPU, PER and growth was investigated.

8. Comparative studies of protein requirement in the diet
were carriedout using different protein sources.

9. The significance of dietary protein level in relation to
faecal nitrogen, biological value and nitrogen balance was
elucidated,

10. Among the purified proteins tested, f£ibrin and albumen
had high biological value for P, indicus, followed by casein,
Gelatin was found to be a poor protein source with low BV, for
this prawn,

11, Biological value, NPU, PER were high at low dietary protein
level and showed decreasing tendency with the increase in the
dietary protein level, while the digestibility of protein in
the diet tended to be low at lower levels and high at higher
levels of dietary protein, though the difference was not
statistically significant,

12, The requirement of protein in the diet of P. indicus

was found to be 25% with albumen diets and 29% with casein diets.
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13, The nityggenbalance (calculated as the difference in nitroger
of the diet and the faeces) was zero at 22% dietary protein and whe
it was raised a little above this level (3% in case of albumen diet
and 7% ip case of casein diet), the nitrogenbalance was positive,
at which the diet had shown the best performance.

14. In the different combination of proteins tested, the diet
having all the four proteins, albumen, casein, fibrin and gelatin
in eqgual proportions, gave the best results.

15, From the results, it was concluded that proteins having

high BV only should be used for protein requirement study to

obtain realistic information. A mixed protein source can be
employed for protein requirement study. Albumen alone can be
employed for protein requirement study. Casein alone and other
combinations may be used only as alternatives,

16, Among the natural protein socurces, the animal proteins were
significantly superior to the plant proteins.

17, Fish meal, clam meat, prawn waste and mantis shrimp gave

good results with high BV, NPU and PER in the decreasing order
respaectively of the ingredients., Whereas silkworm pupa was found
to be a poor protein source.

18, In the plant protein sources, Spirulina and groundnut cake
gave the best growth while the BV of the former was higher than
that of the latter. However Spirulina diet resulted in very

low survival of the prawns.

19. Cocomut cake and gingelly cake showed low growth and BV,
eventhough their protein had high digestibility.

20. Animal protein sources in general had low digestibility

and showed higher growth, PER, NPU and BV over the plant protein

sources.
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21, The diet having 70% animal protein source and 30% plant
protein source gave the best growth and FCR than the diets made
exclusively either with animal protein or plant protein source.
Under these conditions the diet with 30% protein showed best
performance which is in agreement with the results obtained
with casein diets.

22, The protein balance, which is the difference between
the dietzry protein and the protein in the faeces, was negative
at lower dletary protein levels and positive at higher dietary
protein level.

23, The protein balance in the practical diets was zero at
26% protein and the optimum protein requirement shown by the
prawn was just 3.5% above the dietary protein level, where the
protein balance was zero,

24, In the second chapter, seven different carbohydrates -
three monosaccharides, glucose, fructose, galactose; two disaccha-
rides, maltose, sucrose; two polysaccharides, glycogen and starch,
were evaluated by measuring the digéstibility, growth and food
conversion ratio (FCR).

25, Cnly disaccharide, maltose and polysaccharide starch were
efficiently utilised by P. indicus Glucose, fructose and
galactose gave poor results while the results of the diet with
sucrose were slightly superior to that of the monosaccherides,
26, Using a mixed carbohydrate - sucrose, maltose, starch

(in equal proportioms), which gave the best results, the effect
of dietary carbohydrate level on digestibility, growth survival

and FCR was studied.,



27, The role of carbohydrate level in the diet at constant
protein, at constant lipid and at constant protein and lipid

was investigated and discussed,

28, The diet with 22,5% carbohydrate produced the best per-
formance at constant protein (34.8%), while at constant lipid
(64), the dietary carbohydrate showed protein sparing action

and the diet having 53% carbohydrate and 22% protein gave the
highest growth and best FCR. High lipid (16.8%) and low carbo-
hydrate (8.44%) produced low growth and high FCR. Only the

diet with 6% lipid and 33% carbohydrate gave the best performance,
29, The results had shown that, the carbohydrate is preferable
over lipid for increasing the calorific value of the diet.

High energy - Low Protein feeds are more economical without
compromising with the performance of the feed.

30. Further, cellulose was found necessary for the efficient
utilisation of the diet., Best FCR was obtained with diet

having 10% cellulose than the diet having zero percent cellulose.
It is concluded that cellulose can be used upto 10% in the

diet,

31, The faeces of animals fed with zero carbohydrate diet

had considerable amount of carbohydrate. The excretion of
carbohydrate in the faeces varied from 50 to 116 mg/g of dry
diet consumed, Further inVeétigationsare needed to establish
whether this is metabolic faecal carbohydrate .imilar to the
metabolic faecal nitrogen,

32. The third chapter deals with the studies on the require-
ment of six minerals - Calcium, phosphorous copper, zinc,

magnesium and manganese, in the diet of P, indicus.
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33. The Prawns were fed with diets prepared with different
levels of selected minerals and their growth, FCR and survival
were measured, The effect of each mineral level in the diet on
the body mineral level in animal was investigated.

34, 0.53% of calcium was required in the diet of P. indicus
for best growth and FCR.

35. Phosphorous was essential in the diet of P, indicus and

it was reguired at 1.05% level in the diet for the best growth
and FCR.

36. The food conversion ratio of the diet was the best when
the diet contained 13.6 mg copper per 100 gram diet.

37. The best growth and FCR were obtained by the diet having
23.6 mg of zinc per 100 g. Higher level of zinc in the diet
depressed the growth,

38, Magnesium was not found to be required in the diet.
Addition of magnesium in the diet decreased growth and increased
FCR,

39, The control diet had 0.21 mg of manganese per 100 gram
diet which gave the best results., Addition of manganese to the
diet depressed growth and increased FCR.

40, Using the information obtained on the nutritional require-
ments of P, indicus and also the ingredients evaluated in the
present study, a purified diet and a practical feed were formulated,
41. While the purified diet was made up of albumen (egg), mixed
carbohydrate (sucrose, maltose, starch, in 1:1:1 ratio), cod
liver oil, vitamins and minerals, and other additives, the
practical feed consisted of prawn waste, mantis shrimp, £ish-
meal, groundnut cake and tapioca, fortified with vitamins,

These were fed to P, indicus in long term feeding experiments
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in the laboratory and the results were compared to those of

the conventional feed, clam meat,

42, The practical feed produced the highest growth and the
best FCR, followed by the control feed and the purified diet.
However, the purified diet resulted in the highest survival

of animals among the three diets tested.

43, The possibilities of using the purified dlet as standard
basal diet for nutritional studies on prawns in this region,
and the practical feed for the culture of penaeid prawns in the

nursery and grow-out systems were discussed.
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RELATIVE EFFICIENCIES OF PELLETIZED FEEDS COMPOUNDED WITH
DIFFERENT ANIMAL PROTEINS AND THE EFFECT OF PROTEIN
LEYEL ON THE GROWTH OF THE PRAWN PENAEUS INDICUS

SYED AHAMAD ALI
Central Marine Fisheries Research Institute, Cochin-682 018

ABSTRACT

Laboratory experimznts with four pelletized feeds, compounded separately with the animal proteins
from prawn waste meal, mantis shrimp protein, clam meat powder and fish meal in combination with
the plant protein from groundnut cake, were conducted to study the relative efficiency by feeding
juvenile Penaeus indicus. The animal and the vegetable proteins in each feed were approximately
adjusted in the ratio 1 : 1. Tapioca powder was used as the source-of carbohydrate as well as the bind-
ing agent. The control experiment was carried out with the feed prepared solely from fresh clam meat.
Feeds with mantis shrimp protein and clam meat powder gave high increase in live weight and good
food conversion values followzd by the feeds with fresh clam meat, prawn waste meal and fish meal.

Feeding experiments with pelletized feeds, consisting of mantis shrlmp protein, groundnut cake
and tapioca powder with crude protein content ranging from 20.5% to 46. 5% were conducted on the
juvénile P. indicus. Progressive increase in the live weight gain was recorded with the increase in the
crude protein level upto 42.9 %, and declined thereaﬁer, while the protein eﬂ‘icnencv ratio was the highest

at 20.5 % crude protein level,

INTRODUCTION

THE white praw’n Penaeus indicus has been
identified as one of the most suitable spzcies for
intensive culture in coastal aquaculture practi-
ces. The development of a suitable feed is an
important pre-requisite for the successful cul-
ture opzrations. For that the basic knowledge
on the nutritional requirements of the prawn is
essential. Commendable work has bzen done

in this direction (New, 1978) and a number

of feeds have been patented in various countries
of the world. Very often these feed formula-
tions cannot be directly utilized due to either
the non-availability of the raw materials or

their prohibitive cost.

Protein forms the most important constituent
in prawn nutrition. Several workers have

conducted studies on the protein requirement
of different species (Deshimaru_and Shigeno,
1972 : Sick et al., 1972; Venkataramaiah et al.,
1975 ; Balazs and Ross, 1975 Colvm, 1976)

In the present study, - an attempt has been
made to study the relative efficiencies- of some
of the locally available animal protein materials
to be included in prawn diets and the protein
requirement in the feeds in terms of the raw
materials for the culture of P. indicus.

The author wishes to express his -sincere
thanks to Dr. E. G. Silas, Director, Central
Marine Fisheries Research Institute, "Cochin
and Dr. P. V. Rao ‘or their encouragement
through the work and to Shri M. S. Muthu
and Dr. M. M. Thomas for critically going
through the manuscript. Thanks are due to
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Dr. P. V. Prabhu and Shri ~ G. Ramachandran
Nair, CIFT, Cochin ;- providing the mantis
shrimp protein.

MATEBRIALS AND METHODS

Raw materials

The prawn waste includ=s head and exoskele-
ton obtained from the peeling sheds. Mantis
shrimp protein was prepared from Oratosquilla
nepa. The wet material was boiled in water and
the coagulated protein was separated and dried
(Garg et al., 1977). This material was ootain-
ed from the Central Institute of Fisheries
Technology, Cochin. The clam (Vellorita
cyprenoidea) meat was separated from the shells
by heating and the whole meat was dried.
Fish meal was obtained from the Kerala Fishe-
ries Corporation, Azhikode. Groundnut cake
and Tapioca (Manihot utilissima) were procured
from the local market. All the raw materials
were dried in an oven at 70-80°C and ground
in an electrical grinder and sieved through 60
mesh sieve. Fresh clam meat (Sunneta scripta,
82% moisture), stored in the deep freeze, was
given as the control diet.

The crude protein contents of the raw mate-
rials, determined by the micro Kjeldahl method,
are given in Table 1.

Preparation of the experimental feeds

In each feed the animal and the plant pro-
teins were approximately adjusted in the ratio
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protein source in all the feeds.  Tapioca powder
was used as the ain source of carbohydrate as
well as the bind, 2z agent. Calcium lactat: and
potassium dihydrogen phosphate and multi--
vitamins were included in all feeds.

Tapioca powder was first cooked with 40-
50% of water for 10-15 minutes until the
starch gelatiniszd. The other premxad ingre-
dients wzre add:d to the paste and thoroughly
mixed into a dough. The dough was passzd
through a 3 mm diameter die in a screw press.
The p:llets were dried at 70-80°C and found
to bz quite water stable.

Rearing

The juveniles of Penaeus indicus, uszd in thz
feeding expzrim:nts wzre collected from the
backwater canals around the Vypzen Island.
The animals were acclimatiz:d for 5-7 days
and starved for onc day bzfore th: start of thz
exp:rimant.

Feeding exp:rim:nis were conducted in 50
litre capacity circular p'astic troughs. Ten
animals were stocked in each trough. The
troughs were covered with velon screems to
prevent the animals from jumping out. The
sediments were removed regularly and the
water was changed once in three days. Acra-
tion was provided with an air compressor.

Feeding was done at the rate of 10-15%
of the live body weight once in a day in the even
ing hours in petri dishes kept at the bottom

1:1. Groundnut cake was the common plant in the middle of the trough. The food left
TasLE 1. Crude protein values of the raw materials
Prawan Mantis Clam Fish Ground- Tapio-a
Ingredients waste shrimp meat meal nut cake
meal protein powder
Crude protein content. 9, on
dry basis 35.2 59.2 48.1 60.7 43.5 2.0
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over was recovered every day before feeding.
Weight and measurements were taken every ten
days. No attempts were made to control the
environmental conditions.

Feeding cxperiment ]

Four cxperimeantal feeds 1, 2, 3 and 4 were
compound:d separaizly with the animal pro-
teins from prawn waste meal, mantis shrimp
protein, clam me-at powder and fish meal in
combination with the common plant protein
from groundnut cake. The ingredients in each
feed were adjusted 1o give the same crude pro-
tein content of 35%. The percentage composi-
tion of the feeds is given in Table 2.

Prawns with an average body w:ight of 100
mg were separately fed with feeds 1-4 and
fresh clam meat for 30 days. For each feed
two sets of experiments were run concurrently.

The salinity of the water increased from 1.8 %
to 7.5%,. The temperature ranged between
28.5°C to 32.5°C and the pH between 8.0 and
8.7.

The results of the feeding experiments are
given in Table 3.
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TABLE 2. Percentage composition and crude protein

values of the experimental feeds 1-4

Ingredients % Experimental feeds

1 2 3 4
Groundnut cake 35.0 38.0 40.0 35.0
Tapioca powder 17.0 31.0 19.0 37.0
Prawn waste meal 45.0 — — —
Mantis shrimp protein — 28.0 — —
Clam meat powder — — 38.0 —_
Fish meal — — — 25.0
Mineral mix* 2.0 2.0 2.0 2.0
Vitamin mix** 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0
Crude protein % 34.4 35.0 333 339

* Mineralmix : Each kg of the feed contains Calcium
lactate 14g; Potassium dihyrogen phosphate 8g;
Ferrous sulphate 106 mg, Magnesium phosphate 480 mg.

** Vitamin mix Each kg of the feed contains
vitamin A 40000 I.U., Thiamin mononitrate 100 mg,
Riboflavin 20 mg, Nicotinamide 100 mg, Cynoco-
balamine 10 mg, Ascorbic acid 50 mg, Calciferol
4000 1.U., vitamin E 15 mg, Biotin 0.5 mg.

TABLE 3. Results of the feediné experiment 1 fed with the feeds 1-4 and fresh clam meat for 30 days

Experimental feeds

Description 1 2 3 4 Fresh clam
meat
Initial average body weight (mg) 100 100 100 100 100
Final average body weight (mg) 380 513 497 250 400
Increase in average body weight (mg) 280 413 397 150 300
Percentage increase in average body weight 280 413 397 150 300
Average growth (mg/day) 9.30 13.80 13.20 5.00 10.00
Total food consumed (g) 6.38 5.16 5.79 5.62 —
Average food ingestion (mg/animzal/day) 21.30 23.60 19.30 21.C0 —
Food conversion* 2.27 1.71 1.46 4.20 —
Survival % 100 80 100 70 30

Average rate of food ingestion

* version :
Food conversio Average growth rate,
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Feeding expcriment 2

Experimental feeds 5, 6, 7, 8 and 9 were
prepared consisting of mantis shrimp protein,
groundnut cake and tapioca powder with the
crude protein contents of 20.6, 28.5, 35.0, 42.9
and 46.59, respectively. The percentage com-
position of the feeds 5-9 is presented in Table 4.

TasLE 4. Percentage composition and crude protein
values of the expzrimental feeds 5-9

Experimental feeds
Ingredients

5 6 7 8 9

Mantis shrimp protein
Ground nut cake

140 21.0 28.0 35.0 .42.0
19.0 28.5 38.0 47.5 57.0

Tapioca powder 64.0 475 31.0 145 10.0
Mineral mix 20 20 20 20 20
Vitamin mix 1.0 10 10 10 1.0

Total
Crude protein %

100.0 100.0 100.0 100.0 112.0
20.6 28.5 350 429 46.5

The animals with an average body weight of
200-230 mg were fed separately with feeds 5-9
for 30 days. For each feed three sets of experi-
ments were run concurrently.
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Thesalinityo  zwater used inthe expsriment
ranged from 1,:.3%, to 20.3%,,, temperature
varied between 30.8 to 32.5°C and pH between
7.9 and 8.0. The results are presented in
Table 5.

RESULTS

In the first experiment, fesds 2 and 3 with
mantis shrimp protein and clam powder topped
among the protein materials tested by produc-
ing an average weight increase of 3139 and
2979, and an average.growth of 13.8 and 13.2
mg/day respactively (Table 3). These were
followed by fresh clam mzat (2009, and 10 mg/
day), feed 1 with prawn waste (181% and 9.3
mg/day) and feed 4 with fish meal (509 and
5 mg/day). Clam powder gave the best food
conversion (1.46) followad by mantis shrimp
protein (1.71), prawn waste (2.27) and fish
meal (4.2). The food conversion in the cass
of fresh clam meat was not d=termined, as
there was heavy mortality.

The average rate of food ingestion was the
highest in the case of mantis shrimp protein
(23.6 mg/day/animal) and the lowest in the

TABLE 5. Results of the feeding experiment 2 fed with the feeds 5-9 for 30 days

Description Experimental feeds

5 6 7 8 9
Initial average body weight (mg) 210 200 230 200 200
Final average body weight (mg) 590 590 700 830 800
Increase in average body weight (mg) 380 390 470 690 600
Percentage increase in average body Weight 181 195 204 345 300
Average growth (mg/day) 12.70 13.00 15.70 23.00 20.00
Total food consumed (g) 8.66 7.05 8.97 8.88 8.77
Averagerate of food ingestion (mg/animal/day) 28.90 23.50 29.90 29.60 29.20
Food conversion 2.28 1.80 1.90 1.29 1.46
Protein efficiency ratio* 2.10 1.96 1.50 1.50 1.18
Survival ¥ 100 100 100 100 100

* Protein efficieacy ratio :

Live wzight gain per gram of protein consumed,
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case of claim powder (19.3 mg/day/animal),
while for prawn waste and fish m:a! the food
intake was 21.3 and 21.0 mg/day/animal res-
pectively.

Weight gain increased with time (Fig. 1)

in general. The increase in weight was the
highest in the last ten days and lowest in the
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Fig. 1. Growth curves of the prawn P. indicus fed on
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shrimp proicin, fresh clam mzat, clam powd-r
and fish meal in the d:creasing ord-r.

The gain in live-wzight increased with the
increase in cruds protein level in the dict upto
42.97%, (Table 5) and dzclinad thereafier in ihe
second experiment. The feed with 42.9%
crudz protein gave the highsst increasz in live
weight gain (3459 and 23 mg/day) and best
food conversion (1.29). The protzin efficiency
ratio declined gradually with successive increase
in the dietary protein level.

There was a sharp increase in weight between
35.0 and 42.99% crude protein levels, while the
increase in weight from 20.6 to 35.0% protein
levels was gradual (Fig. 2, curve A) and again
there was a gradual decline between 42.9 and
46.5%, protein. The protein utilisation gra-
dually declined from 20.6 to 35.0 crudz protein
level (Fig. 2, curve B); it was steady between
35.0 and 42.99/ and it sharply d=clined between
42.9 and 46.5%.

DISCUSSION

Mantis shrimp protein and clam powder
gave almost identical growth rates, while clam
powder gave better food conversion. But
both are superior to fresh clam mezat. The
growth obtained by prawn waste is comparable
to that of the fresh clam meat. Venkatara-
maiah ef al. (1978) observed that Penaeus

the feeds compounded separately with prawn waste, mantis
shrimp protein, clam meat powder, fish meal and fresh
clam meat.

aztecus fed with shrimp waste pellets gave good
results. Sandifer and Joseph (1976) found
waste shrimp heads (P. setiferus) were a good
source of fatty acids and pigments in the diets
for Macrobrachium rosenbergii.  Similar re-
sults were obtained by Forster and Bzard (1973)
for Palemon serratus. Prawn waste protein
is reported to be having several essential amino
acids (Foster, 1775). Fresh clam m:at failed
to give superior growth results compared to
that of the compounded diets with mantis
shrimp protein and clam powder. Kanazawa

first ten days in the case of feeds 2, 3 and fresh
clam meat, whereas in the cass of feeds 1 to 4
it was vice versa. In the case of fresh clam
meat frequent moulting, heavy mortality and
cannibalism were observed.

In general the animals were immediately
attracted to all the foods. However, the pre-
ference was observed for prawn waste, mantis
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¢t al. (1970) reporicd that the fresh dict of short-
necked clam (Tapes philippinarum) ve supe-
rior growth compared t6 the compound.:d diets
for Penacus japonicus. Similar resuits weore
obtammed by Fuorster and B:ard (1973) for
Palacmon scrratus.  But Venkaiaramaiah et al.
(1973) found that aithough the live food; such
as Artcemia naup'ii and shrimp m:at gave sup:-
rior growih in brown shrimp, a high raiz of
chitinoclasiic bacterial infection, leading to

400
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ing. The probable factor m- bz the iodine
rich thyro-proieins in the fres . clam (Personal
discussion with Kai W. Chow, Agquaculture

D:partment and Co-ordination Prog., FAO).

Fish mezal gave comparatively poor results
as reporied earlier by Deshimaru and Shigeno
(1972) and Colvin (1976). The formsr workers
found that the amino acid composition of fish
m>al was not similar to that of the prawn

4

L
«
PROTEIN EFFICIENCY RATIO

23 we 49
.. CRUDE PROTEIN LEVEL (%)

Fig. 2. Growth, dietary protein level and protein efficiency ratio curves
of the prawn P. indicus: A. Relatiorship tetween the dietary protein level and
live-weight increase and B. Relationship between dietary protein level and

protein efficiency ratio.

heavy mortality was observed in these experi-
ments. The relatively poor performance ob-
tained by the fresh clam meat in the present
study may be due to similar reasons.

Frequent moulting was observed during feed-
ing expcriments with fresh clam meat suggesting
that this contains a factor which induces moult-

P. japonicus. The latter suggested that the
relative deficiency of the amino acids, tyrosine
and phenylalanine in the fish meal may be the
reason for its relatively poor performance.

Prawns were observed to prefer prawn waste.
The odour it possesses may be attracting the
animals and making the feed more palatable.
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The protein gquality of th: prawa wastz my be
furiher imaroved by b'ending it with other high
quality proicin materials such as mantis shrimp,
in suitablc proporiions.

De:shimaru and Shigeno (1972) obs:rved that
the growih of P. japonicus was found to correlate
with the amount of crud: proicin in thz diet.
A similar trend was obszrved by Balazs and
Ross (1976) thai high protein conweni produc:d
largar  prawas (M. roscnbergii).  Venkata-
ramaiah et al., (1973) found best growdh with
the food containining 409 proizin (P. aztecus)

and Colvin (1976) record:d highest live-wzight

gain with a 439 protein diet (P. indicus). The
findings Qf expzrimznis carried out in th:
present study conform to th: above results.
The growih valuss record:d in the presani study
(23 mg[day with initial weight 0.2 g) are compa-
rable to that of Colvin (1976, 44 mg/day with
intial wzigat 0.95) taking into conmsid:ration
the initial m:=an weights of the prawas. The
food conversion valuzs obtained are compara-
tively superior.

The optimum protein level in thz diets for

enaeid prawns appzars to be between 35 and
40%. This is indicated by the steep rise in
weightincrease (Fig.2, curve A) between 35.0 and
42 99, while the increase in weight was gradual
in the lower protein levels. This is further
supported by the fact that the protein utilisation
is steady (Fig. 2, curve B) bztween the two
protein levels. Results: from other workers
confirm that protein levels compatible with
maximum or near-maximum growth were
b=tween 30 and 409, for pznaeid prawas (Sick
et al., 1978 ; Forster and Bzard, 1973 ; Venkata-:
ramaiah ef al., 1975). In general it is observed
that the high protein levels in the diet bayond
the optimum level do not produce significant
increase in growth or the growih is not pro-
portional to the increase in protein level. The
probable explanation for this may be that the
increase in protein decreases the quantity of
other energy giving nutrients such as fat and
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carbohydratz in thz dict, from which the animals
normlly derive most of thz encrgy required
for th:ir m:iabolic aciivities. In that case the
protein in exczss of thz optimum level is mostly
utiliszd for the m:tabolic energy required and
not for tissuz growth. This is indirectly sup-
porizd by the faci that the protcin utilisation,
in terms of live-w:ight gain, dsclines wiih the
increas: in the dictary protein level. Howecver,
this nzzds furihar study to establish the fact.

The resuiis of the presznt study indicate that
thz qua‘ity of the protzin in the diets depznds
upon iis source and influences the growih.

“This is in accordance: with the findings of Forster

(1975). Therefore for thz practical utilization,
it will bz more realisiic to select the suitable
raw materials available in the region concerned
and find thz nutritional requiremsnts in terms
of the raw materials, instead of purified protein
materials, such as caszin. For the growth and
food conversion obtainad by the diets containing
cas:in at a particular protein level may be
entirely different from that of the diets containing
the szlected raw materials depending upon their
protein quality.

The results of the present study show that
the maniis shrimp protein is one of the high
quality animal protein sources for diets. Little
Information is available in the literature about
the use of mantis shrimp in prawn diets. Consi-
darable quantities of mantis shrimp are landed
along with the prawns. But most of it is not
propzrly utilised. The utilisation of mantis
shrimp as one of the prawn feed ingredients
may bz a promising proposition.

CONCLUSION

Mantis shrimp protein and dry clam powder
may be considered high quality animal protein
sources to be used in the prawn diets. Prawn
waste provides desirable flavour and palata-
bility in the diets for prawns. Fresh clam m=at
contains a factor which induces moulting in the
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juvenile prawns. Fish mer! alone may bz a
relatively poor animal : »tein source for
prawns. Maximum growth rate is obtained

SYED AHAMAD ALI

with diets containing 9% crude protein and
the optimum protei: evel in the diets for
penaeid prawns lies bztwzen 35-40 9.
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EFFECT OF CARBOHYDRATE (STARCH) LEVEL IN PURIFIED
DIETS ON THE GROWTH OF PENAEUS INDICUS

SYED AHAMAD ALI
Central Marine Fisheries Research Institute, Cochin.

ABSTRACT

Four purified diets were formulated using casein, gelatin, starch, fish oil,
groundnut oil, vitamins, minerals and cellulose. The carbohydmate in the diets
was increased from 10 to 40% by varying.the starch content to study the effect
of dietary carbohydrate level on the growth, survival and food conversion of the
prawn Penaeus indicus The protein and the lipid contents were kept constant in
all the diets. Feeding experiments conducted in the laboratory on the juvenile
P. indicus indicated that the growth of prawn increased with increase in the dictary
carbohydrate level from 10 to 40% (P < 0.01). The food-conversion efficiency
and the rate of survival improved with the increase of carbohydrate level in the
diet. The growth also increased with the increase of carbohydrate calorie ratio,
while it was better with lower protein carbohydrate ratio of the diets.

INTRODUCTION

Carbohydrate is a cheap source of energy in the diet of animals, includ-
ing fish and prawns. If a large percentage of the metabolic energy requirements
of the animal can be met from the carbohydrate, the more expensive protein can
be spared for growth. The protein sparing action of the carbohydrate in the-diet
at 30% level was reported by Andrews et al (1972) in Penaeus aztecus. Sick
and Andrews (1973) found that 40% oorn starch in casein-based diets produced
faster growth in P. dworarum- The carbohydrate requirements of the Indian
white prawn P. indicus are not known. With a view to finding out the effect of
dietary carbohydrate level on the growth and food conversion of 2. indicus, the
present study had been carried out. Since Abdel Rahiman et al (1979) had
reported that the polysaccharldes like starch, dextrin and glycogen gave better
growth, along with disaccharides, in P. japonicus, staroh was selected as the
sourcc of carbohydrate in the present study.

MATERIAL AND METHODS

Fat-free casein was obtained from Centron Laboratories, Bombay. Gelatin
used in the diets was obtained from B.D-.-H., and starch from Merck. Sardine
oil and refined groundnut oil were locally purchased. The vitamin mixture was
obtained from Roche Pharmaceuticals; the mineral mixture was prepared in the
laboratory. Cellulose powder was procured from Johnson Chemicals, Bombay.
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Preparation of the diets

Four purified diets (Cl1, C2, C3 and C4) werc formulated using cascin.
gelatin, starch, a  mixture of sardine oil and refined groundnut oil (in
ratio 1 : 1 ).The starch content was varied from 10 to 40% in the diets Cl to
C4. Cellulosc powder was used as the non-nutrient filler. Vitamins and minerals
were included in all the feeds. No extra binding material was used sincc all the
diets contained gelatin and starch. Thc protein content in all the diets was kept
approximately at 35%. By virtue of variation in the carbohydrate content, the
protein carbohydrate ratio varied from 3.5 to 0.92 in the diets from C1 to C4
while the carbohydrate caloric ratio changed {rom 2.079 to 8.831. The pcreent-
age composition of the diets is given in table 1.

The starch and the gelatin were dissolved in 80 ml (for 100 g of dict)
of water and cooked into a paste, while the other ingredicnts were separately

TABLE 1. Percentage composition of the diels.

Ingredients % Diets
Cs C, G Cs

Casein 30 30 30 30
Gelatin 06 06 06 06
oil * 06 06 06 06
Starch : 10 20 30 40
Vitamin and mineral (mix **) 03 03 03 03
Cellulose powder 45 35 25 15

. Total 100 100 100 100
Proximate composition % on dry basis _

Crude protein 35.75 33.25 37.62 36.75
Lipid 6.00 600 6.00 6.00
Carbohydrate (Starch) 100 200 300 400
Ash ’ 40 425 403 625
Calorific value (K calig) 481 479 466 453
Protein carbohydrate ratio 3.50 175 125 092
Carbohydrate calorie ratio 2.079 4.166 6.437 8.831

*  The oil used consists of a mixture of fish oil (Sardinc) and groundnut oil
in the ratio 1 : 1.

** The mineral and vitamin mixture : Eevery 500 g consists of Vitamin A
6,25,000 1.U; Vitamin D?. 62,500 LU; Vitamin E, 250 I.U; Vitamin B2,
200 mg. Calcium. 126.0 g; Phosphorous, 90.0 g, Copper, 1.25 g,

S

Todin as iodate. 0.25 ¢. Manganese 1.00 ¢, Cobalt 0.10 ¢ and Zinc 0.50 g.
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powdered and passed through a 30-mesh sieve and added to the paste. The mix-
turc was then thoroughly homogenised and passed through a 3mm-diamecter
extruder. The extruded part was dried in an electric oven at 65 + 2° for 12 h,
and stored in air tight plastic containers until use as diet.

The crude protein of the diet was determined by Kijeldahl method and
the calorific value was detcrmined using bomb calorimeter.

Feeding experiments

Juveniles of P. indicus from the same brood, reared in the prawn culture
laboratory of CMFRI, Narakal, were randomly sclected and used in the experi-
ments. The average initial length was about 27 mm and weight 0.1 g.

The animals were stocked in 3'-diameter collapsable plastic pools with
300 | sea water, filtered through boltingsilk. In cach pool, 20 animals were kept,
with two replicates for cach treatment. Aeration was provided intermittently in
all the pools. The water in the pools was changed every six days.

Feeding was doné at the rate of 25% of the body weight per day, to
start with. But subsequently, feeding was adjusted, to 15 to 10% of the body
weight per day, according to the left over food. Feeding was done once a day,
in the evening. The feeding experiment was carried out for a period of 30 days.

The salinity of the water was maintained at 16 + 1%, throughout the
experiment. The temperature ranged between 26°C to 27°C and the pH of the
water varied from 7.9 to 8.0 during the experimental period.

RESULTS

The results of the feeding experiment are presented in table 2. It can
be seen that the growth of the prawns, both in fength and weight, gradually in-
creased (from 62.3% to 147.6%) with the successive increase in the carbo-
hydrate level of the diets. The diet with 40% starch recorded the highest growth
(fig. 1 curves A and B). The food conversion efficiency improved with the in-
crease in the dietary carbohydrate level up to 30%. There is a slight decline
theafter. The percentage of survival is maximum (95%) at 40% carbohydrate
level.

The experimental data were subjected to statistical analysis and were
analysed by the method of analysis of non-orthogonal data by fitting constants.
For this, the model used was:

Yijk =M +a; + b] -+ (ab)ij + €ijk

Where Yijk is the length of the K" individualin the jlh replicate of the i‘,h

diet level.
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g the effect of ilh dict level.

bj = the cffect of jlh replicate.
(ub)jj the interuaction eflect.

ejjk random error comporcent.

The analysis is summarised in table 3. It can bc scen that the interaction
is highly significant along the trcatments and replications, indicating that treat-
ments and replicates are not independent. That is, therc is a differential response
to treatments over the replications and vice versa. From individual mean com-
position, it is observed that trcatments significantly differ among themselves,
diets C3 and C4 scoring over C1 and C2. Thus there is increase in growth with
the increase in carbohydrate level in the diet (P < 0.01) from C1 to C4.

The results also indicate that the low protein carbohydrate ratio and
high carbohydrate caloric ratio produce higher growth rates (Fig. 2. curves
C, D, E, and F) and survival and improve the food conversion efficiency of the
diet.

1 601
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FIG. 1. Relationship between the dietary carbohydrate level mad growth
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TABLE 2. Data on the feeding expceriment with feeds C1 to C4 on P. indcus for

30 days.
Diets

Ci C; Cs
Initial mean length (mm) ’ 27.05 27.37 27.40 27.87
Initial average wcight (g) 0-105 0.105 0.105 0.105
Final mcan length (mm) 31.01 32.68 3343 34.62
Final average weight (g) 0.170 0.169 0.193 0.260
Percentage increasc in length 14.70 19.30 21.90 24.30
Percentage increase in weight 62.30 61.0 84.20 147.60
Percentage survival . 72.5 87.5 82.5 95.0
Food conversion* 11.15 5.55 4.07 4.25

Weight of food consumed

* Food conversion =
live weight gain

TABLE 3. Statistical analysis : ANOV A

Source Degrees of Sum of squares Mean square
freedom S.S.

Feed levels 3 233.5612 77.8537 X X

Replicate 1 149718 149718 X X

Treatments 3 187.8687 626226 X X

Errors 129 811.3187 6.2893

X X = Highly significant (P < 0.01)

Di1SCUSSION

The increase in the carbohydrate level in the diets enhanced the growth
in prawns. This may be due to the protein sparing action of carbohydrate in
which the increased levels of carbohydrate in the diet might have provided larger
quantums of energy required for the metabolic activities of the animals, while
more and more protein had been spared for growth. The enhanced growth at
higher levels of carbohydrate might be responsible for better food conversion
values. At the lower levels of carbohydrate in the diet, the aminals might be
deriving the metabolic encrgy partly from protein, thus accounting for lesser
growth even though the protein and lipid levels in the diets at lower and higher

carbohydrate levels were the same.
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The diet with 40% carbohydrate produced the highest growth which is
maximum level tested. Andrews ct al (1972) have reported that 30% starch in
the dict gave better growth and spared protein in the dict in P. azfecus. Sick and

Curves . C & E Weight
Curves — D& F Length

IGOr i
140F c ™ E
120} -
32
2 100F -
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S L
&
o 60 -
40} .
0 F -
20- \\ i ./‘-—_—*”-.
1 1 i 1 11 1 1 5 1 1 1
(0] 1 2 3 4 !l 2383 4 56 7 89
Protoin: Corbo hydrote Rotio Carbohydrate : Calorie Ratic

FIG, 2. Relationship ‘between growth, protein-carbohydrate ratio and carbohydrate- calorie
ratio

Andrews (1973) found that 40% corn starch in the cascin-bascd diets pro-
duced faster growth in P. dwuorarwn. The results obtained in the present study
on P. indicus arc in agreement with these findings.

The performance of the diet can be improved by reducing the protein
carbohydrate ratio. As indicated in the present study (Fig. 2 curves C and D),
it can L2 less than unity. That is, the carbohydrate level in the diet can be as
much as< that of the protein or even more. The growth of prawns also gradually
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increased with the increase in carbohvdrate caloric ratio (Fig. 2 curves E and
F). These relationships indicate that by increasing the carbohydrate level (up to
40%¢) in the dict. the protein can be spared and the calorific value of the dict
can be maintained and thus improve the overall performance of the dict.

The growth of prawns obtained with purified diets in the present study
(147.6%) is low compared to the growth obtained in the laboratory experi-
ments in P. indicus (413% to 690% ), with feeds compounded with natural
ingredients reported carlier by the author (Ahamad Ali 1980). Similar inferior
growth was reported in prawns with purified diets prepared using casein, amino
acid, mixtures and peptides by Kanazawa, et al (1970). Sick et al (1972) and
Deshimaru and Kuroki (1974 ¢, 1975 a and b).

The use of cellulose powder as a non-nutrient filler in purified diets
appcears to affect the palatability of the diets for prawns in the present study.
The maximum levels of cellulose that can be used in the purified diets without
affecting the palatability needs further investigation.
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POSTER PAPER

COMPOUNDED FEEDS FOR POSTLARVAL REARING
OF MARINE PRAWNS

SYED AHAMAD ALI AND M. G. SIVADAS
Narakkal Prawn Cultute Laboratory of CMFRI, Cochin-682 505

Availability of appropriate feed has
been the main constraint for rearing
the various stages of prawn larvae.
This is largely overcome by the use
of live feed cultures. But the main-
tenance of these live feed cultures
require specialised technical inputs,
labour and time. Compounded feeds
have been tried for rearing prawn larvae
with varied success in different countries
of the world. Attempts are being made
to develop compounded feeds for
rearing different stages of prawn at the
NPCL. One of the successful feeds
developed for the post-larval rearing
has been described here.

Several feeds were prepared and
pelletized with protein contents ranging
from 30 to 60%. using clam meat,
groundnut oil cake, fish meal, mantis
shrimp (squilla). trash fish, yeast and
cassava (tapioca). The feeds were
prepared by mixing dry’ powdered
ingredients with 50% water and steaming
for 15 minutes. The homogenised wet
dcugh was extruded in 1 mm diameter
pellets and dried in ovenat70+ 2°C
for 12 hours. The dry pellets are stored
in polythene bags. By keeping the

moisture content below 10%, the feeds
could be stored for a period of six
months.

Using these feeds several experi-
ments were conducted in which over
1,60.000 postlarvae of Penacus indicus
were stocked and reared in 24’ dia.
pools. Among the feeds tested, the
feed PLF - 3 consisting of mantis shrimp
209%,, prawn waste 209%. groundnut
oil cake 30%. fish meal 10% and cassava
20% with a protein content of 36 8%
gave the best performance in terms
of growth and survival The postlarvae
were reared using this feed from PL,
to PL,; with a survival rate of 90.3%
and the larvae had grown from an initial
average length of 6 0 mm to a final
average length of 18.0 mm. Feeding
was done at the rate of 100% of the
body weight for the first two days
and it was gradually brought down to
10% of the body weight finally. The
cost of preparation of the feed was
approximately Rs. 2/- per kilogram. The
details of the experiments conducted
and the results obtained using "this feed
are illustrated in the posters. (e}
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Utilisation of Prawn Waste and Mantis Shrimp for
Compounding Feeds for the Culture of Penaeid Prawns

SYED AHAMAD ALl and K. H. MOHAMED

Central Marine  Fisheries Research Institure, Cochin - 682 018

Waste materials like prawn waste (Protein 38", . energy 3.69 Kcal/g) and mantis shrimp (Protein
45°,. energy 3.72 Kcal/g) were identified for providing animal protein in compounded feeds for
culture of penaeid prawns. Four different feeds were tormulated and pelletized using prawn waste,
mantis shrimp. groundnut cake and cassava to evaluate their acceptability as feeds. These feeds
were tried on the Indian white prawn Penaeus indicus and its growth and food conversion efficiencies
were found out. The efficiency of these feeds were compared with the results obtained by the use of
conventional feed of fresh clam meat taken as control. Short term feeding experiments conducted
on juvenile P. indicus at the Narakal Prawn Culture Laboratory showed that the feed No. NPCL,,
having a composition of prawn waste 25%;, mantis shrimp 35%. groundnut cake 209, and cassava
20", gave the highest growth rate (length increase 75.7Y%,, weightincrease 400%;). Among the feeds
tested the highest food conversion efficiency of 3.22 was also obtained by the use of this feed.
The feed was readily accepted by the prawn and that their growth was far superior in comparison
with the growth parameters obtained in the control.

The nutritional values and characteristics of these two low cost animal protein sources as feed
ingredicnts have been discussed and detailed methods of preparation described.

Appropriate feed is the most important pre-requi-
site for the development of scientific prawn culture
through its various stages. Earlier workers in Japan
used clams and mussels for feeding prawns (Fujinaga,
1935; Hudinaga, 1969) in culture systems. Later,
through the development of balanced compounded
feeds (Deshimaru & Shigano, 1972) it had been possible
to develop intensive culture of Kuruma shrimp Penaeus
aponicus (Shigeno, 1975). Subsequently  several
studies were conducted in different parts of the world,
on penaeid prawns to develop feeds (Cook & Murphy,
1969; Cook, 1973 and New, 1976) using various feed
stuffs available in the concerned region. Several
compounded feeds have also been patented by various
workers in different countries for culturing of aquatic
organism on commercial scale.

In recent years high priority is given for the deve-
lopment of marine prawn culture in India, utilising the
coastal swampy areas, to augment the production.
Among the several candidate species suitable for cul-
ture (Forster & Beard, 1974) the Indian white prawn
Penaeus indicus has been identified as the most suitable
species for culture in coastal waters. Suitable hat-
chery techniques have been developed for mass pro-
duction of the seeds of this species at the Prawn Culture
Laboratory of Central Marine Fisheries Research
Institute, Narakal.

With a view to develop low cost nutritionally
balanced feeds for the culturc of P. indicus, locally

available low cost materials like prawn waste, mantis
shrimp, groundnut cake and cassava (tapioca) were
identified as the feed ingredients. The acceptability
and the relative efficiencies of these feed materials for
the prawn were already reported by Ahamad Ali
(1980). The present study is taken up for exploring
diversified utilisation of thése products for compoun-
ding low cost feeds for the culture of penaeid prawns
in the grow out systems.

Materials and Methods

Raw materials used were prawn waste, mantis
shrimp, groundnut cake and cassava (tapiocs). Prawn
waste consists of the entire exhoskeleton, the head,
eyes and eyestalks, hepato pancreas, gills, residual
meat in head and the intestine of prawns. For feed
compounding this conglamorate material was collected
and brought to the laboratory and was sun dried on
cement platform without washing. When fully dried
it was made into a fine powder using micro pulverizer.

The mantis shrimp is a stomatopod caught in
abundant in the early fishing season for prawns. Large
quantities of Orato squilla nepa occur in the trawl
catches along with prawns during November to January.
During the season tonnes of this species are sorted out
and discarded in the fishing harbour and other trawler
landing centres. The meat content of the animal is
very low and major portion of its body consists of
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chitin. These were collected, dried and powdered in
the same way as prawn waste. The cassava powder
as well as the groundnut cake were obtained from the
local market.

Preparation of feeds

Four feeds nos NPCL,;,. NPCL,,, NPCL,, and
NPCL.;; were formulated using the above ingredients
in different proportions keeping the protein level at
34%,. The percentage of prawn waste and mantis
shrimp were varied from 15 to 45°/ while groundnut cake
and cassava were kept constant in all the four experi-
mental feeds (Table 2). The powdered ingredients
were weighed separately and then mixed and homoge-
nized in an electrical blender. Water (900 ml for | kg
of feed) was added and cooked at 1| psig for
15 minuces. The feeds were then kneaded into a dough
and extruded through 3 mm diameter extruder and
dried in the oven at 70 £ 2°C for 12 h. The control
feed was prepared from clam (Sunneta scripta) meat.

The crude protein was estimated by Kjeldahl
method, lipid was estimated by using methanol chloro-
form mixture (1:2 ratio) and moisture and ash were
determined by the A.O.A.C. methods. The calorific
value was determined by the bomb calorimeter. While
calcium was estimated by the titrimetric method,

Table 2. Composition of the feeds and fresh clam

NPCL,, NPCL,,

(a) Ingredients

Prawn waste 15 25

Mantis shrimp 45 35

Groundnut cake 20 20

Cassava (tapioca) 20 20

Total 100 100
(b) Proximate composition

Crude protein

(% on dry basis) 33.71 32.83

Lipid " 6.50 6.72

N-free extract

(by difference) 40.41 4315

Ash 19.38 17.30

Acid insoluble ash 0.39 0.67

SYED AHAMAD ALI AND K. H. MOHAMED

phosphorus was determined by the colourimetric
method using molybd vanadate reagent.

The compos n of prawn waste, mantis shrinp,
groundnut cake ad cassava used for the preparation
of the feeds is given in Table 1 and the composition
of different feeds and fresh clam meat in Table 2.

Table 1. Biochemical composition of prawn waste,
mantis shrimp, groundnut cake and cassava
Description Prawn Mantis Groun- Cassava
waste  shrimp dnut
cake
Crude protein ",
(TN x 6.25)
dry wt. basis 38.20  45.71 18.54 2.00
Carbohydrate
(% on dry basis) — — 14.50 68.50
Lipid - 7.52 7.55 10.40 0.54
Ash 2395  23.63 6.30 1.45
Acid inso-
luble ash .. 3.93 [.38 — —
Calcium . 7.18 8.02 — —
Phosphorus 1.22 1.26 - —
Calorific
value (k cal/g) 3.69 3.72 -— —
meat
Feeds Fresh
NPCL,, NPCL,; clam
meat
35 45 —
25 15 —
20 20 —
20 20 _
100 100 —
33.29 33.71 45.10
8.20 6.43 13.00
41.62 43.03 39.71
16.89 16.83 219
0.8% 2.31 Trace
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Feeding experiments

Juveniles of P. indicus (average 30 mm length,
0.2 g weight). rcared in the hatchery were selected at
random for feeding experiments. They were stocked
in 90 ¢cm diameter plastic pools containing 300 litres
of sea water (filtered through No.20 bloting silk cloth).
The specimens were individually measured for length,
but the initial average weight was taken from a sample
of 50 animals sacrificed for this purpose. Ten animals
were stocked in each pool and two replicates were
kept for each treatment. Aeration was provided
intermittantly in all the pools and the entire water was
changed once in three days.

Feeding was done at the rate of 129, of the body
weight once a day in the evening hours. The feed was
kept in petridishes at the bottom of the pool. The
left over food was carefully collected, dried and weighed
and the sediments were removed regularly before
feeding. The feeding experiments were continued for
a period of 30 days.

The salinity, oxygen and pH of the water were
monitored whenever water was changed and special
care was taken to see that these parameters had least
variation. No temperature control was exercised since
the experiments was conducted at the given ambient
temperature: The range of these parameters during
the experiments were, salinity 14 * 2% _, pH 8 to 8.05
and temperature 26.6°C to 28.2°C.

Results and Discussion

_ The results obtained from the four experiments
using the formulated feeds together with those in the
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control are given in Table 3. In all these cases. the
offered food had been generally acceptable to the prawns
even from the first duy. Within the 30 days of duration
of the experiment there was no significant variation in
the acceptability of these feeds and it was also noticed
that the quantity ol feed offered (129 of body weight)
was more than what was taken, indicating that the
feeding was more or less ‘ad /ibitum’. In all the treat-
ments the animals were active and healthy and no signs
of defficiency were noticed throughout the experi-
mental period.

The growth achieved in the control experiment
with fresh clam meat as feed was 9.5 mm with in 30
days and that was only an increase of 30.9% . In the
matter of weight the increase was to the extent of 130%.
This growth of prawns obtained by the use of control
feed was inferior to the results obtained by use of all
the compounded feeds. Among the four compounded
feeds tested, the use of feed NPCL,, produced the
highest growth rate of 75.7% in length and 4009 in
weight and the best food conversion efficiency of 3.22.
This is followed bythe results obtained by the use of
feed NPCL,, in which the growth rate was 52.5% in
length and 2809 in weight and food conversion effi-
ciency was 5.97. The growth and food conversion
obtained in prawns by the use of feeds NPCL,, and
NPCL,3 were almost similar, the results obtained
by these feeds being 63.5%, 2429, and 7.78 and 57.6%,
2429 and 7.648, the growth in length, weight and food
conversion efficiency respectively.

The components groundnut cake and cassava being
the same in all the feeds, the combination of prawn waste
(25%) and mantis shrimp (35%) in the ratio 5:7 gave

Table 3. Results of the feeding experiments conducted with the feeds NPCLyq to NPCLyy and clam meat on the

juveniles of P. indicus

No. of animals stockea: 10 nos/pool; Duration of experiment: 30 days

Feed No. Fresh
Description NPCL ,, NPCL ,, NPCL ,, NPCL ,, clam

meat

Initial mean length mm 28.40 28.00 27.40 27.60 30.70
Initial average weight g 0.15 0.15 0.15 0.15 0.20
Final average length mm 43.30 49.10 44.10 43.50 40.20
Final average weight g 0.57 0.757 0.513 0.513 0.46
Increase in average weight g 0.42 0.60 0.363 0.363 0.26
Increase in mean length mm 14.90 21.20 17.40 15.90 9.50
Growth in length ¢/ 52.50 75.70 63.50 57.60 30.90
Growth in weight °, 280.00 400.00 242.00 242.00 130.00
Total food given g 20.90 20.90 20.90 20.90 —
Total left over food g 1.3163 nil 1.4397 1.7788 —
Total tood consumed g 19.5837 20.90 19.4603 18.1212 —
Food conversion value (+) 5.59 3.22 7.78 7.648 —
Survival ¥ 75 85 90 90 50

(+) Food conversion value

Total food consumed (g)/total weight increase (g)
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the best performance in feed NPCL,,. Higher con-
tents of pr~wns waste above 25% and mantis shrimp
above 35° in the feed lowered the performance.
There’ =, u.e best combination of these two ma =rials
in the .d appears to be in the ratio 5:7 under tt pre-
sent _xperimental conditions.

The use of prawn wiste and mantis shrimps for
preparation of feeds for the culture of prawns appears
to be very promising. Although, the four compou-
nded feeds prepared were readily acceptable to
the prawns, there appears to be a relative preference
to flavour of prawn waste which possibly is enhancing
the palatability of the feeds. The feeds produced very
superior growth in prawns in comparison with the results
obtained by using the control feed of fresh clam meat.
While clam has been conventionally used as control
feed in prawn rearing experiments, Ahamad Ali (1980)
observed in such cases heavy mortality and cannijbalism
leading to poor performance.

The growth of 4009 in body weight of prawns
P. indicus obtained in the experiment using the feed
NPCL,, isfar superior to the growth of 196.88% obtai-
ned by Colvin (1976) using prepared feed with 33.4%
of protein consisting of yeast, molasses, prawn
meal (whole prawn) and fish meal under more or
less same conditions. By using pelleted feeds consisting
of prawn shell, fish meal and high marsh grass,
Venkataramaiah et al. (1978) obtained a growth of
31.4%, in length and 137.9% in weight in P. aztecus.
The growth obtained by the feed NPCL,, in P.
indicus in present study is far superior. New (1976)
has reviewed the various works on preparation,
use and effect of different compounded feeds in
different species of prawns. The comparison of the
results obtained in these studies is rendered difficult
due to variations in experimental conditions and pro-
cedures. However the growth of 75.7% in length and
4007; in weight and food conversion efficiency of 3.22
obtained by using feed NPCL,, in P. indicus can be
considered as very good under laboratory conditions
and are superio: to that ot the control feed fre.h clam
meat.

While no reference is available on the use of man-
tis shrimp in prawn feeds, prawn waste had been used
for preparing prawn feeds by Forster (1975), Sandifer &
Joseph (1976) and Venkataramaiah et al. (1978). The
relative efficiencies of feeds compounded separately
with prawn waste and mantis shrimp protein for rearing
P. indicus were reported earlier (Ahamad Ali, 1980),
in which the feed prepared using mantis shrimp protein
gave the highest growth and best food conversion value.
Both prawn waste and mantis shrimp contain fairly
high percentage of protein, calcium, phosphorus and
chitin (Madhavan & Ramachandran Nair, 1975)
which are very important factors in prawn nutrition.
Kitabhayashi et al. (1971) showed glucosamine the
breakdown product of chitin, is a growth promoting
factor for the Japanese prawn P. japonicus. That the

.Cook, H. L.
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essential amino acids, fatty acids and pigments conta-
ined in the prawn waste material have ~wth promo-
ting role when fed to prawns in comr—ov. :d feeds, has
been reported by Forster (1975) an  indifer & Joseph
(1976). It is also seen that additic of these materials
in the compounded feeds enhances their flavour and
palatability in respect of prawns. '

These two materials are presently wasted in large
quantities in the fishing harbour and peeling sheds and
the cost of these materials is only nominal. It is impor-
tant that these materials are put to rational use for
enhancing the production by preparing low cost feed
materials for the fast developing prawn culture industry
in the country.

The authors wish to express their sincere thanks to Dr.E.G. Silas,
Director, Central Marine Fisheries Research lnst}tute, Cochin -1
for his encouragement in carrying out these studies.

References

Ahamad Ali, S. (1980) Proceedings of the Syniposium
on Coastal Aquaculture, 12-18 Jan. Cochin. India.
Abstract No. 235

Colvin, P. M. (1976) Agquaculture, 7, 315
Cook, H. L. & Murphy, M. A.
Fish. Soc. 4, 751

(1973) Rep. FAOJUNDP (TA) 3141,
FAO, Rome, pp 13

(1969) Trans. Am.

Deshimaru, O. B. & Shigeno, K.
1, 115

Forster, J. R. M. (1975) Proceedings of First Inter-
national Conference on Aquaculture Nutrition, 229

(1972) Aquaculture,

Forster, J. R. M. & Beard, T. W.
3, 355

Fujinaga, M.(1935) Rep. Hayatoma Fish. Res. Lab.1, 1

(1974) Aquaculture.

Hudinaga, M. (1969) FAO Fish Rep. 57, 3, 811

Kitabhayashi, K., Kurata, H. Shudo, K. Nakamura K. &
S. Ishiwaka (1971) Bull. Tokai Reg. Fish. Res.
Lab. 65, 91

Madhavan, P. & Ramachandran Nair, K. G.
Fish. Technol. 12, 81

(1975)

New, M. B. (1976) Aquaculture, 9, 101

Sandifer, P. A. & Joseph, J. D. (1976) Aquaculture.
8, 129

Shigeno, K. (1975) Association of International Tech-

nical Promotion, Tokyo, pp. 153

Venkataramaiah, A., Cook, D.W., Beesiot, P. & Lakshmi
1978) Proceedings 9th Annual Meeting



	STUDIES ON THE EVALUATION OF DIFFERENT SOURCES OFPROTEINS, CARBOHYDRATES AND MINERAL REQUIREMENTSFOR JUVENILE PENAEID PRAWN PENAEU5 INDICU5H. MILNE EDWARDS
	certificate

	DECLARATION
	CONTENTS
	LIST OF TABLES
	list of figures

	list of plates

	preface

	acknowledgement

	introduction

	chapter 1

	CHAPTER .. II
	CHAPTER .. III
	CHAPTER - IV
	SUMMARY
	REFERENCES
	appendix

	Untitled

