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(18)PRE PAC E


Prawns and shrimps occupy an important place in the
 marine Fisheries of India. The present prawn production of
 the country, contributed by penaeid and non—penaeid 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 exploitation 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 entailing 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 their 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 priority
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in the aquaculture programmes.


A comprehensive knowledge of the nutritional requirements


and related aspects of the candidate species selected for culture
 and of the charateristics 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 Paﬁt 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
 efficacy 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 vig-Q-gis the nutrient profile, nutritional 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 Penagus indiggs, 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



(20)111


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 E, 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 ofibur 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 cake, single cell protein


§p;£g;;g§) for the Juveniles of E, 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,
 Qlucose), two disaccharides (maltose, sucrose) and two


polysaccharides (glycogen. starch) were evaluated in the diet
of E, iggiggg. 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 E, 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 E, iggiggg 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


A11, 1986). Using the experience gained in the field of'numirtion,



(22)feed formulation and feed preparation techniques, the author
 evolved certain compounded formula feeds with locally available
 feed ingredients for feeding the larvae (Mohamed gg_§l., 1983),
 Post larvae (Ahamad A11 and Sivadas, 1983) and juveniles


(Ahamad Ali and Mohamed, 1985) of E. 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 nutrition of penaeid prawns
 in general and of E, indicus in 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 preparing nutritionally more balanced feeds, thus


contributing to the establishment and promotion of an organised
prawn culture industry in the country.
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INTRODUCTION


The first documented studies on fish nutrition date
 back to 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 aquatic
 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 implicatios 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, introduction 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 cansumed 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), liynes (1950),
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 and later, Nose (1963, 19673), Ogino and Chen (1973a,b), Ogino,
 Kakino and Chen (1973) and Schneider and Flatt (1975) 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 g3:_ _a__1_. (1981): Millikin (1982) and ‘I‘ytler 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 Gymposia,
 Workshops and Task Force have been organised during this period.


The noteworthy of these are the EIFC _ Sympos1um on Finfish
 Nutrition and Feed Technology held in Hamberg in 1978 (Halver


and Tiews, 1979), world Mariculturo Society Nutrition Task
 Force established in 1970 to ‘co-ordinate the Society's role
 in nutritional Science‘ (Conklin and Beck. 1979) and the Asian
 Fish Nutrition Workshop held in Singapore in 1983 (Cho, §§_§l.,
 1985). The publication and the Proceedings of these Symposia/


Workshops reviewed the different aspects of fish and shellfish
nutrition, its status, constraints encountered, methodological
approach and the strategies for future development.
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 forms such as shrimps, prawns, lobsters and crabs, occupy an
 important place both in the capture and culture fisheries of
 many nations in the world. Inhabiting diversified ecosystems,
 crustaceans feed on a variety of material which vary from


microorganisms in microcrustaceansito 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 on food and feeding habits,
 nutritional requirements and digestive physiology is 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
 available 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 bv 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 important 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, ad 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 omivorous, scavanger, detritus or carnivorous feeders,
 dePe“di09 00 the Species by different workers. The structure

°f the m°“th 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‘gut
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 and quantitative aspects of the food constituents of the species
 studied (Gopalakrishnan,1952: Williams,1955, 1958: Ikematsu,
 1955; George,1959, 1974; Ha1l,1962: Dall,1967; Thomas,1972,l980$


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 had been grossly inadequate.


The successful rearing of Penaeus japgnicus by Hudinaga


(Fujinaga) in 1942, the technological advancements made in the
 physiological and biochemical 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) described
 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) comp11ed a
 bibliography of prawn and shrimp nutrition and Pruder gt 5;.


(1983) compiled studies on penaeid nutrition. More recently,
Kanazawa (1984) presented the recent advances made in panaeid
Prawn nutrition at the First International Conference on the



(29)8


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 E.


japonicug on the diatom, Sgglgtongma ggstatum, 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 g§_gl,
 (1976a , 1976b). AQURCOP (1978). Platon (1978). Beard g§_§;.


(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 Pruer


1981: Sorgeloos, 1981 3 Nellen, 1981) to meet the requirements
 of hatchery production of larvae.


while the endeavours in the selection and mass production
 of live food organisms have been progressing in one front,


attempts have been made in the other front to replace the live
 food organisms,as their large scale production posed constraints
 due to wide fluctuation in the yield, contamination by unwanted
 species and considerable cost of production, with artificial


diet (Subrahmanyam and Oppenheimer. 1969: Kanazawa gt §_L.,1970x


Forster- and Gabbott, 19§1: Cowey and Forster. 1971: Hirata g§,§;.,
 1975: Shigueno, 1975; Sick_g§_§}.. 1972: Kitabhayashi g§_§;,,


1971 a,b,c,d; AQUACOP, 1978; Villages and Kanazawa,1980; Villages
at .¢3_1._..19so: Alikunhi g_t_-._ a_1_., 1980, 1982; Usha Goswami and .
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1982: Ahamad A1i,1932a ; Mohamed gt §;., 1983, Ahamad Ali 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
 performance 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
 g§_g;,, 1974). Jones §§,g;.(1976) and Moller g§_g;, (1979)reared
 the larvae of §,megguign§;s upto postlarvae II with micro—encap


sulated diet. Subsequently, Jones §§,g;. (19793) employed the
 encapsulated diet consisting of chicken egg, short necked clam
 (2§pgg_phi;1ppin§;um , Soybean cake and the purified diet-B of
 Kanazawa gt §1.(1977a), having particulate size ranging from 10
 to 100 micron, to rear §,japonicus with encouraging results.


successful rearing of Penaeid Prawn larvae with micro-particulate
 and micro—encapsu1ated diets was demonstrated in E, japogiggs


(Kanazawa,1985), §,monodon, E,st1lirostgis and E,vannam§; (Jones


§§_§;,,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


§§_§L, (1979b) studied the fatty acid requirement of the larvae


Of 2, Jgpggiggg; Kanazawa (1982, 1983L,Teshima and Kanazawa


(1984) and Kanazawa e§_§L. (1985) on protein, lipid, carbohydrate,
phospholipid and vitamin requirements.
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 shrimps received considerable impetus in the recent years.


Greater emphasis was given for understanding the protein
 requirement and determining optimum protein levels in the
 diet for different species (Kanazawa gt_§t., 1970: Lee, 1970:


Kitabhayashi gt _t., 1971 a, b, C: Deshimaru and Shigueno, 1972:


Andrews gt_§t., 1972; Balazs gt _t., 1973; Forster and Beard,
 1973; Deshimaru and Kuroki, 1975a; Venkataramaiah, gt gt.,1975a;


Colvin, 1976a; AQUACOP, 1977; Khannapa, 1979; Bages and Sloane,


1981: Kanazawa gt §t., 1981: Ahamad Ali, 1982 a; Charles John
 Bhasker and Ahamad A11, 1984). In 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 aminomcid 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 §t_g;,,
 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 gt §;.,
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



(32)9
 gg_g;. (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), eicosapentaenoic acid (20: 5 w 3) and docosnhexaenoic
 acid(22: 6 W 3). These fatty acids are essential for prawns and
 should be supplied in their diet. Infact Kanazawa g§_§L.(1977b,
 1978, 1979d, 1979f) have demonstrated that the diets containing
 the fatty acids 183 2 W 6, 18: 3 W 3, 20: 5 W 3 and 22: 6 W 3
 produced faster growth in E, japonicus. Similar results have
 been obtained by Shewbart and Mies (1973) in E, 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'§. jgponicus (Kanazawa


g_§___l_., 1979a).


Prawns are also found to require cholesterol at 0.5% in


the diet (Teshima and Kanazawa, 1971: Teshima, 1982; Kanazawa


g§_ 1., 1971a; Shudo g§,§;., 1971). Further, Kanazawa g§,g;,
 (1971b) demonstrated that E, jgponicgg could utilize ergosterol,


sitosterol and stigmasterol to some extent as substitute for
 cholesterol. Based on the dietary value of different steroids,
 Teshima gt §;,(1982) suggested the metabolic pathway for
 the conversion of'C 28 and C 29 sterols to cholesterol in prawns.


Subsequently Teshima g§_g;, (1983, 1986a,b,c,d) investigated
 the role of phospholipids in the diet of prawn.


The nutritive valLe of carbohydrates in the diet of
 prawns was investigated (Cowey and Forster, 1971; Forster ad
 Gabb°tto 1971: Sick and Andrews. 1973: Dtshimaru and Yone,1978b;


Abdel Rahman gg_g;., 1979: Ahamad Ali, 1982b; Pascual gt gl,,
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 gt Q1, (1971a)
 have demonstrated that addition of 0.52% of glucosamine in
 the diet improved the growth of E, jgponigus, Deshimaru and
 Kuroki (1974b) have pointed out that it is not necessary in
 the diet of the same prawn. However, Vaitheeswaran and Ahead


Ali (1986) observed positive growth promoting effect of glucosamine



in the diet of E, indicug. Addition of cellulose to«the diet is fond to help better utilisation of nutrients by prawns


(Venkataramaiah 4;; _§;_., 1975a: Fair at 31,, 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 E, japonicus


require 300-1000 mg of ascorbic 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 g_v_:_ §J._. (1977, 1979) found that ascorbic
acid deficiency could lead to abnormal symptoms (black death)
in E, Ca1if0tnienSis and E, atylirostgis. Kitabhayashi g§_g;,
(1971b) found accelerated growth in §,japggicus 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 could also be synthesised
bY the animals from ergosterol. The role of vitamin K was noted
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 vitamin A might not be essential in prawn diets, its precursor


ﬁ—carotene was required in the diet. The presence of ﬂ-Carcteneo
 astaxanthin, and canthaxanthin were demonstrated in E.jagonicus
 (Kitayama gt §;., 1972). Theimportance of carotenoids in the
 prawn diets for the pigmentation had been demonstrated by Joseph


and Williams (1975) and Sandifer and Joseph (1976);


In the case of minerals, the requirement of calcium and
 phosphorous in the diet of E. iaponicus (Deshimaru and Yone,


1., 1979; Kitabhayashi g; g;,, 1971a) and


1978a: Deshimaru g§_


E, aztecus (Hysmith gt §l., 1972: Shewbart §£_§l,, 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 gt _l. (1984) reported the requirement
 of calcium, phosphorous, magnesium, potassium, copper, iron and
 manganese in the diet of E, 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;


Panlkkar and Menon, 1956; George, 1959; 1974; Subrahmanyam
 1963; Bhimachar. 1965; Rao, 1967; Kuttyamma,, 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 omnivorous feeding behaviour,


Rao (1967) discussed the relative importance of food in their
diet. Selective feeding by different size groups in E, indicgg
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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 g§_§;, 1984). Ravichandra
 Reddy ad Katre Shakuntala (1982) investigated the use of ﬂgigg


for the juveniles of'§, gffinig 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 g§_gL. (1982)reported successful


rearing of larvae of E. monodog, E. gdicus,_1:. gggggiggxgig,



and ﬂ£ ai=11.1.£9.£.¥i On crustacean tissue particles

 maintained in a suspension state, Microparticulate artificial
 diet prepared from mantis shrimp, prawn waste, groundnut cake,

fismmeal and tapioca,fortified with vitamins and minerals was
 used by Mohamed §§_§;, (1983) to rear 2, indicus larvae.


Silas g§_§;, (1985) discussed the hatchery techniques of mass
 rearing of this species.


Studies on nutritional requirements of penaeid prawns
Particularly On 2, iggiggg were carried out by several workers
in recent years (Ahamad Ali, 1982a, 1982b, 1986; Udayaram
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 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 lipid requirements of


larvae and juvenile E. indicus.


some observations are also available on the culture of
 prawns in the grow out systems by feeding with compounded diets


(Raman gt §;.. 1982: Mohamed Sultan gg al., 1982; Sambasivam
 gt gl., 1982). These diets were mainly used to supplement the
 natural food available in the pond and related to growth and
 production performance of prawns.


Although the above studies have considerably 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 remains to be done. The
 studies available now are neither comprehensive nor exhaustive.


Since nutrition is basic to aquaculture and since penaeid prawns
 offer great potential for large scale aquaculture 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 E, indicus.
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(38)EVALUATION or DIFFERENT souncss 9; 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 quarters.


Feed stuffs can be classified into protein sources and
 energy supplements (Harris, 1978). Generally ingredients hav


ing more than 20% crude protein are considered as protein
 sources and those containing less than 20% crude protein and
 less the 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


1D9 regime: d€V91°Pmenta1 stages. proteins available in the
 aquatic.food chain and its physical state, also influence.


8i9DifiCaDt1Y the protein requirement. Due to these reasons
 the determination of quantitative protein requirement not only
 VBIY 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 different
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2,setiferus


E,duor§gum


Silkworms. brine
 shrimp and fish


meal


Squid meal, white



fis al. mysid


meal. sludge and
 yeast


Soybean, Hawaian


fish and shrimp


meals


Casein and egg


albumen


Fish protein
 Soy flour


Menhaden meal
 Soybean meal
 E,merggiensis Casein


Ii. ind icus


Young post


larvae
 guveniles


Mussel meat
 Prawn and fish


meals


Mantis shrimp and
 groundnut cake
 Casein


protein


level(%)



in diet


60.0


40.0
 57.052.0


22.0 to


30.0


51.5
 30.0
 28.030.0
 43.055.0
 42.134.0
 43.0
 42.9
 40.0
 30.0


to


to
 to
 to


Kanazawa gg_g;.(197o)


Shigueno gg,§;.(1972)


Balazs g§_§;, (1973)
 Deshimaru and Yone,


(1978 c)


Shewbart gg_g;,(1973)
 Venkataramaiah gg 3;.


(1975a)


Zein-Bldin and
 Corliss. (1976)


Andrews g§_§;.(1972)
 Sick and Andrews


(1973)


A0UAcop (1978)


Sedgwick (1979)
 Calvin (19763)
 Ahamad Ali (1982a)
 Charles John Bhaskar


and Ahagad Ali (1954)
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Egtggenagug 55.0 Kanazawa gt §l,(1981)
Casein
 monocgros


P.monodon ' 40-30 Khannapa (1979) pgnagus Growth pro- Bages and Sloane monodon ' portional (1981)
to the pro


tein level


Mixture of casein,



. squid meal, soy


bean meal, fish
 meal, shrimp 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 amﬂnohcids are the building blocks of proteins, their pro


file in the protein source greatly determines the efficacy of
 its utilisation. Shewbart g§_§l,'(1972) investigated the amdno~


acid requirement of the prawn Penaeus aztecus. By injecting
 radioactive isotope labelled acetate, Kanazawa and Teshima(1981)
 studied the aminqpcid profile in the body of E, japonicus and
 reported that ten amindacids were not synthesized by the animal


and were required to be supplied in the diet. The aminqecids,
 identified as essential amdnohcids for the penaeid prawns are
 arginine, histidine, isoleucine, leucine, lysine, uuthionine,
 phenylalanine, threonine, tryptophan, and valine, The same
 ten amdnohcids were also found to be essential for caridean


prawns. !2§.§_I.=.<_>.12.I.=_a..¢.'3.J_'L_‘1.ﬁ1 £.<2§s:9_19_e_r.g;l_i (Watanabe, 1975), §3.ohione


(M1Y3J1m3 EE 2;-:1975) and Palaemon serratus (Cowey and 
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Forster, 1971). Interestingly, Torres (1973), using the flu


ctuations between extreme values in the free aminqacid pool:


indicated only eight aminopcids, histidine, isoleucine, leucine,
 lysine, methionine, phenylalanine, threonine and valine as


essent1a1 1n Penagus gggggggggg, He also demonstrated the
 changes in the free amino acid pool of the abdominal muscle
 of E, kerathurus, fed on natural foods during moult cycle.


Total free aminqacid content varied from a low, 0.85 mg/100 mg
 fresh weight at postmoult stage, B1, to a high 7.27 mg/100 mg
 at intermolt stage, C4. Dietary concentration of non-essential
 as well as essential aminqpcids 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 A1, 1971).


The above stuies, however, indicate only the qualitative
 essential aminqacid requirement. Information on the quantitat


ive requirement is still scarce. Several workers have studied
 the effect of aminqacid supplementation to the diet. Cowey


and Forster (1971) compared the weight gains in £_’__a_1;_zgg\p£


sgrggtus by feeding pure proteins deficient in essential ami


noecids 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 g§_§;. (1971 c) supplemented a basal
 diet of squid meal, squid meat extract and squid liver extract,


with methionine and obtained superior growth in Penagus


igpggiggg, The authors found that the optimum level of methi
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 onine was 0.53% above which growth was inhibited. Deshimaru


and Kuroki (1974 c) prepared diets with pure crystalline aminqpcid
 mixtures similar to the aminqacid composition of casein and


albumen and fed to E, igpggiggg, Diets containing pure amino
 acids gave very poor growth rates, high mortality and reduced
 intake of food. Further studies by Deshimaru and Kuroki(197Sa,b)
 confirmed that pure aminolacids and peptides were inferior to


intact native proteins.


Deshimaru and Shigueno (1972) analysed the amino acid
 profiles of the Kuruma prawn Pgnaeus japonicus and that of the


short necked clam, ggpggpghilippinarum, which is one of the
 best conventional food for this prawn,ad found close resemb


lance between the two. They postulated that the protein
 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 aminqacid composition of fish meal
 is not similar to that of the prawn E, jgponigus. (Colvin


(1976n)and Ahamad Ali (1982a) found poor results with fish meal


in E, indicus. Colvin suggested that the relative deficiency
 of the aminobcids, 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 greatly
 influence its performance.


Apart from the protein source and its aminqbcid profile,
 the formulation and preparation of the diet, feeding regime


and the abiotic factors can also influence the protein requires
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ment of the animal. While formulating the diets for protein
 requirement study, only the protein is varied in graded levels,
 but the diet should have adequate levels of carbohydrate and


lipid 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 animal (Subrahmanyam and
 0ppenhiemer,1970: Venkataramaiah gt §l., 1972 a,b; 1975b). In
 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 g§_§;,. 1979:


Metailler g£A§l,, 1980: Chua and Teng, 1982; Cuzon g£,§l-:


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 E, 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 E, monodon and by
 Balazs g§_§;. (1974), in the freshwater prawn, Macgobggghium
 gosgnbergii. Sick §§_§l. (1972) studied selected environmental


and nutritional requirements of Penaeid shrimp and Vankata


ramaiah §§_2;, (1975b) reviewed the influence of environmental
 and nutritional factors on brown shrimp 2, aztegus. Lakshmi


kanthan3(1982) studied the salinity tolerance of post larvae of
 E, ;gQ;gg§,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 E, indicus, Kalyanaraman


(1983) reported that the salinity had profound influence 0
 food consumption, growth, food conversion efficiency and pro


ximate conposition. He also observed increased ammonia excre


tion in juvenile E, ;gg;gg§_at lower (S%.) and higher (3S%.)
salinity levels and related it to the increased catabolism of
aminolacids at these salinity levels. Oxygen, tempezature and _




    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 444 Page - 7.01 MB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            This  is  to  certify  that  this  dissertation  work  titled 
        
      

        In  our  study,  dinoprostone  vaginal  gel  was  associated  with  shorter  induction to delivery interval compared to Foley’s catheter. Both foleys and dinoprostone gel

    
      
          
        
            This  is  certify  that  the  dissertation  titled  “
        
      

        which was comparable to the sensitivity, specificity of 24 hours urinary protein in  predicting maternal and fetal complication i.e 52.5% ,71% and58.1%,64.5%.Hence  Spot

    
      
          
        
            This  is  to  certify  that  the  enclosed  work 
        
      

        Clinico-mycological study on superficial fungal  infections in tertiary care hospital and a profile of their antifungal susceptibility  pattern. Hanumanthappa H, Sarojini K,

    
      
          
        
                   This is to certify that this dissertation work titled
        
      

        This  is  certify  that  the  dissertation  titled  “ EFFICACY  OF   TRANSCEREBELLAR  DIAMETER  /  ABDOMINAL  CIRCUMFERENCE  RATIO  VERSUS  HEAD CIRCUMFERENCE/ABDOMINAL

    
      
          
        
            This  is  to  certify  that  the dissertation  work  titled,
        
      

        This  is  to  certify  that  the  Dissertation  titled “A  STUDY  TO  ASSESS  THE EFFECTIVENESS  OF  ASSERTIVENESS  TUTELAGE  ON  RAISING  SELF  ESTEEM  AMONG ADOLESCENT  GIRLS  IN

    
      
          
        
                  This is to certify that 
        
      

        This is to certify that Mr Ankur Thakur, from Centre for Management studies, Jamia Millia  Islamia has completed Internship with Tata Power Solar Systems Limited, Bangalore for two

    
      
          
        
            This  is  to  certify  that  the  dissertation  entitled  “FORMULATION  DEVELOPMENT  AND 
        
      

        This  is  to  certify  that  the  dissertation  entitled  “FORMULATION  DEVELOPMENT  AND  IN  VITRO  CHARACTERIZATION  OF  GASTRORETENTIVE  FLOATING  MICROBALLOONS  OF  LABETALOL

    
      
          
        
            (1) This is to certify that Mr
        
      

        Jitendra Kumar, student of Dayalbagh Educational Institute, Agra  completed a 6-week Internship Programme under Hankernest Technologies Pvt.. As part-fulfillment of the

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            This is to certify that the dissertation entitled, 
        
        
            
                
                    
                    120
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This   is   to   certify   that   this   dissertation   entitled
        
        
            
                
                    
                    102
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This  is  to  certify  that  this  dissertation  work  titled  “ titled  “
        
        
            
                
                    
                    97
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This is to certify that the work embodied in this dissertation  entitled  “
        
        
            
                
                    
                    117
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This is to certify that the dissertation entitled  “FORMULATION 
        
        
            
                
                    
                    136
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
             This  is  to  certify  that  the  dissertation  titled  
        
        
            
                
                    
                    118
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This  is  to  certify  that  this  dissertation  work  titled  “ 
        
        
            
                
                    
                    116
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            This is to certify that the thesis entitled "Journal
        
        
            
                
                    
                    331
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


