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PREFACE 

In:Ua has acquired the premier place among prawn produ

cing countries of the world with a total prawn production of 

2 . 04 lakh tonnes in 1984- 85 , constituting about 12% of the 

total world production of shrimps and prawns . Prawns also 

form an important group in the marine fisheries of India, con

tributing to about 12 . 65% of the total marine fish production 

of 1 . 615 million tonnes in 1984- 85 (Anon, 1986 ). Besides , 

prawns form the major component in the marine products exported 

fran India. Of the 86 , 178 tomes of marine products exported 

fran the country during the financial year 1984- 85, prpns 

accounted for 64% by quantity (55 , 000 tonnes ) and 86% by value 

(Rs . 330 crores) indicating the significance of prawns in India's 

marine products export (MPEDA Statistics . 1986) . India also con

tinued to be the maj or exporter of prawns to Japan and the USA . 

In practice, scope for appreciable increase in landing 

of prawns fran capture fishery is l imited due to many problems 

involving resource management, environmental conservation, and 

operational cost . Statistics of prawns landings from India 

showed that there has been steady increase in the catch of prawns 

fran 1968 , with a peak(2 . 2 lakh tonnes) in 1975 (Silas ~ 21., 

1984) and the prawn production has declined -to 2 . 04 lakh tonnes 

in 1984-85(Anon, 1986) . In spite of increase in fishing 
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efforts our prawn landings remained stable and declined 

(Silas !ll .sl., 1984-). '!bus the capture fishery for prawn 

is fairly well developed and known fishing gramds are well 

exploited, with the result increase in production from this 

source i s quite unlikely . However the demand for prawn 

supplies from all over the wor l d is increasing every year . 

Increase in production can be expected only from (1) new 

grounds that may be discovered in course of time and (11) 

generating new resources by way of culture . About three to 

four f old increase in prawn production is possible in India 

by way of culture . 

As a result of research conducted so far , significant 

advancements have been made in the culture of commercially 

important penaeid prawns in India. Indigeneous techniques of 

breeding and rearing of larvae to stocking size under controlled 

conditions have been developed . Concurrently , researches for 

finding suitable feed for the larvae, juvenil es and adults were 

taken up . However, a great deal of research "is yet to be 

carried out on priority basis , to develop nutritionally 

efficient feed formulations for larvae, post-larvae, juveniles 

and adults of prawno , 3inca it has been well established that 

commercially viabl e culture technologies for penaeid prawns 
• 

could be developed only by judicious use of operational inputs, 

particularly feed, which accounts f or the major share often 

exceeding 50% of the total operational costs in intensive 
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prawn culture operations. Practical feeds f or prawns should 

contain adequate levels of nutrients such as proteins, lipids , 

carbohydrates , minerals and vitamins to pranote growth ur¥ier 

normal condition, and thus knowledge of nutritional r equire-

ments of the cultured species is a prerequisite f or formulat-

ing feeds . However , with the exception of !:. j aponicus 

nutritional studies on prawns and shrimps are very few and 

fragmentary (Kanazawa, 1985) . 

In India, although signif icant advances have been made 

in the cul ture of a vari ety of fish and shellfish species, 

studies on nutrition and its r e levance to prawn culcure have 

been very few untill 1980 (CMFRI News Letter , 29- 30, 1985) . 

During the past few years research has been intensified in 

thi s area at the CMFRI through the UNDP/FAO/ICAR subproject 

"Centre of Advanced Studies in Mariculture" . The present 

investigation i n lipid nutrition in larvae and juveniles of 

the Indian white prawn,E. indicus is one amOD;j the seri es of 

investigations carried out on t he nutritional r equirements of 

prawns . 

Recent studies with prawns indicate that their moulting 

growth, and maturation are affected by the type of lipids 

supplied in the diets (Kanazawa ~ al., 1970, 1977a, 1979a, 

1985 ; Col vin, 1976 d)Read, 1977) Unlike higher vertebrates 

which are known to require l inoleic acid (1812w6) as an 

essential fatty acid, aquatic organisms , such as prawns , 

have been found to require linolenic acid (18 : 3w3) 

\, 
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eic08apent aenoic acid (2015w3) and doaosahexaenic acid 

(22i6Iw3) in addition to 1812w6 as essential fatty acida 

(I<anaJIawa and 'l'esh1ma, 19771 Read 1977, Kanazawa et al., 

1979b) • There has also been significant differences between 

species in their EFA requirements. Recent studies indic ated. 

that deficiency of EFAs in the diet l ew to poor growth, 

mortality an severe p at hological syndromes . The fecundity , 

fertilization rate and hatchability of eggs also have been 

found to be very much reduced (Watanabe , 1982) . Similarly, 

chol esterol is an essential nutrient for crustaceans, defici-

ency of which resul ts in the crus taceans i nability to synthe

size hormones essential for moulting and gonadial maturation. 

Despite the reco~ition of the importance of lipids in the 

diet of pra~-ms, studies are lacking to determine the dietary 

r eruirement of lipids by Indian penaeid pravms. Therefore , 

experimental studies were conducted to determine the lipid 

r equi rements of larvae; post-larvae and juveniles of one of 

the most important cultivated species of Indian penaeid prawns . 

Penaeus indicus . It is hoped that this investigation would 

help understand the role of lipi ds in the nutrition of 

E. indicus , as well as to formulate diets for larval ~ 

juvenile !!. indicus . 

About 24 l aboratory experiments were conduct ed with 

larvae, post- larvae and juveniles of !!. indicus to determine 

the e ssentiality and nutritional r equirement of total lipids , 

• 

j IJH."I ,,. ,. .. ( 
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phospholipids, fatty acids, cholesterol and to ascertain the 

nutritional value of natural lipid sources f or E. indicus. 

Based on the results of these experiments the essentiality and 

quantitative dietary requirements of lipids, phospholipids, 

cholesterol and EFA in the diet of larvae, post-larvae and 

juveniles of E. indicus have been worked out. With a view to 

identifying suitable plant and animal lipid sources for formu

lating practical diets for larvae, post-larvae and juvenile 

prawns; the nutritive value of 15 naturally occurring lipids 

and their mixtures were evaluated, and it was found that a 

mixture of plant and animal lipids i s the best source for pro

moting growth , feed utilization in larvae post-larvae and 

juveniles of E. indicus. Fatty acids profile of the lipid 

sources and post -experimental juveniles were obtained to know 

the effect of dietary lipids on fatty acid composition of the 

prawn . 

The thesis embodying the details of the investigation 

has been organised into five Olapters each with an introduct

ion, material and methods , results and discussion sections . 

While a general introduction and a general material and 

methods section preceeds the chapters , the summary and 

reference sections follows the f ive chapters . 

In the first chapter , details of foor sets of experiments 

conducted to determine the dietary requirement of total lipids 

in the d iet and to e lucidate the effect of various dietary 
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levels of lipids on the larvae , post-larvae and juveniles of 

,E. ind1cus , are presented . Olapter II deals with the studies 

on the essentiality and dietary requirements of phospholipids 

(lecithin) for larvae , ~ost-larvae and juveniles of E. indicus . 

In Chapter III the effects of selected levels of dietary 

linoleic and linolenic acids on the prawns h ave been presented. 

The results have been compared to that of a d iet containing a 

mixture of lipid sources, 'Nhich provide a blend of fatty acids 

essential for prawns . 

The nutritional value of various plant and marine .lipid 

sources and their mixtures for prawns have been studied with 

reference to the response obtained in t he animals as well as 

the fatty acids patterns of the lipids and pr esented in Olapter 

IV. In t he fifth Olapter the es senti ali ty and d ietary require

ment of sterol (cholesterol) for larvae, post-larvae and 

juveniles R. indicus are dealt. 

I 
The omega (w) classification of fatty acids is used 

extensively in the thesis . Three numbers are specified for a 

unsaturated fatty acid . For instance linolenic acid is 

\expressed as 1813w3. The first I1Illt1ber indicates the number of 

carbon atoms in the chain, the second the number of doubl e 

bonds and the third inclusive number of carbon atoms from 

methyl terminal to carbon atoms of first double bond. The 

last number is the omega (w) I1Illt1ber . Thus the linolenic acid 
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has the structure 

and is designated as 18 13w3. When fatty acid i s saturated then 

double bond is not present so designatEd or express ed as 1210 

for lauric acid, 16 : 0 for palmitic acid and so on. 

Though great care has been taken in planning and conduct-

ing the experiments, certain disadvantages were observed in the 

I feeding experiments with larvae, particularly in providing an 

adequate particle size for protozoeal stages though earlier 

methods suggested by Kanazawa ~ sl. (1982~ were adopted . 

Further detailed studies in the lipid requirement of the larvae 

is suggested as soon as a desired food particl e is developed. 

As stated by Kanazawa (1985) the types and contents of 

essential f atty aci . dominate the nutritive value of dietary 

lipids . So the nutritive value of dietary lipi ds is discussed 

with reference to essential fatty acid contents of the l ipids 

concerned , although other lipid components such as phospholipids, 

sterols and f at sol uble vitamins may inf luence the dietary 
the 

value of lipids forAprawn E. indicus . Since the levels of 

latter biomolecules have not been monitored in the lipids, 

t hey have been mostly excluded from the dis cus s ion sections . 
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GENERAL INTRODUCTION 

NUtrition is the procesa of providing nourishment to 

the living organillll for its healthy upkeep, growth and 

1 

reproduction. NUtrient substances for this purpose are 

provided by food. {An individuals nutritional status is 

dependent on the provision of sufficient nutrient substances, 

and good utilization of these nutrients. Poor .tatus of 

nutrition may be caused by eating food that is inadequate in 

amount or kind or due to failure in assimilation and utiliza-

tion of nutrients from the ingested food. The chief function 

of food is to supply nutrient material to meet the physiologi-

cal needs of the organisms. such as to supply energy. to build 

and maintain the cells and tissues, and to regulate body 

processes. --
In general, there are two types of nutrients - energy 

nutrients (proteins, lipids, and carbohydrates) and non-energy 

nutrients (vitamins and minerals). Among the energy nutrients. 

carbohydrates and lipids form chief sources of energy, but 

protein, primarily, is utilized for growth. In foOlll1lated 

feeds both energy nutrients and non-energy nutrient. should be 

found in adequate levels and in balanced proportions. 

Most of the aquatic organisms, including prawn., in 

their natural environment satisfy their nutritional need. from 

the liv_food they consume. However in culture systems. where 

higher population stocking densities are maintained the 

available natural food may not be adequate to promote fast 



growth and in such systems wpplementary feeding may be 

essential. Besides, production of prawns in intensive 

systems depends upon the supply of nutritionally balanced 

formulated, complete feeds. 

An important asPect of prawn nutrition is that the 

2 

food requirement varies according to their size. The early 

larval stages are filter feeders and require micropart1culate 

feeds, whereas the juveniles and adults are predaninently 

bottan feeders and require macroparticulate feeds. The early 

larvae and post-larvae prefer live-food organ1l111s, such as 

phytoplankton, brine shrimp nauplii, rotifer, cladocerans etc. 

The production of these live-food organisms on shrimp farm is 

generally nature-dependent and involves higher inputs and 

manpower, and thus live-food production process enhances the 

cOst of prawn seed production. This situation calls for urgent 

need for the development of app~priat~ compounded artificial 

feeds for prawn larvae and post-larvae 

Thus feed is one of the essential operational inputs for 

the development of semi-intensive and intensive prawn culture 

techniques. It is also generally recognised that feed accounts 

for the l~rgest single item of running expenditure in intensive 

prawn culture operations, sometimes involving as III.lch as 50% of 

the cost of production of marketable size prawns. The quality, 

quanti ty and cost of feed are of paramount importance to the 
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\.,. success of intensive prawn culture operations. In order to 

fo~late .nutrition~lly adequate, least-cost feeds, informa

tion on the nutritional requirements of the different qrowth 

stages of prawn species is a pre-requisite. 

During the past one and half decade numerous studie. 

have been made to determine the nutritional ne~8 of a 

variety of crustaceans, includinq prawns. These studies 

have brought to light a number of inherent problems in nutri

tional stUdies with crustaceans. According to Hanson and 

Goodwin (1977) prawn nutrition is a multivariate phenanenon 

of imposing dimension with eleven major variables interacting 

with one another. These variables are (1) stage of growth 

(2) species (3) .water quality and temperature (4) feed 

stability (5) preservation (6) percentage and derivatives of 

lipids (7) percentage and amipo acid composition of protein 

(8) percentage and derivatives of carbohydrate (9) health of 

the species (10) effect of feeds which, occur naturally in 

rearing environment and (11) feeding rate. Thus basic 

knowledge of nutritional requirements of a cultivable species 

is very essential for development of practical diets. 

In general, prawns require both energy nutrients and 

non-energy nutrients for proper survival and growth. Practical 

feeds should be formulated to contain all these nutrients in 

adequate levels and in right proportions, so as to attain 

maximum growth with optimum quantity of food, without much 



wastage. Indiscriminate use of nutrients in diets will not 

only enhance the cost of feed formulations but may also be 

detrimental to animals due to pollution of the culture 

medium~;sides information on the nutrients requirement 

of prawn species, information is also required on the 

intrinsic and extriDSic factors which alter nutritional 

requirements, nutritional value of feed ingredients, attra-

ctability, palatability, and water stability of feeds, so 

as to develop least-cost, highly efficacious diets. 

~ Information on prawn nutrition is relatively less as 

compared to those available on fish nutrition. Reviews on 

the subject of feeding and nutrition, digestion and metabo-

lism, and vitamins in crustaceans, including certain 

cUltivable species, were made by Marshall and Orr (1960), 

Vonk (1960) and Fisher (1960) respectively. Forster (1976) 

and Provasoli (1975) also reviewed the nutritional studies 

in crustaceans. SUbsequently, New (1976) offered an 

excellent review of the literature available at the time 

../' on dietary studies with prawns and shrimpsJ This was ':i. 

-

followed by reviews by Kinne (1977), Biddle (1977), Conklin 

(1980~, Castell ~~. (1981) and Dall and Moriarity (1983). 

Apart from these, the books published by Imai (1977), 

Hanson and Goodwin (1977) and stickney (1979) treat some 

aspects of nutrition of crustaceans. Recently, New (1980) 

~ prO;ided a bibliography of prawn and shrimp nutrition. 
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According to Dall and Moriarity (1983) cxustaceans 

appear to have all the dietary nutrient requirements usually 

associated with higher vertebrates. Yet knowledge of nutrit

ional requirements of prawn is still fragmentary and meager, 

and most efforts have been devoted to the develoIJllent of 

compounded diets suitable for aquaculture. Except for the 

addition of few chemically pure substances such as vitamins 

and ' lipids. most of these diets were comprised of cxude 

constituents (Dall and Moriarity. 1983). 

V:-7~ Several studies have been carried out to understand 

the nutritional requirement of prawns (New.1976, 1980) with 

diets of different protein, lipid, carbohydrate, mineral 

and vitamin composition. While the results of these studies 

have considerably contributed to the knowledge of nutritional 

deman9- of these animals. there is wide differences in the 

observations of the various workers on the requirements of 

the optimum dietary levels of both major and minor nutrients. 

which provide ,optimum growth and highest survival rate in a 

given species. As reviewed by New (1976) and FOrster (1976) 

there are many difficulties in adopting the results of various 

studies reported earlier. as these authors used various natural 

sources of nutrients for compounding the diets and these trials 

were mostly restricted to juveniles. The natural sources 

contain different levels of protein~ lipids. vitamins. minerals 
aJ.o 

and carbohydrates. Many authors have notA given the 

V chemical composition of the diets they used. Animals of widely 
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differin~ initial lengths and weights, and genetical origin, 

have been used with variable stocking densities and duration 

of experimental trials. Besides, many authors have not 

supported their results with data on feed efficiency, protein 

efficiency ratio, tissue composition analysis etc. (New 1976). 

New (1976) stressed the need to have basic nutritional 

studies on prawns and shrimps to achieve real progress. Dall 

and Moriarity (1983) also agrees with the views suggested by 

New (1976) that most of the efforts have been devoted to 

empirical development of diets suitable for aquaculture, but 

it is necessary to develop purified diets to understand the 

optimum dietary requirements, along ~ith ~od and bad effects 

of excess~s and deficiencies of nutrients on the animal 

concerned. Kanazawa ~ ale (1970) developed a purified diet 

with chemically pure ingredients, for the first time, to study 

the nutritional requirements of Penaeus 1aponicus. SUbsequently, 

Kanazawa ~!!. (1977~) modified the ingredients composition 

of the above diet and reported it as an effective purified 

diet for nutritional studies with prawns and other crustaceans. 

More recently, Kanazawa (1985) riviewed the nutrition 

of penaeid prawns and shrimps and reported the essentiality 

of adequate levels of proteins. lipids. carbohydrates, 

vitamins and minerals by ~. japonicus for proper growth and 

survival bringing out the deficiency diseases, when reared 

on diets lacking some of these nutrients. On the basis of 
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this knowledge compounded artificial diets are used practically 

for canmercia l production of !:.. japonicus, as substitute for 

traditional live-food in Japan. 

The development of artificial diets for larval penaeids 

is one of the most important research areas in prawn culture 

(Kanazawa, 1985). Villegas and Kanazawa (1980) prepared micro-

particulate diets for l arval penaeids, both as substitute for 

live-food and for nutritional studies. The nutritional require

ments of prawn larvae were studied by using microparticulate 

diet as a substitute for live-food, such as diatans and Artemia, 

from zoea I stage to post-larvae in seed production of 

~. japonicus (Villegas and Kanazawa, 1980, Kanazawa and 

Teshima, 1983, Kanazawa ~ al., 1985). In India, Mohamed ~ !!. 

(1983) prepared a compounded microparticulate diet for larval 

rearing of ~. indicus by using local ingredients and reported 

12.5% survival in laboratory and 66% survival in out-door 

plastic pools. 

Proteins are indispensable nutrients for growth and 

maintenance of animal s and gr eatly influence the cost of 

feed. Therefore, detennination of oPtimum dietary levels of 

proteins for various prawn species has been the subject of 

several studies (Table 1). Although protein level as 

investigated in these studies ranges f rom 15 to 60% in the 

diet, it is generally opined that a protein level of 27.l5% 

is optimum requirement for the juvenile penaeids (New, 1976). 



TABLE _ 1 OPl'DtUM PR OTEIi : LZVELS SUGGESTED FOR MAXn1UH GRo\-J'ni FOR VARlOOS PRAWN SPE CIES 

S.No. 

1. 

2 . 

3. 

4 • 

5 . 

7. 

6 . 

9 . 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

16 . 

Nane of pr awn 

PenaeUB japo nicus 

• 

• 

• 

Pen aeus iOOl9Us 

,!!. l nd i cus , 
Pos t-iarvall 25-4 2 

PenaeuS monodo n 

Pe n aeus roerguiens i s 

Pe naeus setifefUs 

Pe naeU5 duorarurn 

Pe nae u s aztec us 

• 

• 

PenaeU8 .styliros tr i s 

Pe naeus c al i f om i e os i s 

Met apeoacus mono ce ros 

Pa~mon serratus 
( 

Mac r obrachiwn 
r o s enbergi! 

Re carrnenda<1 
protein level 
in diet (,,) 

50.00 

Te s t protein 8OJ.rce 

Soyabean pr o tein 

6 0.00 Squid meal .. wh ite f ish meal, 
ny •. id meal .. Sludg e and yeast 

40.00 Soyabean .. fi s l"meal and 
ShriJl'lp meal 

52 .00 to 57.00 Casein a nd egg alb umin 

43 .00 Pra wn and F i sh meal s 

3 0.00 to 50.00 Casein 

4 5 .80 Casel •. and de f a t ted F i s h meal 

43.00 to.55.00 Casein 

2'.00 to 32.00 M.enh a d en meal 

28. 0 0 to 30.00 Soyabean meal 

2 3 .00 to 31.00 

5 1. 5 0 Soya fl our 

4 0.00 Fish prv ce in 

35. 0 0 

30.00 to 35.00 

5 5.00 Casein 

30.00 to 40.00 Cod f i sh me a l and s h r imp meal 

35 . 00 S oyabe an , tun a .. s hr imp 

Author(s) 

Kanaz awa tl~. (19 7 0 ) 

Desh 1maru and Shigueno 
(19 7 2 ) 

Dal a z s ll.Al. 19 73) 

De shimaru and Yone (1 9 7Sc) 

Co lv i n ( 1976a ) 

Char l es and Ahamed Ali 
(1984 ) 

Lee (1 9 71) 

A:JU ACOP (1 9 7 6 ) 

An dr ews tl ~. (1972 ) 

S i ck a nd And rews (19 7 3 ) 

She wb ar t tl~. ( 1973) 

Zein- E l d i n and Corlis s 
(1976 ) 

Ve nkatar amiah tlAl. (1 9 7 5) 

Col v in a nd Brand(1 9 77) 

Col v in and Br and( 19 77) 

J;;an azawa tl.a!. (1 981 ) 

Forster aoo Beard ( 1 9 7 3 ) 

Ba l azs and Ro s s ( 19 7 6 ) 
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However the dietary protein requirement reported for juvenile 

f. indicu5 is around 43% (colvin, 1976~. And the protein 

requirement of post-larval P. indicus (PL 1-10) is 40% and 

PL 11-25 and PL 25-42 15 in the range of 30 to 50% in the 

diet (Charles and Ahamed Ali, 1984). Mohamed ~~. (1983) 

U5ed 36.8% protein in a compounded diet for larval f. indicus 

and found 66.5% survival in out-door plastic pool experiment. 

The protein r equirement of larval ~. japonicus appears to be in 

the range of 45 to 55% or more when dietary carbohydrate level 

decreased from 25 to 5% (Teshima and Kanazawa, 1984). 

The variation5 in protein requirement of' prawn specie s 

have been attributed to the species type, physiological con

ditions, feeding habits, age and size of animals etc. Besides. 

the amino acid5 profile of the proteins used are also su5pected 

to significantly influence the protein requirements. However 

the specific quantitative amino-acid requirements have not been 

fully established for any o f the prawn species, so far. The 

essential dietary amino acids for shrimps are qualitatively 

similar to those for other animals. All studies of essentiality 

on amino acids have so far been made using radio labelled 

precursor technique because diets in which intact proteins were 

replaced by purified amino acids, and fed to prawns resulted 

in poor response (Deshimaru and Kuroki. 1974(;-; 1975 a and b ) . 

Based on the isotopic precursor techniqueiarginine, histidine, 

isoleucine. leucine, lysine, methionine, phenylalanine. 

threonine, tryptophan and valine were found to be essential 



( 

It, 
r 

, 
• ',I rH:'8 

.. ;;", 
amino acids for the euryhaline prawn, Palaemon sp. (cowey and 

Forster, 1971) the crab Cancer sp. (Lasser and Allen, 1976) 

the lobster Homarus sp. (Gallagher and Brown, 1975), marine 

shrimp Penaeus sp. (Shewbart!1 ~., 19721 Kanazawa and 

Tesh1ma, 1981) and freshwater prawn Macrobrachium sp. 

(Miyajima!1 ~., 1976). The quantitative amino acid require-

ments are not known for any species of crustacean. 

The nutritional importance of carbohydrate for prawn 

was studied by Tyagi and Prakash (1967), Coweyand Forster 

(1971) , Forster and Gabbott (1971), K1tabayashi !1 al.(1971b), 

Andrews' et ale (1972), Sick and Andrews (1973), Deshimaru and 

Yone (1978 b), Abael-Rahman ~~. (1979. ) Ahamad Ali (1982) 

and Pascual!1~. (1983). Generally, glucose is found to 

be poorly assimilated than starch or glycogen (Forster and 

Gabbott, 1971). Inclusion of more than 10% glucose to diets 

generally retarded growth of prawn as in ~. aztecus,(Andrew. 

!1 ~., 1972) ~. duorarum (Sick and Andrews, 1973) and 

~. japonicus (Deshimaru and Yone, 1978b1 Abdel-Rahlllan !1 ~. 

1979). ' Abdel- Rehlllan et !!..(1979) have shown that~. japooicus 

juveniles had a better weight gain on diets containing 

disaccharides (sucrose & maltose) and polysaccharides 

(dextrin and starch) than on diets containing monosaccharide. 

(glucose and galactose). Aquacop (1978) suggested that 

starch appears to be more suitable than glucose. Pascual 

~~. (1983) have demonstrated that sucrose and dextrin are 

better than other carbohydrate.. The carhohydrate in the diet 
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is found to have protein sparing action up to 40% level 

(Andrews ~ 21.. , 19721 sick and Andrews, 1973, Ahamed Ali, 

1982b). Ahamed Ali (1982b) studying the effect of carbohydrate 

in purified diets observed that the growth of ~. indicus 

juveniles enhanced with the increase in dietary carbohydrate 

level up to 40%. 

Minerals and trace metals are important structural 

components of organs" tissues and exoskeleton. Besides, they 

are also important for acid-base regulation and some of the 

mineral elements function as inorganic cofactors in enzyme 

catalysed reactions in the animal body. In spite of their 

functional role, very few studies exist on mineral requirement 

of prawns. Prawns and shrimp are suspected to absorb some 

minerals from the water, to some extent. But they may require 

a dietary source of some minerals for growth, because of 

repeated loss of certain minerals during molting. Deshimaru 

~!!. (1978) and Deshimaru and Yone (1978a) have shown uptake 

of calcium in~. 1aponicus from sea water and stated that the 

prawn does not require calcium, magnesium and iron. But 

Kanazawa ~ li. (1984) are of the opinion that addition of 

calcium to diets may be necessary to maintain the ratio of 

calcium and phosphorus (111) in the diets. Kitabayashi et ale 

(1971a) have also pointed out the importance of the Ca/P ratio 

indicating an optimum ratio of 111 for ~. japonicus. 
~ 

Hun er 

and Colvin (1977) have shown that ca/P ratio of 2. 211 to be 

optimum for growth of juvenile E. californiensis. The 
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necessity of phosphorus in the diet of ~. japonicus has been re

ported by Kitabayashi tl.a!. (1971a) Deshimaru tl s!.. (1978) and 

Kanazawa tl sl. (1984) . Deshimaru tl.a!. (1978) have reported 

that~ . japonicus require phosphorus (2 . 0%) potassium(1 . ~/o) and 

trace metals (0 . 2"/0) . Kanazawa tl 21. (1984) have shown that this 

species require calcium (1 . ~;') phosphorus (l . ~/o) magnesium ( 0. 3%) 

Potassium ( 0. 9%) and copper (0 . 6%) in dry diets . 

Fisher (1960) reviewed the requirement of vitamins in 

crustaceans . In general , most of the B Group vitamins , vitamin 

C and E are found to be essential; whereas, vitamin A is not 

essential . Kitabayashi tl sl. (197c) found accelerated growth of 

P. j aponicus with vitamin C in the d i et . Several workers (Kanazawa 

tl.a!., 1976b; Guary tl.sl., 1976b; Deshimaru and Kuroki , 1976 ; 1979) 

have shown that P . japonicus juveniles require about 300 to 100Qng 

of ascorbic acid, 120 mg of choline , 200-400 mg of inositol , 6-12 

mg of thiamil'P and 12 mg of pyridoxine per 1 00 g of diet, respect

ively. Bl ack, death in ~ . stylirostris has been caused by ascorbic , 

acid deficiency (Magarelli tl al., 1979) . A dietary intake of 

0 . 1% was found to be sufficient to prevent nutrition related 

deaths among the shrimp (Lightner tl s!.., 1979>'. Recently, 

Kanazawa (1985 ) examined the requirement of larval 

P. japonicus for various vitamins u sing microparticulate 

d iet, and reported that the prawn larvae require vitamin 

E nicotinic acid, choline, pyridoxine , biotin, folic acid ascorbic 
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acid, cyanocobalamine, vitamin D, inositol, riboflavin, thiamine, 

and ~"carotene. The shortage of anyone of these vitamins 

resulted in retardation of metamoLllhosis and high mortal. ity 

during larval development. 

Lipids, the water insoluble organic biomolecule s have 

several important biological functions, such as, as a source 

of energy and essential fatty acids (EFA) , carrier of fat 

soluble vitamins, emulsifier of lipids, transport of &bsoIbed 

lipids, synthesis of steroid hormones and synthesis of prosta

glandins. Lipids also serve as a reserve energy source which, 

can be used during starvation and moulting. The phospholipids 

are emulsifying agents and on combination with protein and 

carbohydrate they are more effective as emulsifying agents 

(West ~ !!.,1974). some phospholipids such as phosphotidyl

choline also" enhance the sterol solubilisation, when associated 

with N-(N dodecanosarcosyl} taurine (DST) in crustaceans and 

this helps in digestion and assimilation of food (Lester ~ ~., 

1975). The phospholipids also play important roles in the 

transport of fatty acids and other lipids (Teshima and Kanazawa, 

1979), as being a component of the biomembranes 'in cellular 

and subcellular organelles provides the structural integrity 

and flexibility for selective ion transport (Lehninger 1984, 

Gilbert and O'Connor, 1970). Sterols have also predominant 

role as the precursor for the biosynthesis of vitamin D(New,1976) 

and hypodermis formation (Guary and Kanazawa, 1973). 
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Historically, lipids have always featured prominently 

in the Chemistry of aquatic species especially the marine 

animals. Marine lipids are characteristically different from 

the fats of terrestrial animals in that they are rich in w3 

PUFA and fat soluble vitamins (sargent, 1976). The presence 

of relatively high levels of lipids in aquatic organisms 

means lipid rather than carbohydrate is favoured as energy 

reserve in aquatic species including crustaceans (sargent,1976). 

The hepatopancreas and ovaries are regarded as major 

lipid storage organs in crustacea(Oconnor and Gilbert, 1969). 

Renaud (1949) implicated both glycogen and fatty acids in key 

roles during the moult cycle of Cancer magister. Changes in 

lipid content of hepatopancreas in prawn clearly demonstrate 

its similarity to other crustaceans. The use of lipid in 

moulting indicate that it is an economical source of energy in 

both metabolic and storage terms as well as aiding in bouyancy 

(Read, 1977) . Lipids are also useful in providing metabolic 

water 9n oxidation along .with energyl this water is useful in 

the maintenance of o5lIl9r~lation. Lipids also provide 

bouyancy to animals (sargent, 1916). Data available have shown 

I th~ crustaceans accumulate lipids in hepatopancreas at premoult 

period and the stored lipids are postulated to play an important 

role during the period late-p~oult to ecdysis (Renaud, 1949; 

Patroles ~ al., 1978). The process of ecdysis consumed 25.6% 

of the overall energy gain during intermoul t period. This is -



14 

a heavy price paid for growth in an animal with an exoskeleton 

for growth (Read and Caulton, 1980). 

Recent studies on prawns (Read, 1977, 1981, New, 1976, 

Kanazawa, 1985) indicate that their growth, metamorphosis, 

maturation and moulting are influenced by the type and level 

of lipids used in their diet . The most important groups of 

lipids from the point of view of nutrition of prawns are 

1) fatty acids (2) phospholipids and (3) steroids. 

Despi te the recognition of the PnpOrtan of lipids in 

the diet of prawns, there is no detailed information on the 

qualitative and quantitative lipid requirements of ~. indicus. 

Therefore, experimental studies were conducted to determine 

the dietary requirements for total jJ,pids , phospholipids, two -
essential fatty acids and natural lipid sources by larvae, 

post-larvae and juvenile s of one of the mOst suitable culti-

vated species of penaeids, the Indian white prawn, Per.aeus 

indicus. The details of the work done are presented in the 

five chapters following the general material and methods --section . 
• 

• 
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GENERAL MATERIALS AND METHODS 

Experimental set up 

All experiments were conducted at the wet laboratory 

attached to the Centre of Advanced Studies in Mariculture of 

the CMFRI, Cochin. All the experiments were conducted by 

using three replicates for each treatment. The experimental 

aquaria were arranged on steel racks. Glass beakers were 

used for larval rearing experiments with one litre of sea 

water of salinity ranging from 33 to 35%. and pH 7.9 to 8.2, 

with arrangements to supply air vigorously. Besides supply 

of oxygen, aeration helped in dispersion and floating of the 

microparticulate diet in the water. A glass tube devis dv 
fitted in the beakers helped to keep the water in motion along 

with the food materials. A constant water temperature of 30 

± 1 °C was maintained by temperature control systems. Photo

period of 12 hours light and 12 hours dark was maintained with 

the help of electrical tubes in order to maintain the natural 

light conditions for all experiments. 

Plastic tubs were chosen as experimental containers for 

post-larvae and juveniles since they do not have any harmful 

effect on animals so held (Bernhard and zattera , 1970). Round 

bottomed blUe coloured plastic basins were used for post-larval 

experiments. Five lit res of seawater of salinity 32~ ± 2%. 

was filled into each of the basins for post-larval 1 to 10 
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stage, and about 7 litres of seawater of salinity 20 ± 2%. 

was used as the rearing medium for post-larvae 11-25. For 

the rearing experiments with juvenile prawns fifty litres 

capacity round bottomed plastic basins with about 40 litres 

of seawater of salinity 20 ± 2%. were used. All the conta

iners were provided with continuous air supply through 

aerators, plastic tubing and diffusor stones in order to 

supply oxygen. 

seawater was collected from the sea off-Cochin beyond 

40 meters depth. It was transported to the laboratory in 

\ plastic j erry- cans, pooled into plastic pool s and filtered 

with 60 micron mesh bolting silk cloth. The required water 

of various salinities were prepared by adding dechlorinated 

tap water to the seawater . The water was aerated well 

using aerators and used for the experiments . Salinity, 

dissolved oxygen, pH and ammonia levels were regularly 

monitored and data are presented in each of the chapters. 

In the experiments with larvae and post-larvae 1 to 

10 the rearing medium was changed daily with f resh sea water 

of the same salinity. The rearing medium of post-larvae 

11-25, was changed completely every alternate day with fresh 

seawater of same salinity l evel. Metabolites were removed 

daily and the water was siphoned, fil tered with 60jU mesh 

bolting silk and used for one more day bediore effecting 

complete change every alternate day . Similarly, the rearing 
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medium of juveniles was changed every fourth day wi~ fresh 

sea water of required salinity. Metabolites were removed 

daily and the water 

-filter facility and 

was siphoned, filtered in 
.fat' 

used ~two subsequent day:s, 

a biological 

and on the 

fourth day complete water was siphoned and changed with 

fresh sea ater of same salinity. 

Experimental animals 

The larvae, post-larvae and juveniles of Eo. indicus 

were regula rly obtained from the Prawn Hatchery of the 

Central Marine Fisheries Research Institute at Narakkal near 

Cochin . All the animals used for anyone particular experi-

ment were obtained f rom the same brood to avoid genetics 

based variations. Same procedure was followed for all the 

nutritional experiments. 

Protozoeae-l were used for each of the larval experi

I ment which were reared up to the post-larval-l stage . Post

larvae-l (first post-larvae) were used for marine phase of 
, 

post-larval nutritional studies and were reared up to Pl-IO 

stage (10 day old). Post-Iarvae-11 (11 days old post-larvae) 

were used for nutritional studies till they reached advanced 

stage (PL-25 ) . This is a brackish water phase in the life

cycle of prawn ~. indicus. Juvenile prawns o f mean length 

around 25 mm to 30 mm were used for all the nutritional 

experiments on juvenile Eo. indicus. 

• 
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'!be larvae, post-larvae and juveniles of .E. il!l1cus 

required for different nutritional experiments were transpo

rted in polyethylene seed transportation bags of 5 l1trea 

and 10 litres capacity. '!bese bags were half-filled with 

seawater of required salinity. Experimental animals were 

stoCked at the rate of 1000 larvae, 500 post-larvae 1, 250 

post-larvae 10 and 50 juveniles of .E. indiC!l8 per lit T"e in 

the transportation bags. After introducing the animals, the 

transportation bags were filled with oxygen or compressed air 

and transported to the experimental laboratory of the Central 

Marine Fisheries Research Institute at Codhin within 2 hours. 

In the laboratory the animals were introduced into 

large plastic tubs containing seawater of required salinity 

and acclimatized. Larvae were acclimatized only for 3 to 4 

hours, post-larvae were acclimatized for one day and juveniles 

were acclimatized for a week or till they reached the desired 

size before the beginning of experiment. 

Formulation and preparation of feedsl 

All the diets, for each of the experiment, were for

mulated to contain same level of protein and approximately 

isocaloric gross energy levels. The diets for juvenile 

prawns were formulated to contain 37.5". ! 1 protein in all 

the experiments. Considering the fact that the larvae may 

require relatively greater percentage of protein in the diet 
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• protein level of 47.5% :t 1% was maintained for the experiments 

with larvae. Energy content was maintained by adjusting the 

level of g lucose, sucrose and cellulose, while varying the lipid 

levels in the diet . However the starch level was Kept at 12% in 

all the diets as starch is also a binding agent. For most of the 

exper;iments carrageenan was used as the binder. Agar agar (5%) 

was used only for experiments on lipid and cholesterol require

ments with juveniles. 

Chemically purified ingredients were used for preparation 

of diets . The diets were formulated following the formulae 

provided by Kanazawa ~~. (1970, 'c".,d , 1977b), Read (1981) 

Oeshimaru and Shigueno (1972) Oeshimaru et ale (1979) and 

Kanazawa ~.M. (1982&) with little modifications. The canp~si

tion of the basal diets for both larval and juvenile prawns 

are given in the Table 'l,.. 

Purified feed ingredients were procured fran authorlsed 

dealers of respective manufacturing companies (ICN Biochemicals, 

USA; Sigma USA, BDH, SRL, HIMEDIA, MERCK etc.) Codliver oil 

was purchased fran Universal Genereric Pvt. Bombay (an associ

ate of British codliver oil Ltd., HULL); purified fatty acids 

and lecithin (LJ;phosphatidyl choline) from Sigma USA, chole

sterol fran BOH England, fatty acids standard fran Applied 

Science Laboratories, USA and SUppleco, Switzerland . Casein 

was selected as main source of protein in the diet as it is 
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the only protein available in highly purified form to avoid 

extraneous factors. Besides, it contains fairly good balance 

of essential amino acids required for prawns and it was also 

used in nutritional studies by several workers. Egg-albumin 

was included in casein basal diets, to improve the amino acids 

balance in the diets. Canparing the amino acids profile of 

casein with that of ,f. indicus muscle (Colvin, 1976~ it was 

f ound that the ar9inine content was slightly low in casein, 

where as the arginine content was quite high in prawn muscle. 

Therefore, arginine was supplemented at 1r. level in all the 

diets . Kitabayashi ~~. (1971 b) found t hat diet supplemented 

with 0.S3r. methionine and 0.83r. of arginine gave better growth 

rate in the case of f . 1aponicus. So O.Sr. of methionine was 

used in addition to arginine. Glutamic acid (1%) glycine (2r.) 

and taurine (0.5%) were used as attractants. Free C!IIIinoaclds 

play a role in the palatability of fresh diet, a tactile 

response is induced by glutamic acid (Takei and Ai, 1971). 

Penaeid prawns are known to utilize polysaccharides 

very efficiently; so 12% starch was included along with 7.Sr. 

sucrose and small percentage (3.5%) of g lucose as source of 

carbohydrate. Starch when ge1etinised also had a binding 

capacity. The diets were adjusted with glucose , sucrose and 

cellulose powder to maintain isocaloric levels. Glucosamine 

was added in the diets as it is known to pranote growth in 

prawn (Kanazawa ~ .Al., 1970 and 1977b, Kittabayashi ~ .Al.) 
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1971a), as well as serves as the precussor for chitin 

synthesis. Vitamins mixture and mineral mixture were 

included in levels suggested by Kanazawa ~~. (1970, 1977b, 

1982b) for Kuruma prawn E. 1lQ9nicus. A mixture of soyal:lean 

oil, codliver oil and lecithin, and cholesterol were used as 

sources of l1pi&s for most of the experiments. New (1976) 

suggested that a binder should be used in the diet of prawn 

to avoid loss of nutrients through leaching and to maintain 

texture in saline water. Accordingly, agar-agar or carrageenan 

was included in the diet as binder in the experimental diets. 

Basal dietary formulae used for the experiments with 

larvae, post-larvae and juveniles are given in Table 1. In 

general, the basal ingredient compos! tion remained unchanged 

for all the experiments, except the levels of lipids, glucose, 

sucrose and cellulose powder. The specif ic changes made in 

the ingredients as required for specific experiments, are given 

in material and methods section of respective chapters. 

Diets were prepared follOWing the met~od of Kanazawa 

~,a1. (1970, 1977 and 1982b) ) 1 with slight modifications. 

All the ingredients were powdered in a grinder and selved 

through '0 jJ. mesh. The ingredients for each of the diet 

were weighed on a Mettler Electronic Balance and kept separately. 

Casein , egg albumin, sucrose, glucose , glucosamine , sodium 

citrate, sodium succinate, cholesterol, amino acid mixture, 

vitamin mixture ~ere mixed thoroughly in a mortar and pestle. 
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TABLE _ 2 BASAL INGRED IENT CCMPOSITION (%) OF REFERENCE DIETS 

--------------------------------------------------------------
Diet for Diet for Diet f or 

I NGREDIENTS Larvae and Post-larvae j uveniles 
Post-larvae 11- 25 
1-10 

--------------------------------------------------------------
Casein 37 . 00 37 . 00 31 . 00, 

Egg Albumin 9 . 00 9 . 00 7 . 50 

Amino Acids Mixture 1 
5 . 00 5 . 00 . 5.00 

Glucosarnine 0. 80 0. 80 0. 80 

Sodium citrate 0 . 30 0 . 30 0. 30 

Sodium succinate 0 . 30 0.30 0 . 30 

Starch 12. 00 12 . 00 12 . 00 

Glucose 3. 50 3. 00 4 . 90 

Sucrose 7.9 6 . 4 11 . 00 

Cholesterol 0. 5 0. 5 0. 5 

Lipids2 10. 00 12 . 00 12 . 00 

Vitamin Hixture.3 3. 20 3. 20 3. 20 

Mineral mixture4 8 . 50 8 . 50 8 . 50 

Cellulose powder 2. 00 2. 00 3.00 

Total 100. 00 100. 00 100 . 00 

Carrageenan/Agar-agar 5 . 00 5 . 00 5 . 00 

Distilled water 100-120 ml 100-120 ml 100-120 ml 
-----------------------------------------------------------------
1. Amino acids mixture (g!100 g diet) Arginine 1 . 00, Methionine 

0. 50, Glycine 2. 00, Taurine 0. 50, Glutamic acid 1 . 00 

a 2. Lipid Mixture - Codliver oil: Soyabean on: Lecithin in the 
ratio of 56 . 00 I 28 . 00 I 16 . 00 

3. Vitamin mixture (mg!100 g diet) Thiamine HCL (B1)4 . 9 , Ribofla
vin (B2 )-8 . 0, Para-Amino Benzoic acid-10 . 90, In~itol 
-400 . 00, Niacin 40 . 00, Calcium Pantothenate 60. 00 , 
Pyridoxine HCL 12 . 00, 11enadione 4 . 00, ~ -Carotene 
9 . 60,~ Tocopherol (Vitamin E) - 20. 000 , Calciferol 
1 . 20, Cynacdbalamin (B12 ) 0. 08 , Sodium Ascorbate-
2000. 00, Folic acid 0 . 80, Choline chloride 600 . 00, 

4 . Mineral Mixture (g 100 g diet) - K2HP04-2 . 00, Ca(P04 )2-2 .7 2 
MgS04 7H20- 3. 02, HaH2P04 • 2H20 - 0. 790, 
MnS04 • 5H20- 0. 004 , F8S04 . 7H20 - 0 . 015 
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Water soluble vitamins and minerals were dissolved in water 

separately. Required lipids were weighed separately and ---mixed with the diet. Required quantity of distilled water 

was taken .in a beaker; boiled on a water bath and starch 

was added and gelatinized. To this carageenan!aqar-aqar was 

added along with cellulose and boiled till this mixture was 

fully cooked and mixed thoroughly. '!ben the mixture of 

dietary ingredients were added along with mineral mixture, 

vitamin mixture and mixed thoroughly in the beaker. '!be pi 

was adjusted to 6.8 -7 by 10% NaCH. '!bis mixed diet was 

steamed for 10 minutes, cooled and passed through a house 

hold pelletizer having 2 mm dianeter aperture. '!be wet 

feed strands were freeze dried at -20·C or oven dried at 

50·C. Those diets required for the larval experiments and 

for fatty acid requirements experiment of post-larvae and 

juveniles were freeze dried at -20·C and diets required for 

remaining experiments were dried in electrical oven at 50·C. 

\ Diets required for each experiment was prepared just 2 days 

before the beginning of the experiment and stored in polye-

thelcne containers in freezer at -20-C . Pelleted diets for 

juveniles were dried to contain about 20 to 25" moisture and 

pellets for post-larvae 11-25 to contain 15 to 20% mOisture. 

However moisture content was less than 15" in the diet for 

larvae and post-larvae 1-10. 

Freeze dried diets were powdered and seived to obtain 

particle sizes 100 JI' 75 JI am 37 JI through the required 
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mesh seives . Preliminary experiments showed that larvae 

ingest and show better growth with particles l ess than 37;U. 

Therefore, all the experiments on nutritional requirements 

on larval prawns were conducted by using the microparticulate 

diet particl es of size less than 37;U. Diets for post-larvae 

were dried, powdered in a grinder and seived to obtain 

particles of 300JU and lOOOJU size. Particles of 300;U size 

were used for post-larvae 1 to 10 stage: whereas , particles 

of 1000jU size were used for post-larvae 11-25 stage. 

Pellets of 5-6 mm size were fed to juveniles. 

Stocking of animals 

The number of animals subjected to each treatments were 

150 larvae at the protozoea-l stage 60 post-larvae at post

larvae stage 1, 45 post- larvae at post-larvae-ll and 30 
yl 

juveniles ~ the respective experiments . Thus each of the 

replicates had either 50 larvae or 20 post-larvae of Pl 1 

stage, or 15 post-larvae of PL 11 stage or 10 juveniles of 

,E. Wdicus • 

The total length of animals (from tip of rostrum to tip 

of telson) was measured near to 0.5 mm . In order to determine 

the wet ~Ieight of animals excess water was removed ulling 

filter paper and thereafter weighed in a mettler electronic 

balance/chemical balance . For the dry weight determination 

40 animals of same length and approximately same weight were 

sacrificed and kept in aJloven at 60"e;t 2 for 12 hourll and 
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the dry wei ght wu r ecorded. '!bus i nitial average dry weight 

of post-larvae and juveniles was determined for all the 

experiments. 

Feeding rates and schedules 
I 

Using microparticulate diets villegas and Kanazawa (1980) 

and Kanazawa ~,Al. (1982a) found :better growth rate in 

larval ~. japonicus at a feeding rate of Q. 16 mg/larva/day, 

when canpared to lower or higher rates . So 0 . 16 mg/larva / 

day was used in the present study for all the larval nutritional 

experiments . Food was distributed five times a day in equal 

do-se s at an interval of about 4- 5 hours . 

Feeding rate for post-larval prawn PI. 1-10 was about 

30 t o 40"" of the total body weight , whidl was distributed 

into three doses, 1/4 dose in the morning, 1/4 dose in the 

afternoon, and 1/2 do" se in the evening. 
v 

Feeding rate for post-larval prawn, PL 11-2$ , was about 

30 t o 40"" of the total body weight which was divided into two 

doses, 1/4 in the morning and 3/4 in evening at 17.30 hrs, for 

4 days and thereafter food was offered only in the evening at 

18 hrs . Juveniles were fed at the rate of about 20% of the 

bianass , twice a day. Initially, 1/4 dose in the morning an:! 

3/4 dos e in the evening were administered, but subsequently, 

after 4 days , food was offered only once a day i n the evening 

at 18 hrs, as prawns are more active during evening and night • 
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Every day in the morning left-over food as well as feCal j 

strands were separately collected by siphoning in the experi

ments on post-larval PL 11-25 and juvenile prawns. The left

over food and fecal matter were washed with fresh-water to 

remove adhering salts, dried and stored in al~minium foils . 

The dry weight of the left-over food and fecal matter was 

recorded. Dry weight of left-over food and fecal matter was 

considered for calculation of FCR, PER and f or calculating 

the apparent d igestibility. 

Hydrological parameters . 

Hydrological parameters such as salinity, dissolved 

oxygen, anmonia, pH and water temperature were monitored 

regularly. Food consumption and growth are shown to be 

markedly influenced by environmental parameters such as 

temperature, feeding rate, photoperiod (Bordner and Conklin, 

1981). Long photoperiod caused reduced growth and food 
,.. 

consumption of juvenile lobster (Bord .ner and Conklin, 1981); 
~ 

so the photoperiod was adjusted by keeping darkness from 

18.00 brs. to 06.00 hrs. and natural light was available 

during day time between 06 . 00 am 18.00 hrs. 

Experimental duration. 

Larval rearing experiments were conducted for periods 

ranging from 8 to 15 days, till larvae reached the post-larvae 1 

stage. Survival rates at the various larval stages were 

recorded. Post-larval experiments on PL 1 to PL 10 stage 

were conducted for 10 days and on PL 11-25 stage were 



conducted for 15 days. Juvenile experiments were conducted 

for a period of one month (30 days). 

Collection of biological data 
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Survival of larvae, poet-larvae and juveniles were recorded 

at the beginning and at the end of eadl experiment. Besides 

.urvival of larvae at various stages, survival during metamor

phosis was also recorded. Mean survival in the three replicates 

was taken for statistical calculation for further finalization 

of results . 

Total length from the tip of rostrum to the tip of telson 

in I1'ITI was recorded. Wet weight of each prawn was taken by 

removing water adhered to the appendages and gills of prawns by 

blotting paper on a ttler electronic balance. Dry weight of 

prawn (post-larvae and juveniles) was recorded by drying an 

the prawns in an electrical oven at 50·C for 48 hours or by 

dr¥ing the prawns in a freeze dryer at -20·C for 48 hours. 

The survival and dry weight gains of post-larvae 1-10 

were considered as more important par8/lleters than gain in wet 

weight and length because the animals are so small that the 

water adhered to the appendages will lead to some error in 

the results. 

After taking final length, wet weight and dry weight 

the prawns were stored in plastic bags or in polylthelene 

containers and kept in desiccators for biochemical analysis. 
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Biochemical analysis 

The biochemical composition of juveniles and post-larvae 

11-25 were determined after the experimental trials . Chemical 

analysis of prawns, diets and fecll.l. matter was done by using 

standard methods as reviewed by Giese (1967) and AOAe (1965). ' 

Protein, lipid, carbohydrate, ash and cholesterol contents were 

expressed in percentage dry weight basis. Dry weight was deter-

mined by drying the prawns in electrical oven at 500 C for 24 to 

48 hours to get constant dry weight. Along with dry weight, 

moisture content of prawns was also determined. The prawns 

fran fatty acid requirement experiments and experiments on 

nutritional evaluation of natural lipid sources were freeze 

dried at -20·C. 

The protein content of prawns and diet was determined by \ 

Lowry's Method (Lowry ~ al. , 1951) carbohydrate by phenol 

sulfuric acid method (Dubois ~ ~., 1956) lipids by Bligh and 

Dryer (1959) , cholesterol by Hestrin (1949) and ash content 
~ 

by AOAC (1975) . 

Analysis of data 

Final length, wet weight and dry weight of individual 

experimental animals were recorded and mean survival, gain 

in length, wet weight and dry weight for each replicate was 

calculated . Similarly percentage of moisture, protein, lipid 

carbohydrate , ash and cholesterol contents of each replicate 

groups of prawns was calculated and recorded. Data on food 
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conversion ratios and protein efficiency ratios were deter-

mined for post-larvae and juveniles and apparent digestibility 

of food \·Ias determined only in the case of juvenile experi-

ments on nutritive value of natural lipid sources. 

Food conversion ratio was calculated by estimating food 

consumed per unit time divided by growth per unit time. 

I' Weight of Food 
Food conversion ratio = ~(W~_~W~~)+~D~)= ~c~o~ns~w~m~ed~~ __ ~_ 

2 1 Live .eight gain 
of prawns 

F = Total amount of food consumed in 9 

WI = Mean initial weight in 9 

W2 = Mean final weight in 9 

D = Weight of dead animal in g. 

Protein efficiency ratios (PER) were camputed as 

PER = Live weight gain 
Protein intake 

Digestibility coefficient was calculated only for the 

experiment on nutritive value of various natural sources of 

lipids f or juveniles. 

Di~stibility coefficient = In-Fn 
In 

In = Food intake (food consumed) 

" Fn • Weight of drI fe cal strands 
~ 

x 100 

1\ 
Average of three replicates were calculated for finali

sation of results and for drawing the figure. Data obtained 



were subjected to statistical analysis. Analysis of 

variance (ANOVA) was done on the means of eadl parameter 

to find out if the dietary treatments hold any significant 

influence on the observed parameters. When significant 

influence was observed the data were processed to find out 

if the differences observed between the treatments were 

significant or not by least significant difference test 

with the help of a Hewlett PaCkwrd Master computer . 
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CHAPTER - I 

TOTAL LIPID REQUIREMENTS 



I NTR O DUCTION 

A recent review on nutrition of shrimps and prawns 

(Kanazawa, 1985) indicates that lipids are indispensabl e 
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nutrients for growth and survival of these animals . However, 

information reg arding optimal lipid requirement of prawns 1s 

limited , though most researchers included lipids in t;heir 

dietary formulations for prawns . Several authors (Lee , 1970; 

Shudo ~ ~., 1971 ; Forster, 1972; Andrews ~ ~., 1972;S1Ck 

and Andrel'}S, 1973; SiCk ~ ~., 1973; Zein Eldin and Meyers , 

1973; Guary ~ ~., 1976a)Sandifer and Joseph , 1976 ; D'Abramo 

~ al., 1980; Ponat and Adelung, 1980) have used lipids, 

derived fran plant products , animal products and mixture of 

plant and animal products , in the diets of crustaceans 

according to availability in local areas . '!he level of lipid 

used in their diets also varied according to their convenience, 

without considering the dietary requirement of the animal 

concerned. Desbimaru and Shi gueno (1972) included 8 . 8% crude 

fat in their best diet for p . japonicus . Shu do ~~. (1971) 

reported that the addition of 4% squid liver oil in the diet 

improved the growth of ~. japonicus . Forster and Beard (1973) 

and Andrews ~~. (1972) reported inhibition of growth i n 

the prawns, Palaemon serratus and Peneaus setiferus at lipid 

levels of 15% and 10% supplementation, respectively . SiCk and 

Andrews (1973) found that 10% lipid pranotes better growth i n 

the prawn E, . duor arum than a lipid free dIet . Deshimaru and 
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Kureki (1974a) found that a diet containing 6% lipid promoted 

better growth in~. japonicus than a lipid free-diet or a diet 

with 12% lipid. Whi le reviewing the nutritional requirements, 

Forster (1976) reported that penaei d prawns do not require 

high levels of dietary lipids and suggested that optimum level 

may fall between 5 and 10% in the various species . 

The most comprehensive studies on lipid requirements 

of prawns have been those of Kanazawa ~~. (1970, 1977b) and 

Deshimaru ~.2l . (1979) who have investigated the quantitative 

lipid requirements of the Kuruma prawn, Penaeus japonicus. 

Kanazawa ~ al. (1970) reported better growth of E. japonicus, 

when fed a purified diet with 8% soyabean oil as the lipid 

source . Subsequently, Kanazawa ~ al . (1977b) conducted experi

ments to determine the optimum dietary t ipid level by using 

graded lipid levels in the diets for~. japonicus, and obtained 

maximum growth with 12% powdered pollack residual oil. Similar~y, 

7% codliver oil was found to give better growth in !:. merguiens.1s 

(Aquacop, 1978) . Guary ~.Al. (1976a)used 4% sardine 011 or 

4% clan oil in purified diets and reported better growth in 

P. japonicus t h an with 4% peanut oil . 

The optimum lipid level required in the diet of 

E. indicus has not been studied so far . Earlier studies on 

lipid nutr! tion of E. indicus are those of Colvin (1976 ~ who 

studied the effect of se l ected seed oils on growth and fatty 

acid composition of juvenile E. indicus and Re ad (1981) who 

studied the response of juvenile E. indicus to various p lant 

and animal oils. Colvin (1976b) sup lemented a constant level 
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of 5~ pl ant oil in the experimental diets, in addition to the 

lipid present in other ingredients (fish meal ) and reported 

that diet containing 9.8% lipid giv es better growth in juvenile 

E. indicus . Read (1981) suppl emented lipids at 3 and 4 . 5~ levels 

in various diets containing selected lipid sources and f ound that 

a diet with 3% mixture of fish oil and sunf lower oil in the 

ratio of 211 gives better survival and growth in juvenile 

E. indicus . Fe~ authors from India prepared diets for various -stages of E. indicus using lipids as a component in their diets 

of E. indicus . Ahamed Ali (1982' ) used 6% lipid in the diet of 

juveniles ; Charles and Ahamed Ali (1984) used 1 12% lipid in 

the diet of post-larval prawn. Mohamed tl!!d. (1983) used 

10. 1~ lipid in the diet of larval E. indicus and reported good 

growth . Despite all these preceeding reports. so far. no i nfor-

mation exists on the effects of graded levels of lipids on any 

\ stage of E. 

out to find 

indicus. So the present investigation was carried \ 

out the quantitative requirement of lipids in the 

diet of larvae, post-larvae and juveniles of E. indicus . 

MATERIA LS AND METHODS 

Four sets of experiments were conducted in the laboratory 

to study the level of lipid required for Optimum growth. 

~ival . better utilization of food and pr otein, and for maxi-
, 

mum protein deposition in the larvae. post-larvae and juveniles . 

In general , the experimental design . aquaria used. seawater, 

salinity, exper1mente1 animals . stocking density, method of 

formulationR and preparation of diets , details about feedinq 
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and rearing techniques, duration of experiments, collection of 

data on survival, growth, FCR, PER proximate composition and 

method of analysis of data are same as described in the general 
aod 

materials methods section (pp 15 -29 ) • '!he basal ingredient 
~ 

ccrnposition of the diets is same as given in Table 2, for all 

the stages of p. indicus. 

Ei ght diets for larvae and post-larvae and seven diets for 

(

juveniles were prepared containing :sonitrogenous and isocaloric 

levels . The lipid levels ranged from 0 to 14% in larval and ---post-larval experimental diets and from 0 to 18% in juvenile 

diets . '!he levels of glucose , sucrose and cellulose powder 

were adjusted to maintain approximately i s ocaloric levels in 

each of the diets (Table 3 and 4) . Phytoplankton was used as 

a control diet for larval experiment and a reference diet 

NPCL 017, a compounded diet from QIlFRI Cocnin was used as a 

control for post-larval and juvenile experiments . 

Dietary lipid source used in all the experimental diets 

comprised of codliver Oil, sOYfbean oil and lecithin in the 

ratio of 56 128 116. Earl ier observations (Deshimaru and 

KUDOki, 19748, Deshimaru ~ al.,1979) indicate that a 
. 0 

mixture of marine and plant lipids produce maximum growth 1n 

juveni l e £. japonicus and lecithin appears to be essential 

for larval and juvenile £. j apenicus (Kanazawa, 1985 ). So a 

mixture of codliver Oil , soy abe an oil and lecithin was used 

as source of lipid in the diets to determine the quantitative 

dietary lipid requirements for larvae, post-larvae and 

juvenile prawns . 
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TABLE - 3 I NGREDIENT CCl1POSITION (% ) OF DIETS USED IN '!HE EXPERIMENTS TO DETERMINE 

THE LIPID REQUIREMENT OF LARVAE , POST- LARVAE 1- 1 0 AND POST-LARVAE 11-25. 

------------------------------------------------------------------------------------
Ingredi ents* 

Experimental d i e ts 
-------------------------------------------------------------------

1 2 3 4 5 6 7 8 ------------------------------------------------------------------------------------
Codliver oil 0 . 0 1 . 12 2.24 3 . 36 4 . 48 5 . 60 6 .72 7. 84 

Soyabean oil 0 . 0 0.56 1 . 12 1 . 68 2 . 24 2 . 80 3 . 36 3. 92 

Lecithin 
(phos pholip i d ) 0 . 0 0 . 32 0 . 64 0 . 96 1 . 28 1 . 6 0 1 . 92 2 . 24 

Glucose 6 . 5 5 . 50 5 . 5 0 4 . 50 3 . 50 2 .5 0 2 . 00 1 .50 

Sucrose 13 . 9 12 . 90 1 0 . 9 0 9 . 00 7 . 50 6 . 50 5 . 00 3.50 
CI 

Cellulose pow~r 1.6 3 . 0 3 . 00 3 . 90 4 . 4 0 4 . 40 4 . 40 4.40 

------------------------------------------------------------------------------------
* The percentages of casein, egg albumi n , ami noacid mixture , g l v c osamine, sodi~ 

c itrate, sodium succinate , starch , cholesterol , mineral mixture , vitamin mixture , 
carrageenan/ Agar- agar used in these diets are same as given i n Table 2 . 



TABLE _ 4 ;n~REDIENT CCMPOS ITI ON ( " ) OF DIETS USED IN '!HE EXPERIMENT TO DETERMINE 
THE LIPID REQUIREMENT OF JUVENILES 

--------------------------------------------------------------------------------------
Exper~mental d~ets 

Ingred~ents * - ------.-----------.---------.- .----.--------------.--------------
1 2 3 4 5 6 7 

--------------.-----------------.---------------------.----------------------.--.--.-----

Codl~ver oil 

Soy;ibean oil 

Lecithin 
(Phospholipid) 

G l~cose 

Sucrose 

Cellulose powder 

0 . 0 

0 . 0 

0 . 0 

9 . 50 

20 . 00 

1 . 40 

1 . 68 3 . 36 

0 . 84 1 . 6B 

0 . 48 0 . 96 

8 . 50 7 . 50 

17.00 14 . 50 

2 . 40 3 . 40 

5 . 04 6 . 72 B. 40 9 .9B 

2 . 52 3 .36 4 . 20 4 . 99 

1 . 44 1.92 2 . 40 3.03 

6 . 00 5 . 00 4 . 00 2 .40 

12 . 50 10 . 50 8 . 50 5 . 50 

3 . 40 3 . 40 3 . 40 5 . 00 

* '!he percentages of casein, egg albumin, aminoacid mixture, g lucosamine, sodium 
citrate, sodium succinate, 8jtarch, cholesterol , mineral mixture , vitamin mixture , 
Agar-agar used in these diets is same as g~ven in t h e Tabl e No.2. 

• 

• 



TABLE - 5 ENVIRONMENTAL FACTORS , STOCKI NG DENSITY PER 'lREA'lMENT, MEAN INITIAL LEOOTH 

AND HE IGHTS OF ANIMALS , AND FEEDING LEVEL FCR THE EXPERIMENT CN LIPID REQUIREMENT 

--------------------------------------------------------------------------------------------
Stages of the prawn 

Parameters ---------------------------------------------------------------------
Post-larvae Post-larvae 
1-10 11-25 Larvae Juveniles 

--------------------------------------------------------------------------------------------
Salinity (" .) 

Temperature ( OC) 

pH 

Dissolved oxygen 
in water (mg/l) 

Toj:a1 Arranonia -N 
in seawater (ppm) 

Initial number of 
prawn/diet 

Average initial 
length (mm) 

Average initial 
wet weight (mg) 

Average initial 
dey weight (mg) 

Feeding level 
" of bianass 

34 . 0 ± 2 

29-31 

8 . 0-8 ,3 

0 . 02- 0 . 06 

150 

-

100 

32 . 0 ± 2 

26-30 

8 . 00-8 , 2 

4 . 2-6 .3 

0 . 04-0 . 09 

60 

5 . 05 

0 . 239 

0 . 067 

30-40 

20 .0 ± 2 20 .0 ± 2 

26 . 4-29 . 2 27.0-30.5 

7 . 9-8 . 3 7.8-8.2 

3 . 9-6 .2 3 .8-6.0 

0 . 04-0 . 09 0.05-0.11 

45 30 

9 . 5 29 .00 t o 31.0 

2 . 92 136 to 142 

0.806 29 .70 

30-40 20-30 
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Water quality paramet ers such as salinity, t enper ature , 

dissolved oxygen content, pH and total amnonia concentration 

were monitored regularly, and found that mean levels of these 

environmental parCllleters were more or less simi lar CIlIong all 

the treatments in each of the experiments (Table 5 ) . Initial 

stocking, mean length, wet wei ghts and dry wei ghts of the , 
experimental animals are g iven in Table 5. The differences 

in initial mean lengths as well as in wei ghts of prawns found 

among the t r eatments of each experiment were statistically 

insignificant. 

RESULTS 

LARVAE 

Feeding trials were condu cted in larvae to examine the 

nutritive value of purified d iets with or ~lithout lipids, and 

the results ,·'ere compared with those obtained with the control 

groups fed · live- food (phytoplankton ) . The results are shown 

in Table 6 1\ and 6B. All the larvae died at the protozoea- l \ 

stage within two d ays wi thout metamorphosis , when no food was 

supplied (Table 6A Treatment 10) indicating that larvae having 

exhausted the y olk nutrients reserve in nauplius stage, 

..;: .required an exogenous source of nutrients through food . In 

the control group (Treatment 9) where live phytoplankton 

culture was fed the development of larvae followed a normal 

sequence showing the highest survival rate . In this t reatment 



36.67% of the protozoeae reached the post-larval 1 stage , 

within 8 days of the experiment . Of the remaining eight 

treat treatments only one (Diet- 6) , in which 10% lipid was . 
included in the diet, produced 20 . 6 7% post-larvae 1 after 

10 d<!'.ls . The growth and survival rates of larvae obtained 

in this treatment were Si gnificantly (P < 0 . 05 ) lower than 
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those of the control group receiving li " e-food (phytoplankton), 

Exclusion of lipid from the d iet (Dtet 1) resulted in total 

mortality of larvae at protozoea-II stage itself on the 3rd 
,.., 

day of the experiment, thus provi· ·.ng the essential! ty of 
'-' 

lipid as a component in the diet . In treatments 2 and 3, in 

which lipid level of ~ and 4% were included in the diets, 

none of the larvae reached the post-larval 1 stage. Total 

mortality of l arvae occurred at mysis stage on 5th day in 

treatment 2 (2% lipid) and on 8th day in treatment 3 (4% lipid) . 

iln all other treatments (4 to 8 ), few larvae reached the post

larval stage (Table 6A) and there were no significant diff-

erences between them in the survival rate , with the exception 

of diet 6 (10% lipid) which produced significantly higher 

survival rates than d iet 1 to 8 containing lipid level f ran \ 

zero to 14%. 

lhe trends in larval mortality at d ifferent larval 

stages can be seen f rom Table 6B . With the exception of the 

control group fed with phytoplankton, larval mortality was 

more during protozocal stages than during mysis stages in 

almost all the treatments . Mortality of larvae was 



TABIE - 6A GRO:1'lH AND SURVIVAL OF E. INDICUS LARVAE FED Cli DIETS CONTAZNIID GRADED 

LEVELS OF LIPID. • 

--------.---------------------------------------------------------------

Diet 
No. 

Lipid 
Level 
( 0/.) 

Survival rates (0/.) at various devel~ntal stages of prawn larvae 
-------------------------------------------

P2 P3 Ml M2 M3 PL1 

Feeding 
Period 
Days 

---------------------------------------------.------------
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

a 
2 

4 

100 

100 

100 

6 100 

8 100 

10 100 

12 100 

14 100 

Phyto- 100 
plankton 

No food 100 

60 . 00 

40. 00 

60. 00 

78 . 00 

77 . 34 

61 . 34 

62 . 00 

89 . 34 

0 . 00 

-
12. 00 

31 . 34 

46 . 67 

46 . 00 

48 . 00 

46 . 00 

80. 00 

0 . 00 

-
11. 33 

36 . 00 

36 . 67 

35 . 34 

33 . 34 

-

-
4 . 00 

20. 00 

26 . 67 

24 . 67 

27 . 34 

-

-
-

4 . 00 

24 . 67 

26 . 00 

20 . 67 

21 . 34 

38 . 67 

-

14 . 00 

21 . 6 7 

13 . 34 

9 .34 

36 . 67 

-

2 

6 

8 

12 

10 

10 

10 

10 

8 

------------------------------------------------------------------------------------------
Pl , P2. P3 = I?roto:<;oeal stages of larvae 

Mi , M2, M3 _ Mysis stages of larvae 

PLl _ Post-larvae 1 stage 
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TABlE - ."6-S SURVIVAL RATE (") OF LARVAE AT VARIOUS DEVELOPMENTAL STAGES DURING METAMORPHOSIS 

--------------------------------------------------------------------------------------------
Diet 
No. 

Lipid 
level 
(%) 

. Survival rate (%) of larvae at various developmental stages 
-----------------------------------------------------------------------------
1'1 Fran Fran From From 

Pl to 1'3 P3 to Ml Ml to M3 M3 to P11 
--------------------------------------------------------------------------------------------
1 0.0 100 

2 2 . 0 100 26.67 42 . 50 

3 4 . 0 100 12.33 50. 00 66.67 

4 6.0 100 31.33 78.72 27.02 90. 00 

5 8.0 100 46.67 7 7.14 68 .51 56.75 

6 10.0 100 46 .00 79.90 70.90 79.48 

7 12.0 100 48 .00 73 . 60 58 . 49 64.51 

8 14.0 100 46 . 00 72.46 64 . 00 43 .75 

9 Phytopla-
nkton 100 80 . 00 68 .34 70.73 94 . 82 

10 No food 100 

-------------------------------------------------------------------------------------------
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relatively less in all the treatments f rom protozoea- III(P- III) 

to mysis-1 (M- 1) stage and was found to be less than 3~fo in 

treatments 4 ~o 8 and the control . LarVal mortality was less 

than 40"/0 in all the treatments from 3 to 9 during mysis 1 to 

mysis III stages, except for ~eatment 4 containing 6% lipid . 

Larval mortality decreassd during metamorphosis from mysis III 
, 

to post-larva 1 stage, being l ess than 50% in all the treatments 

from 4 to 7 and the control . In general , mortality was more 

during t he protozoeal stages (P1 to PIlI stage) , compared to 

that r ecorded during the metamorphosis f rom P III to PL I stage. 

In treatments 1, 2 and 3, where the larvae were fed on diets 

containing less than 6% lipid , complete mortality of larvae 

occurred before reaching the post-larval stage 1 . 

, 
'lbus , the minimal dietary lipid level required for 

)'/ normal grovlth and metamorphosis of larval ,£ . indicus is\ ab~t J 
1 ~;' in the diet under the present experiment al conditions . 

POST_LARVAE 1-10 

'lbe results of the feeding experiment conducted to 

determine the total lipid requirements of post-larvae 1- 10 

are plotted in Fig . 1 . Analysis of variance of the data 

showed that the survival and growth rates of post-larvae are 

significantly (P<O . OS) influenced by the dietary lipid 

levels. 

The survival rate (Fig . 1) of pos t-larvae ranged 

from 15 to 70% in the various dietary treatments . It was 
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significantly low (15" ) in post-larval groups fed the lipid free 

diet (Diet-1). Diets 5 to 8, in which dietary lipid level 

formed 8 to 14", produced higher survival rates than diets 

1 to 3, in which dietary lipid level was less than 8". 

Although there was no statistically signif icant differences 

in survival between diets with 8, 19, 12 and 14% lipid, the 

observed value (Fig . 1) clearly indicate relatively higher 

survival (70%) in the groups fed diets containing 10 and 12% 

lipid. 

Growth (the mean percent gain in l ength , wet weight ani 

dry weight) of post-larvae (Fig . l) was significantly (p < 0. 05) 

influenced by the dietary lipid levels . Deletion of lipid 

from the diet (Diet-1) resulted in significantly (p< O. OS ) 

l ower growth rates of post- larvae . Growt h of post-larvae fed 

on diets with lipid ranging from 10 to 14% was found to be 

significantly (p <, j<l . OS) higher than that recorded with 

diets containing 4" or less of lipid . Besides, the mean 

percent gain in dry weight produced by the diets containing 

10 to 14% lipid was significantly (P(O . OS ) higher than that 

produced by diets containing 6% to 8% lipid . There was also 

no significant difference in the wet weight and dry weight of 

post-larvae between diets containing 10, 12 or 14% lipid . 

These results indicate that 10% lipid in the diet is effective 

for promoting growth in po~ t-larvae 1-1 0. By increasing the 

lipid level to 12 or 14% in the diet no signl£1cant improve

ment in growth was attained . 



Fi g . 1 Survival rate and growth of post-larvae 1- 10 

fed on diets containing graded levels of lipids 
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It can be observeo. from Fig . 1, the growth of post

larvae increased with the dietary lipid level and was found 

to be optimum when dietary lipid level was 1~1o . Although 

the gains in length and dry weight were higher in the post

larvae fed the diet with 14% lipid than the diet with 1~1o 

lipid, the observed differences were statistically insigni

ficant . 

POST-LARVAE 11-25 

!he results of the feeding experiments conducted in 

post-larval £. indicus with 8 diets containing various levels 

of lipids , viz . 0. 0, 2, 4, 6, 8 , 10, 12 and 14% are shown in 

Table 7 and Fig. 2. !he survival rates of post-larvae 

recorded fran the various treatments ranged from 36 to 100% 

(Fig. 2), and were significantly influenced by the dietary 

lipid level . !he lipid-free diet produced significantly 

(P < O. OS) lower survival (30%) than other diets . The survival 

rate significantly improved on addition of 4% lipid in the 

diets . However, addition of 2% lipid did not significantly 

improve survival under the feeding regimes . Diet 8 contain

ing 14% lipid produced the highest (100%) survival rate, 

which was followed by Diet 7(12% lipid) which produced 83% 

survival . These results indicate that post-larvae 11- 25 of 

E. indicus require a dietary level of 12 to 14% lipid in 

the diet for optimum survival . 
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The growth data for post- larval prawns expressed as 

percentages of mean gains in length, wet wei ght and dry weight 

are shown in Fig.2 . The growth of post- larvae was also signi

ficantly (P < O. OS) influenced by the dietary lipid l evels . The 

lipid- free di et (Diet 1) produced the lowest percent gain in 

l ength and wet weight . The Significantly (p < 0. 05) low growth 

of post-l arvae fed on the diet wi~out lipid indicates the 

essentiality of dietary lipid for post-larvae 11- 25 . Incorpo

ration of 2% lipid in the diet significantly (P.( 0. 05) improved 

growth. GrOlolth of post-lar-"ae fed on diets (Diet 7 and 8) con

taining lipid levels of 12% and 14% was significantly (P< 0. 05) 

higher than those fed on the diets containing 1D:' or less 

percent of lipid . 

Significantly the hi ghest gain in length , wet weight and 

dry weight were observed in the post-larvae fed on t he 12% 

lipid diet . Incorporation of 14% lipid in the diet did not 

signi ficantly improve growth over t hat of 12% lipid . In fact, 

the dry weight gain was significantly lower in post- larvae 

fed on 14% lipid diet than wi th 12% lipid. The mean percent 

wet weight gain was sign i ficantly (p< 0. 05) higher in the 

post-larvae fed on diets containing 10, 12 and 14% lipid than 

those fed diets containing less than 1~ lipid (Diets 1 to 5) . 

Although slight differences were Observed in the growth of 

post-larvae among diets 1, 2, 3 and 4, the differences were 

not significant . In general , the growth of the post- larvae 

increased steadily with the dietary lipid level from 2% t o 12%. 



Fig. 2 Survival rate, growth, FCR am PER of post

larvae 11-25 fed on diets containing graded 

levels of lipids 
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Food conversion ratios (FCR) and protein efficiency 

ratios (PER ) for various diets are shown in Fig . 2. '!he FCR 

and PER were significantly (P( 0. 05) affected by the dietary 

leve l of lipid . Del etion of l ipid from the diet (Diet-I) 

significantly affected the utilization of food and protein . 

Incorporation of lipids in the diets improved the utilization 

of food and prote in by the post-larvae. '!here was a steady 

decrease in the FCR and increase in the PER with increasing 

d ietary l evel s of lipid . '!he FCR and PER were foond to be 

significantly (p<, 0. 05) better for d iets containing 12" 

(Diet 7) and 14% (Diet 8 ) l ipid than all other diets . There 

was no significant difference in FCR and PER between diets 7 

and 8, with 12" and 14% lipid. 

'!he influence of d ietary l evels of lipid upon the 

moisture , protei n, lipid , carbohydrate and ash contents of 

the post- larvae is shown in Table 7. '!he dietary lipid level 

had significant (p < 0. 05) e ffect on the composition of post

larvae. Post-larvae fed the lipid-free diet (Diet 1) and 

those fed diet with 2% lipid had relatively lower protein and 

lipid contents, but higher moisture, ash and carbohydrate 

contents than those fed other diets . While the protein and \ 

lipid contents were relatively higher , the carbohydrate and 

ash contents were relatively lower in the post-larvae fed 

diets 7 and 8 containing 12 and 14% lipid respectively than 

t hat of post-larvae fran other treatments . '!he protein aoo 

lipid contents of post-larvae increased with the dietary level 



TABLE _ 7 EFFECTS OF DIETARY LIPID LEVELS ON 'lHE BI OOiFl1ICAL 

C(MPOSITI9N OF THE POST-LARVAE 11- 25 . 

-------------------------------------------------------------
Diet Lipid Level Moisture Percentage on dry weight basis 
No . in the diet (%) -------------------------------

(%) Protein Lipid Carbo- Ash 
hydrate 

-------------------------------------------------------------
1 ' 0 . 00 

2 2. 00 

3 4 . 00 

4 6 . 00 

5 8 . 00 

6 10 . 00 

7 12 . 00 

8 14 . 00 

77.52 

79 .72 

±1 . 06 

78 . 29 

77 . 41 

77 . 06 

75.74 

±0 .74 

76 .34 

77.14 

±0 . 29 

60. 50 

±0. 50 

63 .25 

65 . 80 

67. 00 

66 . 85 

±o. 65 

68 . 03 

69 . 80 

68 .75 

±0 . 25 

8 .90 3.86 19.85 

9 . 4S 2.95 19 . 80 

10 . 20 3. 02 18 . 85 

10 . 65 2 .75 17.61 

±0. 55 ±0. 05 ±0 . 59 

11 . 53 2 .37 16.65 

±C . 51 ±0 .23 ±0.15 

11 . 90 2.67 15. 23 

12 . 85 1.67 15 . 50 

±0 . 35 ±0.32 ±1 . 30 

12 . 14 1.49 15 . 65 

-------------------------------------------------------------



of lipid, except for treatment 5, where as the ash and carbo

hydrate level s decreased as the dietary lipid level increased, 

with minor variations . The post-larvae fed the diet contain

ing 12% l ipid had the highest protein and l i pid contents . 

JUVENILES 

The results of the feeding experiments conducted in 

juvenile £. indicus with die ts containing graded levels of 

lipid are shown in Fi g . 3 and 4 . 

The survival rate of juvenile prawns ranged fran 43 to 

85% in the various treatments (Fig. 3) and it was significantly 

(p (0. 05) inf luenced by the dietary lipid level . The survival 

was significantly (P( 0 . 05) low in groups of juveniles f ed the 

lipid- free diet (Diet 1) . Addition of 3% lipid significantly 

(p 0 . 05) improved the survival (70%) . Di ets containing lipid 

levels of 9, 12, 15 and 18% produced relatively high survival -
rates (70% to 85%) . The survival rate of prawns was not signi-

f icantly improved by inclusion of lipid levels greater than 9% 

in the diets . 

The data f or growth of juvenile prawns expressed as per-

centages of the mean gains in length, wet weight and dry weight 

are shown in Fig. 3. The growth of juvenile prawns was also 

signifi cantly (p< 0 . 05) influenced by the d ietary lipid levels. 

It is evident fran the Fig . 3 that the lipid- f ree diet {Diet 

produced significantly (p< 0 . 05) the lowest growth rate am 
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that the inclusion of lipid in the diets (Diets 2 to 7) signi

ficantly promoted growth in juvenile prawns . Growth of prawns 

steadil y increased with the dietary l evel of lipid from 3 ~ 

18%, wi th the exception of percent dry weight gain which showed 

a peak at 15% lipid . The growth of prawns on a diet containing 

12% lipid was significantly higher than the pr~s fed a diet 

with lower levels of lipids. Although diets with 15% and 18% 

lipid levels produced greater growth rates than the d iet with 

12% lipid, t he increase in growth was not statistically 

significant. 

Food conversion ratios and protein efficiency ratios 

obtained f or various diets are shown in Fig. 3. Analysis of 

variance of the data showed that the dietary lipid level 

significantly (P.c.0 . 05) influence the FCR and PER . The diet 5 

containing 12% lipid provided the best FCR (2.164) and PER 

(1.42) . The PER recorded for diet 5 containing 12% lipid was 

significantly greater (p< 0. 05) than all other diets, with 

the exception of diet 7 containing 18% lipid. There was 

also no significant difference in the PER between diets 5 and 7. 

Deletion of lipid from the diet of prawn (Diet 1) resulted in 

Significantly high FCR and low PER indicating the poor utili-

zation of food and protein. Inclusion of increasing levels 

of lipids i n diets 2, 3- and 4 significantly improved FCR . 

However inclusion of lipids at levels of 15 or 18"" did not 

significantly improve the FCR over that recorded at 12% lipid 

level. The PER increased with the dietary concentration of 
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Fiq. 3 Survival rate , growth , Fell and PER of j uvenile 

prawns fed on diets containing graded level s of -
lipids. 

• 
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lipids up to 12% lipids in the diet . But inclusion of lipids 

at 15 and 18% resulted in low PERs when compared to 12% lipid 

diet. 

The influence of dietary lipid level upon the mOisture , 

protein, lipid cholesterol , carbohydrate and ash content in the 

body of prawns is shown in Fig. 4. The chemical canposi Hon of 

prawn was also significantly influenced by the dietary lipid 

level. The protein, lipid and cholesterol contents were 

significantly (p< 0. 05) lower, but the moisture, carbohydrate 

and ash contents were significantly (p< 0. 05) higher in the 

prawns fed the lipid free- diet (Diet n than those prawns fed 

on the diets containing various l evels of lipids . While the 

protein, lipid and cholesterol contents in prawns increased, 

the moisture, carbohydrate and ash contents decreased, when 

the dietary lipid was increased fran zero t o 12%. However, 

there was slight increase in the moisture and ash levels in 

prawns fed the 15% lipid diet , in which t he protein and lipid 

contents were relatively low . Inclusion of 18% lipid in the 

ldiet did not significantly alter the canposition of experi

mental prawns fran that of 15% lipid diet fed prawns . 'lhese 

results indicate that diet~-y lipid l evel above 12% has no 

significant effect on the chemical canposition of experimental 

prawns . The prawn's fed on diets containing more than 9% 

lipid had significantly higher protein and lipid contents but 

significantly lower ash contents than those fed on diets 

containing less than 6% lipid. 
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Fig. 4 Biochemical composition of juvenile prawns 

fed on diets containing graded levels of 

l ipids . 
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To clarify the actual dietary lipid requirement of 

juvenile prawns one more experiment was conducted byds~ng 

two diets containing 10% and 12% lipid l evels and it was 

found that the growth, protein deposition and, food and 

protein utilisation were significantly improved by feeding the 

12% lipid diet, when compared to 10% lipid diets (Fig . 12, 13, 

14 , 15) . These results thus confirm the observations made 1n 

the first experiment , that 12% lipid is optimum for juvenile 

prawns , when a mixture of plant and animal lipid sources are 

used in the diet . 

Thus these results indicate that juvenile prawns require 

lipid as an essential nutrient for proper survival, growth pro.

motion and f or better utilization of food and protein. These 

results also indicate that juvenile prawns require a dietary 

lipid level of about 12% for proper growth and utilization 

of the food and protein. Further , it is also clear that 

there is no beneficial effect by inclusion of lipids at 15 

or 18% levels in the diets, though juvenile E. indicus could 

utilize lipid levels as high as 15% without significantly 

affecting growth and feed efficiency. 

DIS C U S S IO N 

The present study clearly indicates the essentiality 

of lipid for proper survival , growth, conversion of feod and 

protein, and retention of protein and lipid in the body of 



,E:PallIIII!i£. indieus. Deficiency of lipid in diets induced heavy 

mortalities in lanrae and post-lanrae, besides severaly 

affecting growth and metamorphosis . Sub-optimal levels of 

lipid in diets also affected the survival and growth of 

larvae and post-larvae . The highest growth as well as 

survival in grrups of lanrae and post-larvae fed diets 

containing 1~~ lipid suggest that this may be the optimum 

for these stages of p. indicus . Studies with ! . japonieus 

also revealed the essentiality of lipid f or proper survival 

and growth (Kanazawa ~ al.,1970; Kanazawa, 1985) . Vi llegas 

and Kanazawa (1980) reported good survival (34 . 2%) of larval 

p. j aponieus on a diet containing 8% lipid. Mohamed ~ Al., 

(1983) reported a survival of 12 . 5% for larval~. indieu. 

when f ed a canpounded diet containing 10. 10/. lipids in the 

laboratory experiments, but the sane diet gave survival as 

high as 66 . 67% in rut door plastic pool s . These observations 

\ 

suggest 

diets . 

that to sane extent prawn larvae accept artificial 

Mortality trends in lanrae indicat e that protozoeae 

are unable to ingest and utilize the feed effectively, 

probably due to the non-availability of preferred dietary 

particle size . However, the decrease in mortality during 

the mysis stage suggests that the feed p articles were quite 

adequate for the mysis stages as well as up to their meta-

morphosis to post-larva 1 stage . Despite this, the effects 

of the dietary lipid was clearly evident in the various 



dietary treatments. The canplete mortality of larvae in groups 

which ~re fed on the diet contain ing l ess than ~% lipid 

indicate that larval ~. indicus require a mininrum of ,,% lipid 

in the diet for maintenance, and a dietary lipid level of 10% 

is required -for normal metamorphosis and growth . It is also 

evident from the study t hat there is no beneficial effect if 

lipid l evel is increased to more than 10% in the diets . '!he 

relatively good survival and growth rate of larvae in the 

control groups (larvae fed with phytoplankton) indicate that 

the environmental conditions (Table 5) were normal in the 

aquaria. 

Although survival and growth of post-larvae 1-10, 

11-25 and juveniles were very poor when fed on the lipid free 

diet, survival and growth were significantly improved by 

inclusion of lipids in the diets at a l evel of about 6%. 

Probably this may be the minimum level required for these 

stages for maintenance . However, for optimum performance 

normal growth , -efficient conversion of food and protein, and 

for protein synthesis , a dietary level of about 8-10% for 

post-larvae 1- 10 and 9 to 12% for post-larvae 11-25 am 

juveniles are required . Besides , it i s clear that inclusion 

of more than 12% lipid in the diet has no beneficial effect 

though the post-larvae and juveniles could tolerate dietary 

lipid l evels as high as 14 to 18% wihhout any deleterious 

effect on grm-Ith, but without any corresponding improvanent 

in performance . Despite these variations the prOximate 

composition of post-larvae 11-25 and juvenile prawns were 



not significantly al t ered by diets containing more t han 

8" lipi d . 

A reference dietary treatment was also kept along 

with the test dietary treatments , with similar environmental 

parameters . The reference diet used in this exper iment was 

procured f rom NPCL of CMFRI Cochin. The growth and survival 

of larvae , post- larvae and juvenil es fed on the reference 

diet was normal and were relatively better than most of the 

other dietary treatments , used i n r espective experiments , 

thus shO\·ling that the quality of water (Table 5) was quite 

normal , f or the survival and growth of animals . This d iet 

is used regularly and found successful for normal growth and 

survival of prawn at the prawn culture Laboratory of CMFRI , 

Cochin. (QI1FRI Ne~ls Letter Number 29 & 30 July, Decanber 

1985) . The ingredients used in this diet are - squilla meal , 

prawn meal , f i sh meal , ground nut cake and tapioca powder. 

This diet contained a l i pid mixture of plant and animal 
of 

origin . But all the ingredients are ~natural origin supply-

ing various levels of protein, carbohydrates, vitamins and 

minerals . The better gr owth observed in prawns f ed his diet 

,is a cClllbined effect of natural ingredients and does not 

Ireflect the effect of a single nutrient such as lipids, so 

the results of the present study are not compared with this 

reference diet . 
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Lipid plays impor tant role in the energy production 

processes of crus t acean tissues and as a source of essential 

fat ty ac ids , s t erol s , phospholipids and as carrier of f at 

so l uble vitamins (Teshirna and Kanazawa, 1980 a and b ). The 

phospholipids pl ay an important rol e i n the transport of 

fatty aci and other lipids, and also as a component of the 

biomembranes in the cellular and subcellular organelles , 

provide the structural integrity to these membranes and 

flexibility for ion transport (Lenhinger , 1984 , Teshima and 

Kanazawa, 1980a) . Thus the essentiality of the l ipi ds in the 

diet can be well ascribed t o the diverse kinds of f unctions 

these biomolecules perform in prawns . 

Moulting is an indispensable and very impor t ant phenomena 

in Crustacea. The involvement of lipid during moulti ng has been 

well established (Forster , 1976 , Read , 1977) , E. i ndicus is not 

an exception (Read , 1977) . Most of the studies (Read , 1977, 

Renaud, 1949) indicate the profound changes taking place i n 

lipid, both quantitati ve l y and qualitatively, during moulting. 

Crustaceans accumulate large quantity of lipid ~n the hepato- ' 

pancreas from i ntermoult to premoult stage, (0 ' Connor and , 

Gilbert, 1969 : Teshima ~ ~., 1977) and the s tored lipids 

are utilised for energy during l ate pre-moul t and e cdys is 

(Renaud, 1949 : Patrol s ~ sl., 1978 ). The process of 

ecdysis require large amount of energy amounting to 25.6~ 

of the total energy gained during intermoult peri od (Read 

and Caulton, 1980 ). This is a substantial los s of stored 
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energy (lipids) and clearly demonstrate.l>the high price paid 

for growth by the animal (Read and Caulton, 1980). Thull lipid 

1
1s found to be very essential for growth and survival by all 

stages of prawn since its involvement in ecdysis as the 

primary energy supplier. and its deficiency seems to induce 

severe mortality. 

The steady increase in growth of prawn with the increase 

in dietary l evel of lipid from 2 to 14% in post-larvae and from 

3 to 18% in juvenile prawns can be ascribed to the protein 

sparing action of dietary lipids. The increased level of lipid 

in the di e t might have provided the large quantum of energy 

required f or metabolic activities 'of the animal , besides reducing 

the cost of energy towards ' Specific Dynamic Action ', while 

more and more protein had been spared for growth . This is also 

clearly evident from the better food and protein conversion 

values , when dietary level of lipid was increased . Diets with 

lower l evels of lipid produced poor growth as well as poor 

utilization of food and protein in the prawns , because the 

animals might be deriving the metabolic energy partly from 

protein. 

It is thus clear from the study t hat lipid at adequate ) 

level s can Significantl y spar~ protein for growth . Similar 

effect of dietary lipid in sparing protein has been reported 

for fish by Watanabe (1982), According to him addi~ion of 

lipidS with essential fatty acids as an ener gy source to a 

diet hel ps in t he effective utilization of dietary protein in 
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a-Ii. '!he main protein sparing effect of dietary lipids is to \ 
o 

replace protein which could otherwise have been catabJiSed and \ 

used for eneFgy production. '!he sparing of dietary protein by 

lipid has also been established for various species of fish 

(Lee and Putnam, 1973, Page and Andrews, 1973; Takeuchi ~ ~., 

1978 a, b , c; Shimano ~ ~., 1980; Bromley, 1980) . By using 

various levels of lipid from 5 to 25% at a constant level of 

protein (35%) Takeuchi ~ ale (1978c) have observed that with 
• 

an increase in amount of dietary lipids, both the value of 

protein efficiency ratio and net protein utilization increased 

gi ving maximum protein retention and best weight gain in fish 

when fed a diet containing 18% lipid. Takeda ~ s1. (1975) 

demonstrated that the protein requirement in yellow tail diet 

was reduced from 77% to 55% without retardation in growth when 

high level of pollack liver oil was used in the diet . 

The efficacy of dietary lipids in promoting growth 

depends mainly upon its composition. Besides the essential 

fatty acids, adequate levels of phospholipids, cholesterol and 

antioxidants should be available in the lipid source for 

effective utilization of diets . This has clearly been demo~ 

strated for crustaceans. According to Kanazawa (1985) the 

typednd content of essential f atty acids dominate the nutritive 

\

value of lipids . However other lipid components, such as 

phospholipid and sterol are equally important (Kanazawa, 1985). 

Presence of antioxidants like ~-tocopherol in the diet prevent 

the oxidation and thus found to be important for maintenance of 
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quality of PUFA in the diet (Watanabe, 1982). '!hus better 

growth obtained in,f. iooicus may be bec ause of the use of 

codliver oil, soyabean oil and lecithin at an adequate level 

(9 to 12%) wh ich could supply all necessary fatty acids am 

phospholipids . Besides, the d iets also contained 0 . 02% /;

tocopherol and 0 . 5% cholesterol in addition to the total 

lipids . 

Reports on quantitative lipid requirements of larvae 

and post-larvae, by using graded levels of lipid in the 

diets , are not available in literature • . But few reports are 

available on quantitative lipid requirement of juvenile 

prawns by using graded levels of lipid in the experimental 

diets (Kanawaza ~ al., 1977 b ; and Deshimaru ~ .a.!. , 1979)' 

For the fir st time Kanazawa ~~. (1970) reported very good 

I growth in,f. iaponicu~ when fed with a purif ied diet conta

l ining lipid level of 8%. Kanazawa ~,Sl. (1977b) reported 

poor growth with the lipid free diet , and the maximum growth 

)when dietary lipid level was 12% powdered pollack residual 

oil but wei ght gain was reduced when lipid level was 16% 

indicating 1~ Ilpid is optimum level which agrees with the 

present observation on,f . iIXiicus. However , with the same 

species Deshimaru ~ al . (1979) conducted an experiment by 

using mixture of pollack liver oil and soyabean oil in the 

ratio of 111 and 311 and reported highest gr owth and feed 

effici ency at 6% lipid level in the d iet, whlch contained 

20 to 30% w6 and 10 to 17% w3 fatty acids . When Kanazawa 
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I!~. (1977b) conducted a experiment by using diet containing 

mixture of powdered pollack residual 011 and soyabean 011 in 

the ratio of 614 at 10% level reported equivalent growth to 

that of the prawn fed on a diet containing 12% powdered pollack 

residual 011 . 

Thus f or the same species (~. J2ponicus) fran the same 

country (Japan) two groups of workers, reported two different 

values of lipid required for optimum growth of prawn. The 

Significant differences observed by these authors may be 

because of the contents of other nutrients in the diets . The 

protein and cholesterol contents of the d i ets used by Kanazawa 

tl.§d. (1977b) were 50% and 0. 5% respectively . Where as , 

Deshimaru tl~. (1979) used 60",", prote,1.n and 2% cholesterol 1n 

their diets . These observations further suggest the protein 

sparing effect of dietary lipids. In the present experiment 

with E. indicus relatively higher level of lipid (12%) was 

able to produce more growth than lower l evels of lipid when 

protein level was constant (37 . 5%) . Besides , E· indicus I 
being a annivore, re ires. r~t~vel¥ lOvJer level of r tein 

communicatIOn 
(about 37% - Gopal , personal ~ ) and perhaps lipid is utilized 

as a more efficient energy source by E. indicus , thus sparing 

lprotein f or growth. 

prawn appears to be 

levels in the diet . 

In other words, protein utilization in 

improved by the inclusion of proper lipid 

Protein utilization ",as fcund to be 

better when enough amount of f at and carbohydrate were provided 

in the diet of Macrobrachium rosenbergii (Clifford and Brick 
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(1978) • Apparently f . indi cus post-larvae and juveniles require 

10 to 12% lipid for proper uti l ization of protein as FCR and PER 

were also found to be better with diets containi ng 10 to 12% 

lipid. 

One more important reason may be the dietary lipid source 

of E. indicus consisted of 10% liquid lipid containing codliver 

oil and soy~an oil in the ratio of 2: 1 and 2% phospholipid \ 

(lecithin) . Desh imaru ~ £1. (1979) also reported better growth 

in ~. janonicus with pollack liver oil and soyabean oil when 

used in the L'atio of 211. But they did not include phospholipid 

(lecithin) in the diet of p . japonicus . Phospholipids are 

essential for the solubilization of cholesterol as well as play 

important role in the transport of lipids. The inclusion of 2% 

phospholipid in the die~ seems to have significantly influenced 

utilization of lipid, and protein in E. indicus . ! . j aponicus 

being a predaninantly carnivorous species may have more require-

ment for protein as canpared to the annivorous, E. indicus 

which may require more energy and less protein in the diet . 

However , Forster (1976) suggested that prawns are not nutrit

ionally homogenous group;therefore considerable interspecific 

differences in dietary requirements may occur. 

The quantitative dietary lipid requirement of prawns i s 

al so dependent on the quality of lipid used in the diet as lipids 

vary in their composition, especially in the f atty acids content 

(Table 32 ) . According to Colvin (1976h)E. indicus have speci fic 

nutritional requirEl!lent for PUFA of w3 and w6 series fatty acids . 



Studies carried out on fatty acid requirements during the 

present investigation and presented in Chapter III also 

confirms the above observation. Thus it is clear that even 

in the presence of PUFA of w3 and w6 fatty acids in the 

lipids, ~. indicus require optimal dietary lipid levels (9 to 

12%) in the diet for optimum performance . 

Grol'lth of animals depends upon the proper utilization 

of the ingested food and proteins . In the present experiments' l 

food and protein utilization "/ere significantly influenced by : 

the dietary lipid levels. Del etion of lipid from the diet 

resulted in significantly high FCR and 10 PER Indicating 

inefficient utilization of food and protein by the prawns. 

Inclusion of lipid in the diet Significantly improved the 

FCR and PER upto 12% lipid and above this level lipid had no 

beneficial effect on the food and protein utilization of 

prawns . 

The chemical composition of prawns is also signifi-

cantly influenced by the dietary lipid level. The data 

clearly indicate that for efficient synthesis of protein, 

lipid should be present in adequate level . This is evident 

from the low l evel of protein in the tissues of post-larvae 

11-25 and juver.iles fed the lipid- f ree diet and higher level 

of protein in those fed the diet with 12% lipid. Besides, a 
~ 

steady increase in protein content of prawns was evident 

as the lipid level in the diet increased. Although lipid 



• 

• 

• 

• 

deposition increased with the level of dietary lipid, the 

differences in lipid deposition in various gr rups of prawn 

when fed above 6% lipid in the diet were not significant . 
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I
Very few reports are available on influence of dietary lipid 

level on the chemical composition of crustaceans . Sick and 

Andrews (1973) observed increase in lipid content (7.2%, 

7.2~;' and 8 . 58%) of prawn E. aztecus on feeding diets con-

taining 10% of lipids namely , beef-tallow, corn oil and 

linseed oil, when compared to that of lipid- free diet . 

Colvin (1976b) al so observed only 71% protein and 3. 94% 

lipid in the pre-experimental pra:Nn~. indicYs , which incre

ased to 72. 3% protein and 5 . 06% l~pid respectively, on 

feeding diet containing 9. 8% lipid. 

• 
• 

• 



CHAPTER - II 

PHOSPHOLIPID (LECITHIN) REQUIREMENTS 
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INTRODUCTION 

Broadly lipids can be grooped into neutral and polar 

lipids. While the neutral group includes hydrocarbons, 

cholesteryl esters, triglyoerides, cholesterol and free 

fatty acids, the polar lipids are primarily composed of the 

phospholipids . '1lle two fractions have entirely different 

functions. '1lle neutral lipid usually serves as an energy 

reserve and consequently varies widely in content . Whereas 

the polar lipid has a transport and structural function and 

is more stable (0' Connor and Gilbert , 1968). Each of these 

groops contain fatty acids, but of various chain lengths and 

aegrees of saturation. Phospholipids tend to be more 

unsaturated than neutral lipids due to their high content 

of polyunsaturated fatty acids. '1lle number and positions of 

the double bond in the hydrocarbon chain have importance in 

both physical and nutritional characteristics. 

In view of their importance in the transport of lipids 

and as structural component of biomembranes, many studies have 

been carried out on the phospholipid content and its composi

tion in crustaceans. Gopakumar and Nair (1975) reported that 

phospholipid cons titutes 62% of the total lipids in PenaeU8 

indicus. Subsequent studies by Read (1977) also showed that 

phospholipids formed 60".4 of the total lipid s in the same species. 

Several other reports have also shown that phospholipids are 

the major lipids of crustaceans, such as the lobster Hgmaru8 

, 



IIDeriC!lllU8 (Bligh and Scott, 1966) the crab Carcinus maenu 

and the prawn E. 1aponicus (Teshima and Kanazawa, 1978 a)· 

r 

Variations in the fatty acids profile has also been 
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observed between neutral and polar lipids. While the neutral 

lipid fatty acids pattern, to a large extent, conforms to that 

of dietary lipids , the phospholipid fatty acids mirror the 

biosynthetic pathway operating in animals ( Ackman, 1967). 

Sargent (1976) who reviewed the phospholipids of marine 

organisms is of the opinion that the gross canposition of 

biomembranes in terms of their major phospho lipid classes will 

be the same in all life forms . The majority of biomanbranes 

conform to the sane basic structure, whether this be regarded 

as the classical tripartite structure of lipid sandwiched 

between two layers of protein, or the more modern idea of 

"protein floating in the sea of lipid" (Sargent, 197(j). 

The presence of lipoprotein has been reported in several 

crustaceans, such as the blue crab, Callinectes sapidus (Lee 

and Puppione, 1978), the lobster, !i. jl!!ericanus (Barlow and 

Ridgway, 1969) and the crab £. maenas (Ceccald i and Martin, 

1969). In most of the crustaceans phospholipids seem to be 

present as lipoproteins in the serum and play important fun-
s 

ction in lipid transport (Tehima and Kanazawa, 1980a). Teshima 
A 

and Kanazawa (1980a) who studied the lipid component of 

lipoprotein from £. japonicus serum reported that the lipo-



protein of prawn serum contained an abundance of phosph~ 

lipids forming 69-97% of lipids. The properties of the 

prawn serum ..lipoproteins obviously differ from those of 

human serum lipoprotein (Hatch and Lees , 1969). The protein 

and lipid ratio of lipoprotein of prawns is approximately 111 

with the lipid composed of 75% phosphotidylcholine and 10% 

phosphatidylethanolamine (Teshima and Kanazawa, 1990a). 
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Studies by several investigators revealed that phospholipids , 

particularly phosphatidylcholine and phosphatidylethanolamine, 

to be the principal circulating lipids in crustacean hemolymph 

(Gilbert and O' Connor, 19701 Allen 19721 Lee and Puppione, 

1979) . In cammon with other life forms the major phospholipids 

in crustaceans are phosphatidylcholine and phosphatidylethan~ 

I amine , which are imPortant fran nutritional pOint of view 

(Sargent, 1976) . 

Phosphatidylchol1ne (lecithin) is an important nutrient 

for =ustacean growth and metabolism. Van Den Cord ~ y. 

(1964) and Teshima and Kanazawa (1979a and b ) suggested that 

crustacean I)hospholipids probably play important role in 

emulsification, absorption and interorgan transport of lipids. 

Lester ~~. (1975) observed that lecithin enhanced cholesterol 

solubilization when associated with N-(N- dodecanosarcosyl) 

taurine (DST) a model of the type of detergents synthesized 

by crustCllll!eans . Kanazawa u~. (197g e ) found that inclusion 

of lecithin fran the short- necked clam at 1% level in the 

purified diet of Penaeus japonicus had a growth promoting 



effect. Conklin Sll al. (1980) foond that the inclusion of 

soy lecithin into purified diets fed to juvenile lobsters 
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~ ij 
eliminated mortality associated with a moult death syndrome. 

D'Abrcrno ~.a!,. (1981a) showed that the active ingredient 

of soy lecithin was phosphatidylchol1ne and suggested that 

the lecithin molecule was associated with lipoprotein that 

efficiently transported cholesterol fr om hepatopancreas to 

the various parts of the body through hemolymph. 'lhe relation 

between dietary phosphatidylcholine and serum cholesterol 

uptake and transport in tissues of the lobster Homarus sp. 

was investigated by D' Abramo ~ al . (1982). The absence of 

soya phosphatidylcholine in the purified diet fed to juvenile 

lobster caused a significant decrease in the concentration of 

total cholesterol and phospholipids in the serum (D'Abramo 

!U: £1.. 1982 ). 

Dietary phospholipids other than soya lecithin also 

reduced the levels of cholesterol and phospholipids signifi

cantly. thus inducing moult- death syndrome (D'Abrcrno !Ui .a!, •• 

1981a) . 'lhese observations revealed that the survival of 

juvenile lobsters is dependent upon the quantity and quality 

of phosphatidylcholine containing ingredients . Sources of 

phosphatidylcholine with PUFA were more effective at lower 

levels. suggesting that effective cholesterol transport also 

depends upon constituent fatty acids of the phosphatidylcholine 

molecules (D'Abramo!U: ~ •• 1981.). 
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Several studies have also shown that phospholipids 

especially lecithin, when i ncl uded in the diets , promoted 

growth in crustaceans (Kanazawa et al., 1979B, Conklin, 1980 a41>; 

Conklin ~ ,Al., 1980) . Kanazawa !U: .s!., (197ge) indicated 

that the addition of 1% Tapes phospholipid, especially, 

lecithin fraction to the diet with 7% ,Pollock liver oil 

resulted in increased weight gain in prawn. Since the fatty 

acid fractions had no such growth promoting effect, Kanazawa 

~ sl. (197g e ) suggested that the high nutritive value of 

Tapes lipids is not only due to the high content of w3 highly -
unsaturated fatty acids(w3 HUFA) , but due to certain effects 

of phospholipid molecules themselves . Lecithin fraction of 

Tapes lipid had the highest growtrrpromoting effect among the 

phospholipids tested. In juvenile lobster addition of soya 

lecithin fraction to purified diets, prevented mortalities 

(Conklin ~ .il!., 1980) and the optimum level of soy lecithin 

in the diet of lobster was apprOximately ~~. A purified diet 

containing soy lecithin fed to juvenile lobsters (Homarus 

americanus) produced excellent survival (Conk lin ~ .il!. , 1980 ). 

A preliminary study was conducted by Boghen and 

Castell (1980) to compare different diets with and without 

lecithin and the results of this study clearly indicated that 

all the diets with the exception of Conklin's lecithin 

supplemented diet (Conklin ~ .Al., 198C ) were unsatisfactory. 

Thus there seems to be distinct advantage in incorporating 

lecithin in the artificial diets for crustaceans . In a 



subsequent study, Tridel and Castell (1980) showed that 

survival of juvenile lobsters increased with increasing 
In 

lecithin level a casein based diet up to 4-6%, after which 
0\ 

it remained constant upto 10% level . Thus it was proved 

11 

that crude soya lecithin has a factor necessary for good 

survival and growth of juvenile lobster (Tridel and Castell, 

1980) . 

Soyabean phosphOlipids have also been reported to be 

essential for good growth and survival of~. 1aponicus larvae 

and 3% soyabean lecithin, along with 6% pollock liver oil as 

lipid source in artificial diet appears to be optimum level 

(Teshima et al., 1983; Kanazawa, 1985) . The effects of 

phospholipids on growth , and survival of larvae of the prawn 

£. japonicus , were examined by Kanazawa et .sl. , (1985) by 

using purified diets containing various levels of various 

phospholipids. ~ . japonicus larvae did not metamorphose to 

post-larvae , and died in 7 days when fed the diets containing 

no phospholipid (Teshima tl £1., 1982b) , Growth and survival 

rate of prawn larvae were improved by adding soyabean phospha

tidylcholine (PC) to the diets . These results suggested that 

~. j aponicus larvae require dietary soorces of phospholipid 

for growth and survival (Kanazawa tl sl. , 1985) . The efficacy 

of phospholipids in improving growth and survival varied with 

kinds and sources of phospholipids. Among the phospholipids 

tested, soyabean phosphatidylcholine, soy abe an phosphatidyl

inositol (PI) and Bonito-egg phosphatidylcholine had high 
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efficacy as compared with other phospholipids (Kanazawa 

~ sl. , 1985) . 

The optimum level of soyabean phosphat idyl choline for 

~. japonicus larvae varied with the kinds of coexistent 

dietary lipids (Kanazawa ~ .Al. , 1985) . The best grOlith and 

survival were attained on diets containing 6 . 0% soyabean 

phosphatidylcholine when 6% 1811 w9 and 1% HUFA were used as 

basal lipids. But the inclusion of 3.5% soyabean phosphati

dylcholine was enough to attain optimum growth and survival 

'ihen 8% pollack liver oil was used as the lipid source. 

12 

As mentioned above the inclusion of some phospholipids 

is probably indispensable for gr~~th and survival of pr~ 

larvae and lobster juveniles . However, it is not known why 

such crustaceans as p. j aponicus and H. americanus require - -
dietary sources of phospholipids . Kanazawa ~.Al. (1985) 

assumes that the prawn larvae may have a limited ability 

for phospholipid biosynthesis from fatty acids and/or 

diglycerides . 

Thus the foregoing literature review reveals th.e 

importance of phospholipids espec.1-.aUy phosphatidylcho11ne 

in the diet of crustaceans . However no information is 

available on the phospholipid requirement of Penaeus indicua 

till date . Considering the importance of phospholipids in 

moulting, survival, and growth or prawns, experiments were 

conducted in the laboratory to determine the effects of 

-
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selected level s of phospholipids (lecithin ) on the larvae, 

post-larvae and juveniles of E. ind1cus. 

MATERIALS AND METHODS 

.Among the various phospholipids tested by Kanazawa 

~ ale (1985) soyabean lecithin (phosphatidylcholine) turned 

out to be the best for survival and growth of larval 

~. japonicus . Therefore , I have selected soyabean phosphati

dylcholine (lecithin) .s the phospholipid source to understand 

the dietary phospholipid requirement by the larvae, post

larvae and juvenile s of the prawn !!. indicus . The basal 

lipid source used was a mixture of codliver 011 am soyabeen 

011 in the ratio 2 11. The basal lipid level maintained in 

the diets were l~/o for larvae and post-larvae 1-10, and 12% 

for post-larvae 11- 25 and juveniles . Lecithin (phosphatidy

lcholine)was obtained from Sigma Chemicals, U. S . A. 

Five sets of laboratory experiments were conducted to 

determine the essentiality and dietary phospholipid require

ments of the larvae, post-larvae and juveniles of E, . indicus. 

The composition of the basal diet for larvae, post- larvae and 

for juveniles is same as in Table 2 . Minor chaJ:ges have 

been made in the composition of the basal diet . The level of 

amino acic5.s mixture was decreased fran 5% to 4% by removing 

1% of glutamic aci d . Chol esterol level , was increased from 

0 . 5 to 1% in the diet as lecithin promotes the utilization 



TAllU; _ 8 CO<POSI nON OF LIP IDS , %) I N THE DIETS FOl LARVAE, POST_ LARVAE AND JUVEl l lLE PRAWN S Fffi LECI THIN 

REOUIR ENENT EXPl::!1. D ·IENT 

Ingr ed i e nts 1 2 3 4 5 6 7 8 9 

EXPi:.R I11ENT 1 - Experimental d i ets for larval prawn 

Lecithin 0.00 1. 00 2 .00 3.00 4 . 00 '.00 110 f_ooLi pl lyto-
p l ·.o\tt.un 

Cexlliver 011 6 .67 6 . 00 5 .J' 4.67 4 . 00 6 . 00 

Soyabean 011 3.33 3 . 00 2 . 66 2.33 2.00 0 . 00 

EXPEfl.IMEHT II- Experimental d i ets for pos t-larvae 1-10 

Lecithin 0.00 2 . 00 4.00 6 . 00 8 . 00 10 . 00 2 . 00 4 . 00 6 . 00 

Codllver 011 6 . 67 5 . 34 4 . 00 2 . 6 7 1 . 34 0 . 00 0 . 00 5 . 34 4.00 

Soyabean 011 3.33 2 . 66 2 . 00 1. 33 0 . 66 0 . 00 0 . 00 2 . 66 2 . 00 

EXPERIMENT IlIA - Experi mental d iets for post-larvae 11-25 

Lecithin 0 . 00 0 . 25 0. 50 0 .75 1. 00 1. 25 1. 50 1 .75 

Ccdllver 011 8 . 00 7.84 7 . 67 7. 50 7 . 34 7.17 7. 00 6 . 8 4 

Soyabean 011 4.00 3 . 91 3.83 3.75 3 . 66 3 . 58 3 . 50 3 . 41 

EXPERIMENT IIlB - Expe rirnen tal d i ets f or pOst-larvae 11-25 

Lecithin 0 .00 2 . 00 4 . 00 6. 00 8 . 00 10.00 

Codliver Oil 8 . 00 6.6 7 5.34 4.00 2 . 6 7 1 . 34 

Soyabean Oil 4.00 3 . 33 2 . 66 2 . 00 1 . 33 0 . 66 

EXPERDIENT I V - Experimental d i ets for juvenile prawna 

Lecithin 0 .00 1. 00 2 . 00 3. 00 4 . 00 5 . 00 6 . 00 

Codllver 011 8 . 00 7 . 34 6 . 6 7 6 . 00 5 . 34 4 . 67 4 . 00 

Soyabean Oil 4.00 3 . 66 3.33 3 . 00 2 . 66 2 . 33 2 . 00 



TABLE - 9 ENVIRONMENTAL FACTORS , STOCKING DENSITY PER TREA'IMENT , MEAN INITIAL LENG'lH AND 

WE I GHTS OF ANIMALS , AND FEEDING LEVEL FOR EXPERIMENT ON LECI'IHIN R.EQUIREMENT. 

-----------------------------------------------------------------------------------------------

Parameters 

Stages o f the prawn 
-------------------------------------------------------------------------
Larvae Post-larvae Post-larvae 

1-10 11- 25 
EXP I 

Post-larvae 
11-25 
EXP II 

Juveniles 

-----------------------------------------------------------------------------------------------
Salinity ("o) 

Temperature ( ·C) 

Dissolved oxygen 
(mg/l) 

Total anrnon!a - N 
in seawater (ppm) 

Initial number tot
al of replicates 

In! tial length 
aver age (mm) 

Initial wet weight 
average (mq) 

Initial dry weight 
average (mq) 

Feeding level " of 
the biomass 

34 ± 2 

29 to 31 

8 . 0- 8 . 4 

4 . 6 to 6 . 9 

0 . 020-0 . 04 

150 

100 

32 ± 2 

27 to 30 

7 . 9-8 . 3 

4 .7 to 6 . 2 

60 

5 . 05 

0.239 

0.067 

30-40 

20 ± 2 

26 . 5 to 28 . 5 

7 . 7-8 . 4 

4 . 2 t o 6 . 2 

45 

11 . 30 

5 . 667 

1.42 

30-40 

20 ± 2 20 ± 2 

26.5 to 28 . 5 26 . 5 to 29 .5 

7.7-8. 4 7 . 9-8 .2 

4 .7 to 6 .1 4 . 2 to 6.1 

0 . 02- 0 . 09 0 . 03-0.090 

45 30 

9 . 5 18.00 to 21 . 00 

2 . 92 30.00 to 38.0q 

0 . 806 8.505 

30-40 20-30 



of cholesterol so little more cholesterol (1%) was included 

in the diet in order to get the benefit of increased level 

of lecithin for utilization of cholesterol. The vitamin 

level was increased fran 3. 2% to 3. 6% by increasing choline 

chloride level from 0. 6% to 1% of the diet because it plays 

important role in the phospholipid metabolism ( Halv~r, 1962). 

Dietary lipid composition for larvae, post-larvae 1- 10, post

larvae 11-25 and juveniles is shown in Table 8 . 

Control with phytoplankton was kept in larval experi

ment and reference diet NPCL 017 was kept f or post-larvae and 

juvenile experiments . 

Ingredients used, preparation of die t and methodology 

used in these experiments were similar as described in 

section on general material and methods (pp 15-29 ). Hydro-

biological conditions maintained during the experiment are 

shown in the Table 9 . 

RESULTS 

LARVAE 

Table 10 A shows the results of the experime nt on the 

lecithin requirements of larvae. The survival of the larvae 

were markedly affected by the dietary level of leclithin. 

<All the survived larvae in the various treatments metamor-

phosed into post-larvae 1 within 8 days from protozoea-l . 



'5 
All the larvae in trentment 7 in which food was not gIven died 

at protozoea-II stage. In the control, where phytoplankton 

was fed (Treatment-B) , the development of the larvae followed 

a normal sequence and produced the highest survival of 34% at 

post-larvae-l stage , which they attained within 8th day of the 

experiment . Among the various test diets (1 to 5) diet 3 con

taining 20/. l ecithin produced a survival rate of 22% at the post-

larval stage . As suvh ,there was no significant improvement in 

the survival rate of larvae by increasing the lecithin level 

above 2% in the diet . Incorporation of lecithin at higher 
in 

level (above 20/.) "diet 4 and 5 resulted i n decreased survival 

rate . Deletion of lecithin from the diet resulted in relatively 

low survival rate . Although relatively low survival (11%) was 

recorded in groups of larvae fed the diet containing 4% lecithin 

(Diet 5) with a basal lipid constituting codliver oil + soyabean 

oil at 60/. l evel , the survival of larvae increased to 23% on 

the diet (Diet 6) containing lecithin 4% and the basal lipid 

source was only 60/. codliver oil . 

Survival of larvae (Table lOA and lOB) fran protozoea 1 

• (Pl) to protozoea~( P III) was around 60% for d iets 1 to 5 and 

77.34% in the control and 72% for diet 6 . Survival rate increased 

when larvae metamorphosed from P III to Ml(Mysis 1) stage with 

88% for diets 2, 3 and 4 and around 80% for diets 5, 6 and 8. 

Survival rate however decreased and was minimum when larvae 

metamorphosed fran mysis Ml to M3 stage . Survival of larvae 

fran M3 to post-larvae 1 stage was more than 67% f or all the 



TABLE - lOA GROH'lli AND SURVIVAL OF ,f, INDICUS LABVAE FED ON DIETS CONTAINING GRADED 

LEVELS OF LECITHIN (PHOSPHOLIPIDS) 

-------,-------------------------------------------------------------------------.--------
Diet Lecithin Survival rates % of various developmental stages of pr"""n larvae 
No. Levels ----------------------------------------------------------------------

p1 1'2 P3 Ml M2 M3 PLl 

Feeding 
Period 
days 

-----.-----------------------------------------------------------------------------------
1 ,0,0 

2 ,1 

:3 2 

1 3 

5 4 

Ei 4 

7 No food 

8 Cont rol 

100 

100 

100 

100 

100 

100 

100 

100 

93,34 

93,34 

94,00 

92,67 

87 .33 

97 .. 34 

Nil 

96 . 67 

60~67 

60,00 

61,33 

62,00 

56.00 

72,00 

41,34 20,67 1 '0,34 3 . 0 8 

53-,34 30.67 20 ·00 15,0 8 

54 ',67 40 . 67 30,67 22,0 8 

54,67 41,34 26.67 18,0 8 

44,67 16 67 14,00 11,0 8 

58,67 44.00 34.00 23 . 0 8 

... ... .., .. 
60 . 00 50·00 38 . 60 34.0 8 

~--------------------------------------------------------------------------------------

Pl, P2, P3 = Protozoeal stages of larvae 

M1, M2, M3 = l1ysis stages of l~ae 

PL1 ... Post-larva 1 



TABLE - lOB SURVIVAL RATE (,,) OF LARVAE AT VARIOUS DEVELoPMENTAL STAGE S DURING 

METAMORPHOSIS 

------------------------------------------------------------------------------------
Diet 
No. 

Lecithin 
Level" 

Survival rate (,,) of various developmental s tages of prawn iaN de 

---------------------------------------------------------------
PI From From From From 

Pl to P3 P3 to Ml Ml to M3 M3 to PLl 
----------------------------------------------------------------------------------------
1 0.0 100 60.67 68.13 37 . 00 21 .7 3 

2 1 . 0 100 60 . 00 88 . 80 37 . 50 75 . 00 

1 2 . 0 100 61.33 89 .10 56.00 71.73 

4- 3.0 100 62 .00 88 . 17 48 .70 67 .50 

5 4 . 0 100 56 . 00 79.76 31.34 78 .57 

6 4 . 0 100 72 . 00 8 1 . 48 58.00 67.64 
-

7 No Food 100 

8 Control 100 77.34 77.58 64 . 44 84 . 48 

-----------------------------------------------------------------------------------
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dietary treatments (diets containing various levels of lecithin) 

and appears to be more than the stage M1 to M3• 

POST-LARVAE 1-10 

The results of the feeding experiment to determine the 

lecithin requirements of post-larvae 1-10 of E. indicus are 

plotted in Fi g . 5. The survival rates of post-larvae fed the 

control diet (without lecithin) and test diets containing various 

levels of lecithin are presented in Fig . 5. Analysis of variance 

of the data showed that the survival rates of post-larvae were 

not significantly influenced by the dietary lecithin level . 

HCM ever , distinct variation was observed between the leclthin

free and test diets . The survival rate was low (68.34%) in 

the lecithin excluded diet . But inclusion of ~ lecithin in 

the diet considerably improved the survival rate and the highest 

survival rate (86 . 67%) was recorded in this treatment . Incorpo

ration of lecithin in the diets at 6, 8 and 10% levels resulted 

in lowered survival rates, with the lowest at 10% l ecithin in 

the diet . Though the survival rate was relatively low (63 . 34%) 

at 4% l ecithin on a diet with total 10% lipid, it was higher 

(84 . 56%) at the same level of lecithin for a diet with total 

12% lipid CfabJell) 

The growth rates of post-larvae 1- 10 fed the control 

and test diets and expressed as percentage mean gains in 

length, wet weight and dry weight are shown in Fig. 5 . Growth 

of post-larvae (Fig. 5) was also significl!Jltly (p <0 . 05) 



Ffg. 5 Survival rate am growth of post-larvae 

1-10 fed on diets containing graded level s 

of leei thin. 

• 
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TABLE 11 GRO'I'IH AND SURVIVAL OF POST-LARVAE 1-10 FED ON DIETS CONTAINING 

GRADED LEVELS OF LECITHIN. 

Treatment No. 7 8 9 

Lecithin level in diet (%) 2 . 00 4 . 00 6 . 00 

Survival ( %) 80 . 00 83 . 60 7 5 . 00 

± 4 . 08 ±11 . 40 ± 7 . 0 7 

Gain in length (") 71 . 56 84 . 56 69 . 63 

± 6 . 10 ± 5 . 52 ± 0 .56 

Gain in wet weight (%) 428.59 596 . 65 583 . 39 

±31 . 00 ±31 . 38 ±33 .70 

Gain in dry weight (%) 516 . 91 616 . 42 611 . 44 

±30 . 66 ,±44 .77 ±37 . 23 

• Total lipid l evel i s 12% of the diet 

\ 
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influenced by the dietary lecithin level. Growth was signifi

cantly 101'1 (p < 0. 05) when post-larvae were fed on the control 

diet without lecithin (diet1) and with 1~ lecithin (Diet 6). 

But the diets containing 2% and 4% lecithin produced signifi

cantly (p< 0. 05) higher growth than diets with 1~ lecithin. 

However , addition of 4% lecithin did not significantly improve 

the growth of post-larvae, over that of 2% l e cithin. The post

larval grOlrth was greatly retarded when lecithin level in the 

diet was increased to 10''' at a lipid level of 10'''. 

At 12% lipid level there was significant difference in 

the pattern of growth . In contrast to the high growth rate at 

T" lecithin with 10''' lipid diet , at 12% lipid level signifi

cantly higher growth was recorded at 4% lecithin level . However, 

increasing the dietary lecithin to 6% did not promote growth 

over that of 4% lipid (Table11). 

These results indicate that 2% lecithin in the diet is 

sufficient to promote growth in postlarvae 1-10 of E. indicus , 

at a lipid level of 10'''. However, the post-larvae seems to 

require about 4% l ecithin for fast growth at 12% lipid level. 

POST- LARVAE 11- 25 

Experiment-1 

Two sets of experiments were conducted to determine 

the optimal level of lee! thin required in the diet . The 

results of the first experiment , ir. which post-larvae of 

E. indicus were fed, diets containing various levels of lecithin 

(0.25, 0.50, 0 .75, 1.0, 1.25, 1 .5 0, 1.75 g/100 g . of Met) 

• 
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and the control diet without l ecithin are given in Table 12 

and shown in Fig . 6 . 

The survival rates of post- larvae was fairly high in all 

the treatments, and ranged from 86 . 7~ to 100%. Thus the lec i -

thin level in the diet did not Significantly affect the survival 

rates of post- larvae 11- 25 . However, the growth (gain in 

length, ,~et Yleight and dry weight) was influenced significantly 

(p< 0 . 05) by the dietary level of lecithin (Fi g . 6) . Deletion 

1

0f lecithin from the diet (Diet 1) ~esulted in lowest gains in 

length, .Iet weight and dry weight of post- larvae. But incorpo

ration of 0 . 25~ of l ecithin significantly promoted growth . 

Inclusion of 0 . 5~ lecithin in the diet (Diet 3) significantly 

enhanced grCMth over the diet 2 and the growth was more than two 

times to that recorded with diet 2 containing 0 . 25% lecithin. 

The growth of post-larvae increased with the leve l of lecithin 

from 0 . 25 to 1. 75% in the diet . 

Dietary l ecithin level had significant (p < O. 05) effect 

on the food conversion and protein efficiency ratios . The 

highest FCR and lowest PER were recorded in the diet which 

had no lecithin; inclusion of l ecithin at a level of 0 . 25% 

did not improve the FCR or PER significantly. But the food 

conversion and protein efficiency ratios were improvedsigni

ficantly (P < 0 . 05) by the inclusion of lecithin at a level of 

0 . 5~ in the d iet . Food conversion ratio and protein efficiency 

ratios further improved significantly (P < 0 . 05) as the dietary 



~ig . 6 Survival rate. growth , FeR and PER of post-larvae 

11- 25 fed on diets containing graded levels of 

lecithin (Experiment I) 

• 

• 
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The best food conversion 

f 
lecithin was increased to 1.75%. 

and protein efficiency ratios were observed when dietary 

lecithin was 1.75% in the diet . 

19 

Resul ts of proximate analysis of post-larvae are presented 

i n Table 12 . Though s light differences were observed 8I'll0ng the 

eight diets in the moisture content , th e diets containing the 

various concentrations of l ecithin did not induce any 5ignifi-

cant change in the moisture content . The highest and lowest 

moistu.re contents of 74 . 3 and 69 . 6% were recorded in post-larvae 

fed on t he control diet , and diet containing 1.75% lecithin 

respective l y . The protein, lipid , carbohydrate and ash contents 

of post- larvae were significantly (p < 0 . 05) influenced by the 

dietary level of l ecithin . The protein content was s i gni ficant

ly (P<0 . 05) the highest in the post-larvae fed the diet 

/

containing 1. 75% of lecithin. Conversely, the post-larvae fed 

on the d iet without lecithin had the lowest protein content. 

There was a steady increase in the protein content as the 

I l ecithin level in the diet increased. These results indicated 

that protein depos ition in post-larvae is significantly 

influenced by the dietary level of lecithin. 

The lipid content was Significantly (p < 0 . 05) lower in 

post-larvae fed diets 1, 2 and 3 than that of diets 4, 5, 6 , 

7 and 8 . The observed differences in lipid content of post-

larvae among diets 1, 2, 3 and also among diets 5, 6, 7 and 

! 8 were statistically insignificant . Although lipid content 



w as s i gnificantly influenced by dietary l ecithin l eve 1, the 

/liPid deposition did not s i gni f icantl y n crease wi th the 

increasing concentrations of l e ci t hi n above 0.75% i n the 

diet . From Tabl e 12, i t is clear that inclusion of 0. 25% 

70 

lecithin in the diet significantl y enhanced l ipid deposition 

over that of the control . The lipid content in post- larvae 

ranged from 9 . 15% to 12 .9% with the lowest and highes t 

levels in the lecithin free diet and 1.75% lecithin diet · 

respect ively. 

The ash conten t in post- larvae did not show any specific 

trend in relation to the increasing dietary concentrations of 

l ecithin. However , ash content was significantly (p < 0. 05) 

low in post- larvae fed diets 2 and 3 when compared to other 

diets . The Observed differences in the ash contents of post-

larvae between diets 4 , 5, 6 and 7 were statistically i nsigni

ficant . The carbohydrat e content was significantly (p< 0. 05 ) 

high in post- larvae fed on the lec! thin-free diet . But there 

were no significant differences among d iets 2 to 8 in carbo-

hydrate content of post- larvae . 

The results of this experiment indicated that l ec ithi n 

level in the diet significantly (P<0 . 05) affect the gain in 

length, wet weight, dry weight , food conversion, prote i n 

efficiency r atio and protein retention in the body of post

larvae . It was also Observed t hat the highest level of 

lecithin in the diet (1 . 75%) supported maximum growth, provided 
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TlIBLE - 2 EFFECTS OF DIETARY LECI'lHIN (PHOSPHATIDYLOiOLINE) 

LEVELS CN BI OCHEMICAL CGU'OSITION OF 'lHE POST

LARVAE 11-25. 

Diet Lecithin Moisture Percentage on dry \~eight basis 
No . Level in 

the diet Protei n Lipid Carbohydrate Ash 
(,,) (") 

1 0. 00 74 . 30 61 . 00 9 . 15 4 . 05 18 . 95 

±0 . 05 ±1 . 00 ±0 . 15 ±0 . 15 ±O . OO 

2 0. 25 72.76 61 . 33 11 . 45 2. 65 16 . 50 

±0 . 51 ±0 . 30 ±0 . 05 ±O .55 ±0 . 50 

3 0. 50 71.74 62 . 50 11 . 20 3. 30 16 . 55 

±1 . 50 ±0 . 50 ±0 . 20 ±0 .1 0 ±0 . 45 

4 0.75 71.45 62 . 10 12 . 30 3. 25 18 .85 

~0 .88 ±0 . 10 ±0 . 10 ±0 . 15 ±0 . 01 

5 1 . 00 73.46 64 . 05 12 . 05 3. 00 18 . 25 

±1 . 02 ±0. 05 ±0 . 15 ±0. 10 ±0 . 25 

6 1. 25 72. 97 65 . 50 12.15 2. 55 19 . 00 

±1 . 55 +_0 . 50 ±0 . 05 ±0.35 ±O . OO 

7 1. 50 71. 23 67 . 75 12 . 35 2. 25 18 . 05 

±1 . 31 ±0 . 25 ±0. 95 ±0 . 05 ±0. 05 

8 1 . 75 69 . 59 69 . 85 12. 90 1. 65 17 . 00 

±0. 11 ±0 . 01 ±O . OO ±O . OO ±O . OO 
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the highest protein efficiency ratio and protein retention 

and better food conversion ratio. '!his h as pranpted to 

conduct another experiment with relatively higher concent-

rations of lecithin in the diet. 

Experiment-II 

The r esults of the second set of experiments to 

determine the phospholipid (lecithin) requirement of post

larvae 11- 25 are given in Tabl e 13 and shown in Fig. 7. 

71 

Statistical anal ysis of the data from this experiment showed 

' that the dietary lecit hin lev~l significantly inf luence 

the survival , growth , FCR , PER and contents of prote in , 

l l iPi d and chol esterol in the pos t- larvae . 

There were no significant differences i n the survival 

rates between diets 1 t o 5 . The survival rate was signifi-

cantly (P < O. 05) low in the treatment with 10% l ecithin 

(Diet 6) . Diets 2 and 3 containing 2 and 4% l ecithi n, 

respectively produced relatively higher survival rates of 

93 . 3r. and 95 . 5% respectively . 

The mean percent gains in l ength , wet weight and dry 

weight were s ignifi c antly (p < 0. 05) the highest in the post

larvae fed on the di e t wi t h 2r. l ecithin, among t he d i etary 

t r eatments . Del etion of l ecithin from the d iet produced 

relatively poor gr owth when compared to inclusion of 2% 

lec ithin in the diet . ~nclusion of l e c ithin at 4% and above 



' i • , . 

depressed growth. '!he highest gr owth (gains in l e ngth, wet 

weight and dry wei ght ) recorded in pos t- larvae, when fed a 

diet with 2% l ecithi n indicate t hat the minimal l eci thin 

level for m~ growth of post-larvae is about 2%. 

Statistical analysis of the data showed the significant 

influence of the diets on growth. 

72 

Conversion efficiency of food and protein is signi f i

cantly inf luenced by the diets . Exclusion of l ecithin f rom 

the diet resulted in significantly (p ( 0 . 05) low PER and h i gh 

FCR . Inclusion of 2% lecithin in the diet Significantly 

(p <.0 . 05) improved the PER and FCR . However increasing the 

lecithin level in the diet above 2% resulted in relatively 

poor food and protein conversion ratios . 

'!he lecithin-free diet fed post-larvae had significant

l y (p <. 0. 05) lower protein, lipid and chol es terol contents , but 

significantly higher (p <0 . 05) ash and carbohydrate contents. 

1 
'!he highest protein and lipid contents were found in post

l~containing 2% and 4% l ecithin respectively. 

{

The ash content of post-larvae was significantly (P( 0 . 05) 

higher in diet 1 (lecithin-free diet) and diet 6 (containing 

10% l ecithin) than the other dietary treatments . The chole

sterol content of post-larvae was Significantly lower (p< 0 . 05) 

in dietary treatment 1 (lecithin free diet) than the other 

treatments . Bu1l there were no significant differences between 

diets 2 to 6 in the cholesterol content of post-larvae . 

• 
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I' 

Survival rate , growth, FCR and PER of post- larvae 

11-25 fed on diets containing graded level s of 

l ecithin (Experiment-II). 

• . 
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TABLE - 13 EFFECTS OF DIETARY LECI THIN ( mOSmATIDYLCHOLI NE ) 00 THE BI OCHEHICAL 

CCMPOSITION OF THE POST-LARVAE 11-25 

---------------------------------------------------------------------------------
Diet Lecithin 
No . Level in 

the diet 
( ,,) 

1 0 . 00 

2 2 . 00 

3 4 . 00 

4 6 . 00 

5 8 . 00 

6 10. 00 

Moisture 

75.980 

±1 . 827 

74 . 680 

±0 . 696 

74.970 

±0 . 61 

76 .770 

±1 .304 

76 . 110 

±0 . 855 

77 . 690 

±1 . 770 

Percentage on dry wei ght basis 

Protein Lipid 

6 3 . 900 7.733 

± 1 . 900 ± 0 . 6 84 

69 .720 11 . 980 

±0 . 080 ±0 . 596 

6 7. 9 34 13 .713 

±0 . 654 ±0 . 860 

6 7. 440 11 . 136 

±0 . 84 7 .±0 . 167 

66 . 395 11 . 220 

±1 . 195 .±0 . 716 

64 .730 11 . 5 7 0 

.±0 . 500 ±0 . 488 

Carbohydrate 

3 . 566 

±0 . 471 

1 . 553 

±0 . 408 

2 . 330 

±0 . 466 

2 . 080 

±0 . 628 

2 . 250 

.±0 . 318 

3 . 16 7 

±O . 524 

Ash Cholesterol 

19 . 950 

±0 . 041 

16.636 

±0 .228 

14.933 

± 0 . 188 

15 . 06 7 

± 0 . 59 0 

15 . 967 

.±0 . 543 

18 . 400 

.±1 . 232 

mg/100 g 

90 .1 0 

±8.20 

173 . 40 

±26 . 2 

206 . 10 

* 60 . 10 

193 . 30 

+4 . 70 

193 . 30 

±12 . 40 

200 . 00 

±t8 . 10 

-------------------------------------------------------------------------------
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1be post-larvae fed the lecithin-free diet had higher 

moisture and carbohydrate contents than those fed on diets 

containing various levels of lecithin . The moisture and 

carbohydrate contents were relatively low in post-larva 

fed the diet with 2% lecithin. '!he observed variations in -
the moisture and carbohydrate contents of the post- larvae from 

various dietary treatments were not statistically significant . 

The post-larvae 11-25 were unable to utilize the ingested food 

and protein efficiently when lecithin deficient diet was fed 

thereby resulted in poor growth rate and protein retention in 

their body. The ingested food and protein were efficiently 

converted into tissues when post-l arvae were fed with 2% 

lecithin in the diet thereby improved growth and protein 

retention followed . Since there was no significant improvement 

in the gro"lth rate as well as in the food and protein util1-

zation efficiency in the post-larvae above 2% lecithin in the 

diet it appears that the optimum l ecithin requirements of the 

post-larval E. indicus is about 2% in the diet . 

JUVENILES 

Experiment~ with post-larvae 11-25 demonstrated the 

essentiality of lecithin in the diet . Besides the perfor

mance of the diet also did not significantly improve by 

the inclusion of lecithin levels greater than 2 to 4%. 

Based on these results, test diets were formulated to contain 

lecithin levels of 1, 2, 3, 4 , ~ and 5% for juveniles. A 

diet without lecithin was also formulated . Each of the 



experimental diets was fed to triplicate groups of juvenile 

prawns . '!he results are presented in Fig. 8 . 

Analysis of variance of the data showed that the dietary 

r 
levels of lecithin significantly (p< 0.05) affect the growth, 

FCR, PER and chemical composition of juvenile prawns. However 

survival ~ate of prawns was not significantly influenced by 

the test diets . Fairly high survival rates r anging from 93.34% 

to 100% I-Jere recorded (Fig . 8) from the various treatment i- The 

reference diet (Diet 8) also produced high survival . 

It is evident from the Fig . 8 that the gains in length, 

wet weight and dry weight of juvenile prawns were significantly 

lower (P < O. OS) for diet 1 (lecithin free diet ) than for diet 2 

(1% lecithin). Inclusion of 1% lecithin in the diet markedly 

enhanced t he g ain in length, wet weight and dry weight of 

juvenile prawns ~ and the highest growth was attained by the 

juvenile prawns fed on the diet 2, with 1~ lecithin. The 

!\growth of juvenile prawns from ,this treatment was significantly 

~ (P< 0. 05) greater than that of all other dietary treatments. 

Incorporation of higher levels of lecithin (?/o and above) in 

the diets resulted in significant growth reduction in juvenile 

prawns . There were no significant differences between diets 3 

to 7 i n prawn I s growth . Thus it was clear that more than 2% 

lecithin has no significant effect on the gain in length, wet 

weight and dry weights of the prawn, E. indicus . 
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The food conversion ratios (FeR) and protein efficiency 

ratios (PER) for various diets are shown in Fi g . 8 . Deletion 

of lecithin from the diet (Diet 1) significantly (P<: 0.05) 

affected the utilization of food and protein by the prawn since 

the highest FeR and lowest PER were recorded for the l ecithin-

free diet . Diet 2 containing 1% lecithin provided the lowest 

FeR and highest PER in this feeding tri al . The FCR and PER 

were not significantly improved by incorporation of 2% 

lecithin. However, inclusion of increasing levels of lecithin) 

in diets 4 to 6 significantly (p< 0. 05 ) affected the utilizat

ion of food and protein . Thus there was no significant impro-

vement in the utilization of food and protein by the prawn, 

when fed diets with more than 2"10 lecithin. These results 

indicate that 1% lecithin in the diet is sufficient enough to 

promote the food and protein utilization significantly in 

juvenile prawns. 

The influence of dietary lecithin levels on the proximate 

composition (moisture, protein, lipid, carbohydrate , ash, and 

cholesterol) of prawns are shO\'/I1 in Fig . 9. While the protein, 

lipid and cholesterol contents were Si gnificantly lower 

/

' (p < O. 05) , the moi sture, carbohydrate and ash contents were 

Significantly higher (P <0.05) in prawns fed the lecithin 

free- diet (Diet 1) than those fed diets containing lecithin 

(Diets 2-7). 

the level of 

Addition of 1% lecithin s ignificantly imprOVed ! l 

protein, lipid and cholesterol in the prawn,but 



Fig. 8 Survival rate, growth, FCR and PER of juvenile 

prawns fed ondiets containi~ graded levels of 

lecithin. 
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F~g . 9 Biochemioal oanposition of juvenile prawns fed 
I 

on diets oontaining graded levels of leoithin. 
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decreased the level of moisture, ash and carbohydrate. Although, 

v ariations in moisture, lipid and cholesterol contents of prawns 

were ,observed, when they were fed on diets 2 to 7 with various 

levels of lecithin, in most cases the observed variations were 

not statistically significant (p < 0. 05) . ~ly the prawns fed -the diet 3 had significantly higher (p <: 0 . 05) protein content --
than that of diet 2 . Thus , it was evident that more than 1% \1\ 
lecithin level in the diet has no beneficial effect in promot- \ 

ing nutrient deposition in the prawns , with the exception of 

~ 

protein. Diets 3, 4 and 5 produc~ed significant ly low ash 

content in prawns, when compared to other diets . 

DIS C U S S IO N 

The results of the present study cle arly demonstrate 

that the phospholipid, lecithin is an indi spensable dietary 

nutrient for larv ae , post-larvae and juvenile s of E. indicus . 

The grm/th, survival and metamorphosis of larvae, and growth 

FCR and PER of post-larvae and juveniles seem to be greatly 

affected by lecithin deficiency in the diet . Besides, it is 

evident that for promoting high survival and growth, larvae 

and post-larvae require a dietary level of 2% lecithin . 

Similarly , for juvenile prawns 1% lecithin in the diet is 

found to be optimum for normal growth. Further the results 

show that inclusion of more than 2% lecithin in the diet has 



!. 

on the gr~lth and survival of E. indicus larvae, the diet 

containing only marine lipid (codliver oil 6%) as basal 

lipid source and 4% lecithin, produced better survival as 

in 2% lecithin diet with cod liver oil and soyabean oil as 

78 

lipid source. This Observation ind icates that use of higher 
..J 

l evel of lecithin in thediet appears to be useful when basal ,.. 

lipid source is only a marine lipid (codliver oil) . It may 

be assumed that larval prawn probably require marine lipid 

(s~ce of HUFA w3 series) or able to utilize marine lipid 

in a better way in the presence of higher levels (4%) of 

lecithin . Kanazawa ~.21. (1985 ) also made similar obser-

vations with larval~ . japonicus in which the maximum sur

vival and growth occurred , when fed on a diet containing 

3. 5% soy~an phosphatidylcholine along with 8% pollack 

liver oil as basal lipid source . 

Small percentage of larvae and fairly good percentage 

of post-larvae and juveni l es also survived on feeding the 

lecithin deficient diet . It is suspected that the phospho-

lipids , including lecithin present in the basal lipid 
-

source used (soyabean oil and cod1iver oil) in the diet 

might have sustained the survival rate in larvae, post-

larvae and juvenile prawn . However the quantity of phospho

lipids appears to be inadequate for augmenting the larval 

survival and metamorphosis . Yet, the essentiality of 

lecithin ~s clearly evident fran the data on growth, FCR , 

PER and protein retention as the lecithin def icient diet 
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produced significantly low rate of growth, poar FCR, PER 

and protein retention in the post-larvae and juvenile 

prawns . Besides, the data for juveniles in:iicate that the \ 

diet containing 1~ lecithin promote significantly better 

growth , FCR, PER and protein deposition. However,thwre 

seems to be relatively higher level of lecithin J (2%) requ

ired for producing Significantly better growth , FCR, PER 

and protein deposition in post-larval prawns . These results 

suggest that the larvae , post-larvae and juveniles of 

E. indicus require phospholipids i n progressively decreasing 

l evel s , thus demonstrating the size related variat ion in 

quantitative phospholipid requirements. Besides the super

ior grOlvth , FCR, PER and protein deposition in post-larvae 

at 2% and juvenile at 1% lecithin in the diets show that, 

thes e may be optimum for these sizes of £. indicus. 

Kanazawa ~ al e (19 7ge) also reported that 1% lecithin diet 

promoted very good growth in juvenile .!: . japonicus. Further 

they have pointed out that the growth promoting effects of 

dietary Tapes lipid observed in juvenile ~ . j aponicus WU 

Rot because of the presence of HUFA of w3 series in the 

dietary lipids but because of the good leYel of phospholipid 

present in the dietary lip ids. 

Some reports on juvenile lobster (Conklin ~ .Al., 1980, 

Boghen and Castell , 1980; Trider and Castell , 1980) suggested 

that the mortality in juvenile lobsters was prevented by the 

inclusion of Soy~ lecithin 1n their diets and survival of 
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juvenile lobsters increased with increase in dietary level 

of lecithin, with an optimum range of 4 to 6%. In the 

present study wi th E. indicus the growth of larvae and post-

larvae and juvenile prawns increased when dietary lecithin 

le~ \~as 2% but more than 2% lecithin had no beneficial I 
effect on growth of various stages of E. indicus. These 

results indicate that more than optimum level of leCith1n \\ 

(1% for juvenile, 2% for post-larvae and larvae) has no l 
beneficial effect on survival and growth ). 

Although reports on l ecithin r equirements of post-

larvae are not available in the literature, Teshima ~ .§l • ., 
(1982b) "Kanazawa (1982 , 198 3) have reported that around 3% 

l eclthin diet promoted very good survival and growth in 

larval P. japonicus . Similarly , Kanazawa e t ale (1985) --
reported 3. 5% lecithin produced better survival in ~.japon1cus 

larvae . All these findings clearly demonstrate the variations 

requirements . 
) exhibited by crustaceans in their dietary phospholipid 

Little is k l'lGWn about why dietary sources of phospho

lipids are effective in enhancing growth in prawns. Kanazawa 

(1985) and Kanazawa ~ £d. (1985) while d i scussing the role 

of phospholipids in prawns assume that (1) prawns may have 

a limited ability f or phospholipid biosynthesis at an ade;uate 

level feem fatty acids and diglycerides (2) phospholipids take 

part in the emulsification of dietary lipids such as 
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trig lycerides and chol esterol (3) some types of phospholipids 

may be necessary as constituents of l ipoproteins. which play 

an important r ole in the transport of lipids . S1milar concl u-, 

sions can be drawn based on the findings during the pres ent 

study wi th E. indicus . 

It is also relevant to indicate that the P'losP'lolip i ds 

have seme functional role during moulting . Conklin ~ .Al,. 

(19809 ~eported the role p layed by soyalecithin while elimi

nating mortality in lobst er which was associated with ' moult , 

death syndrane I. This syndrO'i1e is characterised by the 
-
inability of the lobster to extricate itself successfully 

from its skeleton daring ecdysis (Boser and Rosemark, 1981). 

Prawn, like l obsters , cannot grow without moulting . So 

dietary phospholipids might supply the required phospholipid 

for moulting which result in enhancement in growth of prawn. 

I n fact the larvae and post- larvae moult almost every alter

nate day ~o they may require more lecithin (P'losP'lol i pid) 

than juveniles which moults at a slow rate . Since during 

moul ting considerable physiological changes occur i n the cells, 

tissues and organs through mobilization of organic and inorganic 

metabolites and water in order to maintain homaeostasis the 

phospholipid requirements may be greater , particul arl y during 

moulting P'lase . Besides significant anount of energy i s 

required during the moulting process which is primarily derived 

from r eserve lipids, the transport and mobilisat ion of which 
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is through P1ospholipids . Thus since the early stages moult 

at greater frequencies there seems to be gr e ater demar¥i for 

dietary P1osP1olipids than juvenile prawns . Thus d i etary 

)

requirement of lecithin appears to be more f or larvae am 

post-larvae than for the juvenile E. indicus. Although there 

is no harmful effect of higher levels (4%) of lecithin on the 

larvae post-larvae and juvenile Pt:awns more than 4% lecithin 

retard the growth in various stages of p . indicus . These 

results further indicate that soya l ecithin has a fact 
-::::::::::::::::-:=::::--

which helps in moulting and thereby promotes growth, when 

pptimum levels are included in the diets . 

It is well known that the phosphOlipids contribute to 

the structural and functional aspects of the cells . The 

mitochondria contain 25% lipid of which 95% is phospholipid 

(West ~ al ., 1970) . Phospholipids are also present in large 

quantity in biomembranes , thus it forms a part of dynamic 

system of anabolism and catabolism of animals (West ~ £1., 

1970). Several reports have shown t hat phospholipids were 

major lipid class (65 to 85% lipid) in the hemolymph lipid 

of crustaceans such as in lobster Homarus americanus (Bligh and 

Scott , 1966) , and the p=awn, ~. japonicus (Teshima and 

Kanazawa, 1978a). Similarly Teshima and Kanazawa (1978 a 

and b) reported that the hemolymph lipid of prawn~. japonicus 

contain about 63% phospholipids and Teshima and Kanawawa 

(1979) suggested further that principal lipid transport is 

operated as form of phospholipid (lipoprotein) . Thus 
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phospholipids appears to be essential for general metabolism 

of crustaceans and perhaps that is why di ets containing 

lecithin were able to promote growth in the prawn, E. indicus. 

Importance of phospholipids , in the general metabolism of 

crustaceans has also been suggested by D' Ahramo ~ ale (1982). 

'!hey have shown that lobsters fed diets without soyalecithin 

had significantly reduced concentration of serum cholesterol 

and serum phosp,olipids . '!hus lack of phospholipid in the 

diet apparently results in phosphatidylcholine deficiency i~ 

the hemolymph thereby affecting the effective transport of 

lipids . 

It is assumed that the poor ~rowth am FCR observed 

with l ecithin free diet may be because of absence of adequate 

levels of lecithin in diet of post-larvae and juvenile 

E. 1ndiC'lS. It has been suggested that in crustaceans phos

p,olipids probably play an important role in emulSification, 

digestion, absorption and inter organ transport of lipids 

(Van Den Oord, 1964 ; Lester et al ., 1975; Tesh1ma and 
-~~') 

Kanazawa, 1978a, b and Kanazawa 197ge~ Lester ~ sl.(1975) 
" 

observed thct lecithin enhanced cholesterol solubilization 

when associated with N_N dodecanosarcosyl taurine (DST) a 

model detergent synthesized by crustaceans . It is assumed 

that the lecithin provided in the diet of !:. indicus might 

have influenced the digestion of lipids resulting in better 

food conversion ratio and protein efficiency ratio. 



Among the biochemical constituents of prawn, protein 

assumes greater significance and the response of the animals 

to the diets ~ reflected in the efficiency of utilization 

of dietary protein and protein synthesis in the body. Leci

thin when included in the diet may provide choline, which l 
acts as a methyl donor during tran;':methYlation' reactions 

thereby sparing the sulphur amino acid, methionine (another 

methyl donor) for enhancement of protein synthesis. Also 

choline on oxidation produce betaine Which then serves as 

methylating agent . Betaine is acted by specific transmethy-

lases which catalyses the transfer of one of the methyl group 

which is utilized for the conversion of homocysteine to 

methionine . Thus lecithin seems to be useful for the synthe-

sis of methionine and thus for s~nthesis of protein which 

enhance the growth of prawn and produce better PER. Thus poor 

growth and low PER observed in the prawns on feeding lecithin 

free diet may be because the required methyl groops might 

have been drawn fran methionine as a result of catabolism of 

protein, thus leading to reduced PER and growth of the animal . 

'This appears to be one of the reasons why growth, PER and 

\ ~otein content of prawn E. indicus appears to be more on 

, eeding the diet containing sufficient level of lecithin. 
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INTRODUCTION 

Until 1930, lipids were consideted merely as energy 

nutrients for animals. However the work of Burr and Burr 

(1930) radically changed this concept . They reported that 

one of the fatty acids (linoleic acid) is essential for 

animals and its deficiency in diets results in poor growth 

and cause severe pathological syridranes . Subsequent resear-

ches have shown that aquatic organisms too need essential fatty 

acids (Kanazawa ~ al ., 1979b) . Observations made during the 

present investigation also clearly demonstrated the distinct 

variations in the response of ~s indicus larvae, post

larvae and juveniles to natural sources of lipids (Chapter 4) . 

Since these variations are brought about by fatty acids profile 

of lipids, it is necessary to elucidate the fatty acid require.. 
ments of prawns . 

Fatty acids occur in very large amounts as building 

block components of saponifiable lipids and only traces occur 

in free form in cells and tissues . About 100 different kinds 

of fatty acids have been isolated from lipids of various 

animals and plants . All possess a long hydrocarbon chain 

and a terminal carboxyl group. The hydrocarbon chain may be 
in 

s aturated without any double bond as "palmitic acid or it may 

have one double bond as in ol ei c acid then it is called as 
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" monounsaturated or mono enic fatty acid . When two or more 
v 

double bonds are present in the hydrocarbon chain, it is known 

as polyunsaturated fatty acid (PUFA) such as linoleic acid 

(18 121'16) and linolenic acid (18 : 3w3) . Sometimes unsaturated 

hydrocarbon chain may 'have 20 or more carbon a.tans then it is 

called as highly unsaturated fatty acid (HUFA ) such as eico

sapentaenoic acid (20 15w3) and docosahexaenoic acid (22 16w3) . 

Unsaturated fatty acids have l ower melting points than 

saturated fatty acids of the same chain. So they are abundant 

in marine animals and plants (Sargent, 1976) . 

Studies have shown that saturated and monounsaturated 

fatty acids can be biosynthesized de ~ by all forms of 

animals so far examined; but polyunsaturated fatty acids are 
v 

not bipsynthesized denovo at an adequate level in majority 
A 

~ 

of marine animals (Sar!lent, 1976) . Certain fatty acids have 
~ 

specific nutritional importance which are not biosynthesized 

~ D.QY.Q are called as ' Essential Fatty Acids ' (EPA) . 'lhese 

fatty acids have to be included in the diets for normal survival , 

growth, maintenance and proper functioning of physiological 

processes (Burr and Burr , 1930; Al fin- slater and Aftergood, 

1968) . One important function of EFAs i s in the biosynthesis 

of group of fatty acid derivatives called prostaglandins, 

which are hormone like compounds and in trace amounts have 

profound effect on a number of important physiological 

activitie s in animals (Lehninger, 1984) . 
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'!he major concern with the polyunsatured fatty 
(pLJrA) 
.acids" is due to the fact that they are essential dietary 

factors for all animals so far studied, including terrestric 

and aquatic species (Sargent, 1976) . A deficiency of w3 PUFA 

causes def inite symptoms including cessation of growth 

(Castell ~~. 1972a) and fin and skin erosion and shock 

syndromes in fishes (Sinnhuber, 1969; Cas tell ~ £1., 1972a). 

Land marronals have high concentrations of w6 PUFA particularly 

linoleic acid (18 12w6) and arachidonic acid (2014w6), where 

as high concentrations of w3 PUFA, such as linolenic (1813w3 ) 

eicosapentaenoic (20 15w3) and docosahexaenoic fatty acids 

(2216w3) are found in fish (Sargent , 1976) and in crustaceans 

(Kanazawa, 1985) . Phospholipids of bicmembranes are particularl: 

rich in polyunsaturated fatty acids (Sargent, 1976) . Polyuny 

saturated fatty acid deficiency in terrestrial mammals is 

characterized at the biochemical level by a fragility of 

biomembranes (Guarneri and Johnson, 1970) . 

In freshwater fish, the w3 acids predominate, although 

substantial amounts of w6 acids are also present . In marine 

fish , however, the level of w6 PUFA are significantly low, 

so that the ratio w3/w6 is substantially higher in marine 

fish than in freshwater fish ( ckman , 1967 ) . ....3 PUFA such 

as 20 15w3 and 22 16w3 are predominant fatty acids in the 

prawn, ~ . japonicus (Kanazawa ~ s!., 1977b) . Similar pattern 

i s also present in most of the other marine penaeid p rawns 
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(Gopakumar and ~air, 1975 , Guary ~ £i., 1976a~ Read, 1977 ~ 

Bottino ~ al., 1980 , Clark and Wickins , 1980) . Estuarine 

prawns also have small percentage of w6 type fatty acids in 

addition to w3 fatty acids , as observed in E. indicus(Colvin. 

1976b; Read, 1977) . The main reason attributed to the presence 

of high concentrations of w3 fatty acids in marine animals as 

compared to w6 fatty acids, is relating to fluidity of lipids 

at low temperature, which inturn is related to the degree of 

unsaturation of fatty acids . The presence of w3 fatty acids 

may ensure biomembranes to retain their fluidity and normal 

physiological functions at low temperature . Hilditch and 

Williams (1964) reported t hat a decrease in environmental 

temperature is accompanied by an increase in degree of unsat

uration of fish lipids . Besides, PUFA present in bianembranes 

of marine organisms p lay important role in osmoregulation in 

the marine environment (Sargent, 1976) . 

Prawn lipids have both saturated and unsaturated fatty 

acids , particularly greater percentage of w3 HUFA such as 

2015w3 and 2216w3 (Gopakumar and Nair , 1975 ~ Guary ~ & ., 

1976: Colvin, 1976b and Sargent, 1976) . Although ; essential 

fatty acids content of crustaceans is very high , they are 

unable to synthesize these fatty acids from other saturated 

fatty acids (Kanazawa, 1985) . Nutritional studies have 

demonstrated that crustaceans require essential fatty acids 

in their diets for normal survival and growth (Kanazawa tl .21. , 
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1979b, 1979d, 1979f) . Kanazawa and coworkers through radio-

active tracer experiments reported the absence of ~ ~ 

synthesis of linoleic (1B I2w6) linolenic (1B I3w3) , eicosa

pentanoic (20 15w3) and docosahexaenbic ( 22 16w3) acids from 

acetate or palmitic acid, in.!: . japonicus (Kanazawa and 

Teshima, 1977) - .E. monodon and .E. merguiensis (Kanazawa tl al ., 

1979C> . Similarly, essentiality of PUFA in the diets is also 

shown for other crustaceans such as crayfish, Asta~ astacus 

(Zandee, 1966b) and the lobster, Homarus gammarus (Zandee , 1967 ) 

All these results of tracer experiments indicate that 18 12w6 , 

1B13w3, 2015w3 and 2216w3 are essential fatty acids for 

crustaceans , especially t he penaeid prawns (Kanazawa tl al., 

1979 b , C> . Several other reports also highlight the require

ment of some of these essential fatty acids (1B I2w6 , 1BI3w3, 

20 15w3 and 22 16w3) for prawns and lobster (Shewbart and Mies, 

1973; Provasoli , 1975; Colvin, 1976b; Guary et al ., 1976a; 

Bottino et al ., 19 BO; 
ej~-

Petrilla", 1984) . 

D' Abramo et al ., 19BO; Read, 1981 ; --

Some reports indicate the synthesis of 1BI2w6, 1B13w3 , 

20 15w3 and 22 16w3 fran the radioactive acetate-14C in the body 

of the prawns .E. monodon and .E. merguiensis (Kanazawa tl &., 

1979c) , in.E. japonicus (Kanazawa tl sl., 1979b) and in the 

mysid Gnathophausia sp. (Morris and Sargent, 1973) at a very 

slow rate . Infact, Kanazawa et al. (1977b, 197B, 1979d, 1979f) 

have shown by f eding experiments that juvenile s of .!:. japonicus 
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have a higher weight gain with d i ets containing 1812w6,18:3w3, 

20 lSw3 or 20 16w3 than 18 11w9 . Besides , 20 lSw3 and 2216w3 are 

more essential than 18 12w6 and 18:3w3 for p. j apon1cus 

(Kanazawa !U: sl. , 1979a). Absence of 18 13~13 in the diet also 

resulted in poor wei ght gain in E. aztecus (Shewbart am Mies , 

1973) and in E. stylirostris (Fenucci !U: 21. , 1981) . Bottino 

~ £l. (1980) reported that ! . styliferus, E. aztecus and 

E. duorarum were unable to biosynthesize C 20 and C 22 PUPA 

f rom C 18 fatty acid precursors at equate levels . These 

results indicate the essentiality of 20 :Sw3 and 22 16w3 fatty 

acids for prawns . Jones!U: al . (1979b) and Teshima and 

Kanazawa (1984) pointed out the necessity of w3 HUFA for 

growth and survival of larv~ stages of E. japon1cus . 

-! lack 

The foregoing i nformations suggest that penaeid prawns 

the ability for de ~ synthesis of 
20: 51-l3 

1812w6, 18 13w3, ,, am 

2216w3 at an adequate level arxl thus these fatty acids are 

found to be essential in their diet . Although experimental 

evidence by tracer techniques using radioactive acetate are 
• 
not available for p . indicus , Col vin (1976b) suggested 

limited capacity for biosyntheti c interconversion of EFA to 

10n:l'er ain polyunsaturated fatty acids of same type series 

and suggested that optimum ratio of w3/W6 fatty acids may be 

necessary for normal lipid metabolism in juvenile E. indicus. 

Many reports are available on quantitative essential 

fatty acid requirements of fish (Watanabe , 1982 ). However 
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very few reports are available on quantitative dietary require

ment of essential fatty acids for prawns and other crustaceans. 

So far , dietary requirements of fatty acids have been reported 

• for E. japonicus (Kanazawa ~ .s!., 1979a), E. aztecus (Shewbart 

and Mie~, 1973), ! . stylirostris (Fenucci ~ al., 1981) , and to 

a limited extent for E. indicus (Read, 1981 ) . Read (1981) 

reported th fatty acid requirement of juvenile p. indicus , 

using a compounded diet containing natural ingredients and 

• he used a basic lip id level of 5% in the diet, without under-

standing the total lipid level r equired for optimum growth and 

survival of E. indicus . Besides , there is no report on the 

fatty acid requirement of larvae and post-larvae of E. indicus. 

Also Read (1981) and Colvin (197Gb) have not used graded 

levels of purified fatty acids in their experimental dietsto 

understand the fatty acid requirements . It has been observed 

in the present study that juvenile E. indicus require about 9 

to 12% lipid level and the larvae and post-larvae require 

• about 8- 10"--' lipid level in the diet for optimum survival and 

~owth. With this background information, the present study 

was carried out to determine the essential fatty acid require

ments of larval , post-larval and juvenile E. indicus by using 

all purified ingredients . 
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MATER I A L S AND METHODS 

Four sets of laboratory experiments were carried out to 

!studY the effect of selected levels of fatty acids in diets on 

the larvae, post-larvae and juveniles of of. indicus . The 

first three sets of ex~riments were conducted to study the 

effect of selected levels of linolenic acid in the diets 

and to determine the linolenic acid requirement of larvae 

post-larvae 1-10 and 11-25 . The fourth sets of experiments 

were conducted with juveniles of of. indicus by using e leven 

diets (Table lG ) conta~ning selected levels of linolenic and 

• linoleic acids as individual fatty acids , and their combinat-

ions . Jt control diet containing a mixture of codliver oil, <'vV' 
~ 

s~abean oil and lecithin, which has shown the best response 
, 

in earlier experiments and had PUFA of w3 and w6 series, was 

used in all the experiments . 

Palmi tic acid was used as basal lipid source in all the 

experimental diets. Purified linolenic and linoleic ac~ds 
• 

obtained fran Sigma Chemical Co. I USA were used in all the 

experiments . Dietary composition for larvae, post-larvae 

1-1 0 and 11-25, and juveniles is given in Tables 14 , 15 and 

16 . A control diet containing a mixture of codliver oil , 

soyabean oil and lecithin was used in all the experiments wIth 

larvae postJlarva 1- 10 and 11-25, and juveniles . Lipid was 

'used at a level of 10" for larvae, post- larvae and juvenile 

experiments . In addition a diet with 12" lipid level was 
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TABLE - 14 I OOREDI ENTS CCMPOSITION (%) OF THE BASAL DIETS 

USED FOR LARVAE, POST-LARVAE AND JUVENILES I N 

FATTY ACro REQUIREMENTS EXPERIMENTS 

-------------------------------------------------------------
I ngredients 

Diet for larvae 
post-larvae 1-10 
post-larvae 11-25 

Diet for 
juveniles 

-------------------------------------------------------------
Casein 37.00 31.00 

Egg albumin 9. 00 7.50 

Amino acid mixture1 5. 00 5.00 

G lucos amine O.BO O.BO 

Sodium citrate 0.30 0. 30 

Sodium succinate 0.30 0.30 

Starch 12.00 12.00 

Glucose 3.50 5.00 

Sucrose 7. 00 12.00 

Choles terol 0.50 0.50 

Lipids 2 10. 00 10. 00 

Vitamin mixture3 3.20 3.20 

Mineral mixture4 B.50 B.50 

Cellulose powder 2.00 3.00 

Total 100.00 100.00 

Carrageenan 5. 00 5.00 

Distilled water 120-130 rnl 120-130 rnl 

Percentages of 

1) Amin o acid mixture (3) Vitamin mixture and (4) Mineral 
mixture used in this diet are as given in Table 2. 

2) Lipids - Perc entages of lipid as given in the Table No. 
15 and Table No . 16. 



TABLE - 15 CGlPOSITION OF DIETARY LIPIDS/FATTY ACIDS IN '!HE TEST 

DIETS FCR LARVAE , POST-LARVAE 1-10 AND POST-LARVAE 11-25 

---------------------------------------------------------------
Diet No. Dietary lipids/fatty acids f or larvae, post

larvae 1-10 and Post-larvae 11-25 
---------------------------------------------------------------

1 1 0% palmitic acid 

2 9% Palmitic acid + 1% linolenic aci d 

3 8% Palmitic acid + 2% linolenic aci d 

4 7% Palmitic acid + 3X linolenic acid 

5 6% Palmitic acid + 4% linolenic acid 

6 5% Palmitic acid + 5% linolenic acid 

7 4% Palmitic acid + 6% linolenic acid 

8 control 5 . 60% Codliver 011+ 2. 8% soyabean oil 

+ 1 . 6% l e cithin 

---------------------------------------------------------------



TABLE _ 16 CCMPOSITION OF DIETARY LIPIDS/FATTY ACIDS IN THE 

TEST DIETS USED FCR JUVENILES 

------------------------------------------------------------
Diet No. Di etary lipids/fatty acids used f or juveniles 

------------------------------------------------------------
1 1~~ Palmitic acid 

2 9% Palmitic acid + 1% linolenic acid 

3 8% Palmitic acid + 2% linolenic acid 

4 9% Palmitic acid + 1% linoll'ic acid 

5 8% Palmitic acid + 2% linoleic acid 

6 9% Palmitic acid + 0.5% linoleic acid + 
0.5 linolenic acid 

7 8% Palmitic acid * 1% linoleic acid + 
1% linolenic acid 

8 7% Palmitic acid + 2% linolenic acid + 
1% linoleic acid 

9 7% Palmitic acid + 2% linoleic acid + 
1% linolenic acid 

10 5. 60% codliver oil + 2. 8% soyabean oil + 
1.6% lecithin 

11 6 . 67% codliver oil + 3.33% soy abe an oil + 
2% lecithin 

--------------------------------------------------------



TABLE - 1 7 ENVIRONMENTAL FACTORS , STOCKING DENSITY PER TREA'lMENT , MEAN INITIAL LENG'lH 

AND \>1EI GHTS OF ANIMALS AND FEEDING LEVEL FCR EXPERIMENT ON ESSENTIAL FATTY 

cm REQUIREMENT . 

-------------------------------------,-------------------_._--------------------------'--

Parameters 
Stages of the prawn 

-----------------------------------------------------------------
Larvae Post-larvae 

1-10 
Post-larvae 
11-25 

Juveniles 

-----------------------------------------------------------------------------------------
Sali"it.'f (%0 ) 

Temperature (oC) 

pH 

Dissolved oxygen 
in water mg/l 

Total amnonia - N 
in seawater (ppm ) 

Initial number 

Average Initial 
length (rrrn ) 

Average initial 
wet weight (mg) 

Average initial 
dry weight (Mg ) 

.eeding level 
% of bianass 

34 . 0 

29 . 0 

8.0 

4 . 6 

0 . 02 

150 

100 

± 2 

to 31 . 0 

to 8 .3 

to 6 .2 

to 0 . 06 

• 

32 . 0 ±. 2 

26 . 0 to 30 . 0 

8.0 to 8 . 2 

4 . 6 to 6 . 4 

0 . 04 jto 0 . 09 

60 

6 . 0 

0 .475 

0 . 110 

30-40 

20 .0 ±. 2 2 0 . 0 ±. 2 

26.0 to 30 . 1 26 . 4 to 31 . 0 

7 . 8 to 8 . 2 7 . 6 to 8 . 2 

5 . 00 to 6 .2 3 .60 to 5 .7 

0 . 03 jto 0 . 10 0 . 03 to 0 . 11 

45 30 

12 . 50 20 . 0 to 24 . 0 

7 . 236 49 .00 to 53 . 0 

1 . 60 11 . 42 

30-40 20-30 
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used in experiments with juveniles . 

BasQl ingredients used for preparation of diets in this 

experiment are given in Table 14 . The environmental factors 

maintained in the aquaria, the data on initial lengths , wet 

wei ghts , dry weights of prawns and feeding levels are presented 

in Table 17 . General procedures of feed preparations , experi

mental study and data collection and statistical processing 

are similar to that presented in general material and methods 

section of the thesis (pp15 -'l.9 ) . 

RESULTS 

LARVAE 

Results of the experiment conducted tp determine the 

fatty acids requirement of the larvae are given in Table 18 . 

All the larvae fed on the test diets containing purified 

fatty acids died at protozoea I or II stage, before third day 

of the experiment. However, the larvae fed on the control 

------diet (phytoplankton) metamorphosed into post-larvae 1 within 

8 days with a survival of 36 . 0"", imicating environmental 

parameters were within the normal range of tolerance by larvae 

(Table l8A) . Similarly, the diet containing a mixture of 

codliver oil and soy~an oil and lecithin produced fairly 



TABLE - leA GROW'lH AND SURVIVAL RATE OF E. INDICUS LARVAE FED CN DIETS CCNTAINING 

VARIOOS LEVELS OF FATTY ACIDS (Linolenic acid) 

Diet Linolenic Survival rates (") of various developmental stages of prawn larvae 

No . aci d level Feeding 

" PI P2 P 3 MI 1'12 M3 PLI per10d 
d aya 

1 0 . 0 100 0 . 0 2 

2 1 . 0 100 0 . 0 2 

3 2 . 0 100 0 . 0 2 

4 3 . 0 100 0,0 2 

5 4 . 0 100 0 . 0 2 

6 5 . 0 100 0 . 0 ... 2 

7 6 . 0 100 0 . 0 2 

6 . Codliver oil 100 77 . 34 46 . 00 36 . 6 7 27 . 00 26.00 21 . 6 7 6 
+ Soyabeen 
oil + Lecithin 

9 Control 100 69 . 00 76 . 00 54.6 7 42.50 36 .6 7 36 . 6 7 6 
(Phyto 
plankton) 

10 No food 100 1 

PI , P2 , P3 = Protozoeal stage of larvae , Ml , M2, M3 _ Mysis stages of larvae; 

PLI - Post- larva 1 stage 



TABLE _ 18B SURVIVAL RATE (%) OF LARVAE AT VARIOUS DEVELOPMENTAL STAGES DURING 
METAMORPHOSIS 

Diet Linolenic Survival rate (%) of larvae at various developmental stage~ 
No. acid level 

0/0 
Pl From From From From 

Pl to P 3 P3 to Ml Ml to M3 M3 to PLl 
, 

1 to 7 . 0 to 6" 100 0 . 0 0 . O. 0 . 0 0 . 0 

8 Codliver oil 100 46 . 0 7 9 . 90 7 0 . 9 7 9 . 48 
+ soyabean 
oil + Lecithin 

9 Phytoplankton 100 80 . 0 68 . 34 70. 73 94 . 82 
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good survival (26-70%) and the larvae attained the post-larval 

stage "lithin 8 days . The survival of larvae in the l atter two 

diets (phytoplankton and diet with natural lipid sources) was -relatively less during protozoeal stages P I to P I II but in

creased from roysis 1 to post- larvae 1 stage (Table 18 B). 

POST-LARVAE 1- 10 

The results of the fe~ling experiment conducted in post-

larvae 1-10 of ,E. indicus with diets containing graded levels 

of linolenic acid (18 13w3 ) ranging from zero to six percent 

and the control diet with natural lipid source are shown in 

F'ig . 10. Survival of post-larvae 1- 10 ranged from 56 . 00 to 

94 . 0~~ (Fi g . 10) . Analysis of variance of data showed that 

dietary linolenic acid levels has significant influence on 

the survival of post- larvae 1-10. Deletion of linolenic ------
acid from the diet (Diet- l) and addition of linolenic acid in 

t he diet at relative ly higher concentrations (more than 3%) 

produced significantly lower rates of survival (56 . 67 to 65%) . 

Whereas, the diet with 1% linolenic acid provi ded significantly 

(p< 0 . 05 ) higher rate of survival (83 . 84'/J than the remaining 

diets . 

(1
011 and 

highest 

The control diet containing codliver oil, soyabean 

soya lecithin produced Significantly (p < 0 . 05) the 

survival rate (93 . 34%) . 

The mean percent gains in length , wet weight and dry 

weight of post-larvae 1-10 (Fig . 10) were also significantly 
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(p <0 . 05) influenced by the dietary linolenic acid levels . 

!
Deletion of linolenic 

growth. Inclusion of 

ly (p ( 0 . 05) improved 

acid from the diet significantly affected 

1% linolenic acid in the diet significant-

growth over that of linolenic acid-free 

diet . Inclusion of linolenic acid at levels greater than 1% 

did not significantly improve growth . However inclusion of 5. 0 

and 6 . 0"/0 linolenic acid significantly (P ,"- O. OS ) retarded post-f 

larval growth . Of all the diets , the control diet produced 

significantly (p ( 0. 05) superior growth. Although the growth 

-----of post- larvae 1-10 increased with the dietary level of lino

lenic acid from 1% to 3%, the increase in growth was not sig-

nificantly higher than the growth produced by the diet containing 

linolenic acid at 1% level . 

The poor gains in l ength, wet weight and dry weight of 

post- larvae with the linolenic acid deficient diet indicate the 

(essentiality of linolenic acid in the diet of post-larvae 1-10, 

\ and 1"/0 linolenic acid appears to be optimum for post-larvae 

1-10. The Significantly (p< 0. 05) high grovrth of post- larvae 

fed on the control diet (Diet 8) in which codliver Oil, soya-

bean oil and lecithin were incorporated indi cate the importance 

of natural lipid s ources containing PUFA of w3 and w6 series . 

POST-LARVAE 11- 25 

A feeding experiment was conducted with post- larvae 

11-25 of E. ipdicus by using seven test diets incorporating 



Fig. 10 Survival rate and growth of post-larv~e 1-10 

fed on diets containing graded levels of 

linolenic acid (18 s 3w3). 
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graded levels of linolenic acid ranging from zero to six per 

cent, and one control (Diet 8) with natural lipid sources . 

-> _l; l'iata for survival , growth, F~, PER and chemical 

composition of post- larvae 11- 25 are shown in Fig. 11 and 

Table 19 . 

Survival rates of post- larvae ,ranged fr an 53 to 90% 

(Fig. 11) in the treatments 1 to 7 (Fig. 11) and 100% in the 

control , showing the significant (p < O. OS) effect of dietary 

levels of l inolenic 'acid . Diet 2 containing 1% linolenic acid 

and the control diet produced significantly (P < O. OS) higher 

survival rates than diet S to 7 . But inclusion of linolenic 

acid above 1% level resulted in significantly (P <' O. OS) low 

survival rates . 

The mean percent gain in length, "let weight and dry 

weight of post- larvae (Fig . ll) was significantly low for 

treatment-1 (linolenic acid free-diet) . But the growth of 

post- larvae was signif icantly (P < O. OS) improved by the 

inclusion of linolenic acid at a level of 1% in the diet . 

However , increasing the linolenic acid level in the diet 

beyond 1%, depressed growth. The control diet produced the 

highest gains in length, wet weight and dry weight of post

larvae . 

Fcililld conversion ratio (FCR) was significantly (p < O. OS ) 

higher and protein efficiency ratio (PER) significantly lower 



Fig . 11 Survival rate , growth FCR and PER of post

larvae 11-25 fed on diets containing graded 

l evels of linolenic acid (18 r3w3) 
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The 

(

P <0. 05) for the diet without linolenic acid (Diet 1) . 

FCR and FER, were significantly (p <0. 05) improved by the 

inclusion of 1% linolenic acid in the diet (Diet 2) . However , 

addition of linolenic acid in the diet at levels above 1% 

did not improve the FCR or PER (Fig . ll) . The FCR am PER were 

significantly (p <. 0 . 05) superior for the control diet when 

compared to all other diets . Although 1% linolenic acid diet \ 

produced significantly better growth as well as food am 

protein utilization as compared to the diets containing other 

levels of linolenic acid, the control diet containing natural 

lipid sources such as codliver oil, soyabean oil and lecithin, 

which contain polyunsaturated and highly unsaturated fatty 

acids of w3 and w6 series, provided significantly higher 

growth rate and better rates of food and protein utilization 

in post-larvae 11-25. 

The moisture, protein, lipid and ash contents of post

larvae from various dietary treatments are given in Table 19. 

Analysis of variance of the data indicated that the proximate 

composition of post-larvae 11- 25 was significantly (p< 0 . 05 ) 

affected by the dietary level of linolenic acid . While the 

protein and lipid contents were significantly lower (p< 0. 05), 

the ash and carbohydrate contents were significantly higher 

(p <0 . 05) in post-larvae fed on the linolenic acid-deficient 

diet (Diet 1). But the protein and lipid contents of post-



TABLE _ 19 EFFECTS OF DIETARY LINOLENIC ACro LEVELS ON 

THE BIOCHEM ICAL COMPOSITION OF THE POST_ 

LARVAE 11-25 

-------------------------------------------------------------
Fatty acid Moisture Percentage on dry wei ght basis 

Diet Level in ---------------------------------
No the diet Protein Lipid Carbohy- Ash • (,,) (,,) drate 
-------------------------------------------------------------
1 0. 0 

2 1. 0 

3 2. 0 

4 3. 0 

5 4 . 0 

6 5.0 

7 6 . 0 

8 Control 

77. 080 

±0. 030 

77 .345 

±0. 365 

77.500 

±0. 49 2 

78 .260 

±0.340 

76.990 

±0.390 

77.570 

!0 . 518 

77 . 400 

74 .970 

±0.707 

60 . 450 8 . 110 3.61 19 . 95 

±0.250 ±0. 100 ±0.11 ±0. 05 

65 . 550 11 . 900 2.21 17.95 

i O.350 ±0. 10 

65.826 11.510 2.83 16 . 51 

±0. 783 ±1 . 134 ±0.12 ±O . OS 

62 . 850 11 .705 2.95 18 . 24 

±0 .150 ±O . 695 ±0. 05 ±0. 33 

62 . 900 12 . 890 2.80 17.21 

±0. 100 ±0. 890 ±0. 10 ±0.41 

62.430 12 . 510 3.26 16 . 49 

±0. 684 ±0. 695 ±0. 094 ±0. 17 

62 .366 12 . 900 3 .30 16.23 

±0 . 590 ±1 . 270 ! 0 .10 ±0 .1 2 

68.550 13.50 1.25 14 . 13 

--------------------------------------------------------------
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larvae were significantly (p <' 0. 05) higher and carbohydrate 

conten.ts significantly (p< 0. 05 ) lower in post-larvae fed on 

a diet with 1% linolenic acid than that of diet 1. The protein 

retention \~as significantly (p < 0. 05) improved by the inclusion 

of 1 and 2% linolenic acid in diets 2 and 3 respectively . But 

protein retention was the highest in the post-larvae f ed on the 

control diet , and it did not vary significantly between diets 

4 to 7. Inclusion of 1 . 0% linolenic acid in the diet also 

significantly eTh~anced the lipid content of post-larvae . 

However , inclusion of increasing levels of linolenic acid in 

diets 3 to 7 did not significantly improve the lipid content 

of post-larvae . Though the post-larvae fed . on the contr diet 

had relatively higher lipid content than that of other diets , 

the observed ' differences ~re not significant. Ash content 

of post-larvae was significantly higher (p < 0. 05 ) in treatment 

1 (diet 1 without linolenic acid) and significantly lower 

(p < 0. 05) in the control group (diet containing w3 and w6 fatty 

acids) than other treatments . There were no: significant 

differences in the ash content of post-larvae in between 

treatments 2 to 7 (diets containing l inolenic acid levels 

ranging fran 1 to 6%~ 

JUVENILES 

Results of the feeding experiments conducted in juvenile 

p. indigls with 11 diets , containing selected levels of linolenic 

acid and linoleic acids , their combinations and the control diets 



12, 
are shown in Table 20 and Fig.~ 13 , 14, 15 and 16 . 

Survival of juvenile prawns was significantly (P( 0. 05) 

influenced by the dietary fatty acids . Deletion of both 

linoleic and linolenic acids from the diet, results in signi

ficantly (p< 0. 05) low survival . Inclusion of linoleic acid 

(lB.,..) at .. and '" levels in the dieU produ.'" relatiVelY\ 

better survival than inclusion of linolenic (1813w3) acid at 

the sane levels . Among the four diets with a mixture of 

linolenic acid (18:3w3) and linoleic acid (18:2w6), diet 7 

containing 1% 18: 3w3 and 1% 18 12w6 produced relatively higher 

survival . In general, survival was poor in all the treatments, 

except the controls (Diet 10 and 11). During the first fifteen 

days the survival was around 90"" with all the diets , except for 

diet 1 (7 m~) containing only palmitic acid as lipid source . 

I Mortality rate increased thereafter with an abrupt decline in 

l prawn numbers in the 4th week of the experiment, with the 

exception of the control diet fed prawns. (Table 20) . 

The data for growth of juvenile prawns expressed as 

percentages of mean gains in length, wet weight and dry weight 
aNI 

are shown in Fig. 12 ~ 13. The growth of prawns was signifi-

cantly (p < 0. 05) influenced by the d iets fed to them. Am01'XJ 

the diets , diet 1 containing only palmitic acid as the lipid 

source produced the lowest gains in length and weight . Of 

the two diets (Diet 2 and 3) containing linolenic acid, diet 3 



TABLE - 20 WEEKLY SURVIVAL OF JUVENILE PRAWNS FED ON '!HE VARIOUS 

DIETS CONTAINING FATTY ACIDS 

-------------------------------------------------------------
Diet No. 

I WEEK II WEEK III WEEK IV WEEK FINAL 

" " " " " -------------------------------------------------------------
1 100 70 50 27 25 

2 100 90 49 43 40 

3 100 90 51 45 45 

4 100 90 63 55 55 

5 100 90 73 55 55 

6 100 90 66 45 45 

7 100 90 80 55 55 

8 100 90 73 43 40 

9 100 90 76 43 35 

10 100 100 100 100 90 

11 100 100 100 100 90 

-------------------------------------------------------------
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with 2% linolenic acid produced significantly higher growth 

than diet 2 wi th 1% linolenic acid. However , inclusion of 

1% linoleic acid in the diet (Diet 4) supported higher growth 

than diet 5 with 2% linoleic acid. Inclusion of 2% linoleic \ \ 

acid significantly (P < 0. 05) retarded growth. Inclusion of \ 

linolenic acid in the diets significantly (p < 0. 05) enhanced 

g!:owth when compared to linoleic acid. 

Among the four diets compounded with mixtures of 

linoleic and linolenic acids (Diets 6 , 7, 8 and 9) , di et 6, 
n 

in which linoleic acid and linoleic acid were incorporated at ... 
1% level in the ratio of 0. 5 10. 5 supported superior growth. 

Though diet 9, containing 1% 18 13w3 and 2% 18: 2w6 supported 

significantly (p < 0. 05) higher growth than diets 7 and 8, it 

produced low survival rate (35%). 

Of the two control diets containing the mixture of 

codliver Oil, soyabean oil and soya lecithin, diet 11 contain-

ing 12% lipid produced the highest growth in this feeding 

trial . The mean percent gains in length, wet weight and dry 

weight recorded were 122.79%, 815% and 956%, respectively. 

Diet 10 containing 10% lipid also pr oduced very high growth 

when compared to diets 1 to 9, which had purified fatty acids 

as a source of lipid . 

Food conversion ratios and protein efficiency ratios 

obtained for various 'aiets are shown in Fig . 14 . The two 



Fig. 12 Percent survival am gain in length of juvenile 

prawns fed on diets containing different levels 

of fatty acids. 

Diet 
No. 

1 

2 

3 

4 

5 

6 

, 
8 

9 

10 

11 

Dietary lipids/fatty acid used for juveniles 

10% Palmitic acid 

9% Ilalmi tic acid + 1% linolenic acid 

8% Balmitic acid + 2% linolenic acid 

9% Palmitic acid + 1% linoleic acid 

8% Palmi tic acid + 2% linoleic acid 

9% Palmitic acid + 0 . 5% linol eic acid 
+ 0.5%linolenic acid 

8% Palmitic acid + 1% linoleic acid 
+ 1% linolenic acid 

, % Palmitic acid + 2% linolenic acid 
+ 1% linole~ic acid 

~ 

'" Palmitic acid + 2% linoleic acid 
+ 1% linolenic acid 

5 . 60% Codl1ver oil + 2. 8% soyabean oil 
+ 1 . 6% lee! thin 

6 . 67% Codliver oil + 3. 33% soyabean oil 
+ 2% leei thin 
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• Fig. 13 Percent gain in wet weight am dry weight of 

juvenile prawns fed on diets containing 

different levels of fatty acids 

Diet Dietary lipids/fatty acids used for juveniles No. 

1 10% Palmitic acid 

2 9% Palmitic acid + 1" linolenic acid 

3 8" Palmitic acid + 2% linolenic acid 

4 9" Palmitic acid + 1" l1nole lc acid 

5 8" Palmiti.c acid + 2" linoleic acid 

6 9% Palmitic acid + 0.5" linoleic acid 
+ 0 . 5" linolenic acid 

7 8" Palmitic acid + 1% linolenic acid 
+ 1" linole-.ic acid 

~ 

8 7" Palmi tic acid + 2% linolenic acid 
+ 1" linoleic acid 

9 7" Palmitic acid + 2" linoleic acid 
+ 1% linolenic acid 

10 5 . 60" Codl1ver Oil + 2. 8% soyabean oil 
+ 1 . 6% lecithin 

11 6 . 6 7" Codliver oil + 3.33" soyabean oil 
+ 2" lecithin 
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control diets (Diet 10 and 11) producing the greatest growth 

and survival also provided the best FCR (Diet 10-3. 40; Diet 

11- 2.754) and PER (Diet 10-0. 804 , Diet 11- 1 . 012) . The FCR 

and PER recorded for Diet 11 containing 12~ lipids was signi

ficantly higher than all other diets including Diet 10 conta

ining l~fo lipid. Deletion of unsaturated fatty acids from 

the diet (Diet 1) resulted in significantly (P ( 0 . 05) high 

FCR (26 . S4) and low PER (0 . 10) . 

Of the two diets containing only linolenic acid (Diet 2 

and 3) , diet 3 provided slightly higher ,PER; but there wer e no 

significant differences in the FCR between these two diets . Of 

the two diets containing only linoleic acid (Diet 4 and 5) diet 

4 containing 1~ linoleic acid provided significantly higher PER 

and lower FCR tha71 diet 5 . Among the four diets containing 

mixtures of 18 : 3w3 and 18 : 2w6 , diet 9 , provided significantly 

low FCR and high PER. 

The influence of dietary lipids upon the moisture, 

protein , lipid , cholesterol , carbohydrate and ash content of 

prawns is shown in Fig . 15 and 16 . The juvenile prawns fed on 

the diet deficient in unsaturated fatty acids had relatively 

high moisture and ash contents, but low protein, lipid and I 

cholesterol contents . 

The protein content was significantly (p ~ 0 . 05) higher 

in prawns fed on the control diets (Diet 10 and 11) than those 
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fed on other diets . Inclusion of linoleic and linolenic acid 

in the diets also relatively improved the protein and lipid 

retention in prawns in most of the treatments . Similarly, the 

ash content was significantly lowered in the control diet and 

by incorporation of unsaturated fatty acids in diets . 

Lipid content was significantly higher in the groups of 

prawns fed the control diets (Diet 10 and 11) and Diet 9 having ---a mixture of 2% linoleic and 1% linolenic acid than those 

prawns fed other diets (Diet 1 to 8). However )there was no 

significant difference in the lipid content 0fLprawns on diets 

1 to 8. Cholesterol content was SignificantlY-~OWer in prawns 

fed the diets without uns aturated fatty acids than all the 

remaining groups ot prawns which were fed the diets with unsat-

urated fatty acids . Cholesterol accumulation was more in the 

prawn group fed on diet containing either 2"" linolenic or 

linoleic acid (Diet 3 and 5) . Cholesterol content was signi

ficantly low (P< 0 . 05) in prawns fed on the control diets 

containing PUFA of w3 and w6 series (treatment 10 and 11 ) and 

the prawns fed on a mixture of linolenic acid and linoleic 

acid in the ratio 1 12 . 

DIS C U S S ION 

'!he present experiments clearly indicate the essentiality 

of a blend of unsaturated fatty aci of the w3 and w6 series for 



Fig. 14 Fell. and PER of j uvenile prawns fed on diets 

containing different l evels of fatty acids. 

Diet 
No. 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

Dietary lipids/fatty acid acid used for juveniles 

10% Palmitic acid 

9% Palmi tic acid + 1 % linolenic acid 

8% Palmi tic aci d + 2" linolenic acid 

9" Palmitic acid + 1" linoleic acid 

8" Palmitic acid + 2% l inoleic acid 

9% Palmitic acid + 0 . 5% linoleic acid 
+ 0 . 5" linolenic acid 

8" Palmitic aci d + 1" linoleic acid 
+ 1" l inolenic acid 

7% Palmitic acid + 2% linolenic acid 
+ 1" linoleic acid 

7" Palmitic acid + 2% linoleic acid 
+ 1% linolenic ac id 

5 . 60% Codliver 011 + 2 .8" soyabean 011 
+ 1 . 6" l ecithin 

6 . 67% Codllver oil + 3. 33" soyabean 011 
+ 2" lecithin 
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Fig. 15 Percent mOisture, protein and lipid composition of 
juvenile prawns fed on diets containing different 
levels of fatty acids 

Diet 
No . 

1 

2 

3 

4 

~ietary lipids/fatty acid used for juveniles 

10% Palmitic acid 

9% Palmitic acia + 1% linolenic acid 

8% Palmitic acid + 2% linolenic acid 

9% Palmitic acid + 1% linoleic acid 

5 8% Palmitic acid + 2% linoleic acid 

6 9% Palmitic acid + 0. 5% linoleic acid 
+ 0. 5% lenolenic acid 

7 8% Palmitic acid + 1% linoleic acid 
+ 1% linolenic acid 

8 7% Palmitic acid + 2% linolenic acid 
+ 1% linoleic acid 

9 7% Palmitic acid + 2% linoleic acid 
+ 1% linolenic acid 

10 5 .60% Codliver oil + 2. 8% soyabean oil 
+ 1 . 6% l ecithin 

11 6 . 67% Codliver oil + 3. 33% soyabean oil 
+ 2% l ecithin 

• 
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Fig. 16 Percent cholesterol , carbohydrate and ash 
composition of juvenile prawns fed on diets 

containing different levels of fatty acids 

Diet Dietary lipids/fatty acids used for juvenile No. 

1 10% Palmitic acid 

2 9% Palmitic acid + 1% linolenic aci d 

3 8% Palmitic acid + 2% linolenic acid 

4 9% Palmitic acid + 1% linoleic acid 
• 

5 8% Palmitic acid + 2% linoleic acid 

6 9% Palmitic acid + 0 . 5% linoleic acid 
+ 0. 5% linolenic acid 

7 8% Palmitic acid + 1% linoleic acid 
+ 1% linolenic acid 

8 7% Palmitic acid + 2% linolenic acid 
+ 1% 1inole~c acid 

9 7% Palmitic acid + 2% linoleic acid 
+ 1% linolenic acid 

10 5 . 600" Codliver 011 + 2.8% soyabean oil 
+ 1 .6% lecithin 

11 6 . 67% Cod1iver oil + 3. 33% soyabean oil 
+ 2% lecithin 
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proper survival, growth, Frn, PER and retention of protein 

and lipid in prawns . Diets containing purified fatty acids 

(linoleic and linolenic acid) were poorly accepted by the 

prm-m larvae. Inclusion of these fatty acids caused completed 

mortality of larvae . But larval survival, growth and meta

morphosis were significantly improved by the inclusion of 

mixture of codliver Oil, soyabean oil and lecithin, which 

contai n highly unsaturated fatty acids in the diets (Table 18A) . 

Besides, when phytoplankton was fed to the larvae, they meta

morphosed and grew to post-larvae 1, wi thin 9 days . Similar 

observations were reported in p . japonicus in which all larvae 

died without metamorphosis to post-larvae 1, (Kanali'lawa ~ al., 

1985) I~hen fed diets with 1% level of EFA such as 18 : 2w6 and 

18 I 3w3, individually, or a mixture of 18:2w6 and 18:3w3 (111) 

to the diet containing 7% 1811w9 as lipid srurce . But diet 

containing 8% pollack liver oil + 3. 5% soyabean phosohotidy

lcholine provided 86% survival , and they grew upto post- larvae 

1 within 6 days . Jones ~ & . (1979b) and Teshima and KanazB\'la 

(1984) pointed out the necessity of 20 15w3 and 2216w3(w3 HUF ) 

for survival and growth of larval stages of !:. japonicus . From 

the present study it is also evident that ~. indicus larvae 

req'Uire lipidS containing HUFA for proper growth and survival . 

'Ihe poor rate of growth, food and protein utilization 

by the post-larvae and juvenile prawns wh en fed on a diet 

without either 18, 3w3 or 1812w6 iXidicates the essentiality 0 

• 
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1813w3 and 18 12w6 for post-larvae and juvenile prawns. However 

the superior survival, growth , FCR, PER and deposition of 

lipids and protein in prawns fed on control diets containing \ 

highly unsaturated fatty acids indicate that these fatty 

acids are indispensable for post-larvae and juveniles of 

of, indicus also. 

is a rich source 

(docosahexaenoic 

The control diets had codliver oil , which \ 

of 20 :Sw3 (eicosapentaenoic acid) and 22 16w3 
I 

acid) , which have been found to be essential \ 

for Penaeus japonicus (Kanazawa and Teshima, 1977; Kanazawa 

ti al., 1979a), Besides, cod-liver oil contains 1B: 3w3, 

1812w6 am 20 :4w6 at relatively low levels , Soyabean oil is a 

rich source of linoleic acid (1812w6) and it also has low 

levels of 1813w3. The incorporation of lecithin (phosphatidyl

choline) a phospholipid rich in PUFA perhaps further help to 

improve survival significantly in E. indicus as observed for 

~, japonicus (Kanazawa, 1985) and lobsters (Conklin ti 21., 
1980; and D' Ahramo et al ., 1991a) . --
sources were incorporated in the 

that these diets provide a blend 

Since all these three liPid(ll 

control diets it appears 

of fatty acids required for 

promoting growth and supporting good survival in,E. imicus. 

Fran the improvements in growth and survival brought 

about by the inclusion of linoleic and linolenic acids, it 

is evident that the post-larvae as well as juveniles of 

E. indicus may have limited capabilities to convert 1B: 3w3 and 

and 1BI2w6 into the essential highly unsaturated fatty acids . 



tIS 

Probably the prawn is unabl e to convert these fatty acids 

into highly unsaturated fatty acids more efficiently due to 

low activity of the enzyme systems involved in chain elongation 

and desaturation as demonstrated in Penaeus j aponi cus (Kanazawa 

~ ~.,1977a, 1979d, 1979g and Teshima ,1978) . Thu s these 

results suggest the need for inclusion of lipids containing 

highly unsaturated fatty acids in adequate levels in the diet 

of E. indicus . 

The control diet had fatty acid levels of 31 . 88% saturated; 

28 . 8% monounsaturated; 18 . 1% 18 : 2w6 (linolenic) , 3.1 16% 18 .3w3 

(linolenic) and 11 . 9% HUFA of w3 series (Table33 ). Thus this 

diet provides a blend of polyunsaturated fatty aci ds essential 

for larvae, post-larvae and juveniles , thereby produced the 

highest survival, growth and better efficiencies of conversion 

of food and protein, and deposition of nutrients . 

Though 1% linoleic as well as 1% linolenic acid diets 
~~-------

improved the growth over that of the diets deficient in these 

fatty acids, more than 1% (except 2% linolenic acid) level of 

these fatty acids has no beneficial effect on post- larvae or 

juvenile prawns . In fact, fatty acid levels above 3% seems 

to be detrimental to the animals . The retarded growth of \ 

post-larvae 1- 10 and 11- 25 on diets containing higher (more \ 

than 30/0 ) l evels of linolenic acid indicates that the prawn 

E. indicus is unable to tolerate high levels of linolenic acid 

in the diets . In addition to 18 13w3 it also require HUFA of 
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w3 series and 1812w6 as essential fatty acids. Similar 

observations were made while evaluating the nutritive value of 

natural lipid sources for £. indicus (Chapter 4) . Linseed 011 

containing high levels (41 . 05%) of 18 13i.I 3 was" u nable to produce 

maximum growth i n post-larvae and juveniles of £. indicus . This 

evidence furtl'}er suPP . ts the present findings that higher 

levels of linolenic\~~ '~nable to provide better growth in 

E. indicus . Besides~inoleic acid is found to be inferior to 

that of linolenic 

that 

This observation agrees with 

21. (1977a, and 1979d) in £. japonicus , in 

which also the dietary requirement of linolenic or linoleic 

acids w.s 1% of the diet and the effect of linolenic acid wa 

found ·to be superior to linoleic acid . The requirement of 

linoleic (18 : 2w6 , linolenic (18 1 ~3) , eicosapentaenoic(20: sw3) 

and docosahaxaenoic (22 :6w3) acids was shown by Kanazawa and 

Teshima (1977) and Kanazawa ~,g1. (1979b) on ~. japonicus and 

and by Kanazawa ~,g1. (1979c) in E. Monodan and £. merguiensis . 

She"Wbart and Mies (1973) also revealed that the growth of 

E. aztecus was improved by the addition of 1% 18 :3w3 to the 

diet . Fenucci ~~. (1981) reported the requirement of 

linoleic and linolenic acids for E. stylirostris, and they found 

a correlation between rate of growth and t he percentage of 

18 : 3w3 in the diet of juvenile p . stylirostris and in this 

species a ratio of 1. 18 = (w3/w6) i s favourabl e • 

• 
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Recently Read (1981) s tud ied the requirement of linolenic 

and linol eic acids for ,E . indi cus and reported 2% 18 : 3w3 or 

18 1M gives significantly better growth than 5% lauric acid , 

when he used a lip id level of 5% in the diet of ,E. indicus 

without considering the total lipid requirement of the species . 

Only 5% of total basal lipid in t he diet may not be enough to 

supply the required energy for animals . In the present experi

ment, 8 to 9% basal lipid was used which could fuJ,fll the 

demand of e nergy in the f orm of lipids required by the animal 

thereby linoleic and/or linolenic aci d could be available for 

body building/growth . Thus 1 to 2% linolenic and 1% l.1 :noleic 

acid appears to be sufficient enough to promote growth in 

,E. indicus postlarvae and juvenile prawn. Another important 

difference is that I have sed all purified ingredients for 

l i pi d , protein and c~hydrates; bu t Read (1981) used natural 

ingredients which might have influenced the animals response to 

18 :3w3 ard 18 12w6 . 

In the present study with juvenile prawns the mixture of 

18 1M and 18 :3w3 when used in the ratio 0. 5 :0. 5 at 1% level 

supported good growth. It appears that a mixture of these two 

ac ids provide a balanced proportion of 'lhese fatty acids . But 

when this mixture was used at 2% level in the ratio of 1:1 the 

growth of prawn decreased . Similar observations in j uvenile 

,E. indicus was reported by Read ( 1981); ""hen he u a.ed mixture 
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of linoleic and linolenic acid in the ratio 0. 5 : 0. 5 along with 

2% PUFA and 1% lauric acid in the diet he found better growth 

than the diet containing 1% linolenic acid. But' when he used 

a mixture of linolenic and linoleic acid in the ratio 1 11 at 

2% l evel growth decreased when compared to eithe): of 2% lino

leic or 2% linolenic acid . 

Earlier reports on crustacean nutrition indicate, that 

the unsaturated fatty acids of the linolenic group (w3 series 

of fatty acids) are essential (Kanazawa ~ sl., 1970a; Shewhart 

and Mies , lq7 3; Guary ~ sl., 1976a; Castell and Covey, 1976; 

Sandifer and Joseph , 1976 ; Kanazawa and Teshima, 1977; 

Kanazawa et al ., 1977b, 1979c; Jones et al ., 1979b; D' Abramo -- --
~ s!.., 198 0; Bottino ~ sl., 1980 ; Dall and Moriarity, 1983; 

Petrilla ~ .s!. , 1984) . Although, sane prawns require more 

quantity of w3 fatty acids , particularly £. japonicus for 

growth promotiqn, f . indicus require both w3 as well as w6 

series of fatty acids (Read , 1981) , Which i s also confirmed 

in the present study. 'lhe control diets containing codliver 

oil and soyabean oil and lecithin produceG mtIxirmlm 'gt'~th as 

this lipid provide a blend of fatty aci~s (w3 and w6 ) required 

for promoting growth and supporting good survival in E. indicus 
• 

New (1976) suggested that linolenic and other w3 fatty acids 

are found to be essential for prawns and that the ratio of 
• 

w3 1 6 is important, high w3 1w6 diets ere beneficial for • 

• prawns , indicatlng the importance of we' fatty acids along 

• 
• 

• 
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with w3 fatty acids as is observed in"present study with 

~. indicus. 

Kanazawa (1985) who reviewed the fatty acid requirement 

in pra\'/ns stated that prawns require 18 12w6, 18 13w3, 2015w3, 

2216w3 fatty acids as essential nutrients as they are not 

biosynthesized. Kanazawa ~ sd. (1977a, 1978, 1979d, 1979f) 

have shown by feeding experiment s that juveniles of £. japonicus 

have a higher weight gain with diets containing 1812w6, 1813w3, 

20 15w3, or 22 16w3 than with other acids like 18:1w9 , 18 10 

indicating the necessity of w3 fatty acic s , especially w3 HUFA. 

'!here are many reports available c1n the w3 HUFA requirement of 

prawns and lobsters (Page lCl8). But sane reports are also 

available in which the importance of w6 fatty acids, alon~ with 

w3 fatty acids was indicated. Deshimaru ~ S!. (1979) reported 

very good growth in the prawn P . j aponicus ... men they fed a 

diet containing a mixture of pollack liver oil and soy abe an 

oil in the ratio ranging from 311 to 1:1 containing 20 to 30"/0 

of w6 and 10 to 20% of w3 fatty acids and also suggested these 

levels of fatty acids to be optimum for growth of prawn . 

Deshimaru ~ .sl! . (19 79) and eolvin (1976~ reported plant 

oils rich in 18 12w6 along with fish oil to produce better 

growth in p . j aponicus and p . indicus ~spectively. 

Although many reports on nutritional r equirements of 

various kinds of lipids for pra ms are available (Sick tl ~. , 

• 1972-j Shewbert and Mies , 1973, Sick and Andrews , 1973, 
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Forster and Beard, 1973; Balaz ~ al •• 1973; New, 1976 ; 

Kanazawa ~ sl •• 1970, 1977b. Kanazawa t985) most of these 

did not support . the results with food conversion efficien

cies and protein efficiency ratios . Data on the F~, PER 

and nutrients deposition in body of E. indicus recorded 

during the present study also clearly indicate that a mixture 

of w6 and w3 polyunsaturated fatty acids are essential for 

the efficient utilization of the ingested food and protein. 

This is clear from the FCR and PER and percentages of lipid 

~ and protein deposited in the body of prawnsfed the control 

\ ~" diets ,,11th a mixture of codl1ver oil , s~abean oil-:nd 

~ lecithin. Besides, exclusion of unsaturated fatty acids 

f ran the diets (both w6 and w3) of prawn severely affec ted 

the utilization of ingested food and protein, and protein 

deposition in the body. Colvin (1976b) also reported better 

food and protein utilization, along with more protein and lipid 

deposition in the body by the juveniles of E. indicus whe n fed 

diets cootaining both plant and animal lipids which contain 

1812w6 and PUFA of w3 series. Read (1981) also reported better 

)

fOOd conversion when 

containing a mixture 

juveniles of E. indi~ were fed a diet 

of fish and sunflower oil. Thus the 

present findings agrees with the observations of the above 

authors that the post- larvae and juveniles of the prawn E . indicus 

require a mixture of plant and animal lipids which can provide 

high levels of HUFA of w3 and w6 series for better utilization 

of food and protein. and for more protein and lipid deposition 
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in the body. More protein deposition in the body may augment 

growth . Thus the higher growth in prawns fed on diets conta

ining EFAs may be due to the protein sparing action of essen

tial fatty acids . Castell et al. (1972a) and Watanabe 

(1982) also assume that essential fatty acids in diets may 

have protein ·sparing action in fish . 

The essential fatty acids requiranent of fin fish ~ 
differ considerably fr om specie s to species . Rainbow trout ( 

require fatty acids of the linolenic fami ly (w3) as EFA;where 

as the carp, eel and chum salmon require not only linolenic 

but also linoleic acids for good gI"CMth . On the other hand , 

these f atty acids were found to be ineffective for the marine 

fishes , red sea bream, plaice and yellow tail . The latter 

three species were found to require w3 HUFA such as 20 t 5w3 

am. 22 16w3 as essential fatty acids (Watanabe , 1982) . These 

observations indicate the significant influence of habitat on 

fatty acid requirements . As the post-larvae, juvenile and 

immature adults of E. indicus are generally found in low saline 

waters (Menon 1955, Menon and Raman 1962, Mooamed and Rao 1971, 

Paul Raj , 1976) they may have a requirement for HUFA of w3 

series as well as for 18 12w6 and 18 13w3 . However, the larvae 

of the species , as they are marine may have a requiranent for 

enhanced levels of HUFA especially w3 series . But this needs 

further elucidation. The fatty acid composition of E. indicus 
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l i pids shows more percent of 16 11, 1812w6, 18 13w3 fatty acids 

during its estuarine phase of life. vl3 PUFA like 2015w3 am 
22 : 6\-13 are relatively l e ss (8 . 4) in estuarine phase when 

compared to marine phase (21%) . The ratio of '113M was also 

less during estuarine phase and more in marine phase (Table 21) 

Fran the fatty acid content of prawn lipids and fran the 

\

results of the present experimental studies it can be assumed 

that the post-larvae and juveniles of prawn (estuarine phase) 

may have a dietary requirement for 18 12w6, 18 13w3 along with 

2015w3 and 2216w3 (w3 HUFA ) . Thus t he superior growth , PER , 

protein retention and F~ observed in post-larval and 

juveniles when fed diets containing codliver Oil, soyabean 

oil and lecithin can be due to the concentration of w3 and 
as 

w6 fatty acids ~these stages were reared in low- saline waters. 



TABLE - 21 FATTY ACID CCMPOSITION (%) OF LIPID (FRCM WH OLE 

BCDY OF PRAWN FRCM ES'lVARINE AND MARINE of. INDICUS 

AND KARINE AND PRESHWATER FISH 

.f. ,s,ndicus Fish 
Fatty acid 

Estuarine Es~-Marine Estuarine Marine Fresh 
ine 

14 10 2. 4 3.5 1 .26 1. 13 5 . 00 3. 10 

14 11 0. 613 0 . 81 3 0. 89 0 . 39 0. 80 

1510 1 . 6 1 .5 0. 89 0 .36 0.53 

16 $0 15 .4 20 . 4 14 . 14 15 . 48 10 . 89 13.20 

1611 8 .3 12 . 9 7. 22 7 . 53 12 . 00 16 . 20 

17 10 3. 0 2.7 1 . 92 2. 24 0. 21 0. 52 

171 1 1 . 0 0. 94 0 . 94 0. 12 0. 62 

18 10 7.4 7 . 4 7.28 8 . 19 1 .16 2.75 

18 11w9 13. 0 13.5 9 . 95 12.81 12 .6 0 29. 00 
18 12w6 2.5 4 . 9 2. 26 4 . 26 0.74 2.18 
18 13w3 1.1 1 .6 0.99 1.03 0.28 1. 93 
18 14w3 1.9 1 .5 1 . 46 1 .53 1.27 
20 11w9 - 2.52 1 . 39 -
29 14w6 6 . 1 4 .6 6 .50 8 . 68 0. 80 3.48 
2015w3 9 .5 9 .1 11 . 17 11 . 24 7.9 0 5 .50 

24 10 2. 4 0. 8 1.54 - -
24 11 0. 9 3.23 1.21 0. 36 0. 32 
22 15w3 2. 1 1 . 1 1 . 88 3.31 1 . 54 
22 16w3 11 . 9 5 . 2 9 .30 11 . 00 7. 84 3. 87 

Total 
saturated 29 .1 36 . 0 27 . 03 27. 04 17 . 41 20. 10 
MalO 
unsaturated 23. 8 3 28 .7 23 . 81 24 . 97 25 . 47 46 . 94 

Total w6 8-6 9 . 6 8 . 76 12 . 97 1 .54 5 . 56 
Total w3 25 .6 18 .5 22 . 92 23 . 27 20 . 42 14 . 11 

HUF w3 22 . 6 15 . 4 20. 47 22 . 48 19 . 05 10.91 
HUFA w6 6 . 1 4 .6 6 . 50 8 . 68 0. 8 3. 48 

Author Read(1977) Colvin (19 76 ) <ic ACKMAN ( 1967) 
"bOo!! ~ 



CHAPTER - IV 

NUTRITIVE VALUE OF NATURAL LIPID SOURCES 
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INTRODUCTIO N 

It is well recognised that the lipids derived from 

different sources significantly influence the response of 

the recipient animals , due to their composition. Since 

the fatty acids profile of dietary lipids have been found 

to significantly affect the response of prawns, it becomes 

essential to identify suitable natural lipid sources or 

their combinations for incorporating into practical feed 

formulations . Also, the fatty acids in dietary lipids have 

important metabolic significance . Certain fatty acids are I 
growth , maintenance and proper functioning essential for 

of many physiological processes in animals (Alf in-Slater 

and Aftergood, 1968) . An absolute essentiality of certain 

fatty acids in the diet has been demonstrated for many 

species of prawns (Kanazawa, 1985). Studies carried out 

in E. indicus during the present investigation (Chapter 3) 

also indicated that all the stages of E. indicus require 

lipids which can suppl y adequate levels of poly unsai:-

urated fatty acids (HUFA) such as, 18:2 416, 18:3 w3, 20 : 5 

w3 and 22 :6 w3 which are essential for better growth and 

survival . 

Earlier studies have revealed that the nutritive 

value of natural lipids for prawns and shrimps depend upon 
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the types and contents of essential fatty acids (EFA) in the 

dietaty lipid soorce . High nutritive value of ,lipids , such 

as menhadden oil for ~. duorarum has been attributed to, the 

high contents of polyUnsaturated fatty acids in the oil (Sick 

and Andrel>/s , 1973) . 

good lipid source in 

Shrimp-head oil has been found to be a ) 

the diet of ~. rosenbergii (Sandifer ~ 
Joseph , 1976 ). Kanazawa ~~. (1977 b) have also pointed 

out that the superior dietary value of marine lipids such as 

pollack liver oil and short-necked clam oil is due to their 

high contents of w3-HUFA, where as the inferior diet~y value 

of soyabean oil is due to the shortage of w3-HUFA such as 

20 15 w3 and 22 16 w3. Guary ~ ~. (1976a) also showed a 

higher nutritive value for sardine oil and short- necked clam 

011 than for linseed oil and soyabean oil for ~. i aponicus . 

Aquacop (1978) reported that codliver oil promoted growth 

and survival of ~. merguiensis as the best source of lipid. 

The foregoing informations suggest that lipid sources 

rich in w3 HUFA are better for high survival and growth pro-

motion in prawns . 'Recent investigations fur ther indicate that 

mixtures of plant and marine lipids are more effective than 

only animal or plant lipids for promoting growth in prawns . 

Deshimaru and Kurold (1974b) and Deshimaru ~ ill . (1979) 

have shO'iIn that good lipid source for p. j aponicus diet was 

• 

• 
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a mixture of soyabean oil and pollack liver oil . Colvin 

(1976ij reported that a mixture of wheat-germ oil, peanut 

oil and fish meal residual oil was a good 11pid sourc e in 

the diet for optimal growth in E. intiicus. Read (1981) 

also reported that a mixture of sunflower oil and fish oil 

in the ratio 21 1 in the diet give maximum growth, compared 

to those diets containing only fish or plant oils . 'lhese 

informations suggest that prawns in general , may r equire a 

mixture of lipids fran marine animals and p ant oils in the 

diet for optimum growth and survival . 

According to Al fin- Sl ater and Aftergood (1968) an 

an al ' s fatty acid r equirement can be gauged fran its 

tissue fatty acids composition. Inspection of E. indicus 

fatty acid a1l'tern (Colvin, 1976 !>; Read , 1981) presented in 

Table 21 showed a preponderance of short and long chain w6 

and w3 fatty acids similar to the marine fish lipids 

(Ackman , 1967) . This indicates that E. indicus may need 

both w6 and w3 HUFA for growth am survival as reported for 

other prawns (Deshim~ ~ £1., 1979) . Although, Colvin 

(19 761] and Read (1981) reported that juvenile E. indicus 

require a mixture of plant and animal lipid source in the 

diet as E. indicus is an omnivore, they have used only 3% 

(Read , 1981 ) or 5% (Colvin, 1976~ lipid level in the diet 

a l ong with natural ingredients for proteins and carbohydrates , 

• 
• 

• 
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without understanding the actual lipid level required in the 

diet . Besides , there is no information on the effects of 

natural lipid sources, on larvae and post-larvae of ~. indicus. 

'lherefore, as a part of the present study experiments were 

conducted to i dentify sui table plant and animal lipid sources 

for formulation of practical 

and juvenil es of ~. i n iCUf . 

iets for larvae, post- larvae 

• 

• • 

MATER IAL AND MET ~ ODS 

A total of six experiments were conducted: of these 

thr~e experiments were conducted with larvae and one each 

with post-larvae 1-10, post-larvae 11-25 and juveniles . 

Fifteen naturally occurring oils were used for formu lating 

the diets, either individual ly or in combinations of 2 or 

three oils . 'lhe basal dietary canposition used for larvae, 

post-larvae 1-10 , post-larvae 11-25 and juvenile ~. indicus 

is same as g iven in Table ' 2. Lipid sources used in the e~r

imental d i ets for larvae are given in Table 22, for post-
• 

larvae 1- 10 in Table 23; for post-larvae 11-25 in Table 24 

and f or juveniles in Table 25 . 

. 1 
) 

AlJ._ l:.:..i--,p,-i_d_ s_ou_ rces ~~re obtained fran the local market, 

le.cithin as obtained fran Sigma Chemical Co •• USA. All 

," , 

• • 
• • • 
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TABLE - ~ LIPID SOJRCES USED IN THE DIETS OF !ARVAL PRAWNS 

-------------------------------------------------------------
Experiment Diet 
No, No. Lipid source used 

-------------------------------------------------------------
• 

1 Phytoplankton (Control) 

2 Codl1ver oil 

3 Soyabean 011 

I 4 Codl1ver 011 + Soyabean 011 (5:5) 

5 Codliver 011 + Soyabean Oil + Lecithin(4 1214) 

6 Cod liver Oil + Soyabean Oil .... Lecithin 
(3.3 I 3 . 3 I 3.3) 

7 Codliver 011 + Soy led thin (6 :4) 

8 No Food 
--------------------------------------------------------------• 

1 Shark-liver oil 

• 2 Sardine oil • 

3 Prawhhead oil • 
-., 
II ~ 

t<; 4 Codli ver oil 

• 5 Phytoplankton (Control) 

6 Groundnut oil 

7 Sunflower oil 
• 

8 Soyabean 011 • 

9 No Food . . -------------------------------------------------------------

(Contd ... ) 

• 



TABLE - 22 LIPID SOORCES USED IN THE DIETS OF LARVAL PRAWNS 

(Contd ••••• ) 

------------------------------------------------------------
Experime~ Diet 
No. No. Lipid soorce used 

------------------------------------------------------------
1 Sardine oil + Ground nut oil ~ :~ 

2 Sardine Oil + Soyabe an Oil (111) 

3 Sardine Oil + Sunflower oil (1 11) 

III 4 Codliver oil + Sunf lower _oil (111) 

5 Shark- Ii ver oil + Sunf lower oil (11l,) 

P Prawn head oil + Sunflower oil (111) 

7 Phytoplankton (Control) 

8 No Food 

------------------------------------------------------------

• 
• 

• 



TABLE - 23 LIPID SOURCES USED I N THE DIETS OF POST-LARVAE 1-10 

---------------------------------------------------------------
Diet No. Lipi d source u s ed i n t he diets 

---------------------------------------------------------------
1 Coconut 011 

2 Mustard 011 

3 Cotton seed 011 

4 Safflower oil 

5 Rapeseed 011 

6 Groo.ndnut 011 

7 Gingely 011 

8 Sunflower oil 

9 Corn 011 

10 Sharkliver 011 

11 Linseed 011 

1 2 Soyabean oil 

13 Cod liver 011 

14 Sardine 011 + Sunf l ower oil 

15 Sardine oil 

16 Prawnhead oil 

17 Prawnhead oil + Soy abe an oil 

18 Codliver oil + Soyabean oil + Lecithin 

--------------------------------------------------------------



TABLE - 24 LIPID SOURCES USED IN '!HE DI ETS OF POST-LARVAE 11-25 

-------------------------------------------------------------
Diet No. Name of lipid s ource used 

-------------------------------------------------------------
1 Coconut oil 

2 Groundnut oil 

3 Safflower 011 

4 Mustard Oil 

5 Soyabean oil 

6 Rapseed oil 
, 

7 Linseed oil 

8 Cotton seed oil 

9 Gingely oil 

10 Sunflower oil 

11 Shark liver oil 

12 Sardine oil 

13 Corn oil 

14 Codliver oil 

15 Sardine + Sunflower oil 

16 Prawn head Oil + Soyabean oil 

17 Prawn head oil 

18 Codliver oil + Soyabean Oil + Lecithin 

---------------------------------------------------------------
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TABLE - 25 LIPID SOURCES USED IN '!HE DIE'llS OF JUVENILE 

. E. INDlCUS 

--------------------------------------------------------
Diet No . Lipid source used in the diet 

1 Mustard oil 
, 

2 Cotton seed oil 

3 Soyabean oil 

4 Safflower oil 

5 Grcundnut oil 

6 Sunflower oil 

7 Linseed oil 

8 Corn oil 

9 Sardine oil 

10 Codl1ver oil 

11 Sharkl1ver oil 

12 Sardine oil + Sunflower oil 

13 Sardine oil + Groundnut oil 

14 Prawnhead Oil + soy abe an oil 

15 Prawnhead oil 

16 Codl1ver 011 + Soyabean Oil + LecUhin 

--------------------------------------------------------------
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TABLE 26 ENVIROOMENTAL F ACTORS , STOCKING DENS I TY PER TREA'lMENT, ME INITI AL LE NG'lH 

AND WE I GHTS OF ANIMALS , AND FEEDING LEVEL F CR EXPER IMENT CN NU'IRITI ONAL 

VALUE OF NATURAL LIPID SaJRCES 

------------------------------------------------------------------------------------------
Paramet ers 

S t ages of the prawn 
----------------------------------------------------------
Larvae Post-larvae 

1-10 
Post -larvae 
11-25 Juveniles 

------------------------------------------------------------------------------------------
Salini ty (%0) 

Tenper ature ( oc ) 

Dissolved oxygen 
in water (mg/l) 

Total anrnonia - N 
in seawater (ppn ) 

Ini tial number 
o f prawn/ diet 

Average init i a l 
l ength (mm ) 

Ave r age i nitial 
wet weight (m;)' ) 

verage init ial 
dry weight (mg ) 

Feeding level 
" of the biomlJss 

34 .0 ± 2 

29 . 5 to 31 . 0 

8 . 0 t o 8 . 2 

4 . 9 to 6 . 9 

0 . 03 t o 0 . 07 

150 

100 

3 2 . 0 ± 2 

26 .0 t o 29 . 5 

7.9 t o 8 .3 

4 . 8 t o 6 . 8 

0. 04 to 0 . 09 

6 0 

6 . 00 

0. 475 

0 . 110 

30-40 

20 . 0 ± 2 10.0 ± 2 

29 . 0 t o 31 . 5 26 . 4 to 29 .7 

8 . 0 t o 8 . 3 7 . 9 t o 8 . 3 

5.0 t o 7. 9 4 . 8 to 6 . 4 

0 . 03 t o 0 . 10 0 .03 t o 0.11 

45 30 

1 2 . 00 20 . 00 t o 25 . 0 

6 .20 4 2 . 00 to 48 . 00 

2 . 1 0 11. 42 

30-40 20-30 
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other details about exper1rrental set up and animals, formulation 

and, preparation of diets , stocking of . animals, experimental dur

ation, data collection, composition analysis of exper~ntal 

animals, statistical analysis of data are same as given in the 

general materials and methods section (pp 15-29) • 

Determination of the fatty acids profile 

The fatty acids profile of each of the lipid sources used 

in the experiments and post-experimental juvenile prawns was 1 
determined adopting the procedures of Morr Ison and Smith (1964) • \ \ ) 

Immediately after measuring the final lengths and 

weights , the juvenile prawns were freeze dried in a Chemlab 

freeze dryer at _20°C. Lipid was extracted from the powdered 

freeze dried prawns . 

Two methods frequently used for routine lipid extractions 

are those of Folch ~~. (1957) and Bligh and Dyer (1959) . Both 

use chlorof orm- methanol as reagents . Both the methods are 

efficient in extraction of total lipids . Although the yield 

appears higher using the Folch ~.s1. (1957) method, the 

extract is not entirely free of non-lipid contaminants (Bligh 

and Dyer, 1959) . For this reason, the Bligh and Dyer(1959) 

method was chosen as the standard technique for lipid extract

ion. in which choloroform-methanol water in the ratio of 2:2:1 . 8 

was used . To 500 mg of homogenised dry tissue , 10 ml choloroform 
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(electronic grade) , 20 ml methanol and e ml distilled water 

were added, and blended in a homogenizer for 15 minutes ; 10 

ml choloroform was then added and blended for 10 minutes . 

This was followed by 10 ml of water and blending was contin

ued for further 10 minutes to ensure comole te lipid extraction. 

The homorenate was filtered through a wha'bnan No . 1 filter 

paper on Buchner funnel under slight suction and the filtrate 

transferred to separating funnel . The chloroform fraction was 

removed in a pre-weighed flask and dried to a constant weight 

under nitrogen. Samples I-lere kept in petroleum ether in 

screw cap centrifuge tubes under nitrogen medium. Similar 

procedure \~as adopted for the oils used in the experiment . 

After drying, the lipid was used for saponification. To 

50 mg of lipid 5 ml of 10% KO methanol was added and the mix

ture was refluxed at 70 to eo°c on a water bath for 5-10 

minutes under nitrogen. To this mixture added 4 ml of double 

distilled water and washed twice with 12 ml petroleum ether . 

The aqueous layer was separated and concentrated to remove the 

methanol . 'lhen added dilute HCI to adjust the pH between 2- 3. 

!he acidified aqueous layer was extracted with three volumes 

of petroleum ether ; filtered through sodium sulfate (anhydrous) • 

Petroleum ether was evaporated under nitrogen to obtain free 

fatty acids • 

• 



TO the fatty acids, added boron trifluoride methanol 

(2 . 5 rnl to 5 rnl) in a tube and passed nitrogen and then 

closed the tube with tephlon screw cap. The tube were 

heated in fa boiling water bath for two minutes , cooled and 

opened. The fatty acid methyl esters were extracted by 
• . 

adding 2 volumes of petroleum ether and one volume of water , 

centrifuged at 5000 rpm for 5 minutes in a refrigerated 

centrifuge . Petroleum ether from the upper layer was evapo-

rated to obtain the methyl esters . 

Gas liquid chromatography of fatty acids me thyl esters 

Gas liquid chromatography of t he f atty acid methyl 

esters I-las c~ried out using a Hewlett-Packard Microprocessor 

controlled gas-liquid-chromatograph (Model 5840A) with a 

flame ionisation detector . Nitrogen (Indian oxygen Ltd., 
ga.s • 

IOlAR Gases) of ultrapure qIlality was used as the carrier}. 

The methyl esters were dissolved in a fo'nvenien~ volume of 

hexane or chloroform (electronic grade) and applied ( l JUl> 

to Gas chromatographic column with a Hamilton m1crosyringe . 

Gas-liquid-chranatography was performed under the following 

conditions . The inj ection port was set at 200·C, the flame 

ionis ation detector at 230·C and the column temperature at 

180·C. Chart speed was 0. 5 an/minute . Flow rate of the 

nitrogen was 30 rnl/minute . The range was set at 103 and 

attenuation 16 . A 1/8" diameter and 3 m length spiral 
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stainless steel column packed with 15% diethyl ene glycol 

succinate (D .E.G. S) - stationary phase "lith a solid support 

of 100-120 mesh solid chromosorb W was used . Quantitative 

identification of the fatty acid esters was obtained by 

comparison with the relative retention time of known 

standards (Applied Science Laboratories, U. S. A. and Suppleco, 

S\'litzerland) . The identified peaks were quantified using 

a integrator. 

RESULTS 

LARVAE 

Three experiments were conducted with the larvae of 

Penaeus indicus to determine the best source(s) of lipids 

required for promoting survival and growth of larvae . 

Experiment-I 

The first experiment was conducted to examine the 

dietary value of codliver oil ~ soyabean oil individually 

as well as in combinations larval 

E. indicus . '!he results 0 is experiment was compared 

with that of the control diet (phytoplankton) and given in 

Table 27 A. 

All the larvae at protozoea 1 stage died within 

2 days without metamorphosis when food was not supplied 
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(Treatment 8) . In the control , where phytoplankton was fed 

(Treatment 1) , the developnent of larvae followed a nonnal 

sequence with the highest survival of 32% at the post-larval 

1 stage, which they attained within 8 days of the experiment . 

There was also significant difference (p <. 0 . 05) in the sur-

vival of larvae among the test diets (Diet 2 to 6) . Survival 

was fcund to be significantly (p <. 0. 05) high (22%) when 

\ 

larvae were fed either the diet containing codliver oil and 

lecithin in the ratio 614 (Diet 7 ) , or codliver oil + soyabean 

oil + lecithin in the ratio 4 12: 4 (Diet 5) . But larval 

survival \'laS Significantly (p <0. 05 ) low (8%) when fed the 

diet containing soyabean oil as the sole lipid source. These 

results indicate that CI. mixture of codliver oil + soyabean 

oil + l ecithin in the ratio of 4 1214 or a mixture of codliver 

oil I lecithin (6 14) in the diet would be better sources of 

lipids in the diets of larval ,E. indicus . 

Survival of larvae in all the treatments except soya

bean oil d iet, \,las more than 70% from protozoea 1 to protozaea 

3 stage and remained more or less constant from protozoea 3 

to roysis 1 stage with slight decrease in treamments 3, 4 and 

5 (61 to 66%)J survival rates further declined during roysis 1 

to roysis 3 stage (less than 52%) in all the treatments . 

However survival rates of larvae from roysis 3 to post- larvae 

1 stage were r elatively h igh, being 10~;', 65% and 68% in the 



TABLE - 27A GRO'd 'IH AND SURVIVAL OF f . INDICUS LARV~ FED ON VARIOUS LEVELS 

OF LIPID SOORCES . EXPERIMENT I 

--------------------------------------------------------------------------------------
Name of lipid source Survival. rate ( %) of various development stages of 

Diet used in diet am prawn larvae 
percentage --------------------------------------------------------- . 

No. Pl P2 P3 Ml M2 M3 PL1 Feeding _______________________________________________________________________________ ~~g2~! 

1 . Phytoplankton 100 90. 00 90 . 0 82 . 0 51 . 33 38 . 6 7 27 . 33 8 

2 Codliver oil 10 100 80 . 67 72 . 0 64 . 0 44 . 67 24 . 67 10 . 6 7 8 

3 Soyabean oil 10 100 71 . 34 42 . 0 34 . 0 21 . 34 8 . 0 2 . 0 10 

4 Codliver oil + • 
Soyabean oil 5+5 100 74 . 6 7 6 1 . 34 51 . 34 28 . 0 10 . 6 7 2 . 0 10 

5 Codliver oil + 
Soyabean oil + 
Lecithin , 4+2+4 100 77 . 34 64 . 00 54 . 0 33 . 34 14 . 6 7 6 . 0 10 

6 Codliver oil + 
Soy abe an oil + 
lecithin 3 . 3 + 
3 . 3 + 3 . 3 100 76 . 00 66 . 6 7 55 . 34. 42 . 6 7 28 . 0 15 . 34 10 

7 Codliver oil + 
lecithin 6 + 4 100 87 . 34 80. 6 7 72 . 00 61 . 34 33 . 34 1 8 . 6 7 9 

8 No food 1 00 

--------------------------------------------------------------------------------------
Pl, P2, P3 ... Protoz oeal. stage of larvae 

• 
Ml , M2, M3 ... Hy sis stages of larvae 

PLl ... Post-larvae 1. 
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TABLE _ 27B ilURVIVAL RATE (%) OF LARVAE J>.T VARIOUS DEVELOFMENTJ>.L STAGES DURIN:; 

METAMCRPHOSIS 

• 

--------------------------------------------------------------------------------------
Diet 
No. 

Name of lipid scurce 
used i n diet and 
percentage 

Survival rate (%) of larvae from Pl to P3 , fran P 3 to 
Ml from Ml to M3 and fran M3 to PLl 

--------------------------------------------------------
Pl fran 

Pl to P3 
from 

p3 to Ml 
fran 

Ml to M3 
f rom 

M3 to PL 1 

--------------------------------------------------------------------------------------
1 

2 

3 

4 

5 

6 

7. 

B-

Phytoplankton 

Codliver oil 10 . ~~ 

Soyabean oil 10 

Codliver oil .. 
Soyabean oil5+5 

Codl1ver oil + 
Soyabean oil + 
lecithin 4+2+4 

Codliver oil + 
Soyabean oil * 
Lecithin 3 .3 + 
3.3 + 3.3 

Codl1 ver 011 + 
SOYQ lecithin 6+4 

No food 

100 

100 

100 

100 

100 

1 00 

100 

100 

83 . 33 

70.0 

60 . 0 

70 . 6 6 

75.34 

79.33 

-

77 . 6 64.9 

8 4 .76 51.68 

62.22 39.28 

51.42 

47.82 

74.52 44 .30 

76.47 51.64 

• 

7 6 .19 

56 .52 

54 .54 

40 . 84 

100 

• • 

65.7 

68 .08 

- -=--------------------------------------------------------------------------------

• 

• 

• 

• 

• 

• 

,. 

• 

• 

• • 

• 
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4 

treatments 5 , 6 and 7 respectively. In all other treatments 

survival rate was less than 60%. The survival of larvae in 

the control also followed a similar trem to that of treat-

ment 5, 6 and 7. 

Experiment 2 

In this experiment seven oils were used in the diets of 

larvae. Results of these experiments are given in Table 28 • 

The results were compared with that of the control diet of 

phytoplankton (Treatment 5) . All the larvae died with in 2 

~ dayS at protozoea 1 stage without metamorphOs i s , when f oed 

\was not supplied (Table 28 A, Treatment 9) . In the control , 

where phytoplankton (Diet 5) was fed 38 . 0% of the protozoea-

1 reached the post-larval 1 stage, within 8 days of the 

experiment . Survival rate of larvae was in the range 5 . 34 

16 . 67% in all the treatments (Diet 6 , 7 am 8) , when diets 

with plant oils alone were fed, but the survival was relati

vely high (from 18 to 26 . 67%) on diets containing marine 

animal lipid . The duration of metamorphosis of larvae from 

protozoea 1 to post-larvae 1 was 8 - to 10 days , when fed on 

the diet oontaining marine animal lipids, but 10 to 11 days 

were required for the larvae fed on diet containing plant 

lipids (Diet 6 , 7 and 8) . Survival was highest in the larvae 

fed with phytoplankton (control diet- 5) and there was no 

significant difference between survival rates of larvae fed 



TABLE _ 28A GRGI'IH AND SURVIVAL OF ~ . INDlCUS LARVAE FED ON DIETS CONTAINING VARIOUS 

LIPID SCURCES - EXPERIMENT :II 
• 

-----------------------------------------------------------------------------------------~--

Survival rates ( 'Yo ) of various deve lopmental stages of 
Die t Lipid Source prcrNn larvae 
No. --------------------------------------------------------------

Feeding 
Pl P2 P3 Ml M2 M3 PLl Period 

days 
--------------------------------------------------------------------------------------------
1. Shark liver oil 100 66 . 6 7 56 . 6 7 56.6 7 56 . 6 7 22 . 66 15 .67 10 

2 Sardine oil 100 92 . 6 7 68.67 62 . 0 48 . 0 38 . 0 26 .67 8 

3 PrcrNn-head oil 100 62 . 6 7 54. 0 48 .0 28 . 6 7 21 . 34 20.66 10 

4 Codliver oil 100 60 . 0 49 .34 44 .0 28 . 67 20 . 67 18 .67 8 

5 Phytoplankton 100 90 . 6 7 90 . 6 7 82 .00 50.67 38 . 0 38 .0 8 

6 Groond rrut oil 100 56 . 6 7 44 . 6 7 30 . 0 45 .34 18 . 0 10 . 6 7 11 

7 Sunflower Oil 100 58 . 6 7 50 .76 38 . 6 7 38 33 . 34 16 . 00 11 

8 Soyabean oil 100 42 . 6 7 38 . 6 7 32 .0 24.67 1 2 . 0 5 . 34 11 

9 No food 100 

--------------------------------------------------------------------------------------------
Pl, P2, P 3 - Protozoeal stages of larvae 

Ml, M2, M3 _ Mysis stag es of larvae 

PLl _ Post-larva 1. 
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on animal lipid Diets 1, 2 and ' 3 containing shark liver oil, 

sardine oil or prawn head oil . But survival of larvae was 

significantly lower in treatments 6 , 7 and 8 (containing plant 

oils) than that of the control (Diet-S) . Among all the dietary 

lipid sources tested diet 2 with sardine oil gave the highest 

survival (26 . 61%) . Among the diets with plant oils diet 7 \ 

with sunflower oil produced relatively higher survival than 

that of 'diets containing ground- nut oil and soyabean oil as 

lipid sources. 

Trends in mortality at different stages of the larvae 

are s hown in Table 28 B. Larval mortality was more duriD;! the 

protozoeal stages than during the mysis stages in treatments 

1, 6 and 7 (Diets 1, 6 and 7 ) and mortality was found to be 

more during the mysis stages than during protozoeal stages of --
larvae in treatments 2, 3 and 5 (Diets 2, 3 and 5) , which 

contained sardine oil , prawnheQd oil and phytopl ank ton respe-
____ v 

ctively . There was no difference between survival ratesof 
"... 

larvae at protozoeal ~ mysis stages in treatment 4 (cod 

liver oil) and 8 (soy/Dean oil) . Survival of larvae fran 

mysis 1 to post-larvae 1 was relatively higher in all the 

treatments fran 1 to 5 and 8 (which contained shark liver Oi l, 

sardine oil, prawn head oil, codliver oil, phytopl ank ton; and 

soyabea.'1 oil respectively ) but was less in treatment 6 (ground 

nut oil diet) and 7( sunflower diet) 



TABLE _ 28 B SURVIVAL RATE OF LARVAE AT VAR IOUS DEVELOPMENTAL STAGES DURING 

METJlM CRPHOSIS-EXPERIMENT II 

--------------------------------------------------------------------------------------
Name of the lipid 

Diet source used in 
No . diets 

Survival r ate ( r. ) of larvae at various developmental stages 
------------------------------------------------------------
Pl From From From Fran 

PI to P3 P3 to Ml Ml to M3 M3 to PLl 

--------------------------------------------------------------------------------------
1 Shark liver oil 100 56 . 66 89.4 64 . 4 69 .38 

2 Sardine oil 100 68 . 66 90.29 61.29 70 .17 

3 Pr awn head oil 100 54 .0 88.88 44.40 96 . 8 

4 Codliver oil 100 49 . 33 89.18 47 .0 90 .3 

5 Phytoplankton 100 9 0.67 90.44 46 . 34 100 

6 Groundnut oil 100 44 .67 67.16 60 . 0 59 . 25 

7 Sunf lower oil 100 50.6 7 76.31 86 . 2 48 .0 

8 Soyabean oil 100 38 . 6 7 82 .75 37. 5 44 .4 

9 No Food 100 

-------------------------------------------------------------------------------------

" 
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Experiment 3 

Results of the experiment conducted to determine the 

dietary value of mixtures of plant and marine animal lipid 

sources for larvae are shown in Table 29A. 'lbe results of 

this experiment was compared with that of the control diet 

(phytoplankton) . As in the previous experiments, all the 

larvae died with in 2 days at protozoea 1 stage without 

metamorphosis, when food was not supplied (Treatment 9) . In 

the control , where phytoplankton was fed (Treatment 8) the 

highest survival of 32% at the post-larval 1 stage was 

attained on the 8th day of the experiment . 

I 
Survival rate of larvae was significantly higher 

(p < 0 . 05) in dietary treatment 4 containing the mixture of 

codliver oil and sunflower oil , and dietary treatment 6 

containing prawn head oil + sunflower 011 than that of 

larvae fed on diet containing mixtures of sardine and 

groundnut o11s (Diet 1) , sardine and soyabean o11s (Diet 2), 

and sardine and sunflower o11s (Diet 3) . Significant diff-

erences "Iere not observed in survival rates between diets 

when the larvae were fed on diets containing mixtures of 

sharkliver and sunflower o11s (Diet 5 ),. codliver and sunflower 

oils (Diet 4) , and prawn head oil and sunflower oil (Diet 6). 

The larvae fed on the diet containing a mixture of pr awn

head oil and sunflower oil (Diet 6) J am a mixture of codl1ver 



TABLE _ 29 A GR()II'I'lH AND SURVIVAL OF~. INDlCU~ LARVAE FED ON DIETS CONTAINING 

VARIOUS LIPID SOURCES USED IN MIXTURE . EXPERIMENT III. 

---------------------------------------------------------------------------------------
Name of Lipid source Survival rates ( %) of various developmental stages of 

Diet used in diet prawn larvae 
No . -----.----------------------------------------------

Pl P2 P3 Ml M2 M3 
Feeding 

PLl Period 
---------------------------------------------------------------------------------------
1 . 

2 

3 

4 

5 

6 

7 

8. 

Sardine Oil + 
Groundnut oil 

Sardine 011 + 
Soyabean oil 

Sardine Oil + 
Sunflower oil 

Codliver oil + 
Sunflo,:,er oil 

Shark liver oil + 
Sunflower oil 

Prawnhead oil + 
Sunflower oil 

Phytoplankton 

No Food 

100 

100 

100 

100 

100 

100 

100 

100 

7 4 .67 

91.34 

83 .34 

92 . 67 

94.67 

94.00 

96 .67 

54 '00 46.67 26.0 0 13 .34 9 . 33 

47.34 4 7.33 24.67 14.0 8 . 667 

59.33 47 .33 32.00 21 .34 14 . 0 0 

73.34 52 . 6 7 33 .34 30.0 213 . 0 0 

75.34 

115.34 

77.34 

60. 00 38.67 

65.34 

60.00 

-

33.34 

50 . 

26 . 0 18 . 0 0 

27 . 34 21 .34 

38.67 32 . 67 

8 

8 

8 

8 

8 

8 

--------------------------.--------------------------.----------------------
Pl, P2, P3 • Protozoeal stages of larvae 

MI , M2, M3 • Mysis stages of larvae 

Pl 1 • Post-larvae 1 



TABLE - 29B SURVIVAL RATE (") OF LARVAE AT VARIOUS DEVELOPMENTAL STAGES DUR IN:; 

METAMCRPHOSIS . EXPERIMENT III. 

-------.---.--------------------------.---------------.-----------.---.----.-----
Diet Name of lip id source Survival rate (" ) of variClUs developnental stages of prawn 
No . used in diet ----------------------------------------------------------

Pl From From From From 
Pl to P 3 P 3 to Ml M 1 to M3 M 3 to PL 1 

--------------------------------------------------------------------------------------
1 Sardine 011 + 100 54 .00 66 . 41 26 .57 70 . CO 

Gro.lIld nut oil 

2 Sardine 011 + 
Soyabean Oil 100 47 .30 100.00 29 . 57 61 .90 

3 Sardine Oil + 
sunflower oil 100 59 .33 79 .77 45.00 65 . 62 

4 Codliver oil + 
Sunflower oil 100 73.30 71 . 60 56 .96 66 .67 

5 Sharkliver oil + 
Sunflower oil 100 75.33 61 . 94 55.71 69 .23 

6 Prawnhead oil + 
Sunflower oil 100 75.33 69. 0 0 52 .64 78 .00 

7 Phytoplankton 100 77.34 77 . 50 64 . 50 84 .48 

6 No Food 100 

--------------------------------------------------------------------------------------

.. 
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oil and sunflower oil (Diet 4) produced significantly (p < 0.05) 

higher survival (21 .34% and 20 %) among the dietary treatments 

1 to 6, in this experiment . • , 

Survival rate of larvae (Table 29B) in various treatments 

was more during protozoeal stage, i . e . P1 to P3, than during 

mysis stages M1 to M3 and M3 to PL1 stage in all treatments , 

Thus results showed more mortality of larvae occurred during 

mysis stage than protozoeal stage . 

POST-L VAE PL1-10 

The results of the experiment to study the nutritive 

value of natural lipid sources for post-larvae 1- 10 are shown 

in Fig . 17 and 18. The results are treated into three groups, 

on the basis of fatty acids content of the dietary lipids 

(Table 32) . 

Survival (Fig . 17 ) of post-larvae was more than 75% 

in all the treatments . The lowest survival of about 75% was 

recorded with the diets containing sunflower and coconut oils. 

Survival was more than 87% in all the remaining treatments, 

and was not significantly influenced by the dietary lipid 

sources used in this experiment. 

Data for growth of post-larval prawn expressed as 

percentages of mean gains in l ength, wet wei ght and dry weigbt 

• 
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are shown is Fig . 17 and: 19. '!he growth of post-larvae 1- 10 

was significantly (p,,- 0 . 05) influenced by the dietary source 

of lipid. '!he growth was significantly (Po(.O. OS) high in I 
post-larvae fed t he diet 19, in which a mixture of codliver 

011 : soyabean oil and lecithin was used as soo.rce of lipid. 

Post-larval growth was relatively low in treatments 1 and 2, 

in which coconut oil and mustard oil containing feeds were 

used . Among the plant oils containing diets , the diet con

taining soyabean oil <treatment-12) produced the highest 

growth . ffitong the diets containing fish lipids (Table 23) I 

diet with shark liver 011 produced poor growth : whereas 

sardine 011 produced better growth . In general , the fish 

, lipids were frund to be better dietary sources of lipid 

than plant o11s (except soyabean and gingely 011) for prone

ting growth in post-larvae 1-10 (Fig.17 and 19) . 

However the growth of post-larvae was relatively more 

when a mixture of plant and animal lipids were used as dietary 

soo.rce of lipid than the in:l1vidual plant or animal lipids. 

Among the mixtures of p lant and animal lipids used in this 

experiment, a mixture of codliver oil , soyabean oil and 

lecithin (Treatment 18) produced the highest growth . 

AnalysiS of variance of the data and least Significant 

difference test indicate that the growth was significantly 

(P( 0. 05) higher . in post- larvae in treatment 18 than all 

other treatments. Besides , the growth of post-larvae was 
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Fig. 17 Percent survival and gain in length of post-larvae ... 
1- 10 fed on diets containing naturaf lipid sources . 

Diet No. Name of lipid source used in diet 

·1 Coconut oil 

2 Mustard oil 

3 Cotton seed oil 

4 SafflCMer oil 

5 Rapeseed oil 

6 Groond nut oil 

7 Gingely oil 

8 Sunflower oil 

9 Corn oil 

10 Shark liver oil 

11 Linseed oil • 

12 Soyabean oil 

13 Codliver oil 

14- Sardine oil + SunflCMer 01.1 

15 Sardine oil 

16 Prawn head oil 

17 Prawn head oil + Soyabean oil 

18 Codliver oil + Soyabean oil + Lecithin 
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Fig . 18 Percent gain in wet weight and dry wei ght of 

post-larvae 1- 10 fed on diets containing 

natural lipid sources 

Diet No. Nane of lipid source used in diet 

1 Coconut oil 

2 Mustard oil 

3 Cotton seed oil 

4 Safflower oil 

5 Rapeseed oil 

6 Groundnut oil 

7 Gingely oil 

8 Sunflower oil 

9 Coron 011 

10 Sharkliver oil 

11 Linseed oil 

12 Soyabean oil 

13 Codliver oil 

14 Sardine oil + Sunflower oil 

15 Sardine oil 

16 Prawn head oil 

17 Prawn head oil + Soyabean oil 

18 Cooliver oil + Soyabean oil + Lecithin 
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significantly higher (P( 0. 05) in all the treatments fran 14 

to 18# in which either animal lipids alone or mixture of plant 

and animal lipids were used as sources of lipid, than that of 

treatments fran 1 to 9 and from 11 to 12 containing plant 

oil as lipid sources , 

Among the plant oils soyabean oil was found to be 

relatively a better dietary lipi~ source, but mustard oil was 

found to be a poor source of dietary lipid for post-larvae 

1-10 in promoting grow!=? Among the fish lipids sardine and 

prawn head oils were found to be relatively superior and shark 

liver oil inferior t o all other fish oils. Among all the lipid 

sources used in this experiment the diets ",ith mixture of fish 

and plant lipids were found to be very effective in promoting 

growth and a mixture of codliver oil, soyabean oil and lecithin 

in the ratio 5 .3412 .66 12 found to be highly effective in pro

moting growth in post-larvae 1-10. 

POST- LARVAE PL11-25 • • , 

Results of the feeding experiment in post-larvae 11-25 

of E. indicus with 18 diets containing various sources of 

lipids are given in Table 30 and shown in Fig -19, 20 ~nd 21 . 

Survival of post-larvae in all the treatments was more than 

84% (Fig . 19) except for treatment 11 (sharkliver oil) and 

treatment 4 (mustard oil) in which survival was relatively low, 

being 73 . 34 and 64 . 44% respectively • 



Fig. 19 Percent survival and gain in length of post

larvae 11-25 fed on the diets containing 

natural lipid sources 

Diet No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Name of lipid source used in diets 

Cocormt oil 

Groundrmt 011 

Safflower 011 

Mustard 011 

Soyabean 011 

Rapeseed oil 

Linseed 011 

Cotton seed 011 

Gingely 011 

Sunflower 011 

Shark liver 011 

Sardine 011 

Corn 011 

Codl1ver 011 

Sardine + Sunflower oil 

Prawn head 011 + Soyabean oil 

Prawn head oil 

• 

Codliver oil + Soyabean oil + Lecithin 
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Fig. 20 Percent gain in wet weight arXi dry weight of 

post-larvae 11-25 fed on diets containing 

natural lipid sources . 

Diet No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Name of lipid source used in diet 

Cocorrut oil 

Groundnut 011 

Safflower oil 

Mustard oil 

Soy-abean oil 

Rapeseed oil 

Linseed 011 

Cotton seed 011 

Gingely 011 

Sunflower oil 

Shark liver 011 

Sardine oil 

Corn 011 

Codl1ver oil 

Sardine oil + Sunflower oil 

Prawn head oil + Soy-abean 011 

Prawn head oil 

Codl1ver oil + Soy-abean oil + lecithin 
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Growth 

The data for growth of post-larvae 11-25 expressed as 

percentage mean gains i n l ength, wet weight and dry weight 

are shown in Fig . 19 and 20 . The growth was significantly 

(p < 0 . 05) influenced by the dietary lipi d sources . Growth 
\ 

was significantly higher (P < O. OS) in treatments 14 to 18 \ 

than the treatments 1 to 11 & 13. The growth of post- larvae, 

was significantly (p < 0 . 05) h i gher when fed a diet with a 

mixture of codliver oil + soyabean oil and lecithin (Diet 

than that of diets with vari ous other lipid sources . 

lS) \ 

Although statistically significant differences were 

not observed in the growth of prawns between diets with 

various plant oils (Diet 1 to 10 and 13 ) , there were cons i 

\der Ie vari ation in the observed growth values (Fig.19 and 

20) . Among the plant oil s containing diets , diet 10 and 13 

containing sunflower oil and corn oil respectively pr oduced 

relatively better growth , and diet 1, containing c oconut 

oil produced relatively poor growth . 

Among the diets with individual marine animal oils , 

diet 17 with prawn head oil and diet 14 with codliver oil 

produced significantly (P <:' 0 . 05 ) higher growth than the diets 

with sardine oil (Diet - 12) and shark liver oil (Diet 11) 

in the pos t - larval prawn . In general, the diets with marine 

animal oils produced superior growth in post-larvae when 
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compared to that of the diets with plant oils , the only 

exception being the diet with corn oil (Diet 13) , whiCh 

produ c ed relatively higher grm·/th in post-larvae than the 

diet wi th shark liver oil . The diets with a mixture of 

plant and animal oils (Diet 15, 16 and 18) produced signi

f icantly (p< '0 . 05) greater growth than the post-larvae fed 

on the diets with either individ~al plant lipids or animal 
, 

lipids "lith the exception of prawn-head oil . The diet con-

taining a mixture of codliver oil, soyabean oil and lecithin \ 

(Diet 1S) produced significantly better growth in post-larval [\ 

prawn. But a · mixture of sardine oil and sunflower oil (Diet 

15) unexpectedly produced relatively l e ss growth in post-

larval prawn. 

Food cOIlV'ersiori ratio (FCR) and protein efficiency ratio(PER) 

FeR and PER obtained for various diets are shown in 

Fig. 21. Fa1. and PER were also significantly influenced by 

the dietary lipid source. The diet 18 containing a mixture 

of codliver oil, soyabean oil and lecithin, which provided 

the best survival and growth in post-larvae, also provided 

the best Fa1. (1 . 005 ) and PER (2 . 256) . Food cOIlV'ersion and 

protein efficiency ratios were also found to be significantly 

better (P.( 0. 05) with diets containing s ardine oil (Diet 12), 

codliver oil (Diet 14) , prawn head oil (Diet 17) , or diets 
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containing mixture of plant and animal lipids . 

Variations observed in the FCR and PER between diets 

1 to 10 containing plant oils and diet 13 were not statisti

cally significant although the diet' 13, with corn oil provided 

relatively better FCR (2 . 57 ) and PER (0 . 896) . But diet l , with 

coconut oil provided very poor FCR (4 . 06) and PER (0 . 572) . 

Although significant differences were not observed in the FCR 

and PER between diets 14 , 15, 16, 17 and 18 the observed 

variations were very prominent (Fig. 21) . Among the diets 

with marine animal lipids used in this experiment, diet 17 

with prswn head oil and diet 14 wi th codliver oil provided 

better FCR and PER than those provided by Diet 11 containing 

shark liver oil . 

Diet 15, 16 and 18 containing a mixture of plant and 

animal lipids provided significantly better FCR and PER than 

those diets containing other lipid sources, with the exception 

of prawn head oil (Diet 17 ) . Diet 18 in which a mixture of 

codliver oil + soyabean oil + lecithin was used, provided 

significantly the best PER and FCR among all the diets . Diet 

15 containing a mixture of sardine oil + sunflower oil and 

diet 16 with prawn head oil + soyabean oil also provided 

relatively better FCR and PER than most of the other diets . 

Thus the food and protein utilization in prawn was 

Significantly influenced by the dietary lipid source and a 
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Fig. 21 FCR and PER of post- larvae 11- 25 fed on diets 

containing natural lipid sources . 

Diet No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 . 

1 2 

13 

14 

15 

16 

17 

18 

Name o f l ipid source used in diet 

Coconut oil 

Grouoorut 011 

Safflower 011 

Mustard oil 

Soyabean 011 

Rapeseed 011 

Linseed 011 

Cotton seed 011 

Gingely 011 

Sunflower oil 

Sbarkl1ver 011 

Sardine 011 

Corn 011 

Codliver 011 

Sardine 011 + Sunflower oil 

Prawn head 011 + Soyabean 011 

Prawn head 011 

Cod liver oil + Soyabean oil ~. Lecithin 
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xture of plant and animal lipids seems to be the best 

source of lipid for promoting food and protein utilization 

in post-larval prawn. 

Biochemical composition of post- larvae 11-25 

Chanical constituents of post-larvae were also influenced 

by the dietary lipid source . 'lhe effects of dietary lipid 

sources on moisture , protein lipid, carbohydrate and ash co~ 

tent of the post-larvae are shown in Table 30. '!he moisture 

content of post- larvae was found to be in the range of 73.8 

to 77. 10% in the various treatments . The observed differences 

in the moisture content of the post- larvae in between the 

treabnents \·:ere statistically insignificant. However, post

larvae fed on the diets containing plant lipids (Diet 1 to 10 

and 13) had relatively greater moisture contents than those 

fed on diets containing animal or mixture of animal and 

plant lipids . 

Post-larvae fed on diets containing plant lipids had 

relatively l ess protein and lipids than those fed diets co~ 

taining animal lipids or a mixture of p lant and animal lipid 

as dietary lipid source (Table 30) . But analysis of variance 

of the data did not show any significant difference between 

diets in the protein contents of post-larvae. However the 

lipid content of the post-larvae was significantly (p < 0 . 05) 
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influenced by the lipid source used in the diet . 

The protein content was within the range of 61 . 96 to 

65 . 8% in t he post-larvae fed on the diets containing pl ant -, 
lipids , except for the post-larvae fed on the diets containing 

the gingely oil, sunflower oil and corn oil, which had more 

than 68% protein. The protein content was in the range of 

68 . 3 to 69 . 9 3% in the post-larvae fed on diets containing 

either animal lipid alone or a mixture of animal and pl ant 

lipids, with the exception of shark liver oil (66 . 58%) . 

Lipid content was 

found to be in the range 

significantly (p < 0. 05) l ow and --of 8 . 6 to 10. 5% i e post- l arvae 

fed on diets containing plant lipids (Di ets 1 t o 10 and 13) . 

But the lipid content was found to be significantly (p< 0. 05) 

high (10. 23 to 11 . 83) in post-larvae fed on diets containing 

animal lipid or a mixture of animal and plant lipi ds . 

Ash and carbohydrate contents in the body of post

larvae "lere also influenced significantly by the dietary 

lipid source . Ash and carbohydrate contents were relatively 

higher (Table 30) in the post- larvae fed on the diets 

containing plant lipids than those fed on diets containing 

animal or a mixture of animal and plant lipids . Thus, the 

diets containing a mixture of plant and animal l ipids produced 

high survival , growth, protein and lipid deposition with 
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better food and protein utilization. The mixture of codliver 

oil, soyabean oil and lecithin (Diet 18) proved to be the 

best source of lipid for post-larval growth . 

JUVENILES 

Results of the experiment with juveniles of £. indicus 
?>'lJ 

are given in Table 31, and 33 and plotted in Fig . 22, 23 and 

24 . The results have been treated in three parts on the 

basis of the fatty acids profile of natural lipid sources 

and their effect on grO\·rth of juvenile prawns . Analysis of 

variance and least Significant difference test were applied, 

to find out whether the lipid sources in diets had any 

significant influence on the survival, growth , FCR, PER and 

chemical composition of the prawns . 

Diets containing marine animal lipids and those con- I 
-;:::...---

taining mixture of marine animal lipid and plant oils (Diets 

9 to 16) produced significantly (p < 0 . 05) higher rate of 

survival than only plant oil based diets (Diet 1 to 8) with 

the exception of mustard oil diet, Which produced a survival 

rate of 900/0. The lowest (36 . 67%) survival was observed, When 

cotton seed oil was used as lipid source (Die t 2) . HCMever) 

the differences in survival among diets 8 , 1 & 9 to 16 were 

statistically insignificant . In general survival of juvenile 

pra\ffiS was less with plant oil diets than with other diets . 
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Growth 

'!he data for growth of juvenile prawns expressed as 

percentage mean gains in length, wet weight, and dry weight 

are given in Fig. 22 . '!he growth was significantly (P( 0 . 05) 

influenced by the dietary lipid source . 

'!he variations observed in growth in between diets 

containing plant oils were statistically insignificant. Among 

the 

and 

diets with plant lipids, diet containing ~ (Diet 7) 

linseed 011 (Diet 8) produced relatively better growth, 

but the diets (1 and 2) containing mustard 011 (Diet 1) and 

cottonseed oil (Diet 2) produced relatively poor growth in 

juvenile prawns . Thus the results indicate that among the 

plant oils linseed and corn oils are relatively better than 
\.. 

all other sources of plant lipids, and that mustard and 
.. 

- --cottonseed oils are poor sources of lipids for promoting grwwth 

in the juvenile prawns . 

Among the diets with individual animal oils , diet 15 

with prawn head oil and diet 10 with codliver oil produced 

rel atively more growth , whereas diets with s ardine oil (diet 9) 

and sharkliver oil (diet 11) produced relatively poor growth 

in juvenile prawns . The diets with a mixture of plant and 

animal o11s produced significantly greater growth than any 

of the diets containing individual plant or animal oils . 
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Among" the d i ets with mixture of plant and animal oils , d iet 

16 with a mixture of codliver oil, soyabean oil end lecithin 

promoted significantly the best growth and diet 12 with sardine 

011 aoo. sunflower oil produced r elativel y poor growth . 

Food conversion ratio (FCR) and Protein Efficiency Ratio(PER) :-

Food conversion ratios and protein efficiency ratios 

obtained for various diets are shown in Fig . 22. The diet 16, 

lIh i ch produced the best growth and survival, also provided 

the best FCR ( 2, 0) and \PER (1 . 377) among all the diets . The 

" diets with mustard Oil , cotton seed Oil , soyabean oil and 
v 

safflower oil gave s ignificantly poor FCRs ; whereas the diets 

containing mixture of plant and animal lip i ds produced signi

ficantly (p < 0. 05) better FCR than remaining diets which had 

either plant or animal oils alone . Thus the food utilization 

by prm-m is greatly affected when p lant oils are used as the 

sole lipid source (Diet 1 to 8 ) . But the inclusion of marine 

animal lipid s improved the food utilization by the prawns . 

It is also evident that the food conversion is considerably 

improved by the addition of prawn- head oil and mixtures of 

plant and animal lipids . 

Diets with individual marine animal oils and mixture 

of animal and plant oils provided signific antly (p<,o . os) 

better PER than those diets containing p lant o ils , with the 

e xception of sunflower oil . Thus the protein utilization by 
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Fig. 22 Survival rate , growth , FCR ancl PER of juvenile 

pr<;llfns fed on the diets containing natural 

lipid scurce 

Diet No . Lipid source used in the diet 

1 Mustard oil 

2 Cotton seed oil 

3 Soyabean 011 

4 Safflower 011 

5 Grcundnut oil 

6 Sunflower oil 

7 Linseed 011 

8 Corn oil 

9 Sardine 011 

10 Codliver oil 

11 arkl1ver 011 

12 Sardine oil + Sunflower 011 

13 Sardine oil + Groundnut oil . 

14 Prawn head 011 + Soyabean 011 

15 Prawn head 011 

16 Cod-liver oil + Soyabean 011 + Lecithin 
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the prawn also appears to be significantly affected by most of 

the plant lipids . In contrast, the animal lipid sources and 

the mixtures of plant and animal lipid sources resulted in 

improved PERs . The results also suggest that among the lipid 

sources used in this experiment, the mixture of codliver oil, 

scyabean oil and lecithin (Diet 16) , and prawn head oil (Diet 

15) is significantly (P<O . OS) superior as lipid source for 

utilization of dietary protein in the juvenile prawns . 

Biochemical composition of prawn~ 

The influence of various lipid sources upon the moisture , 

protein, lipid, Cho lesterol , carbohydrate and ash contents of 

prawn is shown in Fig. 23 and 24 . The proximate composition 

of prawns was also influenced significantly (p < 0 . 05) by the 

dietary lipid sources . 

Diets containing various lipid sources had significant 

effect on moisture content of prawns , with the pra\oms fed on 

diets containing mustard oil (Diet 1), cotton seed oil(Diet 2) , 

scyabean oil (Diet 3) and ground nut 011 (Diet 5) having signi

ficantly higher moisture contents than prawns from ot her 

treatments . Besides, all the diets with plant lipids (Diet 1 

to 8) produced prawns with relatively more moisture (72 . 89 to 

76 . 58%) contents than the diets with animal lipids and those 

with a mixture of plant and animal lipids . In the latter 

groups moisture content was in the range of 7 2. 3 to 73 . 9%. 
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Dietary lipid sources when included in the diet had 

also significant (p <' 0. 05) effect on the protein deposition 

in the body of prawn. In general . protein content of prawns 

from various treatments with plant oils in diets was l ess 

than 67% and it varied from 60 to 67" . with the notable 

exception of prawns fed the sunflower oil diet. which had 

68 . 10" protein. Protein content was in the range of 67 to 

70" in prawns fed diets with either marine lipids (exception 

of sardine oil) or the mixture of marine lipids and plant 

lipids as aources of lipid. 

Diets containing the mixture of plant and animal lipid 

sources promoted greater protein deposition in prawns than 

individual sources of lipids . In short the protein deposition 

in the body was less when the prawns were fed on diets with 

plant lipids than with diets containing animal or mixture of 

plant and animal lipids . 

The prawns fed on diets containing the plant lipid 

(

sources with the exception of linseed oil diet had signi

ficantly (P<O . OS) lower total lipid content than those fed 

diets with either marine lipid or a mixture of plant and 

marine lipids . There were no significant di fferences in 

the lipid contents in prawns among the dietary treatments 

1 to 8 . Similarly. the differences observed in the lipid 

content of prawns fed on diets 9 to 16 were not statistically 
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Fig. 23 Percent moisture, protein and lipid content 

of juvenile prawns fed on diets containing 

natural lip i d sources . 

Diet No. Lipid sources used in the diet 

1 Mustard oil 

2 Cotton seed 011 

3 Soyabean 011 

4 Safflower 011 

5 Groundnut oil 

6 Sunflower 011 

7 Linseed oil 

8 Corn oil 

9 ardine 011 

10 Codliver 011 

11 Sharkliver oil 

12 Sardine oil + Sunflower 011 

13 Sardine oil + Groundnut 011 

14 Prawn head 011 + Soyabean 011 

15 Prawn head oil 

16 Codliver oil + Soyabean 011 + Lecithin 

.. • 
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significant. In general , the lipid content of prawns was 

in the range of 8 to 11 . 45% in the treatments 1 to 8 (diets 

incorporated with plant lipids) , and in the range of 10 . 94 

to 12 . 6% in the treatments 9 to 16 (diets containing either \ 

animal lipids or mixture of animal and plant lipids) . 

'!he cholesterol and carbohydrate contents in prawns 

(Fig . 24) was not significantly influenced by the dietary 

lipid sources . Cholesterol content of pr8\offi was in the 

range of 140 mg to 194 mg/100 mg of body weight (dry weight) 

and carbohydrate contents of the pr8\offis was found in the 

range of 1. 27 to 3. 18%. 

Dietary lipid sources had s ignifi cant (p < 0 . 05 ) effect 

on the ash content of pr8\offis . Diets containing prawn head 

oil (Diet 15) , mixture of prawn head oil and soyabean oil 

(Diet 14) and codliver oil, soyabean oil and lecithin(Diet 

16) produced prawns with significantly (P < 0. 05) lower per-

centages of ash . Similarly, the diets containing mustard 

oil (Diet 1) , cotton seed oil (Diet 2) soyabean oil (Diet 3) 

\

Safflower oil (Diet 4) and ground nut oil (Diet 5) produced 

significantly higher level of ash in the body of prawn than 

the remaining diets . Ash contents of juvenile prawns was 

in the range of 12 . 5 to 14 . 5% i n the tre atments 9 to 16 , 

(diets containing either marine lipid or mixture of plant 

and marine lipids) and in the range of 14 . 9 to 20.5X in 

\ 
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Fig. 24 Percent carbohydrate, ash and cholesterol content 

of juvenil e prawns fed on diets containing natural 

lipid srurces . 

Diet No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Lipid sources used in the diet 

Mustard 011 

Cottonseed oil 

Soyabean oil 

Safflower oil 

Groundnut oil 

Sunflower oil 

Linseed oil 

Corn 011 

Sardine oil 

Codl! ver 011 

SharkH ver 011 

Sardine oil + Sunflower oil 

Sardine 011 + Groundnut 011 

Prawn head 011 + Soy abe an 011 

Prawn head oil 

• 

Cod liver oil + Soyabean 011 + Lecithin 

• 
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those prawns belonging to treatment 1 to 8 (diets containing 

plant lipids ) . 

'!hus the diets with animal lip i d sources or mixture 

of animal and plant lipid sources produced prawns with relat

ively more protein and lipids, but with l ess moisture, ash 

and carbohydrate contents than the prawns fed on diets with 

p lant lipid sources . Among all the sources of lipids used in 

this experiment a mixture of codliver oil , soyabean oil and 

l ed:ithin (Di et 16) produced the best response in prawns by 

promoting growth and by providing improved FOl. , PER and 

protein retention. 

Apparent Di gestibility coefficient of diets :-

'!he apparent digestibility coefficient data for 

various diets are given in the Table 31 . Digestibility of 

the diets was also influenced by the sources of lipids incor

porated in them . Digestibility observed in the present experi

ment s hows some similarity with that of food conversion ratio 

and protein efficiency ratio . Digestibility of the food was 

relatively low in diets with plant oils , but it was improved 

by the addition of animal lipids in the diet . Digestibility 

of food \'Ias more than 70% when the mixture of plant and animal 

lipid was used in the d i ets of prawn. Diets with plant oils 

had lower digestibility (from 19 to 48% ) as compared to 



TABLE _ 31 APPARENT DIGESTI BILITY COEFFICIENT OF FOOD (DRY 

MAT'lER ) FCR THE JUVmlLE PRAWNS FED CN DIETS 

CCNTAINING NATURAL LIPIDS SOURCES 

----------------------------------------------------------------

Diet No . Name of Lipid Source 
Apparent d i
gestibility 
coefficient 

Food con
version RatiQ 

----------------------------------------------------------------
1 Mustard oil 19 . 13 ± 1 . 114 9 . 833 ± 0 . 623 

2 Cotton seed oil 23 . 46 ± 2 . 548 9 . 50 ± 0 . 408 

3 Soyabean Oil 24 . 10 ± 3 . 040 7 . 866 ± 0 . 634 

4 Safflower oil 24 . 90 ± 3. 180 8 . 50 ± 0 . 408 

5 Groundnut oil 41 . 67 ± 6 .74 7 6 . 16 ± 0 . 776 

6 Sunflower oil 47.63 3± 0 . 0 00 5 . 06 ± 1 . 020 

7 Linseed oil 39 . 60 ± 5 . 533 6 . 48 ± 0 .645 

8 Corn oil 40 . 90 ± 3 . 210 6 . 455 ± 0 .329 

9 Sardine oil 55 . 34 ± 2 . 450 4 . 416 ± 0 .153 

10 Codli ver oil 61 . 23 ± 1 . 596 4 . 074 ± 0 . 319 

11 Shark liver oil 59 . 70 ± 3 . 4 70 3 .986 ± 0 .598 

12 Sardine oil + Sun-
flower oil 60. 50 ± 5 . 374 8 . 506 ± 0.490 

13 Sardine oil + 
Groundnut oil 62 . 4 ± 1 . 423 3 . 26 ± 0 . 094 

14 Prawn heaa Oil + 
Soyabean oil 87 . 67 ± 3 . 711 2 . 066 ± 0 . 047 

15 Prawn h ead Oil 76 . 60 ± 8 . 566 2 .533 ± 0 .368 

16 Cod liver oil + 
Soyabean oil + 
Lecithin 90 .76 ± .t . 267 2 . 00 ± 0.311 . 

-----------------------------------------------------------------
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animal lipid (fran 55 to 76 . 6%) . Among diets with plant oils, 

diet with sunflower oil had better digestibility (47 , 63%) and 

diet with <";'Must-~ oil had the lowest igestibility (tq .;l3-~. 

I The digestibil1 ty of food was better when animal oils were 

~I USed in the diets . The diets with prawn-head oil had the 

~highest digestibility of 76 . 60% and the diet with sardine oil 

resulted in relatively lower digestibility (55 .34%) . Among 

all the dietary lipid sources, the mixture of plant and 

animal oils and prawn head oil were relatively better sources 

of lipid for digestibility of food in the prawn. Digestibility 

was 60 to 90"t' for diets with mixtures of plant and animal 

oils . The diet with mixture of codl1ver oil, soyabean 011 

and lecithin was found to be best soutce of lipid for assimi

lation of ingested food (90 . 760/.) . 

Fatty acid canposition and nutritive value of dietary lip idS 

Results of the fatty acids analysis of the dietary 

lipid sources , post experimental prawns and reference prawn 

(wild prawn) are given in the Tables 32 and 33 . 

The fatty acid profiles of the selected plant lipids 

mainly composed of 14 10, 1610, 19 10, 19:1 W9, 19 12w6 and 
wh>~.., 

1913w3; latty acid profile of selected marine lipids 

constituted of 14:0, 1610, 16 11w7; 19 10, 19 11w9, 19 12w6 , 

1913w3, 20 1Sw3, 2215w3 and 2216w3 . The main difference 
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observed in between fatty acids contents of plant and marine 

animal lipids is in the composition of polyunsaturated fatty 

acids . \Uth the exception of linseed oil and soyabean oil 

all the plant oils contained very high levels of linoleic 

acid (18:2w6) and very low levels or absence of linolenic, 

eicosapentaenoic acid and docosahexaenoic acids,.. In sane 

plant oils like linseed oil and soyabean oil, linolenic acid 

(1813w3) formed 41,05~ and 7. 38% respectively of the total 

[

lipids . Groundnut oil contained more percentage (50 . 94%) 

of oleic acid than linoleic acid (33 . 974%) . other plant 

lipids also had relatively higher levels of linoleic acid as 

in cottonseeed oil (52 . 2%), soyabean oil (57 . 8%) , safflower 
, 

oil (71 . 89%) , sunflower oil (57 . 46%) and corn oil (50. 02") • 
" 

Gingely oil and sunflower oils had similar proportions of 

fatty acids with 52 . 3% of linoleic acid and 34 . 36% oleio acid • 
• 

Mustard and rapeseed oils had low levels of linoleic acid but 

very high l evels of erucic acid (22 . 0). The coconut oil had 

high leve;!. (90%) of saturated fatty acids and less than 1% of 

linoleic acid and other PUFA . Leoithin (phosphatidylchollne) 

had 59% saturated fatty acids 13 . 2% monounsaturated fatty 

acids and 25% polyunsaturated fatty acids (Table 32) . In spite 

of this it also contain 3 .~" choline , 2. 2% inositol 1. 2" 

sterol 3. 1% phosphorus, 8% Ash and 1. 1% Nitrogen (Conklin 
~ 

et al ., 1980) • - ~ 

• 

• • 

• 
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-The prawns fed on diets containing plant oils had 

I 
high percentages of linol eic acid (18 : 2w6 ) in their body 

tissues , when compared with that of the reference prawn. 

Among the various groups of prawns fed on diets with plant 

oils, linseed oil diet fed prawns had relatively higher 

'" . levels of linol \!c acid (18 13w3) . Deposition of oleic acid 

(18 11w9) was observed in all the groups of prawns l but the 

prawn groups fed on the diet containing ground nut oil had 

higher level (26 . 77%) of oleic acid (18 11w9) than the pr awns 

fran other treatments . In general , the deposition of HUFA 

of w3 series fatty acids was less than linoleic acid(18 12w6) 

in all the groups of plant oil diet f ed prawns . Neverthless, 

the diets containing plant oils as lipid sources induced 

relatively greater deposition of 18 12w6 and 18 13w3 than the 

marine oil diets . Besides, the deposition of 16 10 and 

18 11w9 was relatively higher level in almos t all the groups 

of prawn irrespective of type of lipid used in their diet . 

The concentration of saturated fatty acids in the body 

lipidS of all the groups of prawns were similar, except for 

the very high levels (around 50%) in prawns fed the diets 

containing, sunflower oil or a mixture of sunflower oil and 

sardine oil. The concentration of saturated fatty acids in 

the body lipids of prawn was also relatively higher than 

the saturated fatty acid content of the dietary lipids, in 

almost all the groups of prawns . 
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The total monounsaturated fatty acid concentration in 

} 

the body lipid ~as relatively greater in the prawns fed on 

diets containing marine animal lipids than plant lipids, 
• 

except for corn oil, linseed oil and sunflower oil diets . 

Marine lipids used in these experimental diet cont~ined 16 10, 

lBIO, 1611w7, lBllw9, 20lSw3 and 22 16w3 (Table 32) . But the 

concentration of HUFA of w3 series (201 Sw3 and 22 16w3) was 

higher and concentration of 18 12w6 and 18 r 3w3 was relative 

lower than that of plant oil diets . A similar pattern was 

observed in the fatty acids profile of prawns fed on diets 

containing fish and prawn lipids, with greater concentrations , 

of 16rlw7, 18 rlw9, 20lSw3 and 22 r6w3 and lower levels of 

1812w6 and 18r3w3. The fatty acids profile of the prawn 

groups fed on diets with prawn head oil (Diet 15) or diets 

with a mixture of codliver oil + soyabean oil + lecithin 

(Diet 16) , resembled that of the dietary lipid source 

(Table 33) . It is interesting to note that these two diets 

(Diet 15 and 16) produced significantly« P 0. 05 ) the highest 

growth , among all the diets used in this experiment . 

The total contents of HUFA Of w3 series (20:Sw3 and 

22 r6w3) present in dietary lipids and percentage of HUFA 

of w3 series deposited in the body tissues of experimental 

prawns showed sane similarity (Table 33) , with sane 



exceptions . Although pl ant lipids did not contain 2015w3 

and 2216w3, still some groups of prawns fed on the diet 

containing plant lipids (linseed oil, corn oil , 80yabean 

oil) had small percentage of 20 : 5w3 and 22 16w3 fatty acids , 

particularly prawn fed on linseed oil diet contained about 

6 . 183% of 20 15w3 and 3 . 09~ of 22 16w3 . But this concentration 

of 20: 5w3 and 22 16w3 i s less as canpared to the concentration 

present in the reference prawn (11 . 24% 2015w3, 11 . 00%, 22 . 6w3) . 

'!be contents of HUFA of w3 series present in the groups of 

prawn fed on diets with fish/prawn lipids showed some resem

blance to that of the reference prawn. The diet containing 

fish lipids (codliver oil ) provi ded . 23 . 42% total w3 fatty 

aci s and only 9 . 74% of total w6 fatty acids (in the ratio 

of 2. 4 :1 w3:w6) which is similar to that of reference prawn . 

However, since the growth of prawn was relatively 

more when fed a di et wi th mixture of marine animal lipids 

and plant lipids, it is suggested that the praRD (~. indicus) 

needs both type of fatty "acids. (w3 and w6 ) i . e . 18 . 2w6 , 

18 13w3, 2015w3 and 2! 16w3 for normal growth. '!be diet 16 

containing 31 . 88% sqturat ed fatty acids 28 . 128% monounsat

urated fatty acids , 3. 116% l inolenic acid, 18. 10% linoleic 
• 

acid and 4 . 03% 20 :5w3 and, 6 . 95% 2216w3 provided the best 

growth . This diet contained about 21. 000/0 total w6 and 14% 

total w3 f atty acids with w6 lw3 ratio of 312 • 

• 



TABU 32. FAT'I'Y ACID.s COHPOSITI ON <,,' OF NA1\JRAL LIPIO SCUR C ES USED IN i'Ut OUTS OF P[ NA EU S ~. 

".tty 
acid 

1110 

14.0 

14 .1 

15.0 

1610 

16.1v7 

1110 

11.1 

18.0 

1811v9 

19.2v6 

1813v3 

201 0 

201 hl9 

2014v6 

2015v3 

2215v3 

2214vo 

2216v3 

24.0 

2411 

22.0 

2215\116 

Total 

Hu.tard 
0 11 

0.021 

0.0618 

2.633 

9.418 

9.478 

16.111 

26 .. 298 

0.219 

1.69 

24.635 

luric 
15.13 

•• tur.~ 42 . 49 

Total "0-
no unsat-
uaated 9.41 

1812v6 

18'3v3 

Total Wi 

Total v3 

Total HUrA 
vl " v6 

1 6 .11 

26.29 

16.11 

26 .5 

Co t to. . """ oil 

Soy ... 
be~ 
aU 

S&!fl~ 

woer oil 

0.414 0.262 

1.218 0.)13 0.929 

0.11 0.04 

0 .145 

20.61 

1.581 

11.11 7.213 

0.161 

0.182 0.282 

0 . 573 

3.07 3.664 2 .18 

18.32 22.98 15.52 

52.22 51.80 71.896 

00.691 7. 38 1.118 

25.175 15.90 10.91 

20.644 22 . 98 26 . 59 

52 . 2Z 

0.681 

52 . 22 

0.681 

51.80 1i..89 

1.39 1.118 

51.803 ".89 

7.lB 1.118 

- ' 

GrC11nd
t1lt oil 

Sul'lflo- Li". 
wer 011 .eed. 

oil 

COCr\_ Sa.rdJ ne 
oil Oil 

Cod
liver 
oil 

Shark 
liver 
011 

Sardine 
01l+Sun
flower 
011 

0.313 

0.216 

13 .44 

1.958 

50.943 

33.0'" 

3.636 

19.848 

50 . 9 4 

0.0.44 

6 .35 

1.241 

34.54 

51.4 6 

G'.l4 

9.17 

4 2.65 

33.074 47.71 

0.35 3.636 

) 3 . 07 47.46 , 
3.616 ' 0.35 

~. 

0 .012 0.061 

0.075 0.054 4.94 

0.158 

0 .. 399 

9.56 

0.031 

15.116ll.693 

7.136 

0.145 

0 .933 

).144 2.00412.791 

23.067 29.83 29.648 

22.288 50. 021 1.528 

41. 05. 2.83 '.01 

1.219 

0.211 0.335 

5. 4 3 0 . 81) 2 .41 

0 .. 322 

10.03 

11.35 

14.98 

1.51 

0.80 0.218 

1.796 4.38 

23.61 39.22 

3.178 l.20 

0.506 1.214 

0.019 

0.199 

10.084 

3.068 

0.312 

0.466 

7.716 

31.149 

24.619 

4.68 

0.993, 11.264 

0.08 

0.604 

1.445 0.496 

0.) 

8.25 10.412 3.0.41 9.50 

1.0.46 12.0 

0.543 0.321 

11.134 12.508 10.614 3.523 

1J .42 2.10638 . 86 

23 . 061 IS.116 RB6 

41.059 50 . 021 1.528 

22 .29 2.83 9.01 

41.28 50.021 2 . 15 

22 .28 2.B3 Zi.5 0 

26 . 65 4 

, 
• 

1.356 

19.35 19.28 21.18 

46.16 4 2 .11 35 . 25 

3 .118 ].20 

0. 506 1. 21 4 

9.743 ).20 

23 .4 26 5 .31 

24 . 286 31 .36 

24 .619 

4.68 

24.93 

11.695 

13.321 

• 

G roundDut 
0 11 +5u-. 
dine oil 

0.19 

2.57 

0 . 019 

0 . 19 

11.85 

3.76 

0.31 

0 .46 

8. 34 

35.29 

11.13 

4. 5 0 

0 .609 

0 .496 

o.on 
4.12 

5.36 

0.271 

3.523 

24.139 

40.09 

11. '73 

4.55 

18.04 

11 .. 5 1 

13.32 

Prawr\ 
he .. 
oil + 

Pr_n 
he'" 
0 11 

soy~an 

oil 

Cod 11_ 
ver all 
+50,:_ 
be.noll 
.LOdIhln 

0. 008 

2.11 3 

0.165 

0 . 6 8 

11.313 

5 . 269 

0.18 

0.64 

6 . 29 

16 .8 

'2'7.00 

0 . 016 4. 90 

3.833 5.78 

o. ]) 
1. 36 

22.85 

10.539 

('1 .10 

10.52 

6. 883 

1.56 0.45 

1.294 0.04 

9,.929 2.591 

12.638 21.59 

2.92 18.10 

1.161 3.116 

6.25 

Coc~ 

... t 
011 

42 . 89 

19. 90 

'.0 

l.O 

Rap_ 
. eed 
0 11 

2.0 

8.63 15.0 

4.22 16.0 

0.9 7 . 0 5 . 33 

0.304 

0.240 

0.655 

2.605 

2.99 

".59 c8_4.0 

3.286 2 .89 cl0.5.0 

5.875 4.0) 

0.591 

'7.411 14.831 0 .95 

0.01 

27.21 

23.14 

2'7.29 

5 .JJ 

20.54S 

19.33 2 

1).108 

1.38 

38.53 31.88 

25.32 28.12 

2.9' l R.l0 

0.51' 3.11 

6 .206 21.0 

22.41 14.0 

24.591 ll.72 

54.0 

83.19 

1 5 . 0 

4. 22 16.0 

0.90 '7.0 

4.22 16.0 

0 . 90 1.0 

• 

• 

I: t nqely Le c 1-
0 11 thin 

0 . 0 ]2 

10.14 

0 . 05 

0.021 

5 .00 

35.92 

41.164 

0.90 

20.20 

8.8 

60.1 

7. ) 

8.0 

15.24 20 . 20 

35.9 2 

., .16 

0.90 

47.16 

0 . 90 

8.8 

6Q. t 
7. ) 

60 . t 

7. ) 

8 . 0 



TASLE _ 33 FA'M"t AC ID CCMPOSITI~ (,,) or NATURAL LIPID USED IN OUT AND LIPm FRQ1 na: 
WHOLE BODY OF POST EXPERIMENTAL JUVENI LE PENASUS ~. 

----~D~i~.-t-CN~0-.----------------------,--------------~2----------- 3 4 5 ---------.c---------------
7
------

Rete
ntion 
t ..... 

2.42 

3.88 

4.l4 

4.94 

6.44 

7.61 

8.l2 

9.86 

11 . 04 

.2 .87 

15.94 

19.10 

F~tty Wild 
Acid. Prawn 

1 2 .0 

14 . 0 

14.1 

15 .. 0. 

16.0. 

16.1"'1 

11.0. 

17.1 

18.0 

Stan
dard 

1.13 

15 .48 

7.5l 

2.24 

0..94 

8 .19 

18.1w9 12.81 

18.2w6 4.29 

18.Jwl 1.8l 

21.55 20..0. 

25.l8 

27.52 

ll.l7 

l8.23 

4l.85 

49.81 

20.1'19 

2D .4w6 

1.39 

8.69 

20.5w3 11.24 

22.5w3 

22.4",6 

1.88 

22 .6w3 11.00. 

Total Saturated 27,04 

Total Menounsa_ 24.97 
urated. 

181Qw6 4.29 

1813..,3 1.Dl 

Tota.l ..,6 12.91 

Tota l ..,l 23.21 

Tot.L PU .. 'A ... 20C 32 . 00 

Tot.1 2015",l+ 
22 16w3 22 .48 

Mustad Prawn 
0 11 8 0dy 

Lipid 

0.027 Ita 276 

0.068 1 0 .437 

1.1 .4 65 

Cot ton Prawns 
Seed Lipid 

0.474 10.142 

1.278 10..407 

0.170 

0..145 0 . 60.9 

2.633 11 . 32 l 20 . 6 19 12 . 897 

9.478 1.118 

1 .. 727 

1.581 

0..182 

0 . 573 

l.077 

0.609 

4.793 

26 .298 11.008 18.l2D 17.240. 

16.711 14.957 52.224 18.326 

l.47 5.917 0.681 5.985 

0.698 

2.132 

0..2196 2 .480 

2 .795 

1.688. 0..093 

1.244 

8.050. 

0 .40 

0..316 

42.493 31.228 25. 115 38.848 

35.176 18 .824 20.644 19.093 

16.111 14.957 52.224 18.326 

3 .41 5 .911 0 .681 5 . 985 

16.711 19.884 52.224 26 . 316 

5 .378 8.49 0 . 681 6 .123 

15.13 1.50 •• (1016) 8 .188..,6 

1.' 2 . 57 3 0. . 116 

Soya
bean 
oil 

Pravna 
Lipid 

16.170. 

0..37) 11.599 

0 .1 38 

11.112 16.135 

0..519 

3 .. 664 5.0.20 

22.984 18.14 

51.803 20..74 

7.380 4.639 

1.601 

1.138 

0..796 

1.492 

1-591 

0.412 

15.809 49.65 

22.984 19.147 

51.803 20. .14 

7. 380. 4.639 

5 1 .803 21.614 

1.380 7.689 

5 . 914 
w6Ww3 

3.093 

Safl
ower 
oil 

0..262 

~.929 

0.040 

1. 213 

0.161 

0 . 282 

2.188 

15. 5 24 

71.096 

I.U8 

10.874 

25. 599 

71.896 

1.11 8 

11 .89 6 

1.1 1d 

_(wti) 

Pca"'n 
Lipid 

13.9 19 

9.149 

0.322 

0 . 253 

14 . 2 19 

0.461 

1.590 

4.747 

13.758 

25 . 0.04 

4.217 

0.829 

0..783 

0 .1 83 

0.783 

6. 222 

1.4 5 1 

43.871 

15 . 0 41 

25 . 004 

... 211 

26 .4 55 

5.668 

9 . 144 

2.238 

Grrurd_ 
I"a.l t oil 

0.313 

0.216 

1] . 441 

1.958 

SO.943 

33.074 

3.636 

19.848 

50 . 943 

]3.0'74 

3 . 6 36 

33. 07< 

3 . 636 

Pr~wna Sunf 1~ pr~w:r 
Lipid wer 0 11 Lipi 

2.152 

4.994 

0 . 611 

18 .28 

1.664 

6.52) 

14 . 595 

O.OU 13.)3 

6 .358 12.607 

1.626 

1. 241 

4,337 

Lin:seed Prwn 
a ll Lip1d 

0..012 

0.0'75 

5.161 

4.355 

0.233 

0 . 822 

9 . 565 14.904 

t.776 

0. . 0)16 }.,.908 

3.144 7.923 

26 ."4 34 .84 14.595 23 .067 19 ,3 61 

24.668 51.461 18.435 22.288 19,514 , 
6.353 0..35 2.620 41.059 09.574 

0..946 

0.165 

2 . 307 

0..30.3 

0.812 

1.536 

J . 298 

4.732 

2.65 

1.451 

6.183 

3,096 

34.024 9 . 170 4<1.60 13.421 35,414 

27.12 42. 65 17 .0)) 23. 06 7 21.31 

24.668 41.11 18 .435 22.288 9 . 574 

6 .l53 0 . 35 2 . 620 41. 059 9 .5 03 

25.136 41.461 19. 969 22.288 10 .954 

9 , 361 0.35 0. 10.]66 H. 059 28 . 853 

] .4 82 9 . 51 6 

2 . 66 3,298 10.720 

_orn 
011 

• 

0..054 

15.166 

2.004 

2".831 

50..021 

2 .837 

-
2.076 

15.116 

50.0.21 

2 . 831 

50.021 

2.031 

• 
L 



Table 33 continued 

o • ./ 10 11 12 13 14 15 ~6 

Corn 
OU 

Prawn 
W.pld 

5 .20) 

0.054 5.203 

0.485 

Sardi_ 
ne 011 

0.0677 

4.945 

0.158 

0.398 

15.166 14.332 13.693 

2.006 

1.212 

2.004 4.52 

2".831 21.30 

50.021 23.086 

2.837 9.005 -

-
2.076 

15.116 

, .... 
2 . 026 

2.756 

3.351 

30.955 

24 .43 

50.021 23.096 

2 . 831 

50.021 

2.031 

5 . 005 

23.090 

11.138 

B.133 

7.136 

0.145 

0.933 

12.791 

i9.64B 

1.528 

0.5 

1.219 

0.993 

0.082 

8.250 

1.046 

0.542 

10.1)" 

33.664 

28.868 

1.528 

9.01 

2.152 

26.5 

26.654 

Pr .... n 
Lipid 

Fatty 
Ac id 

2.870 1210 

4.583 1410 

1411 

Codl1- n'~ga 
ver 011 p 

0 .276 

5.4)6 

0.322 

5 . 26 3 

4.5,01 

Shark 
L1ver 
011 

Prawn 
Lipid 

6.128 

0.813 6.606 

Sard ine 
+ Sunf_ 

~71@r 

0 .335 

2.47 

0.079 

0 .199 2.99 

5.99 

1510 

1610 10.036 18.619 1".983 15.431 10.084 

5 .405 16.1 

7.507 1710 

17.1 

11.356 

0.806 

1.796 

6.069 

0.674 
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D I S C U S S ION 

Studies on the fatty acids requirerrelTt of crustaceans 

have suggested that the nutritive valqe of lipids primarily 

depends upon the type and content of essential fatty acids 

(Kanazawa, 1985). '!he significantly higher survival and 

growth of lartae, post-larvae and juveniles on diets conta-

• ining ·mdxtures of animal and plant lipids cl early indicate 

the neeCl for a blend of fatty acids of w6 and w3 series in 

the diets of f . indicus . The poor response in l~al, post

larval · and juvenile prawns t o diets contairl'ing only plant 

lipids i s mainly due to the deficiency of HUFA of w3 series 

such as eicosapentaenoic and docosahexaenoic acids . Exami-

nation of the fatty aci ds profile of the plant lipids used 

in the experiment (Table 32) indicate that linoleic acid 

(18:2w6) is most abundant in most cases . Besides, plant 

lipids containing linolenic acid (181 3w3) such as linseed 

oil had no significant influence on the animals when compared 

to lipids of marine origin or mixtures of plant and marine 

lipids . Data obtained from the experiment revealed that 

lipids of marine origin are superior to p l ant lipids . The 

major difference Observed between these two groups of l ipids 

is in their fatty acids profile (Table 32) . '!he marine oils 

had high l evel s of HUFA of w3 series (eicosapentaenoic and 

• 



• 

• , 1~6 

docosahexaenoic) and these seems to have induced superior 

response in the animals , as they presumably satisfied the 

essential fatty acid needs to a greater extent . However , the 

best response obtained with mixtures of lipids of plant am 

marine origin, particularly the diet containing a mixture of 

cod liver Oil, soyabean oil and lecithin, demonstrates that 

the prawns have dietary requirement for a blend of lipids 

containing adequate levels of' linoleic acid (18:2w6); linolenic 

acid (18 : 2w3) , eicosapentaenoic acid (20:5w3) , ano. docosahexa

enoic acid (22 : 6w3) and arachidonic acid (20 14w6) . This is 

cle arly evident fran the profile of fatty aci ds in the various 

lipids. 

_ According to Deshimaru and Kuroki (1974a) am 

Deshimaru ~ oSl. (1979) prawns require lipid sources which 

can supply all the essential fatty acids in proper proportions 

and adequate levels . If the lipid is deficient 1n any of the 

essential fatty acids growth is affected. Plant lipids do 

not contain the w3 HUFA, essential for pravms , though they 

are rich in linoleic acid (1812w6) and or linolenic acid 

(18:3w3) (Kanazawa et al . , 1979fj. Similarly, marine animal 

lipids alone could not produce the best growth in p . indicus 

as they do not contain the required level of 18 : 2w6 and 

18:3w3, although marine lipids sources are rich in HUFA of 

w3 series . Conversely t growth is promoted by the inclusion 

of marine lipids like short necked clam or pollack liver oil 
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in ~. japonicus (I<anazawa ~ sl., 1977 b) . 'thus!! . indicus 

being a annivore (Hall, 1962) seems to require 18 12w6 , which 

is rich in pl ant lipids, alOlll} wi th marine animal lipids 

(Read, 1981 ) . 'therefore, a mixture of plant and animal (marine) 

lipids in the diet promoted growth in prawns most efficiently , 

as this mixture provides the required b lend of saturated, 

monounsaturated, and polyunsaturated fatty acids of both w3 

and w6 series . 

Although, all pl ant oils were unable to produce maximum 

growth, some oils like corn oil and linseed oil produced better 
~ -

growth than their counterparts (cotton seed Oil, mustard oil, 

-cocorrut oil and ground rrut oil) . Apparently, the former two 

oils contain linolenic acid (18 :w3) in good amounts (Table 32) 

in addition to 18 12w6, usually present in all other p lant 

oils . Studies with purified fatty acids (Chapter 3) clearly 

showed 18 I 3w3 to some extent promote growth and perhaps acts 

as a precursor for w3 HUFAS, which are essential fatty acids , 

I
f or pra\offis . Fatty acid profile of prawns fed on diets con.

taining these oils expressed small amounts of 20 lSw3 and 

2216w3 i . e ., 5 . 433% with corn oil diet and 9 . 279" with linseed 

oil diet . However, in view of the slow rates of conversion 

or lack of efficient system of conversion of 1813w3 the 

animals cOUld not produce superior growth . Earlier studies 

by Guary ~ sl. (19 760), Aquacop (1978) , Colvin (1976 1;) and 

Read (1981 ) also showed that cor'"'n oil and linseed oil are 
'-' 

better sources among the plant lip i ds . 
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(] It is generally assumed that the fatty acid needs of a 

L- I species to a great extent reflects the fatty acid pattern of 

1 the animals . If this be so, the prawn head oil should satisfy 

mostly the essential fatty aci requirement of the prawn and 

perhaps the response accrued in prawns fed the prawn head oil 

could be due to this aspect . Besides the fatty acid patterns, Z 
the content 

additional 

of phospholipids , in the prawn head oil may be an ) 

factor contributing to the better performance of ' 

the animals as these phospholipid molecules are essential fbr 

prawns (vide Chapter 2) . Similar conclusions have also been 

drawn by Kanazawa tll!!. (1979 e and 1985) for.E . 1aponicus . 

'!be growth promoting effect of prawn head oil in prawns has 

also been reported by SarxHfer and Josep, (1976) . 

Among marine lipids~sardine Oil, prawn head oil and 

codliver oil produced better growth and survival in larvae, 

post-larvae and juveniles of £. indicus than the remaining 

individual animal lipids . '!be superior response may be 

bec@use these oils are rich sources of 18. 11w9 and essential 

fatty acid such as 201 5w3 , 22 16w3; besides these oils also 

contain small percentage of other PUFA (Table 32) . Codliver 

oil is reported as a standard lipid source for fish(Watanabe, 

1982) and prawn (Aquacop, 1978) nutritional studies, as it 

was found to be a good lipid source . However, larval survival 

though improved by prawn head oil and codliver Oil, sardine 

.11 produced better surviva:l and . growth in larvae as well as 
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post- larvae of E. indicus may be because the larvae may have 

greater demanp for w3 HUFA as they are oceanic (Menon, 19 37, 

1955) • Jones ~ & . (1979b) and Teshima and Kanazawa (1984) 

also pOinted out the necessity of w3 HUFA for growth and 

survival of l arval stages of the prawn ~ . japonicus . Although, 

larval survival is comparati vely less than post-larvae a nd 

j uveniles , when same dietary lipid is provided; in general 

larval survival showed similar trend with better results 

when animal lipid or mixtures of animal and plant lipi ds were 

provided in their diet than that of pl ant lipid diets . Fran 

the results it is evident that p . indicus may require both 

plant (18 12w6 , 183",,3) and marine animal lipids (20 15w3 and 

22 16w 3 ) i n right proportion because significantl y better 

performance in growth, FCR and PER in E. indi cus was obtained 

with those diets containing mixture of p l ant and animal l ipids . 

These observations agrees with the observations of Deshimaru 

!tt al . (1979) . Data obtained from the fatty acid analysis 

of the dietary lipids and post experimental prawns (Table 33) 

further support the above observation. 

The poor response produced by the d iet containing 

mustard oil may be because of the large amounts of erucic 

acid (22 10) in the mustard oil, which seems to have growth 

inhibiting effect on p r awns at the lipid level used in the 

experiment . Similarly, the presence of cyclopropenoic and 

malvalic fatty acids in cottonseed oil may have reduced the 
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biological value of the feed as it is known to produce undesir

able biological activity (Lee and Si nnhuber , 1972) . Sinnhuber 

~ £l . (1968) found cyclopropenoie fatty aoid to reduce the 

growth rate of trout . Similarly coconut oil oontain mostly 

saturated and monounsaturated fatty acids and levels of 

essential f atty acids are negligible . So this may be the 

reason coconut oil diet could not produce better growth in 

,f. indicus. 

Similarly , among the fish lip i ds shark liver oil produced 

poor response because it contains large quantity of squalene 

in spite of the high levels of essential fatty acids . This 

squalene has growth inhibiting activity as report ed for the 

prawn ,f . merguiensis by Aquacop (1978) and in fish by Kayama 

(1964) . On the contrary the diets containing other marine 

lipi ds . promoted Significantly better grO\~th FCR and PER in 

prawns than those of plant lipid diets . Marine lipids used 

in this experiment had greater percentage of HUFA of w3 series 

than that of plant Oils , and t he growth promoting effect of 

marine lipids could primarily be due to the presence of these 

essential fatty acids . Thus the present study shows that 

plant lipids (containing 18 12w6 and 18 13w3) are l ess effective 

in augmenting growth in.E. indicus compared tc) marine lipids 

containing 20 l Sw3 and 22 16w3 . In~. japonicus also similar 

results have been obtained by Kanazawa et al e (1978) . 
-- !>e 

Thus 

i t 1s assumed that 18 : 2w6 and 18: 3w3 are found to" less effe-

cti le than 20 lSw3 and 2216w3 in,f. indicus also. 
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In general , the total percentage of w3 lIDFA present 

in dietary lipids and percentage of w3 HUFA deposited in 

the body of ,E. indicus showed sane similarity (Table 33) 

suggesting the influence of dietary lipids. Similar obser

vations have been made in ,E . indicus by Colvin (1976) and 

in p. japonicus by Kanazawa tl~. (1978). Thus dietary i 
fatty acids are reflected in the tissue lip~Of prawns . 

, 

The response of prawns to diets containing mixtures of 

plant and animal lipids clearly indicate that,f . indicus 

require both plant and marine lipidS sources, providing 

18:2w6, 18:3w3, 20 : 5w3 and 2216w3, for promoting growth, 

FCR, PER and for higher protein deposition in the body. 

Similarly, the dietary fatty acids are depositid in the 

tissue fatty acids with little modifications . Although the 

mixtures of plant and marine animal lipids had a good pro

portion of w6 fatty acids, this was not proportionately found 

in the tissue fatty acid profiles . Perhaps the great per-

centage of ingested w6 fatty acids are utilised for produ-

ction of energy. But the presence of high percentage of w3 

fatty acids in the prawn tissues indicate w3 fatty acids 

are preferentially retained for body building . JosePh and 

William (1975) and Sandifer and Joseph (1976) also made 

similar observations in MacrObrachium rosenbergii . 

Prawns fram various treatments had higher percentage 

of saturated fatty acids in the body when compared to their 
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dietary lipids but the percentages of PUPA in the body tissues 

was less than dietary PUFA content . These results indicates 

de ~ synthesis of saturated fatty acids in the prawns and ab

sence of ~ ~ synthesis of 1812w6, 18 13w3, 20 15w3 and 2216w3 

in adeElUate levels . Earlier studies have also shown the absence 

of de ~ synthesis of HUFA in penaeid prawns (Kanazawa and 

Teshima, 1977; Kanazawa ~ al., 1979 b and d . However , the 

prawns fed on diets containing sane plant oils expressed small 

percentage of w3 HUFA in their tissue lipids (5 . 963ZW3 HUFA with 

sunflower oil 5 . 433" w3 HUFA with corn oil diet and 9 . 2791.w3 

HUF with linseed oil diet) . The possible reason can be (1) 

I I synthesis of w3 ~FA fran 18 13w3 ~ small amou~ and (2) the 

cannibolism prevaling durin ul~ing resulting in cumulative 
• 

accumulation of w3 HUFA in the body of prawn !!. indicus . Among 

the mixtures of plant and animal lipids used in this experiment 

the mixture of cod liver oil soyabean oil and lecithin in the 

ratio 6 . 67 1 3. 331 2 provided the best growth, FCR, PER aoo 

protein retention in !!. indicus . This ratio of lipids source 

provides 21% w6 fatty acids and 14% w3 fatty acids of the total 

lipids and thus seems to meet the f atty acid needs of prawns . 

Similarly, the diet with a mixture of prawn head oil aoo 

soyabean oil containing 27 . 9" w6 and 19 . 22" w3 fatty acids 

provided superior growth . In both these cases the fatty 

acid deposition in prawns showed some similarity with that of 

the reference prawn. 
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'!hus it is clear from the study that if anyone of the 

i 
essential fatty acid is deficient or present in inadeouate 

levels then their respective functions will be affected with 

the ultimate reduction in growth. According to New (1976) -
the ratio of w31 w6 fat~cids in the dietary lipids is 

important for penaeid prawns than the levels of each of these 

series fatty acids . Since the mixture of codliver 011, soyabean 

oil and lecithin provided the best response in all stages of 

~ . indicus it can be assumed that the ratio of fatty acids of 

w6 and w3 series present in this mixed lipid source is adequate 

for ~. indicus . Besides the fatty acids pattern, the above 

mixture provided phospholipids , essential for the prawn. '!hus 

the mixture of codliver 011, soyabean 011 and led thin was 

most effective in pronoting growth and survival in view of 

the balance of fatty acids and content of phospholipids . 

Many studies carried out in the past on essential fatty 

acid r equirements of crustaceans suggested that the nutritive 

value of lipid source for prawn is primarily related to the 

types and content of essential fatty acids (Kanazawa,1985) . 

Earlier studies (Kanazawa et al . , 1970, 1977b; Guary!!J<.s! .. 

1976~jSick and Andrews , 1973, Joseph and William, 1975; 

Sandifer and Joseph , 1975 ; Castell and Covey, 1976 , Aquacop, 

1978, Tridell and Castell , 1980) have demonstrated that matine 

lipids containing w3 HUFA such as codliver oil , pollack liver 

oil , prmm head oil, short necked clam oil , and sardine oil 

have superior dietary value in nutrition of prawns and 
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lobsters , and plant lipids containing 18 :2w6 having inferior 

dietary value . On the other hand Deshimaru and KurokiC 197t> , • 
Deshimaru tl al . (1979) and Read (1981) have shown that mixed 

lipid sources (marine animal lipid and plant lipid) are better 

in the diet of prawns . New (1976) in his review also suggested 

the importance of w6 fatty acids along with w3 fatty acid for 

prawn nutrition. 

Thus all these studies clearly indicate that the mixture 

of plant and animal lipid sources are superior to individual 

lipid sources for prawns . The present study besides agreeing 

with the Observations of above authors also indicate that 

phospholipids are essential constituents for E· indicus. 
'--------

Food and protein utilization (FCR & PER ) , protein reten-

tion and di ges tibility of food in prawns are influenced by the 

dietary lipid source. Apparent digestibility of diets conta

ining plant lipids appears to be poor as compared to that of 

marine l ipids, may be because the maJ:ine lipids contain w3 

HUFA having low melting point as compared to plant lipids . 

The digestibility of lipid is reported to decrease with 

increase in melting point (Takeuchi ~ al ., 1979- ) . nte 

increase in digestibility of the diet resulted in better food 

conversion ratio and protein efficiency ratio on feeding diet 

with marine lipids . As a result of poor digestion of the 

ingested food containing plant lipids , the food conversion 
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ratio, protein efficiency ratio and protein retention in the 

body of animal appears to be poor . 

'!he apparent digestibility, FCR, PER and protein retent-

ion in the body were better when praWIJ$were fed on a diet con

taining mixture of codliver oil soyabean oil and lecithin than 

all other dietary lipid sources , used in this exper iment . Feed 

efficiency and growth of the prawn.E. iaponicus was also shown 

to be better when Deshimaru !U al e (1979) fed diet with mixture 

of pollack liver oil and soyabean oil than diets with any plant 

lipid (soyabean oil) or only fish lipid (pollack liver oil) . 

'!hese results agrees with the present findings with .E. indicus . 

'!hus the growth digestibility FCR, PER and protein retention 

were significantly influenced by the quality of lipid and not 

by the quantity of lipid in the diet . Thus it is clear that 

nutritive value of lipid depends primarily ypon the essential 

fatty acid content of dietary lipid source ( Watan~)1982) . 

Phospholipids in the diets also have growth promoting effect 

perhaps by promoting intestinal absorption and interorgan 

transport of dietary lipids and chol esterol (Kanazawa!U al ., 198S) . 

'!hus present study with various lipid sources indicate 

that prawn g. indicus requ.ire lipid sources \-'hich provide w6 

and w3 HUFA in adequate level s and in optirmlm proportions, and 

optimum contents of phospholipids in the diets . 
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CHOLESTEROL REQUIREMENTS 
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• I NTRODUCTION 

• 
Sterols are solid alcohols containing hydroxyl groups • 

Steroids are the derivatives of saturated tetracyc1ic hydrc>

carbons , perhydrocyclopentanophenanthrene. The most abundant 

steroid in animal tissues is cholesterol (Lehninger , 1984) . 

It occurs in the plasma membranes of many animal. cells , in the 

lipoprotein of blood plasma and large quantities occur in the 

brain and the nerve tissues (Lehninger, 1984) . Vertebrates 

are known to biosynthesize cholesterol fram precursors such 

as acetate and mevalonate . But crustaceans do not have the 

ability to biosynthesize cholesterol (Zandee. 1964 , 1966a; 

Van den Cord, 1964; Whitney,1969; Kanazawa ~ al •• 1971a andbJ 

Teshima ~ ~ •• 1983; D ' Abramo. ~ ~., 1984) . But cholesterol 

is fouoo to be an essential nutrient for growth and survival 

of crustaceans (Kanazawa ~ .s! •• 1970, 1971a, b ; Deshimaru and 

Kuroki , 1974b; Castell ~ al., 1975 ; Teshima ~ al., 1983; 

D' Ahramo ~ ~., 1984 ). 

Cholesterol , when mixed with fat or Oil, has the peculiar 

property of enabling fat or oil to absorb water , thus helps in 

transportation of lipid!' in the body of animals . It is also a 

poor conductor of electricity and serves as an insulator against 

electrical discharge , especially in the brain, where it acts 

as insulator against nerve impulses which are electrical in 

character . In crustaceans, cholesterol is also the precursor 
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for various physiologically important compounds like steroid 

hormones , brain and moulting hormones and vitamin D(Kanazawa 

~ s1., 1971a; New, 1976). Erogosterol a precursor of chole

sterol has been shown to get converted into vitamin D CD irra

diation by sunlight (Lehninger, 1984) . Guary and Kanazawa 

(1973) investigated the role of cholesterol in the hypodermis 

formation during moulting in of. 1aoonicus , as sterols are 

important components in the cellular and subcellular membranes , 

particularly in the hypodermis in Arthropoda (Gilbert, 1969; 

New, 1976) . 

Sterol s are found to be the precursors of moulting 

hormones - ecdysone and ecodysterone in Arthropoda (Gilbert, 

1969) . Several workers have reported the induction of moulting 

10 crustaceans ~ administration of ecdysones (Karlson and Skinner, 

1960; Kurata, 1968; Krishnakumaran and Scheiderman, 1968; 1970; 

Jegala ~ .s!., 1972) as well as ecdysterone (Kanazawa ~ .Al., 

1972) . Detailed investigations on the uptake and turnover 

of chol~sterol by the crab Hemigrapsus nudus during moulting 

has been made by Spaziani and Kater (1973) and they indicated 

the role of dholesterol as precursor for moulting hormones . 

Kanazawa and Teshima (1971 \) established that the lobster 

Panulirus 1aponica contain the enzyme system required for 

elaboration of several steroid hormones, although the initial 

substrate cholesterol can not be synthesized ~ ~ by the 

lobster . Thus it is well established that crustaceans are 
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incapable of ~ nQY2 sterol biosynthesis . They thus resemble 

the aradmids (Zandee, 1964) , which re'Ly upon dietary source 

for sterol . It has been demonstrated that (1- 14C) acetate 

was not incorporated into squalene or sterol in the crayfish, 

Astacus astacus ( Zandee, 1966a) the lobster , Hanarus vulgaris 

(Zandee , 1964 ) or the crab, Cancer pagurus (Van den oord, 1964) . 
d n d the lowfur 

" 
Hanarus gammarus (Zandee, 1967 ) . Similarly, larvae of mud 

crab, Rhithropanopeus harrissii and the spider crab, gbinia 

emerginata also failed to utilize labelled acetate for sterol 

elaboration (Whitney,. 1969) . Finally Teshima and Kanazawa(1970) 

1971a, b) have demonstrated the inability of a brine shrimp 

(Arternia salina) , a prawn (Penaeu 1aponieys) , a lobster 

(Panulirus 1aponica) and a crab (Portunus trituberculatus) 

to synthesize sterols . Incapability of sterol b iosynthesis 

~ l!QY2 has also been shown mor e recently by Teshima ~ al . 

(1983) in the case of l arvae of!! . 1aponicus and by D' Abrano 

~ ~. (1984 ) in j uvenile l obster Homa..rus sp. and Duglass ~ .sl. 

(1981) in lobster . Thus all the studies so far conducted with 

crustaceans established the need for an exogenous source of 

sterol for survival . It i s suspected , but yet to be proved 

that the crustacean tissues may lack specific enzyme systems 

required f or biosynthesis of cholesterol fran non-sterol 

substances . 

Earlier investigations established cholesterol to be 

the most abundant sterol in crustaceans (GoadJ 1976 ) . More 
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recent detailed studies, particularly, those of I dl er and 

Wiseman (1971 ,) , Teshima and Kanazawa (1971b) , and Gagosian 

(1975) have confirmed that cholesterol i s indeed the prede>-

minant sterol in crustaceans, although several crustaceans 

contain desmosterol in relatively greater quantities in 

sane tissues . Thompson (1964) who studied the total dlole

sterol content of the body of few shellfishes reported 

cholesterol contents of 98 mg/100 g in Callinectes sapidus , 

156 mg/1 00 g in the prawn Penaeus aztecus and 157 mg/100 g 

in .E. setiferus . In.E. 1aoonicus sterol constituted about 
~ .~1 ? 

0. 17% of the biomass on wet weight basis (Kanazawa..,197la). 

New (1976) reported that the sterol content of the body was 

not affected by the type of dietary sterol, and cholesterol 

formed 96 to 99% of total sterol in shrimps . 

) 

The cholesterol content of prawn has also been found 

to vary with increase in body wei ght . Variations in concen

tration of cholesterol in the different tissues was also 

observed in the prawn .E. aztecus (Krishnamoorthy ~ .21., 1982) 

and the lobster Panulirus 1anonica (Teshima, 1972) . The 

cholesterol content was highest in gonad, heart, intestine 

and hepatopancreas but was lowest in muscle and exoskeleton 

in the lobster (Teshima, 1972.l . The cholesterol content 

was highest in the eye-stalks of the prawn.E. 1aponicus 

(Kanazawa et al., 1976a) and.E. aztecus (Krishnamurthy ~ Jil., 

1982 ) . 
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The foregoing information suggests that cholesterol is 

a very important constituent in the body of crustaceans and 

that synthesis of cholesterol from non-sterol nutrients in the 

body is not evident . Thus studies have shmm that crustaceans 

require a dietary source of sterol for normal growth and sur

vival . New (1976) , and more recently Kanazawa (1985) reviewed 

the information available on the sterol requirements of 

crustaceans . A dietary sterol requirement by the prawn 

£. iaponicus was demonstrated by Kanazawa ~ sl. (1970, 1971a, b) . 

These authors found that the growth rate of the prawn fed on 

the sterol free diet was poor , but it grew normally on a diet 

supplemented with 0. 5% cholesterol . These authors also studied 

the efficacy of different sterols and f ound that ergosterol~ 

sitoster ol and stigmasterol promote good survival rate , but 

produce inferior gr owth to that of cholesterol . Besides , 

irrespective of the type of dietary sterol, the prawn had a 

similar pattern of tissue sterol composition with cholesterol 

consi sting 96 to 99% of sterol indicating the synthesis of 

cholesterol from the other tested sterols. However a mixture 

of phytosterols composed of ~ - sitosterol and camposterol did 

not adequately substitute for cholesterol in the diet for 

juvenile lobster and it was suggested t hat d ietary sterol 

requirement oC Homarus sp. can be satisfied only by cholesterol 

(D'Abramo tl al., 1984) . Besides, the sterol ccmposition of 

lobster was not affected by the quality or quant ity of sterol 
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used in their diet (D ' Abramo ~ ~., 1984) . Artemia salina 

could convert dietary ergosterol to cholesterol (Teshima 

and Kanazawa, 1971b) . The prawn E. 1 aponicus was able to 

absatb the dietary sterols even other than cholesterol but 

the percentage of absorption of dietary sterol was reduced 

when dietary. level was more than 2~ (Teshima ~ ~., 1974) . 

In contrast to the juveniles , the prawn larvae were able to 

utilize other sterols as substitutes for cholesterol sugg

esting t hat f . iaponicus larvae probably possess the ability 

to convert certain C28 and C29 sterols to cholesterol 

(Teshima ~ sl. ,1983) . Absorption rate of cholesterol was 

improved by the presence of other lipids such as phosphati

dylcholine (lecithin) . The high content of soya lecithin 

in the diet facilitated uptake of cholesterol in the lobster 

Hcrnarus sp. (D'Abramo ~ al ., 1982) 

Studies have also shown variations in quantitative 

I 
requirement s of cholesterol by crustaceans . While Shudo 

~ sl. (1971) reported fastest growth in juvenile E. 1aponicus, 

when fed a diet containing 0. 1% cholesterol, Kanazawa ~ ~. 

(1971a) found 0 . 5% cholesterol to be best for the j uveniles 

of the same species . I n contrast, Deshimaru and Kuroki (1974b) 

found that the best relative growth was achieved with 21 

cholesterol in the juvenile E. iaponicus. Recently, 

Teshima tl sl. (1983) reported optimum growth and survival 
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of prawn larvae (E . 1aponicus) , when fed a diet with 1% 

cholesterol . But a sterol free diet resulted in poor 

survival and growth . Survival and growth rate of the prawn, 

Artemisia longinaris was improved by feeding a diet conta

ining 0. 5% cholesterol (Petriella ~ £1., 1984) . Optimum 

level of dietary cholesterol required for juvenile, lobster 

was also 0. 5% (dry weight ) and lower level (0 . 2%) of 

cholesterol produced inferior growth (Castell ~ .§l. , 1975) • 

D'Abramo e t al . ( 1984) reported 0 . 12% leve l of cholesterol 

to be adequate for performing better grOl'lth and survival 

in the case of Homarus sp. Ponat and Adelung (1983) claimed 

that optimum d ietary cholesterol level in the synthetic food 

fed to crab Carcinus maenas was 1. 4 to 2. 1%, however they 

have not tested lower levels of cholesterol . But the growth 

of the crab increased as the dietary cholesterol level 

increased . 

From the foregoing review, it is apparent that 

crustaceans are incapable of biosynthesizing cholesterol 

f rom nonsterol nutrients but cholesterol is an important 

component of tissues, present in sufficiently high level 

in the body and serves as a precussor for steroid hormones 

and vitamin D. 'The above review also reveals that sterols' 

other than cholesterol are l ess effective in promoting growth 

and improving survival. Thus cholesterol is anessential 

nutrient in the diet of crustaceans for proper growth and 
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survival . Besides, the quantitative requirement for cholesterol 

by the crustaceans depends upon the type of species and stage 

in life-cycle . In spite of the importance of cholesterol in 

prawns there is no information on the sterol requirement of 

Indian penaeid prawns . Therefore, the -present study was under-

taken to determine the dietary cholesterol requirement of 

larvae and juveniles of E. indicus . I have selected cholesterol , 

among the sterol s, since earlier studie s by Kanazawa ~ .,al . 

(1971a)and Tesh1ma et al .( 1983) clearly established its 

superiority in promoting gr01flth in the pralm, p . japonicus 

compared to all other types of sterols . 

MA~ER I A LS AND METHODS 

Frur sets of experiments were conducted to determine 

the dietary cholesterol requirements of larvae, post-larvae 

1-10, post-larvae 11-25, and juveniles of E. indicus by using 

I 
apprOximately isocaloric and isonitrogenous diets with graded 

levels of cholesterol ranging from zero to four percent . 

Basal composition of the diets is same as that of reference 

diet in Table 2. Since lecithin enhances the cholesterol 

solubilization and transport in crustaceans (Lester ~ sl., 1975) 

and i t is found to be essential for gro~1th in juveniles 
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(Kanazawa et al., 197ge and larval ! . j aponicus (Kanazawa 

~ sl., 198S) , and for "~ur7ival in the lObster Homarus 

americanus (Conklin ~ £d., 1980) , soya- l ecithin (phospha ti

dylcholine) was incorporated at 2 . 0% level for larvae and 

post-larvae 1-10 and 4% ,for post-larvae 11-25 and juvenile 

prawns in addition toothe basal lipid level of 8% which 

constituted to codliver oil and soyabean oil in the ratio 

of 2 :1. 

.~~ 
Seven isonitrogenous and isocaloric d iets were prepared {' 

by using graded levels of chole;;erol from zero to f~r per- Ir' 
cent viz . O . ~/o (Diet 1) , 0 . 5%(Diet 2) , 1 . ~/o (Diet 3) 1.5% 

(Diet 4) , 2 . ~/o (Diet 5) 3 . ~/o(Diet 6) 4 . ~/o(Diet 7) . The 

energy content of the diet ~Ias maintained by adjusting car-

bohydrates l evels particularly glucose, sucrose and cellulose 

powder with that of c holesterol . 

While NPCI-17, a compounded diet from O1FRI , Cochin 
,/ 

"~was used as a control (Diet 8) in post-larval and juveniles 

r{ experiments" Phytoplankton was used as a control in larval 

e~riments . These control diets are kept 0 ave an ea 
~-=----

about the environmental parameters . 

Details about eXperimental animals stocking density, 

feeding and rearing techniques, duration of experiments , 

methods of preparation of diets, colle ction of data on 
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TABLE - 34 ENVIRONMENTAL F ACTCRS, STOO<ING DENSITY PER 'IREA'lMENT, ME AN INIT IAL LENG'IH AND 

WE I GHTS OF ANIMALS , AND FEEDING LEVEL FCR THE E XPERIMENT ON O-fOLESTEROL 

REQUIREMENTS 

-----------------------.--------------------------------------------------------------------
Stage of the prawn 

Parameters -----------------------------------------------------.----------
Larvae Post-larvae 1-10 Post-larvae -11-25 -" J uveniles 

-------------------------------------------------------------------~----~----------------
Salinity (" 0) . 

Temperature (oc) 

pH 

Dissolved oxygen 
in water (Mg/r) 

Total ammonia -N 
in Seawater (ppm ) 

Initial number of 
p rawn 

Average initial 
leng th (mm) 

Average initial 
wet weight (mg). 

Aver age initial 
dry we ight (mg ) 

Feeding level 
" of bianass 

34 . 0 "+ 2 

29 . 0 to 31 . 0 

7 . 8 to 8 . 2 

5 . 1 to 8 . 2 

0 . 02 to 0 . 08 

150 

100 

32 . 0 ± 2 

28 . 5 to 30 . 0 

7 . 5 to 8 . 2 

4 .7 to 6 .7 

0 . 03 t o 0 . 09 

60 

6 . 00 

0 . 4 7 5 

0 . 110 

30 to 40 

20. 0 ± 2 

26 . 2 to 28 . 2 

,7 . 5 to 8 . 3. 

4 .7 to 6 . 2 

0 . 03 to 0 . 011 

45 

12 . 4 0 

6. 266 

1 . 50 

30 to 40 

20 . 0 + 2 
- > 

28 to 3 1 

7 . 9 to 8 . 3 

4 . 8 to 6 . 2 

0 . 02 to' 0 . 11 

30 

28 . 3'5 

8 1 . 90 to 1 72 

27 . 16 

20 to 30 

• 
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survival , growth and proximate c omposition, and analysis 

of data are described previous l y in the general materials 

and methods section (pp 15-29) . 

vlater quality parameters such as salinity, temperature, 

dissolved oxygen. content, pH and ammonia concentration in 

t he water were monitored regularly and found that these 

environmental variables were more or l ess similar among 

all the treatments of each of the experiments (Table 34) . 

Initial mean l ength, wet weight and dry weight of experimental 

animals are given in Tabl e 34 . The differences found in means 

of initial length, \olet weight and dry weight in between the 

treatments wer e statistically inSignificant . 

RES U L T S 

LARVAE 

The results of the feeding experiment conducted in the 

larvae of E.indicus are shown in Table 35A. All the protozoea

I larvae in tr.eatment 9 , where food was not supplied, d i ed 

within 3 days without metamorphosis . In treatment S(control) , 

where phytoplankton was fed , 34% of the larvae (protozoeaI) 

attained the post-larval st~.e I in 10 days . However the 

cholesterol deficient diet (Diet I) , when fed to the larvae, 

caused mortality at various larval stages \olith complete 
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mortality at mysis stage I on the 7th day of the experiment . 

Maximum mortality of l arvae occurred at protozoea II stage 

and it was relatively less in protozoea III stage and 

increased again resulting in complete mortality at mysis 

stage I . The larvae grew to post- larvae 1 in 9 days , with 

20 . 6% survival on the diet containing 0. 5% cholesterol (Diet 

2) . Similarly, the diet with 1% cholesterol (Diet 3) produced 

17 . 6% survival at the post-larval I stage . The survival of 

larvae was relatively l ow in treatments 4 to 7 as i t ranged 

from 10. 6% to 5. 3'%. Thu. inelu,ion of Chol'.t,rol at i 
levels above 1% in the diet did not pranote larval growth 

and survival , but rather resulted in decreased rate of 

survival . 

The data for final survival rates were subjected to 

analysis of variance and the Significant difference between 

treatments if any, were determined by the l east significant 

differenc e test . The results indicate that survival of 

larvae in treatment 2 and 3 was significantly (p < 0. 05) 

higher t han all other treatments , but significantly lower 

than treatment 8 (control) . There was no significant 

difference in the survival rate between treatments 2 and 3, 

as we ll as treatments 3, 4 , 5 and 6 . These results indicate 

that £. in cus larvae require a dietary source of cholesterol 



TABLE - 35A GRa-lTH AND SURVIVAL OF £. INDIct1S LARVAE FED ON DIETS CONTAINING GRADIm 

LEVELS OF CliOLESTEROL. 

-----------------------------------------------------------------------------------------
Diet Cholest- Survival rates (") of various deve lopmen tal stages of prawn larvee 

No. er01 -------------------------------------------------------------------------
" Feeding 

Pl P2 P3 Ml M2 M3 PLl Period 
days 

-----------------------------------------------------------------------------------------
1 0.0 100 27.34 14.67 2.00 6 

2 0.5 100 52 .00 41.34 38.67 36 . 67 33.34 20. 60 9 

3 1.0 100 52.67 40.67 36.00 30.00 24 .00 17.34 9 

4 1.5 100 33.33 23.33 20.66 18.00 16.00 10. 67 10 

5 2.0 100 38.67 28.67 23 .33 18.00 14.67 9.34 10 

6 3.0 100 4 0.67 21.33 12.67 10 . 67 6.67 5.34 11 

7 4 .0 100 29.34 3 5 . 34 21 .34 10.90 9 .34 8 . 6 7 12 

8 Control 100 80 . 67 80 . 6 7 66 .00 57.34 45 .34 34.00 9 
~ 

9 No Food 100 - -
----------------------------------------------------------------------------------------
Pl, P2, P3 - Protozoeal stages of larvae 

Ml, M2, M3 - Mysts stages of larvae 

P.Ll • Post-larva 1 
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as an essential nutrient and a minimum level of about 0. 5% 

of cholesterol in the diet is sufficient enough to improve 

growth and survival of larvae . 

I 

In Table 35B the survival rates of larvae at various 

stages in life cycle are given. These results indicate the 

trend in occurrence of mortality during larval development 

and gr",,/th fran protozoea I to post-larva I . Diets conta

ining 0 . 5 and 1% cholesterol and the control diet were found 

t9 be better than all other treatments . The control diet of 

phytoplankton produced significantly the highest survival 

rates at protozoea II stage (80 . 67%) . However heavy mortality 

occurred during the metamorphosis from p r otozoea III to Mysis 

! stage, thereby a survival rate of 66% only was attained . 

Fran Mysis 1 to post-larvae 1 stage there was considerable 

decline in the survival with the result only 34% of the 

protozoeal reached the PL-1 stage . This shows that the 

mortality was more in zoeal stages than at mysis stages . 

Survival of larvae in treatment 2 with 0. 5% cholesterol and 

treatment 3, 1% cholesterol in the diets shm~ed some Similarity. 

In these two treatments about 50% of the larvae died during 

metamorphosis from protozoea 1 to II stage and the survival 

was aroond 400" from protozoea-I to protozoea- I;n: stage and 

finally 20. 6% post-larvae survived in treatment 2 and 17 . 34% 

in treatment 3. It was also observed that the mortality of 



TABLE - 35B SURVIVAL RATE (") OF LARVAE AT VARIOUS DEVELoPMENTAL STAGES DURYOO 

ME TAMORPHOSIS. 

------------------------------------------------------------------------------------
D~et Cholesterol 
No. Level 

" 
Surv~val r a te (" ) of larvae at var~ous deve lopmen tal stages 
----------------------------------------------------------------
Pl Fran Fran Fran Fran 

Pl to P3 P3 to Ml Ml to M3 M3 to PLl 
------------------------------------------------------------------------------------
1 0 .0 100 14.67 13 •. 63 

2 0.5 100 41 . 33 93.54 86.20 62.00 

3 1.0 100 40. 67 88.52 66.67 72.22 

4 1.5 100 23 .33 88 . 57 77.41 66 .67 

5 2.0 100 28 . 66 23 . 33" 62.85 63.63 

6 3 . 0 100 21 . 33 59 . 37 52.63 80 . 00 

7 4 . 0 100 25 .33 21.33 .3.75 93.00 

8 Control 100 80.67 81.8 1 68.6 8 75 .00 . 

9 No Food 100 

-----------------------------------------------------------------------------------
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larvae was high during zoeal stages than during mysis stage 

in most of the treatments (Table 35B) . The mortality of 

larvae remained constant from Mysis-I to Mysis-III and 

increased insignif icantly from mysis- III to post-larvae I 

in almost all the treatments, except treatment-I with 

cholesterol free diet . 

POST- LARVAE 1-10 

The results of the feeding experiment conducted in 

post-larvae 1-10 of E. indicus with diets containing graded 

levels of cholesterol ranging from zero to four percent are 

shown in Fig . 25 . Survival rate of post-larvae was uniformly 

high in all the treatments and it ranged f rom 91 . 65" to 

100". Statistical analysis of data did not reveal any 

s ignificant differences in survival rates between most of 

the treatments . 

The growth rates of post-larvae represented as the mean 

percent gains in length, wet wei ght and dry wei ght are shown 

in Fi g . 25 . Cholesterol concentration in the diet SignificantlY( 

P < 0 . 05) f l uenced the growth of post-larvae . The cholest erol 

deficient diet (Treatment 1) produced Significantly (P( 0 . (5) 

lower mean percent gai ns in length, wet weight and dry weight 

than all other diets . Suppl ementation of chol esterol in the 

diets r esulted in significant increase in l ength, wet weight 

• • 
• 



Fig. 25 

[ 

Survival rate , and growth of post-larvae 

1-10 fed on diets containing graded levels 

of cholesterol 
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and dry wei ght of the post-larvae . The diet containing 0. 5% 

cholesterol produced significantly greater (p ( 0 . 05) growth 

than the cholesterol free diet . The wet weight gain of the 

post-larvae 1-10 was significantly (p< 0 . 05) higher with the 

diet containing 1% cholesterol , but gain in l ength and dry 

weights were not significantly higher than the post-larvae 

fed diet containing 0. 5% cholesterol . Al t hough the growth 

of post-larvae increased continuously corresponding to the 

increase in cholesterol level in diet, this trend in growth 

did not differ significantly between d iet s containing various 

levels of cholesterol . However, inclusion of cholesterol at 

a level of 2% in the diet gave significantly h i gher mean wet 

wei ght gai n and dry weight gain than the die t with 0. 5% 

cholesterol . 

POST_LARVAE 11- 25 

The results of the feeding experiment conducted in post

larvae 11- 25 of E. indicus with d i ets containing v~ious levels 

of cholesterol , viz., O. O, 0.5, 1.0, 1.5, 2. 0. 3.0, 4 . 0 g per 

100 g of diet , are shown in Table 36 and Figure 26 . Survival 

rates of post-larvae recorded from various treatments ranged 

from 80"/0 to 100% and statistical analysis of the data showed 

that the cholesterol l eve l in the diets did not Significantly 

affect the survival rates of post-larvae • 

• 
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Data for mean percent gains in length, wet weight am 

dry weight of post-larvae from various treatments are il1ust-

rated in Fig . 26 . Analysis of variance of the data showed 

that the growth of prawns was significantly (P< 0. 05) influ

enced by the dietary cholesterol level . The cholesterol free 

diet produced r elatively poor growth . Post-larvae fed the 

diet containing 0. 5% cholesterol had significantly (p < 0 . 05) 

higher mean percent gains in length, wet wei ght and dry weight 

than thos e fed the cholesterol free diet (Diet-I) . Incorpo-

ration of cholesterol in diets at l evels above 0. 5% did not 

significantly augment growth . Although slight differences 

were observed in the growth of post-larvae fed on diets con-

taining various other levels of cholesterol , the observed 

differences were not statistically signific ant . 

The food conversion ratio (Fig . 26) was significantly 

high but the PER (Fig. 26) was significantly low in treatment 

1, in which cholesterol-free diet was fed to post- larvae 

indicating that the utilization of ingested food and protein 

was greatly affected by the deficiency of cholesterol in the 

diet . The food conversion and protein efficiency ratios were 

significantly improved by the inclusion of cholesterol at a 

level of 0. 5% in the diet . However, increasing the cholesterol 

level in the diet beyond 0. 5% did not signi f icantly influence 

the food conversion or protein efficiency ratios, except for 

the diet ~lith 4% cholesterol which had significantly (P<0. 05) 



• 
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Fi g . 26 Survival rate , growth, FCR and PER of 

post- larvae 11-25 fed on diets containing 

graded levels of cholesterol 
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TABLE - 36 EFFECTS OF DIETARY QIOLES'lEROL LEVIilLS CN '!HE BI OCHEM ICAL CCMPOSITION 

OF THE POST-LARVAE 11- 25 

------------------------------------------------------------------------------------
Diet Cholesterol Moi s ture 
No . Level in the 

diet (%) (%) 

Percentage on dry weight basis 

Protein Lip id Carbohydrate ' Ash Cholesterol 
mg/100 9 

---- --.- ----------------.-------------------------- ------------ --------.------------
1 0 . 00 

2 0 . 50 

3 1 . 00 

4 1 . 50 

5 2 . 00 

6 3. 00 

7 4 . 00 

76 .77 

±0 . 14 

75 . 45 

±0 . 60 

75 .6 7 

±0 . 04 

75 . 71 

±0. 61 

76.29 

,!0 . 24 

76 . 6 3 

±0 . 13 

75 .54 

±0. 17 

60 . 15 

±0 . 05 

69 . 10 

±0 .10 

68 .30 

±,0 . 50 

67 . 80 

±1 . 10 

67. 95 

±0 . 05 

68 . 05 

;!:0 . 1 5 

67.40 

±0. 50 

7.65 

±0 . 55 

11 . 40 

±0 . 20 

11. 8 5 

±0 . 95 

11 . 10 

±0. 10 

12 . 25 

±0 . 25 

12 . 00 

±0 . 10 

13 . 10 

±O .30 

3 .08 

,to . 10 

1 . 61 

±0.39 

2 . 1 9 

±0 . 06 

3 . 05 

±O. OS 

3 . 19 

±0. 01 

3.15 

±0 . 05 

2 . 90 

±O . 10 

20 . 40 

±0 . 50 

16 . 30 

±0 . 10 

16 . 85 

±0 . 05 

17 . 00 

±0 . 30 

16 . 95 

±0 . 94 

15 . 95 

,±O. 25 

17. 20 

±0. 6 0 

6 0 . 00 

±20 . 0 

185 . 00 

±5 . 0 

155 . 00 

±35 . 00 

133 . 00 

± 10 . 00 

150. 00 

±10 . 00 

135 . 00 

±5 . 00 

140 . 00 

±O . OO 

----------------------------------------------------------------------------------

• 
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higher PER and lower FCR than the diet with 0 . 5% cholesterol . 

The moisture, protein, lipid carbohydrate ash and 

cholesterol contents of post-larvae obtained after the experi-

ment are shown in Table 36 . The proximate composition of post-

larvae was also affected by the dietary levels of cholesterol . 

The post- larvae fpd on the cholesterol deficient diet had 

significantly (p <. 0. 05) low protein , lipid and chol esterol but 

high moisture, ash and carbohydrate cont ents . Whereas the 

po t - larvae fed on the diet containing 0. 5% cholesterol had 

relatively high protein and cholesterol but- low moisture and 

carbohydrate contents . Supplenentation of chol esterol in the \ 

diet resulted in relatively greater deposition of protein, l~~r 
lipid and cholesterol in the body. Although slight differences 

were observed in protein deposition in post-larvae fed on diets 

containing various levels of cholesterol (0-5 to 3%) , the 

Observed dif ferences were not statistically significant . 

JUVENILES 

The results of the feeding experiment conducted in 

juveniles are shown in Fig. 27 and 28 . The survival rate of 

juvenile prawns was not significantly affected by dietary 

cholesterol l evel . The survival rates were very high in all 

the treatments as it ranged f ran 93 . 3% to 100". The percent 

mean gains in length, wet weight and dry weight were considered 
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for assessing growth of juvenile prawns and the data are 

illustrated in Fig . 27. Analysis of variance of the data 

showed that the dietary l evel of cholesterol significantly 

(p < 0. 05) affect the m"'an percent gain in l ength , wet weight 

an d dry v} ght of juveniles . Fran Fig . 27 it is evident that 

the Chol esterol deficient d iet (Diet 1) produced relatively 

poor grcMth and that t he inclusion of cholesterol at a level 

of 0 . 5% (Diet 2) significantly increased the growth of 

juvenile pravffis . least significant difference test showed 

that the mean percentage gains in l ength, wet wei ght and 

dry weight of prawns fed the cholesterol deficient die t were 

s ignificantly lower t han those fed diets containing various 

l evels 0 :' cholesterol . Though the mean percent gain in 

l ength and wet weight were significantly (p < 0. 05) higher 

at 3% Cholesterol in the d iet than t hat at 0. 5% cholesterol, 

there was no Significant difference in the dry weight gains 

of prawns between these two dietary treatments . However, 

inclusion of 4% cholesterol in the diet resulted in 

reduced growth (Fig . 27 ) . The mean percent gain in length 

and wet wei ght of prawns increased with the dietary level of 

cholesterol upto 3% and further increase in cholesterol level 

in the diet resulted in reduced growth. The mean percent 

gain in dry wei ght of p rawn was the lowest in cholesterol 

free dietary treatment (85%) , and it sharply increased to 

398% in treatment - 2( . 0 . 5% cholester ol diet) and reached the 

maximum (458 . 95%) in treatment- 3 with 1% cholesterol and 
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further increase in cholesterol level in the diet did not 

improve the mean percent dry weight gain and cholesterol 

level of 4 . ~~ produced relatively l ess dry wei ght gain . 

However the observed differences in the mean percent dry 

weight gain among prawns receiving diets containing chole

s terol l evel ranging from 0. 5 to 4% were not statistically 

significant . 

While the food conversion ratio (Fi g . 27) was signifi

cantly higher (p < O. OS) , the protein efficienCy ratio (Fi g . 27 ) 

was significantly lower for diet 1 (cholesterol free diet). 

The food conversion and protein efficiency ratios were 

significantly (p < o. as) improved by the inclusion of cholesterol 

at a level of 0. 5% in diet . However, inclusion of increasing 

l evels of chol e sterol in the diets 2 to 7 did not significantly 

influe nce the food conversion or protein efficiency ratios. 

These results indicate that cholesterol is essential for proper 

utilizati on of the ingested f ood and protein, and that an 

optimum l evel of 0. 5% cholesterol is sufficient enough to 

provide better food conversion and protein efficiency ratios . 

The moisture, protein , lipid , carbohydrate, ash and 

chol esterol content of the juvenile prawns subjected to 

various experimental diets are shown in Fig . 28 . Statistical 

analysis of the data showed that the proximate composition of 

prawns was also significantly (p< 0. 05) affected by the dietary 

l evel of cholesterol . Compared to the pra~ms fed the diets 
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Fig. 27 Survival rate, growth, FeR and PER of juvenile 

prawns fed on diets containing graded leve l s 

of cholesterol 
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containing various concentrations of cholesterol, the 

cholesterol deficient diet fed prawns had significantly 

(p <. o. os) lower protein, lipid and cholesterol contents but 

significantly (p < O. OS) higher moisture, ash and carbohydrate 

contents . Inclusion of cholesterol in the diet, even at the 

l owest l eve l of O. S% resulted in reduced moisture and ash 

contents, but c~used increased accumulation of protein, 

lipid and cholesterol contents . 

The moisture content of prawns fed the diet containing 

O. S% cholesterol was similar to that fed diet with 1% chole-

sterol . Though there was slight increase in the moisture 

content of prawns fed the diet with 1. S% cho l esterol it was 

not significantly different from that of prawns fed higher 

levels of cholesterol (2"" and above) in the diets . Though 

the protein contents of prawns fed diets containing O. S and 

1% cholesterol were relatively higher, there were no signifi-

cant differences in the protein content of prawns between 

various dietary treatments . The highest lipid content was 

observed in prawns fed the diet containing 3% cholesterol but 
, 

this was not signif icantly (p> o. OS) different from the lipid 

content of prawns fed with various other concentrations of 

cholesterol . The cholesterol content of prawns from treatments 

2-7 were also not significantly different from each other . 

The ash content was significantly (p < O. OS) higher in prawns 

from treament 1, 6 and 7 than that of prawns from other 
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treatJrents . Although significant differences in the proximate 

composition of prawns were not observed between diets contain

ing more than 0. 5% cholesterol, the protein content of prawns 

fran treatment 2 (0. 5% cholesterol) was significantly greater 

than that of treatments 4, 5, 6 and 7. 

D I S C U S S I ON 

The results of the present experiments clearly demonst- I 

rate that cholesterol is an indispens able nutrient in the diet 

for the larvae, post-larvae and juveniles of the penaei d prawn, 

E. indicus . The growth , survival and metamorphosis of larvae 

seems to be greatly affected by cholesterol deficiency in the 

diet . The study further reveals that there is no beneficial 

effect ,,~hen diets containing more than 0. 5% are fed to the 

larvae . Besides , it is also evident that protozoeal stages 

are the worst affected by cholesterol deficiency, since the 

highest mortality rates occurred at t his stage. The 

essentiality of cholesterol in the diet have also been 

reported for ~ . japonicus larvae (Teshima et al " 1983) . 

However in p . japonicus best growth and survival were observed 

when 1% cholesterol was used in the diet (Jones ~ sl., 1979. j 

Teshima ~ sl., 1982b) and Teshima et al . (1983) .5ut in the 

present study no advantage was observed by inclusion of 

cholesterol at l evel s greater than 0. 5%, though 1% chol esterol 
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did not in any way affect the results . The differences in the 

quantitative difference could be mostly attributed to the 

species differences . AI though none of the larvae reached the 

post-larval 1 stage, when cholesterol was excluded fran the 

d iet a small percentage of larvae could metamorphose and grew 

to roysis 1 stage . The survival and metanorphosis of larvae 

to roysis 1 may be due to the presence of trace amounts of 

sterol in the basal lipid used (codliver oil and soyabean oil) 

in the diet . However this amount seems to be indequate for 

the larvae as they could not grew up to post-larval 1 stage. 

itn general , mortality of larval l?rawns was relatively 

more during protozoeal stages when compared to mysis stages 

in almost all the treatments where cholesterol containing 

diets were fed . It is probable that the purified nature of 

the diet and its particle size had some adverse effect on 

the survival of protozoeae. Probable reasons ~or the high 

mortality rates during the protozoeal stages may include the 

non-availability of adequate quantity of the desired particle 

size of the food in the vicinity of the mouth of the larvae, 

thus subjecting them to obligatory f~and l e aching of 

essential nutrients from the micro-p ticulate diet . As 

I 

compared to protozoeae, roysis larvae are bigger and have 

appendages to collect and hold the food and ingest it more 

efficiently (Muthu, 1983) which perhaps resulted in relatively 

less mortality during roysis stage . Earlier studies have 
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shown that the larvae of the prawn, Penaeus j aponicus require 

an exogenous source of sterol in the di et f or normal survival, 

growth and metamorphosis . Teshirna ~ sJ,. . (1983) reported that 

the grO\olth and survival of prawn larvae fed a cholesterol de

f icient diet were very poor , but the larvae grew and survived 

well on a diet supplemented with 1% cholesterol : but 5% chole

sterol produced poor growth and survival . These results agrees 

with my observations on the larvae of ,f. indicus . 

The survival of post-larvae 1-10 and 11-25 as well as 

juveniles was not significantly influenced by the cholesterol 

content of the diet: even the cholesterol deficient diet produ-

ced good survival . It is suepected that trace l evels of 

cholesterol present in the basal lipid (codliver oil and soya

bean oil) might have sustained such high survival rates even 

in the cholesterol deficient diet fed prawns . But gr&vth of 

post-larvae as well as juvenile s was significantly affected 

when they were fed on the cholesterol deficient diet . Growth 

increased significantly when 0. 5% cholesterol was added in 

the diet . 

could not 

However high levels of cholesterol in the diet 
) 

produce significantly higher grovlth in the post-

larvae and juveniles . The cholesterol l evel in the diet 

also significantly influenced the FCR, PER and protein reten

tion in the body in the post- larvae 11-25 and juvenile prawns . 

Exclusion of cholesterol from the diet resulted in poor FCR, 

\ 
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PER and protein retention. These results indicate that post

larvae and juvenile of ~. indicus require cholesterol in the 

diet as an indispensable nutrient and 0. 5% level of cholesterol 

in the diet appears to be most effective for promoting growth, 

food ana protein utilization, and for protein deposition in 

the body. 

Thus it is apparent that~. indicus do not have the 

capacity of synthesize cholesterol ~ ~ and dietary 

cholesterol is essential . Thus the larvae and juveniles of the 

species conforms to the pattern observed for ~. japonicus by 

Kanazawa £j;.s1. (1971 a ) Teshima and Kanazawa (1971a) and Teshima 

£j; .s1. (1983) as well as the observations of many other authors 

with d ustaceans (Ponat and Adelung, 1983; D' Abramo ~ AJ.~984) 

that crustaceans have a requirement for cholesterol in the diet. 

Comparing the efficacy of a number of sterols f or 

E. 1 anonicus Kanazawa ~ al . C1971a) and Teshima £j; Al. (1983) 

found that cholesterol is the best source of sterol for prawn. 

These authors foun d that grO\'lth rate of prawn p. japonicus fed - . 
on diet containing ergosterol , stigmosterol or sitosterol was 

inferior to diet with cholesterol (Kanaza\-Ia et al., 1971a) . 

In Homarus sp. replacement of cholesterol with other sterols 

in the diet resulted in poor growth (D I Alnramo et A1,., 1984) . 

These studies conf irmed the essentiality of cholesterol for 
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normal survival and growth (D ' Abrano!ll al ., 1984 ) of crustaceans 

in general . Though the efficacy of other sterols were not eluci

dated during the present study, considering the above findings, 

it is obvious that cholesterol might be the ideal sterol for 

~. indicus also. 

Feeding experiments using artificial diets have shown that 

p . j aponicus juveniles require an optimum level of 0. 5% cholest

erol in the diet (Kanazawa II ~., 1971a) for normal gr owth and 

survival . Supplementation of 0. 05 or 0. 1% cholesterol resulted 

in poor growth, while 1% cholesterol produced no improvement 

over 0. 5% l evel, 5% die tary chol esterol depressed growth . '!hese 

findings agrees with the present results on post-larval and 

juvenile ~ . indicus . Castell ~ sl. (1975)also reported 0. 5% 

cholesterol in the diet could produce superior growth in the 

lobster when compared to 0. 2% cholesterol in the diet and 

suggested to be the optimum level of cholesterol in the diet 

for better growth in the lobster, which was subsequently confirmed 

by D'Abramo!ll~. (1981Jpin the diet of the lobster , Homarus sp . 

I n contrast to the above observations Deshimaru and Kuroki (1974b) 

reported relatively higher level of (2.1%) dietary cholesterol 

for promoting best growth in juvenile E. japonicus . All these 

observations indicate the need for optimum cholesterol in the 

diet of crustaceans . Read (19 B1 ) also empirically used 2% 

cholesterol in his compounded diet prepared f or .E. indlcus and 
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observed better growth with this diet, thoogh no comparison 

was made to find out the influence of inclusion of cholesterol 

at lower levels . ereas Shudo ~ sl. (1971) reported relati-

vely l~ler level (0 . 1%) as dietary cholesterol requirement for 

juvenile p . japonicus . 

These differences in dietary cholesterol requirement can 

be attr ibuted to the differences in the canposition of the basal - . 
diet used as well as due to differences in quality and quantity 

of basal lipid used in the diet (D1Abramo ~ al., 1984) . 

Kanazawa ~.sJ.. (1971a) used 8% lipid in the diet as compared 

to 6% lipid used by Deshimaru and Kuroki (1974b) . The increased 

requirement of cholesterol ( 2. 1%) reported by De shimaru and 

Kuroki (1974b) for juvenile E. 1aponicus may be due to the 

relatively low lipid content in their diets . ere as t he 

relatively l""'er dietary choles terol r e quirements reported by 

Kanazawa ~ Al. (1971 a ) may be due to relatively higher 

lipid in the diet . Dietary lipid is presumed to contain a 

certain l evel of cholesterol (Kanazawa,1985) . Thus optimum 

cholesterol requirement in the diet also depends upon other 

ingredients used in the diet . These observations indicate 

that in the presence of adequate lipid l evel in the diet, 

about 0 . 5% of cholesterol woo l d be adequate to promote maxinum 

growth and survival of penaeid p rawns . In the present 

experiment with E. indicus I have used a basal lipid level 
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of 12% constituting 5 . 34% cod liver oil, 2. 66% soyabean oil 

and 4% lecithin. It is assumed that )0.5% cholesterol along 

with the mixture of lipid used in the present study appears 

to be sufficient enough for producing maximum growth in the 

penaeid pra'ID E. indicus . 

Teshima and Kanazawa (1983) have also demonstrated that 

the absorption rate of dietary cholesterol is improved by the 

presence of other lipids. The high content of dietary lecithin 

in purified lobster diet has been presumed to facilitate uptake 

of cholesterol (D' Abramo ~ £1., 1982) . Lester ~ 21., (1975) 

observed that lecithin enhanced cholesterol solubilization 

when associated with the crustacean emulsif ier N-N-dodecano

sacrosyl taurine (DST) . Absence of the phospholipid, phos

pha Hdylcholine has been famd to restrict the effective 

transport of cholesterol within the body of prawn . In the 

present study diets had 4% lecithin which certainly would 

have helped in the effective utilization of cholesterol by 

the prawns . Thus effective utilization of cholesterol 

depends upon the presence of phospholipids in the diet, as 

well as on the presence of polyunsaturated fatty acids (PUFA) 

D'Atlramo ~ al., 1982) . These observations (D'Abramo ~ .2l., 

1982) further support the use of cod-liver oil (a source 

of PUFA) and lecithin (phospholipid) as a basal lipid source 

f or the present study to determine the cholesterol requirement 

of E. indicus . 
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The proximate composition of E. indicus was also 

influenced by the dietary level of cholesterol. The rate of 

deposition of protein, lipid and cholesterol was relatively 

low in prawns fed on the cholesterol deficient diet, when 

compared to prawns fed on cholesterol diets . But there were 

no significant differences in the chemical composition of 

prawns between diets containing cholesterol level s from 0.5 

to 4%. The FCR and PER significantly improved on inclusion 

of cholesterol in the diet of prawn which r sulted in more 

deposition of protein in the body. It appears that at 

optimal concentrations cholesterol has protein sparing action, 

as the protein content of prawn increased when fed on the diet 

containing cholesterol (0 . 5%) ., The increased protein deposi

tion may be due to the accelaration in the anabolic processes 

in the tissues as a result of stimulating effects of the 

steroid hromones synthesized from the dietary cholesterol . 

Thus the enhanced growth attained on addition of 0 . 5% 

cholesterol in diet might be because of the better utilization 

of food and protein. 

~ 
s~ have shown cholesterol is used in hypodermis 

formation (Guary and Kanazawa, 197 3; Goad~ 1976) , Besides 

the sterols are important as elements of cellular and sub

cellular structures in arthropods (Lasser et al ., ,1966). 

Several workers have also reported sterol are found to be 
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precursor of moulting hormone in arthropoda (Gilbert, 1969) 

as well as brain hormone in prawns (Kanazawa II M. ,1971 11.; 

New, 1976) • Kanazawa ~ ~ (1971a) reported that frequency 

of moulting increased in ~. 1aponicus when fed on a diet 

containing cholesterol indicating the involvement of 

cholesterol in moulting. Further studies by Kanazawa II al. 

(1972 ) have demonstrated that e~ysterone induce moulting 

in P. japo%lio',5 and sterols are found to be precursor of 
~ 

ecdysterone , a moulting hormone (Gilbert, 1969) . Deficiency 

of cholesterol in tissues has been shown to cause moult 

death syndrane in the lobster (D' Abramo tl al ., 1982) . 

Since moulting i s an essential physiological process in 

prawns, preceeding synthesis of new tissues in the body, the 

significant increase in growth as well as in protein content, 

as observed in the present study in prawns, can be expected 

by the addition of cholesterol which is the precursor for 

the steroid hormones . 

Prawns fed on the cholesterol free di et retained 

relatively lower levels of tissue cholesterol than those fed 

on cholesterol supplemented diets in the case of post-larvae 

and juveniles of ~. indicus. This observation is similar to 

that observed in the prawn ~. j aponicus (Kanazawa tl lll., 

1971b; New 1976) and lobster, Hanarus sp. (D'Abramo tl .s1,., 
1981) . Thanpson (1964) reported that total cholesterol 

content of the body of various prawns was around 156 mg/lOOg 
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(E . aztecus) and 157 mg/l00 g(~. setiferus) . The quantity of 

cholesterol found in f . indicus during the present study also 

agrees with the cholesterol content of the above prawns . 

The results of these experiments clearly indicate the 

essentiality of cholest~ol for proper survival and growth of 

larvae , and growth of post-larvae 1-10, and 11-25, and juvenile 

of f . indicus and 0.5% of cholesterol in the diet was found to 

be most effective for promoting growth significantly in larvae , 

post-larvae and juvenile prawn was well as for better food 

conversion ratics , protein efficiency ratio and for more 

protein retention in post-larvae 11-25 and juvenile prawns . 
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SUMMARY 

Recent studies with prawns indicate that their growth , 

metamorphosis , maturation and moulting are affected by the 

type and level of lipids supplied in the diets . Despi te the 

recognition of the importance of lipids in the diets of 

prawns there is no information on the essentiality and quan

titative lipid requirements of Indian penaeid prawns . Therefore, 

during the present study about 24 laboratory experiments were 

conducted to determine the essentiality and dietary requirements 

of total lipids, phospholipids, fatty acids , cholesterOl, and 

to ascertain the nutritional value of natural lipid sources 

for: the larvae, post-larvae and juveniles of one of the most 

suitable cultivable species of penaeid prawns , f . indicus . 

All the experiments were conducted in the laboratory 

follOWing stand~d procedures, using isonitroge~ and aoproxi

mately isocaioric purified diets . Changes were made in the 

ingredients as required for ~ecific eXperiments . For the 

larvae diets of particle size < 37)'- were fed . For the post

larvae and juveniles pellet feed was given. While data on 

survival and growth of larvae and post-larvae 1- 10 were recorded , 

data were collected en the survival , growth , food conversion 

ratio, protein efficiency ratio and biochemical composition 
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of the body for post-larvae 11 - 25 and juveniles . The influence 

of fatty acid pattern of dietary lipid sources on ' the fatty 

acids profile of prawns were also studied in the case of juvenile 

, prawns . Analysis of variance and least significant difference 

test were employed to determine the signi ficant differences 

between treatments In the observed pa~ameters with the help of 

a Hewl ett Packard Master Computer . 

The salient findings from the studies are given below: 

1 . Experimental results clearly indicate the essentiality of 

lipid for proper survival , growth , conversion of food and 

protein , and for increased rete~tion of protein in the 

body of p. indicus . 

2. Deficiency of lipid ,in diets induced heavy mortalities in 

larvae and post-larvae, besides severely affecting ~ 

growth and metamorphosis . Sub-optimal lipid ~vels also 

affected the survival and growth of larvae and post-larvae . 

The highest growth as well as survival in groups of larvae 

and post-larvae 1- 10 fed d iets containing '0% lipid suggest 

that this may be the optimum l~these stages of - • 
~. indicus . 

3. lthough survival and growth of post-larvae 1-10, 11- 25 and 

juveniles were very poor when fed on a lipid f r ee diet , 

survival and growth were significantly improved by inclusion 

of 6% lipid in the diet , suggesting this may be the minimum 
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level required for these stages for maintenance and growth . 

However , for optimum growth performance, efficient food and 

protein conversion, and for protein synthesis , a dietary 

lipid level of 9 to 12% for post- larvae 11- 25 and j uveniles 

are required. 

4 . Supra-optimal l evels of lipids had no beneficial effect 

though the post-larvae and juveniles coul d tolerate dietary 

lipid levels as high as 14% to 18% without any deleterious 

effect on growth . 

5 . The study also revealed the protein sparing action of 

dietary lipids . The poor response obtained in low lipid 

diets ( > 6%) is ascribed to the utilization of increased 

levels of protein for metabolic energy. 

6 . Lecithin (phosphatidylcholine) is found to be an indis

pensable dietary nutrient for larvae, post-larvae and 

j uveniles of f,. indicus . The growth, survival and meta

morphosis of larvae and post-larvae 1-10, and growth FCR 

and PER of post-larvae 11-25 and juveniles seems to be 

greatly affected by lecithin deficiency 1n diet. 

7. It i s evident that for promoting high survival and 

gro··n:h l arvae and post-larvae require a dietary level 

of 2% lecithin; whil e for juvenile prawns 1% lecithin in 

the diet i s found to be optimum for normal growth • 
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I nclusion of more than 2" lecithin in the diet has no 

beneficlal effect on survival and growth of larvae, post

l arvae and juveniles of ~. indicus . More than 4" lecl thin 

in the diet produced reduced growth and poor survival in 

larvae and post- larvae . 

8 . '!he essentiality of phos olipid in the diets is ascribed to 

the limited ability of the prawn for phospholipid biosynthe

sis at an adequate level from other food ingredients , as 

well as the inability of endogenous synthesis of specific 

types of phospholipids that may be necessary as constituents 

of lipoproteins which play important role in transport of 

lipid. 

9 . Experimental studies clearly demonstrate the essentiality 

of a blend of polyunsaturated fatty aci of w3 and w6 

series (18 12w6 , 18 : 3w3, 20 lSw3 and 22 16w3) for proper sur

vival , growth, FCR, PER and retention of protein and lipid 

in various stages of p . indicus . 

10 . Di ets containing purified fatty acids are poorly accepted 

by the prawn larvae as incl usion of these fatty acids in 

t he diet caused complete mortality of larvae . But survival , 

growth and metamorphosis were improved by the inclusion of 

a mixture of codliver oil, soyabean oil and lec ithin which 

are sources of essential fatty acids , such as 18 12w6 , 181 3w3, 

20lSw3 and 22 1Sw3 for the prawn. 
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11. 'lhe data on survival and growth of post- larvae 1-10, 

and survival , growth, F~ and PER of pos t - larvae 11-25 

i ndicate that dietary linolenic acid requirement of 

post-larvae 1-10 and 11-25 may be about 1% and t hat e xcess 

dosage (above 1%) of linolenic acid in the diet signifi

cantly depress the growth . Similarly 1 . ~ linolenic or 

linoleic or mixture of linoleic and linolenic in the 

ratio of 0. 5 10. 5 appears to be optimum level in the diet 

for juvenile prawns for pranoting growth, F~ and PER. 

12 . A tot al of 12% l ipid in the diet providing 31. 88% satu

rated fatty aci ds, 28 . 8% monounsaturated f atty acids , 

18 . 1% linoleic acid, 3. 12% linolenic acid , 11. 9% of 

eicosapentaenoic acid and docosahexaenoic acid appears to 

be beneficial in the diet for post-larvae and j uvenile 

pra\'ms . 

13 . Among the natural lipid sources used in the present study 

a mixture of marine animal lipids and plant lipids p roved 

to be superior lipid sources when compared to individual 

plant and marine animal lipid sources . Plant oils do not 

contain 20 15w3 and 22 :6w3, which are found to be important 

essential fatty acids for E . i ndicus . Although animal 

(marine) lipids contain high levels of 2015w3 and 22 16w3, 

they contain relatively low levels of 1812w6 and 18 13w3 

which are also required for various stages of the prawn. 
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14 . Among the plant oils, sunflower oil , corn oil and 

linseed oil appears to be better sources as these plant 

oils contain relatively higher percentages of 18t3w3 in 

addition to 18 : 2w6 , usually present in most of the plant 

oils . Linolenic acid (18 t 3w3) has been found to have 

superior essential fatty acid activity when compared to 

18: 2w6 for E. indicus . 

15. The diets containing coconut oil, mustard oil , cotton seed 

oil and shark liver oil produced poor growth in larvae 

post-larvae and juvenile prawns . The reason being that 

coconut oil contain mostly saturated fatty acids , mustard 

oil contain high levels of erucic acid and cotton seed oil 

contain cyclopropenoic acid and malvali c acid . Among the 

marine animal lipids sharkliver oil contains high l evels 

of squalene . Erucic acid , cyclopropenoic acid , malvalic 

acid and squalene have been frond to produce growth inhi

bitory effect on animals and. a simil .r response was obser

ved in E. indicus . 

16. I n general , all the diets containing marine animal lipid 

sources pr oduced better growth , FCR, PER and protein re

tention in prawns than the diets containing only lant 

oil as lipid source due to the presence of higher levels 

of 22 :5w3 and 2216w3 in marine artimal lipids , which have 

growth prcmoting effect in prawns. 
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17.' Among the individual marine animal lipids prawn- head oil 

appears to be a better lipid source for producing superior 

survival , growth , FeR, PER and protein retention, as it 

meets mostly the essential fatty acid r equirements of the 

prawn . Besides the fatty acid pattern the content of 

phospholipid in p rawn-head oil may be another factor 

contri buting for the better performance in E. indicus . 

18. The diets containing a mixture of plant and animal lipids 

produced superior growth than individual plant or animal 

lipids . Among the mixture of lipid sources a mixture of 

codliver oil , soyabean oil and lecithin produced signi

ficantly higher growth and survival in larvae, post-larvae 

1-10 and also , significantly higher survival , growth, FCR, 

PER and protein retention in post- larvae 11-25 and juveniles 

of E. indicus . Similarly, a mixture of prawn-head oil and 

soyabean oil , also is a better lipid source for pronating 

growth , FeR , PER and retenti on of protein in the prawn. 

19 . The mixture o f cod liver oil soyabean oil and lecithin in 

the ratio of 56128 116 at a total lipid level of 10 or 12% 

can be successfully used as lipid source in compounding 

practical diets for larvae, post-larvae and juveniles of 

the prawn. 

~. The fatty acid profiles of the selected plant oils com

posed of 14 10, 16 10, 1810, 1811w9 , 18 : 2w6 , 18 13w3, where 
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as marine animal lipids composed of 14 10, 16 10, 1611w7, 

18:0, 18 : 1w9, 18:2w6, 18 13w3, 20 : 5w3 and 22 .6w3 . The 

main difference observed between plant oils and marine 

animal lipid is the relatively high levels of linoleic 

acid and/or linolenic acid, and absence of eicosapentanoic 

acid and docosahexaeno~c acid in the plant lipids . 

21 . The diets containing plant oils induced relatively 

greater deposition o{ 18 12w6 and 18 : 3w3 than the diets 

with marine oils . But diets with marine animal lipids 
• 

induced greater deposition of 20.5w3 and 22 :6w3 as 

compared to plant oil diets . Thus the fatty acid pattern 

of the prawns to a greater extent depended upon the fatty 

acids profile of dietary lipids . 

22. The concentration of saturated fatty acids in the body 

lipids of all the groups of prawn, irrespective of their 

fatty acids, was relatively higher t han the saturated 

, fatty acid contents of dietary ' lipids suggesting synthesis 

of saturated fatty acids in the body of pravm from other 

dietary ingredients . The low concentration of 20.Sw3 and 

22 :6w3 in the body lipids of prawn fed on diets with only 

plant oil indicates absence of slCJ\oI rate of biosynthesis 

of these fatty acids fran their precurJ""'or (1813w3) . 
~ 

2·3. Diet with a mixture of codliver oil , soyabean oil and l ecithin. 

and that with a mixture of prawn-head oil and soyabean oil 
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provided prawns with fatty acid pattern almost similar 

to d ietary lipids, suggesting that E. indicus needs 

natural l ipid sources which can supDly 18 12w6 , 18 : 3w3, 

20 15w3 and 22 16w3 i n proper proportions . 

24 • Chol esterol is found to be an essential nutrient in the 

diet for larvae, post- larvae, and juveniles of E. i ndicus . 

25 . Survival , growth, and metanorphosis of larvae, post-

larvae 1- 10 and growth, survival , FCR, PER and pr otein 

retention of post-larvae 11-25 and juvenile prawns were 

greatly affected by cholesterol deficiency. 

26. '!be growth, FCR, PER and protein retention were signifi

cantly improved on inclusion of 0. 5% cholesterol in the 

diet of prawn , which resulted in more protein deposition 

in the body. It appears that optimal concentration of 

cholesterol has protein sparing action. '!be increased 

protein deposition may be due to the accelaration in 
es 

• 

the anabolic process" in tissues as a result of stimulating 

effect of steroiq hormones synthesized from dietary 

cholesterol . 

27. The optimal cholesterol requirement for larvae, post

l arvae and juvenile prawns seems to be 0 . 5" of the diet, 

as high survival and growth in larvae , post- larvae and 

juvenile prawns and better FCR, PER and higher protein 

ret tion in post- larvae 11-25 and juvenile prawns were 
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recorded at this concentration. 

28. Supra.-optimal cholesterol levels in the diet has no 

beneficial effect on growth, FCR , PER and protein 

retention of various stages of E. indicus 

Thus the present study has revealed the essentiality 

of various types of lipids for E. indicus . Besides , it is 

cl ear that optimum levels of lipi ds are essenti&! for 

optimum performance of the animals. It is suggested that a 

mixture of plant and marine lipids , which provide a blend 

of polyunsaturated fatty acids such as linoleic (lB I2w6) 

linolenic (lB I3w3) eicosapentaenoic acid (20:5w3) and decosa

hexaenoic acid (22 :6w3) should be included in the diets of 

various stages of E. indicus for achieving maximum production. 

It is also suggested that cholesterol and phospholipids 

shoul~ be included in the diets at optimal l evels to achieve 

optimum performance . 

I . 
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