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1. INTRODUCTION

Aquaculture, especially the culture of shrimps and prawns, has shown tremendous

. advancement in the past one decade due to a steady increase in demand for these organisms

in the world market. A number of species of shrimps belonging to the genera, Penaeus and

Metapenaeus, and the giant freshwater prawn, Macrobrachium rosenbergii are being cultured

in many parts of the world. Macrobrachium spp. commonly known as freshwater prawns

(Jayachandran and Joseph, 1992) include more than 100 species distributed throughout the

tropical and subtropical regions (New, 1990). Among these species only a very few are suitable

for aquaculture purposes (New, 1995) and the giant freshwater prawn Macrobrachium rosenbergii

is considered as the most favoured and economically important one as far as commercial

production is concerned. Macrobrachium rosenbergii offers high farming potential and is

supposed to have all the qualities of a commercial species (Durairaj et al., 1992). Hence it is

regarded as a candidate species for aquaculture purposes in many regions of the world.

In recent years, much attention has been given to the hatchery production of its seed

and intensive farming (Nair and Thampy, 1987; Sebastian, 1990). At present it is cultured in a

variety of conditions ranging from freshwater to brackish water of 25ppt salinity and in different

systems like cages, pens and ponds (New, 1995), stocking with hatchery reared postlarvae

and juveniles.
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For optimum growth and survival of any organism adequate nutrition is a pre-requisite.

This is especially true in the context of culturing organisms under restrictive and rigidly

controlled conditions. So the success and failure of all farming operations depend on the

availability and supply of a nutritionally balanced and acceptable diet. Effective formulation of

a nutritionally balanced diet for a particular species requires a detailed understanding of the

nutrient requirement of the concerned species. Nutritional research carried out in the past few

decades reveals that a number of nutrients are essential in the diet of shrimps and prawns for

sustaining growth and survival (New, 1976, 1987; Biddle, 1977). In the absence or low levels

of these essential nutrients in the diet, organisms show abnormalities in behaviour, growth,

moulting and survival; whereas excess inclusion, in addition to causing abnormalities, is an

unnecessary wastage of nutrients and increases the feed cost which in turn affects the

operational cost.

Among the different groups of nutrients required by the crustaceans, phospholipids are

important and have got a considerable influence on growth and survival. It was Shiek [1969]

who paved the way to phospholipid nutrition research in crustaceans. He noticed that the

crustaceans can synthesis PL de novo and stated that the biosynthetic capacity is very limited

during the early phases of development. Subsequent to this finding, several studies were

initiated in different groups of crustaceans and it is proved beyond doubt that PL is an essential

nutrient factor for penaeid shrimps and lobsters.

There are only a very few published papers on the requirement of freshwater prawn for

dietary phospholipid. Previous studies of Hilton et al. (1984) Briggs et al. (1988) and Koshio et

al. (1992) indicated that the addition of lecithin at levels from 0 to 10% dry weight of the diet is

not required for Macrobrachium rosenbergii juveniles. But Koshio et al. (1992) in another
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experiment found out that 0-2% of soylecithin in the diet seems to promote growth in very

young postlarval prawns of 0.05g size. Further more, in the larval phase of Macrobrachium

rosenbergii, some times, heavy mortalities are noticed during the metamorphosis moult at the

11 th stage and early post-larval stage (Exuvia entrapment disease, EED). The affected larvae

in large numbers die during the process of ecdysis getting entrapped in the exuvia. Aetiology

of this disease is not yet conclusively found. In view of the involvement of PL in the dietary

absorption and utilization of cholesterol (Teshima and Kanazawa, 1980; Teshima et al., 1986

b,d) which acts as a precursor of moulting hormone, lack of sufficient PL was considered to be

one of the reasons for this disease. Feeding trial conducted with lecithin incorporated diets

indicated that the incidence of this disease can be controlled to some extent. Similarly in the

American lobster Homarus americanus also supplementation of lecithin through the diet

considerably reduces this type of disease like moult death syndrome reported by Bowser and

Rosemark (1980) and Conklin et al. (1980).

In view of this, in the present study an attempt is made to evaluate the influence of

lecithin on growth, survival, moulting and changes in body PL content brought about by

different dietary inclusions of PL in the semi-purified diet of Macrobrachium rosenbergii

post-larvae. A semi-purified diet based on casein egg albumin, incorporating different levels of

lecithin wasselected because the effect of varying levels of one ingredient can be studied more

precisely than when a formulated feed using food stuff of unknown composition is used. Two

week old Macrobrachium rosenberg;; post larvae were selected as the experimental animal,

since it is reported that the incidence of EED was found to occur at the 11th larval and early

post larval stages. The study is expected to show whether the absence or low levels of lecithin

is responsible for EED. In addition, the present study will also provide information about the

dietary- requirement of PL and its influence on gIowth, survival and moulting at different
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post-larval phases. Further, it will help in identifying and characterising PL deficiency and

excess symptoms. Thus, the results of the present study will be useful in formulating a

balanced feed for the commercial production of this species of prawn.



2. REVIEW OF LITERATURE

2.1 Lipid requirement of crustaceans

Lipids play an important role as an energy source in the diet of animals. It is the most

energy rich molecule of the nutrient classes providing approximately 9 Callg energy compared

with 4-5- callg for carbohydrates and protein (Castell, 1982). This water insoluble biomolecules

are involved in many aspects of metabolism in crustaceans such as synthesis of steroid

hormones and prostaglandins (Paulraj, 1987; Watanabe, 1991; Rudolph et al., 1992; Rudolph

and Spaziani, 1992), activation of enzyme system (Kimelberg and Pupahadjopolus, 1972;

Chappelle and Zwingelstein, 1984), brain and nerve functioning (Nicol, 1975), ovarian

maturation (Middleditch et al., 1980; Teshima et al., 1988 a, b; Xu et al., 1994) and also play a

vital role in the structure of biomembrane at both the cellular and subcellular levels (Paulraj,

1987), Besides this, it has been found that dietary lipids have highest protein sparing action.

The protein sparing action of lipids was extensively investigated in a number of fish species

(Lee and Putnam, 1973; Takeda et al., 1975; Takeuchi et al., 1978 a, b), Studies in Penaeus

indicus (Chandge, 1987)and Macrobrachium rosenbergii (Clifford and Brick, 1978) have also

indicated improved protein utilization when the diet contained sufficient lipid.

For crustaceans as also for many fishes, lipids are required in the diet, not only fo their

energy values, but also as a source of essential fatty acids, fat soluble vitamins, sterols and

phospholipids. In addiition, lipids are important in determining the flavour and textural quality

of the feed (Paulraj, 1987). However, the unique aspect of lipid nutrition in crustaceans is

related to the reqUirement of EFA, sterols and phospholipids (Kanazawa and Teshima, 1977;
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Kanazawa et al., 1979 b, c; Teshima, 1982; Teshima et al., 1982; Kanazawa, 1982, 1993).

As far as crustaceans are concerned, the quantitative dietary lipid requirements have

been worked out mainly in shrimps and prawns. Since the early works of Kanazawa et al.

(1970), Andrews et al. (1972), Foster and Beard (1973) and Sick and Andrews (1973) several

studies have been carried out in different species of crustaceans to determine the optimum

dietary requirement of lipids.

Table I gives an idea of optimum dietary lipid requirements of different species of

crustaceans with reference to the source of lipid used.

According to the information presented in Table I, it would appear that the dietary lipid

requirement of crustaceans does not exceed 12% of the dry weight of feed. Unlike fishes,

crustaceans cannot tolerate high levels of fat content in the diet. Based on the observations of

Foster and Beard (1973), Deshimaru and Kuroki (1974), Andrews et al. (1972), Sheen and

D'Abramo (1993) and Davis and Robinson (1986) high levels of lipid are usually associated

with significant retardation of growth and survival. Andrews et al. (1972) while studying the

lipid requirement of Penaeus setiferus stated that lipases activity of shrimps is very limited

and attributed this as the major reason for reduced growth rate in crustaceans fed with higher

lipid diets.

As per Table I, the quantitative dietary lipid requirement of shrimps and prawns ranges

from 3 to 12% of the dry weight. New (1976), Biddle (1977) and D'Abramo (1989) mentioned

that this variation in optimal level could mainly be due to the inter relationship between

different classes of lipids that influences requirement as well as the difference due to age and
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TABLE I

Lipid requirement of some commercially important species of crustaceans
with special reference to the source of lipid used

SPECIES LIPID SOURCE SUGGESTED REFERENCE I
OPTIMUMLEVEL

I
IN PERCENTAGE

Penaeus - 11.75 Mendoza(1982) I
monodon I10-11 Catacuttanand

Kanazawa (1985) ICod liver oil 12 Catacuttan (1991)

ICod liver oil and 8-12 Sheen and Chen
corn oil in 2:1 ratio (1992) I

Cod liver oil soybean I 6.5 I Briggs et al. Ioiland lecithin I
I

(1994)

ICod liver oil or cod n Chen (1986)0

I Iliver oil + soybean
oil or Soyabean oil

I
P jqponicus Cod liver oli and 6 Deshirnaru and

Isoybean oil in 1:1 Kuroki (1974)
ratio

I I I
Short necked clam oill 8

I
Kanazawa et al.

I(1979 a)
Pollack liver oil and 6 Deshimaru et al.

Icod liver oil in the (1979)
ratio 3:1 or 1:1

I

[Cant. J
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Pollack residual oil 5 IKayama.t al. I(1980)

I 6.5 ITeshima and I
I IKanazawa (1984) I

Pindicus I 10-12 Chandge (1987) I
Cod liver oil soybean oil I 10 Chandge and Raja Iand lecithin (1993)

I I I I
Cod liver oil prawn head I 6 IAli (1990) Ioil sardine oil and soybean
lecithin in 1:1:1:1 ratio

Psetiferus Beef thallow Menhaden oil 10 Andrews et al.
corn oil in 1:1:1 proportion (1972)

3.9 Ooken and
Lawerence (1987)

Palaemon Corn oil and cod liver oil > 7.5 Foster and Beard
serratus (1973)

Penaeus Beef thallow or linseed oil 10 Sick and Andrews
dourarum (1973)

Pmerguiensis Cod liver oil 7 IAquacop (1978)

Pvannamei 8.9 Ooken andLawerence
(1987)

Macrobrachium Shrimp head oil 3 Joseph and William
rosenbergii (1975) Sandifer and

Joseph (1976)

I
> 10 Biddle et al. I(1977)

I
[Cant. ......... J
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Macrobrachium Cod liver oil, corn oil >10 I ~iltnn e>t al (1 ORA\

1rosenbergii and lecithin
I '''''~, ~. ,.\ V~~I

Cod liver oil com oil in >8 Sheen and D'Abramo I
2:1 ratio (1991)

Homarus ICod liver oil 5 ICastell and Covey I
americanus 1(1976) I

8 Tridle and Castell I(1980)

Tuna oil, corn oil 6 D'Abramo et al. I
and cod liver oil (1980)

I
Procambarus Manhaden oil 6 Davis and Robinson Iacutus acutus (1986)I . I
Astacus astacus 7 IAckefors et al. (1992) I
Carcinus maenas Cod liver oil and 7.4-11.1 IPonal and Adelung I

cholestron (1983)

i I
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species.

In the case of penaeid shrimps optimum lipid content in the diet required for growth and

survivial is between 3.9 and 12% (Table 1). While reviewing the nutritional requirements of

shrimps Foster (1976), New (1976), Biddle (1977) and D'Abramo (1989) observed that penaeid

shrimps do not require higher levels of fat and suggested that optimum level may fall between

5 and 10% in various species. Even in the same species wide fluctuations are noticed with

respect to the optimum level. Sheen and Chen (1992) proposed that this variation in absolute

level of dietary lipid noticed in these studies could be due to the differences in the amount and

quality of dietary protein employed, the differences in lipid sources used, and also on the stage

of the experimental animals. Besides this, New (1976) has pointed out that the variations in

the experimental procedures followed, including the non-standardized way of expressing the

proximate composition in the nutrition studies has limited the value of published information

for comparison.

Penaeid shrimps like Penaeus japonicus and P. monodon which are carnivorous in

feeding habit (Deshimaru and Yone 1978) reqUire higher fat content when compared to other

species. Based on the available literature dietary lipid requirement of Penaeus monodon lies

in between 6 and 12%. Mendoza 1982 found that a diet containing 11.7% lipid gave maximum

growth and feed efficiency for Penaeus monodon juveniles. Cutacuttan and Kanazawa (1985)

showed best growth with lipid source rich in highly unsaturated fatty acid of n-3 series using

semi purified diets containing 10 to 11% of lipid. Irrespective of sources ,juvenile Penaeus

monodon did not show differences in growth among dietary treatment incorporated with 8%

codliver oil, 4% each of codliver and soyabean oil, or 8% soyabean oil alone (Chen 1986).

According to Sheen and Chen (1992) juvenile tiger shrimps do not have any absolute level of
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dietary lipid requirement and the optimal amount varies according to the protein level,

available dietary energy and satisfaction of specific fatty acid requirements. On the other

hand, Briggs et al. (1994) recommended the optimum level as 6.5% for this species when

codliver oil and soyabean oil in 3: 1 proportion alongwith 3.5% of lecithin were used as the

source.

In Penaeusjaponicus/ another carnivoros species/the requirement of lipid lies around

the range of Penaeus monodon. Deshimaru and Kuroki(1974) found that lipid supplementation

to an extent of 6% in the casein-based purified diet produced significantly higher growth rate

than either 0 or 12% addition. In the same species Kanazawa et al. (1977 a ) obtained best

growth with 8% inclusion of short-necked clam oil and suggested that excess oil to an extent of

16% inhibited growth of the shrimp among the 3 levels (8, 12 & 16%) tested. Deshimaru et al.

(1979) assessed that 6% lipid content was appropriate for the growth of Penaeus japonicus

when pollock liver oil and soyabean oil mixed in 3:1 or 1:1 ratio was used as the source. Using

a purified diet with carragenin as a binder Teshima and Kanazawa (1984) had conducted a

series of experiments in this species and concluded that elevation of lipid levels from 6.5 to

16.5% did not improve growth or survival when the diet contained sufficient carbo hydrate. A

similar range of requirements (7%) was noticed in Penaeus merguensis by (AQUACOP, 1978).

Studies carried out in Penaeus indicus have demonstrated that larvae and post larvae

reqUire almost 10% lipid and advanced post larvae and juveniles need about 10 - 12% for

promoting maximum growth, food and protein conversion and protein retention (Chandge,

1987). This was further confirmed by Chandge and Raja (1993) in another study using cocIliver

oil and soyabean oil combination with lecithin. In contrast to this, Ali (1990) reported that

Penaeus indicus needs only 6% lipid in the purified diet, when cod liver oil, prawn head oil,
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sardine oil and soyabean oil vvere used in equal proportion. Optimum lipid content for Penpaeus

setiferus was 3.9% according to Oaken and Lawrence (1987).

Higher levels of lipid was found to supress growth and survival rate in many species of

shrimps like Penaeus setiferus (Andrews et a/1972), Pa/aemon serratus (Foster and Beard,

1973) and Penaeus duorarum (Sick and Andrews, 1973).

Addition of 10% supplemented lipid consisting of equal parts of beef thallow,

menhaden oil and corn oil to the diet of Penaeus setiferus had adverse effect on growth and

survival (Andrews et a/., 1972), Foster and Beard (1973) found depression in growth when 15%

of cod liver oil or corn oil was supplemented in the diet of Pa/aemon serratus; whereas Sick

and Andrews (1973) noticed high mortality and reduced growth with 10% corn oil incorporated

diet in Penaeus duorarum.

Unlike penaeid shrimps, the lipid requirement of freshwater prawn, Macrobrachium

rosenbergii is comparatively low. Earlier investigations of Joseph and William (1975) and

Sandifer and Joseph (1976) reveals that the lipid requirement of post larval prawn can be

satisfied by supplementing the diets [either a commercial shrimp feed or semi purified diet] with

3% shrimp head oil. Recently, Sheen and D'Abramo (1991) while studying the response of

juvenile freshwater prawn, Macrobrachium rosenbergii, to different levels of lipid in the diet

observed significant reduction in weight when 10-12% was included. However, they

recommended the optimum level of 8% with cod liver oil and corn oil in 2: 1 ratio. Biddle (1977)

and Hilton et a/.(1984)also indicated that the total lipid content in the diet of Macrobrachium

rosenbergii should not exceed 10%.
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like in the case of shrimps and prawns, dietary lipid constitutes an essential nutrient of

other groups of crustaceans as \/\Iell. Requirement of lipids has been clearly demonstrated in

several groups like lobsters, crayfish and crabs. Based on the feeding experiments with adult

lobster Homarus americanus Castell and Covey (1976) reported superior growth rate at 5%

lipid content; while D'Abramo et al. (1980) reported that inclusion of various oils at 6% of dry

\/\Ieight in the purified diet prodUced maximum growth in the same species of lobster.

In the case of Procambarus acutus actutus a cray fish, Davis and Robinson (1986)

reported that 6% of lipid was the optimum level. Ackefors et al. (1992) observed that Astacus

astacus requires 7% of lipid. In both these studies, growth rate and survival rate were

considerably lower when higher percentage oil lipid was added to the feed.

Very little information is available concerning the lipid nutrition of crabs. Ponot and

Adelung (1983) in their attempt to establish an optimal diet for crab Carcinus maenas found

that 7.4 - 11.1% of lipid is essential for this species and reported that too high concentration

slightly reduces the growth and survival.

Based on the information presented above it is obvious that the total lipid content of

the diet for crustaceans should not exceed more than 10%. A critical need exists for further

lipid nutrition research to define the energy reqUirement of lobsters, cray fish and crabs. In

addition, emphasis must be placed on the differential needs of shrimps and prawns at various

stages of growth and development.

2.2 Lipid classes required for crustaceans
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Lipid groups which are important in the nutrition of crustaceans include fatty acids,

phospholipids and cholesteroL In the following section a brief review of some important

metabolic functions and the requirements of these lipid classes are given.

2.2.1 Fatty acids

The principal component of most lipids is fatty acids and are considered to be the

bUilding block component of all classess of lipids in animals. They occur in very large amount

in different forms and only traces are present in the free form. About 100 different kinds of fatty

acids have been isolated from various lipids of animals and plants (Paulraj, 1987). Basically,

fatty acids are of two types, saturated and unsaturated ones. Crustacean lipids have both

saturated and unsaturated fatty acids particularly a greater concentration of unsaturated ones

belonging to ua series. (Gopakumar and Nair, 1975; KrzynO\Nek et al.) 1982). Castell (1982)

grouped fatty acids in crustaceans into three categories viz., fatty acids synthesised in the body

de novo from acetate, unusual fatty acids unique to crustaceans, and fatty acids which are not

synthesised in the body, but are very essential for growth, survival and other physiological

functions. Among the three, the most important one is the third category called as essential

fatty acids (EFA), which are mainly derived from diet to meet the requirements.

2.2.1.1 Fatty acid synthesis in crustaceans

Crustaceans are known to synthesis certain groups of fatty acids de novo in their body.

Clear indication for the bio-synthesis of saturated monoenoic fatty acids such as palmetic

(16:0), palmetioleic (16:1), steric (18:0), and oleic acids (18:1 w1) from the precursor acetate

has been evident from the radio tracer experiments in many species of shrimps like
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Penaeus japonicus (Kanazawa and Teshima, 1977), Penaeus monodon and Penaeus

merguensis (Kanazawa et a/., 1979 d). The same pathway of synthesis of fatty acids from

acetate has been found to exist in other crustaceans also like the freshwater cray fish, Astacus

astacus (Zandee, 1966) and the lobster, Homarus gammarus (Zandee, 1967). Kanazawa et

at. (1979 a) and Jones et at. (1979) also indicated the formation of corresPonding monoenoic

fatty acids from C14 palmetic and steric acids in the prawn; Penaeusjaponicus. However, the

ability for the synthesis of long chain fatty acids with double bond is absent or very limited in

crustaceans (Kanazawa and Teshima, 1977 ; Kanazawa et a/., 1979 a, c; Jones et a/ .,

1979; D'Abramo et a/., 1980; Reigh and Stickney, 1989; D'Abramo and Sheen, 1993; Kanazawa

and Koshio, 1993). Further more, Teshima et a/.(1992a) examined the ability for bioconversion

of 18:3n-3 to other fatty acids, specifically highly unsaturated HUFAS like eicosapentaenoic

acids (EPA) and docosahexaenoic acids (DHA) by crustaceans. It was found that Penaeus

japonicus, Penaeus chinensis, Macrobrachium rosenbergii and Pa/aemon paucidens had only

limited ability for bioconversion of 18:3n-3 to 20:5n-3 and 22:6n-3 (EPA and DHA) fatty acids.

They noticed that among the species compared Penaeus japonicus larvae had a greater

ability to convert 18:3n-3 to other n-3 HUFAS than juveniles suggesting a possible change in

fatty acid metabolism before and after metomorphosis. A similar phenomenon was noticed

in brine shrimp Artemia salina by Kayama et at. (1963). Analysis of fatty acid profiles in the

tissue of white shrimp Penaeus setiferus, brown shrimp Penaeus aztecus and pink shrimp

Penaeus duorarum by Bottino et at. (1980) and Penaeus indicus by Read (1981) also

indicated that these species possess only limited capacity to bioconvert C18 PUFA to C>20

PUFAS. The turnover of dietary EPA and DHA to other fatty acids are also very limited in

penaeid shrimps and the lobster, Panulirus japonicus (Teshima et a/., 1992, a,b; Kanzawa

and Koshio, 1993). These findings supports a need for supplementing fatty acid in the diet of

crustaceans to enable them to grow well.
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2.2.1.2 Fatty acid requirement in crustaceans

Table II, depicts the picture of essential fatty acid requirement of crustaceans.

Polyunsaturated fatty acid (PUFA) belonging to linolenic n-3 and linoleic n-6 families (18:2n-6,

18:3n-3, 20:5n-3 and 22:6n-3) have been recognized as the most indispensible EFA supporting

normal growth and survival in all groups of crustaceans (Kanazawa 1985; D'Abramo 1989;

D'Abramo and Sheen 1993; Kanazawa and Koshio 1993).

Requirement of fatty acid in crustaceans depends on different factors. According to

Castell (1982) these factors include, de novo synthetic ability of each lipid class, ability of the

organism to alter fatty acids, dietary lipid composition as \Yell as seasonal variation brought

about by changes in environmental factors like temperature and salinity, and changes in the

organism such as growth, reproduction, moulting stages etc. Reliable information regarding

the EFA requirement of crustaceans especially shrimps and prawns is available from the

feeding experiments conducted in the past few decades with semipurified or purified diets

using saturated and unsaturated fatty acids.

In penaeid shrimp several authors reported that the growth has been enhanced through

the dietary addition of 18:3n-3 or 18:2n-6 fatty acids (Shewbart and Miels, 1973; Guray et al.,

1976; Colvin, 1976; Kanazawa et al., 1977 b; 1979, b;c; Kayama et al., 1980; Martin, 1980;

Read, 1981; Chandge 1987; Xu et al., 1993 a;b; 1994). Penaeus japonicus is the species in

which Kanazawa et al. (1977 a,b, 1978, 1979 a,c and d) have carried out extensive work on

lipid and fatty acid requirements. In this species optimum \Yeight gain was attained when the

diet was supplemented with 1% each of linoleic and linolenic acid (Kanazawa et aI., 1977 b,
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SPECIES SUGGESTED EFA REQUIREMENT

Penaeus monodon 0.6 - 1.6% Of PUFA

Penaeus japonicus

PUFA particularly 20:5 w-3

and 22:6 ro-3

ro-3 PUFA such as EPA
and DHA

w3 PUFA or Fish oil rich

in 20:5 ro-3 fatty acid

20: 5 to3 and 22: 6 to-3 more

essential than 18: 2 to3 or 18: 3 ro-3

1% of 18: 2to3 and 18: 3ro-3

18: 3n-3 produced better growth
than 18: 2n6

Microencapsuiated diet provided
with 3 series of PUFA such as
20: 5n-3, 22: 6n-3 and 21: 4n-6
recorded high growth and survival

1% of 18: 2w6 or 18: 3w3, more
effective is1 % of either 20:
5w3 or 22: 6w3

Both linoleic and linolinic acid are
essential linoleic acid inferior to
linolenic

REFERENCE I
Chen (1986) IM"!amena
and Quinitio I
(1985)

I
Liao and Liu
(1989)

Kontara (1986)

Kontara and
Nardjana(1992)
Rees et al.
(1994)

Kanazawa et al.

(1977a)

Kanazawa et at.
(1977b)

Guray et al.
(1976)

Jones et ai.
(1979)

Kanazawa et al. I
(1979b) IKayama et al.
(1980) I
Kanazawa I(1979d)

I
I

[ConL .. .J
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Penaeus indicus Linoleic and lenolenic acid in the ratio Colvin (1976)
1:1 is essential

18: 3n-3. 18: 2n-6 with 20: 5n-3 and Read (1981)
22: 6n-3 gave superior growth

Diet containing a mixture of fatty acid Chandge (1987)

Isuch as 18: 2ltr6. 18: 3w-3. 20: 5 w3

and 22: 6lo-3 are essential for growth

Isurvival and metamorphosis

I
Penaeus aztecus 1% 18: 3n-3 I Shewbart and Miles \

(1973) I
Pa/aemon serratus Required both ltr6 and flJ-3 fatty Martin (1980) I

acid 18: 2 ltr6 and 18: 3 lo-3 in the Iratio 2:2 optimum

I I
20: 5w3 plus 22:6 to-3 fatty acid

Isuperior to 18 carbon PUFA

Penaeus vannamei I
I

ll'-3 HUFA enables faster growth I Yates etaf.(1987) I
higher survival and increased
stress resistance

Penaeus stylirostris 18: 3to-3 or 18: 6ltr6 Fenuecci (1981) I
I I

Penaeus chinensis 18: 3n-3, 20: 4n-6 and 22: 6n-3 Xu et a/. (1993a;b)

Ire essential for growth and (1994)
survival. But 1% of 22: 6n-3
along with 2% each of 16: 0
and 18: 1n-1 fatty acid recorded
better growth fatty acid value in
the diet 18: 2n-6 < 18: 3n-3 < I20: 4n-6 < 22: 6n-3

[Cont.. ..... ]



Macrobrachium
rosenbergii

Require 18: 2n-6 and 18: 3n-3
fatty acid in 15: 1 ratio 18: 3n-3
alone in the diet was found to
depress growth

High concentration of l'0-3: l'06
fatty acids, found beneficial

Both 18: 2n-6 and 18: 3n-3 are
best resuit was obtined with
18: 2n-6, 18: 3n-3 fatty acids in
18: 1 ratio

22: 6n-3 or 20: 4n-6 HUFA at
levels between 0.075% - 0.6%
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Reigh and Stickney
(1989)

Sandifer and Joseph
(1976)

Teshima et at. (1992)

D'Abramo and Sheen
(1993)

I

Ponat and Adelung

(1980)

Kanazawa and Koshio
(1993)

Castell and Convey

(1976) D'Abramo et ai.
(1980)

Homarus

americanus

Panulirus japonicus

Carcinus maenas

Enriched artemia with n-3 HUFA
improves growth survival and
metamorphosis rate and stress
resistance

Fish oil high in l'0-3 PUFA superior

to com oil rich in 18: 2 w6

EPA and DHA

18: 3 l'0-3 is preffered over

18: 2 loU

I
Devresse et at. (1990) I
Romdhane et at. (1994)

"\

I
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1979 a,b,d, Kayama, et al., 1980). In the other species like Penaeus aztecus (Shewbart and

Miles, 1973), Penaeus indicus (Colvin, 1976; Read, 1981; Chandge 1987), Palaemon serratus

(Martin, 1980) , Penaeus stylirostris (Fenucci, 1981) , Penaeus monodon (Millamena and

Quinitio, 1985), Penaeus vannamei (Yates et al., 1987), and Penaeus chinensis (Xu et al.,

1993 a,b) linoleic and linolenic acids have been found effective in accelerating growth and

survival.

Generally measured response of linolenic acid exceed that of linoleic acid. This was

evident from the works of Shewbart and Miles (1973), Guray et al. (1976), Kanazawa et al.

(1979 e) and Xu et al. (1993 b). Guray et al. (1976) and Kanazawa et al. (1979 e) proposed

that even though linoleic and linolenic acids are essential in the diet, the growth rate produced

by linoleic acid was inferior to that of linolenic acid in Penaeus japonicus when they are tested

separately using semipurified diets. Shewbart and Miles (1973) recorded a similar result in

Penaeus aztecus. Supporting these evidences Xu et al. (1993 a, b) indicated that the nutritive

value of dietary n3 and n6 fatty acids in Penaeus chinensis increases in the order of 18:2n-6

< 18:3n-3< 20:4n-6< 22:6n-3.

In contrast to these observations in marine penaeid shrimps, the fresh water prawn

Macrobrachium rosenbergii showed preference to 18:2n-6 fatty acids over 18:3n-3 in satisfying

C18 PUFA requirements from the diet. Reigh and Stickney (1989) and Teshima et al. (1992 a)

noticed a higher ratio of a.6 fatty acids 15:1 and 18:1 respectively in the diet for good growth

rate.

Essential fatty acids of a.O and a.e series are found to produce faster growth rate and

improved survival in the American lobster, Homarus americanus, the spiny lobster Panulirus
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japonieus (Castell and Covey, 1976; O'Abramo et al., 1980; Kanazawa and Koshio, 1993) and

the crab, Carcinus maenas (ponat and Adelung, 1980).

Eventhough addition of fatty acids like 18:3n-3 and 18:2n-6 in the diet fulfills the EFA

requirement of crustaceans, several authors reported that the effect was inferior to that of long

chain, highly unsaturated fatty acids like EPA and OHA ( Kanazawa et al., 1977 a, 1978,1979

g;Jones et al., 1979; Read, 1981; Chandge, 1987; Xu et al., 1993 a,b, 1994; O'Abramo and

Sheen, 1993). Shrimps and prawns, although possess the ability to elongate and desaturase

dietary C18 fatty acids to HUFAS like EPA and OHA (Kanazawa and Teshima, 1977; Kanazawa,

et al., 1979 a,e) the capacity was not sufficient enough to meet the requirements (Kanazawa

et aI., 1979 f; Jones et al., 1979; Teshima et al., 1992 a; O'Abramo and Sheen, 1993).

Superiority of long chain fatty acids was very 'Hell demonstrated in many species of shrimps.

Jones et al. (1979) by feeding a microencapsulated diet provided with 3 series of PUFA

like 20:5n-3, 22:6n-3 and 20:4n-6 to Penaeusjaponieus larvae recorded superior performance

in terms of growth and survival than 18:3n-6 and 18:2n-6 fatty acids included diets. In the

same species Kanazawa et al., (1978,1979 f) and Kayama et al. (1980) also noticed that the

'Height gain resulting from the diet contaning 18:2lU'6 and 18:3ffr3 fatty acid (even at the

optimum levels) was 10000r compared to that from diet supplimented with EPA or OHA. Xu et

al. (1993 a,b,1994) in a series of experiments with Penaeus ehinensis got higher growth,

survival and moulting frequency by the inclusion of 10'Her level of EPA and OHA than 1% each

of linoleic and linolenic acids. He noted that the fatty acid value of EPA and OHA is higher to

that of linoleic and lenolenic acids. HO'Hever, Read (1981) found that supplementing 18:3n-3,

and 18:2n-6 fatty acids with dietary 20:5n-3 and 22:6n-3 gave better growth and survival than

low fat diet with these long chain n-3 HUFA alone. Studies conducted in shrimps such as

Penaeus indieus (Chandge, 1987), Palaemon serratus (Martin, 1980), Penaeus monodon
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(Millamena and Quinitio, 1985) and Penaeus vannamei (Yates et al., 1987) also showed that

long chain fatty acids are more beneficial than linoleic and linolenic acid. In Macrobrachium

rosenbergii a smilar obselVation was made by O'Abramo and Sheen (1993) who found that the

mean weight gain of the juvenile prawn fed a diet containing EPA and DHA was 30-50% higher

than the control group fed with 18:3n-3 or 18:2n-6. The suggested requirement level of these

fatty acids in the freshwater prawn ranges between 0.075 and 0.6%.

Fatty acid especially HUFA is very critical in the lalVal development stage of

crustaceans. Sarac et al. (1993) indicated that small prawns appeared to be more sensitive to

the differences in fatty acid levels of the diet. Feeding experiments of Liao and Liu (1989), Xu

et a/. (1993 a,b), Kontara (1986) Kontaraand Nardjana(1992) and Rees et a/. (1994) in Penaeus

monodon , and Devresse et a/. (1990) and Romdhane et al. (1994) in Macrobrachium rosenbrgii

reveal that the growth and sUlVival rate of the lalVae were very low when reared on artemia or

microbound diet with low a3 HUFA profile. Enrichment of artemia or the microbound diet was

found to produce good results. According to Sarac et a/. (1993) a decreasing tendency in food

intake was noticed when the diet was deficient in EFA and attributed that this was one of the

major reason for reduced growth and sUlVival rates. Chandge (1987) working with Penaeus

indicus reported that low EFA content not only lead to poor growth and sUlVival rate, but also

delayed lalVal metamorphosis and food conversion efficiency. In addition to this, Castell and

Covey (1976) found that EFA deficiency reduces blood cell number and serum protein level,

and lengthens the intermolt period in the lobster, Homarus americanus.

Research in nutritional requirements of brood stock have established essential fatty

acids as a key nutritional factor influencing ovarian maturation, spawning, egg production and

hatching and lalVal development in crustaceans (Primavera, 1985; Cahu et al., 1987; Xu et
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al., 1994). EFA in particular HUFA which are very essential to promote ovarian growth of

penaeids include, arachidonic acid AA (20:4n-6), EPA (20:5n-3) and DHA (22:6n-3) (Primavera,

1985). During the maturation process body lipid reserves specifically in the hepatopancreas

are transferred to the ovary (Van derhorst, 1973). Middleditch et al., (1979, 1980) demostrated

that Penaeus setiferus would not produce eggs unless the diet contained EPA and DHA and

implicated that these fatty acids are very essential for vitellogenesis. Besides this, arachidonic

acid (AA) act as precursor for prostaglandin synthesis which in turn influences the reproductive

organs and brings about necessary changes for the production of eggs and sperms (Middledetch

et al., 1979). EFA not only influences the maturation of ovary and egg production in penaeid

shrimps, but also is essential for the hatchability of egg and larval development. Alava et al.

(1993), Xu et al. (1994) and Cahu etal. (1994) have reported that the fecundity and hatchability

of the egg produced by the shrimps Penaeus japonicus, P. chinensis and P. vannamei fed with

a diet containing oils rich in aB HUFA was significantly greater than those of a control group

maintained on a feed prOVided with low HUFA content.

Findings of the experiments discussed above, point to the need of EFA rich in HUFA

for growth, survival, maturation, egg production, hatching and subsequent larval development

in crustaceans. EFA reqUirement of any crustacean will be the sum total of fatty acid needed

for synthesizing each important lipid class in various tissue and organs that makes the

organism. So the essential fatty acids should be supplied through the diet in adequate

quantities for the normal physiological functions of these organisms.
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2.2.2. Phospholipids

Phospholipids is another important category of lipids required by fishes and

crustaceans (Kanazawa, 1993).They are involved in several aspects of metabolism and

constitute the major share of lipids in the tissue and haemolymph of all decapod crustaceans

(Bliggs and Scott, 1966; Gopakumar and Nair, 1975; Teshima and Kanazawa, 1978 a; Clarke

and Wickins, 1980 and Chapelle, 1986; Gonzalez - Baro and Pollero, 1988). Recent research

has pointed out that phospholipid is an indispensible crustacean dietary factor essential for

growth, survival and reproduction. In many of the physiological functions of crustacea

phospholipids are very critical. Among these, the most important and unique function is the

emulsification, absorption and transportation of dietary lipids (Teshima and Kanazawa, 1979;

O'Abramo et al., 1982; 1985 a and Teshima et al., 1986 b). Since the crustaceans have an

open vessel system, (Teshima and Kanazawa, 1979) absorption and interorgan transport of

nutrients including lipids is persumed to be operated through the body fluid (haemolymph)

associated with phospholipids of high density lipoprotein complex (Teshima and Kanazawa,

1980). Besides this, retention of lipids like cholesterol and triglycerides (TG) in the body is also

the function of phospholipid (O'Abramo, et al., 1982, 1985 b; Teshima et al., 1986 b).

Regarding the fact that crustaceans are incapable of synthesizing cholesterol (Zandee, 1966,

1967; Teshima and Kanazawa, 1971a; Teshima, 1982; and O'Abramo et al., 1984) the PL

transport mechanism is thought to have a substantial influence in the epidermal membrane

synthesis and moulting, by limiting cholesterol, the precursor of moulting hormone (New, 1976;

Conklin, 1985; Lanchaise et al., 1993; and Sheen et al., 1994).

Another aspect of crustacean metabolism in which the PL are suppossed to have a

greater influence is the reproductive physiology (Middleditch et al., 1980; Teshima and
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Kanazawa, 1983; Bray et a/., 1990). Successful gonadal development and spawning take

place only when the tissue phospholipids are present in adequate quantity (Teshima et a/.,1988b)

or when fed with Pl supplemented diet (Millamena, 1989; Cahu et a/., 1994 and Alava et a/.,

1993). It is implicated that Pl act as a lipid moiety in the synthesis of vitellogenin, a lipoprotein

constituting the yolk during the process of ovarian maturation (Meusy, 1980).

Generally, crustaceans can sy$nthesis phospholipids via the same pathway as those in

mammals (Shiek, 1969). In spite of this, it is found that an exogenous source of PL is very

essential for sustaining growth and survival for many groups including penaeid shrimps and

homarid lobsters (Kanazawa et a/., 1979a, 1982a; Conklin et a/., 1980; Teshima et a/., 1986a;

Baum et a/., 1990; Camara et a/., 1993, Kanazawa and Koshio, 1993 and Briggs et a/., 1994).

The synthetic ability of Pl is thought to proceed at a slow rate (0'Abramo et a/., 1981;

Kanazawa et a/., 1985) and it is persumed that the requirement of Pl for membrane building

and renewal is very high during the faster growing, early developmental stages (Geurden et aI.,

1995). Hence the requirement exceeds the endogenous synthetic capacity.

In addition to this, in crustacea Pl is essential for several adaptive mechanisms brought

about by the changes in environmental conditions like temperature (Cossino, 1976; Chapelle,

1978; Chapelle et a/., 1979; Farkas and Nevinzel, 1981) and Salinity (Pe'queux and Gillies,

1981; Pe'queux and Chappelle, 1982). Above all it acts as a crtical constituent in maintaining

the structure and physiological integrity of cellular membranes (O'Conner and Gilbert, 1968;

Gilbert and O'Conner, 1970; Chang and O'Corner, 1983).

As far as the nutritional aspect of Pl is concerned, apart from growth promotion; the
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phospholipid inclusion in the pelletized feed have the unique property of reducing the rapid

leaching of water soluble nutrients and thereby increasing the available level of essential nutri­

ents in the feed (Conklin, 1985; Chen and Jenn, 1992).

In view of this slow biosynthetic rate and its importance in the physiological functions

like lipid absorption and transportation, adaptation mechanisms, growth, survival and

reproduction, as well as being the critical constituent of cellular membranes, much work has

been carried out concerning the PL nutrition, its content, composition and functions in

crustaceans. In the following sections a brief description of various aspects of metabolism of

phospholipids and its nutritional importance is highlighted.

2.2.2.1 Phospholipid biosynthesis in crustaceans

The biosynthetic pathway leading to the formation of phospholipids in crustaceans was

studied using radioactive labelling techniques of PL precursors like phosphorus, fatty acids,

glycerol and specific isotopes like choline, ethanolamine, serine, inositol, etc. (Chapelle, 1986).

The ability of crustacean to synthesis PL was first pointed out by Shiek (1969) who showed that

the lobster Homarus americanus was able to synthesis phospholipids from 32P-disodium

phosphate. But he did not explain the possible pathway of PL formation. The principle route of

PL biosynthesis in crustaceans was described by Chapelle et al. (1976; 1977) and Brichon et al.

(1980) in crabs Eriocher sinensis and Carcinus maenas. According to them PL synthesis in

these organisms takes place similar to that of mammals and composed of two main routes. As

a first step, phosphotidic acid (PA) is formed from phosphorus, glycerol and fatty acids which

is then converted to 1,2 diglyceride and CDP-diglyceride. Both these, 1,2-diglyceride and CDP­

diglyceride lead to the formation of phosphatidylcholine (PL) and phosphatidylethanolamine
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(PE) whereas phosphatidylinositol (PI) is formed by another pathway from COP digliceride

only.

Since a significant part of the PL molecules is composed of fatty acids, the study of

fatty acids incorporation in the phospholipids is more appropriate to trace the biosynthesis of

this molecule (Chapelle, 1986). Most of the vvorks concerning this have been made using

acetate as the radio tracer, because fatty acids are believed to be synthesised from acetate the

basic precurssor (Kanazawa and Teshima, 1977; Kanazawa et al.,1979b). O'Conner and

Gilbert (1968, 1969) have demonstrated 14C-1 acetate uptake by PL in crayfish o.virils and

crab G.lateralis. In Homarus americanus Shiek (1969) observed the incorporation of 14-C-1

acetate and other longer chain fatty acids. Similarly Whitney (1974) and Farkas and Nevenzel

(1981) found that extracts of phospholipids from the hepatopancreas and gills of crab Callinectes

sapidus,Libnia emerginatus and crayfish Pclarki are labelled from acetate. In contrast to this,

Allen(1972) and Morris and Sargent (1973) indicated low radioactivity in total PL when analysed

after feeding or directly injecting the C14 palmetic acid. Regarding the incorporation of

unsaturated and long chain PUFA into crustacean phospholipids only sporadic information is

available. Kanazawa et al. (1979 g) pointed out that 1-C14 linolenic acid is converted to 20:5 ua

and 22:6 ua fatty acids and moderately incorporated into PL of the shrimp Penaeus japonicus.

In crab Carcinus maenas, Chapelle et al. (1985) also found C14 linolenic acids in the

phosphatidylinositol (PI) among the PL fraction.

Another component which consitute PL is glycerol. Studies conducted using 14C or

3H-glycerol demonstrated the uptake of glycerol into PL. O'Connor and Gilbert(1969)

proposed that the major portion of the label from glycerol appears in phospholipids and

suggested a possible formation of PL from glycerol. A similar uptake of glycerol at the levels of
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PC and PE in intact lobster Homarus americanus was reported by Shiek (1969). In addition to

this there are evidences supporting that crustacean ovary is capable of synthesizing PC and

PE from labelled 3H-glycerol (Lui et al., 1974).

Studies using specific precursors like choline, inositol, ethanolomine etc. precisely

explains the pathway of synthesis of various phospholipids. Utilization of methyl 14-C-coline

for PC formation was first demonstrated in the crab Cancer magister and lobster Homarus

americanus by Bilinski (1962) Shiek (1969) also shovved the incorporation of methyl 14C­

choline and methyl 14C phosphorylcholine into PC of lobster H. americanus. However, the

altemative pathways for the synthesis of PC and PE in crustaceans was described by Brichon,

et al. (1980) and Chapelle et al. (1981, 1982). According to their studies the main phosphotide

PC and PE are synthesized directly from 14C-choline and 3H-elthanolamine bases

respectively. Chapelle et al. (1982) while studying the synthetic pathway of PL observed

significant incorporation of 3H-ethanolamine into PC from hepatopancreas of Carcinus maenus

and suggested that via N-methylation process PE got converted into PC in this organism.

Evidence for the conversion of PS to PC via PE was also reported in other crab species.

Chapelle and Zwingelsten (1984) who experimented with radio active serine concluded that PS

synthesised from labelled serine in the hepatopancreas of crab, Eriocheir sinensis, gets

transformed into PE by decarboxylation process first and finally to PC by N-methylation

pathway. On the contrary, sphingomyelin (SP) is formed directly from phosphorus, fatty acid,

serine and choline (Chapelle, 1986).

The literature cited above indicates that PL formation in crustacea requires

phosphatidic acid (PA) as an essential precursor of glycerophospholipids and two principal

routes of synthesis of phsopholipids exist from PA; a pathway synthesizing PI via CDP-diglyceride
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and a direct route forming PC and PE from 1,2 diglyceride and COP bases while, SP formation

takes place with the addition of serine and choline to PA.

2.2.2.2. Nutritive aspect of phospholipids

Dietary phospholipid plays a critical role in crustacean nutrition. It is essential for

growth, survival, absorption and transport of dietary lipids, reproduction and enzymatic activity,

and is supposed to involve in many other metabolic functions as well.

2.2.2.2.1 Phospholipid reqUirement for growth and survival

Recent studies in crustacean nutrition have pointed out phospholipids as a most

, important dietary factor for sustaining growth and survival, specifically during the early stages

(D'Abramo, 1989; Wang et al., 1992; Kanazawa, 1993; Teshima, et al., 1993; Camera et al.,

1993; Tackaert et al., 1991 a,b; Kanazawa and Koshio, 1993). The study which shed light on

phospholipid requirement of crustacean was that of Kanazawa et al. (1977 a) in which they

noticed that the weight gain of Penaeus japonicus was higher when reared on a diet

supplemented with short necked clam lipid rich in PL (more than 65% of total lipid). To clarify

this Kanazawa et al. (1979a) isolated and purified the phospholipid fraction from short necked

clam and included in the diet at a level of 1% alongwith 7% of pollack liver oil. Following this,

several studies were initiated and demonstrated that dietary source of PL is very essential for

normal growth and survival of crustaceans like lobsters (Boghen and Castell, 1980; Conklin et

al., 1980; D'Abramo et al., 1980; Tridel and Castell, 1980; Kanazawa and Koshio, 1993) and

penaeid shrimps (Kanazawa, 1982; Pascual, 1985, 1986; Chen,1993; Kompiang,1992;

Camera et al., 1993; Briggs et al., 1994; Chandge and Raja, 1993, 1995).
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SPECIES REQUIREMENT REFERENCE

Penaeus japonicus 1% purified Tapes lecithin or Kanazawa et al.
soyabean lecithin (1979a) Kanazawa

(1982)

6% soyabean PC Kanazawa et al. (1985)

3% soyabean lecithin Teshima et al. (1986a)

3% soyabean PC and PI Teshima et al. (1986d)

1.5% purified PC Camara et al. (1993)

>2%PC Tackaert et al. (1991b)

Penaeus monodon 0-2% soylecithin Pascual (1985; 1986)

Soylecithin Meyers (1989)

1.25% PC of 80% purity Chen (1993)

1% phospholipid Kompiang (1992)

3% soylecithin Briggs et al. (1994)

Penaeus chinesis Level not mentioned Zhou and Wang (1992)

1-2% soylecithin containing Kanazawa (1993)
PC and PI

[Contd ]
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Penaeus indicus 1.5% soylecithin 2% Ali (1990)
soylecithin

2% soylecithin Chandge and Raj
(1995)

Penaeus penici/latus < 1.25% PC Chen and Jenn, (1991)

Macrobrachium > 0.5% Briggs et al. (1988)
rosenbergii Hilton et al. (1984)

0-2% Koshio et al. (1992)

Homarus americanus 4% lecithin Boghen and Castell
(1980)

4-6% Tridel and Castell
(1980)

8% Conklin et al. (1980)

Bowser and Rosemark
(1980)

8% prurified lecithin Baum et al. (1990)
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Table III represents the requirement of phospholipid in the diet of penaeid shrimps,

freshwater prawn and lobster. The data suggest that precise requirement of PL is yet to be

established in these species of crustaceans. Among the species mentioned in the Table, the

requirement fluctuates between 0 and 8% of the dry weight of the feed. In the same species

itself wide differences are noticed; for instance in P japonicus larvae Kanazawa et al. (1985)

observed that 6% soybean PC was essential for growth and survival whereas, Teshema et al.

(1986 c) reported 3% soyabean PC and PI combination can satisfy the requirement. Tackaert

et al. (1991 a) attributed this disparity to the unspecified composition and purity of the

phospholipid source used for the experiments. In many of the feeding trials phospholipids of

unspecified composition such as crude lecithin had been used for estimating the requirement

(Conklin et al., 1980; Tridel and Castell, 1980; Bowser and Rosemark, 1980; Kanazawa et al.,

1985; Pascual, 1985,1986; Teshima et al., 1986 c; Meyers, 1989 ;Zhou and Wang, 1992) .

Besides this,D'Abramo (1989), Tackaert et al. (1991 a) and Camara et al. (1993) proposed that

the requirement of phospholipid decreases with increasing age of the prawns. This may be the

reason why Teshima et al. (1986 c) reported 3% of purified PC and PI for larval Pjaponicus and

1.5% soylecithin for postlarvae reported by Kanazawa et al. (1982 a). In addition to this D'Abramo

(1989) while reviewing lipid requirement of shrimps suggested a species specific requirement

of various lipid classes. As a result, based on the available literature it is very difficult to draw

a general conclusion regarding the optimal level of phospholipid needed in the diet .

In spite of this, it has been found that availability of phospholipids from the feed is very

critical during the larval stages of penaeid shrimps (Teshima et al., 1982 ; Kanazawa, 1983;

Kanazawa et al., 1985; Teshima, 1986 c).

Teshima et al. (1982) by using a microparticulated diet containing carragenin as a
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binder noticed that phospholipids in the diet is indispensible for growth and survival of larval

Pjaponicus. Deficiency of dietary PL caused 100% mortality of the larvae prior to the

metamorphosis from zoea 1 to zoea 2 (Kanazawa et al., 1985;Teshima et al., 1986 c). For

Pjaponicus larvae best growth and survival rate was reported when 6% soyabean phosphati­

dylcholine was added to the diet (Kanazawa et al., 1985); whereas Teshima et al. (1986c)

stated that 3% PC and PI was the appropriate level of PL for efficient growth and maximum

survival. In the case of the juvenile and postlarval shrimps 3% is the optimum level if the

source was commercial grade soylecithin (Teshima et al. 1986 a) and only 1-1.5% was

sufficient if the PL source was highly purified PC (Tackaert et al., 1991 b; Camara et aI., 1993).

Pascual (1985, 1986) stated that P.monodon showed increased growth and feeding efficiency

when lecithin level in the diet was increased from 0 to 2%. The absence of PL in the feed

resulted in the poorest performance in growth of Pmonodon and addition of soylecithin or

purified phospholipid at the rate of 1-3% improved growth and feeding efficiency (Kompiang,

1992; Briggs et al., 1994). Other penaeid shrimps such as Pchinensis (Zhou and Wang, 1992;

Kanazawa, 1993), Ppenicillatus (Chen and Jenn, 1991) and Pindicus (Ali, 1990; Chandge and

Raj, 1993, 1995) generally require 1-2% PL for supporting optimum growth and survival.

Freshwater prawn Macrobrachium rosenbergii requires only very less quantity of PL in

the diet, probably less than 0.1 %. Though Hilton, et al. (1984) noticed no additional benefits for

the supplementation of soylecithin in the diet, a trend towards enhancement of growth rate was

observed by Briggs et al. (1988) when the lecithin content was increased from 0-5%. Koshio et

al. (1992) while evaluating the effect of protein source and rearing method stated that inclusion

of 0-2% of soybean lecithin showed no significant effect on communally reared prawns having

800mg size, but influence was noticed in individually reared early post larvae of 50mg size.

The finding indicates that in M.rosenbergii phospholipids are essential only during the early
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phase of growth. In support of this statement a decreasing tendency of PL requirement with

aging of shrimp was reported in Penaeus japonicus by Camara et a/.(1993) when they vvere

reared in two successive phases of 18 and 26 days.

Most of the works concerning the PL requirement of freshwater prawns are conducted

in aged postlarvae and juveniles. In the present study two week old postlarvae vvere selected as

the experimental animals in order to see whether phospholipids are required during the early

growth periods.

Among the various classes of phospholipids, phosphatidycholine PC is the most es­

sential one from the nutritional point of view in crustaceans (Sargent, 1976). Kanazawa, et al.

(1985) opined that the efficiency of phospholipids in promoting growth and survival varies with

the kind and source of PL. They found that bonito egg PC, soybean PC and PI had high

efficiency than chicken egg PC for Pjaponicus. This was further confirmed by Teshima et a/.

(1986c) in the same species. Recently Camara et a/. (1993) also obtained similar results. In

this experiment it was concluded that prufied egg PC or soy PC at a rate of 1.5% is equally

effective to 6.5% soy lecithin. Commercial grade soyabean lecithin is composed of

approximately 30% PE, 23% PC, 18% PI and other components (Chen and Jenn, 1991).

According to Kanazawa et a/. (1985) the growth promoting components in 40% pure soylecithin

is 23% PC + 18% PI. Purified PC thus should be more than twice as effective as crude

soylecithin in acclerating growth. Due to the non availability and the cost of purified phospho­

lipids most of the data published so far used low purity phospholipid source. This inconsistency

of the PL quality is another factor which make the comparison betvveen different studies

difficult.
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Evidence suggesting the superiority of PL was demonstrated in several other species of shrimps.

While studying the combined effect of dietary PC and cholesterol in Penaeus penicillatus Chen

and Jenn (1991) stated that 1.25% of PC in the diet was sufficient to bring about good growth

rate. Chen (1993) and Kompiang (1992) observed better growth rate in P monodonat 1.25%

and 1% of purified PC and PI respectively in the diet. Experiments of Kanazaw (1993) and

Zhou and Wang(1992) with P chinensis and Tackaert et al. (1991b) with P japonicus also

showed that PC at lower concentration (>2%) seemed highly benificial than crude lecithin in

acclerating growth.

Investigations of Boghen and Castell (1980), Conklin et al. (1980), Tridel and Castell

(1980) and D'Abramo et al. (1981) indicated that phospholipids in the diet is critical and its

absence reduces growth and survival rate significantly in juvenile lobster Homarus americanus.

Conklin et al. (1980) and D'Abramo et al. (1981) found the survival rate of lobster was

remarkably improved by the addition of 8% soyabean lecithin to the diet. Tridel and Castell

(1980) showed increased survival and growth rate by the addition of 4-6% lecithin in a casien

based diet. Incidence of death like molt death syndrome was considerably brought down by

feeding lecithin supplemented diet to Homarjus americanus juveniles (Bowser and Rosemark,

1980). In contrast to this Kean et al. (1985) explained that the absence of dietary lecithin is not

exclusively related to low survival and growth retardation in this species when crab protein was

used instead of casein. Recently Baum et al. (1990) conclusively proved that inclusion of

lecithin to a level of 8% is a must for normal growth and survivial of American lobsters

irrespective of the protein source. Requirement of dietary source of PL similar to Homarus

americanus was demonstrated in spiny lobster Panulirusjaponicus also (Kanazawa and Koshio,

1993).
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Effect of PL on growth promotion and enhancement of survival in crustacean was due

to various reasons. Chandge (1987) proposed that addition of lecithin in the diet may provide,

choline, which act as a methyl donor, during trans-methylation reaction and thereby spare

sulphur containing amino acid, methionin for protein synthesis. Teshima, and Kanazawa (1979,

1980), Teshima et al. (1986a,b), O'Abramo et al. (1982, 1985 a) and Baum et al. (1990) attrib­

uted that the increment in growth and survival was due to the active utilization and absorption

of dietary lipids by the PL ; whereas Chen and Jenn (1992) proposed that water stability of feed

incorporated with PL is more compared to the control and suggested this increased water

stability of the feed as the major reason for the increased growth and survival rates.

2.2.2.2.2. Role of phospholipid in lipid absorption and transport mechanism.

Compared with the blood lipids of other animals, crustacean haemolymph lipid are

generally rich in phospholipid (Bliggs and Scott, 1966; Teshima and Kanazawa, 1978b).

Presence of this high concentration of phospholipids in the haemolymph paved the way to

understand the lipid absorption and transportation mechanism in crustaceans. To clarify the

role of PL in crustacean haemolymph several studies had been conducted in shrimp Pjaponicus

(Teshima and Kanazawa, 1979, 1980; Teshima et al., 1986b) and lobster, Homarus americanus

(O'Abramo et al., 1982, 1985 a) and Nephrops norvegicus (Oall, 1981). Radio tracer

experiment of Teshima and Kanazawa, (1979) showed that dietary free fatty acid, absorbed at

the hepatopancreas and hindgut are resynthesised into phsopholipid and released into the

haemolymph. On the other hand, in mammals dietary lipids which are mainly absorbed at the

intestine are resynthesised into tryglycerides TG and released as chylomicron rich in TG into

the lymph (Bliggs and Scott, 1966). Using the same labelling pattern Teshima and Kanazawa

(1980) further demonstrated that the dietary lipids are incorporated in to the phospholipids of
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lipoprotein complexes like HDL2 (High density lipoprotein 2), HDL3 (High density lipoprotein 3)

and VHDL (very high density lipoprotein) in P.japonicus and suggested that lipid transport

mechanism in crustacean are carried out by PL associated with high density lipoprotein. In

addition to this PL is involved in the retention and utilization of dietary lipids. Teshima et a/.

(1986 b,d ) while evaluating the dietary role of PL found that retention of neutral lipids like TG

and cholesterol was higher in the body of shrimps fed 3% soyabean lecithin than the group fed

with lecithin deficient diet. In American lobster Homarus americanus D'Abramo, et a/. (1982;

1985 a) reported that the absence of dietary source of PC restrict the movement of cholesterol

from hepatopancreas to the haemolymph and indicated that effective utilization of cholesterol

is a must for the survival of lobsters. A similar observation was made by Baum et a/. (1990)

and opined that impaired cholesterol movement may not be a casual factor for the mortality

of lobsters fed diets without lecithin.

On the basis of these observations it can be concluded that phospholipids are very

essential for the absorptioon, utilization and interorgan transport of dietary lipids which in turn

effect growth and survival of crustaceans.

2.2.2.2.3 Role of phospholipids in moulting and moult related abnormalities

According to the information prOVided by Kanazawa et a/. (1979 a) and Conklin et a/.

(1980) it is believed that phospholipids are a necessary dietary factor influencing the

exoskeleton formation in crustaceans. Many authors reported that phospholipids are essential

for successful moulting and to reduce the incidence of moult related abnormalities in

crustaceans. Bowser and Rosemark (1980) indicated that lack of lecithin in the diet can

considerably increase the moult associated mortalities in lobster Homarus americanus (Moult
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death syndrome). Wickins (1981) cited by and Brock (1983) have described an apparently

similar condition and designated as Exuvia entrapment disease (EEO) in shrimp Palaemon

serratus. According to Brock (1983) this symptom primarly occurs in the 11th larval stage or

early postlarval stages of Macrobrachium rosenbergii and the affected animals die during the

process of metamorphosis moult as a result of entraping the old exuvia or due to the deformity

in appendages occured at the time of moulting. Lecithin supplemented feeds were found

beneficial in reducing this abnormal mortality. Although the exact role of PL in these

exoskeletal abnormality was not clearly stated, the role of PL in the absorption utlization and

transportation of fat soluable nutrients especially cholesterol has been implicated as one of the

reasons for this phenomenon. (Teshima and Kanazawa, 1979, 1980 ; Teshima et al., 1986

b,d; O'Abramo et al., 1982, 1985). O'Abramo et al. (1982) and Teshima et al. (1986 b,d) have

shown that dietary phospholipid deficiency in homarid lobster and penaeid shrimp reduces the

availability of cholesterol in the haemolymph. Since crustaceans cannot synthes~'c-holesterol

(Teshima and Kanazawa, 1971 a; Teshima, 1982) the drop in haemolymph cholesterol is

believed to affect epidermal membrane synthesis indirectly by limiting the synthesis of moulting

hormone, ecdysteroid for which cholesterol is a precursor (O'Abramo et al., 1982). Mortality

asscociated with incomplete ecdysis in the crayfish Orconectes virillis was suggested to be the

result of an imbalance in moulting hormone and molt inhibiting hormone (Aiken, 1969). O'Abramo

et al. (1982) further explained that the absence of effective cholesterol transport mechanism

caused by the deficiency of PL in the diet may be reponsible for the moult death syndrome as

described by Bowser and Rosemark (1980) in Homarus americanus.

Later O'Abramo et al. (1985 a) in another stUdy opioned that since only a small amount

of ecdysteroids are associated with sucessful moulting the reduced amount of cholesterol does

not act as a limiting factor on the hormone precursor. However, Petriella (1990) observed that
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by increasing the cholesterol content of the diet moulting frequency can be increased in

Argentine Prawn Artemesia longinaris and she suggested that cholesterol is the starting

molecule for the synthesis of moulting hormone and its availability is critical for the moulting of

crustacean. Baum et al. (1990) also attributed that impairment in stored cholesterol movement

due to the deficiency of PL in the diet was the main reason for large scale mortality of 4 - 6

stage lobster, H.americanus.

As per the available literature it is not clear whether dietary PL play an active role in the

process of moulting in crustaceans. Considering the low biosynthetic ability of PL in the early

growth stages (Shiek, 1969) and involvement of PL in the cholesterol utilization (D'Abramo et

al., 1982; Teshima et al., 1986 b,d) the possibility of PL indirectly influencing the moulting in

crustacean cannot be ruled out.

2.2.2.2.4. Role of phospholipid in ovarian maturation

Lipids, in particular n3 fatty acids and phospholipids are the nutrients which are

supposed to have a very great influence on the reproductive performance and egg quality of

crustaceans (Middleditch et al., 1980; Teshima and Kanazawa, 1983; Bray et al., 1990).

Primavera (1985) while reviewing the maturation aspects of penaeid shrimps indicated the

importance of phospholipid in the ovarian maturation.

The gonadal development induced through eyestalk ablation occured only if tissue

reserves of PL was adequate in Pjaponicus (Teshima et al.) 1988b). Millamena (1989) and

Cahu et al. (1994) obtained complete gonadal development and spawning performance in

P monodon and P indicus when the diet supplemented with PL was fed to the animals. Through
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another feeding study Alava et a/. (1993) concluded that PJaponicus requires phospholipid for

ovarian growth and that PL is responsible for the increase in the ovarian lipid content.

Phospholipid not only influences ovarian growth and egg production but also is

essential for successful spawning and hatching of eggs. Chau et a/. (1994) suggested that a

concentration of2% PL in the diet is essential to increase spawning frequency and egg hatching

in P vannamei.

Phospholipids are essential for the formation of vitellogenin (Kanazawa, 1985).

Vitellogenin is a lipoprotein complex synthesised in the hepatopancreas and used by the

oocyte to constitute the yolk during ovarian development in crustaceans (Meussy, 1980). The

lipid moiety of this vitellogenin consist of phospholipids like PL and PI containing high levels of

PUFA has been stated by Kanazawa et a/. (1985). The incorporation of vitellogenin into the

oocytes was evident with the high rate of transference of lipid from hepatopancreas to ovary

during maturation process with TG and PC as the major class (Teshima et a/., 1988b; Alava, et

a/., 1993).

2.2.2.3. Adaptive role of phospholipids

Aquatic medium is described as dynamic in nature due to the wide fluctuation in

physico- chemical parameters like termperature, salinity, pH, etc. In order to cope up with the

changes in environmental conditions the organisms living in it possess certain ~daptive

mechanisms, and phospholipids are believed to playa very critical role in some of these

phenomena (Chappelle, 1986).
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Generally, it is stated that survival of crustaceans is a function of their ability to adapt

successfully to various external temperatures (Chapelle, 1986). According to the finding of

Farkas et al. (1984) membrane phospholipids are involved in these adaptive changes towards

environmental temperatures. Cossino (1976), Chapelle et al. (1979) and Chapelle (1986)

co-relate unsaturation of fatty acids present in the phospholipids of crayfish, Austropotamabrus

pallipes and crab Carcinus maenas to describe this phenomenon. They indicated that the

unsaturation of fattyacids in the muscle and gills phospholipids rises with the drop in

environmental temperature. Further, Farkas and Nevenzel (1981) found significant incorpora-

tion of 14C - acetate into long chain PUFAS of total phospholipids of Pclarki and explained that

degree of unsaturation of fatty acids in PL increases with decrease of temperature. These data

suggest that at lower environmental temperature the degree of unsaturation of fattyacids in the

PL increases and helps the membrane to maintain the proper physical properties.

Apart from this fatty acid mechanism, quantitative modification in different

phosphatides is noticed in crustaceans according to the changes in environmental

temperature. Chapelle et al. (1977, 1981) and Brichon et al. (1980) found that PC was the

more abundant PL in crab, Carcinus maenas adapted to higher temperature whereas PE

o
fraction contributed to greater percentage in animals adapted to lower temperature of 13 C.

Velocity of biosynthesis of certain PL is also affected by thermal stress. An increased

incorporation of 32P into PC and SP (Spihingomyelin) accompanied by a negligible label entry

into PE was noticed in warm acclimated crab Carcinus maenas (Chapelle et al., 1979).

Influence of thermal stress on the uptake of specific precursor like 34 - ethanolamine and 14 C

- choline into PE and PC was analysed by Chapelle et al. (1982). The result demonstrated that
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acclimation temperature does not affect ethanolamine incorporation into PE, while a rise in

choline uptake into PC was noticed with the rise in temperature in the crab, Eriocheir sinensis.

Beside this Chapelle et al. (1982) also reported that the stepwise methylation of PE to PC is

greater in crustaceans living at higher temperature. According to these observations it is seen

that in crustacea phospholipids are involved in maintaining the fluidity of cell membrane with

the changes in environmental temperature.

Unlike temperature, phospholipid concentration in the body is not significantly

modified by the salt concentration of the medium (Chapelle, 1986).

But the role of Pl in the biomembrane structure related to ion permeability and

enzymatic activity has been evident in crustaceans. In an euryhaline species of crab, Eriocheir

sinensis acclimated to a dilute medium Pe'queux and Chapelle (1982) and Pe'queux et al.

(1983) noticed variations in the level of Pl concentration in the branchiae, especially posterior,

compared to other tissues. Assuming that the posterior gills are responsible in Chinese crabs

for the control of ions haemolymph level in freshwater (P'equeux and Gilles, 1981) the changes

in Pl concentration in the branchiae are essentially involved in the regulation of ionic

movements with respect to the salinity of the media. Using 14 C - acetate a significant rise in

PE and PS biosynthesis in the gills of C.sapidus following dilution has been reported by Whitney

(1974). The incidence of increased biosynthesis of PS in the gills of crab Eriocheir sinensis and

Carcinus maenas was associated with high Na++ K+ATPase activity( an enzyme system

responsible for the transport of ion across the cellular membrane) and stablizes the internal

organisation of the body with respect to the salinity of the medium (P'eqeux and Gilles, 1981;

P'eqeux and Chapelle, 1982 and Chapelle and Zwingelstein, 1984).
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The data presented suggest that phospholipids especially PS are involved in

osmoregulatory function in crustacea during the fluctuation of environmental salinity.

2.2.3. Cholesterol and other sterol requirement

Like other arthropodes, crustaceans are unable to synthesis sterols de novo from

precursors like acetate and mevalonate (Zandee, 1966, 1967; Teshima and Kanazawa, 1971a;

Douglas etal., 1981; Teshima, 1982; D'Abramo etal., 1984). Therefore sterol is considered to

be an essential nutrient supplied through the feed for the growth and survival of crustaceans.

From the nutritional point of view among the sterols, the most important one is cholesterol

since it is belived to be involved in many metabolic functions (Paulraj, 1987) and acts as a

starting molecule for the synthesis of number of compounds like hormones and vitamins

(Sheen et al., 1994).

Acording to D'Abramo et al. (1984) crustaceans derive cholesterol either directly from

the diet or via the metabolic conversion of other sterols present in the diet. Brine shrimp,

Artemia salina (Teshima and Kanazawa, 1971a,b), penaeid shrimp, Penaeusjaponicus (Teshima

and Kanazawa, 1973) and the crab Portunus tritubercularis have been shown to possess this

conversion ability. In spite of this, experiments of Teshima et al. (1983, 1989) and Teshima and

Kanazawa (1986, 1987) to evaluate the nutritive value of different sterols reveal that

cholesterol is superior to others in larval and postlarval development.

One of the important functions of cholesterol in crustacean is that it act as a precursor

for various physiologically important compounds like sex hormones, moulting hormone,adrenal

croticosteroids, bile acids and vitamins (New, 1976; Sheen et al., 1994). It is also essential for
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the elaboration of new subcellular membrane associated with rapid growth and moulting (Biddle,

1977; Petriella, 1990).

In spiny lobster Panulirus japonicus evidence of the conversion of exogenous

cholesterol to steroid hormones such as progesterone, 17 a hydroxyprogesterone,

androsteredione and testosterone was pointed out by Kanazawa and Teshima (1971). Lanchaise

et al. (1993) in their review of moulting gland of crustaceans suggested that Y - organ secrets

three different moulting hormones (ecdysteroids). The in vitro studies of Rudolph et al. (1992)

and Rudolph and Spaziani (1992) in Xanthid crab Menippe mercenaria, also explain that

Y - organ forms 7 dehydrocholesterol from cholesterol and it is then converted into secreation

products like 3 dehydroxy ecdysterone and 25 deoxyecctyson without accumulation of other

intermediates; whereas Kleinholz (1985) isolated 4 ecdysteroid, which are supposed to be the

intermediate between cholesterol and ecdysone from the ovary of crab Carcinus maenas.

In the light of these evidences it has been recognised that the presence of higher levels

of cholesterol in the diet increases the moulting rate. Feeding experiment of Petriella (1990) in

Argentine prawn Artemesia longinaris confirms this hypothesis. She found that the diet

supplemented with 1.3 to 2.1 % cholesterol had increasing moulting frequency than lower levels

in this species of prawn. Castell et al. (1975) in lobster H.americanus also reported higher

moulting rate in 1% cholesterol supplemented diet.

Importance of cholesterol in sustaining growth and survival had been studied in several

species of crustaceans. As per the available literature the cholesterol requirement of different

groups of crustaceans is presented in the Table IV .
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SPECIES REQUIREMENT REFERENCE

Penaeus japonicus 0.1% - 0.2% Shudo et al. (1971)
cited by Sherief et al.
(1992)

0.5% Kanazawa et al. (1970,
1971),
Teshima (1982),
Teshima et al.
(1983, 1989), Teshima
and Kanazawa (1986).

2.1% Deshimaru and Kuroki
(1974)

Penaeus monodon 0.2 - 0.8% Sheen et al. (1994)

0.5% Chen (1993)

Penaeus indicus 0.5 - 1 Ramesh and Kathirasan
(1992)

Penaeus kerathurus 1% Bianchini (1984)

Penaeus penicillatus 0.5% Chen and Jenn (1991)

Artemesia longinaris 1.3-2.1% Petriella (1990)

(Contd.... .]
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Macrobrachium rosenbergii 0.12 - 0.5% Sherief et al. (1992)
Briggs et at. (1988)

Homarus americauns 0.12 - 0.5% Castell et at. (1975),
D'Abramo et a/.(1984),
Bordner et at. (1986),
Kean et a/.(1985)

Pacffastacus leniuusclus 0.4 - 1% D'Abramo et at. (1985b)

Carcinus maenas 1.4 - 2.1% Ponat and Adelang
(1983)
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The requirement ranges from between 0.1 to 2.1 % in various groups. Among the

crustaceans most of the studies regarding the cholesterol requirement was carried out in penaeid

shrimps and lobsters. Optimum dietary cholesterol for supporting growth and survival was

reported to be 0.5% in penaeid shrimps like Pjaponicus (Kanazawa et al., 1970, 1971; Teshima,

1982; Teshima, et al., 1983; Teshima and Kanazawa, 1986), Pmonodon (Chen, 1993) and

Ppenicillatus (Chen and Jenn, 1991). But species like, Penaeus kerathurus (Banchini, 1984),

Artemesia longinaris (P'etriella, 1990) and Pindicus (Ramesh and Kathiresan, 1992) reported a

higher requirement of 0.5 to 1%. There are also reports contradictory to this. Shudo et a/.

(1971) as cited by Sherief et al. (1992) proposed a level as low as 0.1 to 0.2% as satisfactory

for good growth and survival of Pjaponicus, whereas Deshimaru and Kuroki (1974) observed a

higher level of 2.1% (dry weight) in the same species. Sheen, et al. (1994) also noticed a

higher requirement of 0.8% for Pmonodon. Sherief et a/. (1992) and Briggs et al. (1988) using

a semipurified diet pointed out that the level of supplementary cholesterol for M. rosenbergii

ranges between 0.12 and 0.5% of the dry weight of the diet. According to Castell, et al. (1975),

D'Abramo et al. (1984) and Bordner et al. (1986) the reqUirement of cholesterol for American

lobster varies between 0.12 and 0.5%; while Kean et a/. (1985) proposed a wider range of 0.25

to 1%. Similarly, freshwater crayfish Pacifastacus leniusculus and crab Carcinus maenas have

been reported to require 0.4 to 1 and 1.4 to 2.1 % cholesterol respectively in the diet.

Sheen et al. (1994) attributed that the differences in the design of experimental

diet was the main reason for the lack of agreement with the result of various studies. Thus the

effective dietary level of 2.1 % of cholesterol reported in Pjaponicus (Deshimaru and Kuroki,

1974) and in Artemesia longinaris (Petreilla, 1990) was very likely the level required for the

dietary formulation used by them. Studies by D'Abramo et al. (1982,1985a), Teshima and

Kanazawa (1983), Teshima et al. (1986a,b) and Baum et al. (1989) have shown that digestion,
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absorption, assimilation and utilization of cholesterol from the diet in crustacea is affected by

presence of PL in the feed. This can also be a reason for the variation observed in this studies.

Castell et al. (1975) in H.americanus, Chen (1993) in Pmonodon and Chenn and Jenn (1991)

in Ppenicillatus found higher levels of cholesterol requirement in the absence of lecithin. But

Kean et al. (1985) irrespective of lecithin levels in the diet suggested that 0.25% of cholesterol

was optimum for Homarus americanus. Therefore, the physiological effect of PL on the

cholesterol requirement of crustacea needs further research.



3. MATERIAL AND METHODS

Macrobrachium rosenbergii postlarvae used in the experiment were obtained from the

Freshwater Prawn Hatchery of the College of Fisheries. All the experimental animals were

obtained from a single batch and were supposed to have a known nutritional history. The

larvae were reared in the hatchery in 1.2 tonne capacity fibre glass tanks coupled with biofilters

using a clear water recirculating system. The feeding schedule and rearing techniques of the

larvae were similar to those reported by Nair and Thampy (1987), Nair et al. (1989) and Sebastian

(1990).

3.1.0 Conditioning of experimental animals

Prior to the initiation of the experiments, the postlarvae were conditioned for a period

of one week on artificial diets. When the PL have settled down completely, they were slowly

acclimatized to freshwater conditions and maintained in a 1.2 tonne tank at a density of

500/m2. The prawns were fed with a pelletized diet twice daily, comprising clam meat as the

major protein source. During the course of this conditioning procedure, the uneaten feed,

excreta, and other waste materials settled at the bottom were siphoned out daily morning

before giving feed and 50% water exchange was resorted. Tank was filled only to half the

capacity. Aeration was provided through diffuser stones to keep the dissolved oxygen levels

within the optimum range. In addition, some dry submerged twigs were kept submerged inside

the tank to offer shelter for the newly moulted individuals and to reduce cannibalism among

the prawns.
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3.2 Experimental rearing facilities

The study was carried out in the Macrobrachium Hatchery of College of Fisheries.

Circular flat bottom fibre glass tanks having the following specifications were used for the

experiments.

Capacity 83litres

Diameter 55cm
4

J
Height 35cm

Rim width 3cm

Thickness 4mm

Colour Aquamarine

Tanks were housed inside the hatchery building which had provision for subdued light

penetration (Plate I). Clear filtered fresh water drawn from a well was used for the experiment

and the water was filled in the experimental tanks upto 75 Iitres capacity [20cm height] after

subjecting to a fine filteration using nylon bolting silk. This level was maintained throughout the

experimental period. Gentle aeration via diffuser stones and plastic tubes connected to the air

distribution pipes of the hatchery was provided in the tanks and air supply was maintained in a

uniform condition by using control valves.

Since it was reported that artificial substratum can considerably reduce cannibalism

and increase survival rate of Macrobrachium rosenbergii during the nursery rearing phase (Smith

and sandifer, 1975; Ra'anan et al., 1984; Gomez et al., 1988) 20x20cm size flat, square shaped

tiles were kept inside the tanks for this purpose. Tiles were placed in a slanting position over a

small piece of stone (Plate II).



PLATE I

ARRANGEMENT OF EXPERIMENTAL TANKS
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PLATE I

ARRANGEMENT OF EXPERIMENTAL TANKS
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PLATE II

EXPERIMENTAL TANK USED FOR THE STUDY
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3.3. Experimental diet formulation and processing

3.3.1 Diet formulation

On the basis of the diet formulated by Sherief et al (1992) for Macrobrachium rosenbergii

postlarvae, five semipurified, isonitrogenous diets, incorporating different levels of soylecithin

(Sigma chemicals, U.S.A.) and using casein and egg albumin as the protein source were

prepared. The basal lipid content of 6% was combined with different levels of lecithin, viz., 0,

2.5,5,7.5 and 10 percentages. All other ingredients of the diet are similar to the formulation of

Sherief et al. (1992)except the binder carageenin, which was replaced by carboxymethyl

cellulose [CMC] and lipid source sunflower oil replaced by cornoil. The composition of the test

diets are shown in Table V.

Fat free casein was used as the main protein source of the diets since it is available in

highly purified form and found to be assimilated satisfactorily by Macrobrachium rosenbergii

(Hilton et al.,1984; Briggs et al., 1988). Polyunsaturated fatty acid, especially belonging to n3

and n6 series are very essential for the normal growth of Macrobrachium rosenbergii (Reigh

and Stickney, 1989; D'Abramo and Sheen 1993). For satisfying this requirement a mixture of

corn oil and cod liver oil was used as the lipid source.

Alpha corn starch was selected as the carbohydrate source because polysaccharides

were found to be more efficiently utilized than monosaccharides by the prawns (Pascual et al.,

1983; Alava and Pascual, 1987).

Vitamin and mineral mixes used in the diet were prepared according to the

composition and percentages given by Kanazawa et al. (1982) and Stahl and Aheran (1978)

respectively.



Compostion of the test diets used for the study in percentage

Table - V
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DIETS
INGREDIENTS

D1 D2 D3 D4 os

CASEIN 31 31 31 31 31

EGG ALBUMIN 4 4 4 4 4

GLUCOSE 4 4 4 4 4

SUCROSE 4 4 4 4 4

ALPHA CORN STARCH 20.1 20.1 20.1 20.1 20.1

GLUCOSAMINE 0.8 0.8 0.8 0.8 0.8
HYDROCHLORIDE

SODIUM CITRATE 0.3 0.3 0.3 0.3 0.3

SODIUM SUCCINATE 0.3 0.3 0.3 0.3 0.3

MINERAL MIXTUR 4 4 4 4 4

VITAMIN MIXTURE 4 4 4 4 4

COD LIVER OIL 2 2 2 2 2

CORN OIL 6 6 6 6 6

ALPHA CELLULOSE 14 11.5 9 6.5 4

LECITHIN 0 2.5 5 7.5 10

CHOLESTEROL 0.5 0.5 0.5 0.5 0.5

CARBOXY METHYL-
5 5 5CELLULOSE (CMC) 5 5
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The studies of Briggs et a/. (1988) and Sherief et a/. (1992) reveal that cholesterol is an

essential nutrient in the diet of Macrobrachium rosenbergii. Based on this cholesterol was

included in the diet at the rate of 0.5%.

3.3.2 Diet preparation

Dry and crystalline ingredients of the diet were powdered seperately and sieved through

a 250 micron sieve first. They were then accurately weighed in an electronic balance

according to the percentage composition and mixed thoroughly in a Habot bowl mixer. Boiling

water. around 3S0ml was then added to this and mixed well to get a dough like consistency.

This was followed by the addition of vitamin mixture and oil and kneeded well for proper

mixing. The dough was then extruded through a hand pellet mill using a 3mm die. collected in

a tray and dried at SOoc for 12hrs to a moisture content of <10%. These pellets were

subsequently broken into pieces and sieved. Particles between 1 - 2mm diameter were

retained, packed in air-tight containers and refrigerated at 40 c until required.

3.4 Proximate analysis of the diet

Proximate composition of the diets was analysed to evaluate the nutrient status and

the result is presented in Table XXv. All analysis were based upon the mean of three samples

and were done according to the procedures of AOAC. 1980. The results are expressed in dry

matter basis except for moisture content which was on feed basis.

[1 ]

[2]

Moisture content:

Crude protein:

By drying the sample at 10Soc for 12hrs.

By microkjeldahlas method
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[3] Crude fat: By solvent extraction method using petroleum ether [B.P.

40-60oc] in a soxhlet extraction apparatus for 6 hours.

[4] Crude fibre: By the method of Pearson (1976)

[5] Ash: By combustion at 4500 c for 12 hours.

[6] Carbohydrate: By difference in dry weight (Hasting, 1976)

3.6 Experimental design and procedure

Well pigmented healthy individuals of Macrobrachium rosenbergii postlavae were

selected from the stock population and ten numbers of them randomly distributed to each of

the 20 experimental tanks filled with water. (4 replications per treatment; totalS treatments).

The respective treatments (feed with different levels of lecithin viz. 0, 2.5, 5, 7.5 and

10) were randomly allotted to each tank and animals in them were acclimatized to the diets for

a week from the pelletized diet used for stock rearing. Before starting the trial, the prawns were

starved for 24 hours with the aim of depleting the body reserves, blotted dry with tissue paper

and weighed collectively from each tank using a electronic balance [SHIMADZU-LABROR-

AEU-130V] with an accuracy of 0.0001g.

Average weight of the experimental prawns selected was 0.05386 ±0.043g. The

duration of the study was 56 days; during this period the prawns were subjected to growth

assessment every fortnight.

The diets were given to the prawns in Petridish and fed ad libitum twice daily. Feeding

schedules were fixed, one during the morning between 9.00 and 10.00 and the other during

the evening between 5.00 and 6.00. The rate of feeding was 20% of the body weight during
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the first 4 weeks and 10% for the next 4 weeks. Every day before giving the feed, unconsumed

food remnants were collected prior to the first feeding and dried at 600 c for estimating food

conversion ratio. Similarly during the morning feeding hours, bottom and sides of the tanks

were scrubbed well to prevent algal growth and excreta accumulation.

Moulting, mortality and abnormal syndroms were also monitored daily and recorded in

charts maintained for this purpose. Experimental tanks were thoroughly scrubbed and cleaned

with detergent prior to refilling during every growth assessment in order to restrict the build up

of bacteria and other parasitic organisms.

While assessing the growth great care had been imparted to handle the prawns with

minimum stress. Weighing was done in an electronic balance, similar to the procedure

mentioned in the opening paragraph of this section after subjecting the prawns to starve for one

'day. This helped to get rid of the undigested feed remaining in the gut which might lead to

erroneous results.

At the end of the feeding study, approximately 2g prawn sample was collected from

each tank and analysed the body phospholipid content, after extracting the total lipids with 3:2

isoproponol hexane mixture. Spectrophotometric method of Zilversmith and Davis [1950] was

employed for the estimation and optical density was measured at 660nm in SPECTRONIC-20

photometer.

3.6.1 Water quality measurement

Physiochemical parameters of the water filled in the tanks were monitored by the
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following method.

1. Temperature

2. pH

3. Dissolved oxygen

Measured with bulb thermometer with accuracy of O.l oc

Universal indicator solution.

Standard Winkler method.

Temperature and pH were measured daily and DO content once in a week. Three

samples collected from randomly selected tanks were used for the estimation of DO during the

study period.

3.6 Evaluation indices and criteria of the experiment

Performance of the prawn was measured in the following manner.

3.6.1 Growth rate

In the present study growth performance was measured in terms of specific growth rate

[SGR] since it is a more refined and improved growth index than absolute weight gain or

percentage growth rate (Hepher 1988).

·SGR% =
In Wf -In Wi

Tf-Ti

x 100

where SGR% is the specific [relate] growth rate as percentage [assuming exponential growth]

Wi is the initial weight of the experimental animal at the day Ti and Wf is the final weight at the
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day Tf. In denotes logarithm [base e] (Briggs et al., 1994).

SGR% 'Nere calculated for every 14 days interval. Similarly the 'Neight gain also.

3.6.2 Feed efficiency

The efficiency of the different diets used in the trial was meausured by the most

commonly used index, the feed conversion ratio [FCR]. It is defined as the dry weight of feed

per unit 'Net 'Neight gain.

FCR =
Feed intake on a dry matter basis
Weight gain on 'Net matter basis

..
In the present study FCR was selected to evaluate the diets because it easily relates

the quantity of feed and increase in 'Neight to the cost of production of feed.(Chiu, 1989).

Phospholipid is believed to be a very expensive nutrient and determination of FCR in

this experiment helps us to understand, whether the addition of phospholipid is beneficial or not

in the practical diet of Macrobrachium rosenbergii. It also helps in the formulation of feed very

economically.

3.6.3 Survival rate

Mortality of prawns during the course of the experiment was noted down for each

replication of the treatment and survival rate was calculated with the termination of the

prescribed period. Percentage survival rate was calculated as follows:
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Survival rate % =

3.6.4 Moulting rate

Initial number of prawn - No: of dead prawns

Initial number of prawns
x 100

Moulting rate was estimated to study the influence of different levels of lecithin on the

moulting frequency of experimental animals.

Moults noticed in each replication of the treatments throughout the experimental period

were recorded and moulting rate was calculated according to Petriella (1990).

where,

Mouting rate [M]

Moult percentage

m

n

=

=

=

=

Moult percentage

Mean life of the group

min x 100

number of moults

initial number of animals.

The mean life of the group was calculated by adding the number of days each

individual survived.
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3.7 Statistical Methods

The experiment was carried out using a completely randomized design [CRD].

All indices, such a specific growth rate, food conversion ratio [FCR], survival rate,

moulting rate and body phospholipid levels were subjected to comparison using Analysis of

Varience (ANOVA, Snedecor and Cochran, 1968) and treatment difference studied at 1% level

of significance. Pairwise comparison of treatment values were done using critical difference

based on Students 't' test at 1% level of significance.

While analysing the percentage survival rates S.G.R. moulting rate and F.C.R. the

observations were subjected to arc - sign transformation, in order to meet the theoretical

requirement of analysis of varience (Snedecor and Cochran, 1968). The transformation was

done using

Y = Sin-1 [x/100JO.5

where 'Y' is the transformed value and 'X' is the calculated value of respective indices.



4. RESULT

Effect of different dietary levels of lecithin on Macrobrachium rosenbergii post larvae

was evaluated in terms of growth rate [specific growth rate], survival rate, moulting rate, food

conversion ratio [FeR] and variation in body phospholipid levels. Details of the observation

made during the study period are discussed in the following sections.

The test diets with lecithin contents at 0,2.5,5,7.5 and 10% levels are denoted as D1,

D2, D3, D4 and D5 respectively for convenience.

4.1 Effect of lecithin on growth rate

Growth rate was measured in terms of specific growth rate expressed in percentage.

Specfic growth rate of Macrobrachium rosenbergii postlarvae fed with semi-purified

test diets differing in lecithin content was estimated every 14th day during the experiment. The

observed values are presented in Table VI. Growth increment for these periods are also

represented graphically in Fig.1-4.

Despite poor performance in growth a significant difference [P<0.01] in the effect of

dietary levels of lecithin was noticed between the SGR percentages during the first fortnight.

Subsequent pairwise comparison of the data revealed that the diet containing 2.5% of lecithin

was different from all others. It is found that the prawns fed with this diet produced the highest
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Table - VI

63

DIET R* INITIAL WEIGHT SGR(%DAY-l ) SGR(%DAY-l ) SGR(%DAY-l) SGR(%DAY-l)
OF PRAWNS IN 14TH DAY 28TH DAY 42TH DAY 56TH DAY

GRAMS

A 0.5124 2.cmJ 2.0247 1.8870 1.8528
01 B 0.4672 2.7552 2.5748 2.1787 20197

C 0.5214 2.5672 2.4757 2.1149 2.0116
D 0.5914 2.1356 2.0500 1.6395 1.6003

MEAN 0.5231 2.3793 2.2828 1.9550 1.8711

A 0.5238 3.3291 2.5010 20984 1.9194
B 0.51~ 3.5723 2.4732 2.1500 1.9391

D2 C 0.5911 2.8869 2.2154 2.0081 19375
D 0.5043 2.9540 2.1373 1.9823 1.9814

MEAN 0.5331 3.1856 ~ 2.3317 2.rJ597 1.9444

A 0.6482 2.1764 1.9793

I
1.9497

I
17440

ID3 B 0.5834 2.7942 2.5284 2.2199 2.0131
C 0.5492 2.6501 2.4267 2.1471 1.9422
D 0.5386 2.1139 2.1331 2.1054 2.1CXXJ

MEAN 0.5799 2.4337 2.2669 2.1a55 1.9498

A O.~ 2.1569 2.1511 2.0491 1.8939
D4 B 0.5637 2.2425 2.1157 2.0037 I 1.8440

C 0.5700 2.4748 2.3177 2.1200 1.9940
D o.~ 2.2712 2.2218 2.2451 2.2017

MEAN 05382 2.2864 2.2016 2.1000 19834

A 0.5621 2.0323 1.9753 1.9044 1.9003
B 0.5173 2.1859 1.9700 1.8€E6

I
17585

D5 C 0.5143 2.5670 21519 2.1516 1.8777
D 0.4816 2.1:nl 2.1179 2.~ 1.8100

MEAN 0.5188 2.2200 2.Cffi5 1.9889 18384

* Replications
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Table - VII

ANOVA of S.G.R. on14th day

SOURCE SS OF MSS F

I D!ETS 2429 I 4 0.6073 7.49 I
I

ERROR 1217 15 0.08113 I
I

TOTAL 3.646 19 0.1919

TABLE VALUE AT 1% LEVEL

CD

X2 3.1856

X3 2.4337 I I 'iX1 2.3793
I

X4 2.2864 I

X5 2.2290

4.89

0.2695

Table - VIII
ANOVA of S.G.R. on 28th day

0.0406.9.7

I SOURCE SS OF MSS
Fi

I DiETS O.i874 I Ii 4 0.0469 I i.2018 I
I ERROR 0.5847 15 0.039:) I

I
I TOTAL 0. 7 21 1 I

TABLE VALUE AT 1% LEVEL 4.89



Table - IX

ANOVA of S.G.R. on 42nd day
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SOURCE SS OF MSS F

D!ETS 0.0782 4 0.0196 08112

ERROR 0.3600 15 0.0241

TOTAL 0.4600 19 0.0247

TABLE VALUE AT 1% LEVEL

Table - X

4.89

ANOVA of S.G.R on 56th day

SOURCE SS OF MSS F

DIETS 0.a58 4 0.D145 0.0792

ERROR 0.274 15 0.0183 I
TOTAL 0332 19 0.0175 I

TABLE VALUE AT 1% LEVEL 4.89



Percentage of lecithin in 100g diet

-1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

66

050403

•

02

0.5

o c_~_~~~_ ~~~~~. -~ ._~_ ••c --~.-~---~-_.~~------~--~--_._----------"------_.

01

Fig: 1

SGR of the test diets on the 14th day

3.5

3 ;

~ 2.5.
~ ,
ai 2 ~
<.J
t
Q. 1.5
c::
<:l
en 1



3

------2.5
II --.Q) •Cl

III 2-l:
Q)
u 1.5...
Q)

I:l.
tt:
C>
en

0.5

0 .- -~_ .._._._._--_.---- --

0 2.5 5 7.5 10

Percentage of lecithin in 100g diet

Fig: 2

SGR OF THE TEST DIETS ON THE 28th DAY

67



2.15

2.1 ~ • •
III
~ 2.05 .
'E
III
U 2:u •c.
a::

1.95 "Cl
(/)

1.9

1.85
0 2.5 5 7.5 10

Percentage of lecithin 100g diet

Fig: 3

SGR OF THE TEST DIETS ON THE 42nd DAY

68



2 ~

--
1.95 --"~----a--"~..'."...- - -

CIl
Cl
III

1.9C
CIl
U... •CIlc..

1.850:::
Cl •CJ)

'1.8

1.75 ~. ._"" - ..f-- -~-- - ..._-

0 2.5 5 7.5 10

Percentage of lecithin in 100g diet

Fig: 4

SGR of the test diets on the 56th day

69



70

SGR [3.19] followed by the diet containing 5% [2.44] and diet without lecithin supplement

[2.37]. Lowest SGR % were 2.28 and 2.20 recorded by the diets 04 and 05 respectively.

Analysis of variance of SGR values of the 2nd, 3rd and 4th fortnights did not show any

significant difference among diets at 1% level. However, the specific growth rate of prawns

grown on the diet 02 continues to be the highest in the second fortnight also. Afterwards all the

diets are giving almost the same specific growth rates.

4.2 Effect of lecithin on survival rate

The data on survival rate of Macrobrachium rosenbergii postlarvae fed with the test

diets are given in Table XI and presented graphically in Fig.5.

Analysis of the data showed that supplementation of lecithin in the diet had no effect at

all on the survival rate of the prawns. No significant variation was noticed between the

percentage values of survival for differnt test diets. Highest rate of survival was 97.5%

recorded for the diet 04 and next 95% for 03. The diet 02 produced the lowest rate of 85% and

the range was 80-100%.
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Survival rate of Macrobrachium rosenbergii

Post larvae fed with differen t test diets
Table - XI

DIETS REPLICATION SURVIVAL % MEAN

A 90

-- >---- ~- --- - --~ --- -~ -- ---~ - - -~ -

---- --- - -~--f---- ---- - -- -- .-- -

D 100

\

I
1

92.5

95.0

85.0

100

100

C

D

--- --B-- ~ - - - - 90 - - -- ~

~~. c -=-__-- __ 90 _-_-=--\
--I

>--- --~ : - ---- - --: - - ---I
1----_- ~ - ---_~ :-=-_-1~ - __- ~

_ __ D 80 -} __

A 100-1- ~-. ---~ -- r--------- -- -

B 80
----- -- ------ - --- -- --

--~

03

01

02
,

A 100

04
B 100

- - ---.--~--~----~-~--- ---

C 90
- -- ----- -------~---_._--

97.5

os

D 100
--- -~- -------- -~- ----- -- -

l
---;--~ -,- --:'--I
~ ---- ~:= ---- -1===: -~I

______._ I I

87.5

ANOVA of Survival rate
Table - XII

SOURCE SS DF MSS F

DIETS IW.218 4 182.555 1.343

ERROR 2039472 15 135~965

TOTAL 2769.69 19 145.773
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4.3 Effect of lecithin on moulting rate

Moulting rate of Macrobrachium rosenbergii postlarvae throughout eight week period

of the experiment is presented in Table XIII and also shown in Fig.6. The moulting rate was

evaluated according to Petriella (1990).

ANOVA of the data showed no significant difference statistically at 1% level. Mean

moulting rate of the group was 8.03±1.6. Each prawn achieved moulting once in every eight

days and at least 6 - 7 times over the trial period. Though the differences among the moulting

based on different diets were not statistically significant, the prawns which were exposed to the

diet with 2.5% lecithin content showed a higher moulting rate [9.26] followed by the diet with

5% lecithin. For the rest of the diets it remains almost consistent with an average of 7.49.

No sign of moult death syndrome or any other unusual diet related exoskeletal ab­

normalities were noticed in any of the prawns fed with various test diets. Absence of significant

difference between the diets tested in terms of moulting rate also proved to be unrelated to the

growth under the conditions of this experiment.
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Moulting rate of Macrobrachium rosenbergii fed with different test diets
Table - XIII

DIET REPLICATiON NO: OF MOULTS MOULTING RATE MEAN

(DAYS)

A 20 3.7189

B 42 7.8006 7.7166

D1 C 54 10.0409

D 50 9.2971

A 55 10.2269 I8 42 7.B006

D2 C 50 9.2971 9.6226 I
D 00 11.1566

A 44 8.1815

03 B 38 7.0f158
8.0421

C 43 7.g£E

D 48 8.9253

A 38 7.0f158

B 46 8.5537
..,....,~.....
I.H)';lL

D4 C 40 74377

D 43 7.f£155

A = 7 ')C;1s>.

B 35 6.5081

I
7.0194

D5 C 31 5.7642

D 46 8.5534

ANOVA of Moulting rate

Table - XIV

SOURCE SS DF MSS F

DIETS 16.6 4 4.15 1.3075

ERROR 47.61 15 3.174

TOTAL 64.21 19 3.379
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4.4 Effect of lecithin on food conversion ratio

The food conversion ratio of Macrobrachium rosenbergii postlarvae in response to

different dietary levels of lecithin was evaluated every two week during the study and the data

are given in Table XV and Fig. 7-10.

The analysis of variance of data on FCR showed significant variation [P<0.01] be­

tween the diets with different lecithin contents during the first and second assessments, i.e., on

the 14th and 28th day of the experiment. Comparison of mean FCR values during the first

fourteen days of growth indicated that diet 02 and 03 differ significantly from all other treat­

ments. FCR means of these two also showed difference.

Among the diet 02 and 03 it seems that the food conversion ratio of 02 [ 4.94] is lower

than that of 03. Hence it can be suggested that incorporation of lecithin to a level of 2.5% in the

diet is beneficial to the postlarval prawns during this period of growth. Diets 01, 04 and 05

produced comparatively higher FCR than 02 and 03.

In the second assessment no difference was observed between the FCR means of first

3 diets, whereas the diet 04 and 05 showed significant difference. Higher levels of lecithin

added in the diet was found to increase the food conversion ratio.

During the third and fourth assessment [i.e. in the 42nd and 56th day] FCR values of

the diets were found close to each other and statistically not significant. Mean ranges between

4.66 - 6.22 and 3.85 - 4.50 respectively in this period. Supplementation of lecithin to any

levels in the diet need not have any influence on FCR at this stage of growth.
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Food Conversion ratio (FCR) of Macrobrachium rosenbergii

fed with different test diets

Table - XV

I
DIETS REPliCATION FCR FCR FCR

I
FCR I14thOAY 14th DAY 42ndOAY 561hOAY

I I

I I
A 85377 6.0078 6.3420 I 4.4302

IB 6.3528 5.'3J77 5.0294 3.4461

I 01

I
C 6.6102 5.2052 4.5354 I 3.1623

I
0 I 8.1315 6.2180 6.1228 I 4.3875

I
I MEAN 7.3966 5.8572 5.5074 3.8563 I
I I A 4.6293 5.:n39

I
3.7311 3.8965 IS 4.5455 5.6739 5.3424 3.8710

I 02

I
C 53916 5.35CXJ 45a56 I 3.2354 I
0 5.1762 5.8707 5.8161 I 4.7366 I

Mr-AAI 4.9357 5.5500 4.8486 3.9349Cl-\I~

I A 5.8673 6.1646 5.1368 3.6545 I

I
B I 5.1682 5.1938

I
4.23&J I 3.9419

ID3 I C I 5.5291 5.7410 4.2536 I 3.5848
" 7 _AO"'~ 6.5--"28 5.3685 ":to O<4rv",
LJ I ."'1U' I oJ ..J.OI;:;iL.,

MEAN 6.0115 5.~ 4.7487 3.7501

I A 7.535i 7.7286 5.CG50 4.1356
B 6.9793 7.8'3J2 5.0104 3.9019

I 04 C I 5.7920 6.17'3J 3.9990

I
3.5322 I0 I 7.7744 7.6140 4.5389 3.8355

MEAN 7.0202 7.3389 4.6608 3.8513

I
I A

I
8.0116 7.6412 5.6130 I 3.8168 I

I
B 7.8018 7.8121 7.4639 I 5.2102 I

05 C 6.6452 7.0644 47151 I 42477 ID 8.9928 7.6738 7.0185 4.8145

MEAN 7.8629 7.5478 6.2026 4.5223
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Table - XVI
ANOVA Of F.CR on 14th day

1.81201934.434IOIAL

SOURCE SS OF MSS F

DIETS 22.118 4 5.5295 6.734

ERROR 12.316 15 0.8211 I I- - .

TABLE VALUE AT 1% LEVEL - 4.89

CD -0.8592

TREATMENT MEANS

05 7.8629

II01 7.4081

04 7.0202

03 6.0115

02 4.9357

lines
The treaments which are not significantly different are connected with vertical

ANOVA of F.CR on 28th day

Table - XVII

0.97331918.493TOTAL

SOURCE SS O.F MSS F

DIETS 13.830 4 3.4575 11.1209

ERROR 4.663 15 0.3109 I

TABLE VALUE
CD

4.89
0.5287

TREATMENT MEAN

05 7.5478 I04 7.3389 The treatments which are not significantly
different are connected with veticallines.

03 5.9006

IID1 58572

02 5.5509



Table - XVIII
ANOVA of F. C. R on 42nd day

79

SOURCE SS D.F MSS F

DIETS 6.869 4 1.7173 2.256

ERROR 11.418 15 0.7612

ITOTAL 18.287 19 0.9625

TABLE VALUE

Table - XIX

4.89

ANOVA of F.C.R on 56th day

SOURCE SS OF MSS F

DIETS 1.52 4 0380 1.5019

ERROR 3.80 15 0253

TOTAL 5.32 19 0.280

TABLE VALUE 4.89
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4.6 Effect of lecithin on body phospholipid levels

Body phospholipid contents of the prawnf fed with different test diets were determined

by the method of Zilversmith and Davis [1950]. Table XX and Fig.11. show the respective

results and its graphical representation.

ANOVA of the body phospholipid composition of the prawn with the termination of the

trial indicated that the dietary formulation had no significant effect. However, the higher levels

of dietary lecithin tend to result in increased carcass phospholipid levels. Body phospholipid of

, the prawn was raised from 0.1873% to 0.2144% when the content of lecithin in the diet was

increased from 0 - 10%.

4.6 Abnormal symptoms

During the course of the study no diet related deficiency or excess symptoms were

noticed in any of the prawns fed with different test diets. Overall performance especially in

terms of growth, pigmentation etc. was very poor in all treatment groups, which could be

attributed to purified nature of the diet used.

4.7 Water Quality

Water Quality was maintained relatively constant throughout the duration of the ex­

periment. Details of physico-chemical parameters like temperature, pH and dissolved oxygen

meausred during the study period are given in Table XXII - XXIV
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Body Phospholipid content of Macrohrachium rosenbergii fed with

different test diets

Table - XX

DIETS R* OPTICAL DENSITY % OF BODY MEAN
AT600NM PHOSPHOLIPID

I
A 0.070 0.1524

I
D1 B 0.120 0.2209 0.1873

(' o.coo n 1Qt::::Q
v V.I\J<o..AJ

D 0.110 0.1901

A 0.100 0.1804 I I
D2 B 0.180 0.2140 01972

C 0.200 0.2327
D 0.165 0.1618 I
A 0180 0.2017

I ID3 B 0.210 0.1946 0.2030
C 0.100 0.2081
D 0.190 0.2079 I I
A O.i95 0.2245

I IB 0.100 0.2002 0.2094
D4 C 0.23) 0.2419

D 0.100 0.1700 I I. 0.220 0.2185

I I
"-

D5 B 0.172 0.1952 0.2144
C 0.120 0.2172
D 0.200 0.2265 I I

* Replication

Table - XXI
ANOVA Body phospholipid content

SOURCE SS DF MSS F

DIET 0.0018 4 0.00045 0.75

ERROR o.am 15 0.00000

TOTAL 0.0100 19 0.00000

TABLE VALUE AT 1% LEVEL = 489



0.215

i 0.21 ­
'0a 0.205 -
lI)

,g 0.2
c.
~ 0.195
o
~ 0.19
o •
~ 0.185
III

~ 0.18
u
~ 0.175

0.17
o

~------....
-------

---------

•

2.5 5
Percentage of lecithin in 100g diet

Fig: 11

•

7.5

•

10

86

Body phospholipid content of M.rosenbergii fed with different test diets



Water teperature in the experimental tanks during the study period

Table - XXII

87

I WEEKS

FEMPERATURE
1 2 3 4 5 6 7 8

MEAN 27.540 27.500 27. iOO 27.040 28400 27.OCD 27400 26.760

+
- SE 0.863 0.534 0.440 0.424 0.470 0.410 0.447 0.370

RANGE 26.5-29 26.5-28.3 26.3-28 26.5-27.8 27.8-29.2 '")7 ') 28.: 268-28~ 26.2-27.3£1.£-'

pH of water in the experimental tanks during the study period

Table - XXIII

WEEKS

pH

1 2 3 4 5 6 7 8

HEAN 8.80 700 7.80 8.02 807 771 800 7.85

+ SE 0.70 0.21 0.42 0.38 0.32 0.23 0.58 0.44-

RANGE 8-10 7.5-8.2 7-8.3 7.5-8.5 7.5-8.5 7.5-8 8.2-9 7-85

Dissolved oxygen in the experimental tanks during the study period

Table - XXIV

DISSOLVED WEEKS
P OXYGEN

1 2 3 4 5 6 7 8

MEAN 6.67 6.63 7.80 6.40 780 8.10 6.00 7.:JJ

+ SE 0.29 054 0.24 107 0.33 0.24 0.38 0.31-

RANGE 6.3-7.01 5.9-7.2 7.5-81 5.2-7.8 7.5-7.8 7.9-8.5 6.3-7.2 I 71-78
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Water teperature in the experimental tanks during the study period

Table - XXII

I I
FEMPERATURE I

2 3

WEEKS

4 5 6 7 8

MEAN 27.540 27.500 27.100 27.040 28.400 27.fro 27.400 26.700

+
- SE 0.863 0.534 0.440 0.424 0.470 0.410 0.447 0.370

RANGE 26.5-29 26.5-283 26.3-28 26.5-27.8 27.8-29.2 27.2-2& 26.8-28.3 26.2-27.3

pH of water in the experimental tanks during the study period

Table - XXIII

WEEKS

pH

1 2 3 4 5 6 7 8

HEAN 8.80 7.90 7.80 8.02 807 7.71 8.90 7.85

+ SE 0.70 0.21 0.42 0.38 0.32 0.23 0.58 0.44
-

RANGE 8-10 7.5-8.2 7-8.3 7.5-8.5 7.5-8.5 7.5-8 8.2-9 7-85

Dissolved oxygen in the experimental tanks during the study period

Table - XXIV

DISSOLVED
WEEKS

D OXYGEN

1 2 3 4 5 6 7 8

MEAN 6.67 6.63 7.80 6.40 7.80 8.10 6.00 7.3)

+ SE 0.29 0.54 0.24 1.07 0.33 0.24 0.38 0.31-

RANGE 6.3-701 5.9-7.2 7.5-8.1 5.2-7.8 7.5-7.8 7.9-8.5 6.3-7.2 I 7.1-7.8
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Temperature was maintained at 27.47 :t 0.48 and pH at 8.14 :t 0.42. Dissolved oxygen

measured 7.16 :t 0.63 which was \Nell above 100% saturation since mild aeration was provided

in the tanks throughout the experimental period.

Water quality was seen to be not detrimental to the growth of the prawns in the present

study.

4.8 Proximate composition of the test diets

Proximate composition of the test diet used in the study is given in Table XXv. The

diets on an average contain 32.42% protein, 32.12% carbohydrate, 7.74% moisture and 7.78%

of ash content. Lipid content varies between 6.2 and 17.2% and fibre content 3.27 and 12.5%.
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Proximate composition of the test diets used for the experiment

Table - XXV

DIETS

COMPOSITION MEAN
D1 D2 D3 D4 D5

I
PROTEIN ··_--t 33.5 32.5

~~~__+321__+323

1
32.42

~------- .._-- . - .--- ----
~ 0.601

- -----

ASH

LIPID

FIBRE

MOISTURE

I 6.2 9.2 I 117 I 143 17.2 11.72 II + 38

_ CAR:O:~~R;TEl32B 31.61-:'~ 1_328 .~.~ ~2b~1
I 7.2 8.1 I 7.5 I 7.3 8.6 I ~7~c:?< I

3.7

7.8 I 7.8 80 I 7.6 I 7.7 I 7 78 I
:t 0.132

'''..



6. DISCUSSION

The result of the present experiment conducted to evaluate the influence of dietary

lecithin in the purified diet of Macrobrachium roserbergii postlarvae based on growth rate,

survival rate, moulting rate, food conversion ratio and body phospholipid are discussed below.

6.1 Effect of lecithin on growth rate

Though the overall growth rate of the postlarvae was not affected by dietary lecithin,

growth rate estimated during the first fortnight of the stUdy showed significant influence. For

this period the diet with 2.5% of lecithin content gave the highest SGR compared to other

levels of inclusion and found that higher levels of lecithin did not have any beneficial effect.

Specific growth rate produced by all the diets except 02 can be considered more or less the

same. In subsequent fortnight also SGR % estimated failed to show any influence of lecithin.

Lecithin which composed of phosphatides, polarlipids and carbohydrates has been
It

found to be required by some crustaceans (Conklin et al., 1980; O'Abramo et al., 1981). The

essentiality of dietary supplementation of phospholipids for growth was demonstrated in sev­

eral species of penaeid shrimps such as Penaeus japonicus (Kanazawa et al., 1979 a,1985;

Kanazawa, 1982; Teshima et al., 1986 a, c; Camara et al., 1993), Penaeus monodon (Pascual,

1985, 1986; Chen, 1993; Kompiang, 1992; Briggs et al., 1994), Penaeus indicus (Ali 1990;

Chandge and Raja, 1993, 1995), Penaeus penicillatus (Chen and Jenn, 1991,1992), Penaeus

chinensis (Zhou and Wang, 1992). Similarly phospholipids are also reported to be an essential
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nutrient for supporting growth in lobsters like Homarus americanus (Boghen and Caslell, 1980;

Conklin et al., 1980; D'Abramo et al., 1980) and Panulirus japonicus (Kanazawa and

Koshio,1993). In contrast to this, Hilton et al. (1984), Briggs et al. (1988) and Koshio (1992)

reported that supplementation of lecithin at different levels in the purified diet of Macrobrachium

rosenbergii were found to produce only insignificant result In terms ofgrowth rate. However, a

growth enhancing trend was noticed by Briggs et al. (1988) when the lecithin content was

increased from 0 to 5% in the diet.

Crustaceans have long been known to synthesise phospholipid de novo (Shiek, 1969;

Chapelle, 1986), But this biosynthetic ability is limited or fall short of the amount actually

required to satisfy the metabolic requirements during the rapid growing younger stages

(D'Abramo et al., 1981; Kanazawa, et al., 1985 and Wang et al., 1992). The deficiency of

phospholipid which arises as a result of this seriously affects growth unless the required amount

is derived from the diet. D'Abramo (1989) while reviewing the lipid requirement of shrimps

speculates that the requirement of different lipid classes, including phospholipids varies

according to the age of shrimps. Adding further evidence to this Camara et al. (1993)

demonstrated a decreasing requirement for dietary phosphatidylcholine in Penaeus japonicus

postlarvae. This age dependent requirement for phospholipid could be one of the reasons that

the previous works of Hilton et al. (1984), Briggs et al. (1988) and Koshio et al. (1992) in

Macrobrachium resenbergii failed to show any influence on growth rate. All these studies have

been carried out in postlarvae of 6 weeks old or juveniles weighing 800mg. On the other

hand, 2 weeks - old postlarvae weighing 0.053g were used in the present study.

Evidence supporting the suggestion of D'Abramo (1989) was noticed by Koshio et al.

(1992) in another experiment with Macrobrachium rosenbergii postJarvae. According to their
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study soylecithin at levels up to 2% enhances growth in very young postlarvae of 0.05g size,

when reared individually. Importance of individual rearing method in nutrition studies was

stressed by New (1976) while reviewing the dietary studies of shrimps and prawns. He opined

that results of such experiments were more reliable, being particularly true when species like

Macrobrachium rosenbergii are the experimental animals. However, Briggs et al. (1988)

conducted the study by individually housing the prawns and the result obtained was not

significant which may be due to the older age of the larval prawns used. Eventhough the

protein source of the diet and the rearing method followed in the present experiment

(Communal rearing method) were different from that of Koshio et at. (1992) the observed

increase in specific growth rate of the prawns, fed a diet containing 2.5% lecithin, two weeks

after the start of the experiment was a clear indication supporting the suggestion of D'Abramo

(1989).

In the light of the findings discussed above and on the basis of the results of the

present study it is suggested that with aging, Macrobrachium rosenberg;; postlarvae gaind the

ability for de novo phospholipid synthesis sufficient enough to sustain metabolic requirements

and growth. It is also suggested that after a particular period of postlarval growth the

requirement of phospholipid can be met with de novo synthesis and supplementation of lecithin

in the diet is not needed for Macrobrachium rosenbergii beyond this critical stage.

Kanazawa (1982) indicated that the growth of crustaceans especially penaeid shrimps

is not only affected with the dietary levels, but also with the kind and quality of phospholipids.

Addition of soy phosphatidylcholine, phosphatidylinositol as well as phosphatidylcholine

derived from bonito egg which contained higher percentage of essential fatty acids such as

18:2'1N6 or 22:6w3 was found very effective in promoting growth of larval Penaeus japonicus
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(Kanazawa, et al., 1985). According to Kanazawa et al. (1979 b and c) the biosynthetic and

bioconversion ability of EFA in shrimps is very limited. Hence they rely on the diet to meet the

requirement of EFA. Feeding studies of Kanazawa et al.(1979 a,b,c) in Peanausjaponicus, Xu

et al. (1993 a,b and 1994) in Panaeus monodon and Penaeus chinensis, Kanazawa and Koshio

(1993) in the lobster Panulirusjaponicus and D'Abramo and Sheen (1993) in Macrobrachium

rosenberg;; very well established that these species of eurstaceans require dietary source of

essential fatty acid for supporting normal growth. Besides this Kanazawa et al. (1985) reported

that the effect of phospholipid in promoting growth of curstaceans seems to vary with the kind

of compound esterified at the C-3 position of phosphoric acid and crustaceans show some

preference towards choline and Inisitol in this position. Convincing evidence supporting this

theory was obtained in lobster Homarus americanus (D'Abramo et al., 1981) and shrimps like

Penaeus penicil/atus (Chen and Jenn, 1991) and Penaeus monodon (Chen, 1993). Recently

it was reported that low levels of purified phosphoalidylcholine (1.5%) is more effective than

higher levels (6.5%) of soy lecithin for young postlarval Penaeus japonicus (Camara, et

al.,1993). Teshima et al. (1986b) also indicated that the effect of pUrified phosphatidylcholine

was very much pronounced in the larval stage. Available literature suggest that among the

various phospholipids required by crustaceans, phospholidycholine is the most essential one

and is found superior to others in accelerating growth.

Soy lecithin used in the present experiment was more refined one containing 60% of

phosphatidylcholine campared to those used by Hilton et al. (1984) and Briggs et al.(1988) in

Macrobrachium rosenberg;; containing 35% and 40% respectively. Therefore, it is belieVed

that the presence of high percentage of phosphatidylcholine rich in \M:) and w3 fatty acid, in the

soy-lecithin is likely to be the reason for high SGR observed for the prawns fed with diet having

2.5% of lecithin.
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Growth promoting effect of phospholipid in crustaceans is due to various reasons.

Kanazawa et a/ (1979 a) suspects that the growth promoting effect of phospholipids in shrimp is

due to the role played by them in the intestinal absorption and inter - organ transport of dietary

lipids and cholesterol. Teshima and Kanazawa (1979) in another study with Penaeusjaponicus

confirmed that the EFA absorbed at the hind gut and hepatopancreas was resynthesized and

released into the haemolymph in the form of phospholipids. Radio - tracer experiment of

Teshima and Kanazawa (1980) clearly described the mechanism of absorption and

transportation of lipids in the shrimp. They explained that the transportation of dietary lipids in

crustacean was mainly carried out by phospholipids associated with very high density

lipoprotein. Continuing the studies of lipid transport mechanism in Penaeusjaponius Teshima

et a/. (1986 b,d)reported that the retention and utilization of dietary lipid, especially cholesterol

in the body of shrimps was markedly reduced due to the absence of phospholipids in the diet.

Similar observations on the requirement of phospholipids particularly phosphatidylcholine for

efficient utilization and retention of cholesterol in the body were also reported in lobster Homarus

americanus (D'Abramo et a/., 1982, 1985a; Baum et a/., 1990). Based on these studies it can

be considered that the improved growth rate noticed for the diet 02 in the present experiment

may be due to the effective absorption and utilization of dietary lipids. Besides this, Chen and

Jenn (1992) attributed that the growth promoting effect of phospholipids was also due to the

increased water stability, preventing leaching of essential nutrients from the feed. Considering

the fact that the young postlarvae are more sensitive to imbalances of essential nutrients the

explanation given by Chen and Jenn (1992) can also be the reason for improved SGR

observed in the prawns fed with 02 diet.

Growth rate of prawns reared on diets 04 and 05 consisting 7.5 and 10% of lecithin

was slightly but not significantly lower than that of the growth rate obtained for the diet group
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01,02 and 03. Biddle (1977) and Sheen and O'Abramo (1991) reported that the total lipid

content of the diet for Macrobrachium rosenbergii, should not exceed 10%. Therefore, it is

possible that slight growth retardation noticed in prawns reared on these diets should have

been caused by excess lipid content. In the present study the levels, 7.5 and 10% of lecithin

was selected arbitrarily to study the adverse effect of lecithin on growth and also to characterise

the excess symptoms, if any caused by it.

Specific growth rate estimated in the second, third and fourth biweekly intervals of the

study period indicated no significant difference. The result reveals that there is no advantage

in supplementing phospholipd when the biosynthetic ability of the prawns become sufficient

enough to support growth. A similar suggestion was made by Briggs et al. (1988) that

endogenous level of phospholipids present in the dietary formulation is sufficient for growth in

freshwater prawns.

6.2 Effect of lecithin on survival rate

High survival recorded in all diet groups irrespective of lecithin content indicates that

phospholipid has got a very little influence in the diet of Macrobrachium rosenbergii with

respect to the survival rate. Hilton et al. (1984) and Briggs et al. (1988) reported that inclusion

of lecithin in the semi-purified diet of Macrobrachium rosenbergii did not affect survival rate.

These findings point that even if phospholipid is absent, or present in the diet in excess than

the normally required quantity it will not cause any detrimental effect upon the survival of

freshwater prawns.

Unlike in Macrobrachium rosenbergii phospholipid plays a vital role in the survival of
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some marine crustaceans like penaeid shrimps and lobsters (D'Abramo, 1981;Kanazawa et aI.,

1985;Kanazawa, 1993; Teshmia et al., 1993]. Conklin et al.(1980) found that inclusion of

soy-lecithin in the diet was critical for the survival of lobsters and the absence of it reduces the

survival rate drastically. Similarly in Homarus americanus and hybrids of Homarus americanus

vs Homarus grammicus juveniles, increasing the lecithin to 7.5% of the dry weight of the diet

was found to decrease the incidence of mortality (Bowser and Rosemark, 1980). On the other

hand, Kean et al. (1985) opined that phospholipids do not influence survival of lobsters when

the primary protein source, casein was replaced by crab protein. But later Castell et al. (1989)

while comparing two standard diet formulations for crustacean explained that endogenous level

of phospholipids present in the crab protein concentrate was sufficient to overcome the

requirement of crustaceans.

Essentiality of dietary phospolipid for survival, especially during the larval as well as

the postlarval stages was demonstrated in penaeid shrimps Penaeus japonicus by several

authors (Kanazawa et al., 1985; Teshima et al., 1986a,b;Tackaert et al., 1991b; Camara et

al.1993). Dietary source of phospholipid is indispensible for successful metamorphosis of

larvae. In Penaeus japonicus Kanazawa et al. (1985) and Teshima et al. (1986 a) reported that

deficiency of phospholipid in the diet caused marked death of the larvae prior to

metamorphosis from zoea I to zoea II. In postlarvae Camara et al. (1993) showed that the

presence of phosphatidylcholine in the feed not only produced higher survival rate but also

improves the stress resistance. In penaeid shrimps like Penaeus monodon and Penaeus

chinensis also phospholipids seem to increase survival rate significantly (Pascual, 1985, 1986;

Zhou and Wang, 1992; Briggs et al., 1994).

The reason why phospholipids increases survival rate of crustaceans was investigated
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by several workers. According to 0'Abramo et al. (1981; 1982 and 1985 a) phosphatidylcholine

molecule is an important component of lipoprotein complex that efficiently transfers choles­

terol and other essential fat soluable materials for the survival of lobster Homarus americanus.

In another study Baum et a.(1990) proved that impairment in cholesterol movement due to the

absense of phospholipd in the diet was the main factor responsible for mortality of lobster

Homarus americanus. In penaeid shrimps phospholipds are involved in the absorpiton and

transportation of dietary lipids especially cholesterol and triglyceride in the body(Teshima and

Kanazawa, 1979; Teshima et al., 1986b). These findings indicate that crustaceans like lobster

and shimps require phospholipd for the emulsification, absorption and utilization of cholesterol

and other dietary lipids. The absence of phospholipd in the diet restricts the movement and

utilization of these lipids within the body and adversily affects the survival rate. In addition to

this, phospholipids are also reported to increase the stress resistance of the animals according

to Camara et al. (1993). Higher survival rate observed in crustaceans fed with phospholipid

supplemented diets can be attributed to these reasons.

However, there are also studies in penaeid shrimps indicating insignificant role of

phospholipid on survival rate. Chen and Jenn (1991), Kompiang (1992), Chen (1993) reported

that inclusion of phsophatidylcholine in the diet had no effect on the survival rate of Penaeus

monodon and Penaeus penecillitus. While reviewing the lipid requirement of shrimps O'Abramo

(1989) speculates that the requirement of differnt classes of lipids varies according to the

difference in age and species. This was supported by Camara et al.(1993) by showing that

survival rate of shrimps varies not only with the nature and sources of phsopholipds used in the

diet but also with the age differences of the experimental animals. May be due to the aging of

the postlarvae used for the experiment ,the studies of Kompiang (1992) and Chen (1993) in

Penaeus monodon showed no influence. On the other hand the insignificant result recorded by
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Chen and Jenn (1991) in Penaeus penicillatus may be the variation of species specific

requirement as suspected by D'Abramo (1989).

The result of the present study is similar to that of Hilton et aI, (1984) and Briggs et al.

(1988) conducted in Macrobrachium rosenbergii. It is appreciated that the cod liver oil used in

the study contained some amount of phospholipids and this much amount might be sufficient

for sustaining the survival of Macrobrachium rosenbergii postlarvae. Therefore one cannot

state on the basis of the study that lecithin is not an essential nutrient for fresh water prawns.

However, it is concluded that supplementation of lecithin is not required in the semi-purified

diet of Macrobrachium rosenbergii when held under the experimental conditions of this study.

5.3 Effect of lecithin on moulting rate

The result of the study indicated that different dietary levels of lecithin do not have any

I significant influence on moulting rate of the prawns. Average moulting rate of the groups was

8.03 which means that each prawn moulted every 8th day during the study period. Observation

similar to this was made by Briggs et al. (1988) with Macrobrachium rosenbergii juveniles in

which addition of lecithin in the diet irrespective of levels was seen to have no influence on the

moulting rate.

Involvement of phospholipids in the exoskeletal formation of crustanceans has been

evident from the investigation of Conklin et al . (1980). Bowser and Rosemark (1980) in

American lobster Homarus americanus and Brock (1980) in Macrobrachium rosenbergii larvae

noticed that lack of dietary phospholipid commonly resulted in death due to the animals

inability to extricate itself at moult from the old exuvia. Based on the findings of Teshima and
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Kanazawa (1979) the reason attributed for this phenomenon was the inhibition in the transport

of fat soluable nutrients especially cholesterol through the haemolymph due to the absence of

phospholipids. D'Abramo et al. (1982) and Teshima et al. (1986 a,c) reported that phospholip­

ids are involved in the absorption,transportation and utilization of cholesterol in crustaceans.

Since it is demonstrated that the crustaceans have only limited ability to synthesis this steroid,

the drop in haemolymph cholesterol was believed to influence epidermal membrane synthesis

either directly or indirectly by limiting the synthesis of moulting hormone ecdysteroid, for which

cholesterol is a precurssor. Contradictory to this D'Abramo et al. (1985 a) while studying the

effect of phospholipid on cholesterol transport mechanisms in Homarus americanus explained

that only a small amount of ecdysteroids are involved with successful moulting, the reduced

serum cholesterol and associated transport rate do not exert any limiting effect upon the amount

of hormone precursor. This study reveals that eventhough phospholipid has on active role in

the absorption and transportation of cholesterol, its influence on moulting is very limited. It

might be due to this limited involvement of phospholipid, the average moulting rate estimated

remains consistent in all the diet groups in the present study. Moreover the diet including the

control (without lecithin supplements) contained an additional level of 0.02% of phospholipid

derived from the codliver fraction of the basal lipid. Presence of this small quantity of

phospholipid may be sufficient for the effective utilization of cholesterol and to induce moulting

on freshwater prawn Macrobrachium rosenbergii. Based on the result, it is recommended that

addition of lecithin over the endogenous level is not essential in the diet of Macrobrachium

resenbergii to influence moulting.

5.4 Effect of lecithin on food conversion ratio

It is noticed that the diet with lower lecithin levels produced good FCR, during the initial
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phase of the present feeding trial (ie. during the 14th and 28th day of the experiment). The

better food conversion ratio noticed for the diet with 2.5% of lecithin content can be due to the

requirement of lecithin for growth at this stage. Deshimaru and Shigueno (1972) and Colvin

(1976) opined that the deficiency or presence of excess essential nutrients in the diet of shrimps

and prawns will have adverse effect on FCR. Extremely high FCR recorded for the diet with

higher levels or without lecithin in this study support this suggestion. Deshimaru and Shigueno

(1972) also reported that even if the diet was nutritionally unbalanced, it is likely to be

consumed more by prawns, provided they are palatible and this high diet intake does not

necessarly bring about rapid growth. Phospholipid addition in the diet improving FCR has been

demonstrated in several species of penaeid shrimps. Teshima et al. (1986 a) reported that food

conversion efficiency of the diet supplemented with 3% of soy lecithin was higher than lecithin

deficient diet when fed to Penaeusjaponicus. In Penaeus monodon Briggs et al (1994) obtained

best FCR when purified diet contained 3% of lecithin. The same species exhibited increasing

growth and feeding efficiency when lecithin content was increased from 0 to 2% in a practical

styled diet with 10% of total lipid (Pascual 1985).

Among the diets tested in this study better FCR got for the diet with lower percentage

of lecithin during the first fortnight was mainly due to the utilization of lecithin for growth. The

weight gain of the prawns fed with this diet showed a marked improvement during this period

and hence the FCR also. As per the study of Shiek (1969) it is belived that the phospholipid

synthesis takes place only to a limited level during younger stage of crustaceans, and dietary

source of phospholipid might have influenced the growth rate and produced good FCR.

Against these benefical effect of phospholipids discussed above, Chen and Jenn (1991)

indicated that inclusion of even purfied phosphotidylcholine did not improved the food



conversion ratio of juvenile Penaeus penicillatus. Dietary requirement of certain classes of

lipid charges from species to species (O'Abramo, 1989). The requirment of dietary

phosphatidylcoline in Penaeus penicillatus may be very less compared to other species or its

influence on growth is less. That is why Chen and Jenn (1991)noticed insignificant result on

FCR.

The result of the study, especially the FCR estimated subsequent to second fortnight

did not exhibit any influence. For the second fortnight no difference was noticed between the

FCR of the diets 01, 02 and 03; whereas the diet 04 and 05 showed significant influence.

The study reccommends that incorporation of lecithin in the diet is unnecessary since it is seen

to have no beneficial effect on FCR.

5.5 Effect of lecithin on body phospholipid levels

Analysis of the body phospholipid composition of Macrobrachium rosenbergii postlarvae

with the termination of the experiment did not show any significant effect on dietary

formulations. However, an increasing tendency in whole body phospholipid was noticed as the

lecithin content of the diet increases from 0 to 10%. The highest body phospholipid

concentration was noticed in the diet 05. The result suggests that some amount of

phospholipid derived from the diet was incorporated into the body of the prawns.

According to the finding of Teshima et al. (1986 a, c) composition of phospholipid such

as phasphotidylcholine and phosphatidylinositol in the whole body of Penaeus japonicus

larvae and juvenile was higher when the shrimps are fed with 3% soy bean lecithin

supplemented diet compared to the control. A similar increment in total body lipid with the

increase of dietary lipid levels was noticed by Hilton et al. (1984) in Macrobrachium rosenbergii,
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Chen (1993) and Briggs et at. (1994) in Penaeus monodon and Chen and Jenn (1991) in

Penaeus penicillatus. All these studies are carried out in the context of evaluating the effect of

dietary phospholipids. Above mentioned findings stress that in crustaceans dietary lipid

composition seems to play an important role in influencing the total lipid level and some lipid

class composition in the muscle. Further, radio tracer experiment of Teshima et at. (1989)

found that labelled phosphatidylcholine was highly incorporated in the muscle within 24 hours

after injection in Penaeus japonicus and to a lesser extent in Macrobrachium rosenbergii.

Though Chen and Jenn (1991) pointed out that the retention of the phospholipids in the muscle

cannot be related to the dietary supplements, the fattyacids profile of dietary phospholipds was

strongly reflected in the polarlipid of the muscle. Since more than 60% of polarlipid is

constituted by phospholipids a possible replacement of muscle phospholipid pool by the

phospholipids of dietary origin was speculated by them. In the present study also this

phenomenon might have happened; that is why analysis of whole body phospholipids of the

prawn showed a slight increment with the increase of lecithin in the diet.

6.6 Abnormal symptoms

Specific diet related deficiency or excess symptoms were not observed in any of the

prawns fed with various test diets. Overall performance of the prawn especially growth and

pigmentation was poor, probably due to the purified nature of the ingredients. Indication of

poor growth in purified diet has been reported by Briggs et at. (1994) in Penaeus monodon. In

the earlier work of Hilton et at. (1984) and Briggs et at. (1988) with Macrobrachium rosenbergii

also no abnormal symptoms like exuvia entrapment disease or moult death syndrome was

noticed in the prawns fed with the diets deficient or containing excess lecithin.



6. SUMMARY

1. The study was aimed to evaluate the effect of different dietary levels of lecithin on

growth, survival, moulting frequency, FeR and body phospholipid levels of postlarvae

of the freshwater prawn Macrobrachium rosenbergii and also to characterise the

deficiency and excess symptoms brought about by lecithin in the semi-purified diet.

2. Five casein - egg albumin based test diets differing in lecithin content at, 0, 2.5, 5, 7.5

and 10% were prepared and fed to the early postlarvat M. rosenbergii having an

average size of 0.05386 g for a period of 56 days. The influence of lecithin on

different growth stages was evaluated every fourteen days interval.

3. Supplementation of lecithin to a level of 2.5% (dry weight) in the diet was found to

promote growth during the first fortnight and no significant influence irrespective of

the levels was noticed subsequently .

4. It is inferred that lecithin at lower levels in the diet enhances the growth rate of

M. rosenbergii during the early stage of postlarval growth when the PL synthesis take

place at a slower rate and after this critical stage endogenous PL derived from the

basal lipid source is sufficient to support growth.

5. Survival rate of M. rosenbergii was not affected by the deficiency or excess inclusion

lecithin in the diet. The result suggests that the diet was not deficient in any of the
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nutrients and dietary source of phospholipid over the endogenous level is not essential

for survival of freshwater prawns.

6. Moulting rate of M. rosenbergii postlarvae fed different test diets was consistant

irrespective of lecithin content. Average moulting rate indicated that each prawn moulted

at eight day intervals. It is concluded that in freshwater prawn moulting is a process

which takes place beyond the influence of lecithin.

7. Moult related abnormalities like ftUvia entrapment disease or moult death syndrome

were not seen in any of the individuals and the study indicated that deficiency or

excess addition of lecithin in the diet was not responsible for these phenomena.

8. Diet provided with 2.5% of lecithin produced significantly lower FCR in the first and

second biweekly intervals whereas higher percentages produced high FCR during this

period. In the subsequent fortnights all the diets produced similar FCR and it is

suggested that addition of lecithin in the diet is beneficial to FCR only during early

postlarval growth.

9. Increase in the whole body phospholipid with increase of lecithin in the diet suggests a

possible replacement of body phospholipid pool with dietary phospholipids.

10. No other abnormal symptoms like deficiency or excess was noticed in any of the prawns.

11. The study recommends supplementation of lecithin at a lower concentration of 2.5% in the

diet as it is essential to accelerate growth during the early PL phase of M. rosenbergii.
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a.ABSTRACT

The effect of dietary levels of lecithin on growth, survival, moulting, FCR and body

phospholipid levels of early postlarval freshwater prawn Macrobrachium rosenbergii was

examined using semi-purified diets in a 56 day feeding experiment.

Five casein-egg albumin based semi-purified diets incorporated with 0,2.5,5, 7.5 and

10% of purified soy lecithin (60% phosphatidylcholine) were formulated and fed to prawns (ten

numbers per treatment) with an initial mean weight of 0.05386g. In order to examine the

influence of lecithin at different growth stages of postlarvae the assessment was made every

fourteen days during the study period.

The result showed that although the overall growth performance was not affected by

dietary inclusion of lecithin, SGR% of the prawns fed with the diet containing 2.5% of lecithin

showed a significant difference at P<O.01 level during the first fourteen days of growth.

Similarly the FCR also showed significant variation (P<0.01) between the diets tested in the

first and second fortnights (14th and 28th day). In the first fortnight the diet with 2.5% of lecithin

(02) produced lower FCR, whereas in the second fortnight the first three diets (01' 02 and 03)

produced consistent FeR, while the diets supplemented with higher levels produced higher

values.

No significant differences (P<0.01) between treatments were detected with regard to

survival rate, moulting frequency and body phospholipid levels of the prawns with the



termination of the experiment. The prawns moulted once in every eight days and no

abnormalities like exuvia entrapment were noticed in any of the experimental animals.

Increment of body phospholipids with respect to levels of dietary lecithin suggests a possible

replacement of body PL pool with that of dietary PL.

The result of the study suggests that supplementation of lecithin at a level of 2.5% in

the diet can accelerate growth and improve FeR during the early postlarval phase of

Macrobrachium rosenbergii (ie., upto 4 weeks after larval settlement); beyond this,

supplementation of lecithin is not needed in the diet. No other deficiency or excess symptoms

was detected in the experimental prawns and it is found that lecithin is not responsible for

Exuvia Ent¢rapment Disease in Macrobrachiam rosenbergii postlarvae.
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