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X INTRODUCTION

Freshwater prawns are well distributed throughout the 
tropical and subtropical zones There are over 100 species 
belonging to the genus Macrobrachium (New 1990) of which the 
giant freshwater prawn Macrobrachium rosenbergii is considered 
to be the most important from aquaculture point of view due to 
its fast growth rate, omnivorous feeding habit, successful 
reproduction in captivity, low protein requirement compared to 
penaeid shrimps and high consumer preference and market price 
Thus in recent years the culture of this species has received 
wide acceptance and popularity in many countries around the 
world making freshwater prawn farming as synonymous to the 
culture of M rosenbergii

The cost of feed is one of the items pushing up the 
operational cost of prawn farming, accounting for 40-60% of 
variable cost in intensive aquaculture enterprises This makes 
it highly desirable to have a close look into the nutrient 
requirements of the cultivable species so as to formulate 
feeds that can sustain good growth with maximum conversion 
efficiency Developing such feeds using locally available cheap 
ingredients and industrial wastes and by products, will reduce 
the cost of production in prawn farming Among the various 
ingredients, protein is the most expensive component in the
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formulated feeds and therefore, it is not surprising that more 
time effort and resources have been devoted to the investiga
tions on protein nutrition of prawn than any other 
dietary components Formulation of a balanced feed containing 
low cost protein ingredients can bring down the cost of the 
supplementary feed to a great extent

In the present study an attempt has been made to eval 
uate the nutritional quality of certain locally available, 
comparatively less expensive sources of protein in the formu
lated feed of M rosenbergii such as clam meat, squid and 
shrimp head wastes of processing industry squilla and silkworm 
pupae The black clam, Villorita cyprmoides which is the m a m  
stay of clam fisheries in India accounting 64% of the total 
annual clam production (Narasimham 1991), is the most common 
feed traditionally used in shrimp farming and it is one of the 

) cheap source of protein in our locality Squilla is another 
source of protein which is locally available abundantly and 
cheaply Large quantities of Squilla obtained as by catch in 
trawl fishing at present is not properly utilized Similarly, 
shrimp head which is produced as a waste by the processing 
industry in large quantities is available in plenty Squid and 
other cephalopod wastes are also available for use as ingredi
ents for prawn feed The sericulture industry in India which 
is growing at a faster late during the past few years has a lot 
of waste after silk extraction in the form of silkworm pupae
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which is not found to be used productively
Utilization of these waste products for feed formulation 

has dual advantages 1) forming valuable feed ingredients for 
the rapidly growing shrimp and prawn rearing enterprises of oui 
country thereby helping to conserve our valuable foreign ex
change spent at present for importing formulated feed and 2) 
helping to save the amount spent on waste disposal and/or 
solving environmental problems

Carbohydrates are the the most economical sources of 
dietary energy They appear to be well utilized by shrimps and 
feed containing relatively high levels of carbohydrate appear 
to have acceptable palatability and support good growth 
(Pascual et al , 1983, Catacutan, 1991, Shiau et al 1991,
Shiau and Peng, 1991) The giant freshwater prawn, M rosen

bergii being omnivorous may be able to utilize carbohydrate for 
meeting its energy requirements so that costly protein can be 
spared for growth Thus by including sufficient carbohydrate in 
its diet, the level of protein can be minimized substantially 
However, the information on carbohydrate utilization and 
metabolism of prawn is scanty and require further studies

Limitations in our knowledge on nutrition of shrimp and 
prawn underscore the need to continuously develop, test and

t

apply new nutritional concepts This is particularly true for 
the rapidly growing shrimp feed industry where feed formula
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tions are presently based on assumptions and * unknown growth 
factors * rather than the science of nutrition

The present study in the giant freshwater prawn has been 
undertaken to evaluate the nutritional quality of certain 
locally available cheap protein sources, and to find the re
quirement of carbohydrate to know the level at which it can be 
utilized for energy metabolism, so as to spare the protein for 
achieving maximum growth
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IX REVIEW OF LITERATURE 
2 1 Nutritional requirements of shrimps and prawns

The literature regarding nutritional require 
ments of shrimps and prawns has been reviewed by New (1976, 
1980) Biddle (1977) Forster (1976), Sick and Millikm (1983) 
and Corbin et al (1983) Recently, practical manuals on the 
preparation of diets and feeding of prawn have been brought out 
by New and Singholka (1985) and New (1987 1988 and 1990), in
which there are few examples of formulations of compounded 
diets
2 1 1  Protein

Protein is one of the most expensive compon
ents in animal feeds and therefore, it is not surprising that 
more time resources and effort have been devoted to investiga 
tions on protein requirement of prawn, than any other dietary 
component (Hanson and Goodwin, 1977) The source, dietary level 
and araino acid composition of proteins in relation to shrimp 
nutrition have received most attention from nutritionists so 
far

Since the early woiks of Subrahmanyam and Oppenheimer 
(1970) Kanazawa et al (1970) and Deshimaru and Shigueno 
(1972), numerous studies have been undertaken on growth rates 
and feed efficiencies of various crustacean species, fed with 
different levels of dietary protein Table 1 gives an account
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of the wide range of optimum dietary protein levels observed 
with special reference to the source of protein used

Table 1 Protein requirement of commeicially important prawns 
and shrimps of aquaculture importance with special 
reference to the source of protein

Species Protein Suggested optimum Reference
source(s) protein level {%)

M rosenbergii
Fish meal 35
Soybean meal 
Shrimp meal

, Soybean meal 35
Tuna meal

,, Menhaden meal 35
Soybean meal

, Menhaden meal 40
Soy protein

,, Shrimp meal
Fish meal 15
Peanut meal 
Soy meal

,, Fish meal
Fish solubles 25
Blood meal 
Cotton seed meal

Casein 13
Crab protein 33

Crab protein 30

Balazs et al (1973)

Balazs & Ross (1976)

Clifford &
Brick (1979)

Millikm et al (1980)

Boonyaratpalin &
New (1982)

Perry &
Tarver (1987)

Antiporda (1986)
25 Gomez et al (1988)
35 D Abramo &

Reed (1988)
Freuchtenicht et al (1988)
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Table I contd

Species Protein source(s) Suggested optimum Reference
employed protein level (%)

P j aponicus
Squidmeal >60 Deshimaru &
Mysid shrimp meal Shigueno (1972)
Brine shrimp meal
Fish meal Gluten
Whale meal, Casein
Soy protein Activated
Sludge Petroleum yeast

Fish meal 
Soybean meal 
Shrimp meal 
Brewer s yeast
Casein, Egg albumen 
+ Pure ammo acids
Casein, Egg albumen

40

50

Balazs et a1 (1973)

Deshimaru &.
Kuioki ( 1974 )

52 57 Deshimaru &
Yone (1978)

, , Casein

, , Crab protein
P monodon Casein

45 55 Teshima &
Kanazawa (1984)

42 Koshio et al (1993)
35 Bages &. Sloane (1981)

Fish meal Egg albumen 46
Casein Squid meal 40
Fish meal Shrimp meal 
Soybean meal
Casein Gelatin
Casein
Casein

Lee (1971)
Alava &, Lim (1983)

40 50 Bautista (1986 )
40 44 Shiau et al (1991) 
36 40 Shiau & Chou (1991)
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Table 1 Contd

Species Protein source(s) Suggested optimum Reference
employed protein level (%)

P mdicus Prawn meal, Yeast 43
,, Mantis shrimp 42 9

Ground nut oil cake

Colvin (1976) 
Ali (1982a)

,, Egg albumen
,, Casein

P merguienais Casein 
,, Mussel meal

P

25 All (1988)
29 All (1988)
50 55 AQUACOP (1978) 
34 42 Sedgwick (1979)

vannamei Shrimp meal, 30 35
Fish meal, Soybean meal

Colvin &
Brand (1977)

stylirostris Shrimp meal 30 35 Colvin &
Fish meal, Yeast

setiferus Menhaden meal
aztecus ________
, Shrimp meal,

Fish meal, Soy meal
, Fish protein

28 32 
23 31 
25

40
Squid mantle meal

Brand (1977) 
Andrews et al (1972) 
Shewbart et al (1973) 
Balazs et al (1973)

Venkataramiah et al (1975)
36 5 Fenucci &

Z e m  Eldm(1976)
P duorarum Soybean meal
P californiensis Shrimp meal

Menhaden meal 
Soybean meal

28 30 Sick & Andrews (1973) 
30 35 Brand & Colvin (1977)



Based on the information presented in the table 1 it

would appear that, there is still uncertainty as to the quanti

tative dietary protein requirements of shrimps and prawns. At

one extreme there are those studies that suggest increased

growth rates and feed efficiencies with increased protein

levels even at levels in excess of 60% of the diet. At the

other extreme, there are studies suggesting that optimum die

tary protein levels are more in the range of 20 to 30%. In this

latter category, several of the reports show no additional

growth response at higher levels and indicate decreased growth
rates or feed efficiencies when protein exceeds 40% of the

diet. The wide range In optimum protein requirement noted In
these studies, could mainly be attributed to the widely vary
ing protein sources employed (New. 1976, Blddle. 1977.. Corbln
et aJ.. 1983, Chen. 1993). the stage of experimental animals
used (New. 1976) and the variations In the experimental pro
cedures followed, including unstandardlzed way of expressing
the proximate composition of test diets.

Non-proteln energy Is yet another factor tliat Influence

the optimum protein requirement. The combination of high die
tary proteins In the presence of low levels of non-proteln

the crustacean to deamlnate significant por-energy can force une

.  . thus yielding the carbon fragments ra
tion of the protein, thus yiej.ux b

.  ̂ 4. nniar energy metabolism (Hanson and Goodwin,quired for cellular eneits:'

1977).
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In his review on research in shrimp nutrition, New

(1976) has pointed out the lack of standardization in experi

mental design, culture conditions and analytical techniques,

which had limited the value of published information and made

comparison of research results from different laboratories

difficult or impossible.

It can be seen that even for a single species of shrimp

there is a wide variation in the reported protein requirement.

For instance, the reported level for P. Japonicus ranges from

42 to over 60%. Deshimaru and Shigueno (1972) reported the

optimum protein requirement of this species as over 60%, which

seems to be too high when compared to that of other penaeid

shrimps. The reason for this higher requirement has been at

tributed to be their carnivorous feeding habit (Deshimaru and

Kuroki, 1974; Deshimaru and Yone, 1978). All the investiga

tions, after the pioneering work on the protein requirement of

P. Japonicus by Deshimaru and Shigueno (1972), have reported

the quantitative requirement of protein as below 60% (vide

table 1 ). Balazs et al. (1973) reported protein requirement of

this species as more than or equal to 40%, which was the high

est level tested in their experiment; while Deshimaru and

Kuroki (1974) found the optimum as 50% in the same species. On

the other hand, Deshimaru and Yone (1978) recommended the

optimum level of protein as 52 - 57% for P. Japonicus. Teshima

and Kanazawa (1984) who had conducted trials using purified
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diets with carragenan as binder on P. Japonicus post-larvae

found levels of protein around 45. 45-55 and 55% or more as

optimum when diets contained carbohydrate at 25, 15 and 5%
levels respectively. Very recently, Koshio et aJ. (1993) re

ported maximum growth of P. Japonicus at a level of 42% dietary
protein in the diet.

The variation in optimum protein requirement of P.
monv rases can be traced down to the source ofJaponicus in many cases o»u

bv various workers. The higher values wereprotein employed oy vaixuu

u  Quality protein sources were used; forobtained when poor qualify f

instance casein. According to New (1976) diets based on oasein
have generally produced poor result with shrimp. Penaflorlda
(1989) opined that arginlne. an essential amlno acid Is defi
cient in casein. Arginlne is required by all crustaceans pri
marily due to the lach of urea cycle which Is necessary for
arginlne biosynthesis from ornithine (Miyajima et ai.. 1977).

^  nrotein source for juvenile lobsters.
When casein was used as P

ixrcki associated with 'moult death* syn-poor growth and survival associ

drome were eKperienced (Bowser and Rossenmark. 1981).
in a recent report by Koshio et ai. (1993). wherein crab

protein was used for P. Japonicus an optimum protein require
ment of 4311 was obtained. Crab protein appears to be better

«« than many commercially available proutilized by crustaceans than ma
.  a^vtracted from many marine organisms test

tein and protein e n ♦. h f^r
.  , 1982). crab protein has been later selected(Bogen et aJ.,
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the preparation of standard reference diet (SRD) for crustacean

nutrition studies - HFX CRD 84 (Halifax crab protein reference

diet). The use of crab protein as protein source could be the

possible reason for the lower optimum protein requirement (42%)

reported by Koshio et aJ. (1993) compared to many works sug

gesting it as over 50% and in some cases as over 60%.

In general freshwater prawns {Macrobrachium spp.) re

quire less protein in their diet, nearly a third of that re

quired for penaeids (Pandian, 1989). In the case of giant

freshwater prawn, M. rosenbergii, the optimum protein require

ment suggested by various workers ranges from 13 - 40% which

is a. very wide range.

A critical analysis of available information of protein

requirement on M. rosenbergil presented in table 1 reveals

that, most of the workers put it in the range of 13-25%, while
Millikin et al. (1980) reported the optimum as high as 40%. On

the other hand, others such as Balazs et al. 1973i Balazs and
Ross (1976): D'Abromo and Reed (1988) and Freuchtenicht et al.

(1988) have observed the optimum protein requirement as between
30 and 35%.

The reasons for this unusually wide variation in the
reported values of optimum protein requirement of M. rosenber
gil can be attributed to the variation in protein source used.
Among the various reports the lowest level of protein require
ment for M. rosenbergil is the one suggested by Gomez et al.
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(1988) which is 13-25% using a casein based diet. Gomez et ai.

(1988) appear to have used a moist diet with moisture content

in the range of 45.4 - 49.4% and reported the optimum protein

requirement on as fed basis, rather than following the stan

dard way of expressing proximate composition in dry matter

basis. By applying the formula suggested by New (1987), the

expression on as fed basis can be converted to dry matter

basis. By doing so, it could be found that the optimum protein
i

requirement observed by Gomez et aJ. (1988) is in the range of

23.85 - 47.76% on a dry matter basis. The best growth response

was observed in the upper limit of the range (ie, 47.76%)

suggested by Gomez et aJ.(1988). This high requirement of

protein could possibly be due to the use of casein as the

protein source.

However, Boonyaratpalin and New (1980) evaluated the

effect of three protein levels (15, 25 and 35%) on M. rosenber-

gii reared in outdoor concrete ponds and suggested 15% as the

desirable level of protein from economic point of view, as

there was not much variation in the performance of the diets

differing in protein levels tested. Similarly, Antiporda (1988)

reported that 14% protein level could sustain good growth in M.

rosenbergii and Barlett and Enkerlin (1983) have produced

satisfactory growth of this spaoies, in asbestos^ asphalt or

polythene covered earthern ponds at a protein level as low as
14%. All these studies emphasize the Importance of natural food
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in prawn rearing as suggested by New (1990).

Among the various works on protein requirement of Af.

rosenbergii, the highest level is being reported by Millikin et

aJ. (1980) using fish meal and soybean meal protein sources.

But according to Deshimaru and Shigueno (1972) predominance of

fish meal in prawn feed never brought good results because it

is low in basic amino acids (arginine, histidine and lysine)

and phenyl alanine. Colvin (1976) who got a similar observation

explained that fish meal is deficient in amino acids like

tyrosine and phenyl alanine. Ali (1982a), while experimenting

with P. indicus observed lowest growth response with fish meal

in the diet compared to mantis shrimp, clam meal and prawn

meal. Later, Sherif (1989) also reported that fish meal based

diets are inferior to clam based diet for M. rosenbergit. These

reports suggest that fish meal Is deficient In certain amino

acids and that could be the possible reason for this elevated

protein requirement observed by Mllllkln et aJ. (1980)for M.

posenbergli (40« ). Mllllkln et aJ. ( 1980) based on their

experiment pointed out that this protein requirement of 40X

could be lowered. If the amino acid balance of protein sources

is adjusted. Balazs et aJ. (1973) suggested that a dietary

protein concentration In excess of 35% might be required for
maximum growth rate among Juvenile M. rosenbergll. The protein

source used seems to have a profound Influence on the protein
requirement, as In that study It was found that an all veget-
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able diet gave better result compared to a fish meal- soybean

meal diet, but inferior to a fish meal-soybean meal- shrimp

meal diet, at 35% protein level. This experiment also suggests

that fish meal is an inferior source of protein but the use of

shrimp meal along with fish meal could ameliorate the deficien

cy in certain amino acids particularly the basic amino acids.
Using crab protein which was found to be superior for

crustaceans by Bogen et ai. (1982) and later selected for the

preparation of standard reference diets for crustacean nutri

tion studies, D'Abramo and Reed (1988) and Freuchtenicht et

al.(1988) reported the optimum protein requirement of «. rosen-

bergii juveniles as 33-35% and 30% respectively.
A critical evaluation of the results of various experi

ments reveals the importance of evaluation of the quality of
protein sources in the formulated feed of prawn, as the protein
requirement is dependent on the source of protein. In this
regard, the essential amino acids of prawn and the similarity
of amino acid profile of prawn with protein source also gain
importance.

2.1.2 Essential amino acid

Protein requirement is significantly affected by the
quality of dietary protein which in turn is dependent on the
level, balance and bio-availability of essential amino acids.
The essential dietary amino acids for shrimps and prawns are
quantitatively similar to those for other animals (New, 1976).



16

fcO—Ifeho&e— —p^tihaaf nji'jrmftl/g .1

Cowey and Forster (1971), Shewbart et aJ.(1972) and Kanazawa

and Teehlma (1981) have showed that arginine, histidine, iso-

leucine, leucine, lysine, methionine, phenyl alanine, threo-

nine, tryptophan and valine are essential for P&laemon serra-

tus, Penaeus aztecus and P. japonicus respectively. Similar

results were obtained for Macrobrachium ohione by Miyajima et

aJ.(1977), except that no data was obtained for tryptophan.

According to the authors, acid hydrolysis used in the ,experi

ment presumably destroyed all tryptophan and opined that tryp

tophan is probably essential for M, ohione. Torres (1973),

using fluctuations observed between values in the free amino

acid pool of P. kerathurus found only eight amino acids as

essential viz, histidine, isoleucine, lysine, methionine,

phenyl alanine, threonine and valine; interestingly, arginine

was not found to be essential in this study. According to

Miyajima et aJ.(1977), all crustaceans require arginine primar

ily due to the lack of urea cycle in crustaceans which is

necessary for arginine biosynthesis from ornithine.

In M. rosenbergllt Watanabe (1975) reported an essenti

ality for tyrosine in addition to arginine, histidine, isoleu-

cine, methionine, phenyl alanine, tryphtophan and valine. A

conspicuous variation in W. rosenbergii is the apparent non-

essentiality for lysine, which has been reported to be essen

tial for all other animals studied so far (Watanabe, 1976). In
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his review on prawn and shrimp nutrition, New (1976) has

pointed out that this apparent non-essentiality for lysine

^  obsered by Watanabe (1975) was probably due to analytical

difficulties. This observation was further evaluated by Stahl

and Aheran (1978) using purified amino acid test diets and

reported that lysine is not essential for the growth and sur

vival of A/, rosenbergii. The difference in growth in terms of

percentage increment in length of prawns receiving various

levels of amino acid(0, 0.7, 1.4 and 2.8 %) for a period of 30

days was found to be statistically not significant. The authors

also investigated the essentiality of arginine, histidine and

tryphtophan which were already reported to be essential for M,

rosenbergii and found all these three amino acids as being

nonessential. But the authors while giving these results exer

cised some caution by stating gut and / or tank bacteria may

have supported the prawn with amino acids in amount sufficient

for growth. Diddle (1977) also cautioned drawing conclusion on

essentiality of amino acids on the basis of short terra growth

studies before considering pre-nutritional status of the prawn,

likely existence of nutrient reserves in the body of the prawn,

the ability of the prawn to preferentially conserve a specific

nutrient that is deficient in diet and the possibility of

adequate quantity of the amino acids made available for ab

sorption from mioroblal synthesis in the gut of the prawn.
Certain amino acids could be spared by other amino acids



18

which are summarized by Paulraj (1993). For instance, methio-

nine could be spared by cystine, thereby the level of cystine

in the feed should be considered while adjusting the methionine

level in the feed (Paulraj, 1993 ). Phenyl alafiine is spared by

tyrosine in fish, but in prawn, phenyl alanine is converted

into tyrosine by an irreversible pathway (Paulraj, 1993). So

adequate level of phenyl alanine must be ensured in the feed of

prawn.

Bio-availability of amino acid is yet another factor

important while considering the amino acid requirement in the

feed. Methionine may undergo oxidation during processing of

ingredients and feed, to methionine sulphoxide or methionine

sulphone and the bio-availability of these compounds to fish

and prawn Is largely unknown (Paulraj, 1993). According to

Halver (1980), methionine sulphoxide may have some biological

value for fishes which have limited capacity to reconvert It to

methionine and thus particularly make up for some of the meth

ionine oxidised during processing. It Is therefore, essential
4.U of methionine after preparing the feed

to determine the level or

A j tho available form of this €unino acid in
to have an idea about tne av«

Lysine is a basic amino acid having
the feed after processing,

a, Tho second (epsilon) amino group must be freetwo amino groups. The secon

and rsactlvfe for affective utilisation of lysine by prawn
(Paulraj, 1993). During the manufacture of feed, the second
amino group may react with non-proteln molecules present In the
feed ingredients to form compounds that render the lysin
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biologically unavailable So, the biologically available lysine 
in finished feed is more important than ch mically measurable 
lysine m  feed ingredients

Reports on the quantitative amino acid requirement of 
shrimps and prawns are scanty (New, 1976, Biddle, 1977, Hanson 
and Goodwin, 1977 and Corbin et al ,1983) This is mainly due 
to the problems associated with the use of pure ammo acids in 
the test diets of shrimps and prawns Deshimaru and Kuroki 
(1975) and Deshimaru (1982) have showed that diets containing 
only amino acids instead of protein brought about a poor giowth 
and high mortality in feeding trials of P japonicus

Based on their study of amino acid supplementation to 
the diets of M rosenbergn, Stahl and Aheran (1978) suggested 
that searching for optimum amino acid levels for incorporation 

into commercial feeds may be less important than it was earlier 
thought Thus evaluation of quality of various protein sources 
which are found to be suitable for incorporation into practical 
diets, based on growth studies gain importance, rather than 
trying to find quantitative ammo acid requirement and balanc 
m g  their level m  the commercial feed of shrimps and prawns

2 1 3  Protein sources
Fish meal is one of the most common ingredients used in 

the commercial shrimp feed possibly due to its large scale 
availability The proportion of fish meal in commercial feed 
ranges between 10 and 40% (Akiyama et al 1992 ) In view of



the high cost of good quality fish meal of relatively constant 
chemical composition, it is not surprising that feed cost 
account for 40 60% of total operating cost in intensive aqua 
culture enterprises (ADCP 1983) Clearly, alternative and 
ideally less expensive protein sources of good quality must be 
found (Tacon and Jackson, 1985)

Approaches employed for partial or total replacement of 
fish meal in commercial aquafeeds fall into two broad catego 
ries, namely the use of conventional feed ingredients having 
higher protein levels and the use of a new generation of uncon 
ventional high protein feed ingredients

Based on origin, protein sources used for compounding 
feeds can be divided into plant protein sources and animal 
protein sources 
2 1 3 1  Plant Protein sources

According to Tacon and Jackson (1985) apart from amino 
acid profiles which are often imbalanced, endogenous anti 
nutritional factors also create problems limiting the use of 
plant feed stuffs in aquafeeds at high levels Feed stuffs of 
plant origin are, as a whole, lower in protein content compared 
to those of animal origin In addition the presence of high 
amount of carbohydrate, fibre and other molecules such as 
glucosides, phytates and cyclopropanes in these sources present 
the nutritionist with problems that are generally not encoun
tered with sources of animal origin (Spinelli et al , 1979)

20
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According to Hanson and Goodwin (1977) feeds of plant origin 
alone seem not to result, acceptable growth and survival in 
prawns Most of the plant proteins have shown to yield poor 
growth rates m  prawns when used individually excepting a few 
like soybean meal (Kanazawa et al 1970 Sick and Andrews 
1973 Millikin et al , 1980, Fernandez and Lawrence 1988,
Akiyama et al 1988 and Akiyama 1989) wheat gluten (Forster 
and Gabbot 1971 and Deshimaru and Shigueno, 1972) and peanut
meal (Lee 1971 Sick et al 1972 Forster and Beard, 1973 
Balazs et al , 1973 and Gopal, 1986)

The improved growth rates produced by some of the plant 
sources have been attributed to their high polysaccharide 
content compared to monosaccharide (Forster and Gabbot, 1971, 
Kitabayashi et al , 1971 Andrews et al , 1972 and Sick and 
Andrews, 1973 ) Deshimaru and Shigueno (1972) reported that,
soybean meal, though a protein of plant origin, has an amino 
acid profile quite similar to that of prawns Venkataramiah et 
al (1975) showed that plant material is an essential part of 
prawn diet and found that it specifically improves feed conver 
sion efficiency and survival in brown shrimp, P aztecus Since 
the animal protein sources are relatively expensive, protein 

sources of plant origin have been used by many workers in the 
shrimp feeds in an attempt to minimize the cost of production 
2 1 3 2  Animal protein sources

A variety of animal protein sources and the substitution
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effect of one source with another m  the formulated feeds of 
many specles of shrimps and prawns, have been evaluated by 
various investigators with varying degrees of success 
2 1 3 2 1  Fish meal

Fish meal made from good quality whole fish that is 
properly processed is the best quality protein source commonly 
available to aquafeed manufacturers Fish meal made from whole 
fish contains 60 80% protein It is also a rich source of 
energy and minerals and is highly digestible and palatable for 
most of the species It is high in available lysine and methio 
nine the two amino acids most deficient m  plant feed stuffs 
(Lovel, 1989) Marine fish meal contains 1 1 25% n-3 fatty 
acids, which are essential for most of the species Fish meal 
made from wastes of fish processing and canning plants is lower 
in quality and quantity in respect of protein

Because of its high cost fish meal is generally used 
only in limited quantities in commercial feeds The dependence 
of fish meal may cause economic constraints in some areas, 
especially in developing countries, where it is less abundant, 

is of lower quality and expensive too Also in the more devel 
oped countries, difficulties are sometimes experienced due to 
fluctuations in fish meal supply and price, when supply is 
short (Lovel, 1989)

Generally, the essential a m m o  acid profile of the 
protein of the animal s body closely approximates its dietary
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requirement The fish meal normally does not provide all essen 
tial amino acids to the required level and is found to be 
generally poor in threonine, phenyl alanine arginine and 
histidine (Lovel, 1989)

Fish meal a high quality protein source for finfishes 
seems to have lower nutritional value for shrimps and prawns, 
especially when used as a sole protein source This has been 
reported for P duorarum (Sick and Andrews, 1973), P Japonicus

(Deshimaru and Shigueno,1972) P mdicus (Colvin, 1976) P

monodon (Pascual and Destajo, 1979), Palaemon serratus (For
ster and Beard, 1973) and M rosenbergn (Sherif, 1989) Deshi
maru and Shigueno (1972) attributed this to the shortage of 
phenyl alanine and the basic amino acids (arginine histidine
and lysine) m  fish meal

Deshimaru and Shigueno (1972) found that diets prepared 
with fish meal were inferior to short necked clam for P japo

nicus and attributed it to the different ammo acid profile of 
fish meal when compared to the species tested Colvin (1976) 
while working on P mdicus got similar obseivation and ex 
plained that fish meal is deficient m  ammo acids like tyro 
sine and phenyl alanine All (1982a) while experimenting on P 
mdicus observed lowest growth response with fish meal in the 
diet compared to mantis shrimp clam meal prawn meal and the 
control fresh clam meat Sick and Beaty (1975), while comparing 
different protein sources for M roscnbergil obtained poor
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weight gain with fish meal, lower even compared to a plant 
protein source, soybean meal The apparent protein digestibili 
ty of fish meal was found to be less than that of soybean meal 
in the case of P vannamei (Akiyama et al 1988) Sherif 
(1989) also reported poor performance of fish meal compared to 
clam meat in the diet of M rosenbergn

The observed poor performance of fish meal in shrimp and 
prawn feeds may be related to its ammo acid profile Fish meal 
is lower in basic ammo acids which are apparently essential 
for shrimps (Deshimaru and Shigueno ,1972 New 1976, Brand and
Colvin 1977 and Colvin and Brand 1977) and /or due to an imbal
ance in mineral content (Colvin and Brand 1977)

On the other hand Sick and Andrews (1973) working on 
P duorarum compared the dietary value of menhaden meal with
other protein souices and found menhaden meal as superior to
shrimp meal casein and maize gluten meal, but inferior to 
soybean meal

The freshness of raw material and the method of drying 
affect the quality of fish meal Wood et al (1991) have pointed 
out the quality problems of Indian fish meal Most of Indian 
fish meal is made by sundrying and grinding Due to the poor 
handling and processing the Indian indigenous fish meal is of 
low quality with less protein content of about 45% compared to 
65% or more of the first grade fish meal m  the international 
market Most of Indian fish meal is also reported to have high
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microbial count and contain considerable impurities including 
sand and salt These are major problems for commercial feed 
manufacturers, affecting the quality of feed formulation as 
well as the life of their processing equipments Hence, commer 
cial shrimp feed manufacturers mostly rely on imported fish 
meal of high quality the price of which is high Vacuum dried 
and steam dried fish meals are recommended for shrimp feeds 
(Akiyama et al , 1992) Flame dried fish meal is exposed to
high temperature which makes protein less available, oxidizes 
lipids and produce antinutritional factors like histamine 
(Akiyama et al , 1992) Although fish meal is reported to be a 
poor source of protein, it is one of the most common ingredi
ents in commercial shrimp feed at 10 40% inclusion level 
(Akiyama et al , 1992), possibly due to its bulk availability 
2 1 3 2 2  Molluscs

Short necked clam, Tapes philippmarum has traditional 
ly been considered as an excellent feed for P japonicus 
Kanazawa et al (1970) had shown that P japonicus grows well 
on diets with short necked clam Deshimaru and Shigueno (1972) 
and Deshimaru (1981 and 1982) attributed the reason for the 
superiority of short necked clam as its similarity in amino 
acid profile to that of P Japonicus Shenf (1989) reported 
that, dried clam meat as principal protein source gave better 
results m  terms of growth and survival compared to a diet 
based on fish meal for M rosenbergii
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High nutritional value of squid meal as a protein source 
was demonstrated by seveial authors for several penaeids viz, 
P japonicus (Kitabayashi et al 1971 Deshimaru and Shigueno 
1972) P setiferus and P stylirostris (Fenucci et al ,1980), 
P aztecus (Fenucci and Zein Eldin 1976) P monodon (Cruz- 
Ricque and AQUACOP 1987), P vannamei (Dokken and Lawrence, 
1985) and recently for P mdicus (Cruz Ricque et al 1987)

Deshimaru and Shigueno(1972) found that squid meal has 
an excellent nutritive value for P japonicus and stated that 
it is due to the the essential amino acid composition of squid 
protein which is similar to that of P japonicus Cruz Ricque 
et al (1987) suggested that this growth piomotmg effect is due 
to a protein fraction of squid tissue and not related to amino 
acid balance They suggested the existence of an unknown growth 
factor in squid Cruz Suarez et al (1987) demonstrated that 
the growth promoting effect of squid protein is not because of 
amino acid supply but due to an increase in metabolic activity 
and protein synthesis per cell, since it tends to induce a 
hypertrophy of cells and not hyperplasy

Growth promoting effect of squid protein had been 
evaluated at different levels by many authors Kitabayashi et 
al (1971) used 56 74% level of squid meal in their experiment 
with P japonicus, while Deshimaru and Shigueno (1972) used at 
lower rates (20-47%) for the same species However, using a 
series of diets for P aztecus containing 31 5% shrimp meal,
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Fenucci and Zein Eldin (1976) obtained best growth with diet 
containing 5 or 15% squid meal, while larger proportions of 
squid meal of 30 and 49% resulted in high mortality and de 
creased growth rate

Cruz Ricque et al (1987) evaluated the growth response 
to supplementation of mixed diets, with protein extracted from 
frozen squid at different levels (15 3, 6, 16%) in the diet
of four species of shrimps In P stylirostrls and P vannamei, 
growth rates were significantly improved even at lowest level 
of supplementation Improvement was obtained only with 6 and 
16% supplementation in P monodon while, no significant lm 
provement was observed m  P mdicus This clearly suggests the 
existence of species specificity in the growth promoting effect 
of squid protein The growth promoting effect of squid protein 
at 16% of the diet could be explained by its nutritional value, 
particularly ammo acid content However result obtained at 
lower levels of squid seems to be due to an unknown growth 
factor According to Akiyama et al (1992), this growth factor, 
which is believed to be small peptides, increases the digestive 
efficiency of shrimps and enhances growth rate On the other 
hand, Fenucci and Zein Eldm (1976) attributed higher amount of 
arginine in squid as the possible reason for the enhanced 
growth rate in P aztecus Squid meal is also an excellent 
attractant and squid meal levels in commercial shrimp feeds 
usually ranges from 2 to 10% There is no nutritional limita
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tion in the use of squid meal in shrimp feed however, its use 
is limited by price and availability (Akiyama et al ,1992) 
2 1 3 2 3  Crustaceans

Crustacean meal has been tested extensively by many 
workers in shrimp feeds expecting it to produce better result 
owing to its similarity in amino acid profile with the body 
protein of shrimp although contradictory results have also 
been reported

Sick and Andrews (1973) observed higher growth rate for 
P duorarum with shrimp meal diet, than casein and maize gluten 
meal but poor growth response than with soybean meal and fish 
meal Forster and Gabbot (1971) reported that m  Palaemon 
serratus the assimilation efficiency for shrimp meal was poorer 
than that of casein gelatin, egg albumen freeze dried egg, 
mussel mantle, fish meal, maize gluten meal, groundnut meal and 
bacterial protein In Pandalus platyceros also a lower assimi 
lation efficiency of shrimp meal has been reported compared to 
casein soybean meal and bacterial protein, but higher to that 
of white fish meal (Forster and Gabbot, 1971) But Forster and 
Beard (1973) reported a better performance for shrimp meal over 
fish meal m  the diet of Palaemon serratus On the other hand 
Balazs et al (1973 ) observed no benefit when shrimp meal was 
used along with tuna and soybean meal at 25 and 35% protein 
levels According to Akiyama et al (1988), apparent protein 
digestibility of shrimp meal was reported to be poor than that
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of soybean meal Similarly AQUACOP et al (1989) reported lower 
digestibility of shrimp meal compared to fish meal, squid meal 
and soybean meal for Penaeus monodon, P vannamei and P sty 
hrostris On the other hand, Cruz Suarez et al (1993 ) ob 
served a positive dose response relationship in the growth rate 
of P vannamei when shrimp meal was incorporated in the diet 
along with other sources The best growth response m  the study 
was obtained when shrimp meal was used at 18% of the diet, 
which was also the highest level tested Earlier, Nair and 
Thampy (1987) reported superiority of diet based on shrimp 
meat (tfetapenaeus dobsoni) over other sources of protein tested 
for the larvae of Macrobrachium rosenbergn

Shrimp meal is high m  crude protein content and several 
essential amino acids (Forster 1976) besides, it is a good 
source of fatty acids (Sandifer and Joseph 1976) and appear 
promising for compounding shrimp feed (Venkataramiah et al , 
1978 and All, 1988) However shrimp meal as a single source of 
protein has been reported to result poor rate of growth in P 
mdicus (Raman et al , 1982) and P monodon (Pascal and Desta 
jo, 1979) Commercial shrimp feed usually contains 5 15% 
shrimp meal (Akiyama et al 1992)

Another potential crustacean source of protein which is 
locally available and inexpensive is the stomatopods Oratos 
quilla nepa the mantis shrimp is a stomatopod caught in 
abundance in early fishing season for shrimps and large quanti
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ties of this occur in the trawl catches along with shrimp 
during November to January (All and Mohamed, 1985) At present, 
this species is not properly utilized All (1982a) used squilla 
protein m  the formulated feed of P indicus after coagulating 
the protein and drying and compared it with other compounded 
feed based on clam meal, prawn waste, fish meal and a control 
(fresh clam meat) The best growth response was observed for 
the mantis shrimp based diet, closely followed by clam meal 
diet But the feed efficiency was better for clam meal based 
diet

Later All and Mohamed (1985) tried four combinations of 
prawn waste and mantis shrimp m  the formulated feed for P 
indicus Unlike as in the previous case, m  this experiment, 
the mantis shrimp they have used was in the form of a meal 
prepared by sundrying and pulverizing Prawn waste meal was 
also prepared by the same method Best growth response and feed 
efficiency for P indicus was noted when 25% prawn waste and 
35% mantis shrimp were used together m  the feed 
2 1 3 2 4  Other sources

Silkworm pupae is yet another source of protein which 
seem to be potential for shrimp and prawn feed But the litera 
ture on the use of silkworm pupae in the formulated feed of 
shrimps and prawns is scanty All (1988) explored the possibil
ity of incorporating silkworm pupae as a protein source in the 
formulated feeds of P indicus juveniles But the result showed
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that feeding with silkworm pupae diet results m  low digest
ibility, protein efficiency ratio and biological value for P 
mdicus He attributed it to the high chitin content of silk
worm pupae According to Hanson and Goodwin (1977) penaeids 
appear to have two chitinase systems one in hepatopancreas and 
the other centred around the chitinoclastic bacteria in the 
digestive gland Several studies have reported measurable 
levels of chitln degrading enzymes in the alimentary tract of 
various crustaceans (Chandramohan and Thomas, 1984, Lynn, 1990j 
Spindler Bath e£ al , 1990) In addition it is commonly ob
served that shrimps and prawns consume their exuviae following 
ecdysis These observations suggest that crustaceans may be 
able to utilize the dietary chitm Vaitheswaran and All (1986) 
reported that glucosamine and chitin have a growth promoting 
effect in P mdicus It may also be seen that the purified 
diets proposed for the use in nutritional studies with shrimps 
and prawns contain 0 5% glucosamine (Kanazawa et al , 1970 and 
Kanazawa, 1982) Recently Unnikrishnan et al (1992) reported 
high nutritional value of silkworm pupae in the formulated feed 
of M rosenbergll and pointed out that it is comparable to clam 
meal based diet

To find an alternative to fish meal, many workers have 
tried various unconventional sources of protein in the formu
lated feeds with variable success Sultan et al (1982) ob
tained encouraging results with frog flesh waste in the formu
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lated feed for P indicus and P monodon Forster and Gabbot 
(1971) evaluated the digestibility of whale meal and slaughter 

house wastes in the feed of Palaemon serratus and found them to 
be least assimilated among the various sources tested Accord 
m g  to Deshimaru and Shigueno (1972), although the quantity of 
total ammo acids in whale meal is high, its amino acid pattern 
differ from that of prawns Goswami and Goswami (1979 and 1982) 
pointed out the possibility of using slaughter house waste in 
shrimp feed

Nutritional response of post larvae of P vannamei to 
various levels of meat and bone meal indicated that it could be 
cost effectively used as partial substitute to marine protein 
in shrimp feeds (Lawrence and Castille, 1988) Blood meal has 
been found to be an inferior source of protein in the diet of 
P paulensis when it replaced fish meal shrimp meal clam 
meal, soymeal or rice bran (Marchiori et al , 1982) Brand and 
Colvin (1977) observed growth depression in P cahforniensis 
when blood meal was included at 5 15% of the diet Dommy and 
Ako (1988) opined that blood meal which contains co-valently 

attached methionine, might be a potentially useful way to 
supplement limiting ammo acids in feeds According to Akiyama 
et al (1992) blood meal is not commonly used in commercial 
feed and when used the level should not exceed 7% of the diet

Yet another group of unconventional gsaaup && protein is 
single cell protein such as algal powders, yeast and bacterial
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protein Bacterial protein was found to be among the beet 
assimilated protein in the diet of Palaemon serratus and Panda 
lus platyceros (Forster and Gabbot, 1971) Superior performance 
of petroleum yeast over white fish meal in the diet of P 
japonicus was reported by Deshimaru and Shigueno (1972) Brand 
and Colvin (1977) observed better growth and survival while 
using yeast m  the diet of shrimp Akiyama et al (1992) is of 
the view that utilization of yeast in the aquafeeds is limited 
by palatability (bitter flavour) of the feed In commercial 
feeds the level of yeast ranges from 2 5% and it is pointed out 
that it should not exceed 5% owing to palatability considera
tions

Among algal powders, Spirulina was found to promote 
growth m  P japonicus (Cuzon et al , 1981) and P indicus

(All, 1988) James et al (1992) while investigating the pos 
sibility of using Spirulina fusiformis as protein source in the 
feed of M rosenbergn suggested that, it cannot serve as a 
sole protein source, but can be used effectively as a supple
mentary protein source

2 1 2  Carbohydrate
Although the protein requirement of shrimps and prawns 

has been studied extensively the information on the carbohy 
dr ate nutrition is scarce The carbohydrate requirement of 
various species has not been well defined so far But there are
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few studies which evaluated the quality of various carbohydrate 
sources

Knowledge of optimal level of protein and protein spar
ing effects of non protein nutrients such as carbohydrate and 
lipid, is effective in reducing cost of feed Protein, the 
expensive fraction could be optimally utilized for growth 
rather than for maintenance of the prawn, if there is better 
understanding of protein sparing capacity of other components 
like carbohydrate and lipid

The feed with high dietary protein, in the presence of 
low levels of non protein energy may force the crustaceans to 
deaminate significant proportions of protein thus yielding the 
carbon fragments required for cellular metabolism Hysmith et 
al (1973), while experimenting with P aztecus observed that 
low protein/ high energy and high protein/ low energy diets 
gave better growth rate than low protein/ low energy or high 
protein/high energy diets The higher amount of energy needed 
by prawn at higher levels of protein to attain approximately 
the same growth rate obtained at a lower protein level, implies 
that when non protein energy sources are limiting protein is 
catabolised (Bautista, 1986) According to Shiau and Chou 
(1991), when energy level of the diet is kept at a level of 330 
kcal/lOOg, the dietary protein level of P monodon can be low
ered from 40 to 36 % Therefore, it is critical to obtain the 
proper protein energy (P/E) ratio in a diet, for the most
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economical production of shrimp Reduction of any excess pro
tein m  the diet will help m  reducing the quantity of ammonia, 
being excreted by shrimp (Shiau and Chou 1991)

Crustaceans can utilize dietary carbohydrates as energy 
source, polysaccharides such as starch and dextrin, being 
better than monosaccharides Glucose in the diet at the level 
of 10% or above is known to suppress growth (Lovel 1989) 
Addition of 20% glucose to a menhaden meal based diet for P 
aztecus produced reduced growth rate, while inclusion of 30% 
staich m  the diet with lower protein diet increased growth 
rate (Andrews et al 1972)

Abdel Rahman et al (1979) have shown that P japonicus 
juveniles had a better weight gain on diets containing disac 
charides such as sucrose, maltose and trehalose and polysaccha
rides such as dextrin and starch than on diets containing 
monosaccharides such as glucose galactose and fructose They 
attributed the reason for the higher nutritive value of di and 
polysaccharides than monosaccharides for P japonicus as the 
gradual absorption of these compared to the quick absorption of 
glucose in the stomach and release all at once into haemo 
lymph When a large quantity of glucose ia added to diets, 
blood glucose levels get elevated to abnormally high levels, 
whereas di and polysaccnandes are not absorbed from the sto 
mach They aie digested to glucose and trehalose m  the midgut 
ard hepatopancreas and then released gradually into haemolymph
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AQUACOP (1978) also suggested that a carbohydrate such as 
starch appears more suitable than glucose in the diet for 
shrimps

The dietary characteristics of seven carbohydrate sourc 
es vis, glucose fructose galactose maltose, sucrose glyco 
gen and starch were evaluated for P indicus by All (1993) and 
observed superior growth for shrimp fed with diets having 
starch and maltose Among the different carbohydrates tested, 
diets having glucose, fructose, galactose (monosaccharides) , 
sucrose and glycogen show poor growth Monosaccharide also 
showed poor feed conversion ratio than di and polysaccharides 
Among the various combinations of carbohydrates, sucrose 
maltose starch mixture at equal proportion was found to be the 
best compared to others (All 1993)

All (1982 b) while experimenting with P indicus at 
various levels of starch observed best growth response while 
using 40% starch m  a casein based diet 
2 1 3  Lipid

Lipids are required m  the diet of shrimps and prawns, 
not only for their energy value but also as sources of 
essential fatty acids fat soluble vitamins sterols and 
phospholipids However, high levels of lipids are usually 
associated with significant retardation of growth (Forster and 
Beard 1973 Deshimaru and Kuroki 1974 Kanazawa et al 
1977a)
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Kanazawa et al (1977a) obtained best growth for P 
japonicus when 8% short necked clam oil was included m  the 
diet while 16% inclusion produced growth inhibition among the 
three levels (8, 12, 16%) tested Deshimaru et al ( 1979 )
obtained best growth for the same species when 6% lipids was 
used in the diet among four levels (3,6 9 12%) tested
Mendoza (1982) found that a diet containing 11 7% lipid gave 
maximum growth and feed efficiency for P monodon juveniles 
Catacutan and Kanazawa (1985) showed that the best growth of P 
monodon juvenile was obtained with lipid source containing high 
amounts of highly unsaturated fatty acids of n 3 series in
semipurified diet at 10 11% level m  theii diet Sheen and
D ’Abramo (1991) while experimenting M rosenbergn juveniles 
tested 6 lipid levels (0 12%) with cod liver oil and corn oil 
in 2 1 ratio and observed significant reduction in weight when 
10 or 12% lipid level was tried

Polyunsaturated fatty acids (PUFA) of linolenic (n 3) 
and linoleic (n 6) families (18 2n 6, 18 3n 3, 20 5n 3, 22 6n 
3) have been recognized as very important nutrients for the 
growth of crustaceans (D’Abramo and Sheen, 1993) Growth 
enhancing response to dietary oils containing comparatively 
high levels of C> 20n 3 PUFA (shrimp head anchovy sardine,
clam or cod liver oils) was observed by Sandifer and Joseph
(1976) for M rosenbergii Kanazawa et al (1977b) Guary et 
al (1976) for P japonicus Read (1981) for P mdicus and by
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Martin (1980) for Palaemon serratus
Analysis of the diet influenced on fatty acid profiles 

of crustacean tissue has led to a better understanding of fatty 
acid metabolism This approach led to the conclusion that P 
japonicus (Kanazawa et al 1979b) and M rosenbergii (Reigh, 
1985) have the ability to synthesize saturated and monounsatu 
rated fatty acids from 16 0 (Palmitic acid) but these fatty 
acids are not in turn transformed into 18 2n 6 18 3n 3 20 5n 
3 or 22 6n 3 Analysis of the fatty acid profile of tissue of 
white shrimp P setiferus brown shrimp, P aztecus and pink 
shrimp P duoraium by Bottino et al (1980) and P indicus by 
Read (1981) revealed that these species possess a limited 
capacity to convert C18 PUFA into C_>20 PUFA Using labeled 
18 3n 3, Kanazawa et al (1979a) identified a similar metabolic 
limitation m  P japonicus

Growth of crustaceans has been improved through dietary 
additions of 18 3n 3 and/or 18 2n 6 and the level of the meas 
ured response of dietary 18 3n 3 generally exceeds that to 
18 2n 6 (Shewbart and Mies 1973 Read 1981 Guary et al , 
1976, Kanazawa et al 1977a) In contrast, P indicus and M 
rosenbergii appear to prefer dietary 18 2n 6 over 18 3n 3 in 
satisfying a Cl8 PUFA requirement (Read 1981 and Reigh and 
Stickney 1989)

Kanazawa et al (1978 1979a) concluded that either 20 5n 
3 (eicosapentaenoic acid) or 22 6n 3 (docosahexaenioc acid)
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also termed highly unsaturated fatty acids (HUFA) have higher 
nutritive value than 18 2n 6 or 18 3n 3 PUFA for P japonicus 
The unique nutritional value of 20 5n 3 and 22 6n 3 relative to 
18 2n 6 and 18 2n 3 was also reported for Palaemon serratus by 
Martin (1980) Fenucci et al (1981) recommended a ratio of n 3 
fatty acids to 18 2n 6 ranging from 1 00 to 1 18 to achieve the 
best growth response of P stylirostris 
2 1 4  Vitamins

The present understanding of the qualitative vitamin 
requirements of penaeid shrimps has been based almost entirely 
on the studies on P japonicus which is considered as the best 
documented species (Kanazawa et al , 1976 and Deshimaru and
Kuroki, 1976) These studies seemed to indicate that shrimps 
have much higher vitamin requirements than other aquatic a m  
mals such as fish (Chen, 1993) This variation is suggested to 
be caused by differences in feeding behaviour , size, growth 
rate, environmental factors and nutrient interrelationships 
Since shrimp is a slow feeder prolonged suspension of feed m  
water increases the leaching of nutrients Hence a higher 
vitamin requirement foi crustaceans than for fish

Vitamins are essential for normal growth maintenance 
and reproduction of animals The metabolic functions of vita 
m m s  m  shrimps and prawns has been discussed by Paulraj 
(1993) New (1976) diew attention to the paucity of knowledge 
on the qualitative and quantitative vitamin requirements of
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shrimp
Specific quantitative vitamin requirements are yet to be 

determined for most of cultivable species In the case of 
shrimps and prawn, data available are only for a few vitamins, 
that too, for postlarval and juvenile stages of few species At 
present, vitamin premixes are used while formulating the feeds 
Since vitamins or their precursors are often present in the raw 
materials, the * blanket' application of vitamin premixes to 
multi ingredient shrimp diet may result in some excesses (New, 
1976) Conversely, while the vitamin requirements of shrimp 
remain unknown diets may still be deficient in other vitamins 

even after supplementation As in the case of mineral metabo 
lism, the study of the vitamin requirements of shrimp remains a 
neglected field (New 1976)

At low stocking densities, natural food may provide a 
good proportion or all of the vitamins required by the shrimps 
and prawns However at high stocking densities as in semi 
intensive and intensive systems when natural food is limited 
to sustain the entire population vitamin supplementation in 
the diet is important

In crustaceans, vitamin C deficiency leads to the mhi 
bition of alkaline phosphatase activity, resulting in poor 
chitm synthesis (Paulraj 1993) Vitamin C is required for 
hydroxylation of proline and lysine in the formation of colla 
gen Deficiency of this vitamin has been chaiactenzed by poor
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growth, reduced moulting frequency or incomplete moulting, high 
incidence of post moult death poor feed conversion decreased 
resistance to stress, impaired collagen synthesis and wound 
healing melanized lesions underneath the exoskeleton blacken 
ing of gills and in extreme cases black death disease which 
causes high morta]lty rate (Paulraj 1992 and He and Lawrence 
1993 )

Kitabayashi et al (1971) observed accelerated growth m  
P japonicus fed with diets containing vitamin C the optimum 
level was found to be 0 22% Deshimaru and Kuroki ( 1976 ) have 
shown that juveniles of P japonicus requires 3000 10 000 mg
of vitamin C, 600 mg of choline 2000 4000 mg of inocitol 60
120 mg of thiamine and 120 rag of p y n d o x m e  per kg of feed 
Recently, Shiau and Jan (1992) found that P monodon requires 
2000 mg of vitamin per kg of feed which is closer but slightly 
lower to the optimum suggested by Kitabayashi et al (1971) but 
much lower than the optimum requirement suggested bj Deshimaru 
and Kuroki( 1976 ) for P japonicus One factor that may be 
involved in the apparent difference m  dietary vitamin C re
quirement may be the more omnivorous nature of P monodon 
compared to P japonicus (Chen 1993) An important factor to 
be considered in the vitamin C requirement is the source and 
its stability during processing and subsequent storage Ascor 
bic acid is the most sensitive vitamin to degradation during 
feed processing and storage As much as 80 100% of the initial
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amount of supplemental L ascorbic acid can be lost during 
processing and subsequent storage (Grant et al ,1989) L ascor 
byl 2 polyphosphate (APP) is relatively resistant to oxidation 
When this form of vitamin C was used the requirement of vita 
min C for P japonicus was found to be 100 mg per kg of feed 
(Shigueno and Itoh 1988) much lower than the iequirement 
suggested by Deshimaru and Kuroki (1976) for the same species 
using L ascorbic acid (3000 10 000 mg/kg) Recently vitamin C 
requirement of P vannamei was determined as 120 mg /kg of feed 
(He and Lawrence, 1993)

In a study depicting the effects of individual deletions 
of water soluble vitamins from semi purified diets on juvenile 
P monodon, Catacutan and Cruz (1989) found that, growth was 
poorest for treatments without vitamin supplement and inocitol 
or choline deficient diets Enhanced growth was observed in 
riboflavin deficient diet Severe cases were found in treat 
ments without vitamin supplement, followed by deletion of 
inocitol, choline or vitamin C 
2 1 5  Minerals

As with most aquatic animals, shrimps and prawns can 
absorb or excrete minerals directly from or to aquatic environ
ment through the gills and body surface Therefore, the dietary 
requirements of minerals is largely dependent on the mineral 
concentration of water in which they are reared

Investigations on the mineral requirement of shrimps and
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prawns are scarce, although many workers have used mineral 
supplements (New 1976) These supplements have mainly been 
used for other farm or experimental animals

The best growth rates were achieved with diets for P 
japonicus when supplementary levels of 1 04% phosphorus and 
1 24% calcium were added (Kitabayashi et al ,1971) When the 
calcium-phosphorus ratio was increased to 2 1, growth was
inhibited and pigmentation decreased Five percent inclusion of 
a mineral premix m  a casein based diet for P aztecus gave 18% 
increase in biomass (Sick et al 1972) and no increase when 
the premix was omitted The supplement had a 1 3 1 calcium
phosphorus ratio and provided 0 66% calcium and 0 51 %
phosphorus to the final diet Deshimaru and Kuroki (1974) using 
a casein egg albumen diet for P japonicus reported that high
est growth increment was noted when the calcium phosphorus 
ratio was maintained at 0 76 1 Shewbart et al (1973 ) postu
lated that calcium potassium, sodium and chloride requirements 
for P aztecus might be satisfied through osmotic regulation 
Phosphorus, however, may be essential in the diet because it is 
present in large quantities in shrimp, but not in seawater

Nutritional studies of shrimp were initiated in the 
early 1970 s However, comparisons of various studies were 
found to be difficult or impossible due to differences in 
methodologies and absence of standard reference diet However, 
these studies have been used in commercial feed formulations
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Limitations m  our knowledge of nutrition of prawn underscore 
the need to continuously develop, test and apply new nutrition 
al concepts This is particularly true for the rapidly expand 
ing shrimp feed industry where feed formulations are presently 
based largely on assumptions and unknown growth factors* 
rather than nutritional science
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III MATERIAL AND METHODS

Macrobrachium iosenbergn juveniles of 2 5 3 0  cm size
were used for conducting two sets of experiments The first 
experiment was to evaluate the quality of certain inexpensive 
and locally available sources of protein, such as Clam meal 
Squid meal Squilla meal, Shi imp head meal and Silkworm pupae 
in their formulated feeds The second experiment aimed at 
evaluating the effect of partial substitution of protein with 
carbohydrate was conducted using the best protein source 
determined from the first experiment

3 1 Experimental animals
The juveniles of M rosenbergii used for the expeiiment 

were the ones reared m  FRP tank for 30 40 days in the 
Macrobrachium hatchery of College of Fisheries, from the post 
larvae obtained from a private hatchery near Cochin The post 
larvae, transported m  polythene bags paitly filled with 

freshwater and inflated with oxygen were introduced into an 
oval, flat bottom fibre glass tank of 1 2 t capacity filled
with freshwater from the supply system of the hatcherj up to
half the capacity The water was kept aerated and the post 
larvae fed with diied aid pulverized clam meat once daily The
feed temnants were te® to® siphoned out daily piior to feeding
and water replaced partially with filtered freshwater
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3 2 Experimental rearing facilities

The experiments were conducted in the Macrobrachium 
hatchery of the College of Fisheries, using cylindiical fibre 
glass tanks having a diametei of 55 cm and a height of 35 cm

The water used was drawn fiom the freshwater 
distribution system of the hatcheiy taken from a well It waa 
filtered using bolting silk before use During the course of 
experiments, water used to be completely replaced with filtered 
water once every week A depth of about 20 cm was maintained 
throughout the experiment {about 47 5 1 water in a tank)

Aeration was provided to individual tanks through PVC 
tube and diffusion stones from the air distribution system of 
the hatchery Gentle air supply was maintained, uniformly 
throughout the experimental period using air regulators except 
during feeding cleaning of tanks water changing and removal 
of left over feed and feacal matter, during which periods 
aeration was stopped

Each tank was provided with a V ’ shaped tile, placed in 
an inverted position to provide hiding place especially for 
newly moulted prawns since provision of artificial substrata 
has been reported to reduce cannibalism and impiove survival 
rate of M rosenbergii post larvae and juveniles (Smith and 
Sandifer 1975 Ra anan et al 1984 Gomez et al 1988)
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During experimental period the tanks were covered with 
an opaque polythene sheet, to prevent prawns from jumping out 
and deposition of dust m  tanks This was also found helpful m  
reducing sun light which causes algal growth in rearing water 
The growth of algae by serving as food for prawn, is likely to 
affect the result of feeding study, apait from causing wide 
fluctuations in physico chemical parameters of the water used 
in the experiment

3 3 Experimental diets 

3 3 1  Major protein sources

Clam meal, Squid meal Squilla meal Shrimp head meal 
and Silkworm pupae served as major protein sources respectively 
in the five compounded test diets formulated for evaluating 
their quality

3 3 1 1  Processing of major protein sources

The protein sources used for the feed formulation, were 
processed following a unifoim method, so as to avoid variations 
in quality due to processing

CLAM MEAL Live clam Villonta cyprinoides collected 
by local fishermen from Cochin backwater were steamed in an 
autoclave for 15 minutes at ambient pressure and the meat 
separated was dried in an electric dryer for 12 hours at 60°C
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SQUID MEAL Processing waste of Squid, Lohgo sp was 
collected from a private seafood exporting company in Cochin 
and transported m  a styrofoam box with crushed ice In the 
laboiatory, it was steamed in an autoclave for 15 minutes at 
ambient pressure and dned in an electric dryer for 12 hours at 
60°C

SQUILLA MEAL Whole squilla Oi atosquilla nepa was 
collected from Cochin fisheries harbour and transported m  a 
styrofoam box with crushed ice It was washed thoroughly 
steamed m  an autoclave for 15 minutes and dried m  electric 
dryer for 24 hours at 60°C The duration of drying was higher, 
than that used for other protein sources, since bigger sized 
whole squilla was used

SHRIMP HEAD MEAL Head waste of shrimp Parapenaeopsis 
stylifera was collected from a local shrimp peeling shed It 
was steamed in an autoclave for 15 minutes at ambient pressure 
and dried in an electric dryer for 12 hours at 60°C

SILKWORM PUPAE Live pupae of silk worm, Bombyx mori 
used for quality assessment of silk at the Cocoon Reeling 
Centre, Pattanakad (Alapuzha district) were brought m  a carton 
to the laboratory They were steamed for 15 minutes in an 
autoclave at ambient pressure, dried for 12 hours in an 
electric dryer at 60°C and then paitially deoiled by solvent
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extraction method using petroleum ether since they contain 
high level of lipid

3 3 2  Other ingredients
Besides the major protein sources ingredients such as 

groundnut oil cake, wheat bran, tapioca flour sardine oil 
maize oil mixture and vitamin mineral mixture were also used 
for compounding the test diets Tapioca floui served as majoi 
carbohydrate source as well as binder while groundnut oil cake 
and wheat bran were included to provide plant protein as well 
as carbohydrate Sardine oil and maize oil mixture at 2 1
ratio was used as supplementary lipid source Sardine oil was 
obtained from Central Institute of Fisheries Technology (CIFT) 
Cochin and 'Maize Magic brand maize oil marketed by Karnataka 
State Agro corn Pioducts Limited Bangalore purchased locally 
Supplevite M a vitamin mineral mixture (Sarabhai Chemicals, 
Bombay) was included in the test diets to provide the necessary 
vitamins and minerals Cellulose (Loba Chemie Indoaustranal Co, 
Bombay) was used as filler while compounding the diets

3 3 3  Storage of ingredients
The dry ingredients used for the formulation of feeds 

were packed m  polythene bags after powdering m  a grinder and 
passing through a sieve of 250 microns while wheat bran was 
directly sieved The packing was done using a sealing machine 
to make it hermetic after excluding the air pockets to the



possible extent Polythene bags containing individual 

ingredients kept in plastic jars were stored m  a refrigerator 

till they were used for feed formulation The oils and 

Supplevite M were also stored m  a refrigerator and used as 

such

3 3 4  Proximate composition of feed ingredients

Analyses of proximate composition of ingredients were 

done prior to feed formulation and is presented at table 2

The analyses were done following standard A 0 A C (1980) 

methods and results were expressed on dry matter basis except 

for moisture which was on as fed basis

1 The moisture content by drying the sample at

105°C until a constant weight was reached

2 Crude protein using Micro Kjeldahl s method

3 Crude fat by solvent extraction method using

petroleum ether(B P 40 60°C) in a soxhlet

extraction apparatus for 6 hours

4 Crude fibre content by the method of Pearson

(1976)

5 The ash content by incinerating the sample at

550°C for 6 hours m  a muffle furnace

The carbohydrate content (Nitrogen free extract NFE) was 

calculated using difference method (Hasting 1976)



Table 2 Proximate composition of the ingredients used m  the feed formulation

1 INGREDIENT Moisture Crude
Protein

Crude Fat Crude
Fibre

Ash NFE

Clam meal 7 65 58 70 11 55 0 88 7 93 20 94
Sauid meal 6 60 83 60 6 92 0 69 4 65 4 14

Saui11a meal 6 95 52 75 8 87 6 35 25 70 6 33
Shr mp head meal 8 20 51 20 8 34 7 26 24 36 8 84
Siikworm pupae 8 45 64 50 3 86 6 42 21 94 3 28

Groundnut oil cake 8 65 43 6o 9 50 9 65 13 34 23 86
Wheat bran 7 95 IQ 20 5 8Q 24 70 27 57 22 64

Tapioca flour 8 20 3 86 2 16 2 98 2 58 88 42

C71

5-g 
5 
s-b

|
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3 3 5  Formulation and processing of test diets
Two types of test diets were formulated for

1 evaluating the quality of protein sources and
2 studying the effect of partial substitution of 

protein with carbohydrate m  the formulated feeds of M 
rosenbergii juveniles
3 3 5 1  Test diets for evaluation of protein sources

For evaluating the quality of different protein 
sources, 5 isonitrogenous (35% ciude protein) isolipidic(9% 
crude fat) and lsocalorlfic(375 kcal/lOOg) feeds were 
formulated (experiment X)

The five feeds were given abbreviated names shown as 
below and used subsequently for easy documentation

1 CLM (Clam meal as major protein source)
2 SQM (Squid meal as major protein source)
3 SLM (Squilla meal as major protein source)
4 SHM (Shrimp head meal as major protein source)
5 SWP (Silkworm pupae as major protein source)
Table 3 gives the proportion of the ingredients used for 

the preparation of test diets
The respective ingredients were weighed accurately in an 

electronic balance and the dry ingredients except the 
Supplevite M were mixed well in a clean dry ceramic mortar 
The dry mixture was made into a soft dough consistency by 
adding sufficient distilled water ( 1 1 3  W/V) and mixed well in
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Table 3 Composition of leot diets (%) formulated for the 
evaJuation of junltty of irotein sources and their 
proximate composiLion

IHGREDIEN1S 1ES1 Dlflo
CLM SOM SIM SUM SWP

Clam meal 48 92
34 35_

—
Sguid meal
Squilla meal 54 4j

Sirin d 1ead meal -- ----- 56 10
Silkworm pupae 44 50

Groundnut oilcale 
& Wheat bran f 1 11

20 20 20 

15 7 o

20 20

Tapioca floir 7 90 18 00 14 00 18 00
Cell lose 19 78 21 j5 6 16 6 12 10 70

Supplevite M 1 J . ___
_5 10

1 1 1
Lipid nix * 2 10 _2 f 4___ 2 78 5 80

* Satdn e oil a d Haize oil @ 1 1
PARAMETER IR0XIMA1F COMPOoIllOH UF 1CST D1EIS
Moisture 8 26 8 74 

34 91
9 10 
23 h0
q g j 
22 4? 
375

8 38 8 46 8 63
Crude Protein 34_7 2 

8 81 
_21 34
__L 1_9 8
23 15 
^74

I j 10 
8 93_
13 21
II 71 
23 )5_
377

34 93 35 05
C ude Fat 8 86 9 20

Crude Fibre 13 73 16 98
As! 19 j5 1 j 52

Cabohvdrate (HFF1 22 93 23 25
C o  F era v * 375 380

* Gross energy (kcal/lOOa) is calculafed f a » I o followi q calorific values 
Protein 5 65 kcal/g Lipil 9 45 kcal/g Ca \ I y Jnte 4 10 Jcal/g (Kosl 10 et al 
1993)
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the mortar The dough was transferred into a glass beaker and 
steam cooked for 30 minutes in an autoclave at ambient 
pressure The cooked dough was rapidly cooled under an electric 
fan and again mixed well m  a dry mortar along with Supplevite- 
M, and sardine oil maize oil mixture

The well homogenized mixture was pelletized using a hand 
operated house hold extruder with a die of 2 mm diameter onto a 
clean tray as a single layer and dried at 60 °C for 12 hours m  
an electric dryer with forced air convection The dried pellets 
had a diameter of 1 mm They were manually broken into small 
pieces of about 5mm length and was packed in small polythene 
bags and hermetically packed using a sealing machine after 
excluding air pockets to the possible extent These bags were 
kept m  plastic jars and stored m  a refrigerator 
3.3 5 2  Test diets for evaluating the effect of partial 

substitution of protein with carbohydrate 
Clam meal which was found to be the best protein source 

in the first experiment, was used as major protein source for 
the second experiment

9 test diets were formulated, with 3 protein levels 
viz, 25, 30 and 35% each at 3 levels of carbohydrate(20, 25 and 
30%), thus forming 9 combinations of protein and carbohydrate 

For easy documentation and better understanding these 
diets were given 9 abbreviated names based on conventional 
method of statistics with two factors Protein is designated
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by the letter P and carbohydrate with C Levels of protein and 
carbohydrates are indicated by numbers 1, 2 and 3 For
instance PI represents the first level of protein m  this 
trial which is 25% protein For 30% protein level P2 was used,
which is the second level of protein in this experiment and P3
the third level of protein Similarly carbohydrate levels were 
designated as Cl C2 and C3 to indicate the levels of 
carbohydrate which are 20, 25 and 30% respectively in this 
experiment So each test diet is denoted by a combmaton of 2 
letters and 2 numbers such as P1C1, P1C2 P1C3, P2C1, P2C,
P2C3 , P3C1, P3C2 and P3C3 as given below

DIET PROTEIN LEVEL (%) CARBOHYDRATE LEVEL(%)

P1C1 25 20

P1C2 25 25

P1C3 25 30

P2C1 30 20

P2C2 30 25
P2C3 30 30

P3C1 35 20

P3C2 35 25

P3C3 35 30
The lipid level was kept at 9% m  all the test diets and 

the composition of test diets is presented m  the table 4



Table 4 Composition of test diets (X) formulated to study the 
effect of partial substitution of protein with 
carbohydrate and their proximate composition

INGREDIENT TEST DIETS
P Cl PIC P1C3 P2C1 P2C2 P2C3 P3C1 P3C2 P3C3

Clam meal 38 25 38 25 38 25 46 75 46 75 46 75 55 80 55 80 55 80
GOC kWheat 
bran (1 1)

10 10 10 10 10 10 10 10 10

Tapioca 8 80 14 45 20 10 7 80 13 40 19 0 5 65 11 30 16 95
Cellulose 37 85 32 2 26 55 31 30 25 70 20 10 25 40 19 75 14 10
Supplevite 1 1 1 1 1 1 1 1 1
Oil mix * 4 1 4 1 4 1 3 15 3 15 3 15 2 15 2 15 2 15

Sardine oil and Mai e oil mixture @ 1 1

PARAMETER PROXIMATE COMPOSITION OF TEST DIETS
Moisture 8 94 8 71 8 82 8 65 0 58 0 73 8 60 8 56 8 42
Protein 25 24 24 88 25 10 *>9 75 30 20 29 80 34 64 34 90 35 15
Fat 8 96 8 80 8 87 8 78 8 88 8 92 8 95 8 73 8 91
Fibre 31 64 28 80 24 72 8 31 23 40 20 11 23 13 18 75 14 93
Acti 12 66 11 17 9 51 11 36 10 96 9 92 11 53 11 31 9 36
NFE 21 5 26 35 31 00 21 80 26 &6 31 2* 21 75 26 31 31 65

Energy 315 332 356 340 363 381 370 388 412
?/E ratio 80 0 75 0 70 5 87 * 83 1 78 3 93 8 90 0 35 2
C P/CHO 1 17 0 94 0 79 1 36 1 14 0 95 1 59 1 33 1 11

Gross Energy (kcal/lOOg) is calculated based on following calorific values 
Protein 5 65 kcal/g Lipid 9 45 kcal/g Carbohydrate 4 10 kcal/g

( Koshio et al 1993)

cn
05
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The method of formulation processing and 
storage of test diets were same as m  the case of first 
experiment

3 3 6  Proximate composition of test diets
The analyses of the proximate composition of test diets 

were conducted to ascertain the nutnenu status The 
methodology employed was the same as t^at for the proximate 
composition analysis of ingredients The proximate composition 
of test diets for evaluating the quality of protein sources is 
presented in table 3, and the proximate composition of test 
diets used for evaluating the effect of partial substitution of 
carbohydrate for protein in table 4

3 4 Experimental procedure

3 4 1  Evaluation of quality of protein sources
240 numbers of M rosenbergn juveniles were selected 

from the middle of the size range of the stock population and 
12 prawns each were stocked m  the 20 cylindrical FRP tanks 
The respective feeds were randomly allowed to each tank and the 
experimental animals were weaned on to respective diets for 7 
days from dried clam meat which was used for stock rearing On 
8 ^  day they were starved for 24 hours, prior to the stazt of 
actual feeding experiment Out of the 12 prawns m  each tank, 
10 uniform sized apparently healthy ones were selected and 
weighed collectively after carefully blotting diy, between the
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folds of a filter paper using an electronic balance (Shimadzu 
Labror AEU 130) with an accuracy of 0 00001 g The average 

size of juvenile prawns at the beginning of the experiment was 
26 ±lmm length and 0 09183 +. 0 00517g weight

For each treatment, 4 replicates wete maintained in 
separate tanks Hence 40 prawns were used for each treatment 
The duration of the feeding experiment was 45 days

Intermediate growth assessments were made on 15^^ and
SO^day and final assessment on the 45thday The prawns were 
fed with respective diets slightly m  excess , twice daily in a 
Petri dish kept at the centre of each tank Feeding was done m  
the morning between 8 and 9 a m  and m  the evening between 5 
and 6 p m  Before feeding, left over feed was removed and dried 
in an oven at 60°C to constant weight
3 4 2  Evaluation of effect of partial substitution of 

protein with carbohydrate 
As in the case of the first experiment the prawns were 

weaned on to the respective diets using 12 prawns in each tank
Out of this, 10 prawns were selected and weighed after starving
them for 24 hours, and the actual feeing experiment was started 
with respective diets The average size of juvenile prawns at 
the beginning of the experiment was 28±2mm length and 0 11108+. 
0 005566g weight

For each treatment 3 leplicates were maintained in 
separate tanks Hence a total of 30 prawr s were used for each



59

tieatment The duration of the experiment was 45 days as in 
the case of first one Growth assessments and schedule of 
feeding were the same as that of first experiment /jpfa 

3 5 Physico chemical parameters 
Physico-chemical parameters of water used for this 

experiment were monitored using following methods
1 Temperature Mercury bulb thermometer

with accuracy of 0 1°C
2 pH Universal indicator solution
3 Dissolved oxygen Standard Winklei method

3 6 Evaluation criteria
3 6 1  Survival rate

During the course of each experiment mortality of 
prawns was noted down and percentage survival rates were 
calculated at the end of each experiment for each replication 
as follows, from initial and final numbers of experimental 
animals

[ Initial no - No of dead prawn(s)] x 100 
Survival rate (%) - _____________________________________

Initial no of prawns
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Growth in feeding experiments is expressed as absolute
weight gain percentage growth rate or more recently as
Specific growth rate (SGR) The expression of growth in terms
of SGR is an improvement over the former ones (Hepher, 1988)
So for comparison of different treatments growth in terms of
SGR was preferred in the present study while respective weight 

r
gam nd peicentage growth rates were also given along with SGR 

/
values

[In W1 In WO]
SGR(%) - ________________  X 100

t

where SGR(% day * ) is the percentage growth rate, WO 
the initial weight of experimental animals, W1 the final weight 
of experimental animal and t the duration of the experiment in 
days

The calculated value gives the average percentage 
increase in body eight over the experimental period

3 6 3  Feed efficiency

Feed efficiency has traditionally been given special 
attention but unfortunately often presented m  an undefined 
form (Boonyaratpalin, 1989) Two terms which dominate the
literature are Feed conversion ratio (FCR) and Feed conversion 
efficiency (FCE)

3 6 2  Growth rate
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Feed intake on a dry matter basis
FCR = _________________________________

Weight gain on wet matter basis

Weight gain on wet matter basis 
FCE -  .

Feed intake on a dry matter basis

As they contain the same factors in inverse relation, 
they are frequently mixed up FCE has been recently preferred 
since it is positively correlated with growth and protein 
efficiency ratio In addition if weight ga m  is zero weight 
gam / feed intake is zero but feed intake / weight gain is 
infinite, which is difficult to interpret biologically 
(Boonyaratpalin, 1989) So in the present study FCE is 
preferred over FCR, and to avoid any confusion, the respective 
FCR values are also given along with FCE values

3 6 4  Protein efficiency ratio (PER)
Efficiency of protein utilization is expressed as 

protein efficiency ratio (PER)

Wet weight g am of experimental animal 
PER = ____________ ___________________________________

Crude protein intake on a dry matter basis

y
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3 7 Statistical methods 
The experiments were planned in the form of Randomized 

block design (RBD) Analysis of variance (Snedecor and Cochran 
1968) was carried out for the results of each experiment and 
treatment differences studied at 1% level of significance 
Pairwise comparisons of treatment mean values were done using 
critical difference based on Student s t at 1% level of 
significance

The data on peicentage survival rate were 
analyzed after effecting Arc sine transformation of values as 
given below

Y - sin 1 ( X / 100 )° 5

where Y is the transformed value and X the percentage 
survival rate

For statistical analysis of data,computer 
progiamme was written m  BASIC language and result of analysis 
obtained in the form of print out



63

IV RESULTS

4 1 Experiment to evaluate the quality of protein 
sources in the formulated feeds

The quality of protein sources m  the formulated test 
diets for the juveniles of M rosenbergn was evaluated based 
on the following criteria

1 Survival rate
2 Growth measured as SGR ( % day 1 )
3 Feed conversion efficiency (FCE)
4 Protein efficiency ratio (PER)

4 1 1  Effect of protein sources on survival rate
The percentage survival rates of prawns, fed with diets 

differing m  protein sources are given in table 5 and 
graphically presented in fig 1

Analysis of variance of data (table 6) indicates that no 
significant variation exists among the various sources of 
protein used in the experiment as far as their influence on 
survival rate is concerned

Among the feeds tested the highest survival rate of 95% 
was recorded for shrimp head meal based diet (SHM) and silk 
worm pupae diet (SWP), while test diets based on clam meal 
(CLM) i squid meal (SQM) and squilla meal (SLM) produced 
survival rates to the extent of 92 5%



Table 5 Details of initial number and percentage survival rate 
M rosenbergix juveniles fed with diets differing in 
protein sources

FEED R* No of Prawns Survival 
rate (%)

Mean
survival

rateInitial Final

CLM

1 10 9 90

92 50
2 10 10 100
3 10 9 90
4 10 9 90

SQM

1 10 8 80

92 50
2 10 10 100
3 10 10 100
4 10 9 90

SLM

1 10 9 90

92 50 |
!i

2 10 10 100
3 10 10 100
4 10 8 80

SHM

1 10 9 90

95 00
2 10 10 100
3 10 10 100
4 10 9 90

SWP

1 10 10 100

95 00
2 10 9 90
3 10 9 90
4 10 10 100

H* Replication
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Effect of protein sources 
on the survival rate

Survival rate (%)
100 

80 

60 

40 

20 

0

Fig 1 Survival rate (%) of M rosenbergn juveniles 
fed with diets differing m  protein sources



Table 6 Result of analysis of variance of data to compare 
the effect different Protein sources on the survival 
rate of M rosenbergn juveniles

( Data subjected to Arc sine transformation )

Source of 
variation

Degrees of 
freedom

Sum of 
squares

621 81250 
57 79688 

1391 02300 
2070 6330

Mean sum 
of squares

207 27080 
14 44922 
115 91860

Replication 3
Between feeds 4
Error 12
Total 19

F ratio

1 78807 
0 12465

(Calculated F value < table value at 1% level of significance)
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4 1 2  Effect of protein sources on growth rate
The data on initial weight of M rosenbergn juveniles 

and of their growth in terms of specific growth rate (SGR) are 
presented m  table 7 and fig 2 Growth increment during the 45 
day experimental period is graphically represented in fig 3

A significant difference in the influence (P <0 01) of 
dietary protein sources is observed m  SGR of prawns (table 8) 
The prawn fed with clam meal based diet (CLM) produced the 
highest SGR of 2 97 followed by the squid meal diet (SQM) with 
2 83, though not significantly different from the former 
Squilla meal diet (SLM) is not different from that of squid 
meal diet (SQM) and shrimp head meal diet (SHM), with respect 
to SGR values (2 83 and 2 38 respectively) Silkworm pupae 
diet (SWP) produced the lowest SGR (2 23) but not
significantly lower when compared with shrimp meal diet
4 1 3  Effect of protein sources on feed conversion efficiency

(FCE)
The data on feed conversion efficiency of M 

rosenbergii juveniles over the expenmental period m  response 
to the different protein sources are given in the table 9 and 
graphically represented in fig 4

The analysis of variance of data on FCE showed that
there is a significant variation (P<0 01)between diets of 
various protein sources (table 10) Diets based on clam meal
and squid meal gave relatively higher FCE values of 0 372 and
0 369 respectively and m  pairwise comparison these did not 
differ significantly In the case squilla and shrimp head meal
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Table 7 Specific growth rate (SGR) of M rosenbergii Juveniles 
fed with diets differing in protein sources

FEED R* HEIGHT OF PRAWN (g) FINAL 
HEIGHT 
45th day

HEIGHT
GAIN (g) 
0 45 days (%

SGR , 
day l)Inital 15th day 30th day

Ct M 1 0 09332 0 16505 0 23854 0 32941 0 23609 2 80282
2 0 08358 0 15064 0 23028 0 32452 0 24094 3 01454
3 0 09710 0 17143 0 24502 0 34269 0 24559 2 80241
4 0 08264 0 15908 0 22945 0 35852 0 27588 3 26109

HEAR 0 08916 0 16155 0 23582 0 33879 0 24963 2 97022
SQM 1 0 09058 0 15813 0 22408 0 31424 0 22366 2 76427

2 0 08407 0 14529 0 23946 0 32543 0 24136 3 00777
3 0 09555 0 16405 0 22614 0 31801 0 22246 2 67207
4 0 093304 0 15504 0 23550 0 33806 0 24502 2 86710

MEAN 0 09081 0 15563 0 23103 0 33069 0 23313 2 82780
SLM 1 0 09461 0 15048 0 23319 0 27816 0 18355 2 39652

2 0 08803 0 14058 0 22872 0 30152 0 21349 2 73591
3 0 09469 0 15628 0 22665 0 29032 0 19563 2 48972
4 0 09276 0 14607 0 21243 0 29946 0 20670 2 60437

MEAN 0 09252 0 14835 0 22275 0 29237 0 19984 2 55663
SUM 1 0 08170 0 14021 0 19878 0 27839 0 19669 2 72438

2 0 09407 0 15433 0 20534 0 28350 0 18943 2 45150
3 0 09493 0 14568 0 22650 0 26145 0 16652 2 25134
4 0 09834 0 15433 0 21139 0 25137 0 15303 2 08554

MEAN 0 09226 0 14864 0 21050 0 26868 0 17642 2 37819
SWP 1 0 09308 0 13169 0 17436 0 23921 0 14613 2 09752

2 0 09340 0 13108 0 19950 0 27995 0 18655 2 43938
3 0 09640 0 12803 0 20634 0 26552 0 16912 2 25152
4 0 09479 0 13964 0 17932 0 24537 0 15058 2 11356

MEAN 0 09442 0 13261 0 18988 0 25751 0 16310 2 22550
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Table 8 Result of analysis of variance of data to compare the 

effect of different protein sources on the specific 

growth rate (SGR) of M rosenbergn juveniles

Source of Degrees of Sum of Mean sum F ratio
variation freedom squares of square

Replication 3 0 14984 0 04995 1 42046

Between feeds 4 1 51979 0 37995 10 80545
Error 12 0 42195 0 03516

Total 19 2 09158

Critical difference for comparison of treatment mean values~0 4050
(at 1% level )

Pairwise comparison of mean values of SGR using critical difference

Feed CLM SQM SLM SHM SWP

Mean values 2 97022 2 82780 2 55663 2 37819 2 22549
of SGR _________________

Underscored mean SGR values are not significantly different
at 1% level

* Significantly different at 1% level

V
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Effect of protein sources 
on the growth rate

Specific growth rate (SGR)
3 5 Yl

Fig 2 Specific growth rate (SGR) of V rosenbergn
juveniles fed with diets differing m  protein sources

1
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Effect of protein sources 
on the growth increment

0 35
Growth increm ent (g)

0  - i —

0 d 15 d 30 d
Feeding period (Days)

45 d

CLM SQM SLM SHM SWP

Fig 3 The pattern of weight increase with time when V
rosenbergn juveniles were fed with diets differing 
in protein souices
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Table 9 Feed conversion efficiency of H rosGnbergii Juveniles 
fed with diets differing in protein sources

FEED R* WEIGHT
GAIN
(g)
(A)

FEED
INTAKE
(g) (b )

FCE

(A/B)

MEAN
FCE

FCR

(B/A)

MEAN
FCR

CLM

1 2 03149 5 68048 0 35763

0 37164

2 79621

2 69308
2 2 40943 6 29762 0 38259 2 61374
3 2 11321 5 79420 0 36471 2 74190
4 2 40024 6 28971 0 38161 2 62045

SQM

1 1 60813 4 56259 0 35246

0 36081

2 83720

2 71220
2 2 41358 6 38959 0 37774 2 64735
3 2 22455 5 819884 0 38223 2 61621
4 2 11214 5 80869 0 36362 2 75014

SLM

1 1 55736 5 35133 0 29102

0 29527

3 43615

3 39178
2 2 13487 6 48660 0 31181 3 20703
3 1 95625 6 56537 0 29796 3 35610
4 1 46809 5 23793 0 28028 3 56785

SHM

1 1 68851 5 99759 0 28153

0 28540

3 55200

3 50560
2 1 89436 6 45847 0 29331 3 40932
3 1 66514 5 74912 0 28963 3 45263
4 1 27889 4 61842 0 27713 3 60846
1 1 46122 5 48434 0 26643 3 75326
2 1 58555 6 06466 0 26144 3 82496

SWP 3 1 42568 5 67909 0 25104 0 26167 3 98340 3 82406

4 1 50579 5 62355 0 26777 3 73462

R* Replication
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Ellect ol protein sources 
on the feed efficiency

Feed conversion efficiency (FCE)

03 

02 

01 

0

Fig 4 Feed conversion efficiency (FCE) of M rosenbergn
juveniles fed with diets differing in protein sources

04



Table 10 Result of analysis of variance of data to compare the 
effect of different protein sources on the feed 
conversion efficiency (FCE) of M rosenbergii juveniles

Source of Degrees of Sum of Mean sum F- ratio
variation freedom squares f squares
Replication 3
Between feeds 4
Error 12
Total 19

Critical difference for comparison of treatment mean values=0 02187
(at l%level)

Pairwise comparison of mean values of FCE with critical difference
Feed CLM SQM SLM SHM SWP
Mean values 0 37164 0 36901 0 29527 0 28540 0 26167

of FCE ________________ _________________

Underscored mean FCE values are not significantly different
at 1% level

* Significantly different at 1 % level

0 00065 0 00022 2 10975
0 04089 0 01022 99 76207 *
0 00123 0 00010
0 04276



75

diets, FCE were 0 295 and 0 285 respectively which also not 
vary significantly from each other Silkworm pupae diet 
recorded lowest FCE (0 262) among the various feeds differing 
m  protein sources tried and diffeied significantly from all 
other treatments
4 1 4  Effect of protein sources on protein efficiency ratio 

(PER)
The data on protein efficiency ratio of M rosenbergn 

juveniles recorded for feeds based on different protein sources 
(table 11) showed a significant variation as given in table 12 
The variation in PER with respect to protein sources are 
depicted in fig 5

Diets formulated from clam meal produced highest PER 
(1 070), closely followed by squid meal diet (1 057), though 
not significantly different from the former Squilla meal and 
shrimp head meal diets produced PER values at 0 841 and 0 817 
respectively, which are not significantly different Silkworm 
pupae based diet registered the lowest PER (0 747), which is 
significantly lower than all othei treatments

4 2 Experiment for evaluation of partial substitution of 
protein with carbohydrate in the formulated feeds

The effect of partial substitution of protein with 
carbohydrate in the formulated feed of M rosenbergn juveniles 
was evaluated following the same criteria used m  the first 
experiment such as survival rate growth late, feed conversion 
efficiency ratio and protein efficiency ratio



Table 11 Protein efficiency ratio (PER) of H rosenbergii
juveniles fed with diets differing in protein sources

FEED R* WEIGHT 
GAIN (g)

FEED 
INTAKE (g)

PROTEIN 
INTAKE (g)

PER MEAN
PER

1 2 03149 5 68048 1 97226 1 03003
2 2 40943 6 29762 2 18653 1 10194

CLM 3 2 11321 5 79420 2 01175 1 05044 1 07038
4 2 40024 6 28971 2 18379 1 09912
1 1 60813 4 56259 1 59280 1 00962
2 2 41358 6 38959 2 23061 1 08203

SQM 3 2 22455 5 81988 2 03172 1 09491 1 05703
4 2 11214 5 80869 2 02781 1 04158
1 1 55736 5 35133 1 87832 0 82913
2 2 13487 6 84660 2 40316 0 88836

SLM 3 1 95625 6 56537 2 30444 0 84890 0 84123
4 1 46809 5 23793 1 83851 0 79852
1 1 68851 5 99759 2 09496 0 80599
2 1 89436 6 45847 2 25594 0 83972

SHM 3 1 66514 5 74912 2 00817 0 82919 0 81707
4 1 27889 4 61842 1 61196 0 79338
1 1 46122 5 48434 1 92226 0 76016
2 1 58555 6 06466 2 12566 0 74591

SWP 3 1 42568 5 67906 1 99052 0 71623 0 74656

4 1 50579 5 62355 1 97105 0 76395

R* Replication
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Effect of protein sources 
on the protein efficiency ratio

Protdin effic iency  ra tio  (PER)
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06 
04 
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0

Fig 5 Protein efficiency ratio (PER) of V rosenbergn
juveniles fed with diets differing in protein sources

CLM SQM SLM SHM SWP
Feed



78

Table 12 Result of analysis of vaiiance data to compare the 
effect of different protein sources on the protein 
efficiency ratio (PER) of M rosenbergn juveniles

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean sum 
of squares

F ratio

Replication 3 0 00532 0 00177 2 11052
Between feeds 4 034942 0 08736 104 00 *
Error 12 0 01008 0 00084
Total 19 0 36482

Critical difference for comparison of treatment mean values-0 0626
(atl% level)

Pairwise comparison of mean values of PER using critical difference
Feed CLM SQM SLM SHM SWP
Mean values 1 07038 1 05703 0 84123 0 81707 0 74656

of PER _________________  _________________

Underscored mean PER values are not significantly different
at 1% level

* Significantly different at 1% level
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4 2 1  Effect of partial substitution of protein with 
carbohydrate on survival rate
The percentage survival rates of M rosenbergn fed on 

diets differing m  carbohydrate levels are given the table 13 
and graphically represented in fig 6

The analysis of variance of data showed that the 
influence of partial substitution of carbohydrate for protein 
on survival rates of prawns is not varying significantly 
(table 14)
4 2 2  Effect of partial substitution of protein with 

carbohydrate on growth rate
The specific growth late (SGR) recorded for M 

rosenbergii Juveniles fed on respective diets aie given in 
table 15 and graphically presented m  fig 7

The analysis variance data suggests that dietary 
carbohydrate substitution for protein in the test diets of 
prawns has a significant influence on SGR (table 16)

The pattern of SGR values shows that, at each level of 
protein, additional dietary carbohydrate produced increased 
growth rate, besides higher growth rate at successively higher 
protein levels used in the trials

At 25% protein, increasing the level of dietarj 
carbohydrate produced only a non significant increase m  SGR

But at 30% protein with 20% carbohydrate (P2C1), SGR 
recorded did not differ significantly from that of 25% protein 
and 30% carbohydrate (P1C3) But P2C2 having 30% protein and 
25% carbohydrate and P2C3 with 30% protein and 30% carbohydrate 
recorded significantly highei SGR than that of P2C1
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Table 13 Details of initial number and percentage survival 

rate of M rosenbergii Juveniles fed with test diets 
to study the effect of partial substitution of 
protein with carbohydrate

Feed R* No of prawn Survial Mean
survial
rateInital Final rate

m
1 10 10 100

P1C1 2 10 9 90 93 33
3 10 9 90
1 10 Q 90

P1C2 2 10 10 100 96 67
3 10 10 100
1 10 Q 90

P1C3 2 10 10 100 °6 67
3 10 10 100
1 10 9 90

P2C1 2 10 10 100 93 33
3 10 9 90
1 10 10 100

P2C2 2 10 9 90 96 67
3 10 10 100
1 10 10 100

P2C3 2 10 8 80 90 00
3 10 9 90
1 10 10 100

P3C1 2 10 10 100 96 67
3 10 9 90
1 10 9 90

P3C2 2 10 9 90 93 33
3 10 10 100
1 10 9 90

P3C3 2 10 10 100 96 67
3 10 10 100

R* Replication
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Effect of substitu tion  of p ro te in  
w ith  c a rb o h y d ra te  on  th e  su rv iv a l ra te
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HI Survival rate (%)

Fig 6 Survival rate (% of V rosenbergn juveniles fed
with test diets to study the effect of partial substitu 
tion of protein with carbohydrate
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Table 14 Result of analysis of variance of data to compare the 
effect of partial substitution of protein with 
carbohydrate on survival rate of M rosenbergii juveniles

( Data subjected to Arc sine transformation )

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean sum F ratio 
of squares

Replication 7 85938 3 92969 0 03228

Between feeds 8
Error 16
Total 26

542 01560 
1947 65600 
2497 53100

67 75195 0 55658
121 72850

(Calculated F value < table value at 1% level of significance)
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T a b l e  15  S p e c i f i c  g r o w t h  r a t e  (SGR) o f  M rosenborgii J u v e n i l e s  
f e d  w i t h  t e s t  d i e t s  t o  s L u d y  t h e  e f f e c t  o f  p a r t i a l  
s u b s t i t u t i o n  o f  p r o t e i n  w i t h  c a r b o h y d r a t e

F
p

R
A

p r i  i r  o f  f p a f ) r IA!
I ci  r 

1 11 
day

4TI C!l r
A t tl

c u a  
H y  ' )

E
D

I l  t i a  1 1 5 11 h y 3 0 11 I y 45
d a y

1 0 11 023 0 15 19 4 0 19534 0 24732 0 13 7 0 9 1 7 9 5 8 1
PI
C l 2 0 11 601 0 14 20 2 0 1 81 98 0 23109 0 11508 1 53 14 0

3 0 L04 7a 0 15340 0 L 963 6 0 25647 0 15169 1 98 922

1EAH 0 11034 0 1 4912 0 1 91 23 0 24496 0 13462 1 7 7 2 1 4

1 0 IJ 601 0 1 6 1 4 6 0 20172 0 26250 0 146 19 1 81 4 6 1
PI
C2 2 0 10792 0 15 402 0 2 05 30 0 26031 0 15 2 3 9 1 95 66 3

3 0 10 48 3 0 1 4 5 3 6 0 1954Q 0 25 4 3 9 0 14 0 5 6 1 89002

MEAN 0 1 0 9 5 9 0 1 5361 0 20083 0 25607 0 14 6 4 8 1 88 7 0 9

1 0 10893 0 15637 0 20887 0 26358 0 15 4 6 5 1 96367
PI
C3 2 0 11200 0 1 51 33 0 20231 0 26 1 3 6 0 14 9 3 6 1 8 83 11

3 0 12 14 1 0 1 700 6 0 22428 0 27 70 4 0 15 5 6 3 1 8 33 31

MEAN 0 11 41 1 0 15 9 2 5 0 21182 0 26 73 3 0 15 32 1 1 8 9 3 3 6

1 0 11 20 3 0 1 60 16 0 23204 0 29 21 6 0 18 0 1 3 2 1 3 0 0 8
P2
Cl 0 11 93 9 0 16867 0 2 43 56 0 30 58 1 0 18642 2 0 9 0 1 5

\ 0 1 l r 0 17137 2 3 18 0 2 17 0 17 16 2 09113^

FA J 9 0 1 66 7? 0 2 1599 ) 2951 3 0 18 06 4 2 1 04 45

I J 10830 15945 0 23801 0 31792 0 20 1 2 2 35787
r ?  
r  2 2 0 10962 U 9? 231 U 0 1083 0 1 9 8 / 5 2__? 9 0 4C^

3 0 102 1 0 15436 0 2 436 0 2 9815 0 1 9 5 / 0 2 37383

MEAN 0 10679 0 15958 0 22504 0 306 48 0 19 96 9 2 34337

1 0 11 048 0 1 70 17 0 27128 0 3 5 6 1 6 0 2 1568 2 60 12 1
P2
C3 2 0 10 692 0 1 66 01 0 26216 0 3 42 74 0 23582 2 5 8 8 6 5

3 0 12307 0 1 78 24 0 28403 0 36 9 3 6 0 24 62 9 2 44226

MEAN 0 11 34 9 0 17147 0 272 19 0 3 56 09 0 24260 2 5 44 04

1 0 10322 0 1 74 99 0 26500 0 35847 0 2 j r 25 2 7 6 6 6 3
P3
Cl 2 0 11809 0 18930 0 2714 0 3 79 31 0 2 612 ^ 2 59313

3 0 11038 0 1 82 96 0 27924 0 3 6806 0 25 76 8 2 67626

MEAN 0 11 05 6 0 18242 0 27190 0 3 68 61 0 25 8 6 5 2 67867

1 0 10 3 41 0 18934 0 2 0 37817 0 7 7 4 7 6 2 88143
P3

2 2 0 1170 7 0 19758 0 17 39652 7 9 4 j 2 /1 1 0 1

3 0 1 1 2 J 8 J 8 ° 6 0 0 93 5 2 0 381 0 b Q 8 2 71582

1 CAN 0 110 5 0 19217 0 2Q873 0 3 8 5 3 8 0 2 / 4  13 2 7 9 6 4 2

1 G 11221 0 21358 0 31917 0 42501 0 31280 2 9594 2_
P3
C3 2 0 1 06 01 0 20740 0 30890 0 04 1 3 0 2 9 5 3 5 2 95050

3 0 10984 0 21765 0 32772 0 413 97 0 30 4 1 3 2 94837

MEAN 0 10935 0 21288 0 31693 0 41345 0 3 0 4 0 9 2 95543

P P pi Clt o
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Efiect of substitution of protein 
with carbohydrate on the growth rate
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Fig " Specific growth rate (SGR) of M rosenbergn
juveniles fed with test diets to study the effect 
of partial substitution of protein with carbohydrate



Table 16 Result of analysis of variance of data to compare the 
effect of partial substitution of protein with 
carbohydrate on specific growth rate (SGR) of 
M rosenbergii juveniles

85

Source of 
variation

Degrees of 
freedom

Replication 2
Between feeds 8
Error 16
Total 26

Sum of 
of squares

0 02423
4 50201
0 15387
4 68011

Mean sum F ratio 
of squares

0 0 1 2 1 2  

0 56275 
0 00962

1 25982 
58 51725 *

Critical diffeience for comparison of treatment mean values-0 23389
(at 1% level)

Comparison of mean values of SGR with critical difference value
Feed Mean SGR values
P1C1 1 77214
P1C2 1 88709
P1C3 1 89336
P2C1 2 10445
P2C2 2 34337
P2C3 2 54404
P3C1 2 67867
P3C2 2 76942
P3C3 2 95543

i i i

Sidescored mean SGR values are not significantly different
at 1% level

* Significantly different at 1% level
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At 35% protein level, 20 and 25% carbohydrate levels 
(diets P3C1 and P3C2 respectively) registered SGR values which 
are not significantly different from each othei as well as that 
of diet with 30% piotein and 30% carbohydrate (P2C3) Highest 
value of SGR was recorded by v/ rosenbergn juveniles fed on 
diet with 35% protein and 30% carbohydrate (P3C3)
4 2 3  Effect of partial substitution of protein with 

carbohydrate on feed conversion efficiency (FCE)
The details of feed consumption, weight gam and FCE of 

M rosenbergn juveniles fed with the test diets for evaluating 
the effect of partial substitution of protein with dietary 
carbohydrate presented in the table 17 and the pattern of FCE 
values plotted in fig 8, which suggest a progressive rise in 
FCE at successively higher levels of protein and of 
carbohydrate levels at each level of protein

Analysis of variance suggests that the treatments had a 
profound influence on FCE of M iosenbergu(table 18)

At 25% protein the lowest level of carbohydrate (20%) 
produced a significantly lower FCE of 0 299 compared to 0 314 
and 0 321 respectively obtained for higher levels of 
carbohydrate (25 and 30% ), the latter two being not
significantly different from each other

At 30% protein the lowest carbohydrate level of 20% 
produced a FCE of 0 334 which is not significantly higher than 
that observed for P1C3 (25% protein and 30% carbohydrate) At 
this level of piotein (30%) higher carbohydrate levels of 25 
and 30% gave FCE values of 0 35 and 0 357 respectively which do 
not differ significantly



Table 17 Feed conversion efficiency (FCE) of M rosenbergi 
juveniles fed with test diets to study the effect 
partial substitution of protein with carbohydrate

FEED
R* WEIGHT

GAIN
(g)
(A)

FEED
INTAKE
(g)
(B)

FCE
(A/B)

MEAN
FCE

FCR
(B/A)

MEAN
FCR

1 1 37090 4 48813 0 30545 0 29922 3 27386
P1C1 2 0 91966 3 11270 0 29545 3 38462 3 34271

3 1 26049 4 24740 0 29677 3 36964
1 1 20242 3 78923 0 31733 031448 3 15134

P1C2 2 1 52384 4 82492 0 31583 3 16629 3 18022
3 1 40568 4 53056 0 31027 3 22304
1 1 28300 3 94352 0 32534 0 32110 3 07368

P1C3 2 1 49358 4 69950 0 31782 3 14647 3 11461
3 1 55622 4 86113 0 32014 3 12368
1 1 50919 4 40843 0 34234 0 33435 2 92106

P2C1 2 1 86425 5 70168 0 32697 3 05843 2 99190
3 1 46610 4 39276 0 33375 2 99622
1 2 04623 5 85103 0 34972 0 35127 2 85942

P2C2
1211 67912 4 69522 0 35762 2 79624 2 84730
1 95707 5 64859 0 34647 2 88625

1 2 45680 6 92719 0 35466 0 35658 2 81960
|p2C3 2 1 67277 4 57119 0 36594 2 73271 2 80549

3 2 09349 5 99607 0 34914 2 86415
1 2 55250 7 28264 0 35049 0 36071 2 85314

P3C1 2 2 61222 7 11725 0 36703 2 72460 2 77350
3 2 20876 6 05807 0 36460 2 74275
1 2 36938 6 54946 0 36177 0 36624 2 76421

P3C2 2 2 39795 6 55523 0 36581 2 73368 2 73078
3 2 69075 7 25006 0 37113 2 69444
1 2 70304 6 62328 0 40811 0 39446 2 45031

P3C3 2 2 95342 7 75677 0 38075 2 62637 2 537 o
3 3 04130 7 70909 0 39451 2 53480

R* R e Dl i ca t io n



88

Effect of substitu tion of protein w ith  
carbohydrate  on the  feed efficiecy

Feed conversion efficiency (FCE)

P1C1 P1C2 P1C3 P2C1 P2C2 P2C3 P3C1 P3C2 P3C3
Feed

H fce

Fig 8 Feed conversion efficiency of V rosenbergii
juveniles fed with test diets to stud̂ r the effect 
of partial substitution of protein with carbohydrate
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Table 18 Result of analysis of variance of data to compare

the effect of partial substitution of protein with

carbohydrate on feed conversion efficiency (FCE)

of M. rosenhergii juveniles

Source of Degrees of
variation freedom

Sum of
squares

Mean sum

of squares

F-ratio

Replication 2 0.00005 0.00002 0.40655

Between feeds 8
0.02107 0.00263 43.18788 *

16 0.00098 0.00006

26 0.02210

,,^mT^flrison of treatment mean values=0.01461
Critical difference for comparison oi l%level)

prF values with critical difference value:Comparison of mean FCE

Mean values of FCE
Feed

PlCl

P1C2

P1C3

P2C1

P2C2

P2C3

P3C1

P3C2

P3C3

Sidescored mean

0.29922

0.31448

0.32110

0.33435

0.35127

0.35658

0.36071
i

0.36624 !

0.39446

1  Are not significantly different ■FCE values are noi. b level

♦ S
ignificantly different at 1% level
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At the highest level of protein (35%), the observed

value of FCE with 20% carbohydrate (P3C1) was not significantly
higher than that of the diet with 30% protein and 30%
carbohydrate (P2C3). At thle level of protein (36%). it was

Of) and 25% carbohydrate levels produced FCE values
found that, , cinu

which do not differ much.

The feed having 35% protein and 30% carbohydrate (P3C3),
witfhest FCE value (0.394), which is significantly

has g-iveii the

11 other combinations of protein and carbohydratehigher than all otnei

levels.

4 2 4 Effect of partial substitution of protein with
carbohydrate on protein efficiency ratio (PER)

d- ta on observed PER values for the various diets
.  4-ohle 19 and graphically represented in fig.

are presented m

"• , -s of variance of data suggests that the variousAnalysi ^ influence on PER of M. rosenbergli
treatments liad a

(table 20). successively higher protein
The trend of

fficiency of protein utilization for
levels piodu- protein, increasing the

t  at each 1®^growth, " ffected better utilization of protein for
carbohydrate levels

growth. ■ lowest PER was noted for diet with
25% ^ '

^  (picl) which is significantly lower than that
20% carbohydiate levels tried. These two latter PER

u . carbohydrate 1®
'  not significantly different,values were not
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Table 19. Protein efficiency ratio (PER) of M. rosGnbergii
Juveniles fed with test diets to study effect of
partial subatitution of protein with carbohydrate

PROTEIN

INAKE

(g)
(B)

MEAN

PER

FEED

INTAKE

(g)

WEIGHT

GAIN

(g)
(A)

A/B

1.210181.132804.488131.37090

1.170580.785653.11270 1.185510.91966
PlCl

1.175781.072044.24740.26049

0.94276 1.275423.78923.20242

1.269401.200444.82492 1.2639652384

1.24705

1.29619

1.12720

0.98982

4.53056

3.94352

.40568

28300

1.266201.179574.69950 1.27928.49358
1. 275441.220144 . 86113.55622
1.150731.311514.40843.50919
1.099041.696255 . 70168 1.1238886425
1.121861.306854.39276,46610
1.158021.767015.8510304623
1.184181.417964.69522 1.16315

.67912
1.147251. 705875.64859.95707
1.190142 .064306.92719

2 . 45680
1.227981.362214.57119 1.196581.67277
1.171621.786835.996072 .09149
1.011812.522717.28264

2 .55250
1.059552.465427.11-725 1.04130

2.61222
1.052532.098526 .058072 , 20876
1.036582 . 285766.54946

2.63938
1.048162 . 287786.55W 1.049392.39795

2.53027 1.063427.250062-69075

2_J£304

2.95342

3.04^

2.32808 1.161066^623^
7.75677

7.70909

1.08323

1.12236

2.72650

2.70975

1.12221

1^* Replication
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Effect of substitution of protein with
carbohydrate on Protein efficiency ratio

Protela eftolency ratio (PER)

PlCl P1C2 PIC3 P2C1 P2C2 P2C3 P3C1 P3C2 P3C3
FEED

PER

r.otio of M. rosenbergii
^  rat study the effect;.9 fed with tes ^otein with carbohydrate

^rpaJt^l substitution
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Table 20 Result of analysis of variance of data to compare

the effect of partial substitution of protein with

carbohydrate on protein efficiency ratio (PER) of M.

rosenbergil juveniles

Source of
variation

Degrees of
freedom

Sum of
squares

Mean sum

of squares
F-ratio

Replication 2 0.00075 0.00038 0.63090

Between feeds 8
0.16810 0.02101 35.28183 *

16
0.00953 0.00060

Total 26

^^moarison of treatment mean values=0.04565
Critical difference for compari level)

of PER with critical difference value:Comparison of mean values oi r

Feed

PlCl

P1C2

Pica

P2C1

P2C2

P2C3

P3C1

P3C2

P3C3

Sidescored mean PER ̂ a

Mean values of PER

.18551

.26396 !
I

.27928 I

.12388 !

.16315

.19658

.04130

.04954

.12222

are not significantly different
at 1% level

♦ Signifloantly different
at 1% level
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At 30% protein, two adjacent levels of carbohydrate (20

& 25% and 25 & 30 %) did not differ each other in terms of PER,
^ P2C2 are equivalent} so also, P2C2 & P2C3, with

respect to PER«

At 35% protein, the PER values observed for diet with

first two levels of carbohydrate (20 & 25%), are not different
«  4. with 30% carbohydrate is significantlypairwise. But diet

4.u^ two diets (P3C1 &. P3C2), in terms of PER.higher than the other two
4- DB-n was recorded by the diet, P3C3 (25%

The highest PEK,

^ ono/ carbohydrate) which was 1.279; while the lowestprotein and 30% caxo^

was by P3C1 ( 36% proteln and 20% carbohydrate ).

4.3 physico-chemical parameters
«v.4%mlcal parameters were monitored during

The physico-chemical
4. Tt was observed that the temperature of

the feeding experiment. It
,  X between 27 and 31 C while pH ranged

rsAring va-r
dissolved oxygen values were found to be

between 7 and 8.

in the range of 6-7 PPm-



95

V DISCUSSION

5.1 Evaluation of quality of protein sources

The present study conducted to evaluate the

nutritional quality of different locally available sources of

protein, viz, Olam meal, squid meal, squllla meal,shrimp head
meal and silkworm Pupae in the formulated feed of the Juveniles
of M. rosenbergil, based on survival rate, growth, feed

eei,.iency and protein efficiency ratio had shownconversion efficiency

Clam meal followed by squid meal as better sources of protein.

5.1.1 Survival rate

High survival rate (>90%) was observed for Af.
fed with diets differing in protein

rosenbergli juveniles fed
the different protein sources tested

sources, suggesting that , , ^
with regard to their influence on

do not show any variati
he incorporated in the diet without any

survival rate and can
the rate of survival. New (1976), whiledeleterious effect on ^ i a ^ a
studies of shrimps and prawns, opined

reviewing the dietary ^
.  nutritional studies are rare, unless the

.  —^ a —-

^  t in nutrients; being particularlydeficient x"

•  individually housed. Although,

true when animals ar „ .^  ̂ ««te and feed efficiency were observed
tions in growth

nrotein sources were tested, the high
diets differing i" P

variations

when
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survival rate observed in the present study, irrespective of

the source of protein, suggests that the sources evaluated in

general are not grossly deficient in their nutritional quality.

Biddle (1977) has cautioned drawing conclusions

regarding the quality of diets used, on the basis of short

term growth studies before considering the likely existence of
nutrient reserves in the body of prawns, their ability to

preferentially conserve specific nutrient that is deficient in
the diet and the possibility of adequate quantity of amino

available for absorption from microbial
acids being made avaxxn

.  fhP intestine of prawn. The short duration of thesynthesxs in t-ne

nresent case may be a factor which has
experiment in tne p

4-uc absence of any significant variation in thecontributed to

1  M rosenbergil juveniles fed on diet
rate of survival oi «•

„ the source of protein,differing m

5.1.2 Growth rate
H'fferent feeds tested in the present study,

Among the di
1am meal gave the highest the growth rate,

the diet based on c
r,r.,iid meal diet; the difference in response

closely followed by
TV^iia these two can be considered more or

being 1" quality of protein is concerned.
fits ifit^ ^

less equ recorded for silkworm pupae diet;
west growth rate wasThe ow obtained for the two crustacean

• 1 a 1 nterroo^^®'^®while squilla meal and shrimp head meal

diets.
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Fresh clam meat is conventionally used for feeding

shrimps. Kanazawa et aid970) reported that fresh short necked

clam, rapes pbllippiaarum gave superior growth compared to

other compounded diets for P. Japonlous. Deshimaru and Shigueno

(1972) attributed the reason for superiority of short necked
I  clam as the sfnilarity in amino acid profile of this with that

of P. Japonidus. Forster and Beard (1973) also reported higher
j  for Palaemon serratus when fresh clamgrowth rate and survival

All (1982a) while evaluating the nutritional quality
for P. indicus juveniles observed

of certain protein sources
.1th clam meat based diet which was on par with

good growth wltn cx

that of s,uilla based diet. But superior feed efficiency -
1  diet. Josekutty (1991) found clam meal

noted for clam mea • . .
rotein for P. monodon among the various

the best source o P
Sheri®^ ^989) observed clam meat as principalsources tested.

better result in terms of growth and
nrotein source giving

AAcf based on fish meal in the case of

survival compared to a diet

/iOQi) stated that fresh clam meat along
Recently,

1 j Incorporated along with other low
tie fluid could b®with man Ij^gredients, the fresh clam serving

lly availsui®quality b vouring agent. In the present study clam
attractive flav

as ^ . «i€so as an attractant. But the quality

Id have served aismeal wou source was established beyond doubt as
1 as a better

of clam ma® .p^'iciency and feed efficiency were
u  at protein ef^^the highest pr

was

as
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recorded for clam meal based diet. Narayana and Alexander

(1972), while investigating biochemical composition of

jQolXuscs found the black clam, Villorita. as a good

source of protein and rich In free amino acid. Deshimaru et

ai.(1985) demonstrated that fresh clam could produce superior

growth, survival and feed efficiency compared to a series of
compounded diets in P. aonodon Juveniles and stated that fresh

short necked clam is rich in essential amino acids with high
ratios of methionine and arginine to total amino acid content,

a  V. ivx nolar lipids and sterols. Prawns and
besides being rich in poxa

rely mainly on trypsin and to a lesser
shrimps are known to

.  -Prir protein digestion ( Lee et aJ. ,1980{
extent, chymotrypsi

)  Trypsin cleaves protein at the peptide
Lan and Pan, 1993

4-be basic amino acids while, chymotrypsin
bonds adjacent to

4-^,. omino acids ( Lan and Pan, 1993). Since
cleaves at aromatic amin

4-u^ specific sites for action of trypsin,
basic amino acid a u - u- u

enzyme of prawns and shrimps, higher
the main proteolyLrc

in the feed provides more sites
of basic amino acidconten action. Available literature suggests

41 hie for trypsi*^aval a of basic amino acids especially
1  n. is a rich sourcethat cia possible reasons for

4  4ne and this could bearginin ^ feed efficiency observed
better growth, etudy. Earlier, Deshimaru and Shigueno

.  .jje present stuuy
for clam ih mlvin and Brand (1977) found the

(1976);
(1972); ^ meal, deficient in arginine - a basic
nutritive value ef
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amino acid, as inferior to that of squid meal which is rich in

basic amino acids, as a dietary protein source for P.
Tt further demonstrated that diets enriched withj&ponicus. it; was

arginine by compounding feed with ingredients such as clam,
prawn meal and squid meal rich in arginine improved growth and

Bhrimp (Deshimaru et ai.,1985). Penaflorida
feed efficiency of shrimp

.  ̂ arffinine is the most limiting amino acid of(1989) opined that arg
^ Ofvnid and shrimp meal are close to arginine

prawn diet and sq
1  Arffinine is reported to be required by

level of prawn muscle. arg
•  due the lack of urea cycle which is

all crustaceans primarily
•  ne biosynthesis from ornithine (Miyajima et

necessary for argini

ai. |1977 ) quality of the protein, clam meal ijs also

turated fatty acids (PUFA), especially rich in
rich in polyu . j to have a growth enhancing effect on

PTiFA which is reporten-3 PUFA Sandifer and Joseph (1976).

M. rosenberg quid meal as a protein source has been
Superior' gpecies of shrimps. Kitabayashi et

demonstrated i Shigueno (1972) in P. Japonicus;

ai.(1971) s /iQ7fi) in P« aztecus; Fenucci et

,  snd Zcin-Eldln (19TFenucci »» p stylirostris; Cruz-Ricque and

ai.(1980) ^ laonodoni Dokken and Lawrence (1985) in P.
AQUACOP (1987) (1987) in P. indicus had found

,  and Crus-Bi^<l"®vannamei an orotcin source.
,  a superior pr

squid meal
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In the present study, the nutritional quality of squid 
meal has been found to be equivalent to that of clam meal for 
M rosenbergii Deshimaru and Shigueno (1972) who found squid 
meal as an excellent protein source for P japonicus stated 
that the superiority of squid meal is due to the essential 
ammo acid composition of squid protein which is similar to 
that of P japonicus Fenucci and Zein Eldin (1976) attributed 
higher amount of arginine in squid protein as a possible reason 
for enhanced growth rate m  P aztecus Deshimaru et al (1985) 
also opined that squid is rich in arginine, an essential amino 
acid Cruz Ricque et al (1987) evaluated the growth response 
of supplementation of a mixed diet with protein extracted from 
frozen squid at different levels (15 3, 6 and 16%) in the
diet of four species of shrimps In P s t y h r o s t n s  and P 
vannamei growth rates were significantly improved even at the 
lowest level of supplementation Improvement was obtained only 
with 6 and 16% m  P monodon while no improvement was observed 
in P indicus suggesting a species specific growth enhancement 
effect of squid protein The growth promoting effect for squid 
protein at 16% supplementation could be explained by its 
nutritional value, particularly amino acid content However, at 
lower levels the result obtained seemed to be due to an unknown 
growth factor Based on their study Cruz Ricque et al (1987) 
suggested this growth promoting effect to be due to a protein 
fraction of squid tissue and not related to amino acid balance



According to Akiyama et al (1992) this growth factor, which is 
believed to be small peptides increases the digestive 
efficiency of shrimp Cruz Suarez et al (1987) observed that 
the growth promoting effect of squid is not due to an amino 
acid supply, but due to increase in metabolic activity and 
protein synthesis per cell, since it tends to induce 
hypertrophy of cell and not hyperplasy Later, Cruz Rique et 
al ( 198 9) found levels of glucose and amino acids in the 
haemolymph of P japonicus receiving diet containing squid 
decreasing faster, indicating an enhancing effect of squid 
protein on the metabolism of shrimp Squid meal is also an 
attractant and its level in commeicial feeds ranges from 2 to 
10% There is no nutritional limitation in squid meal, however, 
its use is normally limited by price and availability as 
pointed out by Akiyama et al (1992)

Crustacean meals have been tested extensively by many in 
shrimp feeds expecting them to produce better result owing to 
their similarity m  ammo acid profile with the body protein of 
shiimp In the present study the two crustacean meals namely, 
squilla and shrimp head meals produced only an intermediary 
growth rate among the five protein sources tested

All (1982a) while comparing different sources of 
protein, found squilla as the best protein source for P 
indicus being slightly better than that of clam meal But feed 
efficiency was found to be better foi clam based diet From the

\ e> Q 8 ^
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results of the present study it can be seen that clam meal is 
superior m  terms of growth and feed efficiency in the 
formulated feed of M rosenbergii Better growth response of 
squilla diet obtained by All (1982a) might be due to the use of 
purified protein which was obtained by boiling squilla 
followed by drying of coagulated protein In the present study 
whole squilla was used and the result obtained is in agreement 
with that of All (1988) who observed superiority of clam meal 
over squilla in terms of growth and feed efficiency when whole 
squilla was incorporated m  the diet of P mdicus Squilla is 
a locally available source of protein which is also inexpensive 
and at present not properly utilized Although squilla as a 
single protein source resulted in lower growth rate in the 
present study, partial substitution of this for fish meal could 
be done for compounding commercial shrimp feeds as in the case 
of shrimp meal Squilla was categorized by Wood et a1 (1991) as 
a potential, at the same time cheap and locally available 
protein source for compounding cost effective practical shrimp 
feed Ali and Mohamed (1985) suggested the possibility of using 
a combination of shrimp and squilla in the practical feed of 
shrimp The over dependence on fish meal may cause economic 
constraints in some geographic areas especially in developing 
countries, where fish meal is less abundant Also m  the more 
developed countnes difficulties are some times encountered 
due to fluctuations m  fish meal supply and its price when
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supply is short (Lovel, 1989) So, partial substitution of fish 
meal with squilla meal appears to be promising when used m  
combination

Shrimp meal has been regarded as a suitable source of 
protein in shrimp feed Deshimaru and Shigueno (1972) 
attributed similarity in amino acid profile as the possible 
reason for better performance of shrimp fed with shrimp meal 
diet Sick and Andrews (1973) obtained higher growth and 
survival in P duorarum fed with shrimp meal diet All (1988) 
while evaluating different protein sources for P mdicus 
observed best growth and survival for shrimp meal diet 
although feed efficiency was better for clam based diet In 
Palaemon serratus, Forster and Beard (1973) found better 
performance for shrimp meal than with fish meal in the diet 
Contrary to this Pascual and Destajo (1979) observed poor 
survival and growth of P monodon postlarvae fed on diet 
prepared exclusively using shrimp meal since according to 
them shrimp meal alone cannot fully satisfy the nutrition0! 
demands of shrimp Josekutty (1991) also observed lower growth 
in P monodon when shrimp meal was used a.<* protein source 
compared to clam meal and slaughter house waste

Shrimp meal is high m  crude protein content and several 
amino acids (Forste" 1976) It is a good source of fatty acids 
(Sandifer and Joseph 1976) and appears piomising for 
compounding shrimp feed (Venkataramaigh et al 1978 All 1988
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Table 20 Result of analysis of variance of data to compare
the effect of partial substitution of protein with 
carbohydrate on protein efficiency ratio (PER) of AT 
rosenbergii juveniles

Source of 
variation
Replication
Between feeds
Error
Total

Degrees of 
freedom

2
8
16
26

Sum of 
squares

0 00075
0 16810
0 00953
0 17838

Mean sum 
of squares
0 00038
0 0 2 1 0 1

0 00060

F ratio

0 63090 
35 28183 *

Critical difference for comparison of treatment mean values~0 04565
(at 1% level)

Comparison of mean values of PER with critical difference value
Feed Mean values
P1C1 1 18551
P1C2 1 26396
P1C3 1 27928
P2C1 1 12388
P2C2 1 16315
P2C3 1 19658
P3C1 1 04130
P3C2 1 04954
P3C3 1 12222

Sidescored mean PER values are not significantly different
at 1% level

* Significantly different at 1% level
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At 30% protein, two adjacent levels of carbohydrate (20 
& 25% and 25 &. 30 %) did not differ each other m  terms of PER, 
le ,P2C1 & P2C2 are equivalent so also, P2C2 & P2C3, with 
respect to PER

At 35% protein, the PER values observed for diet with 
first two levels of carbohydrate (20 &, 25%), are not different 
pairwise But diet with 30% carbohydrate is significantly 
higher than the other two diets (P3C1 & P3C2) in terms of PER

The highest PER, was recorded by the diet, P3C3 (25%
protein and 30% carbohydrate) which was 1 279 while the lowest
was by P3C1 ( 35% protein and 20% carbohydrate )

4 3 Physico chemical parameters 
The physico-chemical parameters wet e monitored during 

the feeding experiment It was observed that the temperature of 
rearing water varied between 27 and 31°C while pH ranged 
between 7 and 8 The dissolved oxygen values were found to be 
in the range of 6 7 ppm
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according to Richards (1990) is a natural source of choline 
which is an essential component of phospholipid and acetyl 
choline, choline playing a vital role in the maintenance of 
cell structure, transmission of nerve impulses synthesis of 
methionine and transport of lipid within the body of shrimp

A major disadvantage of shrimp meal is stated to be 
its high fibre and chitin content The true protein value of 
shrimp waste is reported to be only about 50 70% of its 
apparent or crude protein content, depending on the proportion 
of meat portion to shells in the original material, as much of 
the crude protein is derived fiom chitin (Richards 1990) 
Processing methods followed are also reported to affect the 
nutritional quality of shrimp meal (Cruz Suarez et al 1993) 
According to Hanson and Goodwin (1977), penaeids appear to have 
two chitinase systems, one largely in the hepatopancreas and 
the other centered around chitinoclastic bacteria in the 
digestive gland Many reports showing measurable levels of 
chitin degrading enzymes m  the alimentary tract of various 
crustaceans (Chandramohan and Thomas,1984 Lynn,1990 and 
Spindler Bath et al 1990) are available In addition, it is 
commonly observed that shrimps and prawns consume exuviae 
following ecdysis These clearly suggest that crustaceans may 
be able to utilize dietary chitin Vaitheswaran and Ali(1988) 
reported that glucosamine and chitin have a growth promoting 
effect in P indicus
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Among the various protein sources tried in the 
present study diet based on silkworm pupae produced lowest 
growth rate All(1988) while experimenting with P indicus 
juveniles observed poor growth rates when silkworm pupae were 
used as protein source But later Unnikrishnan et a.1 (1992)
explored the possibility of using silkworm pupae in the diet of 
M rosenbergn postlarvae and reported that the growth and 
survival rates equivalent to clam meal diet were obtained

The results obtained m  the present study indicate 
that although the rate of survival was not affected, the 
growth rate of those fed with silkworm pupae feed was markedly 
affected and it was the lowest compared to the other sources of 
protein It may be due to the fact that among the various 
sources of protein tested in the present study, silkworm pupae 
was the only one that is of terrestrial origin Deshimaru and 
Shigueno (1972) opined that proteins of marine origin are rich 
in essential amino acids compared to terrestrial origin which 
determine their quality as feed ingredient for shrimp The 
proteins of marine origin have a relatively high proline and 
arginine content, which may account for the good growth of 
prawn fed with protein from these sources ( Dali et a1 , 1990) 
All (1988) has attributed the high lipid content m  silkworm 
pupae, which produce an off flavour due to rancidity of lipid 
making the feed not attractive or acceptable to the shrimp, as 
the reason for poor growth The silkworm pupae used in the
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present study was solvent extracted to remove the excess lipid 
So the possibility of producing off flavour is not there The 
highest feed conversion ratio observed for silkworm pupae based 
diet in the present study also suggests that the palatability 
of the diet was not affected due to any off flavour The result 
of the present study thus indicates that silkworm pupae as a 
single protein is not ideal for compounding feed However, it 
may be possible to use it in combination with other protein 
sources
5 1 3  Feed conversion efficiency

The feed conversion efficiency values obtained m  the 
present study using different protein sources fall into thiee 
categories clam meal and squid meal diets registering best 
feed efficiency silkwoim pupae based diet producing lowest 
feed efficiency and squilla meal and shrimp head meal diets 
showing intermediate feed efficiency The better feed 
efficiency obtained for prawns fed with clam meal and squid 
meal diets might be due to better quality of protein fiom these 
sources Feeds that are nutritionally poor are likely to be 
consumed more by prawns, provided they are palatable High diet 
intake does not necessarily bring about rapid growth (Deshimaru 
and Shigueno 1972) According to Colvin (1976) protein 
sources that are deficient in essential nutrient produce less 
efficient feed conversion ratio All (1982a) while evaluating 
the nutritional quality of various protein sources obtained
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best feed efficiency for clam based diet for P indicus 
juveniles Later, the same author observed clam meal based 
diet producing the best feed conversion in P indicus 
(All,1988) Similarly Josekutty (1991) found that clam meal 
based diet had given the best feed conversion ratio among the 
various sources tested in P monodon The most efficient 
conversion of feed observed for clam meal diet in this study is 
in agreement with these observations

Although the feed efficiency value recorded for 
squilla meal diet is significantly lower than that of squid 
meal diet the observed growth rates are comparable This 
pattern suggests that by consuming more squilla meal diet a 
growth rate comparable with that of squid meal diet could be 
obtained A similar pattern can be seen between shrimp head 
meal and silkworm pupae diets

5 1 4  Protein efficiency ratio
The results of the presents study have indicated 

that prawns fed on diets based on clam meal produced highest 
protein efficiency ratio, closely followed by squid meal diet, 
though not significantly different from the former This 
suggests that both these sources are efficient m  converting 
dietary protein for growth Squilla meal diet and diet based 
on shrimp head meal produced lower protein efficiency ratio,
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while silkworm pupae diet had given the lowest protein 
efficiency ratio among the various test diets tried in this 
experiment Ali(1988) obtained highest protein efficiency 
ratio for P mdicus fed on clam based diet, while lowest 
protein efficiency ratio was noted for silkworm pupae diet 
Josekutty(1991) found clam meal diet giving highest efficiency 
of protein utilization for growth in P monodon

Steffens(1981) reported that the protein efficiency 
ratio can be used to evaluate the quality of protein in the 
feed those with higher protein efficiency ratio being of good 
quality and those with low values being of poor quallty 
According to Boonyaratpalin (1989) feed conversion efficiency 
and protein efficiency ratios are positively correlated In 
the present study also this was evident

5 2 Evaluation of substitution of protein with 
carbohydrate m  the formulated feed of H 
rosenbergn juveniles

The evaluation of the effect of substitution of protein 
with carbohydrate using clam meal which was established as 
the best protein source by the first experiment indicated 
that it is economically advantageous thing, as reduction m  
protein requirement of M losenbergh is possible
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5 2 1  Survival rate
In all the protein levels viz 25 30 and 35% the

combination of various carbohydrate levels such as 20,25 and 
30% produced high survival rate (>90%) of M rosenbergii 
juveniles In statistical terras, these survival rates were 
found to be not significantly different among themselves This 
result indicates that lowering of protein level from 35 to 25% 
and substituting with carbohydrate could provide enough energy 
required for maintenance and some growth All (1982b) also 
observed no variation in survival rate when the protein level 
In the diet of P indicus varied from 20 6 to 46 5% Koshio et 
al (1993), while experimenting with P japonicus found no 
significant variation in survival rate when the protein level 
of diet ranged from 21 to 60 7% Recently, Nair and Sherief 
( 1993 ) showed that survival rate of M rosenbergii was not 
affected significantly when fed with a series of diets of 
varying protein levels from 24 75 to 50 5% In the present 
study also, no significant variation in survival rate was 
observed among the three protein levels tested viz 25, 30 and 
35%

5 2 2  Growth rate
The observed growth rate in the present study m  

terms of specific growth rate suggests that there is a 
coiresponding increase in growth rate of M rosenbergii



112

juveniles when they are fed on diets with increasing level of 
protein, as well as carbohydrate levels at each level of 
protein The highest growth rate was observed when 35% protein 
and 30% carbohydrate were included in the test diet The 
growth studies of M rosenbergii by Balazs et al (1973), Balazs 
and Ross (1976) Clifford and Brick (1979) D Abramo and Reed 
(1988) and Freuchtenicht et al (1988) conducted in tanks 
where natural food is lacking had shown that the optimum 
protein level of the species is in the range of 25-35% As 
stated by Gomez et al (1988 ) infoimation on carbohydrate 
nutrition of prawn is scanty Akiyama et al (1992) opined that 
carbohydrate utilization and metabolism by shrimp feeds to be 
further studied

Bautista (1986) reported that carbohydrate above 20% 
depressed the growth rate of P monodon and suggested that 
energy requirement for efficient utilization of protein would 
have already been achieved at 20% level of sucrose Alava and 
Pascual (1987) also observed highest growth rate in P monodon 
when fed with 20% level of caibohydrate m  the form of 
trehalose than with 10 or 30% Contrary to this Shiau and Peng 
(1991) observed that growth of P monodon was not significantly 
affected when the dietary protein level was reduced from 40 to 
30% and increasing the corn starch level from 20 to 30% 
Similarly Andrews et al (1972) obtained increased growth rate
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in P aztecus when 30% starch was included m  the diet Ali 
(1982b) observed best growth response while using 40% starch in 
a casein based diet m  P indicus

These variations m  carbohydrate requirement of 
different species of shrimp may be due to the source of 
carbohydrate and / or feeding habit of these species tested 
Abdel-Rahman et al (1979) have shown that P japonicus 
juveniles had a better weight gain on diets containing 
disaccharides such as sucrose, maltose and trehalose and 
polysaccharides such as dextrin and starch than on diet 
containing monosaccharides such as glucose, galactose and 
fructose Andrews et al (1972) observed reduced growth when 
20% glucose was included m  the diet of P aztecus while, 
inclusion of 30% starch increased the growth rate According 
to Lovel(1989) glucose in the diet at levels of 10% or more 
suppresses the growth of shrimp Bautista(1986) also opined 
that more complex carbohydrates may provide better protein 
sparing than sucrose which was used as the carbohydrate in that 
study AQUACOP (1978) suggested that carbohydrate such as 
starch appears ore suitable than glucose in the diet of shrimp

The giant freshwater prawn, M rosenbergll is an 
omnivorous species (New, 1990) This field observation has 
been confirmed by enzyme studies of Lee et al (1980) Gomez et 
al (1988) has suggested the availability of various
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carbohydrases among the digestive enzymes of M rosenbergn 
These observations suggests that M rosenbergii may be able to 
utilize carbohydrate for energy metabolism so that costly 
protein can be spared for growth Thus by including sufficient 
carbohydrate m  the diet, the level of protein can be minimized 
substantially In the present experiment, the pattern of 
specific growth rate observed shows that, at each level of 
protein, addition of carbohydrate produced increased growth 
within the levels tested At 25% protein increasing the level 
of dietary carbohydrate produced only a non significant 
increase in specific growth rate But at this level of 
protein, with 30% carbohydrate (P1C3) the growth rate recorded 
did not differ significantly from that of 30% protein and 20% 
carbohydrate (P2C1) which suggests that by using 30% 
carbohydrate along with 25% protein a growth equivalent to 
feeding a diet with 30% protein and 20% carbohydrate could be 
achieved In practical terms this mears that 5% protein could 
be substituted with 10% carbohydrate A similar observation was 
made by Shiau and Pong (1991) on P monodon wherein they found 
that the dietary protein level could be lowered from 40 to 30% 
oy increasing the corn starch level from 20 to 30% It was 
reported that this substitution has not found to affect the 
growth significantly At the second level of protein (30%) 
tested in the present study 25 and 30% carbohydrate levels 
recorded significantly higher growth than at 20% level



115

At 35% protein level 20 and 25% carbohydrate levels 
(P3C1 and P3C2 respectively) gave growth rates which are not 
significantly different from each other as well as with that of 
the diet with 30% protein and carbohydrate each (P2C3) showing 
that 30% protein will be sufficient if 30% carbohydrate is 
included in the diet At the same time if a higher level of 
30% carbohydrate could be provided as increase in protein 
level to 35% would be more beneficial as a significantly 
better growth was obtained with a feed of this combination 
(P3C3)

A critical analysis of the pattern of growth rates 
shows that the requirement of carbohydrate is dependent on the 
level of protein In practical terms this means that, the 
optimum level of carbohydrate varies at different levels of 
protein For instance at 25% protein 20% carbohydrate is 
sufficient and increasing the level of carbohydrate beyond this 
level at this level of protein does not produce any significant 
increase m  grow th rate In stat ist ica l terms, all 
carbohydrate levels tried (20, 25 and 30%) at 25% protein are 
equivalent so far as growth is concerned But at 30% protein, 
the growth rate is found to be higher with diets having 25 or 
30% carbohydrate, the latter two are found to be significantly 
different from each other suggesting that at 30% protein a 
higher level of 25% carbohydiate is required But at 35%
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protein only at a still higher level of 30% carbohydrate there 
is a positive influence on growth in M rosenbergii Thus it 
could be seen that at higher protein levels the carbohydrate 
re quirement tends to be higher Inc r e a s e d  c a r b o hy dra te 
requirement at higher protein le\el points to the higher eneigy 
iequirement at higher level of piotern In practical terms 
this means to utilize highei protein level effectively for 
growth rather than for energy purpose higher non protein 
energy in the form of carbohydrate is to be included in the 
feed Higher energy requirement by shrimp at higher levels of 
protein was observed by Bautista (1986) who found that at 50% 
protein level (370kcal/100g of feed) the growth was only more 
or less equivalent to 40% protein (330kcal/100g of feed) as 
the excess protein was catabolized for energy purpose His 
e xp l a n a t i o n  that when non p r ot ein  energy sources are 
limiting protein is catabolized for eneigy purpose seems to 
be true in the case of M  rosenbergii also as in the present 
study by increasing the carbohydrate level to 30% the higher 
level of protein was effectively utilized for achieving better 
growth

5 2 3  Feed conversion efficiency
The present study to evaluate the effect of partial 

substitution of protein with carbohydrate on feed conversion 
efficiency had revealed that at a level of 25% protein, an 
equal amount of carbohydrate is required for efficient feed
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conversion At this level of protein an increase of 
carbohydrate from 20 to 25% is found to produce more efficient 
feed conversion, although for better growth rate 20% 
carbohydrate is found to be sufficient since the increase in 
growth rate produced at 25% level caibohydrate is found to be 
statistically not significantly higher than that of 20% 
carbohydrate level This suggests that more feed is consumed 
at 25% protein level with 20% carbohydrate to achieve an 
equivalent growth of 25% carbohydrate level at this protein 
level Since economy of farming is more dependent on feed 
conversion, it may be desirable to provide 25% carbohydrate at 
2 5% protein level from an economic point of view si nee 
carbohydrate is a cheap ingredient among the various components 
of feed But increasing the level of carbohydrate to 30% at 
25% protein was not found to yield significantly higher growth 
or feed efficiency

It could be seen from the results of the present 
study that by increasing the carbohydrate level from 20 to 30%, 
the protein requirement of M rosenbergn could be reduced from 
30 to 25% without affecting the growth or feed efficiency 
significantly In practical terms, this means that a saving of 
5% protein could be achieved with addition of 10% carbohydrate 
which is more economical A similar observation was made in P 
monodon by Shiau and Peng (1991) who found that growth and feed 
conversion efficiency of P monodon were not significantly
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affected when the dietary protein was reduced from 40 to 30% by 
increasing the corn starch level from 20 to 30% Similarly, the 
protein level of M rosenbergii could be reduced from 35 to 30% 
by increasing the level of carbohydrate from 20 to 30% Dietary 
protein is generally one of the most expensive components of 
compounded diets So if increasing increments of dietary 
protein level do not result in concomitant increase in 
production the economic success of aquafarming will be 
affected (Zeitoum et al 1976 ) The feed with high dietary 
protein m  the presence of low levels non protein energy may 
force the crustaceans to deaminate sufficient proportions of 
protein Supplementation of dietary carbohydrate has been 
reported to improve feed conversion efficiency of jP indicus 
(All,1982b) This was also evident m  the present study as at 
each level of protein, increasing the carbohydrate level from 
20 to 30% produced an apparent increase in feed efficiency 
The low feed efficiency obtained with prawn fed on diet with 
lower carbohydrate implies that M rosenbergii ate more food to 
overcome energy inadequacies as noted in the case of P monodon 
by Bautista(1986) Hanson and Goodwin (1977) pointed out that 
the efficiency with which protein is assimilated by shrimps is 
most likely to be affected by the relative proportion of 
carbohydrate and lipid in the formulation as well as the amino 
acid composition of the protein souice Sedgwick (1979) found 
that optimal utilization of protein by P merguiensis is
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closely related to energetic value of diet and that 
carbohydrate and lipid could also increase growth efficiency at 
sub optimal levels of protein Bautista (1986) noticed higher 
protein sparing action of carbohydrate over lipid m  the case 
of P monodon Carbohydrates are the cheap and most economical 
source of dietary energy (All,1982b and Davis and Arnold,1993) 
They appear to be well utilized by shrimp and feeds containing 
relatively high levels of carbohydrates appear to have 
acceptable palatability and support good growth (Pascual et 
a1 1983 Shiau et al 1991 Catacutan 1991 and Shiau and
Peng 1991)
5 2 4  Protein efficiency ratio

Protein efficiency ratio was found to decrease with 
increase in dietary protein concentration Millikin et 
at (198 ) and Boonyaratpalm and New (1982) observed an inverse 
relationship between protein level and protein efficiency 
ratio Similarly Colvin (1976) found a decline in protein 
efficiency ratio with successive increase in protein level 
while experimenting with P mdicus All (1988) also observed 
higher efficiency of protein utilization at lower dietary 
protein in P mdicus In another study All (1982b) obtained 
the highest protein efficiency ratio at intermediate level of 
protein tested (20 5%) m  the same species But Alava and Lim 
(1983) observed an increase m  protein efficiency ratio for P 
monodon with increase in dietary protein level up to 407
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In the present study decreasing the protein level 
from 35 to 25% produced an increase m  protein utilization 
Highest protein efficiency ratio was noted when lowest level of 
protein (257) was used along with 30% carbohydrate which was 
the highest level of carbohydrate tried in this experiment 
Clifford and Bnck(1979) studied the metabolic response of M 
rosenbergn to vanous levels of dietary protein and cor eluded 
that higher carbohydiate levels resulted m  better utilization 
of protein for growth Similarly, Gomez et al (1988) 
suggested that dietary protein is spared by supplementation of
starch in the diet of M rosenbergn In P monodon protein
utilization was found to be increased as the available energy 
level m  the diet increased (Bautista, 1986) Hajra et

al (1988) reported an increase m  protein efficiency ratio and 
growth in P monodon concomitant with an increase in 
carbohydrate and attributed it to the protein sparing action of 
metabolizable energy from carbohydrate Sedgwick (1979) found 
that optimal utilization of protein by P merguiensis was 
closely related to energy level of diet and carbohydrate and 
lipid can increase growth efficiency at sub optimal levels of
protein The efficiency by which protein is assimilated by
prawn is most likely affected by the relative proportion of 
lipid and carbohydrate m  the diet as well as the composition 
of the source of protein used (Hanson and Goodwin 1977) 
Insufficient non protein energy m  the diet can lead to
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catabolism of dietary protein for energy in crustaceans 
(Capuzzo and Lancaster, 1979) and lower protein efficiency 
ratios
5 3 Physico-Chemical parameters

The physico chemical conditions under which the 
experiments were conducted are m  general conducive for growth 
and survival of M rosenbergii The water used for the 
experiment was drawn from the freshwater distribution system 
of the Macrobrachium hatchery, College of Fisheries The 
temperature of the rearing water varied between 27 and 31°C 
which was within the optimum range reported for the growth of 
M rosenbergn (New and Smgholka 1985 Sandifer and Smith 
1985) In the present experiment the pH of the water used foi 
the rearing of prawn was found to be slightly alkaline (75 + 
0 5) throughout the experimental period New and Smgholka 
(1985) and Sandifer and Smith (1985) have suggested a pH range
of 7 8 5 as optimum for rearing of M rosenbergn New (1976)
also recommended a pH range of 7 8 5 for nutritional studies of
prawn Dissolved oxygen values (6 7 ppm) observed during the
present study were also within the range required for optimum 
growth of M rosenbergii (New,1976, 1990)
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1 The present study was aimed to evaluate the 
nutritional quality of certain inexpensive and locally 
available sources of protein viz, clam meat squid waste 
squilla shrimp head waste and silkworm pupae in the formulated 
feed of M rosenbergn

2 Five test diets differing in source of protein were 
formulated with clam meal squid meal, squilla meal, shrimp 
head meal and silkworm pupae as mam protein sources along with 
groundnut oil cake wheat bran tapioca flour sardine and 
maize oils and Supplevite M (a commercial vitamin mineral 
mixture) 3 The protein sparing action of carbohydrate was
then evaluated by partial substitution of protein with 
carbohydrate using 9 test diets with different combination of 
protein (25 30 and 35%) and carbohydrate (20 25 and 30%)

4 The survival rate of M rosenbergn was not found 
influenced substantially by the different protein sources 
tried, showing that they are not grossly deficient m  
nutrients and suggesting that these sources could be used for 
compounding feeds without any deleterious effect on survival 
rate of M rosenbergn

5 The protein sources tested had a profound influence 
on growth rate of M rosenbergn Clam meal and squid meal had 
given best growth squilla and shrimp head meals intermediate 
growth and silkworm pupae the lowest growth among the various

VI SUMMARY



sources tested
6 Diets based on clam meal and squid meal were found to 

produce best feed conversion efficiency suggesting that these 
proteins are of better quality Squilla and shrimp head meal

p

diets recorded lower feed efficiency fchile, lowest feed 
efficiency among various sources of protein was shown by the 
silkworm pupae diet

7 Although the feed efficiency recorded by squilla 
meal diet is significantly lower than that of squid meal diet 
the observed growth rates were found to be comparable 
suggesting that, by consuming more squilla meal diet which is 
lower m  nutritional value, a growth comparable with that of 
squid meal diet could be achieved A similar pattern can be 
seen between shrimp head meal diet and silkworm pupae diet

8 Protein efficiency ratio was found to be positively 
correlated with feed conversion efficiency, the pattern of 
values observed among the various protein sources being 
similar to that of feed conversion efficiency Higher values of 
protein efficiency ratio recorded for clam and squid meal 
diets, points to the better quality of protein from these 
sources

9 Squilla meal, shrimp head meal and silkworm pupae as 
single sources of protein were found to yield lower growth and 
feed efficiency but it may be possible to use them in 
combination with other sources m  the formulated feed of prawn

123
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10 Shrimp head meal is found helping to improve 
pigmentation of prawn as it is *a good source of carotenoid 
pigments besides acting as an attractant

11 Lowering of protein level from 35 to 25% with 
various combination of carbohydrate was found to be not 
affecting the survival rate of M rosenbergn

12 Growth response as well as feed efficiency studies 
have shown that the protein level could be lowered from 35 to 
30% by increasing the carbohydrate level from 20 to 30% 
Similarly protein level could be reduced to 25 from 30% by 
increasing the level of carbohydrate from 20 to 30% without 
affecting growth, survival and feed efficiency of M 
rosenbergii

13 Carbohydrate requirement of M rosenbergii was found 
to be dependent on the level of protein in the diet Growth 
response and feed efficiency suggest that at 25% protein 20 25% 
carbohydrate is required while at 30% protein 25% 
carbohydrate is the optimum At 35% level of protein 30% 
carbohydrate is found to be required

14 Increasing the carbohydrate level at sub optimum 
level of protein was found to help m  improving the feed 
conversion efficiency and protein efficiency ratio, suggesting 
that protein could be spared for growth rather than for using 
in the maintenance, provided an adequate level of carbohydrate 
is included in the feed



VII REFERENCES
Abdel Rahman S H Kanazawa A and Teshima S (1979) 

Effect of dietary carbohydrate on the growth and the 
levels of the hepatopancreatic glycogen and serum 
glucose of prawn Bull Jap Soc Sci Fish 45 
1491-1494

ADCP (1983) Fish Feeds and Feeding m  Developing 
Countries ADCP/REP/83/18 FAO Rome pp 97

Akiyama D M (1989) The use of soybean meal to replace 
white fish meal in commercially processed Penaeus 
monodon feeds m  Taiwan J World Aquacult Soc 20
(1) 11A (Abstract only)

Akiyama D M Coelho S R Lawrence and Robinson E H 
(1988) Apparent digestibility of feed stuffs by 
marine shrimp Penaeus vannamei Boone Bull Jap Soc
Sci Fish 55 91 98

Akiyama D M Dommy W G and Lawrence A L (1992) 
Penaeid shrimp nutrition In A W  Fast and L J
Lester (editors) Marine Shrimp Culture Principles 
and Practices Elsevier Amsterdam pp 535 568

Alava V R and Lim C (1983) The quantitative dietary 
protein requirements of Penaeus monodon juveniles in 
a controlled environment Aquaculture 30 53 61

Alava V R and Pascual F P (1987) Carbohydrate 
requirements of Penaeus monodon (Fabricius) 
juveniles Aquaculture 61 211 217

All S A (1982a) Relative efficiencies of pelletized 
feeds compounded with different animal proteins and 
the effect ofprotein level on the growth of Penaeus 
indicus Proc Symp Coast Aquacult Part I Mar 
Biol Assn India pp 321-328

All S A (1982b) Effect of carbohydrate (starch) levels 
in£urified diets on the growth of Penaeus indicus 
Indian J Fish 29 201-208

All S A (1988) Studies on the evaluation of different 
sources of protein carbohydrate and mineral 
requirements for juvenile penaeid prawn Penaeus 
indicus H Milne Edwards Ph D Thesis Cochin 
University of Science and Technology Cochin pp 243



126
All S A (1993) Evaluation of different carbohydrates m  

the diet of the prawn Penaeus indicus J Aqua Trop 
8 13-23

All S A and Mohamed K H (1985) Utilization of prawn 
wastesj&nd mantis shrimp for compounding feeds for the 
culture of penaeid prawns Proceedings of Symposium 
On Harvest and Post Harvest Technology of Fish 
Soc Fish Technologists(India) pp 615 618

Andrews J W Sick L V and Baptist G L (1972) 
Influence of dietary protein and energy 1 eveIs on 
growth and survival ofpenaeid shrimp Aquaculture 1 

341 347
*Antiporda J L (1986) Optimum protein requirements for 

Macrobrachium rosenbergii juveniles Working Paper 
NACA/WP/86/45 Network of Aquaculture Centers m  
Asia Bangkok Thailand pp 20

AOAC (1980) Official Methods of Analysis of the 
Association of the Official Chemists AOAC 13 
edition Washington pp 1018

AQUAC0P(1978) Study on nutritional requirements and growth 
ofFenaeus merguiensis m  tanks by means of purified 
andartiflcial diets Proc World Mancult Soc 9 
225-234

AQUACOP Arzel J and Cuzon G (1989) Digestibility study 
on different penaeid species fed on some protein 
sources J World Mancult Soc 20 (1) 12A

Bages M and Sloane I (1981) Effects of dietary protein 
and starch levels on growth and survival of Penaeus 
monodon(Fabricius) postlarvae Aquaculture 25 
117-128

Balazs G H and Ross E (1976) Effect of protein source 
and level on growth and performance of the captive 
freshwat er^ rawn Macrobrachium rosenbergii 
Aquaculture 7 299 313

Balazs G H Ross E and Brooks C C (1973) Preliminary 
studies on the preparation and feeding of crustacean 
diets Aguacuiture 2 369 377



127
Barlett P and Franklin E (1983) Growth of the prawn 

Macrobrachium rosenbergn m  asbestos asphalt ponds 
in hardwater on low protein diet Aquaculture 30 
353-356

Bautista M N (1986) The response of Penaeus monodon 
uuvenilesto varying protein/energy ratios m  test 
diets Aquaculture 53 229 242

Biddle G N (1977) The nutrition of Macrobrachium species 
In J A Hanson and H L Goodwin (editors) Shrimp and 
Prawn Farming m  the Western Hemisphere Dowden 
Hutchinson and Ross Inc Pennsylvania pp 272 291

Bogen A D Castell J D and Conklin D E (1982) In search 
of areference protein to rep1 ace vitamin free 
casein m  lobster nutrition studies Can J Zool 60 
2033 2038

Boonyaratpalin M (1989) Methodologies for vitamin 
requirementstudies In S S De Silva (editor) Fish 
Nutn ti on Research in Asia Proceedings of the 3rd 
Asian Fish Nutrition Network Meeting Asian Fish 
Soc Spec Publ 4 Asian Fisheries Society Manila 
Philippines pp 58-67

Boonyaratpalin, M and New M B (1982) Evaluation of 
diets f oifilacrobrachi um rosenbergn reared m  concrete 
ponds In M B New (editor) Giant Prawn Farming 
Elsevier Amsterdam pp 249 256

Bottino N R Genmty J Lilly M L Simmons E and 
Finne G (1980) Seasonal and nutritional effects of 
the fatty acids of three species of shrimp Penaeus 
setiferus P aztecus and P duorarum Aquaculture 
19 139 148

Bowser P R and Rossenmark R (1981) Mortalities of 
cultured 1obster Homarus associated with moult 
death syndrome Aquaculture 23 11 18

Brand C W and Colvin L B (1977) Compounded diets for 
earl^ostlarval Penaeus cahforniensis Proc World 
Man cul t Soc 8 811 820



Capuzzo J M and Lancaster B A (1979) The effects of 
dietary carbohydrate levels on protein utilization m  
the American lobster Homarus americanus Proc World 
Maricult Soc 10 689 700

Catacutan M R (1991) Apparent digestibility of diets 
with various carbohydrate levels and growth responce 
of Penaeus monodon Aquaculture 95 89 96

Catacutan M R and Cruz M D L (1989) Growth and midgut 
cellprofile of Penaeus monodon juveniles fed water - 
soluble vitamin deficient diets Aquaculture 81 
137 144

Catacutan M R and Kanazawa A (1985) Effect of dietary 
fattyacid composition of Penaeus monodon juveniles 
In Y Taki H Primavera and J A Llobrera (editors) 
Proc Firstlnt Conf Culture of Penaeid prawns/Shrimps 
SEAFDEC 11 oil ocity Phi lippmes pp 181

Chandramohan D and Thomas I (1984) Studies on chitinase 
activity and chitinoclastic bacteria in sediments 
fishes and prawn Proc Symp Coastal Aquaculture 
Part 3 Mar Biol Assn India (Cochin) pp 839 845

Chen H (1993) Recent advances in nutrition of Penaeus 
monodon J World Aquaculture Soc 24 231-240

Clifford H C and Brick R W (1979) A physiological 
approach to the study of growth and bioenergetics in 
freshwater shrimp Macrobrachi um rosenbergm Proc 
World Maricult 10 701 719

Colvin P M (1976) Nutritional Studies on penaeid prawn 
protein requirements in compounded diets for 

juvenile Peneaus indicus Aquaculture 7 315 326
Colvin L B and Brand C W (1977) The protein 

requirement of penaeid prawn at various life cycle 
stages m  Controlled environment system Proc World 
Maricult Soc 8 821 840

Corbin J S Fujimoto M M and Iwai T Y (1983) Feeding
practices and nutritional considerations for 
Macrobrachium rosenbergn culture m  Hawaii In 
J P Mcvey and J R Moore (editors) CRC Handbook of 
Mariculture Vol I Crustacean Aquaculture CRC
press Inc Boca Raton Florida pp 391-412



129
Cowey C B and Forster J R M (1971) Essential amino 

acid of prawn fed on diets containing proteins of 
different amino acid composition Mar Biol 10 77 81

Cruz Ricque L E and AQUACOP (1987) Effect of squid meal 
on growth of juvenile Penaeus monodon reared m  ponds 
and tanks J World Aquacult Soc 24 26A (Abstract
only)

Cruz Ricque L E Guillaume J Cuzon G and AQUACOP 
(1987) Squid protein effect on growth of four penaeid 
shrimps J World Aquaculture Soc 18 282 209

Cruz Ricque L E Guillaume J and Van Wormhoundt A
(1987) Effect of squid extract on time course 
appearance of glucose and free ammo acids m  the 
haemolymph m  Penaeus japonicus after feeding 
Preliminary results Aquaculture 76 57 65

Cruz Suarez L E Guillaume J and Van Wormhoundt A 
(1987) Effect of various levels of squid protein on 
growth and some biochemical parameters of Penaeus 
japonicus juveniles Nippon Suisan Gakkaishi 53
(11) 2083 2088

Cruz-Suarez L E Marie D R Vega J A M  Ebelmg
P W (1993)Evaluation of two shrimp by product meal 
as protein sources in the diet for Penaeus vannamei 
Aquaculture 115 53-62

Cuzon G Santos D Hew M and Poullauec G (1981) Use
of Spiruhna m  shrimp (Penaeus japonicus) diet 
J JVorld Mancult Soc 12 282 291

D Abramo L R and Sheen S (1993) Polyunsaturated fatty 
acid nutrition m  juvenile freshwater prawn 
Macrobrachium rosenbergii Aquaculture 115 63 86

D*Abramo L R and Reed L (1988) Optimal dietary protein 
level for juvemle freshwater prawn Macrobrachium 
rosenbergii J World Aquaculture Soc 19 (1) 25A
(abstract only)

Dali W Hill B J Rothilisberg P C and Staples D J
(1990) The Biology of Penaeidae Advances m  Marine 
Biology Vol 27 Academic Press Ltd London pp 489



130
Davis D A and Arnold C R (1993) Evaluation of five 

carbohydrate sources for Penaeus vannamei 
Aquaculture 114 285 292

Deshimaru 0 (1982) Protein and ammo acid nutrition of
tl prawn Penaeus japonicus In G D Pruder C J 
Langdon and D E Conklin (editors) Froc Second Int 
Conf Aquacult Nutr Biochemical and physiological 
Approaches to Shellfish Nutrition Louisiana State 
University Baton Rouge Louisiana pp 106 123

Deshimaru 0 and Kuroki K (1974) Studies on a purified 
diet for prawn I Basal composition of diet Bull 
Jap Soc Sci Fish 40 413 419

Deshimaru O and Kuroki K (1975) Studies on a purified 
diet for prawn IV Evaluation of proteins free ammo 
acids and their mixtures as nitrogen source Bull 
Jap Soc Sci Fish 41 101 103

Deshimaru O and Kuroki K (1976) Studies on a purified 
diet for prawn VII Adequate dietary level of 
ascorbic acid and inositol Bull Jap Soc Sci Fish 
42 571 576

De 1 imaru O Kuroki K Mazid M A and Kitamura K 
(1985) Nutritional quality of compounded diets for 
prawn Penaeus monodon Bull Jap Soc Sci Fish 51 
1037 1044

Deshimaru 0 Kuroki K and Yone Y (197 9) The 
composition and level of dietary lipid appropriate 
for growth of prawn Bull Jap Soc Sci Fish 45 
591 594

Deshimaru O and Shigueno K (1972) Introduction to 
artificial diet for prawn Penaeus japonicus 
Aquaculture 1 115 133

Deshimaru 0 and Yone Y (1978) Studies on a purified diet 
for prawn XII Optimum level of dietary protein for 
prawn Bull Jap Soc Sci Fish 44 1395 1397

Dokken Q R and Lawrence A R (1985) Growth response of 
Penaeus vannamei to feeding frequency and dietary 
ingredients soybean meal a white meal mixture 
squid meal and squid puree Presented at the Meeting 
of the World Mariculture Society January 13 17



131
1985 Orlando Florida U S A

Dominy W G and Ako H (1988) The utilization of blood 
meal as a protein ingredient m  the diet of the 
marine shrimp Penaeus vannamei Aquaculture 70 
289 299

Fenucci J L Fenucci A C Lawrence A L and Zein Eldm 
Z P (1982) Assimilation of protein and carbohydrate 
from prepared diets by marine shrimp Penaeus 
styhrostis J World Maricult Soc 13 134 147

Fenucci L R Lawrence A L and Z em Eldm Z P (1981) 
The effects of fatty acid and shrimp meal composition 
of prepared diets on growth of juvenile shrimp 
Penaeus stylirostris J World Maricult Soc 12 
315 324

Fenucci J L and Zein-Eldin Z P (1976) Evaluation of 
squid mantle meal as a protein source m  penaeid 
nutrition In T V R Pillay and A Dm Gill (editors) 
Advances in Aquaculture Fishing News Books London 
pp 601 605

Fenucci J L Z e m  Eldm Z P and Lawrence A L (1980) 
The nutritional response of two penaeid species to 
various levels of squid meal m  a prepared feed 
Proc World Maricult Soc 11 403 40 9

Fernandez R R and Lawrence A L (1988) Nutritional
response of postlarval Penaeus vannamei to soybean 
levels Presented at 19 Annual Meeting of World 
Aquaculture Society January 2-9 1988 Honolulu
Hawaii

Forster J R M (1976) Studies on the development of
compounded diets for prawns In K S Price W N
Shaw and K S Danberg (editors) Proc First Int 
Conf Aquacul t Nutr NOAA (Sea Grant) pp 229 248

Forster J R M and Beard T W (1974) Experiments to
assess the suitability of nine species of prawns for 
intensive cultivation Aquaculture 3 355 368

Forster J R M and Gabbott P A (1971) The assimilation 
of nutrients from compounded diets by prawns Palaemon 
serratus and Pandalus platyceros J Mar Biol Assn 
U K  51 943-961



132
Freuchtemcht G W Bark L E Malecha S R and 

Stanley R W (1988) The effect of protein level m  
feed on growth performance of the freshwater prawn 
Macrobrachium rosenbergn individually reared m  
cl ear water f 1 ow through aquaria Presented at the 
19th Annual Meeting of the World Aquaculture Society 
January 2-9 1988 Honolulu Hawaii

Gomez G D Nakagawa H and Kasahara S (1988) Effect of
dietary protein/starch ratio and energy levels on
growth of the giant freshwater prawn Macrobrachium 
rosenbergn Nippon Suisan Gakkaishi 54
1401 1407

Gopal C (1986) Nutritional studies on juvenile Penaeus 
indicus with special reference to protein and vitamin 
requirements Ph D Thesis Cochin University of 
Science and Technology Cochin pp 306

Goswami V and Goswami S C (1979) Formulation of 
cheaper artificial feeds for shrimp culture
Preliminary biochemical physical and biological 
evaluation Aquaculture 16 309 317

Goswami V. and Goswami S C (1982) Formulation of cheap 
prawnpiets and their biological evaluation on some 
penaeid prawns Proc Symp Coast Aquacult Part I 
Mar Biol Assn India pp 211 214

Grand B F Sieb P A Liao M and Corpron K E (1989)
Polyphosphated L ascorbic acid a stable form of 
vitamin for aquaculture feeds J World Aqucult Soc 
20 143 157

Guary J Kayama M Murakami Y and Ceccaldi H J
(1976) The effects of a fat free diet and compounded 
diets supplemented with various oils on moult growth 
and fatty acid composition of prawn Penaeus 
japonicus Bate Aguacuifcure 7 245 254

Hajra A Ghosh A and Mandal S K (1988) Biochemical 
studies on the determination of optimum dietary 
protein to energy ratio for tiger prawn Penaeus 
monodon (Fab) juveniles Aquaculture 71 71 79

*Halver J E (1980) The vitamins In ADCP (editors) Fish 
Feed Technology FAO Rome ADCP/REP/80/11 pp 
65 108



133
Hanson J A and Goodwin H L (editors) (1977) Shrimp and 

Prawn Farming m  Western Hemisphere Dowden 
Hutchinson and Ross Inc Pennsylvania pp 439

Hastings W H (1976) Nutrition and fish feed manufacture 
In T V R Pillay Wm A Gill (editors) FAO
Technical Conference on Aquaculture Kyoto 1976
Aquaculture Principle and Practice Fishing News 
Books London pp 568 574

He H and Lawrence A L (1993) Vitamin C requirement of 
the shrimp Penaeus vannamei Aquaculture 114 
30c 316

Hepher B (1988) Nutrition of Pond Fishes Cambridge 
University Press Cambridge pp 388

Hysmith B T Booth J R Cook H L and Mies W L 
(1973) A study of the effect of feeding synthetic
diets to brown shrimp (Penaeus aztecus) Froc World
Maricult Soc 3 365 388

James T Sherif P M Nair C M and Thampy D M
(1992) Evaluation of Spiruhna fusiformis as a 
protein source in thejdiet of Macrobrachi um 
rosenbergn In E G  Silas (editor) Freshwater 
Prawns Kerala Agricultural University
Trichur India pp 234 237

Josekutty P A (1991) Growth responses of Penaeus monodon 
Fabricius to pel 1eted feeds of different protein 
sources M F Sc Thesis Kerala Agricultural 
University pp 148

Kanazawa A Shimaya M Kawasaki M and Kashiwada K 
(1970) Nutritional requirements of prawn I Feeding 
an artificial diet Bull Jap Soc Sci Fish 36 
(9) 949 954

Kanazawa A and Teshima S (1981) Essential ammo acids 
of the prawn Bull Jap Soc Sci Fish 47 1375-1377

*R azawa A Teshima S Endo M and Kayama K (1978) 
Effects of eicosapentaenoic acid on growth and fatty 
acid composition of the prawn Penaeus japonicus 
Mem Fac Fish Kogoshima University 27 35 40



134

Kanazawa A Teshima S and Ono K (1979 a) Relationship 
between essential fatty acid requirements of aquatic 
animals and the capacity for bioconversion of 
lmolenic acid to highly unsaturated fatty acids 
Comp Bioch Physiol 63 B 295 298

Kanazawa A Teshima S and Tokiwa S (1977 a) 
Nutritional requirements of prawn VII Effect of 
dietary lipids on growth Bull Jap Soc Sci Fish 43 
849 856

*Kmazawa A Teshima S and Tanaka N (1979) Nutritional 
requirements of prawn V Requirements for choline and 

mocitol Mem Fac Fish Kagoshima University 25 
27 33

*Kanazawa A Teshima S and Tokiwa S (1979 b) 
Biosynthesis of fatty acids from palmitic acid m  the 
prawn Penaeus japonicus Mem Fac Fish Kogoshima 
University 28 17 20

Kanazawa A Tokiwa S Kayama M Hirata M (1977b) 
Essential fatty acids m  the diet of prawn I Effects 
of lmoleic and 1 molenic acids on growth 
Bull Jap Soc Sci Fish 43 1111 1114

*Kitabayashi K Shudo K Nakamura K and Ishikawa
S (1971) Studies on formula feed for Kuruma 
prawn V On the growth promoting effects of 
protein level m  the diet and re examination of 
ingredients used Bull Tokai Reg Fish Res Lab 65 

139 147
Koshio S Teshima S Kanazawa A and Watase T

(1993) The effect of dietary protein content on 
arowth digestion efficiency and nitrogen excretion 
of juvenile kuruma prawn Penaeus japonicus 
Aquaculture 113 101 114

Lan C C and Pan B S (1993) In-vitro digestibility 
simulating the proteolysis of feed protein m  the 
midgut gland of grass shrimp (Penaeus monodon) 
Aquaculture 109 59 70

Lawrence A L and Castille F C (1988) The nutritional 
re ponse of postlarval Penaeus vannamei to meat and 
bone meal Presented at the 19 Annual Meeting of 
the World Aquaculture Society January 2 9 1988



135
Honolulu Hawaii

*Lee D L (1971) Studies on the protein utilization
related to growth in Penaeus monodon Aquiculture 1 
1 13

Lee P G Blake M J and Rodnck G E (1980) A
quantitative analysis of digestive enzymes of the 
freshwater prawn Macrobrachium rosenbergn Proc 
World Mancult Soc 11 892-402

Lovel R T (1989) Fish Nutrition m  Aquaculture In 
D K Adlaka (editor) Aquaculture Research Needs for 
2000 AD Oxford IBH Publishing Co Pvt Ltd New
Delhi pp 155 122

Lynn K R (1990) Chitinase and chitobiose from the
American lobster (Homarus americanus) Comp Biochem 
Physiol 96B 761 766

*Marchiori M Maglhaes C V Yunes J S and Levy J A
(1982) Studies on artificial feeding of Penaeus 
vaulensis Atlantica 5 43 48

*Martm B J (1980) Croissance et acides gras de la
crevette Palaemon serratus (Crustacea Decapoda) 
nourne avec des aliments composes contenant 
differentes taux d'acide lmoleique et lmolemque 
Aquaculture 19 325 337

*Mendoza E C (1982) Quantitative dietary lipid
requirement of Penaeus monodon m  a control 1ed 
environment M S Thesis University of Philippines 
PP 33

Millikm M R Forster A R Fair P H and Sick L V 
(1980) Influence of dietary protein concentration on 
growth feed conversion and general metabolism of 
juvenile prawn (Macrobrachium rosenbergn) Proc 
World Mancult Soc 11 382-391

Miyauima L S Broderick G A and Reimer R D (1977)
Identification of essential ammo acids of the 
freshwater shrimp Macrobrachium ohione Proc World 
Maricult Soc 8 245-250

Nair C M and Sherif P M (1993) Effects of diets
containing different proportions of clam meal and



136

tapioca on growth of Macrobrachi um rosenbergn J 
Aquacult Trop 8 239 244

Nair C M and Thampy D M (1987) Hatchery production of 
the seed and culture of Macrobrachi um rosenbergn 
Proceedings of the Seminar on Problems and Prospects 
Freshwater Aquacul ture in Kerala Kerala Agricultural 
University College of Fishenes Panangad Cochin

Narasimham K A (1991) ^resent status of clam fisheries of 
India J Mar Biol Assn India 33 76 88

Narayana S and Alexander K M (1972) Biochemical
investications on edible mol 1 uses of Kerala I A 
Study on the nutritional value of some bivalves 
Fish Tech 9 42 47

New M B (1976) A review of dietary studies with shrimp
and prawns AguacuJ ture 9 101 104

New M B (1980) A bibliography of shrimp and prawn
nutrition Aquaculture 21 101 128

New M B (1987 ) Feed and Feeding of Fish and shrimp
FAO Rome ADCP/REP/87/26 pp 275

New M B (1988) Freshwater prawns Status of Global
Aquaculture 1987 Technical Manual No 6 NACA
Bangkok Thailand pp 58

New M B (1990) Freshwater prawn culture A review 
Aquaculture 88 99 143

New M B and Singholka S (1985) Freshwater Prawn
Farming A manual for the culture of Macrobrachium 
rosenberan FAO Fish Tech Paper 225 (Rev) FAO 
Rome pp 118

Pandian T J (1989) Protein requirements of fish and 
prawns Cultured in Asia In S S DeSilva (editor)
Fish Nutrition Research in Asia Proceedings of the 
Third Asian Fish Nutrition Network meeting Asian 
Fish Soc Spec Publ 4 11 22

*Pascual F P and Destajo W (1979) Growth and Survival 
of Penaeus monodon post larvae fed on shrimp head 
meal and fish meal as primary animal source of 
protein Q Res Rep Aquacul t Dept SEAFDEC 2 26



137
Pascual F P Colaso R M and Tamse C T (1983) Survival 

and some histological changes m  Penaeus monodon 
(Fabncius) juvenil es fed various carbohydrates 
Aquaculture 31 169 180

Paul raj R (1993) Aquaculture Feed The Marine Products 
Export Development Authority Kochi India pp 93

Pearson P (1976) The Chemical Analysis of Food Churchil 
London pp 575

Penaflorida V Dy (1989) An evaluation of indigenous 
protein source as potential component m  the diet 
formulation for tiger prawns Penaeus monodon using 
essential amino acid index (EAAI) Aquaculture 83 
319 330

Perry W G and Tarver J (1987) Polyculture of 
Macrobrachiurn rosenbergn and Notemigonus 
crysol eucas J World Aquacul t Soc 18 1 5

Ra anan Z Cohen D Rapport U and Zohar G (1984) 
The production of freshwater prawn Macrobrachium
rosenbergn in Israel The effect of added substrate 
on yield m  a monoculture system Bamidegh 36 
35 40

Raman K Sultan M and Kadir P M A (1982) Evaluation 
of Supplementary feeds for Penaeus indicus Proc 
Svmp Cost Aquacul t Part I Mar Biol Assn 
India pp 337 343

Rao G S (1994) Imparting flavour to feeds of shrimp and 
crab with clam meat Fishing Chimes 14(1) 17

Read G H L (1981) The response of Penaeus indicus
(Crustacea Penaeidea) to purified and compounded 
diets of varying fatty acid composition Aquaculture 
24 245 256

*Reigh R C (1985) Fatty acid metabolism m  the
freshwater shrimp Macrobrachium rosenbergn Ph D 
Dissertation Texas A&M University pp 147

Reigh R C and Stickney R R (1989) Effects of purified 
fatty acid composition of freshwater shrimp
Macrobrachi um rosenbergii Aquaculture 77 157 174



138
Richards N R (1990) Shrimp Waste Utilization Infofish 

Technical Hand book (No 4) Infofish Kaula Lumpur 
PP 20

Rosenberry B (1993) World Shrimp Farming Aquaculture 
Digest California U S A  pp 52

Sandifer P A and Joseph J D (1976) Growth response and 
fatty acid composition of ]uvem1e n
(Macrobrachium rosenbergn ) fed a prepared ration 
augmented with shrimp head oil Aquaculture 8 
129 139

*S idifer P A and Smith T I J (1985) The freshwater 
Drawns In J V Huner and E E Brown (editors) 
Crustacean and Mollusc Aquaculture m  the United 
States AVI Publishma Co Inc Westport pp 63 125

Sedgwick R W (1979) Influence of dietary protein and 
eneray on growth food consumption and food 
conversion efficiency m  Penaeus mercuiensis de Man 
Aquaculture 16 7 30

Sheen S and D Abramo L R (1991) Response of juvenile 
freshwater prawn Macrobrachium rosenbergn to 
d3f ent levels ofa cod liver/corn oil mixture in a 
semi purified diet Aquaculture 93 121 134

Sherif P M (1989) Clam meat as animal protein source m  
the diet of fresh water prawns In K Balachandran 
P A Perigreen P Madhavan P K Suredran (editors) 
Recent Advances m  Processing of Low Cost Fish 
Society of Fisheries Technologists (India) Cochin 
pp 327 334

Shewbart K L and Mies W L (1973) Studies on nutritional 
requirements of brown shrimp the effect of linolenic 
acid on growth of Penaeus aztecus Proc World
Maricult Soc 4 Annual Workshop 277 287

Shewbart K I Mies W L and Ludwig P D (1972)
Identification and quantitative analysis of the amino 
acids m  the protein of the brown shrimp Penaeus 
aztecus Mar Biol 16 64 67

*Shewbart L L Mies W L and Ludwig P D (1973)
Nutritional requirements of the brown shrimp Penaeus 
aztecus US Dept Comm Rep No Com 73- 11794 NOAA



139
Office of Sea Grant Rockvile pp 52

Shiau S Y and Chou B S (1991) Effects of dietary 
protein and energy on growth performance of tiger 
shrimp Penaeus monodon reared m  seawater Nippon 
Suisan Gakkaishi 57 2271 2276

Shiau S Y and Jan F (1992) Ascorbic acid requirements
of crass sbrimo Penaeus monodon Nippon Suisan
Gakkaishi 58 363

Shiau S Y Kwok C C and Chou B S (1991) Optimal
dietary protein level of Penaeus monodon reared in 
seawater and brackishwater Nippon Suisan Gakkaishi 
57 711 716

Shiau S Y and Peng C Y (1992) Utilization of different
carbohydrate at different dietary protein levels in 
grass shrimp Penaeus monodon reared m  seawater
Aquaculture 101 241 250

Shigueno K and Itoh S (1988) Use of Mg L ascorbyl 
2 polyphosphate as a vitamin C source m  shrimp 
diets J World Aquacul t Soc 19 168 174

Sick L V Andrews J W (1973) Effect of Selected 
dietary lipids carbohydrates and protein on the 
growth survival and body composition of Penaeus 
duorarum Proc World Maricult Soc 4 2 63 27 6

Sick L V Andrews J M and White D B (1972) 
Preliminary studies on selected environmental and 
nutritional recuirements for the culture of penaeid 
shrimp Fish Bull 70 101 109

Sick L V and Beaty G J (1975) Development of formula
food designed for Macrobrachi um rosenbergn larval 
and juvenile shrimp Proc world Maricult Soc 6 
89 102

Sick L V and Millikm R (1983) Dietary and nutrient
requirements for culture of the Asian prawn 
Macrobrachium rosenbergn In J P McVey and J R 
Moore (editors) CRC Handbook of Maricul ture Vol I 
Crustacean aquacul ture CRC Press Inc Boca Raton 
Florida pp 381-389

Smith T I J and Sandifer P A (1975) Increased



140

production of tank reared Macrobrachium rosenbergn 
through the use of artificial substrate Proc World 
Maricult Soc 6 55 5 6

Snedecor G W and Cochran G (1968) Statistical Methods 
Oxford & IBM publishing Co New Delhi pp 593

Spmelli J Mahnken C V W and Steinberg M (1979)
Alternate sources of protein for fish meal m  
salmomd diets In J E Halver and K Tiews (editors) 
F m  fish Nutrition and Fish feed Technology Vol II 
Heenemann Berlig pp 131 142

Spmdler Bath M Wormhoudt V A and Spmdler K D 
(1990) Chitmolytic enzymes m  the integument and 
midgut gland of the shrimp Palaemon serratus during 
the moulting cycle Mar Biol 106 49 52

Stahl M S and Aheran G A (1978) Amino acid studies 
with nuvenile Macrobrachium rosenbergn Proc World 
Maricult Soc 9 209 216

Steffens W (1981) Protein utilization by rainbow trout 
(Salmo aairdnern) and carp (Cyprmus carpi o) a 
brief review Aquaculture 23 337 345

Subrahmanyan C B and Oppenheimer C H (1970) The 
influence of feed levels on the growth of grooved 
penaeid shrimp m  mariculture Proc World Maricult 
Soc 1 91 100

Sultan K M N Siddharaju S and Menon V R (1982) An 
artificial feed compounded with frog flesh waste as 
the main ingredient Proc Symp Cost Aquacult 
Part I Mar Biol Assn India pp 334 348

Tacon A G J and Jackson A J (1985) Utilization of 
conventional and unconventional protein sources m  
practical fish feeds In C B Cowey A M Mackie and 
J G Bell (editors) Nutrition and Feeding m  Fish 
Academic Press London ppll9 145

Teshima S and Kanazawa A (1984) Effect of protein
lipid and carbohydrate levels m  the purified diets 
on growth and survival rates of prawn larvae Bull 
Jap Soc Sci Fish 50 1709 1713

*Tor^es C (1973) Variations du pool des acides amines



141
libres du muscle abdominal de Penaeus kerathurus au 
cours du cycle d intermue et au cours du jeune
Comp Biochem Physiol 45 1 12

Unnikrishnan R Nair C M and Sherief P M (1992) 
Utilization of silkworm pupae m  the diet of
freshwater prawn Macrobrachium rosenbergn In
E G Silas (editor) Freshwater Prawn Kerala
Agricultural University Trichur India pp 229-233

Vaitheswaran S and All S A (1986) Evaluation of
certain sub^tanc^s as growth promoting agents for 
prawn Penaeus indicus Indian J Fish 33
95 105

Venketaramaiah A Cook D W Biesiot P and Lakshmi 
G J (1978) Nutritional value of hiah marsh grass and 
shrimp head waste for commercial brown shrimp 
(Penaeus aztecus) Proc World Mari cult Soc 9
217 224

Venketaramaiah A Lakshmi G J and Guntur G (1975) 
Effect of protein level and vegetable matter on 
growth and food conversion efficiency of brown 
shrimp Rquaculture 6 115 125

*Watanabe W 0 (1975) Identification of the essential
ammo acids of the freshwater prawn Macrobrachi um 
rosenbergii Thesis University of Hawaii Honolulu 
Hawaii pp 26

Wood J Coulter J and Ra;jendran I (1991) India s 
expanding prawn culture industry where will the raw 
materials come from 7 In V R P Smgha and 
H C Srivastava (editors) Rquaculture Productivity 
Oxford &IBH Publishing Co Pvt Ltd New
Delhi pp 257 268

Zeitoun I H Ullrey D E Magee W T Gill J L and 
Bergen W G (1976) Quantifying nutrients of fish J 
Fish Res Board Can 33 167 172

* Not consulted m  original



VIII ABSTRACT

The nutritional quality of five locally available 
sources of protein such as clam meat squid waste, squilla, 
shrimp head waste and silkworm pupae was evaluated in the feed 
for the giant freshwater prawn Macrobrachium losenbergn with 
a view to develop a feed which is coeL effective The feeds 
were prepared using these locally available ingredients along 
with groundnut oil cake wheat bran tapioca flour Supplevite 
(a commercialJ y available vitamin mineral mixture) and sardine 
oil and maize oil mixture

The protein sources tested were not found to be grossly 
deficient m  their nutritional quality as good survival rates 
of over 90% were obtained when they were used as the m a m  
protein sources m  the feed of juvenile prawn Highest growth 
rate was obtained for clam and squid based diets intermediate 
growth response with squilla and shrimp head based diets and 
the lowest growth among the various sources was given by 
silkworm pupae diet

Feed conversion efficiency was higher for clam and squid 
based diets while intermediate feed efficiency was noted for 
squilla and shrimp head meal diets Lowest feed efficiency was 
observed for silkworm pupae diet Protein efficiency ratio 
showed a similar pattern

In the second experiment, substitution with carbohydrate 
for protein was found to be promising from an economic point of 
view It was found that lowering of protein level from 35 to



30% could be achieved by increasing the carbohydrate level from 
20 to 30% without affecting the growth, survival and feed 
efficiency Similarly protein level could be lowered from 30 
to 25% by increasing carbohydrate by 10% from 20% level This 
suggest that a 5% reduction of costly protein could be achieved 
by including 10% more of carbohydrate which will be able to 
reduce the cost of the feed with out sacrificing the 
nutritional quality of the formulated feed




