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I INTRODUCTION

Freshwater prawns are well daistributed 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 rosenbergiir is considered
to be the most important from aquaculture point of view due to
ity 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 1n recent years the culture of this species has received
wide acceptance and popularity i1n many countries around the
world making freshwater prawn farming as synonymous to the
culture of M rosenbergiz:

The cost of feed 1s one of the i1tems pushing up the
operational cost of prawn farming, accounting for 40-60% of
variable cost in intensive aquaculture enterprises This makes
1t highly desirable to have a close look 1nto 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 1s the most expensive component i1n the



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 i1ngredients 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 gquality of certain locally available,
comparatively less expensive sources of protein in the formu-
lated feed of M rosenbergil such as clam meat, squid and
shrimp head wastes of processing industry squilla and silkworm
pupae The black clam, Villorita cyprinoides which i1s the main
stay of clam fisheries i1n India accounting 64% of the total
annual clam production (Narasimham 1991), 1s the most common
feed traditionally used i1in shrimp farming and it 1s one of the
cheap source of protein in our localaity Squilla 1s another
source of protein which is locally available abundantly and
cheaply Large quantities of Squilla obtained as by cateh 1in
trawl fishing at present 1s not properly utilized Saimilarly,
shrimp head which 1s produced as a waste by the processing
industry in large quantities 1s 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
1s growlhg at a faster rate during the past few years has a lot

of waste after silk extraction in the form of silkworm pupae



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 ou:
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
1ts daet, 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 shraimp and
prawn underscore the need to continuously develop, test and
apply new nutritional concepts This 1s particularly true for

the rapidly growing shrimp feed industry where feed formula-



tions are presently based on assumptions and * unknown growth

factors rather than the sclence 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 levelatwhich 1t can be
utilized for energy metabolism, so as to spare the proteln for

achievaing maximum growth




II RCVIEW OF LITERATURE
2 1 Nutraitional requirements of shrimps and prawns
The literature regarding nutritional requare
ments of shrimps and prawns has been reviewed by New (1976,
1980) Biddle (1877) Forster (1976), Sick and Millikin (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 11 Proteln
Protein 1s one of the most expensive compon-
ents i1n animal feeds and therefore, 1t 1s 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 amino acid composition of proteins in relation to shrimp
nutrition have received most attention from nutritionists so
far
Since the early works 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




of the wide range of optimum dietary protein levels observed

with special reference to the source of protein used

Table 1 Protein requirement of commercially important prawns
and shrimps of aquaculture 1mportance with special

reference to the source of protein

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

M rosenbergii
Fish meal 35 Balazs et al (1973)
Soybean meal
Shraimp meal

, Soybean meal 35 Balazs & Ross (1976)
Tuna meal
' Menhaden meal 35 Clifford &
Soybean meal Brick (1979)
’ Menhaden mesal 40 Mi1llikan et al (1980)

Soy protein

'y Shrimp meal

Fish meal 15 Boonyaratpalin &
Peanut meal New (1982)
Soy meal

' Fish meal

Fish solubles 25 Perry &

Blood meal Tarver (1987)

Cotton seed meal
' - 14 Antiporda (1986)
- Caseln 13 25 Gomez et al (1988)
' Crab protein 33 35 D Abramo &

Reed (1988)

- Crab protein 30 Freuchtenicht et al (1988)




Table I contd

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

P gaponicus
Squid meal >60 Deshaimaru &
Mysid shrimp meal Shigueno (1972)
Brine shrimp meal
Fish meal Gluten
Whale meal, Case1ln
Soy protein Activated
Sludge Petroleum yeast

' Fish meal 40 Balazs et al (1973)
Soybean meal
Shraimp meal
Brewer s yeast

, Casein, Egg albumen 50 Deshimaru &
+ Pure amino acids Kurok: (1974)

- Caseln, Egg albumen 52 57 Deshimaru &

Yone (1978)
' Caseln 45 55 Teshima &
Kanazawa (1984)
' Crab protein 42 Koshio et al (1993)
P monodon Caseln 35 Bages & Sloane (1981)
, Fish meal Egg albumen 46 Lee (1971)
s Casein Squid meal 40 Alava & Lim (1983)

Fish meal Shrimp meal
Soybean meal

- Casein Gelatin 40 50 Bautista (1986)
, Caseln 40 44 Shiau et al (1991)

. Caseln 36 40 Shiau & Chou (1991)




Table 1

Contd

Species Protein source(s) Suggested optimum Reference
employed protein level (%)
P indicus Prawn meal, Yeast 43 Colvin (1976)
'y Mantis shramp 42 9 Ali (1982a)
Ground nut oil cake
's Egg albumen 25 Al (1988)
’s Casein 29 All (1988)
P merguilensis Caseln 50 55 AQUACOP (1978)
' Mussel meal 34 42 Sedgwick (1979)
P vanname: Shrimp meal, 30 35 Colvain &
Fish meal, Soybean meal Brand (1977)
P stylirostris Shrimp meal 30 35 Colvin &
Fish meal, Yeast Brand (1977)
P setiferus Menhaden meal 28 32 Andrews et al (1972)
P aztecus 23 31 Shewbart et al (1973)
. Shrimp meal, 25 Balazs et al (1973)
Fish meal, Soy meal
‘s Fish protein 40 Venkataramiah et al (1975)

s Squid mantle meal

P duorarum Soybean meal

P californiensis Shrimp meal
Menhaden meal
Soybean meal

28 30

30 35

36 § Fenucec1i &
Zein E141n(1976)

Sick & Andrews (1973)

Brand & Colvain (1977)




Baged 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 prétein
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; Biddle, 1977., Corbin

et al., 1983; Chen, 1993), the stage of experimental animals

used (New, 1976) and the variations in the experimental pro-

cedures followed, including unstandardized way of expressing

the proximate composition of test diets.
Non-protein energy is yet another factor that influence

the optimum protein requirement. The combination of high die-

roteins in the presence of low levels of non-protein

tary p

energy can force the crustacean to deaminate significant por-

tion of the protein, thus yielding the carbon fragments re-

quired for cellular energy metabolism (Hanson and Goodwin,

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. Jjaponicus 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. Jjaponicus. Teshima

and Kanazawa (1984) who had conducted trials using purified
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diets with carragenan as binder on P. Jjaponicus post-larvae
found 1levels 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 al. (1993) re-

ported maximum growth of P. Jjaponicus at a level of 42% dietary

protein in the diet.

The variation in optimum protein requirement of P.

japonicus in many cases can be traced down to the source of

protein employed by various workers. The higher values were

obtained when poor quality protein sources were used; for

instance casein. According to New (1976) diets based on ocasein

have generally produced poor result with shrimp. Penaflorida

(1989) opined that arginine, an essential amino acid is defi-

cient in casein. Arginine is required by all crustaceans pri-

marily due to the lack of urea cycle which is necessary for
arginine biosynthesis from ornithine (Miyajima et al., 1977).
When casein was used as protein source for juvenile lobsters,

poor growth and survival associated with ‘moult death’ syn-

drome were experienced (Bowser and Rossenmark, 1981).

In a recent report by Koshio et al. (1993), wherein crab

n was used for p. Jjaponicus an optimum protein require-

protei
btained. Crab protein appears to be better

ment of 42% was O

utilized by crustaceans than many commercially available pro-

tein and protein extracted from many marine organisms tested
n has been later gelected for

(Bogen et al., 1982). Crab protei
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the preparation of standard reference diet (SRD) for crustacean
nutrition studies - HFX CRD 84 (Halifax crab brotein 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 al. (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. rosenbergii 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. 1973; 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-

gii can be,attributed to the variation in protein source used.

Among the various reports the lowest level of protein require-

ment for M. rosenbergii 1is the one suggested by Gomez et al.
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(1988) which is 13-25% using a casein based diet. Gomez et al.
(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 foliowing the stan?

dard way of expressing proximate composition in dry matter
basis. By applying the formula suggested by New (1887), the

expression on as fed basis can be converted to dry matter

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

A
requirement observed by Gomez et al. (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 al.(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-

gil 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 jevels tested. Similarly, Antiporda (1988)

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

rosenbergii and Barlett and Enkerlin (1983) have produced

gatisfactory growth of this species, in asbestog'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 M.
rosenbergii, the highest level is being reported by Millikin et

al. (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 1lysine)
and phenyl alanine. Colvin (1976) who got a similar observation
explained that fish meal is deficient in amino acids 1like
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. rosenbergii. 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 Millikin et al. (1980)for M.

rosenbergii (40% ). Millikin et al. (1980) based on their

experiment pointed out that this protein requirement of 40%

could be lowered, if the amino acid balance of protein sources

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

otein concentration in excess of 35% might be required for

pr
mong Juvenile M. rosenbergii. The protein

maximum growth rate a

source used seems to have & 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

gshrimp meal along with fish meal could ameliorate the deficien-

¢y in certain amino acids particularly the basic amino acids.

Using crab protein which was found to be superior for

crustaceans by Bogen et al. (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 M. 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.

ino acids for shrimps and prawns are

1976).

The essential dietary am

quantitatively similar to those for other animals (New,
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Cowey and Forster (1971), Shewbart et al1.(1972) and Kanazawa
and Teshima (1981) have showed that arginine, histidine, iso-
leucine, leucine, lysine, methionine, phenyl alanine, threo-

nine, tryptophan and valine are essential for Palaemon serra-

tus, Penaeus aztecus and P. japonicus respectively. Similar

results were obtained for Macrobrachium ohione by Miyajima et
al.(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 aéids 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 al.(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. rosenbergii, 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 M. rosenbergii is the apparent non-

essentiality for lysine, which has been reported to be essen-

tial -for all other animals studied so far (Watanabe, 1975). In
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his review on prawn and shrimp nutrition, New (1976) has

pointed out that this apparent non-essentiality for 1lysine

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

I8
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 M. rosenbergil. 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.

rogsenbergii and found all these three amino acids as being

nonessential. But the authors while giving these results exer—‘

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

have supported the prawn with amino acids in amount sufficient

for growth. Biddle (18977) also cautioned drawing conclusion on

essentiality of amino acids on the basis of short term 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 microbial synthesis in the gut of the prawn.

Certain amino acids could be sparéd by other amino acids
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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 alanine is spared
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 l1imited capacity to reconvert it to

met
jonine oxidized during processing. It is therefore, essential
to determine the level of methionine after preparing the feed
to have an idea about the available form of this amino acid in
the feed after processing. Lysine is a basic amino acid having
two amino groups. The gecond (epsilon) amino group must be free
active for effective utilization of lysine by prawn

and re
g the manufacture of feed, the second

(Paulraj, 1993). Durin

amino group may react with non-protein molecules present in the

feed ingredients to form compounds that render the 1

by

hionine and thus particularly make up for some of the meth-

ysine .



biologically unavalilable So, the biologically available lysine
in finished feed 1s more important than ch mically measurable
lysine i1n feed 1ngredients

Reports on the quantitative amino acid requirement of
shrimps and praw.as are scanty {(New, 1976, Biddle, 1977, Hanson
and Goodwin, 1977 and Corbin et al ,1983) This 1s mainly due
to the problems associated with the use of pure amino acids 1in
the test diets of shrimps and prawns Deshimaru and Kuroka
(1875) and Deshimaru (1982) have showed that diets containing
only amino acids instead of protein brought about a poor growth
and high mortality in feeding trials of P japonicus

Based on their study of amino acid supplementation to
the diets of M rosenbergii, Stahl and Aheran (1978) suggested
that searching for optimum amino acid levels for incorporation
into commercial feeds may be less important than i1t 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 i1mportance, rather than
trying to find quantitative amino acid requirement and balanc

ang their level 1in the commercial feed of shrimps and prawns

2 1 3 Protein sources

Fish meal 1s one of the most common ingredients used in
the commercial shrimp feed possibly due to 1ts large scale
avallability The proportion of fish meal 1n commercial feed

ranges between 10 and 40% (Akiyama et al 1992) In view of

19



the high cost of good quality fish meal of relatively constant
chemical composition, 2t is not surprising that feed cost
account for 40 B0% of total operating cost in intensive aqua
culture enterprises (ADCP 1983) Clearly, alternataive and
1deally less expensive protein sources of good quality must be
found (Tacon and Jackson, 1985)

Approaches employed for partial or total replacement of
fish meal ain commercial aquafeeds fall into two broad catego
ries, namely the use of conventional feed 1ingredients having
higher protein levels and the use of a new generation of uncon
ventional high protein feed 1ngredients

Based on origin, protein sources used for compounding
feeds can be divided 1nto plant protein sources and animal
protein sources
2131 Plant Protein sources

According to Tacen and Jackson (1985) apart from amino
acid profiles which are often imbalanced, endogenous anta
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 1n 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 i1in these sources present
the nutritionist with problems that are generally not encoun-

tered with sources of animal origin (Spinellal 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 survaval 1in
prawns Most of the plant proteins haeve shown to yield poor
growth rates i1in 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, 1872) 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, 1871,
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 saimilar to that of prawns Venkataramiah et
al (1975) showed that plant material 18 an essential part of
prawn diet and found that it speclifically improves feed conver
sion efficiency and survaival in brown shramp, 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 1n an attempt to minimize the cost of production
21 3 2 Animal proteain sources

A variety of animal protein sources and the substitution
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effect of one source with another in the formulated feeds of
many species of shrimps and prawns, have been evaluated by
various investigators with varying degrees of success
21 3 2 1 Fish meal
Fish meal made from good quelity whole fish that is

properly processed 1s the best quality protein source commonly
avallable to aquafeed manufacturers Fish meal made from whole
fish contains 60 80% protein It 1s also a rich source of
energy and minerals and is highly digestible and palatable for
most of the species It 1s high in available lysine and methio
nine the two amino acids most deficient in 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 1s lower
in quality and quantity ain respect of protein

Because of 1ts high cost fish meal is generally used
only in limited quantities i1n commercial feeds The dependence
of fish meal may cause economilc constraints 1n some areas,
especially 1in developing countries, where it 1s less abundant,
18 of lower quality and expensive too Also 1n the more devel
oped countries, difficulties are sometimes experienced due to
fluctuations i1n fish meal supply and price, when supply is
short (Lovel, 1989)

Generally, the essential amino acid profile of the

protein of the animal s body closely approximates its dietary




requirement The fish meal normally does not provide all egsen
tial amino acids to the required level and 1s 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 1indicus (Colvin, 18976) P
monodon (Pascual and Destajo, 1979), Palaemon serratus (For-
ster and Beard, 1973) and M rosenbergii (Sherif, 1989) Deshi-
maru and Shigueno (1972) attributed this to the shortage of
phenyl alanine and the basic amino acids (arginine histidine
and lysine) i1in fish meal

Deshimaru and Shigueno (1972) found that diets prepared
with fish meal were inferior to short necked clam for P Jjapo-
nicus and attributed it to the different amino acid profile of
fish meal when compared to the species tested Colvin (1976)
while working on P 1indicus got similar observation and ex
plained that fish meal 1s deficient 1n amino acids like tyro
sine and phenyl alanine Alil (1982a) while experimenting on P
indicus 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 rosenbergiir obtained poor

23
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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 vannamel (Akiyama et al 1988) Sherif
(1989) also reported poor performance of fish meal compared to
clam meat in the diet of M rosenbergii

The observed poor performance of fish meal in s;rimp and
prawn feeds may be related to 1ts amino acid profile Fish meal
1s lower in basic amino acids which are apparently essential
for shrimps (Deshimaru and Shigueno ,1972 New 1876, Brand and
Colvin 1977 and Colvin and Brand 1977) and /or due to an imbal
ance 1n 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 sources 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 qualaity problems of Indien fish meal Most of 1Indian
fish meal 1s made by sundrying and grinding Due to the poor
handling and processing the Indian indigenous fish meal 1s of
low quality with less protein content of about 45% compared to
65% or more of the first grade fish meal in the i1nteinational

market Most of Indian fish meal 1s also reported to have high
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mrcrobial 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
c1al shrimp feed manufacturers mostly rely on imported fish
meal of high quality the price of which 1is high Vacuum dried
and steam dried fish meals are recommended for shraimp 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 1s reported to be a
poor source of protein, it i1s one of the most common ingredi-
ents in commercial shrimp feed at 10 40% 1inclusion level
(Akiyama et al , 1992), possibly due to 1ts bulk availability
213 2 2 Molluscs

Short necked clam, Tapes philippinarum has traditional
ly been considered as an excellent feed for P Jgaponicus
Kanazawa et al (1970) had shown that P Japonicus grows well
on diets with short necked c¢lam 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 Sheraf (1989) reported
that, dried clam meat as principal protein source gave better
results 1n 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 several authors for several penaeids viz,
P gaponicus (Kitabayashi et al 1971 Deshimaru and Shigueno
1972) P setiferus and P stylirostris (Fenucci et al ,1980),
P aztecus (Fenuccl and Zein Eldin 1976) P monodon (Cruz-—
Ricque and AQUACOP 1987), P vanname1r {(Dokken and Lawrence,
1985) and recently for P 1indicus {Cruz Ricque et al 1987)

Deshimaru and Shigueno{1972) found that squid meal has
an excellent nutritive value for P Jjaponicus and stated that
1t 1s due to the the essential amino acid composition of squid
protein which 1s similar to that of P Jgaponicus Cruz Ricque
et al (1987) suggested that this growth promoting 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 1n squid Crugz 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 i1n metabolic activity
and protein synthesis per cell, since 1t 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 T4% 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 Eldan (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 dafferent levels (1 5 3, 6, 16%) 1n the diet
of four species of shrimps In P stylirostris 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 im
provement was observed i1in P 1indicus This clearly suggests the
existence of species specificity i1n the growth promoting effect
of squid protein The growth promoting effect of squid protein
at 16% of the diet could be explained by i1ts nutritional wvalue,
particularly amino 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 18 believed to be small peptides, increases the digestive
efficliency of shrimps and enhances growth rate On the other
hand, Fenucci and Zeain Eldin (1976) attributed higher amount of
arginine 1in squid as the possible reason for the enhanced
growth rate i1n P aztecus Squid meal 1s also an excellent
attractant and squid meal levels i1in commercjial shrimp feeds

usually ranges from 2 to 10% There is no nutritional limita
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tion 1n the use of squid meal in shrimp feed however, 1ts use
is limited by price and availability (Akiyama et al ,1992)
21 3 2 3 Crustaceans
Crustacean meal has been tested extensively by many

workers in shrimp feeds expecting it to produce better result
owing to 1ts similarity 1n 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 (1871) reported that 1n 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 assiml
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 1n 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 356% 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 shraimp meal compared to fish meal, squid meal
and soybean meal for Penaeus monodon, P vanname: and P sty
lirostris 0On the other hand, Cruz Suarez et al (1993) ob
served a positive dose response relationship in the growth rate
of P vannamel when shraimp meal was 1ncorporated i1n the diet
along with other sources The best growth response i1n the study
was obtained when shrimp meal was used at 18% of the diet,
which was also the highest level tested ZEarlier, Nair and
Thampy (1987) reported superiority of diet based on shrimp
meat (Metapenaeus dobsoni) over other sources of protein tested
for the larvae of Macrobrachium rosenbergii

Shraimp meal 18 high in crude protein content and several
essenti1al amino acids (Forster 1976) besides, it is a good
source of fatty acids (Sandifer and Joseph 1976) and appear
promising for compounding shraimp feed (Venkataramiah et al ,
1978 and Ali, 1988} However shrimp meal as a single source of
protein has been reported to result poor rate of growth in P
indicus (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 1s
locally available and 1nexpensive 1s the stomatopods Oratos
gquirlla nepa the mantis shrimp 1s a stomatopod caught an

abundance in early fishing season for shrimps and large quanti-
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ties of this occur i1n the trawl catches along with shrimp
during November to January (Ali and Mohamed, 1985) At present,
this species is not properly utilized Ali (1982a) used squalla
protein in the formulated feed of P 1indicus 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 Al1 and Mohamed (1985) tried four combinations of
prawn waste and mantis shrimp in the formulated feed for P
indicus Unlike as in the previous case, 1n this experiment,
the mantis shrimp they have used was i1n 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 1ndicus was noted when 25% prawn waste and
35% mantis shraimp were used together in the feed
21 3 2 4 Other sources

Silkworm pupae 1s 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 1n the formulated feed of
shrimps and prawns 1s scanty Ali (1988) explored the possibil-
1ty of incorporating silkworm pupae as a protein source 1n the

formulated feeds of P 1ndicus juveniles But the result showed



that feeding with silkworm pupae diet results 1n low digest-
ibi1lity, protein efficiency ratio and biological wvalue for P
indicus He attributed 1t to the high chitin content of silk-
worm pupae According to Hanson and Goodwin (1977) penaeads
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 chitin degrading enzymes in the alimentary tract of
various crustaceans (Chandramohan and Thomas, 1984, Lynn, 1990;
Spindler Bath et al , 1990) In addition 1t 1s commonly ob-
served that shrimps and prawns consume their exuviae following
ecdyslis These observations suggest that crustaceans may be
able to utilize the dietary chitin Vaitheswaran and Ali (1986)
reported that glucosamine and chitin have a growth promoting
effect in P 1indicus 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 rosenbergii and pointed out that it 1s 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 1indicus 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
ing to Deshimaru and Shigueno (1972), although the quantity of
total amino acids 1n whale meal 1s high, 1ts 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 vannamel to
various levels of meat and bone meal indicated that 1t 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 1t replaced fish meal shrimp meal c¢lam
meal, soymeal or rice bran (Marchiori et al , 1982) Brand and
Colvin (1977) observed growth depression in P californiensis
when blood meal was 1included at 5 15% of the diet Dominy and
Ako (1988) opined that blood meal which contains co-valently
attached methionine, might be a potentially useful way to
supplement limiting amino acids 1in 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 gxwup &£ 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 best
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 1n the diet of P
Japonicus was reported by Deshimaru and Shigueno (1972) Brand
and Colvain (1977) observed better growth and survival while
using yeast i1n 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, Spirulinra was found to promote
growth i1n P jgaponicus (Cuzon et al , 19881) and P 1indicus
(Al1, 1988) James et al (1992) while investigating the pos
sibility of using Spirulina fusiformis as protein source in the
feed of M rosenbergii suggested that, it cannot serve as a
gsole 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
drate nutrition 1s 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-
1ing effects of non protein nutrients such as carbohydrate and
lipid, is effective 1in reducing cost of feed Protein, the
expensive fraction could be coptimally utilized for growth
rather than for maintenance of the prawn, 1f there 1s 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 1is kept at a level of 330
kcal/100g, the dietary protein level of P monodon can be low-
ered from 40 to 36 % Therefore, 1t 1is cratical 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 1n the diet will help in 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 i1n the diet at the level
of 10% or above is known to suppress growth (Lovel 1889)
Addition of 20% glucose to a menhaden meal based diet for P
aztecus produced reduced growth rate, while 1inclusion of 30%
starch in the diet with lower protein diet 1ncreased 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 dasac
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 Jjaponicus as the
gradual absorption of these compared to the quick absorption of
glucose 1n the stomach and release all at once into haemo
lymph When a large quantity of glucose id added to diets,
blood glucose levels get elevated to abnormally high levels,
whereas di and polysaccnarides are not absorbed from the sto
mach They are digested to glucose and trehalose 1in 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 sultable than glucose 1n the diet for
shrimps

The dietary characteristics of seven carbohydrate sourc
es viz, glucose fructose galactose maltose, sucrose glyco
gen and starch were evaluated for P 1indicus by Ali (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 di1 and polysaccharides
Among the wvarious combinations of carbohydrates, sucrose
maltose starch mixture at equal proportion was found to be the
best compared to others (Ali1 1993)

All (1982 b) while experimenting with P 1ndicus at
various levels of starch observed best growth response while
using 40% starch in a casein based diet
21 3 Lipad

Lipids are required i1n 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
phospholaipids 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)



Kanazawa et al (1977a) obtained best growth for P
Japonicus when 8% short necked clam o1l was 1included in the
diet while 16% 1inclusion produced growth inhibition among the
three levels (8, 12, 16%) tested Deshimaru et al (1879)
obtained best growth for the same species when 6% lipids was
used 1n 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 1in
semipurified diet at 10 11% level 1in their diet Sheen and
D’Abramo (1991) while experimenting M rosenbergii juveniles
tested 6 lipid levels (0 12%) with cod liver orl and corn ozl
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 Sandlifer and Joseph
(1976) for M rosenbergii Kanazawa et al (1977b) Guary et

al (1976) for P gaponicus Read (1981) for P 1ndicus 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 (Reagh,
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 b6n
3 or 22 6n 3 Analysis of the fatty acid profile of tissue of
white shrimp P setiferus brown shramp, P aztecus and pink
shrimp P duorarum by Bottino et al (1980) and P 1indicus by
Read (1981) revealed that these speciles possess a limited
capacity to convert C18 PUFA into C>20 PUFA Using labeled
18 3n 3, Kanazawa et al (1979a) i1dentified a similar metabolic
limitation 1n P japonicus

Growth of crustaceans has been lmproved 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) 1In contrast, P 1indicug and M
rosenbergi1 appear to prefer dietary 18 2n 6 over 18 3n 3 1in
satisfying a C18 PUFA requirement (Read 1981 and Reigh and
Stickney 1989)

Kanazawa et al (1978 1879a) concluded that either 20 5n

3 (eicosapentaenoic acid) or 22 6n 3 (docosahexaenioc acid)



39

also termed highly unsaturated fatty acaids (HUFA) have higher
nutritive value than 18 2n 6 or 18 3n 3 PUFA for P Jgaponlicus
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
21 4 Vitamins

The present understanding of the qualitative vitamin
requirements of penaeid shrimps has been based almost entirely
on the studies on P Jgaponicus which i1s considered as the best
documented species (Kanazawa et al , 1976 and Deshaimaru and
Kuroki, 1976) These studies seemed to 1indicate that shraimps
have much higher vitamin requirements than other aguatic ani
mals such as fish (Chen,1993) This variation 1s suggested to
be caused by differences 1in feeding behaviour , size, growth
rate, environmental factors and nutrient interrelationships
Since shraimp 1s a slow feeder prolonged suspension of feed in
water 1ncreases the leaching of nutrients Hence a hagher
vitamin requirement for crustaceans than for fish

Vitamins are essential for normal growth maintenance
and reproduction of animals The metabolic functions of vita
mins 1n shrimps and prawns has been discussed by Paulray
(1993) New (1976} drew 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 1In 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 1n 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 i1n semi
intensive and 1intensive systems when natural food 1s limited
to sustain the entire population vitamin supplementation in
the diet 1s 1important

In crustaceans, vitamin C deficiency leads to the inhi
bition of alkaline phosphatase activity, resulting in poor
chitin synthesis {Paulrajy 1993) Vitamin C is required for
hydroxylation of proline and lysine in the formation of colla

gen Deficiency of this vitamin hes been characterized 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, 1mpaired collagen synthesis and wound
healing melanized lesions underneath the exoskeleton blacken
ing of gills and in extreme cases black death disease which
causes high mortality rate (Paulraj 1992 and He and Lawrence
1993)

Kitabayashi et al {(1971) observed accelerated growth in
P Jjaponicus 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 Jgaponicus requires 3000 10 000 mg
of vitamin C, 600 mg of choline 2000 4000 mg of 1inocitol 60
120 mg of thiamine and 120 mg of pyridoxine per kg of feed
Recently, Shiau and Jan {(1992) found that P monodon requitres
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 by Deshimaru
and Kuroki(1976) for P gaponicus One factor that may be
involved in the apparent difference 1in dietary vitamin C re-
quirement may be the more omnivorous nature of P monodon
compared to P gaponicus {(Chen 1993) An important factor to
be considered in the wvitamin C requirement 1s the source and
1ts stability during processing and subsequent storage Ascor
bic acid 1s the most sensitive vitamin to degradation during

feed processing and storage As much as 80 100% of the inaitial



amount of supplemental L ascorbic acld can be lost during
processing and subsequent storage (Grant et al ,1989) L ascor

byl 2 polyphosphate (APP) 1s relatively resistant to oxidation

When this form of vitamin C was used the requirement of vaita

min C for P Jgaponicus was found to be 100 mg per kg of feed
(Shigueno and Itoh 1988) much lower than the requirement
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 vannamel 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 semli purified diets on Juvenile
P monodon, Catacutan and Cruz (1989) found that, growth was
poorest for treatments without vitamin supplement and 1inocitol
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 1s 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 1inclusion of
a mineral premix 1n a caseln based diet for P aztecus gave 18%
increase 1n biomass (Sick et al 1972) and no 1increase 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
ratlio 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 1is
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 in our knowledge of nutration 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



IIT MATERIAL AND METHODS

Macrobrachium 1osenbergii Juveniles of 2 5 3 0 cm s1ze
were used for conducting two sets of experiments The first
experiment was to evaluate the quality of certain 1nexpensive
and locally available sources of protein, such as Clam meal
Squid meal Squilla meal, Shrimp head meal and Silkworm pupae
1n their formulated feeds The second experiment aimed at
evaluating the effect of partial substitution of protein with
carbohydrate was c¢onducted wusing the Dbest protein source

determined from the fairst experiment

3 1 Experimental animals

The jguveniles of M rosenbergii used for the experiment
were the ones reared 1in 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 1n polythene bags pairtly filled with
freshwater and inflated with oxygen were introduced 1into an
oval, flat bottom fibre glass tank of 1 2 t capacity {filled
with freshwater from the supply system of the hatchery up to
half the capacity The water was kept aerated and the post
larvae fed with dried ard pulverized clam meat once daily The
feed 1i1emnants were W e siphoned out daily prior to feeding

and water replaced partially with filtered freshwater

45



46

3 2 Experaimental rearing facilities

The experiments were conducted in the Macrobrachium
hatchery of the College of Fisheries, using cylindiical fabre

glass tanks having a diameter of 55 cm and a height of 35 cm

The water used was drawn fiom the freshwater
distribution system of the hatchery taken from a well It was
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 i1n 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 1nverted position to provide hiding place especially for
newly moulted prawns since provision of artificial substrata
has been reported to reduce cannibalism and 1i1mprove survival
rate of M rosenbergii post larvae and Juveniles (Smith and

Sandifer 1975 Ra anan et al 1984 Gomez et al 1988)



During experimental period the tanks were covered with
an opaque polythene sheet, to prevent prawns from Jumping out
and deposition of dust in tanks This was also found helpful 1in
reducing sun light which causes algal growth i1n rearing water
The growth of algae by servaing as food for prawn, 1s likely to
affect the result of feeding study, apart from causing wide
fluctuations 1n physico chemical parameters of the water used
1n 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 31 1 Processing of major protein sources

The protein sources used for the feed formulation, were
processed following a uniform method, so as to avoid variations

1n quality due to processing

CLAM MEAL Live clam Villorita cyprinoirdes collected
by local fishermen from Cochin backwater were steamed 1n an
autoclave for 15 minutes at ambient pressure and the meat

separated was dried 1n an electric dryer for 12 hours at 60°¢
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SQUID MLAL Processing waste of Squid, Loligo sp was
collected from a private seafood exporting company 1in Cochin
and transported in a styrofoam box with crushed ice 1In the
laboratory, 1t was steamed 1n an autoclave for 15 minutes at
ambient pressure and dried 1in an electric dryer for 12 hours at

60°C

SQUILLA MEAL VWhole squilla Oratosquilla nepa was
collected from Cochin fisheries harbour and transported 1in a
styrofoam box with cirushed 1ce It was washed thoroughly
steamed 1in an autoclave for 15 minutes and dried in 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 1n an autoclave for 15 minutes at ambient pressure

and dried 1in an electric dryer for 12 hours at 60°C

SILKXWORM PUPAE Live pupae of si1lk worm, Bombyx mori
used for quality assessment of s1lk at the Cocoon Reeling
Centre, Pattanakad (Alapuzha district) were brought in a carton
to the laboratory They were steamed for 15 minutes in an
autoclave at ambient pressure, dried for 12 hours 1in an

electric dryer at 60°C and then patrtially deoiled by solvent
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extraction method using petroleum ether since they contain

high level of lipid

3 3 2 Other 1ingredients

Besides the major protein sources angredients such as
groundnut o011 cake, wheat bran, tapioca flour sardine o1l
maize o1l mixture and vitamin mineral mixture were also used
for compounding the test diets Tapiloca flour served as majo:r
carbohydrate source as well as binder while groundnut o1l cake
and wheat bran were 1included to provide plant protein as well
as carbohydrate Sardine o1l and maize o1l mixture at 2 1
rati1o was used as supplementary lipid source Sardine o1l was
obtarned from Central Institute of Fisheries Technology (CIFT)
Cochin and ‘Maize Magic brand maize o1l marketed by Karnataka
State Agro corn Products Limited Bangalore purchased locally
Supplevite M a vitamin mineral mixture (Sarabhai Chemicals,
Bombay) was 1included 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 ingredaents

The dry 1ingredients used for the formulation of feeds
were packed 1n polythene bags after powdering in 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 1t hermetic after excluding the air pockets to the
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possible extent Polythense bags containing indaividual
ingredients kept 1n plastic jars were gtored 1n a refrigerator
t111 they were wused for feed formulation The o1lg and
Supplevite M were also stored in a refrigerator and wused as
guch

3 3 4 Proximate composition of feed ingredients

Analyses of proximate composition of 1ingredients were
done prior to feed formulation and 18 presented at table 2
The analyses were done following standard A O A C (1%80)
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 wusing
petroleum ether(B P 40 60°C) in a soxhlet
extraction apparatus for ¢ 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 in a muffle furnace
The carbohydrate content (Nitrogen free extract NFE) wasg

calculated using difference mesthod (Hasting 1%976)



Table 2 Proximate composition of the ingredients used in the

feed formulation

INGREDIENT Moisture Crude Crude Fat Crude Ash NFE
Proteirn Fibre

Clam meal 7 65 58 70 11 55 0 88 7 93 20 94
Squid meal 6 60 83 60 6 92 0 69 4 65 4 14
Squilla 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
Si1lkworm pupae 8 45 64 50 3 86 6 42 21 94 3 28
Groundnut o1l cake 8 65 43 6> 9 50 9 65 13 34 23 86
Wheat bran 7 95 19 2 5 89 24 70 27 57 22 64
Taplioca flour 8 20 3 86 2 16 2 98 2 58 88 42

28 2 94|

18



3 3 5 Formulation and process:ing 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 i1n the formulated feeds of ¥
rosenbergii jJuvenlles
3 35 1 Test diets for evaluation of protein sources
For evaluating the quality of different protein
sources, 5 1sonitrogenous (35% crude protein) isolipidic(9%
crude fat) and 1socalorific(376 kcal/100g) feeds were
formulated {(experiment T)
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 (S1lkworm 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 1into 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 test diets (X) formulated for the

evaluation of juality of jrotein mources and their
proximate composition

INGREDIENIS . _ 1IESI DIT 1o o
CLM SOM Sl SHM SWP
Clam meal 48 92 . L
Squid meal 34 35 .
Squilla meal 54 4, .
Strino lead meal L o 56 10
Si1lkworm pupae 44 50
Groundnut oilcale 20 20 20 20 20
& Wheat bran (1 1) _
Tapioca floar 7 90 18 00 15 75 14 0O 18 00
Cell lose 19 I8 21 55 6 16 6 12 10 70
Supplevite M 1 L 1 1 1
Lapidnaix * | 210 | 510 | 2 ¢4 2 78 5 80

* Satdllg_pxl_a d ltaize o211 @ 11

PARRMETER LROXIHMAIF COIPOLI i(_)lt&‘r" ACs? DIEIS

Moisture 8 26 874 | 8138 | 846 8 63
Crude Protein 34 72 [_34 91 30 10 34 93 35 05

C ude Fat 8 81 9 10 8 93 8 86 9 20
Crude Fibre 21 34 23 KO 13 21 _13 73 16 98
Asl 11 98 a 97 1) 71 | __19 o5 1> 52
nggbzérike (UFF) 23 15 | 22 472 23 )5 22 93 23 25
Co F eray * 374 3715 277 375 __ 380

* Gross energy (kcal/100a} 1s calculated ta ~1 o folleowr g calorific values
Protein 5 65 kcal/g Lipi1l 9 45 kcal/g Ca | lyliate 4 10 Jcal/g (Kostio et al
1993)



the mortar The dough was transferred into a glass beaker and
steam cooked for 30 minutes 1n an autoclave at ambient
pressure The cooked dough was rapidly cooled under an electric
fan and again mixed well in a dry mortar along with Supplevite-
M, and sardine o1l maize o1l 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 in
an electric dryer with forced air convection The dried pellets
had a diameter of 1 mm They were manually broken into small
pleces of about 5mm length and was packed 1in small polythene
bags and hermetically packed using a sealing machine after
excluding air pockets to the possible extent These bags were
kept i1n plastic jars and stored in 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 Lhe 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 1s 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 Pl represents the first level of protein 1in this
trial which 1s 25% protein For 30% protein level P2 was used,
which 1s the second level of protein in this experiment and P3
the third level of protean Similarly carbohydrate levels were
designated as Cl1 C2 and C3 to indicate the levels of
carbohydrate which are 20, 25 and 30% respectively in thais
experiment So each test diet 1s denoted by a combinaton of 2
letters and 2 numbers such as P1C1l, P1C2 PiC3, P2C1l, P2C,

P2C3, P3C1l, P3C2 and P3C3 as given below

DIET PROTEIN LEVEL (%) CARBOHYDRATE LEVEL (%)
PicC1 25 20

P1C2 25 25

Pi1C3 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% in all the test diets and

the composition of test diets is presented in the table 4
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Table 4 Composition of test diets ({X) formulated to study the

effect of partial subgtitution of protein with
carbohydrate and their prroximate composition

INGREDIENT TEST DIETS
P Cl PlcC P1C3 P2Cl P2C2 P2C3 P3Cl P3cC2 P3C3
Clam meal 38 25 g 25 38 25 46 75 46 75 46 75 55 80 55 80 55 BQAH
GOC &Wheat 10 10 10 10 10 10 10 10 10 P
bran (1 1)
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 85 31 20 25 70 20 10 25 40 19 75 14 10
Supplevite 1 1 1 1 1 1 1 1 1
01l mix * 41 41 41 3 15 315 315 2 1% 2 15 L_3:£§
Sardine o1l and Mai e o1l mixture @ 1 1 _
PARAMETER PROLIMATE COMPOSITION OF TEST DIETS ﬁ
Moisture 8 94 8171 8 B2 8 65 g 58 8 73 8 60 8 56 8 42
Protein 25 24 24 88 25 10 29 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 9l
Fibre 31 64 28 80 24 72 8 31 23 40 20 11 23 13 18 75 14 93 ||
Agh 12 66 11 17 9 51 11 36 10 96 9 92 11 53 11 31 9 36
NFE 21 5 26 35 31 80 21 80 26 56 31 2% 21 75 26 31 31 65
Energy 315 332 356 340 363 381 370 388 412
2/E ratio 80 0 75 0 70 5 87 4 83 1 78 3 93 8 90 0 85 2
C B/CHO 117 0 94 0 79 _136 1 14 0 95 139 133 1 1¥==1

Gross Energy (kcal/l00g) 1s 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)
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The method of formulation processing and
storage of test diets were same as 1n the case of fairst

experiment

3 3 6 Proximate composition of test diets

The analyses of the proximate composition of test dieis
were conducted to ascertain the nutrien. status The
methodology employed was the same as trat for the proximate
composition analysis of ingredirnts The proximate composition
of test diets for evsluating the quality of protein sources 1is
presented in talle 3, and the proximate composition of test
diets used for evaluating the effect of partial substitution of

rarbohydrate for protein in table 4
3 4 Experimental procedure

3 4 1 Evaluation of quality of protein sources

240 numbers of M »rosenbergii Juveniles were selected
from the middle of the size range of the stock population and
12 prawns each were stocked in 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
Bth day they were starved for 24 hours, prior to the start of
actual feeding experiment Out of the 12 prawns in 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 Jjuvenile prawns at the beginning of the experiment was
26 +1mm length and 0 09183 + 0 00517g weight
For each treatment, 4 replicates were maintained in
gseparate tanks Hence 40 prawns were used for each treatment
The duration of the feeding experiment was 45 days
Intermediate growth assessments were made on 15t‘h and
30thday and final assessment on the 45thday The prawns were
fed with respective diets slightly 1n excess , twice daily in a
Petri dish kept at the centre of each tank Feeding was done 1n
the morning between 8 and 9 a m and in 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 welight
3 4 2 Evaluation of effect of partial substitution of
protein with carbohydrate
As 1n the case of the first experiment the prawns were
weaned on to the regpective 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 111081+
0 005566g weight
For each treatment 3 1eplicates were maantained 1n

separate tanks Hence a total of 30 prawrs were used for each
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treatment The duration of the experiment was 45 days as 1in
the case of first one G@Growth assessments and schedule of
feeding were the same as that of first experiment ,ma
3 5 Physico chemical parameters
Prysico~-chemical parameters of water used for thas

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 Winklex method

3 & 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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3 6 2 Growth rate

Growth in feeding experiments 1s expressed as absolute
welght gain percentage growth rate or more recently as
Specific growth rate (SGR) The expression of growth in terms
of SGR 1is 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 weaght

el

gain nd percentage growth rates were also given along with SGR
/7

values

[In W1 1n WOl
SGR{%x) - X 100

where SGR(% day 1 } 1s 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 1in body eight over the experimental period

3 6 3 Feed efficirency

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

efficiency (FCE)




Feed i1ntake on a dry matter basis
FCR =

Werght 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 i1n inverse relation,
they are frequently mixed up FCE has been recently preferred
since 1t 1s positively correlated with growth and protein
efficiency ratio In addition 1f weight gain 1s zero weight
gain / feed intake 18 zero but feed intake / weight gain 1s
infinite, which 1s difficult to 1nterpret biologically
(Boonyaratpalin, 1989) So 1n the present study FCE 1s
preferred over FCR, and to avoid any confusion, the 1espective

FCR values are also given along with FCE values

3 6 4 Protein efficiency ratio (PER)
Effaiciency of protein utilaization 1s expressed as

protein efficiency ratio (PER)

Wet weaight gain of experimental animal
PER =

Crude protein intake on a dry matter basais
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3 7 Statistical methods
The experiments were planned 1in 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
si1gnificance
The data on peircentage survival rate were
analyzed after effecting Arc sine transformation of values as

given below

Y-sinl (x/ 100)0°%

where Y 1s the transformed value and X the percentage

survaival rate

For statistical analysis of data,computer
programme was written in BASIC language and result of analysis

obtained in the form of praint out
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IV RESULTS

4 1 Experaiment to evaluate the quality of protein

gsources 1n the formulated feeds

The quality of protein sources in the formulated test
diets for the Juveniles of M rosenbergii 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 in 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 1s 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), 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 rosenbergii

protelin sources

Juveniles fed with diets differing

in

FEED R* No of Prawns Survival Mean
rate (%) survaval

Initial Final rate
1 10 9 90
2 10 10 100

CLM 3 10 9 90 92 50
4 10 9 90
1 10 8 80
2 10 10 100

SQM 3 10 10 100 92 30
4 10 9 90
1 10 9 30
2 10 10 100

SLM 3 10 10 100 92 30
4 10 8 80
1 10 9 90
2 10 10 100

SHM 3 10 10 100 95 00
4 10 9 90
1 10 10 100
2 10 9 90

SWP 3 10 9 90 95 00
4 10 10 100

R* Replication



Effect of protein sources
on the survival rate

Survival rate (%)

100 +
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40
ZUW
0
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Feed
Bl survival rate (%)
Fig 1 Survival rate (%) of M rosenbergil juveniles

fed with diets differing 1n protein sources
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Table 6 Result of analysis of variance of data to compare
the effect different Protein sources on the survival

rate of M rosenbergiri juveniles

( Data subjected to Arc sine transformation )

Source of Degrees of Sum of Mean sum F ratio
variation freedom squares of squares
—Repllca;i;n 3 621 81250 207 27080 1 78807
Between feeds 4 57 79688 14 44922 0 12465
Error 12 1391 02300 115 91860

To;;l_-- _—19 N 2070 6330 ) ) )

(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 1initial weight of M rosenbergiz Juveniles
and of their growth in terms of specific growth rate (SGR) are
presented 1n table 7 and fig 2 Growth increment during the 45
day experimental period 1s graphically represented in fig 3

A significant difference in the influence (P <0 01) of
dietary protein sources 1s observed 1in 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) 1s not different from that of squad
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 expelrimental period 1in response
to the different protein souirces are given 1n the table 9 and
graphically represented in fig 4

The analysis of variance of data on FCE showed that
there 18 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 FCL values of 0 372 and
0 369 respectively and in pairwise comparison these did not

differ significantly In the case squilla and shrimp head meal



Table 7 Specific growth rate (SGR} of M rosenbergii juveniles
fed with diets differing Iin protein sources
FEED | R* WEIGHRT OF PRAWN (g) FINAL WEIGHT
WEIGHT GAIN (g) SGR

Inital 15th day | 30th day | 45th day | 0 45 days 3 dayl)
CLM 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 ¢ 15508 0 22945 0 35852 0 27588 3 26109
HEAN 0 08916 0 16155 0 23582 0 33879 0 24563 2 97022
8QM 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 87207
4 0 093304 0 15504 0 23550 0 33806 0 24502 2 86710
MERN 0 05081 0 15563 0 23103 0 33069 0 23313 2 B2780
S5LM 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
SHM 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
SHP 1 G 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 17922 0 24537 0 15058 2 11356
MERN 0 09442 0 13261 0 18988 0 25751 ¢ 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 rosenbergii Juveniles

Source of Degrees of Sum of Mean sum F ratio
variation freedom squares of square
R;;ilcaE;;;—__ 3 o 0 145984 0 04995 1 42046
Between feeds 4 1 51979 0 37995 10 80545 *
Error 12 0 42185 0 03516

T;tal ) i 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
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Etfect of protein sources
on the growth rate

Specific growth rate (SGR)
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Fig 2 Specific growth rate (SGR) of ¥ rosenbergii
juveniles fed with diets differing in protein sources




Effect of protein sources
on the growth increment
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Fig 3 The pattern of weight 1increase with time when Y
rosenbergr: Juveniles were fed with diets differing

in protein sources
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Table 9 Feed conversion efficiency of ¥ rosenbergii Juveniles
fed with diets differing in protein sources

FEED | R | WEIGHT FEED FCE MEAN FCR MEAN

* GAIN INTAKE FCE FCR
(g) (g) (B) (a/B) (B/R)
()

1| 2 03149 | 5 68048 | 0 35763 2 79621
2| 2 40943 | 6 29762 | 0 38259 2 61374

CLM ) 3} 2 11321 | 5 79420 | 0 36471 | O 37164 | 5 74190 | 2 63308
4 | 2 40024 | 6 28971 | 0 38161 2 62045
1|1 60813 | 4 56259 | 0 35246 2 83720
2 | 2 41358 | 6 38959 | 0 37774 2 64735

SQM | 3 | 2 22455 | 5 819884 | 0 38223 | © 36081 | 5 g1g21 [ 2 71220
4] 2 11214 | 5 80869 | 0 36362 2 75014
1] 155736 | 5 35133 { 0 29102 3 43615
2| 2 13487 { 6 48660 | 0 31181 3 20703

SLM 3] 1 95625 | 6 56537 | 0 29796 | O 29527 | 3 35610 | 3 39178
4 | 1 46809 | 5 23793 | 0 28028 3 56785
1|1 68851 | 5 99759 | 0 28153 3 55200
2 | 1 89436 | 6 45847 | 0 29331 3 40932

SHM | 3 | 1 66514 | 5 74912 | 0 28963 | 0 28540 | 3 45263 [ 3 50560
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 | O 26167 | 3 9g340 | 3 82406
4|1 50579 | 5 62355 | 0 26777 3 73462

R* Replication
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Fig 4 Feed conversion efficiency (FCE) of M rosenbergii
Juveniles fed with diets differing in protein sources
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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 "0 00065 0 o002z 2 10975
Between feeds 4 0 04088 0 01022 99 76207 *
Error 12 0 00123 0 00010

EQEQI—__ N 19 - —6~64276 ——————————

Critical difference for comparison of treatment mean values=0 02187
(at 1%level)

Pairwise comparison of mean values of FCE with critical difference
Feed CLM SQM SLM SHM Swp

Mean values 0 37184 0 36801 0 29527 0 28540 0 26167
of FCE

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

—_—————— -— — e —— [ -

* Significantly different at 1% level
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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
in protein sources tried and differed significantly from all
other treatments

4 1 4 Effect of protein sources on protein efficiency ratio

(PLR)

The data on protein efficiency ratio of M rosenbergiz
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 fi1g 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 1s

signhificantly lower than all othe:r 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 1n the formulated feed of M »rosenbergir juveniles
was evaluated following the same criteria used in the farst
experiment such as survival rate growth rate, feed conversion

efficiency ratio and protein efficiency ratio



Table 11 Protein efficiency ratio (PER) of M rosgsenbergii
Juveniles fed with diets differing in protein sources
FEED R* WEIGHT FEED PROTEIN PER MERN
GAIN {g) | INTRKE (g) | INTAKE (g) PER
1 2 03149 5 68048 1 97226 1 03003
2 2 40943 6 29762 2 18653 1 10194
CcLM 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
SOM 3 2 22455 5 81988 2 03172 1 09491 | 1 03703
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
StM 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 | O 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
SHE 3 1 42568 5 67906 1 99052 0 71623 | O 74656
4 1 50579 5 62355 1 97105 0 76395
R* Replication
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Effect of protein sources
on the protein etficiency ratio

Protein efficiency ratio (PER)
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Fi1g 5 Protein efficiency ratio (PER) of ¥ rosenbergil
juveniles fed with diets differing in protein sources
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Table 12 Result of analysis of variance data to compare the

Sourc
varlia

Repli

Between feeds

effect of different protein sources on the protein

efficiency ratio (PER) of M rosenbergii juveniles

e of
tion

cation

Degrees of Sum of Mean sum F ratio
freedom squares of squares
3 N 0 00532_— 0 00177 T 2 11052-
4 0348942 0 08736 104 00 *
12 0 01008 0 00084
I;—— 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

Mean

values
of PER

CLM

1 07038

SQM SLM SHM SWP

1 05703 0 84123 0 81707 0 74656

Underscored mean PER values are not significantly different

at 1% level

* Saignificantly 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 rosenbergiar fed on
diets differing in 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 caibohydrate for protein
on survival rates of prawns 1s not varying significantly
(table 14)

4 2 2 Effect of partial substitutaon of protein with
carbohydrate on growth rate

The specific growth r1ate (SGR) recorded for M
rosenbergii juveniles fed on respective diets are given ain
table 15 and graphically presented in 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 dietary
carbohydrate produced only a non significant increase in SGR

But at 30% protein with 20% carbohydrate (P2C1l), SGR
recorded did not differ saignificantly from that of 25% protein
and 30% carbohydrate (P1C3) But P2C2 havaing 30% protein and
25% carbohydrate and P2C3 with 30% protein and 30% carbohydrate

recorded significantly highe: SGR than that of P2C1



80

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

rate survial

Inital Fainal (%) rate
1 10 10 100

Plcl 2 10 9 90 93 33
3 10 9 90
1 10 a 90

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

P1C3 2 10 10 100 06 67
3 10 10 100
1 10 9 90

pacl 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

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

P3C2 2 10 2 29 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 ot substitution of protein
with carbohydraie on the survival rate

Survival rate (%)

= —
PICI PIC2 PIC3 P2Cl1 P2C2 P2C3 P3Cl P3C2 P3C3
Feed

Bl survival rate (%)

Survival rate (% of ¥ rosenbergii 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 rosenbergir juveniles

Source of
variation

Replication

Between feeds

Error

Total

(Calculated F value < table value

( Data subjected to Arec sine transformation )

Degrees of Sum of
freedom squares
2 7 85938

8 542 01560
16 1947 65600
26 2497 53100

Mean sum F ratio
of squares

3 92969 ¢ 03228
67 75195 0 55658

121 72850

at 1% level of significance)
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Table 15 Specific growth rate (SGR) of ¥ rosenbergii juveniles

fed with test diets to sLudy the effect of partial
substitution of protein with carbohydrate
F|R ¥F1 IT OF PPA T () r ol mrienre CR(Y
r ]+ crr AL tay )
E 1 rtaal | 15t1 lay | 20t} 1 ¢ 1t A5
D e = _day | _day [
1|0 11023 |0 25194 | 0 19534 | 0 24732 | 0 13709 [ 1 79581
gi 2 |0 11601 | 0 14202 | 0 18198 | 0 23109 [ 0 11508 | 1 53140
_ L 3¥|u 10478 |0 15340 | 0 19636 [ D 25r47 [ 0 15169 |1 98922
FEAN | 0 11034 J 0 14912 | 0 19123 | 0 24496 | 0 13462 |1 77214
1 |0 11601 | 0 16t46 | 0 20172 | 0 26250 | 0 14619 | 1 81461
g; 2 | 0 10792 | 0 15402 | 0 20530 | 0 26031 | 0 15239 |1 95663
3|0 10483 | 0 14536 | 0 19548 | 0 25439 | 0 14056 | 1 89002
MEAN 0 10959 | 0 15361 | 0 20081 0 25607 | 0 14648 |1 88709
1|0 10893 [0 15637 | 0 20887 | © 26358 | 0 15465 |1 96367
g; 2 |0 11200 | 0 15133 [ 0 20231 | 0 26136 | 0 14936 |1 88311
3]0 12141 |0 17006 | 0 22428 | 0 27704 0 15563 |1 83331
MEAN | 0 11411 | 0 15925 | 0 21182 | 0 26733 | 0 15321 | 1 89336
1|0 11203 |0 16016 | 0 23204 [ 0 29216 | O 18013 | 2 13008
Ei 0 11939 | 0 16867 | 0 24356 | 0 30581 | 0 18642 | 2 09015
tlort rle 17132 23 o2 2 )0 17 0|2 09313
_FA 19| v asF72 [0 23599 [ > 29513 | 0 18064 [ 2 10445
I L] J o030 ] 15945 [0 23801 | 0 31292 | 0 201 2 | 2 35787
:.; 2 [ o 10962 |0 92 231 0 | 0 3083 0 1987h | 2 29840
| 3|0 102+ |0 15436 |0 2 43r | 0 29815 | 0 19570 |2 37383
_MEAW [0 10¢79 | 0 15958 [ 0 22504 | 0_30€48 [ 0 19969 | 2 34337
1|0 11048 10 17017 | 0 27128 0 35616 ] 0 21568 | 2 60121
gg 210 10692 |0 16601 | O 26216 | 0 34274 0 23582 | 2 58865
3]0 12307 | 0 17824 | 0 28403 0 36936 [ 0 24629 | 2 44226
MEAN | 0 11349 [ 0 17147 |0 27219 | 0_35609 | 0 24260 | 2 54404
1 1010322 [0 17499 | 0 2r500 | 0 35847 | 0 25525 |2 76663
gi 2 |0 11809 | 0 18930 | 0 2714 0 37931 [ 0 26127 | 2 59313
) 3]0 11038 |0 18296 | 0 27924 | 0 36806 | C 25768 | 2 67626
MEAN | 0 11056 | 0 18242 | © 27190 | 0 36861 | O 25865 | 2 67867
1010341 |0 18934 | 0 2911 | 0 37817 | 0O 27476 | 2 88143
pg 2|0 11707 |0 19758 ] 0 17 19052 7940 |2 11101
13 |o11238 18960 {0 3352 | 0 381 | O b% 8 {2 71582
tcan [0 110 5|0 19217 | 0 29873 | 0 38538 | 0 27413 |2 79642
1 {0 11221 | 0 21358 | 0 31917 | 0 42501 | O 31280 |2 95942
23 2 | 0 10601 | 0 20740 | 0 30890 } 0 0413_ | © 29535 | 2 95850
3]0 10984 |0 21765 | 0 32272 ] 0 41337 | 0 30413 | 2 94837
MEAR | 0 10935 | 0 21288 [ 0 31693 | O 41345 | 0 30409 | 2 95543
F P pl cat o
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Eftect of substitution of proiein
with carbohydraie on the growth rate
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” bergiz
F1i Specific growth rate (SGR) of M rosen
& juveniles fed with test diets to study the effect
of partial substitution of protein with carbohydrate
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Table 16 Result of analysis of variance of data to compare the

Source of

variation freedom
Rggzlgatlon 2 )
Between feeds 8
Error 16
—Total h 26

effect of partial substitution of protein

carbohydrate on specific growth rate

M rosenbergii juveniles

Degrees of

0

4

Sum of

of squares

02423
50201
15387

68011

Mean sum

with

{SGR) of

F ratio

of squares

0 01212
0 56275

0 00962

-

1 25982

58 51725 *

Craitical difference for comparison of treatment mean values—-0 23389

Comparison

Feed
P1cC1
P1C2
P1C3
P2C1
P2Cc2
P2C3
P3C1

P3C2
P3C3

(at 1% level)

of mean values of SGR with critical difference value

Mean SGR values

1

1

77214
88709
89336
10445
34337
54404
67867

76942
95543

Sidescored mean SGR values are not significantly different

* Significantly different at 1% level

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 other as well as that
of diet waith 30% protein and 30% carbohydrate (P2C3) Highest
value of SGR was recorded by Y rosenbergii Jjuveniles fed on
diet with 35% protean 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 gain and FCE of
M rosenbergii 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 1in
FCE at successively higher levels of protean and of
carbohydrate levels at each level of protein

Analysis of variance suggests that the treatments had a
profound influence on FCE of M 1rosenbergii{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 belng not
significantly different from each other

At 30% protein the lowest carbohydrate level of 20%
produced a FCE of 0 334 which 1s not significantly higher than
that observed for PI1C3 (25% protein and 30% carbohydrate) At
this level of protein (30%) higher carbohydrate levels of 25
and 30% gave FCE values of 0 35 and 0 357 respectively whach do

not differ significantly



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

R| WEIGHT | FEED FCE | MEAN | FCR | MEAN
EED{*| GAIN | INTAKE FCE FCR
r (9) (9) (a/B) (B/Rn)
(») (B)

1{1 37090|4 488130 30545(0 299223 27386
Elcz 20 919663 11270|0 29545 3 38462|3 34271

3|1 26049(4 2474000 29677 3 36964

111 20242{3 78923 |0 31733/ 031448 |3 15134
b1col2]1l 523844 82492]0 31583 3 166293 18022

3|1 40568]4 53056[0 31027 3 22304

1|1 28300|3 943520 32534/0 32110|3 07368
b1csl2[l 49358|4 69950]0 31782 3 146473 11461

3|1 55622|4 86113 [0 32014 3 12368

1|1 50919(4 40843 [0 34234[0 33435|2 92106
boc1/?]1 86425|5 701680 32697 3 05843|5 99140

3|1 46610|4 392760 33375 2 99622

1(2_04623{5 851030 34972]|0 35127|2 85942
boco 211 67912|4 69522[0 35762 2 79624|5 g4730

|1 957075 648590 34647 2 88625

1|2 45680]6 92719[0 35466/0 35658[2 81960
pocal 2|l 67277]|4 57119{0 36594 2 73271|5 go549

3|2 09349]5 99607|0 34914 2 86415

1|2 55250(7 28264[0 35049|0 36071(2 85314
p3c12]2 612227 11725(0 36703 2 72460|5 77350

3|2 20876|6 05807 |0 36460 2 74275

1|2 36938|6 54946|0 36177/0 36624[2 76421
b3col2]2 39795|6 55523 |0 36581 2 73368|, 73078

3|2 69075[7 25006[0 37113 2 69444

1{2 70304{6 62328[0 40811/0 39446[2 45031
1c3l2[2 95342|7 756770 38075 2 62637{5 537 ,

3|3 04130]7 70909]0 39451 2 53480

R* Revlication
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carbohydrate on the feed efficiecy
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Fig 8 Feed conversion efficiency of ¥ rosenbergii
Juveniles fed with test diets to study 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. rosenbergii juveniles

————.____._._____—_—————-._....._.__——————————————————____.__
-— -—— - — = ——

Degrees of Sum of Mean sum F-ratio
squares of squares

Source of
variation freedom

S isation 2z 0.00005  0.00002  0.40655
Between feeds 8 0.02107 0.00263 43.18788 *
Error 16 0.00098 0.00006
};E;{""”""”58”"”‘8?65&10 """""""""""
Critical difference for comparison of treatment mean values=0.01461
(at 1%level)

Comparison of mean FCE values with critical difference value:

Mean values of FCE

Feed
PiC1 0.29922

P1C2 0.31448 é
P1C3 0.32110 : ;
p2C1 0.33435 :
P2C2 0.35127 E
p2C3 0.35658 ! ;
p3cl 0.36071 5 '
p3C2 0.36624 E
p3C3 0.39446

not significantly different

alues are
CE Vv at 1% level

Sidescored mean F
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At t i
he highest level of protein (35%), the ob :
e/ observed

higher than that of
the diet with 3
0% protein
and 30%

carbohydrate (P2C3) At thi
. s level of protei
n (35%): it wa
s

found that , 20 and 25% c¢
. , carbohydrate levels
produced FCE val '
ues

which do not differ much.
The feed having 35% protein and 30% carbohydrate (P
e 3Cc3),

has given the highest FCE value (
. 0.394), which i
s significantl
: y

all other combinations of 3
protein and carb
rbohydrate

higher than

levels.
4.2.4 Effect of partial substitution of protei
in with

carbohydrate on protein efficiency ratio (PER)

ata on observed PE

le 19 and graphically represented-in fig
ig.

The d R values for the various diets

are presented in tab

9.
Analysis of variance of data suggests that the vari
arious

treatments had a significant influence on PER of M ros‘ b
. enbergii

(table 20).
s that, successively higher protei
: n

end of PER show

The tr
. efficiency of protein utilization for
r

levels produced lowe
vel of protein, increasing the

ﬂ at each.le

bu
cffected better utilization of protein f
or

growth,

carbohydrate levels

growth. .
the lowest PER was noted for diet with

At 25% protein;
ate (picl), which is significantly lower than that

20% carbohydl
rate levels tried. These two latter PER

of higher carbohyd
values were not significantly different.
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Table 19. Protein efficiency ratio (PER) of M. rosenbergii
study effect of

juveniles fed with test diets to
partial substitution of protein with carbohydrate
FEED | R | WEIGHT | e | Tinake | | eEm.
(g) (9) (g) (A/B) |
(a) (B)
1| 1.37090 | 4.48813 | 1.13280 | 1.21018
plcy |2 | 0.91966 3.11270 | 0.78565 | 1.17058 | 1 18551
3 | 1.26049 | 4.24740 | 1.07204 | 1.17578
1 | 1.20242 | 3.78923 | 0.94276 | 1.27542 P
pico | 2 | 1.52384 | 482492 1.20044 | 1.26940 | 1 6396 '
' 3| 1.40568 | 4.53056 1.12720 | 1.24705
1| 1.28300 | 3.94352 0.98982 | 1.29619
pics | 2| 1.49358 4 69950 | 1.17957 | 1.26620 | 1.59428
3 | 1.55622 | 4.86113 1.22014 | 1.27544
1 | 1.50919 | 4.40843 1.31151 | 1.15073
pocy |2 1.86425 | 5.70168 1.69625 | 1.09904 | 1.10388
3| 1.46610 4.39276 | 1.30685 | 1.12186 -
1| 2.04623 5.85103 | 1.76701 | 1.15802
o2 ::;:_j;jZEZELw_i;§?522 1.41796 | 1.18418 | 1 16315
3 | 1.95707 | 5.64859 1.70587 | 1.14725
2c3 :ZE:EE;EEEEEZ: 4 57119 | 1.36221 | 1.22798 | j965g
3 _Z;Qgiig— 5.99607 1.78683 | 1.17162
_—__——“j;—_z;EEZEQ_ . 28264 | 2.52271 | 1.01181
s ;:g;_z;ﬁlEEZ— S 11725 | 2.46542 | 1.05955 | 1 g4930
s rzézgélé‘ré;2§§97 2.09852 | 1.05253
1 2.63938 | 6.54946 2.28576 | 1.03658
| 1! £
p3c2 |24 2,397 6.55523 | 2.28778 1 2.048.8 1 1.04939
3 _;&;EEQZE—- 7 25006 | 2.53027 | 1.06342
— | 1| 2.70304 .. 62328 | 2.32808 | 1.16106
| -
b33 _JL__ELjEZZEQ,,Z;ZEEZZ 2.72650 | 1.08323 | 1,12221
5 | 3.04130 7 .70909 | 2.70975 | 1.12236
R* Replication
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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 Degrees of  Sum of Mean sum F-ratio

variation freedom squares of squares

Replication 2 0.00075 0.00038 _BTESBBB_—--
0.16810 0.02101 35.28183 %

Between feeds 8
0.00953 0.00060

Critical difference for comparison of treatment mean values=0.04565
(at 1% level)

f mean values of PER with critical difference value:

Comparison o
Mean values of PER

Feed

pici 1.18551
]

p1C3 1.27928 '
1

p2cl 1.12388 E
[} ]

pac3a 1.19658 :

' 30 |

P3C1 1.041 E

p3G2 1.04954 |

P33 1.12222

. t significantly diff
pER values 8&re no y different
Sidescored mean : at 1% level

— — - —— - o o—
- —-—— - — - ——— -
[ - - o e = ———— e Gus G- - — = Gum =
—————
-
- —— -
- - ———

* 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 in terms of PER
]

je.,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 (P3Cl & P3C2), in terms of PER.

The highest PER, was recorded by the diet, P3C3 kz5%
protein and 30% carbohydrate) which was 1.279; while the lowest

s by P3C1 ( 35% protein and 20% carbohydrate ).

wa

4.3 physico-chemical parameters }

ysico—chemical parameters were monitored during

The ph

the feeding experiment. It was observed that the temperature of

ter varied betwe
he dissolved oxygen values were found to be

rearing wa en 27 and 31°c while pH ranged

petween 7 and 8. T

in the rangeé of 6-7 ppm.
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V DISCUSSION

5.
1 Evaluation of quality of protein sourc
es

The
present study conducted to evaluat
ate the

nutritional qualit
y of different locall
y available sou
rces of

protei
ein, viz, clam meal, squid meal, squilla meal,sh
~ »shrimp head

m . ‘
eal and silkworm pupae 1n the formulated feed of the j
e Jjuveniles

of M. rosenbergili, pased on survival rate, growth
' w y feed

n

clam meal followed by 8
quid meal as better s '
ources of protei
n.

5.1.1 survival rate

gh gurvival rate (>90%) was observed f
or M.

rosenbergii juveniles fed with diets dif
fering in
protein

gesting that the d
do not show any variation with regard t
o their influ
ence on
e and can be inc
n the rate of survival. New (1976) nil
y W e

sources : .
, sug ifferent protein sources tested
e

survival rat orporated in the di
et without
any

deleterious effect O

he dietary stud
n nutritional studies are rare, unl
’ ess the

reviewing t ies of shrimps and prawns 1
y opined

that mortalities i

rossly deficie
als are jndividually housed. Alth h
ough,

diet is & nt in nutrients; being particularl
ularly

true when anim

s in growth T

oring in protein

ate and feed efficiency were observed

variation
s
ources were tested, the high

when diets diff
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survival rat
e observed in the present study, irrespecti
ec ve of

the s
ource of protein, suggests that the sources 1
evaluated in

enera
g 1 are not grossly deficient in their nutritional
nal quality.

Biddle (1977) has cauti
oned drawing c
onclusions

regarding the quality of diets used, on the basi
sis of short

term growth studies before i
considering the 1lik
ely existenc
e of

nutrient reserves in the bod
y of prawns, thei
eir ability t
o

preferentially conserve specific nutrient that is def
‘ eficient in
the diet and the possibility of adequate quantity of
of amino
acids being made available for absor i
ption from mi
icrobial

g in the intestine of prawn.
present case may be a factor which h
as

synthesi
, ai The short duration of the
experiment in the

puted to the absence of any significant variation i
n the

contri
1 of M. rosenbergii juveniles fed on diet
ie

rate of surviva

differing in the gource of protein.

5.1.2 Growth rate

Among the differe
d on clam meal gave th

nt feeds tested in the preseni stud
Y

the diet base e highest the growth rat
e,
y followed by sd

Thus,
ar as the quality of protein is concerned
rned.

uid meal diet; the difference '‘in respo
nse

closel
these two can be considered more o
r

being insignificant.
quivalent as f

growth rate
growth was obtained for the two crust
acean

less e
was recorded for silkworm pupae diet
et;

The lowest

while intermediate
squilla meal and shrimp head meal

g tested namelys

meal diet

diets.
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Fresh clam meat is ¢
onventionally used
for feedin
g

shrimps. Kanazawa et al(l
970) reported that
fresh short n
ecked

clam, Tapes philip
pinarum gave superio
r growth com
rared to

(1972) attributed the reas
on for superiorit
y of short neck
ed

clam as the sémilarity in amino
Forster and Beard (1973) also reported high
igher

acid profile of this with that

of P. Japonlcus.

growth rate and‘survival for Palaemon ser
. clam

was used. Ali (1982a) while evaluating the nutritional
quality

of certain protein sources for P. indicus juveniles 6'
observed

h with clam meat based diet which was on pa
r with

good growt

aged diet. But superior feed efficiency
’ was

that of squilla b

r clam meal diet. Josekutty (1981) found clam meal
as

noted fo
e of proteln for P. monodon among the vari
ous

the best sourc

tested. sherief (
giving petter result in terms of growth d
an

sources 1989) observed clam meat as pr1ncipa1

:i ., 0

survival compared to a

M. rosenberglii.
1994) gtated that fresh clam meat al
ong

Recently, Ra° (
juid could be

ilable ingredients, the fresh clam servi
rving

with mantle f incorporated along with other low
y locallYy ava
active flavou
rved 8180 as a

r source Was established beyond doubt a
8

qualit
ring agent. In the present study clam

as an attr
n attractant. But the quality

would have Se

1 as a bette
tein efficiency and feed efficiency were

meal

of clam mea

the highest PT°
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recorde
d for clam meal based diet. Narayana d
and Alexande
r

diffe
rent molluscs found the black clam, Villorit
a4 as a good

source i i
of protein and rich in free amino acid. Deshi
. Deshimaru
et

al.(1985) demonstrated that fresh clam could produ
ce superior

survival and feed efficienc
y compared to a
series of

growth,
compounded diets in P monodon juveni
. niles and stated
that fresh
g rich in essential amino acids with hi
gh

short necked clam i

e to total amino acid content
Aadh 9

ratios of methionine and arginin
h in polar lipids and sterols. Prawn
* s and

besides being ric
y mainly on trypsin and to a les
ser

gshrimps are knownh to rel
psin for protein digestion ( Lee et al.,198
.« 0;

extent, chymotry
_1993 ).

t to the pasic ami
ino acids ( Lan and Pan, 1993) Sin
. ce

Trypsin cleaves protein at the peptid
l1de

Lan and Pan,
no acids while, chymotrypsin

bonds adjacen
es at aromatic am

ds are the speci
c enzyme of prawns and shrimps, high
’ er

cleav
fic sites for action of trypsin
v 9

basic amino aci

the main proteolytl
jc amino acid in the feed provides more sit
es

content of bas
Available literature suggest
s

in action.

able for trypPs
ce of basic amino acids especiall
y

s &a riCh gour

s COUId be oné o
utilization and feed efficiency ob
served

avail

that clam 1
f the possible reasons fo
r

arginine and thi

better growth, protein

1am in the p
(1976)3
¢ fish meal,

resent gtudy. Earlier, Deshimaru and Shig
ueno

for c¢
and Colvin and Brand (1977) found th
e

(1972); Nevw

1y value © deficient in arginine - a basic

nutrit
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amino acid i i
, as inferior to that of squid meal which
ch is rich in

basgsic ami
n
o acids, as a dietary protein so
urce for P

Japonicus.
It was further demonstrated that diets
enriched with

ar i i
ginine by compounding feed with ingredients h
| | | Clam’

fe ici
ed efficiency of shrimp (Deshimaru et al.,1985). P
) . Penaflorida

(1989) opined that arginine is the most limiting
v amino acid of

and squid and shrimp m
Arginine is reported to be required b
e y

prawn diet
eal are close to argini
ine

level of prawn muscle.

eans prlmarlly due the lack of <
ich is

all crustac
ine biosynthesis from ornithine (Miyaji
ima et

necessary for argin

al.,1977).
apart from

olyunsaturated f
reported to have a
ted by sandifer and Joseph (1976).

the quality of the protein, clam meal i
8 also

rich in p atty acids (PUFA), especially rich
’ ich in

n-3 PUFA which is growth enhancing effect
ect on

pergli 8as repor

y of gquid m
y gpecies of shrimps.
ps. Kitabayashi et

M. rosen
eal as a prote
in source h
as been

guperiorit
rated 1in man

oshimaru &nd
in (1976) in P. aztecus; Fenucci
ci et

demonst
al.(1971) and D
and zein-Eld

getiferus a

Shigueno (1872) in P. Jjaponicu
S5

Fenucci
nd P. stylirostris; Cruz-Ricque d
an

al.(1980) in P
1987) in P-
ruZ"Rlcque

monodon; pokken and Lawren
ce (1985) in P

AQUACOP (
et al (1987) in P. indicus had found

vannamei and c
gource.

squid mea

h
in arginine improved growth and
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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 FP Jgaponicus stated
that the superiority of squid meal is due to the essential
amino acid composition of squid protein which is similar to
that of P _Jjaponicus Fenucci and Zein Eldin (1976) attributed
higher amount of arginine in squid protein as a possible reason
for enhanced growth rate in 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 (1 5 3, 6 and 16%) 1in the
diet of four species of shrimps In P stylirostris and P
vannamei growth rates were significantly improved even at the
lowest level of supplementation Improvement was obtained only
with 6 and 16% i1n 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 1ts
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
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According to Akiyama et al (1992) this growth factor, which 1is
believed to be small peptides increases the digestive
efficiency of shrimp Cruz Suarez et al (1987) observed that
the growth promoting effect of squid 1s not due to an amino
acid supply, but due to increase in metabolic activaity and
protein synthesis per cell, since 1t tends to induce
hypertrophy of cell and not hyperplasy Later, Cruz Rique et
al (1989) found levels of glucose and amino acids 1in the
haemolymph of P Japonicus receiving diet containing squid
decreasing faster, 1ndicating an enhancing effect of squid
protein on the metabolism of shrimp Squid meal 1s also an
attractant and its level in commeicial f{eeds ranges from 2 to
10% There 1s no nutritional limitation in squid meal, however,
1ts use 1s 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 in amino 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 1intermediary
growth rate among the five protein sources tested

Al1 (1982a) while comparing different sources of
protein, found squilla as the best protein source for P
1ndicus being slightly better than that of clam meal But feed

efficiency was found to be better for clam based diet From the
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results of the present study it can be seen that clam meal is
superior 1n terms of growth and feed efficiency 1n the
formulated feed of M rosenbergii: Better growth response of
squilla diet obtained by Ali (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 Ala (1988) who observed superiority of clam meal
over squllla i1n terms of growth and feed efficiency when whole
squllla was incorporated in the diet of P 1ndicus Squilla 1is
a locally available source of protein which 1s also 1nexpensive
and at present not properly utilized Although squilla as a
single protein source resulted i1n 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 shramp meal Squilla was categorized by Wood et al (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 shramp and squilla 1n the practical feed of
shrimp The over dependence on fish meal may cause economic
constraints 1n some geographic areas especially in developing
countries, where fish meal 18 less abundant Also in the more
developed countiies difficulties are some times encountered

due to fluctuations in fish meal supply and 1ts price when
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supply 1s short (Lovel, 1989) So, partial substitution of fish
meal with squilla meal appears to be promising when used 1in
combination

Shrimp meal has been regarded as a sultable source of
proteain 1n shraimp 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 i1n P duorarum fed with shrimp meal diet Ali (1988)
while evaluataing different proteain sources for P 1ndicus
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 Destajgo (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 nutrition~l
demands of shrimp Josekutty (1991) also observed lower grrwth
in P monodon when shrimp meal was used as protein source
compared to clam meal and slaughter housce waste

Shrimp meal 1s high i1n crude protein content and several
amino acids (Forste» 1976) It 1s a good source of fatty acids
{Sandifer and Joseph 1876) and appears promising for

compounding shraimp feed (Venkataramaigh et al 1978 Ali 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 efficlency ratio (PER) of M

rosenbergil juveniles

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

Repllggtion ) 2 ) 0 00075 G 00038 ) 0 63090
Between feeds 8 0 16810 0 02101 35 28183 *
Error 16 0 00953 0 00060

Total o 26 _0 17838 - -

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 of PER
P1C1 1 18551

P1C2 1 26396

P1C3 1 27928

pP2C1 1 12388 !
p2Cc2 1 16315

P2c3 1 19658

P3C1 1 04130

P3C2 1 04954

P3cC3 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 in terms of PER,
1e ,P2C1 & P2C2 are equivalent so also, P2C2 & P2C3, waith
respect to PER

At 35% protein, the PER values observed for diet with
first two levels of carbohydrate (20 & 25%), are not different
palirwise But diet with 30% carbohydrate 1is significantly
higher than the other two diets (P3C1 & P3C2) 1in terms of PER

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

was by P3C1 ( 35% protein and 20% carbohydrate )

4 3 Physico chemical parameters
The physico-chemical parameters were 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 1s an essential component of phospholipid and acetyl
choline, choline playing a vital role in the maintenance of
cell structure, transmission of nerve aimpulses synthesis of

methionine and transport of lipid waithin the body of shramp

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 1ts
apparent or crude protein content, depending on the proportion
of meat portion to shells in the original material, as much of
the crude protein 1s 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 chitinoclast:ic bacteria 1in the
digestive gland Many reports showing measurable levels of
chitin degrading enzymes 1inh the alimentary tract of wvarious
crustaceans (Chandramohan and Thomas, 1984 Lynn, 1990 and
Spindler Bath et al 1990) are avallable In addition, it is
commonly observed that shrimps and prawns consume exuvliae
following ecdysis These clearly suggest that crustaceans may
be able to utilize dietary chitin Vaitheswaran and Al1(1988)
reported that glucosamine and chitin have a growth promoting

effect an P 1indicus
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Among the various protein sources tried in the
present study diet based on silkworm pupae produced lowest
growth rate Al1(1988) while experimenting with P indicus
Juveniles observed poor growth rates when silkworm pupae were
used as protein source But later Unnikrishnan et al (1992)
explored the possibility of using silkworm pupae in the diet of
M rosenbergii postlarvae and reported that the growth and
survival rates equivalent to clam meal diet were obtained

The results obtained in 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 1t 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 i1n the present study, silkworm pupae
was the only one that 1s 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 ( Dall et al , 1990)
Al1 (1988) has attraibuted the high lipid content 1n silkworm
pupae, which produce an off flavour due to rancidity of lipad
making the feed not attractive or acceptable to the shrimp, as

the reason for poor growth The silkworm pupae used 1n the
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present study was solvent extracted to remove the excess laipid
So the possibility of producaing off flavour 1s not there The
highest feed conversion ratio observed for silkworm pupae based
diet 1n the present study also suggests that the palatabilaty
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 18 not 1deal for compounding feed However, it
may be possible to use 1t 1n combination with other protein
sources
5 1 3 Feed conversion efficiency

The feed conversion efficiency values obtained in the
present study using different protein sources fall into thiee
categories clam meal and squid meal diets registering best
feed efficiency s1lkworm pupae based diet producing Ilowest
feed efficiency and squilla meal and shrimp head meal diets
showing 1ntermediate 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 from 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 Colvain (1976) protein
sources that are deficient 1n 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 c¢clam based diet for P indicus
Juveniles Later, the same author observed clam meal based
diet producing the best feed conversion in P i1ndicus
(Ax1,1988) Similarly Josekutty (1991) found that clam meal
based diet had given the best feed conversion ratio among the
various sources tested i1n F monodon The most efficient
conversion of feed observed for clam meal diet in this study 1s

in agreement with these observations

Although the feed efficiency value recorded for
squilla meal diet 1s 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 1ndicated
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 i1n 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 A11(1988) obtained highest protein efficiency
ratio for P 1ndicus 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 ratioc being of good
quality and those with low values being of poor quality
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 1n the formulated feed of M

rosenbergii juveniles

The evaluation of the effect of substitution of protein
with carbohydrate wusing clam meal which was established as
the best protein source by the first experiment indicated
that 1t 1s economically advantageous thing, as reduction 1n

proteain requirement of M 1:ro0senbergii 1s possible
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65 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 rosenbergiz
Juveniles In statlistical terms, these survival rates were
found to be not significantly different among themselves Thas
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 Alil (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 Jgaponicus found no
si1gnificant variation i1in 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 1n 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 in
terms of specific growth rate suggests that there is a

corresponding increase 1n growth rate of M rosenbergiz
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Juveniles when they are fed on diets with 1increasing 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 1n the test diet The
growth studies of M rosenbergiir by Balazs et al {(1973), Balazs
and Ross (1976) Clifford and Brick (1979) D Abramo and Reed
(1988) and Freuchtenicht et al (1988) conducted 1n tanks
where natural food 1s lacking had shown that the optimum
protein level of the species 18 1n the range of 25-35% As
stated by Gomez et al (1988) 1information on carbohydrate
nutrition of prawn 1s scanty Akiyama et al (1992) opined that
carbohydrate utilization and metabolism by shraimp feeds to be

further studied

Bautista (1986) reported that carbohydrate above 20%
depressed the growth rate of P monodon and suggested that
energy requlrement 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 carbohydrate in 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 aincreasing the corn starch level from 20 to 30%

Similarly Andrews et al (1972) obtalned increased growth rate
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in P aztecus when 30% starch was included 1n the diet Ali
(1982b) observed best growth response while using 40% starch in

a caselin based diet i1n P 1indicus

These variations 1n 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
drsaccharides 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 1ncluded 1in 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 rosenbergii 1s 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 rosenbergiz

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 1including sufficient
carbohydrate in 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 1ncreasing the level
of dietary carbohydrate produced only a non significant
increase 1n specific growth rate But at this level of
protein, with 304 carbohydrate (P1C3) the growth rate recorded
did not differ significantly from that of 30% protein and 20%
carbohydrate (P2Cl) 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% carbohtdrate A similar observation was
made by Shiau and Pang (1991) on P monodon wherein they found
that the dietary, protein level could be lowered from 40 to 30%
oy increasing the corn starch 1level 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 i1n the present study 25 and 304 carbohydrate levels

recorded significantly higher growth than at 20% level



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 wrll be sufficient 1f 30% carbohydrate 1s
included 1n the diet At the same time 1f a higher level of
30% carbohydrate could be provided as 1ncrease in proteln
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 1s dependent on the
level of protein In practical terms this means that, the
optimum level of carbohydrate varies at different levels of
protein For 1nstance at 25% protein 20¥ carbohydrate 1is
sufficient and increasing the level of carbohydrate beyond this
level at this level of protein does not produce any significant
increase 1n growth rate In statistical terms, all
carbohydrate levels tried (20, 25 and 30%) at 25% protein are
equivalent so far as growth 1s concerned But at 30% proteain,
the growth rate 1s found to be higher with diets having 25 or
30% carbohydrate, the latter two are found to be significantly
drfferent from each other suggesting that at 30% protein a

higher level of 25% carbohydrate 1s required But at 35%
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protein only at a still higher level of 30% carbohydrate there
18 a positive influence on growth in M rosenbergii Thus it
could be seen that at higher protein levels the carbohydrate
requirement tends to be higher Increased carbohydrate
requirement at higher protein level points to the higher eneigy
requirement at higher level of pirotein In practical terms

this means to utilize higher protein level effectively for
growth rather than for energy purpose higher non protein
energy 1n the form of carbohydrate 1s 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
explanation that when non piotein energy sources are
limiting protein 1s catabolized for energy purpose seems to
be true 1in the case of M rosenbergii also as in the present
study by increasing the carbohydrate level to 30% the hagher
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% proteain, an

equal amount of carbohydrate 1s required for efficient feed
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conversion At this level of protein an increase of
carbohydrate from 20 to 25% 1s found to produce more efficient
feed conversion, although for better growth rate 20%
carbohydrate is found to be sufficient since the 1increase 1in
growth rate produced at 25% level carbohydrate 1s found to be
statistically not significantly higher than that of 20%
carbohydrate level This suggests that more feed 1s 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, 1t may be desirable to provide 25% carbohydrate at
25% protein level from an economic point of view since
carbohydrate 1s a cheap ingredient among the various components
of feed But 1ncreasing the level of carbohydrate to 30% at
25% protein was not found to yield saignificantly 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 rosenbergiir 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 1s 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 30Y Similarly, the
protein level of M rosenberg:iri could be reduced from 35 to 30%
by increasing the level of carbohydrate from 20 to 30Y Dietary
protein 1s generally one of the most expensive components of
compounded diets So 1f 1ncreasing 1ncrements of dietary
protein level do not result 1n concomitant i1ncrease 1in
production the economic success of aquafarming waill be
affected {(Zertoum et al 1976) The feed with high dietary
protein 1n the presence of low levels non protein energy may
force the crustaceans to deaminate sufficient proportions of
protelin Supplementation of dietary carbohydrate has been
reported to improve feed conversion efficiency of P indicus
(Al11,1982b) This was also evident i1n the present study as at
each level of protein, increasing the carbohydrate level fron
20 to 30% produced an apparent 1increase 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 1i1nadegquacies 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 shraimps s
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 soulrce Sedgwick (1979) found

that optaimal utilization of protein by P mergulensis 1s
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closely related to energetic value of diet and that
carbohydrate and lipid could also 1ncrease growth efficiency at
sub optimal levels of protein Bautista (1986) noticed higher
protein sparing action of carbohydrate over lipid 1in the case
of P monodon Carbohydrates are the cheap and most economical
source of dietary energy (Al11,1982b and Davis and Arnold,1993)
They appear to be well utilized by shrimp and feeds containing
relatively high levels of carbohydiates appear to have
acceptable palatability and support good growth (Pascual et
al 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 1n dietary protein concentration Millikin et
at (198 )} and Boonyaratpalin and New (1982) observed an inverse
relationship between protein level and protein efficiency
ratio Simrlarly Colvin (1976) found a decline 1in proteain
efficiency ratio with successive 1ncrease 1n protein level
while experimenting with P 1indicus Alx (1988) also observed
higher efficiency of protein utilization at lower dietary
protein i1n P 1indicus In another study Alxi (1982b) obtained
the highest protein efficiency ratio at intermediate 1level of
protein tested (20 5%) 1n the same species But Alava and Lim
(1983) observed an 1increase 1in protein efficiency ratio for P

monodon with i1ncrease 1n dietary protein level up to 407
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In the present study decreasing the protein level
from 35 to 25% produced an 1ncrease 1n protein utilization
Highest protein efficiency ratio was noted when lowest level of
protein (25Y) was used along with 30% carbohydrate which was
the highest level of carbohydrate tried 1n this experiment
Clifford and Brick{(1979) studied the metabolic response of M
rosenbergii to various levels of dietary protein and corcluded
that higher carbohydrate levels resulted in better utilization
of protein for growth Similarly, Gomez et al (1988)
suggested that dietary protein 1s spared by supplementation of
starch 1n the diet of M rosenbergia In P monodon protein
utilization was found to be 1ncreased as the available energy
level 1n the diet increased (Bautista, 1986) Hagra et
al (1988) reported an increase 1in protein efficiency ratio and
growth 1in P monodon concomitant with an 1ncrease 1n
carbohydrate and attributed 1t 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 1s assimilated by
prawn 1is most likely affected by the relative proportion of
lipid and carbohydrate in the diet as well as the composition
of the source of protein used (Hanson and Goodwin 1977)

Insufficient non protein energy 1n the diet can lead to
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catabolism of dietary protein for energy 1n 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 1n 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 rosenbergii (New and Singholka 1985 Sandifer and Smith
1985) 1In the present experiment the pH of the water used for
the rearing of prawn was found to be slightly alkaline (7 5 +
0 5) throughout the expe:rimental period New and Singholka
(1985) and Sandifer and Smith (1985) have suggested a pH range
of 7 8 5 as optimum for rearing of M ©rosenbergir: 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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VI SUMMARY

1 The present study was aimed to evaluate the
nutritional quality of certain i1nexpensive and locally
available sources of protein viz, clam meat squid waste
squilla shrimp head waste and silkworm pupae 1n the formulated
feed of M rosenbergii

2 Five test diets differing 1in source of protein were
formulated with clam meal squad meal, squilla meal, shrimp
head meal and silkworm pupae as main protein sources along with
groundnut o1l cake wheat bran tapioca flour sardine and
malze o01ls and Supplevaite 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 rosenbergii was not found
influenced substantially by the different protein sources
tried, showing that they are not grossly deficient in
nutrients and suggesting that these sources could be used for
compounding feeds without any deleterious effect on survival
rate of M rosenbergii

5 The protein sources tested had a profound ainfluence
on growth rate of M rosenbergii Clam meal and squid meal had
given best growth squilla and shraimp head meals intermediate

growth and silkworm pupae the lowest growth among the various
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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
diets recorded lower feed efficiency while, lowest feed
efficiency among wvarious sources of protein was shown by the
silkworm pupae diet

7 Although the feed efficiency recorded by squilla
meal diet 1s 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 1s
lower 1n 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 1t may be possible to use them in

combination with other sources in the formulated feed of prawn
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10 Shrimp head meal 1s found helping to aimprove
pigmentation of prawn as it 1s-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 survaval rate of M rosenbergii

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 304
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 1n the diet Growth
response and feed efficiency suggest that at 25% protein 20 25%
carbohydrate 1is required while at 30% protein 25%
carbohydrate 1s the optimum At 35% level of protein 30%
carbohydrate 1s found to be required

14 Increasing the carbohydrate level at sub optimum
level of protein was found to help 1n improving the feed
conversion efficiency and protein efficiency ratio, suggesting
that protein could be spared for growth rather than for using
1n the maintenance, provided an adequate level of carbohydrate

1s 1ncluded in the feed
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VIIIABSTRACT

The nutraitional qualaity of five locally available
sources of protein such as clam meat squid waste, squilla,
shrimp head waste and silhworm pupae was evaluated in the feed
for the giant freshwater prawn Macrobrachium :0senbergii with
a view to develop a feed which 1s coc. effective The feeds
were prepared using these locilly avallable ingredients along
with groundnut o1l cake wheat bran tapioca flour Supplevite
(a commercially available vitamin mineral mixture) and sardine
01l and maize o1l mixture

The protein sources tested were not found to be grossly
deficient i1n their nutritional quality as good survival rates
of over 90% were obtained when they were used as the main
protein sources 1n the feed of Juvenile prawn Highest growth
rate was obtained for clam and sgquid based diets 1intermediate
growth response with squilla and shraimp head based diets and
the lowest growth among the various sources was given by
si1lkworm pupae diet

Feed conversion efficiency was higher for clam and squad
based diets while 1ntermediate 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 3% 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 Thais
suggest that a 5% reduction of costly protein could be achieved
by 1including 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





