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1. INTRODUCTION

The giant freshwater prawn, Macrobrachium rosenbergii has proved to be an excel-
lent organism for warm water aquaculture and interest in its cultivation has become wide-
spread. The favourable attributes for the farming of the giant prawn, are its successful
reproduction in captivity, established technique for larval rearing, faster growth rate, high
tolerance to wide range of temperature and salinity, omnivorous feeding habit, compatibil-
ity in polyculture, absence of major disease problems, wide consumer acceptability, and
high market value. During the last four to five years, M. rosenbergii culture has gained
immense popularity in Indian aquaculture scenario due to the setback in the marine shrimp

farming ever since the outbreak of viral disease.

Adequate nutrition is a prerequisite for the survival, normal development and pro-
liferation of any animal species. In the natural environment, M. rosenbergii, is able to
satisfy its nutritional requirements from a variety of sources which include aquatic worms,
insects, small molluscs, crustaceans, plankton and organic detritus (Ling, 1969). However,
under restricted controlled conditions of intensive and semiintensive culture systems, it is
necessary to provide the prawn with appropriate levels of nutritionally balanced feeds and
hence the success or failure of farming operations largely depend on the availability of a

nutritionally balanced and palatable diet in adequate levels.

Effective formulation of a balanced diet for a particular species requires a detailed
understanding of the nutritional requirements of the species. In intensive culture systems
feed represents the largest input and feed cost often accounts for 50-60% of the operational

cost (De Silva and Davy, 1990; Akiyama et al., 1992; Sarac ez al., 1993) and may rise to as



high as 75% (Shang, 1981). Hence, the suitability and cost effectiveness of the ration are of
paramount importance in making the farming operation a commercial success. Recent trends
of intensification in the culture practices of M. rosenbergii necessitate the use of effica-

cious supplementary feeds which give maximum growth in limited time.

Since protein is the most expensive component of the diet, emphasis has been given to
evaluate the protein reqtiirement of cultured species both in quantitative and qualitative terms.
Most of the feeds that are being currently used in intensive prawn culture, contains a single
animal protein source and a single plant protein source. The single protein source may not
contain all the essential amiino acids in adequate levels required by the species (New, 1976;
Gopal, 1986). A mixture of two or more protein sources have been reported to show better
growth rate in cultured species than single protein source (Conklin et al., 1977, Pascual, 1988;
Sadhana and Neelakantan, 1997). Therefore if more than one protein source is included in the

diet, the problem of inadequate levels of essential amino acids could be overcome.

With the expansion of crustacean aquaculture increased attention is being given to
feeds as well as ingredients that are used to formulate the feeds, and several diets have been
formulated for prawns in recent years both under laboratory as well as culture conditions.
Though under culture conditions botl; freshwater and marine prawns accept a wide variety
of food items, the flesh of molluscs and crustaceans have been found to be the most accept-
able, producing the best growth (Deshimaru and Shigueno, 1972; Forster and Beard, 1973;
Nair and Thampy, 1987; Rao, 1994). Crab meal and shrimp meal have been reported to be
good protein sources (Gopal, 1986; Villarreal er al., 1991; Das er al., 1995) for use in

prawn feeds, since their amino acid profile are close to the recipient prawns.
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In the present study an attempt has been made to find out the effect of combined
animal protein sources in the growth and survival of M. rosenbergii juveniles. Clam meat,
crab meat and shrimp meat in various combinations have been tried to find out which for-
mulation gives the highest growth rate, for freshwater prawn. A comparison has also been

'made between the diets based on combined animal protein sources over the diets with

single animal protein sources for M. rosenbergii juveniles.



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

2.1, Nutritional requirements of freshwater prawns
With the advent of prawn culture, several attempts have been made to formulate and
evaluate diets for prawns to meet their nutritional requirements. In terms of nutritional
research, the most widely studied species among palaemonid prawns is Macrobrachium
rosenbergii since it has been identified as a candidate species for commercial aquaculture
as early as 1960. Feeding studies carried out on M. rosenbergii are mostly concentrated on
larval and juvenile stages (Fujimura, 1966; Ling, 1969; Wickins, 1972; Sick and Beaty,

1975; Fair and Fortner, 1981; D' Abramo and Reed, 1988; Raje and Joshi, 1992).

2.1.1. Protein

As a dietary constituent of major importance, protein is the most important limiting
factor for growth. The dietary level, source and amino acid composition of proteins have
received maximum attention in prawn nutrition, since the cost of the diet formulated is
directly dependent upon the protein source and contents. The protein requirements of vari-
ous prawn species have been investigated, using purified, conventional and unconventional
sources of protein. Most protein requirement values for crustaceans are based on levels of
protein that result in maximum growth with little or no index of protein utilization (Wilson,
1989). Growth rate in terms of weight is one of the most common criteria by which the diets

and their protein levels are evaluated in prawns.

Since the early work of Subrahmanyam and Oppenheimer (1969), Kanazawa ef al.
(1970) and Deshimaru and Shigueno (1972), numerous studies have been conducted on

growth rates and feeding efficiency of various crustaceans fed with different levels of
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dietary protein. Atone extreme, there are studies that indicate increased growth rates and
feed efficiencies with increased protein levels, as high as 50%, while on the other extreme
there are studies suggesting optimal dietary protein levels in the range of 20-30%. In the
latter category several reports show no additional growth response with higher levels of
protein and in some instances indicate decreased growth rate/efficiencies when protein
level exceeds 40% of the diet. Among the different studies, most of the workers reported a
protein level of 30-35% for the optimum growth and survival of M. rosenbergii juveniles.
Table 1 shows the wide range of optimum dietary protein levels suggested by different

workers with different sources of protein.

in general, the protein requirement of freshwater prawns (Macrobrachium spp.) is
relatively low (Pandian, 1989). Balazs et al. (1974) prepared a series of diets for AL
rosenbergii with protein levels 15, 25 and 35% from different dietary protein sources. He
observed higher weight gain with increasing dietary protein level, with the exception of
soy-tuna-shrimp diet, where weight gain decreased with an increased protein level. The
results showed that prawns of different ages require varying protein levels from different
sources in their diets. Balazs and Ross (1976) reported that a protein level in excess of

35% may be required for maximum growth in M. rosenbergii.

Millikin ef al. (1980) used four different protein concentrations (23, 32, 40 and 49%)
and found 40% protein level for maximum growth in M. rosenbergii. Boonyaratpalin and
New (1980) evaluated the effect of three diets having 15,25 and 35% protein on M. rosenbergii
reared in outdoor concrete ponds and suggested 15% as the desirable protein level, since

there was not much variation in the performance of these three diets. Further studies in



Tablel. Summary of quantitative dietary protein requirements of freshwater prawns

evaluated in feeding experiments with reference to protein source.

Species Opfimum | Protein source Reference
protein
level (%)
Macrobrachium nobilli 3 casein Murugadas & Pandian
(1987).
M. rosenbergii 35 fish meal, soybean meal, Balazsetal. (1973).
shrimp meal
M. rosenbergii 3 soybean meal, tuna meal Balazs and Ross (1976).
M. rosenbergii ¥ menhaden meal, soybean meal | Clifford & Brick (1979).
M. rosenbergii 40 | menhadenmeal, soyprotein | Millikin ezal (1980).
M. rosenbergii 15 shrimp meal, fish meal, | Boonyaratpalin & New
peanut meal, soy meal (1982).
M. rosenbergii. 4 fish meal, shrimp meal Antiporda (1986).
M. rosenbergii Al fish meal, fishsolubles, blood- | Perry & Tarver (1987).
meal, cotfon seed meal
M. rosenbergii 1325 | casein Gomezet al. (1988).
M. rosenbergii 33-35° | crab protein D' Abramo & Reed
(1988).
M. rosenbergii 30 crab protein Freuchtenichter al.
(1988).
M. rosenbergii 30 |casein Sahadevan (1992).




asbestos asphalt or earthen bottom ponds by Bartlett and Enkerlin (1983) and in aquaria by
Antiporda (1986) indicated favourable results at dietary crude protein levels as low as 14%.
Gomez et al. (1988) reported lower protein requirements of 13-25% for M. rosenbergii
juveniles by using casein based test diet. According to New (1990) the lower protein re-
quirements shown by most of the experiments carried out in outdoor systems indicate the
importance of natural food in prawn rearing. However, Murugadas and Pandian (1987) ob-
tained an optimum protein level of 35% for Macrobrachium nobilli by using casein based
diets. Studies using purified crab protein by D' Abramo and Reed (1988) and Fruechtenicht
et al. (1988) indicated optimum protein levels of 33-35% and 30% respectively in M.

rosenbergii.

Bingru et al. (1990) reported that optimum protein level for Macrobrac}zium
nipponensis to be 36.8-42.27%. Without manure-induced natural feed, Law et al. (1992)
found that a 40% protein diet supported optimal growth, compared to 25, 30 and 50%.
Sahadevan (1992) reported an optimum protein requirement of 30% .for juvenile AL
rosenbergii, by using casein based diet. Pezzato et al. (1995) evaluated the influence of
three protein levels (30, 40 and 50%) in the diet of post-larval M. rosenbergii. Higher
-protein levels in the diet were needed by post-larvae in the first ten weeks and after 20

weeks higher weight gain was obtained with a diet containing 41.38% crude protein.

The wide variations in the protein requirement is attributed to various factors such as
the protein source and its amino acid composition which inturn influences protein digest-
ibility and absorption by the prawns (Hepher, 1988), composition of other dietary nutrients

such as fat and carbohydrate ratio (Teshima and Kanazawa, 1984), and the amount of
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dietary organic salts (New, 1976). It may also vary with the changes in environmental
factors, biotic factors and variation in the experimental procedures followed, including

unstandardized way of expressing the proximate composition of test diets (New, 1976).

2.1.2, Amino acids

The essential amino acids for shrimps and prawns are qualitatively similar to those
of other animals (New, 1976). Using radio isotopic analysis, Cowey and Forster (1971)
and Shewbart er al. (1972) showed that arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, tyrosine and valine are essential for
Palaemon serratus and Penaeus aztecus respectively. Similar results were obtained for
Macrobrachium ohione by Miyajima et al. (1976) except for tryptophan. Watanabe (1975)
and Watanabe ef al. (1976) have shown that tyrosine is essential for M. rosenbergii in

addition to histidine, methionine, leucine, isoleucine, valine, tryptophan and phenylalanine.

Miyajima et al. (1976) explained that all crustaceans feqlljre arginine primarily due
to the lack of urea cycle in crustaceans. A conspicuous variation in M. rosenbergii is that
in contrast to other crustacéans studied so far, lysine seems to be non-essential for AL
rosenbergii (Watanabe, 1975). Similar observations by Stahl and Ahearn (1978) have
shown that lysine is not essential for growth and survival of M. rosenbergii. These authors
also investigated the essentiality of arginine, histidin.e and tryptophan, and reported that
these three an{ino acids are found to be non-essential for M. rosenbergii, but cautioned that
gut and/or tank bacteria may have supported the prawn with the above amino acids in suffi-

cient amounts for growth.

Dall and Smith (1987) reported that dietary sources of amino acids regarded as

8



non-essential may be required if they have high rate of metabolic turnover. Alanine is
thought to have an osmoregulatory function, while taurine is involved in cardiac and neural
processes in M. rosenbergii (Smith et al., 1987). Tidwell et al. (1993) have shown that,
replacement of fish meal with soybean meal and distillers by-products in diets for M.
rosenbergii caused significant increase in concentration of glutamine, proline, alanine,
leucine and phenylalanine. Concentration of aspartic acid, glycine, lysine and arginine

showed significant decrease with fish meal replacement.

Sparing action of amino acids has also been reported in prawns. For instance,
methionine could be spared by cystine, and phenylalanine converts into tyrosine (Paulraj,

1993). Hence adequate levels of these amino acids must be ensured in the feed of prawns.

Studies on the quantitative requirements for amino acids in prawn feeds are scarce,
because of the incapability of juvenile and adult prawn to utilize crystalline amino acids in
the diets. However, few workers have studied the effects of amino acid supplementation.
Farmanfarmaian and Lauterio (1979, 1980) supplemented the diet of M. rosenbergii with
1% arginine, lysine, phenylalanine, histidine, leucine, isoleucine, methionine or threonine
individually. Arginine, phenylalanine, leucine, and isoleucine stimulated the growth con-

version index, while other amino acids tested had no significant effect on growth.

2.1.3. Lipids

Lipids are important in the diet of prawns, next to proteins. Besides acting as an
energy source, it has been found that dietary lipids have the highest protein sparing action.
Unlike fishes, crustaceans cannot tolerate high levels of dietary lipid (Andrews et al., 1972;
Forster and Beard, 1973; Deshimaru et al., 1979; Davis and Robinson, 1986; Sheen and

D'Abramo, 1991).



In comparison to penaeid shrimps, M. rosenbergii requires comparatively low lipid
levels in diets. Joseph and Williams (1975) and Sandifer and Joseph (1976) reported best
growth in post-larvae of M. rosenbergii fed on diets with 3% shrimp head oil. Hilton et al,
(1984) indicated Phat the total lipid content in the diet should not exceed 10% for M.
rosenbergii. Using 2:1 cod liver oil/corn oil mixture, Sheen and D' Abramo (1989) found
that 6% inclusion rate was optimal, while 0, 10 and 12% levels depressed growth in M.
rosenbergii. They also observed significant reduction in weight of M. rosenbergii juve-
niles when 10-12% of the same lipid sources were used. In commercial prawn feeds, a
lipid level of 6-9% has been reported in Thailand (ASEAN/UNDP/FAQ, 1988), 5-8% in

French Guiana (IFREMER, 1989) and 2-4% in Taiwan (Hsieh et al., 1989).

It is the profile of the essential fatty acids, phospholipids and sterols in the lipids that

are more important than percentage of total lipids.

Crustaceans are known to synthesize certain groups of fatty acids de novo in their
body, viz., palmetic (16:0), palmetioleic (16:1), steric (18:0) and oleic (18:1w1) acids
(Kanazawa et al., 1979 d). However the ability for the synthesis of long chain fatty acids
with double bonds is absent or very limited in crustaceans (D 'Abramo and Sheen, 1993;
Kanazawa and Koshio, 1993). Post-larvae of M. rosenbergii are able to convert 18:2n-6 to
20:2n-6 and desaturate 20:2n-6 to 20:3n-6 (Reigh and Stickney, 1989). There is no evi-
dence that prawns can synthesize 18:2n-6 or 18:3n-3, but the prawns apparently seem to
have the ability to elongate or desaturate both. Polyunsaturated fatty acids (PUFA) oflinolenic
(n-3) and linoleic (n-6) families (18:2n-6, 18:3n-3, 20:5n-3, 22:6n-3) have been recog-

nized as most indispensable nutrients for the growth of crustaceans (D' Abramo and Sheen,
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1993). Growth of crustaceans has been improved through dietary additions of 18:3n-3 or
18:2n-6 and the levels of measured response of dietary 18:3n-3 generally exceed that to
18:2n-6 (Kanazawa et al., 1977 a; Read, 1981). In contrast to these observations according
to Reigh and Stickney (1989), M. rosenbergii appears to prefer dietary 18:2n-6 over 18:3n-

3 in satisfying a C18 PUFA requirement.

Highly unsaturated fatty acids (HUFA) such as 20:5n-3 (eicosapentanoic acid, EPA)
or 22:6n-3 (decosahexanoic acid, DHA) have higher nutritive value than 18:2n-6 or 18:3n-
3 PUFA for M. rosenbergii. D 'Abramo and Sheen (1993) found that the mean weight gain
of the juvenile M. rosenbergii was 30-50% higher when fed on diet containing EPA and
DHA over the control group fed with 18:3n-3 or 18:2n-6. The suggested requirement level

of these fatty acids in the fresh water prawns ranges between 0.075 and 0.6%.

Dietary phospholipids (PL) play a critical role in crustacean nutrition. M. rosenbergii
requires only very little quantity of PL in the diet, probably less than 0.1%. Though Hilton
et al. (1984) noticed no additional benefits by the supplementation of soylecithin in the
diet, a trend towards enhancement of growth rate was observed by Briggs et al. (1988)
when the lecithin content was increased from 0 to 5%. Koshio er al. (1992) found that
" inclusion of 0 to 2% of soyabean lecithin in diets showed no significant effect in prawns of
800 mg size, but growth enhancement was noticed in early post-larvae of 50 mg size. The
results of the above study indicate that in M. rosenbergii phospholipids are essential only
during the early phase of growth. Mahesh (1996) also found that supplementation of
lecithin at a level of 2.5% in the diet accelerated growth and improved FCR during the

early post-larval phase of the same species.
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Among the sterols, cholesterol is the most important from nutritional point of view.
De novo synthesis of sterols has been found to be absent in crustaceans. Teshima er al.
(1997) reported that, in contrast to other crustaceans, M. rosenbergii juveniles were capa-
ble of de novo cholesterol synthesis but required a dietary source of about 0.1% choles-
terol for maximum growth. As in marine crustaceans, no advantage has been demonstrated
in M. rosenbergii by supplementing a semi-purified diet containing 0.12% cholesterol with
0.5 or 1% cholesterol (Briggs ez al., 1988). Sheen and D' Abramo (1991) indicated that no
specific dietary lipid level was required for M. rosenbergii. Rather, the optimal amount of
dietary lipid depends upon the amount and quality of dietary protein and dietary energy.
Sherief ef al. (1992) were unable to demonstrate any requirement for cholesterol in M.
rosenbergii post-larvae above the endogenous 0.12% level present in the control diet con-
tributed by cod liver oil. However, D' Abramo and Daniels (1994) found that by depriving
M. rosenbergii of all sterols caused death within 48 days and cholesterol requirement was

estimated as 0.3 to 0.6% dry weight of the diet.

2.1.4. Carbohydrates

Besides being an important source of energy component in the diet, carbohydrates play
a significant role in glycogen storage, chitin synthesis and the formulation of steroids and fatty
acids in prawns. Shrimps and prawns appear to have the ability to utilize complex carbohy-

drates better than simple ones like glucose (New, 1976).

Prawns have cellulase (Noborikawa, 1978) and chitinases, and carbohydrate can be
used to spare protein. Gomez-Diaz and Nakagawa (1990) who examined the effect of vari-

ous carbohydrate sources in purified diet, found that glucose gave the lowest weight gain in
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juvenile M. rosenbergii, while the highest weight gain was achieved with diets containing
alpha potato-starch or soluble starch. Briggs (1991) used a range of carbohydrate sources
at 40% inclusion level in isonitrogenous and isolipidic semipurified diets for post-larvae
of M. rosenbergii, and obtained best growth rate with wheat flour, followed by pure
polysaccharide dextrin, alpha starch and disaccharide sucrose. Alpha cellulose, glucose
and chitin were less effective and thus confirm that complex carbohydrates are utilized
more effectively than simpler di- or monosaccharides. The main substrate used by M.
rosenbergii post-larvae and juveniles to meet metabolic requirements was found to be

carbohydrates (Diaz-Herrera et al., 1992).

Anilkumar (1994) found that the protein level for M. rosenbergii juveniles could be
lowered from 35 to 30% by increasing the carbohydrate level from 20 to 30% without
affecting the growth, survival and feed efficiency. This suggests that a 5% reduction of
protein can be achieved by enhancement of 10% carbohydrate, thus reducing the cost of the

feeds without sacrificing the nutritional quality of the formulated feed.

2.1.5.Fibre

Little is known about the nutritional significance of fibre in the diet of crustaceans. In
general, fibre refers to mixtures of cellulose, hemicellulose, lignin, pentosans and other
undigestible fraction in the feed. It has been a common practice among crustacean nutri-
tionists to include cellulose (primarily as a dietary filler) in experimental rations at levels
ranging from O to as high as 75% of the total dry matter (New, 1990). Excess dry matter
could also exert a negative influence on overall ingestion rates. Fair ef al. (1980) found that

dietary fibre levels of up to 30% does not produce any detrimental effect in M. rosenbergii
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juveniles and levels of 5% and 20% in fact stimulated growth. In contrast to above find-
ings, Gomez er al. (1988) reported poor growth and depressed locomotive activity in
Macrobrachium fed on diet containing 20% cellulose. Zimmerman ef al. (1992) incorpo-
rated four inexpensive forages (the legume Clitoria ternalea and the grasses Bacharia
purpurescens, B.arrecta and B.humidicola) as fibre sources, which constituted 75% of the
fibre content (6%) of the diets and found that the diet containing B. purpurescens gave

highest average individual weight and biomass in M. rosenbergii.

2.1.6. Vitamins

Vitamins are essential for normal growth, maintenance and reproduction of animals.
Under high stocking densities of semiintensive and intensive culture systems where natural
food is limited for sustaining the stocked species, vitamin supplementation in the diet seems
essential. However, specific quantitative vitamin requirements are yet to be determined for

most of the cultivable species.

The composition and levels of several vitamin premixes used in studies with Penaeid
and Macrobrachium species were reviewed by New (1976). New (1980) reported that B
group, C and E vitamins are required in crustacean diets. Vitamin D may be partly ingested
in the diet but also can be synthesized. Vitamin K may be antagonistic to some species of
crustaceans (New, 1980). The requirement of vitamin A in shrimp and prawn diets is
suggested by the importance of its precursor substances, the carotenoids, to pigmentation
(Castell, 1982). Dietary needs for vitamin C have been demonstrated in M. rosenbergii by
many workers. Heinen (1988) reported vitamin C deficiency symptoms in M. rosenbergii,

the most important being, the failure tomouit. Dietary fat soluble vitamins or trace minerals
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seem to be less important than water soluble vitamins, but this ‘obscrvation may be masked
by leaching of the latter from pelleted diets. Omission of pyridoxine caused significant
reduction in growth rate but deletion of riboflavin significantly increased growth rate. Vi-
tamin C 1s required for hydroxylation of proline and lysine in the formulation of collagen.
Vitamin C deficiency in crustaceans leads to the inhibition of alkaline phosphate activity,
resulting in poor chitin synthesis (Paulraj, 1993), poor growth, reduced moulting frequency,
high incidence of post moult-death, poor feed conversion, impaired collagen synthesis and
wound healing, blackening of gills and in extreme cases black death disease which causes

high mortality rate (Paulraj, 1993, He and Lawrence, 1993).

An important factor to be considered in the vitamin C requirement is its source and
stability during processing and subsequent storage. Presently most of the commercial prawn
feed manufacturers are using L-ascorbyl-2-polyphosphate, a derivative of vitamin C, which
is relatively resistant to oxidation. It has manufacturing losses of only upto 20% with an
additional loss of upto 30% after 180 days of feed storage in various types of feeds (Grant
et al., 1989). Water stable forms of ascorbic acid, the calcium salt of ascorbyl-2-
monophosphate and ascorbyl-6-palmitate when used in feeds for M. rosenbergii juveniles
showed an increased survival, as the level of vitamin C activity was increased from 0-100
mg/kg of diet (D' Abramo et al., 1994). Mortality was observed in vitamhn C deficient
diets (50 mg/kg) with in 21 days. Gijo (1996) reported a maximum weight gain in
M. rosenbergii juveniles when fed on diet containing 150 mg of vitamin C in the form of

CVC-F90 (Hydrogenated vegetable oil form of vitamin C) per kg dry diet.
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2.1.7. Minerals
There are only very few studies in cultured crustaceans regarding mineral nutrition.
The experimental data on penaeid shrimps indicate that the ratio of phosphorus to calcium

in the diet may be significant (Deshimaru and Shigueno, 1972; Huner and Colvin, 1977).

The dietary requirements of minerals in crustaceans is largely dependent upon the
mineral concentration of water in which they are reared since shrimps and prawns can
absorb or excrete minerals directly from or to aquatic environment through the gills and
body surface. Vasaquez et al. (1989) found that the optimal growth of M. rosenbergii at
water hardness less than 53 mg/litre of CaCO,. Growth rate did not change significantly at

lower hardness but declined at higher levels.

Little was known about the dietary mineral requirements of prawns upto 1989.
Zimmermann ef al. (1994) demonstrated the important relationship between dietary cal-
cium level and water hardness. Among the two dietary calcium levels (1.8 and 3.0%) both
indiets with a 1.5:1 calcium : phosphorus ratio and three levels of calcium in water (23, 51
and 74 mg/ litre CaCQ,), the highest survival, average weight and biomass was obtained
with 3% dietary calcium and 51 mg/ litre CaCO, in water. The 1.8% calcium diet per-
formed better at the highest alkalinity level. High dietary calcium combined with high alka-
linity was found to be detrimental. Rath and Dube (1994) studied the effect of the trace
metal zinc in promoting growth and survival of M. rosenbergii and found that among the
seven diets containing different levels of zinc (50, 70, 90, 110, 130, 150 and 0 mg/kg of

diet), best growth, survival, FCR,SGR and condition factor were obtained with diet con-

taining 90 mg zinc per Kg diet. Saju (1996) reported that phosphorus level in the diet and
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Ca: P ratio significantly influenced FCR, PER, whole body calcium and phosphorus con-

tent of M. rosenbergii and suggested an optimum level of 1.8% dietary phosphorus and 1:

1.68 ratio of Ca : P for M. rosenbergii juveniles.

2.2, Protein sources
Growth rates of prawns are closely related to the quality of the diet, mainly protein
source. Several workers have attempted to define optimum protein requirements using test
diets containing purified sources of protein such as vitamin-free casein. However, it has
been reported that casein is a poor protein sou;ce for crustaceans due to its qualitative
inadequacy (Sick and Andrews, 1973; Lim et al., 1979; Bowser and Rosenmark, 1981;
Boghen and Castell, 1981; Deshimaru, 1982).

In recent years, efforts have been made to find out efficient protein sources to replace
casein in crustacean diets (Boghen er al., 1982; Castell ef al., 1989; Reed and D' Abramo,
1989; Sheen and D' Abramo, 1991). Among the various commercially available proteins
and proteins extracted from locally available marine organisms tested, crab protein has
been identified as an efficient replacement protein for casein in the reference diet. Opti-
mum growth has been obtained in many crustacean species including marine shrimp (Koshio
et al., 1993), freshwater prawn, M. rosenbergii (Reed and D' Abramo, 1989), cray fish
(Morrissy, 1989), and crab (Bordner, 1989) fed on crab protein based diet.

A variety of proteins from plant and animal sources and the substitution effect of one

source with another in different species of shrimps and prawns, have been evaluated by

several investigators with varying degree of success.

2.2.1. Plant protein sources

Prawn feeds based exclusively on plant protein sources have often produced poor

17



results, since many of the essential amino acids like methionine, cystine, lysine and tryptophan
are lacking in different sources of plant protein (Fetuga et al., 1973; Felker and Bandurshi,
1977). Butsince animal protein sources are relatively more expensive, protein sources of
plant origin have also been incorporated in formulated crustacean feeds by many workers

to minimize the cost of production.

Balazs et al. (1973) reported that the diets with soybean meal gave results superior to
that of fish-soybean diet but inferior to a fish-soybean-shrimp based diet for M. rosenbergii.
Koshio et al. (1992) observed higher nutritive value of soybean protein for juvenile M.
rosenbergii in comparison to crab protein concentrate. Tidwell ez al. (1993) reported that
fish meal can be partially or totally replaced with soybean meal and distillers by-products

in the diets for freshwater prawn, M. rosenbergii.

Moore and Stanley (1982) suggested that corn silage can play a role in supporting
pond production of M. rosenbergii. Pressed brewer's grain (by-product contained malted
barley, corn, rice grit and hops) was evaluated as potential protein source for M. rosenbergii
(Kohler and Kruger, 1985). Ashmore er al. (1986) evaluated the nutritive merit of four
cereal grains (com, milto, wheat and barley) in formulated diets and obtained higher growth
in M. rosenbergii fed on barley based diet. Tidwell et al. (1992) reported that upto 40% of
distillers dried grains with solubles can be used as a protein source in practical feeds of

M. rosenbergii.

The effect of adding plant leaves including mangrove leaves and other plant materials
in the diets for prawns have also been studied. Aquacop (1976) reported that acacié meal

or copra meal can be used as substitute ingredients in the diet of M. rosenbergii, as the
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mineral and carotenoid requirements of the prawn may be met by these ingredients. Addi-
tion of fresh leaves (dilanthus altissima and Malva parviflora) to the diet of the prawn M.
rosenbergii resulted in elimination of black death syndrome, and reduction in incidence of
black spot (Harpaz and Schmalback, 1986). Garces and Heinen (1989) have shown that
orange flesh, peeled sweet potatoes, frozen peeled bananas, turnip greens and carrot tops to
be useful supplements with commercial trout chow for feeding prawns. Jayalakshmy and
Natarajan (1993) reported that among four pelleted feeds prepared for M. idella using
Pandina, Elodea, Lemna and Bruguiera, Elodea proved best. Vasudevappa et al. (1993)
obtained best growth in M. rosenbergii fed on fish meal based diet incorporated with ground-
nut leaf powder than the diets either with fish meal alone or incorporated with mulbery leaf
powder. Jeyalakshmi et al. (1997) obtained highest growth percentage in M. malcolmsonii
fed on diet incorporated with leaf prdtein concentrate extracted from Cajanus cayam fol-

lowed by Chiloria ternala.

2.2.2 Animal protein sources

Various animal protein sources have béen evaluated in the formulation of prawn feeds by
several investigators, with varying degrees of success. Among the various animal protein sources
of freshwater, marine and terrestrial origin crustacean and molluscan meals of marine origin
were found to be better utilized by shrimps and prawns (Kanazawa ef al., 1970; Forster and
Beard, 1973; Deshimaru, 1982; Gopal, 1986, Sherief, 1987; Kompaing, 1990; Villarrel et al.,

1991; Josekutty and Susheela, 1992; Cruz-Suarez e al., 1993; Anilkumar, 1994).

Among the various crustacean meals, shrimp meal is one of the most commonly used

protein source in the formulation of prawn feeds. Shrimp meal has high crude protein content
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and several essential amino acids (Forster, 1976). Besides it is a good source of fatty acids
(Sandifer and Joseph, 1976) and appear promising for compounding shrimp and prawn feed

(Venkataramiah ef al., 1978; Ali, 1988; Zimmermann et al., 1991; Das et al., 1995).

Nair and Thampy (1987) reported the superiority of diet based principally on shrimp
meat (Metapenaeus dobsonii) over other sources of proteins for the larvae of M. rosenbergii.
Zimmermann ef al. (1991) compared the use of marine shrimp meal, fish meal and meat
meal in 30% protein diets for the post-larvae of M. rosenbergii and obtained best biomass
production with the shrimp meal based diet compared to other two diets. Jayalakshmy and
Natarajan (1994) reported highest production, conversion efficiency and lowest FCR for
Macrobrachium idella fed on diet containing prawn waste than diets based on fish meal
and clam meat. Das et al. (1995) observed the highest performance of prawn meal based
diet for M. malcolmsonii compared to mussel meat, fish meal and silkworm pupae based
diets. Reena and Qureshi (1996) also reported superior performance of prawn meal based

diet in terms of growth and FCR for Macrobrachium dayanum.

In addition, the use of shrimp head waste in compounded ration also appears prom-
ising since it contains several essential amino acids which induce high growth rate in
prawns (Forster, 1976). It serves as a good source of fatty acids and pigments for use in
prepared feeds for M. rosenbergii (Sandifer and Joseph, 1976) and many marine animals
(Joseph and Williams, 1975). However, Law et al. (1990) reported lower digestibility

of shrimp meal based diet than copra cake, soybean meal and wheat flour based diets for
M. rosenbergii.
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Crab protein has also been found to be a good protein source for the growth and
survival of crustaceans (Boghen ef al., 1982, D' Abramo and Reed, 1988; Freuchtenich er
al., 1988; Castell et al., 1989; Reed and D' Abramo, 1989; Bordner, 1989; Villarreal et al.,
1991; Koshio ef al., 1992). Protein extracted from crab has been reported to be an ideal
source of protein for the preparation of standard reference diet (SRD) also for crustaceans.
Feed formulations using protein concentrate from rock crab (Cancer irroratus) resulted in
superior growth and survival of lobster Homarus americanus, when compared to several
other proteins extracted from locally available marine organisms (Boghen ef al., 1982).
Reed and D' Abramo (1989) reported that HFX CRD 84 (SRD prepared using protein
concentrate from rock crab) appears appropriate to be used as reference diet for M.
rosenbergii. However, Koshio ef al. (1992) observed the superiority of dietary soybean
protein (SBP) over the crab protein for M. rosenbergii and reported that the better utiliza-
tion of SBP may be due to removal of antinutritional factors during purification process.
Raje and Joshi (1992) have also obtained higher efficiency of crab meal in combination

with other protein sources in the diet.

Another potential crustacean protein source which is inexpensive and locally avail-
able is the stomatopod - Oratosquilla nepa, the mantis shrimp. The use of squilla meal in

the formulated feeds of M. rosenbergii has been reported by Anilkumar (1994).

Molluscs have been reported to be excellent feed for prawns (Sherief, 1989;
Anilkumar, 1994). Minamizawa and Morizane (1970) obtained better results when
Artemia nauplii were supplemented with chopped short necked clam for the larvae of M.

rosenbergii. Sherief (1989) reported that dried clam meat as principal protein source gave
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better growth and survival than fish meal based diet for M. rosenbergii. Anilkumar (1994)
found highest growth rate and food conversion efficiency in M. rosenbergii juveniles fed
on clam meat based diet in comparison to diets based on squilla, shrimp head waste and
sitkworm pupae as single protein sources. Contrary to this Jayalakshmy and Natarajan (1994)
obtained poor FCR, production and conversion efficiency of clam meat based diet com-
pared to diets with shrimp waste and fish meal as sole protein sources for Macrobrachium
idella. Das et al. (1995) reported that for M. malcolmsonii, mussel meat based diet was

found to be good but only second to the diet based on prawn meal.

Squid meal is another molluscan source of protein with high nutritive value. But
though, it has been tried as a protein source in many penaeid shrimps (Deshimaru and
Shigueno, 1972; Dokken and Lawrence, 1985; Cruz - Ricque and AQUACOP, 1987; Cruz -
Ricque et al., 1987), its use as a protein source in M. rosenbergii was evaluated only by

Anilkumar (1994).

Although, fish meal is one of the most common ingredients used in the commercial
shrimp feeds and is a high quality protein source for finfishes, it seems to have a lower
nutritive value for shrimps and prawns, especially when used as the sole protein source.
The poor performance of fish meal in latter case may be due to its inability to provide all
essential amino acids, which are apparently essential for shrimps and prawns. Fish meal,
in general is found to be poor in threonine, alanine, phenylalanine, arginine and histidine
( Lovel, 1989). While comparing different animal and plant protein sources, Sick and
Beaty (1975) obtained poor growth rate in M. rosenbergii fed on fish meal based diet

which was lower than diet based on soybean meal. Sherief (1989) also observed poor
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performance of M. rosenbergii to fish meal based diet compared to clam meat. Das et al.
(1995) reported that for M. malcolmsonii fish meal based diet produced lower growth rate,

PER and higher FCR than prawn meal and mussel meat based diets.

2.2.3. Mixed protein sources

When any protein source is used singly in the diet of cultured species, itmay not be able to
support the nutritional demands of the species due to its deficiency in one or more amino acids.
Hence, the most rational approach is undoubtedly, to combine a number of protein sources so as
to formulate a diet which closely meets the amino acid requirement of the cultured species under
consideration. Several workers have demonstrated better growth supporting effect of mixed

protein sources over single protein source in formulated feeds of prawns.

In initial trials with M. rosenbergii a diet based on fish-soybean-shrimp gave supe-
rior growth compared to those based on either soybean alone or a combination of fish -
soybean (Balazs et al., 1973). Similarly Balazs er al. (1974) reported that better growth
rates for M. rosenbergii could be obtained by combining tuna meal and soybean meal, than
by using any of the above sources individually. Better growth performance in M. rosenbergii
was observed by New (1976) also, when a mixture of two or more protein sources were
used in place of single source. Nelson et al. (1977 b) showed that the assimilation rate of
Jjuvenile M. rosenbergii fed on mixed diet was low, hence lower specific dynamic effect
and a lower non-growth component of energy utilization, while the rate was high for prawns

fed on an exclusively plantbased diet.

23



Boonyaratpalin and New (1980) successfully employed pelleted diets using shrimp
meal : fish meal : peanut meal : soybean meal (5:2:1:1) as major protein sources for
M. rosenbergii. Millikin et al. (1980) reported that a protein formulation consisting of
menhaden meal and soy protein in 1.65 : 1 ratio at 40% protein level gave the best growth
rate for M. rosenbergii. Ravishankar and Keshavanath (1988) reported that artificial pel-
let feed containing silkworm pupae plus shrimp waste as major protein sources was better
utilized by juvenile M. rosenbergii than pellets containing either silkworm pupae or fish

meal alone and silkworm pupae plus clam meat in combination.

Raje and Joshi (1992) obtained better survival and uniform growth of M. rosenbergii
larvae by using combined protein sources such as crab meat + fish liver, clam meat + fish
meat and clam meat + fish liver over feeds based on single protein sources like crab meat,
fish liver, clam meat, fish meat and different live feeds. They reported that combination of
crab meat and fish liver to be the most suitable diet followed by clam meat and fish meat
combination in terms of high survival rate and early metamorphosis of M. rosenbergii
larvae. Behanan er al. (1992) observed better FCR for M. rosenbergii post-larvae in a diet
derived from combination of cat fish meat, prawn head, gluten and clam meat than feed

based on clam meat powder alone and control feed (fresh clam meat).

2.2.4. Other sources
The potential use of silkworm pupae as a source of protein in prawn feeds has been
investigated by a few workers. Most of them reported that silkworm pupae as a sole

protein source produced poor growth, low digestibility and poor survival rate in prawns
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(Ravishankar and Keshvanath, 1988; Anilkumar, 1994; Das et al., 1995). Ravishankar and
Keshavanath (1988) reported that diet containing silkworm pupae plus shrimp waste gave
better growth for M. rosenbergii, in comparison to diet based on silkworm pupae alone,
while Unnikrishnan ez al. (1991) reported that the silkworm pupae based diet as good as

clam meat based diet.

Various unconventional sources of protein like snail meat, earthworm meal, beef liver,
and single cell protein (SCP) have been included in the formulated feeds of prawns by
many workers. Costa (1980) reported that the flesh of African snail, Achatina fulica could
be used as an exclusive food source for M. rosenbergii. Mossmann et al. (1990) reported
that earthworm based diet produced ten times higher weight gain in M. rosenbergii than
normal diets. Beef liver has been proved to be an excellent supplemental feed for M.
rosenbergii at 15% inclusion level to commercial prawn feed (Garces and Heinen, 1989 &
1993; Rosa et al., 1995). 1t has been surmised that the value of beef liver as a supplement

for prawn might be due to its cholesterol content or B-vitamins.

Single cell protein (SCP) includes algal powders, yeast and bacterial protein. James
et al. (1990) suggested that Spirulina can not serve as a sole protein for the post-larvae of
M. rosenbergii, but can be effectively used as a supplemental protein. High amounts of
PUFAs, vitamins and minerals present in marine yeast makes it an ideal protein source in
shrimp and prawn feed. Zimmermann (1991) reported that dry sugarcane yeast can be used
as much as 20% in growing-out diet for M. rosenbergii without causing serious loses.
Akiyama et al. (1992) reported that the level of yeast should not exceed 5% in feeds unless

the yeast product used is palatable to shrimp. Yetbacterial powder was found to be the best
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assimilated protein in the diet of prawns. Manju and Devendran (1997) reported that
M. idella fed on diet containing bacteria and actinomycetes gave significant growth, better
conversion efficiency and increased body protein compared to fish meal based diet,
suggesting that microbial SCP can replace the fish meal to a certain extent in formulated

diets.
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MATERIALS AND METHODS



3. MATERIALS AND METHODS

The aim of the study is to find out the growth response of M. rosenbergii juveniles to
feeds based on three animal protein sources in different combinations viz., clam meat, crab
meat and shrimp meat over the feeds containing each of the three alone. The duration of the

experiment was 60 days from 06-09-1997 to 04-11-1997.

3.1. Preparation of the feed

3.1.1. Feed ingredients

Animal and i)lant protein sources, tapioca flour, potato-starch, cellulose, cholesterol,
sunflower oil and vitamin-mineral mixture were used for preparation of experimental feeds.
Tapioca flour and potato-starch served as major carbohydrate sources as well as binders.
Cholesterol and sunflower oil were used as supplementary lipid sources. Supplevite-M, a
vitamin-mineral mixture (Sarabhai Chemicals, Bombay) was added to the experimental

feeds. Cellulose was used as filler while preparing the feeds.

3.1.2. Processing of the major protein sources

Various protein sources used for the feed formulation were processed using the fol-

lowing methods.

Clam meat : Meat of clam Villorita cyprinoides purchased from local market, was washed
thoroughly and steamed in an autoclave at ambient pressure for 15 minutes and then dried in

an electric dryer for 12 hours at 60°.

Shrimp meat :  Small sized shrimps, of Metapenaeus dobsonii was procured from the

Instructional Farm of College of Fisheries. The heads and exoskeleton covering the body
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were removed to obtain meat alone. This was steamed in an autoclave for 15 minutes at

ambient pressure and dried in an electric dryer for 12 hours at 60°.

Crab meat : Small sized crabs (Portunus pelagicus, Charybdis cruciata) were obtained
from local market. The whole crabs were steamed in an autoclave for 15 minutes at ambi-
ent pressure and then all the appendages and carapace were removed. Thus the meat por-
tion along with very small portion of soft shell were cut into small pieces, dried for 12

hours in an electric dryer at 60°.

Groundnut oil cake :  Fresh and mould free GOC was purchased from local market and

dried in an electric dryer for 6 hours at 60°.

The dried ingredients were powdered separately in a pulverizer and passed through
a sieve of 250 microns. The powdered ingredients were packed separately in airtight
plastic bottles and kept in a refrigerator along with other ingredients till they were used for

feed preparation.

3.1.3. Proximate compeosition of feed ingredients
Proximate composition of all the feed ingredients were analysed prior to feed formu-

lation.

Boyd's (1979) method was used to estimate the moisture content. The sample was
heated to 105° for 30 minutes and then dried at 65° till a constant weight was obtained.
Crude protein content was estimated by microkjeldahl's method(AOAC, 1990). Percentage
of nitrogen obtained was multiplied by the factor 6.25 to get the crude protein content.

Solvent extraction using petroleum ether (B.P. 40-60°c) in a soxhlet extraction apparatus
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for 6 hours was carried out to estimate the crude fat. The crude fibre content was estimated
by the method of Pearson (1976), while ash content was determined by burning the sample
at 550°% = 10% for 6 hours in a muffie furnace. The carbohydrate content (nitrogen free

extract, NFE) was determined by Hastirg's (1976) difference method on dry weight basis.
NFE = 100 - (% crude protein + % crude fat + % crude fibre + % ash).

3.1.4. Formulation and processing of experimental diets
Seven types of pelleted feeds were formulated fixing their protein level at 35%, since
this level has been reported to be optimal for the growth and survival of M. rosenbergii by

several previous investigators (See Table 1). The feeds prepared were-

1 T, (clammeat, shrimp meat and crab meat as the major protein sources).
2. T, (shrimpmeatand crab meat as major protein sources).

3. T, (clam meatand crab meat as major protein sources).

4. T, (clammeatand shrimpmeat as major protein sources).

5. T, ' (clam meat as major protein source).

6. T, (shrimpmeatasmajor protein source).

7. T, (crabmeat as major protein source).

The proportion of the ingredients used for the preparation of pelleted feeds are given

in Table 2.

]

The experimental feeds were prepared separately by mixing required quantity of ingre-
dients. The respective ingredients were weighed accurately in an electronic balance and all

the ingredients except supplevite-M and sunflower oil were mixed well in a dry mortar.
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Table 2. Proportion of various ingredients used in the preparation of pelleted feeds.

Ingredients Feeds
(%) T, T, T, T, T, T, T,
Clam 14.99 - 22.50 22.50 44.90 - -
Crab 14.46 21.69 21.69 - - - 43.39
Shrimp 10.13 15.19 - 15.19 - 30.37 -
GOC 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Tapioca 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Supplivit-M 2.50 2.50 2.50 2.50 250 250 2.50
Cholesterol 1.00 1.00 1.00 1.00 1.00 1.00 11.00
Sonfloweroil § 2.76 3.83 2.0 243 0.60 427 340
Cellnlose 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Starch 22.16 23.79 18.31 2438 19.00 29.86 17.71
Total 100.00 100.00 | 100.00 | 100.00 100.00 [ 100.00 | 100.00
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The dry mixture was made into a dough by adding sufficient volume of distilled water (1 :
1.25 W/V) and mixed well in a mortar. The dough was transferred to glass bowl and steam
cooked for 30 minutes in an autoclave at ambient pressure. The cooked dough was rapidly

cooled and mixed well in a mortar along with supplevite-M and sunflower oil mixture.

The well mixed dough was pelletized using a hand operated extruder with a die of 2
mm diameter to a clean tray as a single layer and dried at 60% for 12 hours in an electric
dryer. The dried pellets with a diameter of 1 mm were crumbled into small pieces and

packed in airtight plastic bottles and stored at 4°c in a refrigerator until use.

3.1.5. Proximate composition of experimental diets

Proximate composition of the experimental diets was analysed to evaluate the nutrient
status. Methodology employed was the same as that of ingredients. The gross energy value of
each feed was determined by multiplying with the factors 5.65 for proteins, 9.45 for fat and

4.1 for carbohydrates (Koshio et al., 1993). The energy values were expressed as K.cal/g.

3.2. Conditioning of experimental animals

The post-larvae (PL 10) of M. rosenbergii were procured from a private hatchery at
Cherai and were transported to the College hatchery in oxygen filled polyethylene bags
under minimum stress. The larvae were introduced into an oval, flat bottom fibre glass tank
of 1.2 ton capacity filled with filtered freshwater up to half the capacity and provided with
gentle aeration. They were reared upto early juvenile stage within a period of two weeks.
During this period the postlarvae were fed on finely chopped fresh clam meat once daily.
The leftover feed and faeces were siphoned out daily prior to feeding with a water ex-

change rate of 20-30% daily.
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3.3. Experimental rearing facilities
The experiment was carried out in the wet 1ab of the Department of Aquaculture with
adequate ventilation, roofed partially with translucent fibreglass reinforced plastic (FRP)
sheets for moderate light conditions. Circular flat bottom fibre glass tanks with the follow-

ing specifications were used for the experiments.

Capacity - 83 litres
Diameter - 55cm
Height - 35cm

Rim Width - 3cm
Thickness - 4mm
Colour - Aquamarine

Clear filtered freshwater drawn from a well was used for the experiment and tanks
were filled upto 20 cm height after subjecting to a fine filteration using nylon bolting cloth.
Mild aeration was provided throughout the experimental period via diffuser stones and
plastic tubes connected to the air distribution pipes from a roots air blower and was main-

tained uniformly in all the tanks by means of control valves.

Earthen tiles were provided as artificial substrate in each tank to reduce cannibalism

among prawns. Tiles were placed in a slanting position over a small piece of stone.

3.4. Experimental design and procedure
210 numbers of healthy and uniform sized M. rosenbergii juveniles were selected

from the stock population. Ten prawns were selected randomly from these and stocked in
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each of the twenty-one experimental tanks. Seven treatments T, to T, were designed and for
each treatment, three replicates were maintained in separate tanks, thus using 30 prawns for
each treatment. The experiment was carried out using Completely Randomized Design for a

period of 60 days.

The prawns were fed on experimental diets after they were acclimatized to tray feed-
ing for a week. On the 8 th day they were starved for 24 hours, prior to start of the actual
experiment. Ten prawns from each tank were weighed collectively, using and electronic
balance (Shimadzu-Labror AEU 130V) with an accuracy of 0.0001 g. The average weight

of the juvenile prawns at the start of the experiment was 77.15 + 0.99 mg.

Prawns were provided with the feed ad /ibitum in petridishes twice daily, once be-
tween 9.00 and 10.00 a.m. and the other between 5.00 and 6.00 p.m. Petridishes were kept at
the bottom of the tank close to the substratum provided. Every day before offering the feed,
leftover feed was collected and dried at 60° for estimation of FCR. Petridishes were cleaned
thoroughly before next feeding. During morning hours before feeding, bottom and sides ofthe
tanks were scrubbed and the suspended particles were allowed to settle. The settled particles
were siphoned out and new filtered freshwater was used to fill the tanks. Complete water

exchange was done in all the tanks once in a week to maintain water quality.

During the experimental period prawns were subjected to growth assessment every
fortnight. At the end of the feeding study shrimps were starved for 24 hours and the number

in each tank counted and weighed collectively. The body protein content of the prawns at
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the beginning and at the end of the experiment was also estimated for all the treatments using

microkjeldahl's method (AOAC, 1990).

3.5. Water quality parameters

Water quality parameters in the experimental tanks were measured by the following

methods.
1. Temperature - Mercury bulb thermometer with an accuracy of 0.1°%.
2. pH - Universal pH indicator method.

3. Dissolved oxygen - Standard Winkler method (Stickland and Parson,

1972).
Temperature and pH were measured daily and D.O. content once in a week.

3.6. Evaluation criteria
The parameters like net weight gain, specific growth rate (SGR), percentage sur-
vival, food conversion ratio (FCR), protein efficiency ratio (PER), and productive protein
value (PPV) were determined to evaluate the efficiency of combined animal protein sources

over the individual animal protein sources, on the growth of M. rosenbergii juveniles.

3.6.1. Net weight gain
It gives the increase in the weight of prawns during the experimental period. It was

calculated by using the formula.

Net weight gain = final weight - initial weight
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3.6.2. Percentage growth

Percentage growth of the animal was calculated by using the following formula.

final weight - initial weight
Percentage growth = X 100

initial weight

3.6.3. Specific growth rate

Growth performance can be measured in terms of specific growth rate (SGR) since it
is a more refined and improved growth index than absolute weight gain or percentage growth
rate (Hepher, 1988). In the present study SGR was calculated by using the following for-
mula.

In W, - In W,

SGR =
T2 - Tl

Where,
W, =Weightatday T,
W, =Weightatday T,

T, - T, =Duration of experiment in days.

3.6.4. Survival rate
It is expressed in terms of percentage.

initial number - number of dead prawns
Survival percentage = X 100

initial number
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3.6.5. Food conversion ratio (FCR)

FCR is nothing but the ability with which an animal can convert the feed consumed
into edible and other products (Devendra, 1989). It is the most commonly used index to
measure the efficiency of different diets used in the experiment.

feed intake on a dry matter basis
FCR =

weight gain on wet matter basis

3.6.6. Protein efficiency ratio (PER)
PER 1s defined as the weight gain per unit intake of protein (Paulraj, 1982).

gain in body weight
PER =

protein intake

3.6.7 Productive protein value (PPV)
PPV gives the measurement of body protein deposition in the prawns with unit amount

of protein consumed.

final body protein - initial body protein
PPV (%) = X100

protein consumed

3.7. Statistical analysis

The experiment was carried out by using the Completely Randomized Design (CRD).

All indices, such as growth, specific growth rate, survival rate, food conversion ra-

tio, protein efficiency ratio, and productive protein value were subjected to comparison
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using analysis of variance (Snedecor & Cochran, 1968) and treatment difference studied at
5% level of significance. Pairwise comparison of treatment values was done using critical

difference based on students 't' distribution at 5% level of significance.
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4. RESULTS
The efficiency of diets based on combined animal protein sources over single animal
protein sources was evaluated in M. rosenbergii juveniles. The crude protein level in all
the feeds was fixed at 35% and crude fat level at 8%. The results of the experiment are
presented below.

4.1. Proximate composition of feed ingredients
and the formulated pelleted feeds.

4.1.1. Feed ingredients
The data pertaining to proximate composition of the various ingredients used in for-

mulating the pelleted feeds are given in Table 3.

The moisture content of the feed ingredients viz., clam meat powder, shrimp meat
powder, crab meat powder, groundnut oil cake (GOC) powder and tapioca powder ranged
from 7.63 - 8.20%, the maximum in GOC powder (8.20%) and minimum in tapioca powder
(7.63%). Shrimp meat powder had the highest percentage of crude protein (80.45%), fol-
lowed by crab meat powder (55.63%), clam meat powder (53.86%) and GOC powder

(51.57%). Tapioca powder had the minimum crude protein content of 2.83%.

4.1.2. Formulated pelleted feeds

The proximate composition of the formulated feeds are presented in Table 4.

The percentage of moisture in the seven feeds varied between 7.12% (Feed T.) to
9.23% (Feed T,), where as crude protein content ranged from 34.56% (Feed T,)t035.06%
(Feed T,). The crude fat content ranged between 7.69% (Feed T,) and 8.22% (Feed T,)

while the percentage of nitrogen free extract was highest in feed T, (41.31%) and lowest in
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Table 3. Proximate composition of the ingredients used in the formulation of feeds.

Ingredients { Moisture | Crude protein | Crudefat | NFE Crudefibre{ Ash

(%) (%) (%) (%) (%) (%)
Clam meat 7.78 53.86 12.20 30.14 Nil 3.80
Crab meat 8.04 55.63 6.11 19.28 3.20 15.78
Shrimpmeat | 8.16 80.45 5.67 0.78 0.60 12.50
GOC 8.20 51.57 5.00 3430 233 6.80
Tapioca 1.63 283 0.50 96.23 Nil 0.44

Table 4. Proximate composition of pelleted feeds used in the experiment

FEEDS

PARAMETERS

(%) T, T, T, T, T, T, T,
Moisture 9.31 8.67 8.60 8.27 8.98 923 112
Crudeprotein | 34.88 | 34.56 35.01 3506 | 3475 3491 35.00
Crude fat 7.83 7.69 791 8.03 8.14 175 822
Crude fibre 0.99 125 1.16 0.56 047 0.65 1.86
NFE 3935 | 39.26 38.34 4131 40.52 4146 36.2
(Nitrogen Free
Extract)
Ash 7.64 8.57 8.98 6.77 714 1.16 11.60
Calorificvalue | 433 [ 429 430 443 439 440 424
K.calfg.
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feed T, (36.20%). Crude fibre values varied between 1.86% (T.,) and 0.47% (T,). Calo-
rific values of the seven experimental diets ranged from 4.43 10 4.24 X. cal/ g. The formu-

lated feeds prepared were more or less isonitrogenous, isolipidic and isocaloric.

4.2. Efficiency of test diets
4.2.1. Growth
Data regarding average live weight gain of prawns fed on feeds containing different

animal protein sources are presented in Table 5.

Analysis of variance (Table 6) and subsequent pairwise comparisons showed that the
growth of prawns fed on feeds containing combined animal protein sources (T,, T,, T,) was
significantly different (P <0.05) from that with feeds containing single animal protein sources
(T, T, T,,). But the diet T, which contained crab meat and shrimp meat was not seen to be

significantly different from T, T, and T.,.

57 76

The average live weight gain of M. rosenbergii juveniles fed on feeds containing com-
bined animal protein sources in treatments T, T, ,T, and T, was found to be 234.07 mg,
"188.83 mg, 265.30 mg and 236.43 mg respectively. The highest average live weight gain was
obtained in treatment T, with crab meat and clam meat as the major protein sources, and the
lowest live weight gain was obtained in the treatment T, containing crab meat plus shrimp
meat as major protein sources. The treatments T, containing crab meat plus clam meat, T, with
shrimp meat and clam meat, and T, with'clam meat, crab meat and shrimp meat as major
protein sources were not significantly different from each other but all the three treatments

were found to be significantly different from the treatment T,:

40



The average live weight gain of prawns fed on feeds containing single animal protein
source was found tobe 156.15 mg, 182.17 mgand 177.90 mg respectively for treatments T,
with clam meat, T, containing shrimp meat and T, with crab meat as major protein sources.
The highest average live weight gain was observed in treatment T, and lowest value was
obtained in treatment T,. However, the ﬁeahnents T, T, and T, were not significantly
different. Although the treatment T, produced higher average live weight gain in compari-
son to T,, T, and T, it was not found to be significantly different from the latter three
treatments. The growth of prawns in the treatments T,, T, and T, was found to be signifi-

cantly greater than in treatments T, T, and T

The graphical representation of growth observed in different treatments are given in

Fig-1 and growth curves based on fortnightly growth are given in Fig-2.

The average daily weight enhancement was found to be 3.90 mg, 3.15 mg, 4.42 mg,
3.94 mg, 2.60 mg, 3.04 mg and 2.97 mg respectively for the treatments T, T,, T,, T,, T, T,
and T,. The average percentage weight increase of the juveniles from their initial size in
the treatments T, T,, T,, T,, T, T, and T, was 305.20, 246.40, 344.16, 304.46, 202.79,

12 T2 43 tp L Lo

236.61 and 228.40 respectively.

4.2.2. Specific growth rate
The data on the specific growth rate of prawns under various treatments are given in

Table 7.

Analysis of variance of the data shows significant difference (P <0.05) in SGR val-

ues between treatments (Table 8).
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TableS. Growth of M. rosenbergii fed on feeds containing various combined and single
animal protein sources.

Treatment | Replication | Av. initial | Av. final | Net gainin { Av. live | %weight| Av.%
weight weight weight weight gain | weight

(mg) (mg) (mg) gain gain
T, 1 652 | 288 | 2206 | . 26406 20520
2 T3 | BT | T8 | g | IO | ooecr
3 7638 | 31889 | 24251 317.50
T, 1 600 | 29666 | 18066 | . | B
2 7832 | MBST | 1035 | j0sc| 2738 | ;?1
3 7593 | 29166 | 21573 8412 |
T, 1 620 | 306 | 25186 |, | B0
. 94,
2 1823 | 3664 | 2841 |0 00| 33032 {100
3 7686 | 36250 | 28564 37164
T, 1 658 | 3628 | 070 || 2606 )
2 1923 | 30346 | 2423 |, i0405] 2300 |, 15655
3 734 | 31270 | 23536 30432
T, ! 60 | 25935 | 18275 | | 2|
2 7593 | 20429 | 1836 |, 55000 16905 |, 0403
3 7838 | 23571 | 15733 200.73
T, I 7586 | 26422 | 18836 | | 830 |,
2 831 | 26570 | 18740 | eoeo | 23931 | 10813
7683 | 24157 | 17074 m23
T, 1 B3| w50 | 2092 || 2eIs
2 7121 | 2021 | 16490 |, 00000 ) 21357 | 0000

3 78.16 237.69 159.53 204.11
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Table6. Result of analysis of variance of the data on the growth of M. rosenbergii
juveniles fed on feeds containing combined and single animal protein sources.

Seurce S8 D.F MS.S F
Diets 28100.1248 6 | 4683.3541 9.4709*
Error 6922.9696 14 494.4978
Total 35023.0944 20

*'Signiﬁcant at 5% level

Comparison of treatment means based on critical difference

Critical difference = 38.946

Treatments T T T T T T

3 4 1 2 6 7

mean 26530 23643 23407 18883 18217 1779  156.15

Underscored means are not significantly different
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Fig. 2 The pattern of growth increment of M. rosenbergii juveniles fed on diets
containing various combined and single animal protein sources.
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The prawns in treatment T, gave the highest SGR (2.483), followed by those in treat-
ments T, (2.328) and T, (2.327) though the latter two were not significantly different from
the former. The SGR of prawns in the treatments T,, T, and T, were significantly higher

than in treatment Tz.

Among the prawns in the treatments T, T, and T., the highest SGR was obtained in the
treatment T, (2.022), followed by those in T, (1.976) and T, (1.839), though the latter two
were not seen to be significantly different from treatment T,. The treatments T,, T and T,

showed significantly higher SGR values over the treatments T,, T, and T,.

The SGR values of prawns fed on feeds containing different animal protein sources

in various treatments are graphically represented in Fig-3.

4.2.3. Survival
The data on survival percentage of M. rosenbergii juveniles fed on feeds with differ-

ent animal protein sources in various treatments are given in Table. 9.

The analysis of variance (Table 10) of the data on survival percentage showed no

significant difference among the treatments.

Highest average survival percentage of 96.67 was obtained in the treatment T, fol-
lowed by survival rates of 93.33% and 90.00% in treatments T, and T and survival rate of
86.67% in treatments T, T,, T, and T, respectively. Graphical representation of percentage

survival rates for different treatments are shown in Fig-4.
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Table7. Specific growth rate of M. rosenbergii fed on feeds containing various combined
and single animal protein sources

Treatment |Replication | Aw. initial Av.final | Specificgrowth { Mean
weight (mg) | weight(mg) rate(%) 8. D,
T 1 76.52 278.58 2.154 2328
‘ 2 7113 33477 2447 0126
3 76.38 318.89 2382
1 76.00 256.66 2.028 2,065
T, 2 78.32 24857 1.925 £0.132
3 75.93 291.66 2243
1 7620 328.06 2433 2483
T 2 78.23 336.64 2432 £0.072
3 76.86 362.50 2585
| 76.58 32628 2416 2327
T
: 2 79.23 303.46 2238 +0.073
3 7134 312.70 2328
1 76.60 259.35 2.033 1.839
T
5 2 7593 204.29 1.650 +0.156
3 78.38 235.71 1.835
i 75.86 264.22 2.080 2022
T
§ 2 7831 265.71 2036 +0.054
3 76.83 24757 1.950
i 78.23 287.50 2.170 1.976
T 2 721 21211 1.905 0139
3 78.16 237.69 1.854
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Table8. Result of analysis of variance of the data on the specific growth rates of M.
rosenbergii juveniles fed on feeds containing combined and single animal protein

sourees.

Source - SS D.F M.S.S F
Diets 0.97302 6 0.16217 8.3769*
Emror 0.27103 14 0.019359
Total 1.24405 20

* Significant at 5% level

Comparison of treatment means based on critical difference

Critical difference =0.2437

Treatments T3 TI T, T T T

2 6 7 s

Mean 2483 2328 2327 2.065 2022 1.976 1.839

Underscored means are not significantly different
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Specific growth rate.

Fig. 3 Specific growth rate of M.rosenbergii juveniles
fed on diets containing various combined and single
animal protein sources.
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Table9. Percentage survival of M. resenbergii juveniles fed on diets containing various
combined and single animal protein sources.

Treatment | Replication | Initial Stocking | Final Survival | % Survival | Mean (%)
No. No. +S.D.
1 10 9.0 ) 86.67
T, 2 10 8.0 80 +4.714
3 10 9.0 %0
i 10 9.0 90 86.67
T, 2 10 9.0 ) +4.714
3 10 8.0 80
1 10 10.0 100 96.67
T, 2 10 9.0 ) +4.714
3 10 10.0 100
i 10 9.0 ) 9333
T, 2 10 9.0 % +4714
3 10 100 100
1 10 9.0 9% 90.00
T, 2 10 10.0 100 +8.165
3 10 8.0 80
1 10 9.0 ) $6.67
T 2 10 8.0 80 +4.714
3 10 9.0 )
1 10 9.0 % 86.67
T 2 10 8.0 80 +4.714
3 10 9.0 %

Table 10. Result of analysis of variance of data on the survival rates of M. rosenbergii
juveniles fed on feeds containing combined and single animal protein sources.

Source S.S. b.F M.S. S F
Diets 295.2381 6 492064 1.148
Error 600 14 428571
Total §95.2381 20

(F - valueisnot significant at 5% level.)
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Fig. 4 Percentage survival of M.rosenbergii
juveniles fed on diets containing various combined
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4.2.4. Food conyersion ratio
Food conversion ratio values of M. rosenbergii juveniles fed on various feeds with
different animal protein sources are given in Table 11. The mean FCR values ranged from

2.52 to 3.87 in various treatments.

Analysis of variance of FCR values shows significant difference (P< 0.05) between
-various treatments (Table 12). The lowest FCR was obtained in treatment T, (2.52) fol-
lowed by T, (2.73), T, (2.92) and T, (3.44). The treatments T,, T, and T, were not signifi-
cantly different among themselves in their FCR values. The treatment T, showed greater
FCR and was significantly different from T,, T, and T,. Among the treatments with single
animal protein source in the feeds, T, had lower FCR (3.54) than T, (3.62) and T, (3.87).
Statistically these three treatments were not significantly different. It was also found that
FCR values of T,, T, and T, were significantly different from FCR values of treatments T,

T,and T,

Graphical representation of FCR values of juvenile prawns in various treatments are

given in Fig-5.

4.2.5. Protein efficiency ratio
The data on protein efficiency ratio of various treatments are given in Table 13. Analy-
sis of variance (Table 14) of the data on PER values shows significant difference (P<0.05)

among various treatments.

The highest PER value was obtained in the treatment T, (1.137) and the least in T

(0.745). The average PER values obtained in various treatments T,, T,, T., T,, T., T, and

r oty e i e
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Table 11. Food conversion ratio of M. rosenbergii fed on feeds containing various
combined and single animal protein sources.

{Treatment |Replication | Av. initial | Av. final { Av. live Av.wt, | FCR { Mean
wt. (mg) | wt(mg) wt. of feed +SD
gain(mg) | Consumed
(mg)
T, 1 76.52 278.58 202.06 673.23 3.33 2.92
2 771.13 334.77 257.64 687.34 267 [ £0.292
3 76.38 318.89 24251 668.51 276
T, \ 76.00 256.66 180.66 643.23 3.56 34
2 7832 248.57 170.25 631.32 371 {£0.278
3 7593 201.66 215.73 659.18 3.06
T, 1 7620 32806 251.86 66329 263 252
2 823 33664 25841 671.30 260 | +0.135
3 76.86 362.50 2564 605.54 233
T, 1 7658 32628 24570 639.23 256 273
2 023 30346 2423 66321 296 | +0.168
3 7734 3270 23536 631.00 268
T; 1 76.60 25935 18275 62111 340 387
2 7593 20429 12836 561.00 437 | 0397
3 7838 23571 5733 | 6223 383
T, 1 75.86 26422 18836 63112 335 34
2 7831 26571 187.40 64325 343 | 20215
3 7683 24157 17074 656.00 ¥
T, 1 (L VA] 28750 20927 643.72 3.08 362
2 7721 24211 16450 62861 381 | +0333
3 78.16 23769 15953 63223 3%
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Table 12. Result of analysis of variance of the data on food conversion raties of
M.rosenbergii juveniles fed on feeds containing combined and single animal

protein sources.

Sourcce S.S D.F M.S.S . F
Diets 4.6296 6 0.7716 6.427*
Error 1.6807 14 0.12005
Total 6.3103 20

* Significant at 5% level
Comparison of treatment means based on critical difference:

critical difference = 0.6068

T T T T T T

Treatments T 4 . R s , S

3

Mean 252 273 292 34 3.54 3.62 387

Underscored means are not significantly different
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FCR

Fig. 5 Food conversion ratio of M.rosenbergii juveniles
fed on diets containing various combined and single
animal protein sources.
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Table 13. Protein efficiency ratio of M. rasenbergii fed on feeds containing various
combined and single animal protein sources.

Treatment |Replication | Av.initial| Av.final jAv.live wt. | Av. wt. of | Protein | Mean
wt.(mg) | wt(mg) |gain(mg) [ protein [efficiency| +SD
consumed| ratio
{mg)
1 76.52 278.58 202.06 23563 | 0.858 | 0.988
T 2 77.13 334.77 257.64 240.57 1.071 ]+0.093
3 76.38 318.89 242,51 23398 1.036
1 76.00 256.66 180.66 22513 | 0802 | 0.836
L 2 78.32 24857 170.25 22096 | 0771 [+0.0M1
3 75.93 291.66 21573 23071 | 0.935
1 76.20 328.06 251.86 232.15 LO8S | L137
E 2 7823 336.64 258.41 234.96 1.I00 [+£0.063
3 76.86 362.50 285.64 23294 | 1226
1 76.58 32628 249.70 22373 LH6 | 1.049
T 2 7923 303.46 22423 23212 | 0966 [+0.624
3 7734 31270 23536 220.85 1.066
1 76.60 259.35 182.75 2173% | 0.841 | 0.747
T
3 2 7593 |. 20429 128.36 19635 | 0.654 [+0.076
3 78.38 235.71 157.33 210.78 | 0.746
. 1 75.86 264.22 188.36 22089 | 0853 | 081
s 2 7831 265.11 187.40 22514 | 0832 [+0.047
3 76.83 247.57 170.74 22960 | 0.744
T 1 7823 287.50 209.27 22530 | 0929 | 080
! 2 7121 242,11 164.90 220.01 0.750 |+0.092
3 78.16 237.69 159.53 2128 | 0721

56



Table 14. Result of analysis of variance of the data on protein efficiency ratio of
M. rosenbergii fed on feeds containing combined and single animal protein

sources.
Source S.S D.F M.S.S F

Diets 0.39387 6 0.06565 8.027*

Error 0.11449 14 0.00818

Total 0.50836 20

* Significant at 5% level
Comparison of treatment means based on critical flifference :
critical difference = 0.1583

Treatments T, T, T, T, T, T, T,
Mean 1137 1.049 0.988 0.836 0.81 038 0.747

Underscored means are not significantly different
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PER

Fig. 6 Protein efficiency ratio of M. rosenbergii juveniles
fed on diets containing various combined and single
animal protein sources.
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T, were 0.988, 0.836, 1.137, 1.049, 0.745, 0.81 and 0.80 respectively. There was no sig-
nificant difference between treatments T,, T, and T,. The treatments T, T, T, and T, were
also not significantly different. However, the treatments T,, T, and T, were significantly
different from the treatments T,, T, T, and T,. The PER values obtained in various treat-

ments are graphically represented in Fig-6.

4.2.6. Productive protein value
The data on productive protein values of juvenile prawns from different treatments
are presented in Table 15. Analysis of variance shows significant difference (P < 0.05)

between various treatments (Table 16).

The productive protein values of juvenile prawns obtained in the treatments T,, T,
T,, T,, T, T and T, were 16.086, 13.33‘3, 18.807, 17.271, 11.929, 14.293 and 12.934
respectively. The highest PPV was obtained in the treatment T, (18.807) and the lowest in

the treatment T, (11.929).

The prawns in treatments T,, T, and T, showed no significant difference in their PPV
values, while the PPV values of T, and T, were significantly different from that of treatment
T,. Among the treatments T,, T and T, highest PPV was observed in T, and lowest in T, but
all the three treatments were not significantly different. Treatments T, and T, showed a sig-
nificant difference from treatments T, T,, T, and T,, while the treatment T, was not found to-
be significantly different from T, and T,. The productive protein values observed in various

treatments are represented graphically in Fig-7.
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Table 15, Productive protein values of M. rosenbergii fed on feeds containing various
combined and single animal protein sources.

Treat-| Repli- | Aw. Initial | Av. | Final | Gainin |Av.protein/ PPV | Mean

ment | catien | initial body | final | body | protein |consumed 8D
wt(mg) | protein | wt(mg) | protein | (mg) | (mg)
(mg) (mg)

T 1 76.52 11.16 | 278.58 | 44.18 | 33.02 | 23563 }14.013} 16.086
2 71.13 1125 | 33477 | 53.09 | 41.84 | 24057 |17.392]|+1.482
3 76.38 11.14 | 318.89| 5057 | 3943 | 23398 [16.852

T 1 76.00 11.08 | 256.66 | 40.39 | 2931 | 225.13 |13.019| 13.333
2 7832 1142 | 24857 | 3912 | 2770 | 22096 |125361+0.810
3 75.93 11.07 [ 291.66 | 4590 | 3483 | 23071 [14.445

T 1 76.20 1111 | 32806 | 52.82 | 4171 | 23215 (17.967] 18.807
2 7823 1141 | 336.64| 5420 [ 4279 | 23496 |i8212(£1.019
3 76.86 1121 | 36250 | 5836 | 47.15 | 23294 |20.241

T 1 76.58 1117 | 32628 | 52.19 | 41.02 | 22373 (18335| 17.27]
2 7923 1155 | 30346 | 4854 { 3699 | 23212 }15.936]+0.998
3 1134 1128 | 312701 5002 | 3874 | 22085 |17.541

T 1 76.60 1117 1259351 4030 | 29.13 | 21739 1330 | 11.929
2 75.93 11.07 120429 31.75 | 2068 | 19635 [10.532)+1.130
3 7838 11.43 | 235.711 3663 | 2520 | 21078 |1L.756

T 1 75.86 1106 [ 26422 | 4152 | 3046 | 22089 |13.790( 14.293
2 7831 1142 | 265.71 | 41.75 | 3833 | 22514 [17.025{+2.056
3 76.83 1120 } 2475713890 | 2770 | 229.60 ]12.064

T 1 823 1141 1287501 4511 | 33.70 | 22530 |14.958} 12.934
2 7121 1126 [ 2421113798 | 2672 | 22001 [12.145|+1.442
3 78.16 1140 | 237.69) 37.20 | 2589 | 221.28 |11.700
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Table 16. Result of analysis of variance of the data on the productive protein values of M.
rosenbergii fed on feeds containing combined and single animal protein sources.

Source SS D.F M.S.S F
Diets 113.345125 6 18.8909 7.0672*
Error 37.422376 14 2.67303
Total | 150.767501 20

* Significant at 5% level.

Comparison of freatment means hased op critical difference:

critical difference = 2.863

Treatments T T T T T T T

3 4 1 & 2 7 5

Mean 18807 17271 16086 14293 13333 12934 11.929

Underscored means are not significantly different
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Fig. 7 Productive protein value of M.rosenbergii
juveniles fed on diets containing various combined
and single animal protein sources.
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4.3. Water quality parameters
4.3.1. Water temperature
The range of water temperature in the experimental tanks during the study period are
given in Table 17. Minimum temperature recorded was 27°c and maximum temperature

was 30%. Weekly mean temperature values ranged from 27.4 to 29.58%.

4.3.2.pH
Rz'mge.of pH in the experimental tanks are given in the Table 18. Minimum and
maximum pH values observed during the study period were 7.0 and 8.5 respectively. Weekly

mean pH values ranged from 7.71 to 8.09.

4.3.3. Dissolved oxygen
Range of dissolved oxygen (D.O) in the experimental tanks are given in Table 19. A
minimum of 6.2 ppm , and a maximum DO content of 8.39 ppm were obtained during the

study period. Mean values ranged from 6.67 to 7.8 ppm.
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Table 17, Water temperature in the experimental tanks during the study period.

WEEKS
Temp-
erature | 4 2 3 4 | 5 6 | 7 8 | 9
Mean | 2763 | 29.09 | 2784 | 2840 § 2790 | 274 | 2756 | 29358 | 27.67
+SE | 041 | 06! 048 | 047 | 041 045 ] 053 | 094 | 055
Range | 272- | 283- | 273- | 278-} 272- | 271- | 27.0- } 290- } 27.0-
282 | 300 | 283 | 292 | 283 | 283 | 283 | 300 | 285
Table 18. pH of water in the experimental tanks during the study period.
WEEKS
pH
1 2 3 4 5 6 7 3 9
Mean | 7.80 7.71 8.05 8.07 8.00 7.83 7.65 8.09 7.87
+S.E. | 043 0.26 0.52 0.29 0.23 045 032 031 041
Range | 7.0- 7.5- 7.5- 7.5+ 7.3- 7.1- 7.2- 7.5- 7.2~
83 8.1 8.5 33 8.3 8.5 8.3 83 8.2

Table 19. Dissolved oxygen in the experimental tanks during the study period.

WEEKS
DO
1 2 3 4 5 6 7 8 9
Mean 7.8 73 78 6.67 6.34 7.59 746 1.53 6.82
+8.E. | 0.33 0.31 0.24 0.29 0.73 0.52 0.68 038 0.38
Range ( 7.5- 7.1- 7.5- 6.3- 6.20- 7.08-  6.62- 7.00- | 6.34-
78 78 8.1 701 8.24 3.28 8.39 8.16 725




DISCUSSION



. 5. DISCUSSION
5.1.  Proximate analysis of formulated feeds
Proximate composition of experimental diets was analysed to evaluate the nutrient
_ status. Most of the previous workers have reported that 30-35% protein may be optimum
for the growth and survival of M. rosenbergii juveniles. According to Balazs and Ross
(1976) a protein level above 35% may be required for maximum growth in M. rosenbergii
juveniles. But Clifford and Brick (1979) reported that a protein level of 35% is optimum
for best growth and survival of M. rosenbergii. In 1983, Sick and Millikin estimated the
protein requirement of early juvenile M. rosenbergii to be around 40 % and of larger
prawns to be 25-30%. In studies using purified crab protein D 'Abramo and Reed (1988)
reported that 33-35% is the optimum dietary protein level for M. rosenbergii while 30%
was found to be optimum by Freuchtenichet et al. (1988). Proximate analysis of the diets in
the present study revealed that they contained crude protein in the range of 34.56-35.06%

which is the optimum value suggested by various investigators.

Carbohydrate was in the range of 36.20-41.31% in the test diets. Shrimps and prawns
appear to utilize complex carbohydrates more efficiently than simple ones (New, 1976).
Fair et al. (1980) reported that dietary fibre levels upto 30% do not appear to supress
growth in M. rosenbergii. Briggs (1991) successfully employed a series of carbohydrate

sources at 40% inclusion level in semipurified diets for post-larvae of M. rosenbergii.

Hilton er al. (1984) have indicated that the total lipid content in the diet should not
exceed 10% for M. rosenbergii. In commercial feeds of M. rosenbergii, a lipid level of 6-

9% has been reported in Thailand (ASEAN/ UNDP/ FAQ, 1988), 5-8% in French Guiana
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(IFREMER, 1989) and 2-4% in Taiwan (Hsieh et al., 1989). The lipid content of the diets
used in the present study was in the range of 7.69-8.22% which is almost the same as

employed in various commercial grow out feeds of M. rosenbergii.

5.2. Evaluation of efficiency of protein sources
The present study was carried out to evaluate the nutritional quality of combined
animal protein sources over single animal protein sources in formulated feeds for M
rosenbergii juveniles based on growth, specific growth rate, survival, food conversion

ratio, protein efficiency ratio and productive protein value.

5.2.1. Growth

Among the different fonmulated feeds tested in the present study, combined animal
protein sources gave superior growth performance in comparison to the sources tested
individually. Among the combined protein sources, the diet (T,) with crab plus clam meat
produced highest growth rate of 265.30 mg, closely followed by T, with shrimp plus clam
meat and T, with clam plus crab plus shrimp meat. Growth rate obtained with crustacean
meat diets namely shrimp plus crab meat (’l}) was seen to be next best followed by two
diets based on shrimp meat (T,) and crab meat (T,) as single protein sources. Lowest
growth rate was recorded for the diet based on clam meat (T,) alone, though not signifi-

cantly different from the latter three diets.

Early works on shrimps and prawns by Deshirmaru and Shigueno (1972), New (1976)
and Conklin et al. (1977) have shown that a mixture of two or more protein sources invari-
ably give better growth than single protein source. The improved performance of mixed

diet is mainly because of the fact that single protein source may not be able to provide all
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the essential amino acids in adequate levels and the deficiency may be overcome by mixing
a number of protein sources so as to formulate a diet which closely meets the amino acid
requirement of the test species. In the present study also, all the diets based on combined
protein sources gave superior growth performance in M. rosenbergii juveniles in compari-
son to the diets based on either shrimp meat, crab meat or clam meat alone. Balazs ef al.
(1973), in their initial trials with M. rosenbergii reported that a diet based on fish-soybean-
shrimp gave superior growth performance compared to those based on either soybean alone
or a combination of fish-soybean. Similarly Balazs et al. (1974) obtained better growth
rate in M. rosenbergii with a diet based on tuna meal and soybean meal compared to the
diets with either of these protein sources alone. New (1976) also reported better growth
performance in M. rosenbergii using a mixture of two or more protein sources than when
used individually. Millikin ef al. (1980) have shown that a diet based on menhaden meal
and soy protein in 1.65 : 1 ratio gave the best growth rate for M. rosenbergii. Ravishankar
and Keshavanath (1988) found that. the diet containing_si]kwonn pupae plus shrimp waste as
major protein sources produced better growth rate in M. rosenbergii juveniles followed by
silkworm pupae plus clam meat diet; while feeds containing fish meal or silkworm pupae
alone gave poor growth rates. Raje and Joshi (1992) obtained faster growth rate ( as ob-
served by early moulting) in M. rosenbergii larvae by using prepared feeds based on com-
bined animal protein sources such as crab meat + fish liver, followed by clam meat + fish
meatand clam meat + fish liver diets over feeds based on either of these protein sources when
used singly. Behanan er al. (1992) found almost equal growth rates (0.1743 mg) in M.
rosenbergii post. larvae with a diet at 33% protein level containing catfish meat, prawn head,

gluten and clam meat, to the diet based on clam meat alone at 44% protein level (0.1752 mg).
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Among the combined protein sources tested in the present study, diets T,, T, and T|
based on both crustacean and molluscan meats gave superior growth rates of 265.30 mg,
236.43 mg and 234.07 mg respectively over the diet T, (188.83 mg) based on combination
of crustacean meats alone. Although crab plus clam meat based diet (T,) gave highest
growth rate, it was closely followed by shrimp plus clam meat diet (T,), as well as clam
plus crab plus shrimp meat based diet (T,). The relatively lower growth rate produced by
shrimp + crab meat based diet (T,) might be due to the incorporation of both crustacean
meats alone which may not have provided all essential amino acids in adequate quantities
required by prawns in comparison to the diets based on combination of either of the crusta-

cean meats with clam meat or combination of the both crustacean meats with clam meat.

Crustacean meals have been tested by many previous workers as protein source in
prawn feeds anticipating better results due to similarity of their amino acid profile with the
body protein of prawns. Shrimp meal is high in crude protein content and several amino
acids (Forster, 1976) and appears promising for compounding prawn feed (Zimmermann ez
al., 1991; Jayalakshmy and Natarajan, 1994; Das et al., 1995; Reena and Qureshi, 1996).
Balazs et al. (1973) reported better growth in M. rosenbergii when shrimp meal was incor-
porated in fish meal-soybean meal based diet. Shrimp meal based diet gave best growth
rate in M. rosenbergii post-larvae in comparison to fish meal or meat meal based diets
according to Zimmermann et al. (1991). Jayalakshmy and Natarajan (1994) reported that
prawn waste based diet gave highest biomass production in Macrobrachium idella than
fish meal or clam meal based diets. Das et al. (1995) observed the highest growth

performance in M. malcolmsonii with prawn meal based diet in comparison to mussel
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meat, fish meal and silkworm pupae based diets. Reena and Qureshi (1996) also reported
superior performance of prawn meal based diet in terms of growth in Macrobrachium
dayanum. However, Richards (1990) has attributed the high fibre and chitin content of the

shrimp meal as a major disadvantage in shrimp meal based diet.

Crab protein has also been found to be a good source of protein for the growth and
survival of crustaceans. Boghen er al. (1982) reported that the feed formulations using
protein concentrate from rock crab resulted in superior growth rate and survival in juvenile
lobster, Homarus americanus, in comparison to several other marine animal protein sources.
Reed and D' Abramo (1989) reported that crab protein based diet produced better growth
performance in M. rosenbergii than casein based diet. However, Koshio e al. (1992)

observed superior performance of soybean protein over crab protein for M. rosenbergii.

Various moliuscan meals are also reported to be excellent protein sources for prawn
feeds and available literature suggests that clam is a rich source of basic amino acids espe-
cially arginine. Sandifer and Joseph (1976) reported that apart from the quality of protein,
clam meal is also rich in polyunsaturated fatty acids (PUFA), especially rich in n-3 PUFA
which is reported to have a growth enhancing effect on M. rosenbergii. Sherief (1989)
obtained better growth performance in M. rosenbergii juveniles with clam meat based diet
than fish meal based diet. Anilkumar (1994) also found that clam meat based diet gave
superior growth rate in M. rosenbergii juveniles in comparison to the diet based on shrimp
head meal. However, according to Jayalakshmy and Natarajan (1994) the performance of
clam meat based diet was inferior to shrimp waste and fish meal based diets in M. idella.
Das et al. (1995) reported that mussel meat based diet gave good growth rate in

M. malcolmsonii but only second to the diet based on prawn meal.
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In the present study, superior growth performance of M. rosenbergii to shrimp meat
(T,), followed by crab meélt (T,) based diets was observed, which may be due to the re-
moval of exoskeleton of shrimp used in the diet, which if present in excess quantities in
diets, wquld have depressed the growth rate of prawns. Even though, clam meat based diet
(T,) produced lower growth rate, it does not vary significantly from the two former diets

based on shrimp meat and crab meat.

5.2.2. Specific growth rate

Specific growth rate can be considered as an index of growth in the evaluation of
diets since it is a more refined and improved growth index than absolute weight gain or
percentage growth rate (Hepher, 1988). The results of the present study indicate the highest
SGR with the diet T, containing crab meat plus clam meat as major protein sources, closely
followed by the diets T, with clam + crab + shrimp meat and T, with shrimp meat + clam
meat, though statistically there was no significant difference (P<0.05) between these three
diets. However, the diet T, with crab meat + shrimp meat produced significantly lower
SGR than the former three diets. All the diets with combined animal protein sources pro-
duced superior SGR values than the diets based on either shrimp meat (T ), crab meat (T.)

or clam meat (T,) alone.

Revishankar and Keshavanath (1988) reported highest specific growth rate 0f 1.1923
for M. rosenbergii juveniles with pelleted feed containing silkworm pupae and shrimp
waste followed by the diet with silkworm pupae and clam meat; though statistically there
was no significant difference between these two diets. However, the diets based on either

silkworm pupae or fishmeal alone gave significantly lower SGR values. Anilkumar (1994)
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obtained 2 maximum SGR of 2.97 for clam meal based diet while shrimp head meal based
diet gave a lower SGR of 2.37 for M. rosenbergii juveniles. Das ef al.(1995) reported
highest SGR of 1.64 in M. malcolmsonii juveniles with formulated feed based on shrimp
meal as major protein source whereas the mussel meat based diet gave a SGR of 1.59,
though the latter is not statistically different (P<0.05) from the former. The diets based on
fish meal and silkworm pupae produced poor specific growth rates. In the present study
also, better SGR values were obtained for combined protein sources in comparison to
single protein sources in formulated feeds. Among the single protein sources shrimp meat
based diet (T,) gave highest SGR, followed by crab meat (T,) and clam meat (T;) based

diets, though the latter two were not seen to be significantly different from diet T

5.2.3. Survival

The juvenile prawns under all the seven treatments in the present study showed fairly
good survival rates ranging from 86.67% to 96.67%, suggesting that the different protein
sources tested either individually or in various combinations did not produce much varia-
tion on survival rates. New (1976), in his review on the nutritional studies of shrimps and
prawns has opined that mortalities in nutritional studies are rare, unless the diet is grossly
deficient in nutrients. Behanan ef al. (1992) reported a survival of 76% in M. rosenbergii
post-larvae with the diet based on cat fish meat, prawn head, gluten and clam meat based
diet. Raje and Joshi (1992) obtained survival rates of 66% (clam meat + fish meat based
diet) to 69% (crab meat + fish liver based diet) in M rosenbergii larvae. Anilkumar
(1994) reported a high survival rate (>90%) in M. rosenbergii juveniles fed on diets based

on different animal protein sources, and according to him the higher survival rates were due
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to better nutritional quality of the feeds. Survival ranging from 83.3 to 100% was obtained
by Das et al. (1995) in M. malcolmsonii juveniles fed on diets with different protein sources
viz., shrimp meal, fish meal, mussel meal and silkworm pupae. Although, variations in
growth and feed efficiency were observed with test diets having different protein sources,
the high survival rates observed in the present study, irrespective of the protein sources may
be due to the fulfilment of dietary requirements, which might have helped to ow;ercome the

moulting stress in juvenile prawns.

5.2.4. Food conversion ratio

Foed conversion ratio (FCR) is the ability with which an animal can convert food for
the growth process and is reflected in the ratios of food consumed to the live weight it has
gained. Thus higher efficiency in food utilization indicates lower food conversion ratios. In
the present study, lower food conversion ratios were registered for diets with combined ani-
mal protein sources over single animal protein based diets. Among the combined protein
sources, lowest FCR (2.52) was obtained for diet T, containing crab meat plus clam meat
followed by the diets T, (2.73) with shrimp meat plus clam meat and T, (2.92) with shrimp
plus crab plus clam meat, though T, and T, were not significantly different (P <0.05) from T,.
However, the diet T, based on shrimp meat plus crab meat gave significantly higher FCR
(3.44) than the former three diets. Among the single protein sources shrimp meat based diet
(T,) gave better FCR (3.54) followed by crab meat diet (T, ) with FCR of 3.62 and clam meat
diet (T,) with FCR 3.87. Though clam meat based diet registered highest FCR, it was not
seen to be significantly different from diets T, and T,. According to Colvin (1976), protein

source that is deficient in essential nutrients in adequate quantities produces less efficient
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feed conversion ratio. In the present study, the better food conversion ratios obtained for
diets based on combined protein sources in comparison to single protein sources might be
due to the fact that even at lower diet intake level, combined protein sources provided

essential nutrients in required proportion for better growth of prawns.

Ravishankar and Keshavanath (1988) obtained a better absolute conversion rate of
6.84 in M. rosenbergii juveniles fed with pelleted diet based on silkworm pupae plus
shrimp waste followed by silkworm pupae plus clam meat diet, though statistically there
was no significant difference between these two pelleted diets. Behanan ef al. (1992) re-
ported a feed conversion ratio of 4.13 in M. rosenbergii post-larvae with compounded diet
based on cat fish meat, shrimp head, gluten and clam meat, while the feed conversionratio
of 4.19 was registered for diet based on clam meat alone. Jayalakshmy and Natarajan
(1994) reported a FCR of 2.8 with prawn waste based diet and 4.1 with clam meat based
diet in juvenile M. idella. However, Anilkumar (1994) reported better feed conversion
ratio of 2.69 with clam meal diet than shrimp head meal based diet (3.5) for M. rosenbergii
juveniles. Das et al. (1995) found that diet based on prawn meal gave better FCR 0f 3.07 in
M. malcolmsonii followed by mussel meal diet (3.2), though the latter was not seen to be
significantly different from prawn meal diet. In the present study lowest FCR of 2.52 was
registered with crab meat plus clam meat based diet (T,) and highest FCR of 3.87 with diet

(T,) containing clam meat alone. ‘

5.2.5. Protein efficiency ratio
Protein efficiency ratio (PER) is used to evaluate the quality of dietary protein, those

with high PER can be considgred as better quality and those with low values as poor qual-
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ity. Behanan et al. (1992) reported a PER of 0.73 in M. rosenbergii post-larvae fed with
clam meat based diet while the diet with‘catﬁsh meat, shrimp head, gluten and clam meat
gave lower PER 0f0.555. However, from the point of highest survival and feed conversion
efficiency the latter diet with combined protein sources was found to be ideal for feeding
M. rosenbergii postlarvae. Anilkumar (1994) obtained higher PER of 1.07 with clam meat '
based diet and 0.817 for shrimp head meal based diet for M. rosenbergii juveniles. But a
better PER of 0.9 was reported by Das (1995) with shrimp meal based diet closely fol-
lowed by mussel meat based diet (0.83) in M. malcolmsonii, though there was no signifi-

cant difference between these two diets.

In the present study it was found that, M. rosenbergii juveniles fed on diet containing
crab meat plus clam meat (T,) was more efficient in converting dietary protein with PER of
1.137, followed by those fed on diets based on shrimp meat plus clam meat (T,) with PER
of 1.049 and shrimp plus crab plus clam meat (T,) with PER 0f 0.988. However, there was
no significant difference (P<0.05) in protein efficiency ratios between these three diets.
The diets based on shrimp meat plus crab meat (T,) and single animal protein sources gave
significantly lower PERs in comparison to the former three diets. Among the individual
protein sources highest PER of 0.81 was obtained for shrimp meat based diet (T ), fol-
lowed by diets with crab meat (T, ) with PER of 0.8 and clam meat (T,) with PER of 0.745,
though the latter two diets were not seen to be significantly different (P<0.05) from shrimp
meatdiet. The results of the present study indicate that the diets based on combined animal
protein sources are more efficient in converting dietary protein for growth than those diets

with single animal protein sources.
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5.2.6. Productive protein value

Protein utilization can also be expressed in terms of productive protein value (PPV).
Very high productive protein values ranging from 23.2 to 51 have been reported in case of
different fish species. (Takeuchi ef al., 1978; Reinitz et al., 1978; Steffens, 1981; Degani ef
al., 1989). However studies on PPV of prawns and shrimps are scarce (James e al., 1990;

Boby and Susheela, 1996; Vinod and Susheela, 1998; Sreeja, 1998).

James et al. (1990) reported PPV 0f 6.67 for Spirulina based diet and 9.42 for casein
based control diet for M. rosenbergii post-larvae. Boby and Susheela (1996) obtained a
PPV of 13.48 in M. rosenbergii post-larvac when 10 ppm of the growth promoter,
oxytetracycline was incorporated in a casein based purified diet; while the PPV of control
diet was 8.99. Vinod and Susheela (1998) in their studies on the growth promoters in P.
monodor juveniles reported a PPV value of 16.6 and 14.38 when glucosamine was incor-
porated in clam meal based diet at 0.25 and 0.5% respectively, which are significantly
different from control diet with a PPV of 9.97. The results of the present study in M.
rosenbergii indicate that the diets based on combined animal protein sources T, (crab meat
plus clam meat) witﬁ a PPV of 18.807, T, (shrimp meat and clam meat) with a PPV of
17.271 and T, (shrimp plus crab plus clam meat) with a PPV of 16.086 were superior to
diets containing single animal protein sources where the range of PPV was 14.293 to 11.929.
The diet based on shrimp meat plus crab meat (T,) gave significantly lower PPV than the
diets T,, T,and T,. Among the single protein sources, shrimp meat based diet (T,) pro-
duced higher PPV of 14.293 and it was seen to be significantly different from productive

protein values of diets with crab meat (T,) and clam meat (T,) as major protein sources.
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5.3. Water quality pafameters

5.3.1. Temperature

Water temperature is an important factor which influences the survival and growth of
any organism. M. rosenbergii can survive in a wide range of temperature (18-33%) with-
out any deleterious effect, provided temperature fluctuations are not severe, sudden and of
long duration (Farmanfarmaian and Moore, 1980). New (1990) also reported that M.
rosenbergii adults can tolerate wide temperature range of 18-34%, while for larvae the
optimum range is 26-31%. Temperature below 14° or above 35° are reported to be lethal
for post-larvae, optimum being 29-31%. The weekly range of temperature observed during
the present experimental period was 27.4% t0 29.58%. The values recorded are within the

optimum range suggested for the growth of M. rosenbergii juveniles.

5.3.2. pH

pH of water is another factor which has been reported to affect the growth of‘ prawns.
In the present study, pH of water was almost uniform in all experimental tanks and varied
between 7.6 to 8.09. New and Singholka (1982) and Sandifer and Smith (1985) reported a
pH range of 7.5 to 8.5 as optimum for culture of Macrobrachium spp. Malecha ef al.
(1980) and Sandifer and Smith (1985) observed that high pH values were not favourable
for the growth of M. rosenbergii. 1deal pH for M. rosenbergii is reported to be 7-8.5 by

Hsich ef al. (1989).

5.3.3. Dissolved oxygen
Temperature of water and metabolic rate of prawn influence the physiological need

for oxygen. New and Singholka (1982) reported that an oxygen concentration of 75% satu-

76



ration was optimum for the growth of Macrobrachium spp. Vasaquez et al. (1989) found
that the optimum level of dissolved oxygen in pond conditions for Macrobrachium culture
is 6-8 ppm. During the present study, weekly dissolved oxygen values in the experimental
tanks ranged from 6.67 to 7.8 ppm, since mild aeration was provided to the tanks. These

values were found to be optimum for rearing of Macrobrachium rosenbergii juveniles.
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SUMMARY



6. SUMMARY
An experiment has been carried out to evaluate the efficiency of pelleted feeds for-
mulated from different animal protein sources viz., clam meat, shrimp meat and crab meat
in various combinations on the growth and survival of Macrobrachium rosenbergii juve-
niles. A comparison has also been made between the diets based on combined animal

protein sources and those with single animal protein source.

1. Proximate analysis of various feed ingredients used in the formulation of test diets
showed that shrimp meat contained highest crude protein content of 80.45%, followed by

crab meat (55.63%) and clam meat (53.86%).

2. Seven isonitrogenous test diets, T, to T, with 35% crude protein were prepared
for the study. They were diet T, with clam meat + shrimp meat + crab meat, diet T, with
shrimp meat -+ crab meat ,diet T, with clam meat -+ crab meat, diet T, with clam meat +
shrimp meat, diet T, with clam meat, diet T, with shrimp meat and diet T, with crab meat.
The other ingredients included were groundnut oil cake,-tapioca powder, potato starch,

cholesterol, sunflower oil and supplevite-M (a Vitamin-mineral mixture).

3. Proximate analysis of the formulated test diets showed that crude protein content
of the diets ranged between 34.56% and 35.06%, crude fat content ranged between 7.69%
. and 8.22%, carbohydrate content between 36.20% and 41.31%, and the caloric content

between 4.24 K. cal/ gand 4.43 K. cal/ g.

4. The various observations in the water quality parameters were found to be well

within the tolerance limits for the optimum growth of M. rosenbergii juveniles.
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5. At the end of 60 days of rearing, better growth rates were recorded in M
rosenbergii juveniles fed with diets based on combined animal protein sources than those

with single animal protein sources.

6. Higher specific growth rates were recorded in prawn juveniles fed on diets T,
(2.483), T, (2.328), T, (2.327) and T, (2.065) based on combined animal protein sources

than the diets with single animal protein sources T, (2.022), T, (1.976) and T, (1.839).

7. The survival rate of M. rosenbergii juveniles was not found to be influenced
substantially by the various protein sources tried and the survival rate recorded in various

treatments ranged between 96.67% and 86.67%.

8. Low food conversion ratios were obtained in prawns fed on the diets with com-
bined animal protein sources viz., T, (2.52), T, (2.73), T, (2.92) and T, (3.44) over the

diets T, (3.54), T, (3.62) and T, (3.87) based on single animal protein sources.

9. High protein efficiency ratios were recorded with diets T, (1.137), T, (1.049), T,
(0.988) and T, (0.836) based on combined animal protein sources than those diets T, (0.81),

T, (0.80) and T (0.747) with single animal protein sources.

10. High productive protein values were also obtained with the diets T, (18.807), T .
(17.271), and T, (16.086) based on combined animal protein sources over the diets T,

(14.293), T, (12.934) and T, (11.929) with single animal protein sources.

79



REFERENCES



7. REFERENCES

Akiyama, D.M., Dominy, W.G. and Lawrence, A.L., 1992, Penaeid shrimp nutrition. In:
A.W. Fast and L.J. Lester (eds.), Marine shrimp culture : Principles and practices.

Elsevier science Publishers., Amesterdam, pp. 535-568.

Ali, S.A., 1998. Studies on the evaluation of different sources of protein, carbohy
drate and mineral requirements for juvenile penaeid prawn Penaeus indicus H. Milne
Edwards. Ph. D. Thesis, Cochin University of Science and Tech
nology. Cochin. P.243,

Andrews, J.W.,, Sick, L.V. and Baptist, G.L., 1972. Influence of dietary protein and energy
levels on growth and survival of penaeid shrimp. Aquaculture, 1 :341 - 347,

- Anilkumar, P., 1994. Evaluation of different protein sources in the formulated feeds for
Macrobrachium rosenbergii (De Man). M.FSc. Thesis, Submitted to Kerala Agri-
cultural University, College of Fisheries, Panangad, Cochin, India. -

*Antiporda, J.L., 1986. Optimum protein requirements for Macrobrachium rosenbergii
juveniles. Working paper, NACA/ WP/ 86/ 45. Network of Aquaculture centres in
Asia, Bangkok, Thailand, P. 20.

AOAC.,, 1990. Official Methods of Analysis of the Association of Official Analytical
Chemists, 15th ed. Merlich, K.(ed.) Association of Official Analytical Chemists
Inc., Arlington, Virginia, 1298 P.

AQUACORP, 1976. Incorporation de proteins vegetables dans unaliment compose pour

Macrobrachium rosenbergii, Aquaculture, 8 - 71-80.

*ASEAN/ UNDP/ FAO., 1988. Country review paper (Thailand) presented at ASEAN
Workshop on Shrimp and Finfish Feed Development. 25-29 October. Johone Babru,

80



Malaysia. ASEAN/ UNDP/ FAO Regional Small Scale Coastal Fisheries Develop-
ment Project, Manila, philippines, pp. 13-15.

Ashmore, S B., Stanley, R.W., Moore, L.B. and Malecha, S.R., 1986. Effect of growth and
apparent digestibility of diets varying in grain source and protein level in

Macrobrachium rosenbergii. J. World. Maricult. Soc., 16 : 205-216.

Balazs, G.H. and Ross, E., 1976. Effect of protein source and level on growth and perform-

ance of the captive freshwater prawn, Macrobrachium rosenbergii. Aquaculture,7 :

299-313.

Balazs, G.H.., Ross, E. and Brooks, C.C., 1973. .Preliminéry studies on the preparation and

feeding of crustacean diets. Aquaculture,2 : 369-377.

Balazs, G.H., Ross, E., Brooks, C.C. and Fujimura, T., 1974. Effect of protein source and
level on growth of captive freshwater prawn, Macrobrachium rosenbergii. Proc.

World Maricult. Soc., 5 : 1-14.

Bartlett, P. and Enkerlin, E., 1983. Growth of the prawn Macrobrachium rosenbergii in
asbestos asphalt ponds in hard water on a low ﬁrotein diet. Aquaculture,30:353-356.

Behanan, L., Mukundan, M.K., Alphi. K. and Sherief, PM., 1992. Formulation and evaluation
of particulated feed for Macrobrachium rosenbergii post larvae. In: Silas, E. G. (ed)),
Fresh water prawns., Proc. Natn. Symp. Fresh water prawn (Macrobrachivm spp.)
held at Faculty of Fisheries, Kochi, K.A.U. India, Dec 12-14, 1990, pp. 238-240.

Bingru, Yu, Shen, and Hong., 1990. On the appropriate contents of protein, fat and caloric
protein ratio in the diet for freshwater shrimp. J. Fish. China/ Shvichanxveboo, 14
(4) : 321 - 327.

81



Boby Ignatius and Susheela Jose., 1996. Use of selected growth promoters in the larval
rearing of the giant freshwater prawn Macrobrachium rosenbergii. In: lyengar, PX.

(ed). Proc. 8th Kerala Science Congress, Kochi : 536-539.

Boghen, A.D. and Castell, J.D., 1981. Nutritional value of different dietary proteins to

juvenile lobsters, Homarus americanus. Aquaculture, 22 : 343 - 351.

Boghen, A D., Castell, J.D. and Conklin, D.E., 1982. In search of a reference protein to replace
"vitamin free" casein in lobster nutrition studies. Can. J. Zool., 60 : 2033 - 2038.

Boonyaratpalin, M. and New, M.B., 1980. Evaluation of diets for giant prawn reared in
concrete ponds. Thai Fish. Gaz., 33 (5) : 555-561.

Boonyaratpalin, M. and New, M.B. 1982. Evaluation of diets for Macrobrachium
rosenbergii reared in concrete ponds. In: M.B. New (ed.), Giant prawn Farming.

Elsevier, Amesterdam. pp. 249-256.

Bordner, CE., 1989. A standard reference diet for crustacean nutrition research. V. Growth

and survival of juvenile Dungeness crabs, Cancer megister. J. World Aquacult. Soc,

20 (30) : 119-121.

Bowser, P.R. and Rosenmark, R., 1981. Mortalities of cultured lobster, Homarus, associ-
ated with moult death syndrome. Aquacuiture, 23 : 11-18.Boyd, C.E., 1979. Water
quality in warm water fish ponds. Auburn University Agricultural Experiment Sta-
tion, Auburn, Alabama., P. 359.

Briggs, M.R., 1991. The performance of juvenile prawns, Macrobrachium rosenbergii,
fed a range of carbohydrate sources in semipurified diets. J. World Aguacult. Soc.,
22 (3), 16A.

82



.‘, v
Y

Briggs, M.R.P,, Jauncey, K. and Brown, J.H., 1988. The cholesterol and lecithin require-

ments of juvenile prawn Macrobrachium rosenbergii fed semi-purified diets.

Aquaculture, 70 : 121-129,

Castell, J.D., 1982. Fatty acid metabolism in crustacea. In : Pruder, G.D., Langdon, C.J.
and Conklin, D.E. (eds.), Proc. 2nd Int. Conf. Aquacult. Nutr. : Biochemical and
physiological Approaches to Shellfish Nutrition. Lousiana State University, Baton

Rouge, Louisiana. pp. 124-145.

Castell, J.D_, Kean, J.C., Mc Cann, D.G.C., Boghen, A D., Conklin, D.E. and D' Abramo,
L.R. 1989. A standard reference diet for crustacean nutrition research II. Selection of

a purification procedure for production of the Rock crab Cancer irroratus protein

ingredient. J. World Aquacult. Soc., 20 (3) : 100-106.

Clifford, H.C. and Brick, R.W,, 1979. A physiological approach to the study of growth and
bioenergitics in the freshwater shrimp Macrobrachium rosenbergii. Ibid., 10 : 701-719,

Colvin, PM,, 1976. Nutritional studies on penaeid prawn : protein requirements in com-

pounded diets for juvenile Penaeus indicus. Aquaculture, 7 : 315-326.

Conklin, D.E., Devers, K. and Bordner, C.E., 1977. Development of artificial diets for
lobster H. americanus. Proc. Ann. Meet. World Maricult. Soc., 8 : 841-852.

*Costa, H.H., 1980. Preliminary studies on the feeding of the giant freshwater prawn
(Macrobrachium rosenbergii) using locally available diets. In : Giant Prawn - An
International conference on Macrobrachium Farming, Bankok. 1980, Proceedings.

Stockholm. Sweden, YFS : 159-166.

83



Cowey, C.B. and Forster, JRM., 1971. The essential amino acid requirements of the
prawn Palaemon serratus- The growth of prawns on diets containing proteins of

different amino acid compositions. Mar: Biol., 10 : 77-81.

Cruz-Ricque, L.E. and AQUACQP, 1987. Effect of squid meal on growth of juvenile
Penaeus monodon reared in ponds and tanks. J. World Aquacult. Soc., 24 : 26 A.
(Abstract only).

Cruz-Rique, E.L., Guillaume, J., Cuzon, G. and AQUACQP., 1987. Squid protein effect on
growth of four penaeid shrimp., J. World. Aquacult. Soc., 18 : 209-217.

Cruz-Suvarez, L.E., Marie, D.R., Vega, J.A.M. and Ebeling, PW., 1993. Evaluation of two
shrimp by-products meal as protein source in the diet of Penaeus vannamei.

Aquaculture, 115 : 53-62.

D' Abramo, L.R. and Daniels, W.H., 1994. Sterol requirement of juvenile freshwater prawn
Macrobrachium rosenbergii, In : Abstracts of World Aquaculture '94, 14-18 Jan
1994, New orleans, U.S.A. P. 200. World Aquaculture Society, Baton Rouge, Louisi-
ana, US.A.

D' Abramo, L.R., Moncreiff, C.A., Holcomb, EP., Montanez, J L. and Buddington, PR.,

1994. Vitamin C requirement of the juvenile freshwater prawn, Macrobrachium

rosenbergii. Aquaculture, 128 : 269-275.

D' Abramo, L.R. and Reed, L., 1988. Optimal dietary protein level for juvenile freshwater
prawn Macrobrachium rosenbergii. J. World Aquaculture Soc., 19 \(1). 25A. (Ab-

stract only).

D' Abramo, L.R. and Sheen, S., 1993. Polyunsaturated fatty acid nutrition in juvenile fresh-

water prawn Macrobrachium rosenbergii. Aquaculture, 115 : 63-86.

84



Dall, W. and Smith, D.M., 1987. Changes in protein bound and free amino acids in the mussel

of the tiger prawn Penaeus esculentus during starvation. Mar. Boil., 95 : 509-520.

Das, K.M., Mukhopadhya, PK. and Nanda, S.K., 1995. Evaluation of four formulated diets in
Macrobrachium rosenbergii juveniles. J. Aquacult. Trop., 10 (2) : 129-137.

Davis, D.A. and Robinson, E-H., 1986. Estimation of the dietary lipid requirement level of
the white crayfish Procambarus acutus acutus. J. World Aquacult. Soc., 17 : 37-43.

Degani, G., Ben-Zvi, Y. and Levanon, D., 1989. The effect of different protein levels and
temperature on feed utilization, growth and body composition of Clarias gariepinus

(Burchell- 1822). Aquaculture, 76 : 293-302.

Deshimaru, O., 1982. Protein and amino acid nutrition of the prawn Penaeus japonicus. In
: Pruder, G.P.,, Langdon, C.J. and Conklin, D.E. (eds.), Proc. Second. Int. Conf.
Aquacult. Nutr. : Biochemical and physiological Approaches to Shellfish Nutrition.
Louisfana State University, Baton. Rouge, Lousiana. pp. 106-123.

Deshimaru, O., Kuroki, K. and Yone, K., 1979. The composition and level of dietary lipid
~ appropriate for growth of prawn. Bull. Jap. Soc.. Sci. Fish., 45 : 591-594.

Deshimaru, O. and Shigueno, K., 1972. Introduction to the artificial diet for prawn, Penaeus
Jjaponicus. Aquaculture, 1: 115-133. |

De Silva, S.S. and Davy, FB., 1990. Fish nutrition research for semi-intensive culture

system in the tropics-some strategies for the future.

Devendra, C., 1989. Nomenclature, terminology and definitions appropriate to animal nu-
trition. In: De Silva, S.S. (ed.), Fish Nutrition Research in Asia, Proc. 3 rd. Asian
Fish. Nutrition. Network meeting. Asian Fisheries Soc.Spl.Publ 4:166P. Asian Fish-

eries Society, Manila,philppines.

85



Diaz-Herrera, F., Juarez-Castro, G., Perez-Cruz, E. and Buckle-Ramirez., 1992a. Energy
budget for post larvae and juveniles of Malaysian prawn Macrobrachium rosenbergii

De Man (Crustacea : Palaemonidae). Cienc. Mar. 18(2) : 19-32.

Diaz-Herrera,F., Perze-Cruz, E., Juarez-Casto, G. and Buckle- Ramirez, L.F.,, 1992b. As-
similation and growth efficiencies of post larvae and juveniles of the Malaysian prawn,

Macrobrachium rosenbergii. Cienc. Mar. 18(4) : 17-26.

Dokken, Q.R. and Lawrence, A R., 1985. Growth response of Penaeus vannamei to feed-
ing frequency and dietary ingredients, soybean meal, a whitefish meal mixture, squid
meal and squid puree. Presented at the Meeting of the World Mariculture Society.

January 13-17, 1985. Orlando, Florida, U.S.A.

Fair, PH. and Fortner, A.A., 1981. The role of formula feeds and natural productivity in

culture of the prawn Macrobrachium rosenbergii. Aquaculture. 24 : 233-243.

Fair, PH., Fortner, A.A., Millikin, M.R. and Sick, L. V., 1980. The effect of dietary fibre on
the growth, assimilation, and cellulase activity of Macrobrachium rosenbergii. Proc

World Maricult. Soc., 11 : 369-381.

Farmanfarmaian, A. and Lauterio, T., 1979. Amino acid supplémentation of feed pellets of the
giant shrimp, Macrobrachium rosenbergii. Proc. World Maricult. Soc., 10 : 647-688.

Farmanfarmaian, A. and Lauterio, T., 1980. Amino acid composition of the tail muscle of
Macrobrachium rosenbergii, comparison to amino actd patterns of supplemented

commercial feed pellets. Proc. World Maricult. Soc., 11 : 454-462.

Farmanfarmaian, A. and Moore, R., 1980. Diseasonal thermal Aquaculture I. Effect of
temperature and dissolved oxygen on survival and growth of Macrobrachium

rosenbergii. Proc. World Maricult. Soc., 9 : 55-56.

86



Felker, P. and Bandurshi, R.S., 1977. Protein and amino acid composition of legume seeds.
J. Sci. food. Argic., 28 : 791-797.

Fetuga, B.L., Babatunde, G.M. and Oyenuga, V.A., 1973. Protein quality of some Nigerian
feed stuffs- I, Chemical assay of nutrients and amino acid composition. J. Sci. Food,

Argic., 24 : 1505-1514.

Forster, JR.M., 1976. Studies on the development of the compounded diets for prawns. In:
Price, K.S., Shaw, W.N. and Danberg, K.S. (eds.), Proc. First Int. Conf. Aquacult.
Nutr., NOAA (Sea Grant). pp. 229-248.

Forster, JR.M. and Beard, T.W,, 1973. Growth experiments with the prawn Palaemon
serratus fed with fresh and compounded foods. Fish. Invest., Ser. I, 27 (7) : 1-16.

Freuchtenicht, G.W,, Bark, L.E., Malecha, S.R. and Stanley, R W, 1988. The effect of
protein level in Macrobrachium rosenbergii individually reared in clear water flow-
through aquaria. Presented at the 19th Annual Meeting of the World Aquaculture
Society. January 2-9, 1988. Honolulu, Hawaii.

" Fujimura, T., 1966. Notes on the development of a practical mass culturing techniques of
the giant prawn Macrobrachium rosenbergii. Indo. Pac. Fish. Counc. Proc., 12th

session, Honolulu, Hawaii (IPFC/166/WP 47), 3 pp.

Garces, L. L. and Heinen, J.M., 1989. Supplementary foods for postlarval freshwater prawns,
Macrobrachium rosenbergii. J. World Aquacult. Soc., 20(1) : 39.

Garces, L.L. and Heinen, J. M., 1993. Evaluation of beef liver, fruits, and vegetables as
dietary supplements for indoor nursery culture of freshwater prawns, Macrobrachium

rosenbergii. J. World Aquacult. Soc., 24(1) : pp.58 - 65.

87



Gijo Ittoop., 1996. Vitamin C requirement and its deficiency syndromes in Macrobrachium
rosenbergii juveniles. M.F.Sc Thesis. Submitted to Kerala Agricultural Univer-

sity, Faculty of Fisheries, Kochi, Kerala. pp. 30-51.

Gomez - Diaz, G. and Nakagawa, H., 1990. Effects of dietary carbohydrates on growth and
body components of the giant freshwater prawn Macrobrachium rosenbergit., Aquat.

Living Resour. 3(2) : 99-105.

Gomez, G.D., Nakagawa, H. and Kasahara, S., 1988. Effect of dietary protein/starch ratio
and energy levels on growth of the giant freshwater prawn Macrobrachium

rosenbergii. Nippon Suisan Gakkaishi., 54: 1401 - 1407.

Gopal, C. 1986. Nutritional studies in juvenile Penaeus indicus with reference to protein
and vitamin requirements. Ph. D. Thesis, Centre of Advanced Studies in Mariculture,

CMFRI, Cochin. P.306.

Grant, B. E,, Sieb, P.A., Liao, M. and Corpron K. E., 1989. Poly - phosphated L-ascorbic
acid : a stable form of vitamin for aquaculture feeds. J. World Aquacult. Soc., 20 :
143-157.

Harpaz, S. and Schmalbach,E.A.,1986. Improved growth and health of the Malaysian prawn,
Macrobrachium rosenbergii by addition of fresh leaves to the artificial diets.

Aquaculture, 55(2) : 81 - 85.

Hastings, W. H. 1976. Fish nutrition and fish feed manufacture, FAO Tech. Conf. on
Aquaculture, Japan. FIR : AQ/Conf /76/R., 23, P.13.

He, H. and Lawrence, A. L., 1993. Vitamin C requirement of the shrimp Penaeus vannamei.
Aquaculture, 114: 305 - 316.

88



Heinen, J.N., 1988. Vitamin requirements of freshwater prawns, Macrobrachium
rosenbergii. Paper presented at the 19th Annual Meeting of the World Aquaculture
Society, Honolulu, 111, January.

Hepher, B., 1988. Nutrition of pond fishes. Cambridge University Press, Cambridge. P.388.

Hilton, J.W., Harrison, K.E. and Standey, J.S., 1984. A semipurified test diet for
Macrobrachium rosenbergii and the lack of need for supplemental lecithin.

Aquaculture, 37 - 209 - 215.

Hsieh, C. H., Chao, N. H., De olivera, Gomes, L. A. and Liao, I.C., 1989. Culture practices
and status of the giant freshwater prawn, Macrobrachium rosenbergii, in Taiwan.
Paper presented at the 3rd Brazilian Shrimp Farming Congress, 15-20 Oct. Joar

Pessoa. P. B. Brazil, 25 pp.

Huner, J. V. and Colvin, L. B., 1977. A short term study on the effects of diets with varied
calcium : phosphorus ratios on the growth of juvenile shrimp, Penaeus californiensis.

Proc. World. Maricult. Soc., 8: 775-778.

IFREMER, 1989. Freshwater prawn Macrobrachium rosenbergii culture is French Over-
seas Territories : Origin, extension and presented at Aquaculture’89. 12-16 Febru-

ary, Los Angeles, CA. 17 pp.

James, T., Sherief, PM., Nair, M.C. and Thampy, D.M., 1990. Evaluation of Spirulina
Sfusiformis as a protein source in the diet of postlarvae of Macrobrachium rosenbergii.
In: Silas, E. G., (ed.), Freshwater Prawn, Kerala Agricultural University, Thrissur,
India : 234 - 237.

Jayalakshmy, B. and Natarajan, P., 1993. Growth, conversion efficiency and moulting of
prawn Macrobrachium idella fed on feeds containing plant matter. Indian. J. Mar.

Sci., 22(2) : 149 -150

89



Jayalakshmy, B. and Natarajan, P., 1994. Growth, conversion efficiency and moulting fre-
quency of Macrobrachium idella fed on different artificial diets. J. Aquacult. Trop.,
9(3): 193-200.

Jeyalakshmi, G., Joseph.G., Irwin and Daniel, T., 1997. Nutritional value of leaf protein
concentrates in pelleted feed for freshwater prawn Macrobrachium malcolmsonii.
Paper presented at National Workshop on Fish and prawn Feeds, CIFA,
Kausalyaganga, 2-3 September, 1997. (Abstract only)

Josekutty, PA. and Susheela, J. 1992. Growth response of P. monodon to pelleted feeds to
different protein sources. National seminar on prawn feeds, 1992. Asian Fish. Soc.

Abs. No.21.

Joseph, J.D. and Williams, J. E. 1975. Shrimp head oil: A potential feed additive for
mariculture. Proc. World Mariculture Soc., 6 : 147 - 155.

Kanazawa, A and Koshio, S., 1993. Lipid nutrition of the spiny lobster Panulirus

Japonicus(Decapoda, Palinuridae) : a review. Crustaceana., 67: 226-232.

Kanazawa, A., Shimaya, M., Kawasaki, M. and Kashiwada, K., 1970. Nutritional require-
ments of prawn 1. Feeding an artifical diet. Bull. Jap. Soc.Sci. Fish.,36 (9) : 949 -954.

*Kanazawa, A., Teshima, S. and Endo, M., 1979 d. Requirements of prawn Penaeus

Japonicus for essential fatty acids. Mem. Fac. Fish., Kagoshima Univ., 28: 27-33.

Kanazawa, A., Tokiwa, S., Kayama, M. and Hirata, M., 1977a. Essential fattyacids in the
diet of prawn 1. Effects of linoleic and linolenic acids on growth. Bu/l. .Jap. Soc. Sci.
Fish., 43 : 1111-1114,

Kohler, CC and Kruger, S. P, 1985. Use of pressed Brewer’s grain as feed for freshwater
prawn (Macrobrachium rosenbergii). J. World Maricult. Soc., 16 : 181 - 182.

90



Kompiang, P, 1990. Shrimp nutrition. Presented at AQUATECH '90, Kaula Lumpur : 60 -78.

Koshio, S., Kanazawa, S. and Teshima, S. E., 1992. Nutritional evaluation of dietary soybean
- protein for juvenile freshwater prawn, Macrobrachium rosenbergii. Bull. Jap. Soc.

Sci. Fish., 58(5): 965-970.

Koshio, S., Teshima, S., Kanazawa, A. and Watase, T., 1993. The effect of dietary protein
content on growth, digestion efficiency and nitrogen excretion of juvenile Kuruma

prawn, Penaeus japonicus. Aquaculture, 113 : 101 - 114.

Law, A. T., Chin, K.S.S,, Ang, K. J. and Kamarudin, M.S., 1990. Digestibility of low-cost
ingredients in pelleted feeds by M. rosenbergii (De Man), In: Hirana, R. and Hanyo,
I.(eds.), The 2nd Asian Fisheries Forum. Asian Fisheries Society, Manila,
philippines. pp: 333-336.

Law, A.T., Poh, Y.T. and Ang, K.J., 1992. Ledst-cost feed formulation for juvenile
Macrobrachium rosenbergii by using linear programming technique. In: Abstracts
of the 3rd Asian Fisheries Forum, 26-30 October 1992, Singapore, P.188 (Abstract
PN-05) Asian Fisheries Society, Manila, Philippines.

Lim, C., Suraniranat, P. and Platon, R.R., 1979. Evaluation of various protein sources for

Penaeus monodon postlarvae. Kalikasan. Philipp. J. Biol., 8 : 29-36.

Ling S.W., 1969. Methods of rearing and culturing Macrobrachium rosenbergii. In : Pro-
ceedings of the world conference on shrimp and prawn(Mexico), 1967. FAO Ref
Pap. E. 31, FAO, Rome, pp. 607 - 619.

Lovel, R. 1., 1989. Fish Nutrition in Aquaculture. In: Adlaka, D. K. (ed.), Aquaculture
Research Needs for 2000 AD., Oxford IBH Publishing Co. Pvt. Ltd., New Delhi, pp
: 105-122.

91



Mahesh S., 1996. Effect of different dietary levels of lecithin on growth, survival, moulting
and body phospholipid levels in Macrobrachium rosenbergii postiarvae. M.F.Sc.
Thesis. Submitted to Kerala Agricultural University, Faculty of Fisheries, Kochi,
Kerala, P. 129.

Malecha, S., Sarver, D. and Orizuka, D., 1980. Approaches to the study of domestication in
the freshwater prawn Macrobrachium rosenbergii with special emphasis on the

Annenue and Malaysian stocks. Pro. World Maricult. Soc. 11:500-528.

Manju, K. G. and Devendran, K., 1997. Effect of bacteria and actinomycetes as single cell
protein feed on growth of juveniles of Macrobrachium idella (Hilegendorf). Indian
J. Exp. Biol., 35(1) : pp. 53-55.

Millikin, M. R., Forster, A. R., Fair, P. H. and Sick, L. V., 1980. Influence of dietary protein
concentration on growth, feed conversion and general metabolism of juvenile prawn

(Macrobrachium rosenbergii). Proc. World Maricuit. Soc., 11 : 382 - 391.

Minamizawa, A. and Morizane, T., 1970. Report on study about cultivation Technique for
Freshwater Shrimp. Ehime Prefecture Fisheries Laboratory, Bureau of Commercial
Fisheries, office of Foreign Fisheries, U.S. Department of Interior Washington, D.C.

Miyajima, L.S., Broderick, G.A. and Reimer, R.D., 1976. Identification of the essential
amino acids of the freshwater shrimp. Macrobrachium Ohione. Proc. World.

Maricult. Soc., 8: 245-250.

Moore, B.L. and Stanley, WR., 1982. Comn Silage as a feed supplement for grow-out of
Macrobrachium rosenbergii in ponds. J. World. Maricult. Soc., 13 : 86-94.

Morrissy, N.M., 1989. A standard reference diet for Crustacean nutrition Research. IV. Growth
of freshwater cray-fish Cherax tenuimanus. J. World Aquacult. Soc., 20 (3): 114-117.

92



*Mossmann, R.L., Moraes, B., Azevedo, D.R., Rey, G.F, Silveira, LP,, Frozza, M., Serduk,
PK. and Viana, TM.A., 1990. Growth of Macrobrachium rosenbergii fed with an
alternative diet. ESTUD. LEOPOLD. 1990. 20 (118) : pp. 13-26 (Portuguese).

Murugadas, S. and Pandian, T.J., 1987. The effects of dietary protein concentration on
growth, feed conversion and metabolism of commercially important riverine prawn,
Macrobrachium nobilli. Presented at the First Indian Fisheries Forum, Asian Fish.

Soc. (Indian Branch), December 4-8, 1987, Mangalore, Karnataka.

Nair, C.M. and Thampy, D.M., 1987. Hatchery production of the seed and culture of
Macrobrachium rosenbergii. In : Sem. Problems and Prospects. Freshwater
Aquacult. in Kerala. Kerala Agricultural University, College of Fisheries, Panangad,
Cochin, Nov. 16th, 1988.

Nelson, S.G., Knight, A W. and Li, HW., 1977b. The metabolic cost of food utilization and
ammonia production by juvenile Macrobrachium rosenbergii. Comp. Biochem.

physiol., 57TA : 67-72.

New, M.B., 1976. A review of dietary studies with shrimp and prawns. Aquaculture 9 :
101-144. |

New, M.B., 1980. Bibiliography of shrimp and prawn nutrition. Aquacuiture. 21 : 101-128.

New M.B., 1990. Compounded Feed stuffs for Shrimp Culture. In: New. M.B., de Saram,
H. and Singh. T. (eds.), Proc. Aquatech '90 Conference. Kuala Lumpur, Malaysia,
11-14 June 1990. pp. 79-105.

New, M.B. and Singholka, S., 1982. Freshwater prawn farming. A manual for the culture of
Macrobrachium rosenbergii. FAQO Fish. Tech. paper, 225. FAO, Rome. P. 116.

93



Noborikawa, D.K., 1978. The determination of cellulose in the giant Malaysian prawn,
Macrobrachium rosenbergii. Proc. Natl. Shellfish Assoc., 69 : 205.

Pandian, T.J., 1989. Protein requirements of fish and prawns cultured in Asia. In: De
Silva, S.S.(ed.), Fish Nutrition Research in Asia. Proc 3rd Asian Fish Nutrition Net-

work meeting. Asian Fish Soc. Spec. publ., 4. pp. 11-22.

Pascual, F.P., 1988. Nutrition. In: Biology and Culture of Penaeus monodon. Brackishwater
Aquaculture Information system, Aquaculture Dept., Southeast Asian Fisheries De-

velopment centre, Tigbauam, lloilo, Philippines, pp: 119-137.

Paulraj, R., 1982. Systems of expressing the protein values of the feed and methods of their
estimation. In: Manual of research methods for fish and shellfish nutrition. CMFRI.
Spl. publication 8: 82-85.

Paulraj, R., 1993. Aquaculture feed. The Marine products Export Development Authority,
Kochi, India. P. 93.

Pearson, D., 1976. The Chemical Analysis of Food. Churchill, London, P. 93.

Perry, W.G. and Tarver, J., 1987. Polyculture of Macrobrachium rosenbergii gnd

Notemigonus crysoleucas. J. World Aquacult. Soc., 18: 1-5.

Pezzato, L E., Barros, M.M., Delcarrotore, C.R., Magalhaes, R.G.J. and Salaro, A.L., 1995.
Growth performance of post larval Malaysian’s Prawn (Macrobrachium rosenbergii)
fed at different levels of dietary protein. In: Zimmermann, S. (ed.), Proc.. 6th-Rio-
Grande-Meeting of Aquacult. Experts-and 3rd - South - Brazil - Meeting on
Aquaculture. 1995, pp. 26-33.

Raje, P.C. and Joshi, V.P., 1992. Evaluation of different diet/ diet combinations for the
larvae of M. rosenbergii, In: Silas, E.G. (ed.), Freshwater Prawn, Kerala Agricul-
tural University, Thrissur, India: 218-222.

94



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

Rath, G.S. and Dube, K., 1994. Role of zinc in promoting growth and survival of

Macrobrachium rosenbergii. J. Aquacult. Trop., 9. 160-167.

Ravishankar, A.N. and Keshavanath, P., 1988. Utilization of artificial feeds by
Macrobrachium rosenbergii. (De Man). Indian J. Animal. Sci., 58(7) : 876-881.

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

Reed, L. and D’ Abramo, L.R. 1989. A standard reference diet for crustacean nutrition
research. TI1. Effects on weight gain and amino acid composition of whole body and
tail muscle of juvenile prawns Macrobrachium rosenbergii. J. World Aquacult.

Soc., 20 : 107-113.

Reena, T. and Qureshi, T.A., 1996. Influence of different artificial feeds on the growth and
survival of Macrobrachium dayanum (HENDERSON, 1893). The IV Indian Fish-
eries Forum Abstracts; 24-28 Nov, 1996. School of Marine Sciences. CUSAT.,
Kochi, India.

Reigh, R.C. and Stickney, R.R., 1989. Effect of purified dietary fatty acids on the fatty acid
composition of freshwater shrimp, Macrobrachium rosenbergii. Aquaculture, 77(2-

3): 157-174.

Reinitz, G.L., Orme, LE., Lemm, C.A. and Hitzel, EN., 1978. Influence of varying lipid
concentrations in diets for rainbow trout (Salmo gairdneri). Trans. Ani. Fish. Soc.,

107 :751-754.

95



Richards, N.R., 1990. Shrimp Waste Utilization. Infofish Technical Hand book (No. 4)
Infofish, Kaula Lumpur. P. 20.

Rosa, EEM.V,, Heinen, M.J. and D’ Abramo, R.L., 1995. Supplementation of commercial
feeds with beef liver for indoor nursery culture of freshwater prawns Macrobrachium

rosenbergii. J. World Aquacult. Soc., 26(1): 103-106.

Sadhana, M.and Neelakantan, B., 1997. Growth response of juvenile shrimp Penaeus
merguiensis (Eucarida/ crustacea) to feeds containing different protein sources. In-

dian. J. Mar. Sci. 26: 180-185.

Sahadevan, P., 1992. Protein requirement of the postlarvae and juveniles of Macrobrachium
rosenbergii (De Man). M .ESc Thesis, Submitted to the Kerala Agricultural Uni-
versity, Faculty of Fisheries, Kochi, Kerala, P. 141.

Saju, M.S., 1996. Dietary phosphorous requirement and deficiency syndromes in
Macrobrachium rosenbergii juveniles. M.F.Sc. Thesis. Submitted to Kerala Agri-

cultural University, Faculty of Fisheries, Kochi, Kerala, P. 107,

Sandifer, PA. and Joseph. J.D., 1976. Growth responses and fatty acid composition of

juvenile prawns Macrobrachium rosenbergii fed on prepared ration augmented with

shrimp head oil. Aquaculture, 8: 129-139.

*Sandifer, PA. and Smith, T.1.J., 1985. Freshwater prawns. In: Huner, J.V. and Brown,
EN. (eds.), Crustacean and Mollusk Aquaculture in the United States. Avi pub-
lishing co., West port. CT: 63-125.

Sarac, H.Z., Gravel, M., Saunders, J. and Tabrett, S., 1993. Evaluation of Australian pro-
tein sources for diets of the black tiger prawn (Penaeus monodon) by proximate

analysis and essential amino acid index. In: carrillo, M., Dahle, 1., Morale, J.,

96



Sorgeloos, P, Svennevig, N. and Wyban, J. (eds.), Abstracts of the International
Conference World Aquaculture *93, May 26-28, 1993, Torramolinos, Spain. Euro-

pean Aquaculture Society, Special publication No. 19, Oostendo, Belgium.

Shang, Y.C., 1981. Aquaculture Economics: Basic concepts and methods of analysis. West
View Press, Colorado, P. 153.

Sheen, S.S. and D’ Abramo, L.R., 1989. Estimation of the optimal dietary lipid level for
juvenile freshwater prawn, Macrobrachium rosenbergii. J. ‘World Aquacult.

Soc., 20(1): 70

Sheen, S. and D’ Abramo, L.R., 1991. Response of juvenile freshwater prawn
Macrobrachium rosenbergii to different levels of cod liver oil/ com oil mixture ina

semi purified diet. Aquaculture, 93: 121-134.

Sherief, PM., 1987. Clam meat as animal protein source in the diet of Macrobrachium
rosenbergii. In: Diversification of Post-harvest Technology for low cost Fish. So-

ciety of Fisheries Technologists (India), Cochin. pp. 327-334.

Sherief, PM., 1989. Clam meat as animal protein source in the diet of freshwater prawns.
In: Balachandran, K., Perigreen, P. A., Madhavan, P. and Surendran, P. K. (eds.),
Recent Advances in processing of Low cost Fish. Society of Fisheries Technologies

(India), Cochin. pp. 327 - 334

Sherief, P. M., Nair., C. M. and Malika, V., 1992. The Cholestrol requirement of larval and
postlarval prawn (Macrobrachium rosenbergii.) In : Silas, E.G.(ed.), Freshwater

Prawns. Proc. Nat. Symp. Freshwater Prawn (Macrobrachium Spp.), held at Fac-
ulty of Fisheries, Kochi, KAU, India, Dec. 12 - 14, 1990. pp. 213-217.

97



Shewbart, K.L., Mies, W.L. and Ludwig, P.D., 1972. Identification and quantitative analy-
sis of the amino acids present in protein of the brown shrimp, Penaeus aztecus. Mar.

Biol., 16:64 - 67.

Sick, L.V. and Andrews, J.W., 1973. The effect of selected dietary lipids, carbohydrates
and proteins on the growth, survival and body composition of Penaeus duorarum.

Proc. World Mariculture Soc., 4: 263-276.

*Sick, L. V. and Beaty, H., 1975. Development of formula foods designed for Macrobrachium
rosenbergii larval and juvenile shrimp. Proc. World Maricuit. Soc. 6 : 89-102.

Sick L.V. and Millikin, R., 1983. Dietary and nutrient requirements for culture of the Asian
Prawn, Macrobrachium rosenbergii. In : Mc Vey, J.P. and Moore, J.R. (eds.), CRC
Handbook of Mariculture, Vol. 1 Crustacean aquaculture. CRC Press Inc. Boca

Ratom, Florida. pp. 381 - 389.

Smith, B. R., Miller, G. C. and Mead, R. W,, 1987. Taurine tissue concentrations and
salinity effect on taurine in the freshwater prawn Macrobrachium rosenbergii, Comp.

Biochem physiol., A, 87 (4) : 907-909.

Snedecor, G.M. and Cochran, W.G., 1968. Sratistical Methods. Oxford and IBH Publish-
ing company, New Delhi, P. 593.

Sreeja M., 1998. Growth and survival of Penaeus monodon Fabricus juveniles fed on diet
at different levels of replacement of clam meat with de-oiled silkworm pupae. M ESc.
Thesis. Submitted to Kerala Agricultural University, Faculty of Fisheries, Kochi,
Kerala,P.141.

Stahl ;M.S.and Aheran,G.A., 1978. Amino acid studies with juvenile Macrobrachium
rosenbergii. Proc. World Maricult. Soc.,9 : 209-216.

98



Steffens, W, 1981. Protein utilization by rainbow trout (Sa/mo gairdneri) and carp (Cyprinus
carpio). A brief review, Aquaculture, 23 : 337 - 345,

Stickland, J.D.H. and Parson, T. R., 1972. A practical handbook of sea water analysis.
Bull. Fish. Res. Rd. Con., 167:311-315.

Subramanyan, C.B. and Oppenheimer, C.H., 1969. Food preferences and growth of grooved
penaeid shrimp. In: Yopungken, Jr. (ed.), Proc. Food Drugs from the Sea conf., Mar.
Technol. Soc., Washington D.C. pp. 65-75.

Tekeuchi, T., Watanabe, T., and Ogino, C., 1978b. Optimum ratio of protein to lipid in diets
of rainbow trout. Bull. Jap. Soc. Sci. Fish., 44 : 683 -688.

Teshima, S., Ishikawa, M., Koshio, S. and Kanazawa, A., 1997. Necessity of dietary
cholestrol for the freshwater prawn. Fisheries Science, 63(4) : 596-599.

Teshima, S. and Kanazawa, A., 1984. Effect of protein, lipid and carbohydrate levels in the
purified diets on growth and survival rates of prawn larvae. Bull. Jap. Soc. Sci.
Fish., 50 : 1709-1713.

Tidwell, J.H., Webster, C.D. and Clark, J.A., 1992. Evaluation of distillers dried grains with
solubles as a protein source in diets for the freshwater prawn Macrobrachium
rosenbergii . Aquaculture-92 : Growing - Toward - The - 21st- Century. 1992. pp.216-
217.

Tidwell, J.H., Webster, C.D., Yancey, D.H. and D’ Abramo, L.R.,1993. Partial and total
replacement of fish meal with soybean meal and distillers by-products in diets for
pond culture of the freshwater prawn (Macrobrachium rosenbergii). Aquaculture.

118(1-2) : 119 - 130.

99



Unnikrishnan, R., Nair, C.M. and Sherief, PM., 1991. Utilisation of silkworm pupae in the
diet of freshwater prawn, Macrobrachium rosenbergii. In : Silas, E.G. (ed.), Fresh-
water Prawn. Proc. Nat. Symp. freshwater prawn (Macrobrachium spp.), held at
Faculty of Fisheries, Kochi, Kerala Agricultural University, Trichur, India, Dec 12-
14, 1990. pp. 229-233.

Vasquez, D.E., Rouse, D.B, and Rogers, W.A ., 1989. Growth responses of Macrobrachium
rosenbergii at different levels of hardness. J. World Aquacuit. Soc., 20(2): 90-92.

Vasudevappa, C., Sivasankar, N. and Patil, S.A., 1993. Growth of giant freshwater prawn
Macrobrachium rosenbergii (De Man) fed on different formulated feeds. The 3rd
Indian Fish Forum Proc., 11-14 QOctober 1993, Pantnagar, pp. 33-35.

*Venkataramaiah, A., Cock, D.W., Biesiot, P., and Lakshmi, G. J., 1978. Nutritional value
of high marsh grass and shrimp shell waste for commercial brown shrimp (Penaeus
aztecus). Proc. World Maricult. Soc., 9 : 217-224.

Villarreal, H., Rivera, M.C. and Millan, A., 1991. Effect on the substitution of shrimp meal,
fish meal and soy meal for red crab (Pleuroncodes planipes) meal in the growth of
Juvenile Penaeus californiensis. World Aquacult. Soc. Program Abstracts. June 16-

20, 1991, Puerto Rico.

Vinod , M P. and Susheela Jose., 1998. Response of Penaeus monodon (Fabricus) to growth
promoters based on chitin and its derivatives. In: Sym . Advances and Priorities in

Fisheries Technology. 11-13 Feb 1998, held at CIFT, Cochin, India. (Abstract only)

Watanabe, W.O., 1975. Identification of the essential amino acids of the freshwater prawn,

Macrobrachium rosenbergii. M.Sc. Thesis, Dept. Zool. University of Hawaii, 26 pp

100



\T1352

Watanabe, W. O., Aheamn, G. A. and Stahl, M.S., 1976. Nutritional requirements of
Macrobrachium rosenbergii (Unpublished Report).

*Wickins, J.E,, 1972. Experiments on the culture of the spot prawn Pandalus platycerus
Brandt and the giant freshwater prawn Macrobrachium rosenbergii (de Man). Fish.
Invest. Minist. Agric. Fish. Food (G.B.), Ser. I, 27(5) : 111-123,

Wilson, R.P., 1989. Amino acids and proteins. In : Halver, J.E. (ed.), Fish Nutrition. Aca-
demic press, London. pp. 111-149.

Zimmermann, S., 1991. Testing five levels of dry sugarcane yeast in feeds for freshwater
prawns, Macrobrachium rosenbergii, reared in nursery . J. World Aquacult.

Soc., 22(3), 67A.

Zimmermann, S., Leboute, EM. and De Souza, S., 1992. The effect of four different forages
in feeds for freshwater juvenile prawns, Macrobrachium rosenbergii. Paper presented

at Aquaculture 92, 11 P. World Aquacult. Soc., Baton Rouge, Louisiana, USA.

Zimmermann, S., Leboute, E M. and De Souza, S.M., 1994. Effects of two calcium levels
in diets and three calcium levels in the culture water on the growth of the freshwater
prawn, Macrobrachium rosenbergii. In: Abstracts of world Aquaculture '94, 14-18
January 1994, New orleans, USA. P. 196. World Aquacult Soc., Baton Rouge, Loui-
siana, USA.

Zimmermann, S., Leboute, EIM., De Souza, S.M. and Penz, A M., 1991. Effects of three
different protein sources in grow-out feeds for freshwater prawns, Macrobrachium
rosenbergii reared in nursery. In: Proc. 3rd Brazilian Sym. on shrimp culture, 15-20

December 1991., Jao Persa, Paraiba, Brazil : 257 - 287.

*Not referred in the original.

101




GROWTH RESPONSE OF GIANT FRESHWATER PRAWN MACROBRACHIUM
ROSENBERGII (De Man) JUVENILES TO FEEDS BASED ON COMBINED
ANIMAL PROTEIN SOURCES

BY

T. NEERAJA

ABSTRACT OF ATHESIS

Submitted in partial fulfilment of the requirement for the degree

MASTER OF FISHERIES SCIENCE

FACULTY OF FISHERIES

KERALA AGRICULTURAL UNIVERSITY
DEPARTMENT OF AQUACULTURE

COLLEGE OF FISHERIES
PANANGAD - KOCHI

1998



1352

8. ABSTRACT

The present study aimed to evaluate the efficiency of test diets formulated from dif-
ferent animal protein sources viz., clam meat, shrimp meat and crab meat in various combi-
nations on the growth of giant freshwater prawn, Macrobrachium rosenbergii juveniles
was done for a period of 60 days. A comparison has also been made between the diets

based on combined protein sources over the diets with single protein sources.

Seven isonitrogenous test diets, T, to T, were prepared with 35% crude protein.
They were diet T, with clam meat + shrimp meat + crab meat, diet T, with shrimp meat +
crab meat, diet T, with clam meat + crab meat, diet T, with clam meat + shrimp meat, diet
T with clam meat, diet T, with shrimp meat and diet T, with crab meat. The other ingredi-
ents used were GOC, tapioca powder, potato starch, cholesterol, sunflower oil and
supplevite- M (a vitamin-mineral mixture).

Results showed better growth rates in prawn juveniles fed with diets based on com-
bined animal protein sources than those with single animal protein sources. Among the
combined protein sources the diet T, recorded highest growth rate of 265.30 mg though it
was not seen to be significantly different from T,and T,. Specific growth rate and protein
efficiency ratio also showed better performance of prawn juveniles fed on combined ani-
mal protein sources. The highest SGR (2.483) and PER (1.137) were recorded in prawns
fed on diet T, and lowest SGR (1.839) and PER (0.747) were obtained with diet T,. The
survival rate of juvenile prawns was not found to be significantly influenced by the various

test diets used and the survival ranged from 86.67% to 96.67%.
Productive protein value (PPV) was found to be highest in prawn juveniles fed on
diet T, (18.807) and the lowest with diet T, (11.929). The PPV of prawns fed on diets T,

and T, were found to be significantly higher than those fed on diets T,, T, T, and T,
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