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INTRODUCTION

Aquaculture, probably the fastest growing food-producing sector, now accounts for 

almost 50% of the world’s food fish and is perceived as having the greatest potential to meet 

the growing demand for aquatic food. Capture fishery production in India both in the marine 

as well as freshwater sector is being increasingly plateaued. While the annual growth rate of 

capture fishery has been somewhat stagnant, aquaculture production has been recording a 

phenomenal, annual growth of 9% (New, 1996).

Freshwater prawns of the Genus Mocrobrachium are distributed throughout the tropical 

and subtropical regions and more than 100 species are known to exist today (New, 2000). 

However the most important species among them is the giant fresh water prawn, 

Macrobrachium rosenbergii. This is the best species for aquaculture since it grows well in 

both freshwater and brackish waters. The favorable attributes for the fanning of giant 

freshwater prawn are its successful reproduction in captivity, established technologies for 

larval rearing, faster growth rate, high tolerance to wide ranges of salinity and temperature, 

omnivorous feeding habit, compatibility in polyculture, absence of major disease problems, 

wider consumer acceptability, high market value, tolerance to water quality changes, ability to 

cope with handling stress and ability to feed on unconventional feeds (El- 

Sayed,1997;Ayyappan and Pillai,2005).

The fanning of the giant freshwater prawn Macrobrachium rosenbergii, popularly 

known as ‘Scampi’ has been expanding in India for the past 10 years. In its natural 

environment the freshwater prawn is able to satisfy its particular nutrient requirements from a 

variety of sources, which includes aquatic worms, insects, small molluscs, crustaceans, 

plankton and organic detritus (Mitra et al., 2005). However, under controlled conditions of 

culture, it will become necessary to provide the prawn with appropriate levels of nutritionally 

balanced feeds. 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 40-60% of the
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operational cost (DeSilva and Davy, 1990; Piedad-pascual et al., 1990; Akiyaina et al., 1992; 

Sarac et al., 1993), and may rise to as high as 75% (Shang, 1981).

Profitable fish culture requires a steady supply of formulated feed in which proteins 

serve as both growth nutrient and energy currency. Thus, formulation of low cost feeds using 

the cheapest sources of protein is essential to hasten fish production and to reduce feed cost 

(Krishnankutty, 2005).

The cost of the feed mainly depends upon the cost of the protein source. The most 

commonly used protein source in fish/prawn feeds is fish meal. Owing to the high cost and 

fluctuating quality as well as uncertain availability there is shortage of the above protein 

sources, which has led to their price escalation in the market (Alceste, 2000). Hence, many 

feed ingredients alternative to fish meal at varying levels are being sought to attain sustainable 

aquaculture in the current millennium. Considerable emphasis has been focused on the use of 

conventional plant protein sources, such as soyabean, ground nut, cotton seed and rape seed 

meal (Jackson et al., 1982; El-Sayed, 1990). However their scarcity and competition from 

other sectors for such conventional crops for livestock and human consumption as well as 

industrial use, make their cost too high and put them far beyond the reach of fish fanners or 

producers of aquafeeds (Fasakin et al., 1999). Therefore, in order to attain a more 

economically sustainable, environment friendly and viable production, research interest has 

been directed towards the evaluation and use of unconventional protein sources particularly 

from plant products such as seeds, leaves, agricultural byproducts and aquatic weeds (Olvera- 

Novoa et al., 1988; El-Sayed, 1999; Siddhuraju and Becker, 2001). Associated with the 

development of intensive farming of Macrobrachium rosenbergii, the development of 

production of diets using-local and cheap ingredient is felt inevitable.

The aquatic weed menace is reaching alarming proportions in many parts of the 

country. Their physical removal will become economical if monetary return from harvested 

plants can be found through their commercial use (Patnaik et al., 1991; Mohanty and Das, 

1995; Ray and Das, 1995; Agbede and Falaye, 1997; Guru and Patra, 2007; Mishra, 2007). In
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this context, attention has to be paid to utilize protein rich aquatic plant leaves as feed 

ingredients.

Although attempts have been made to use the leaves of aquatic weeds in fish feeds, there 

is no information regarding the utilization of water spinach leaves in fish/prawn feeds. 

Therefore the present study is aimed at utilizing the leaves of Ipomoea aquatica (water 

spinach), the ubiquitous aquatic weed, as a protein source in the feed of Macrobrachium 

rosenbergii post larvae.



REVIEW OF LITERATURE
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2. REVIEW OF LITERATURE

2.1. NUTRITIONAL REQUIREMENTS OF FRESHWATER PRAWNS

Successful and sustainable farming of the giant freshwater prawn depends up on the 

application of nutritionally adequate, eco-friendly and economically viable supplementary 

feeds. Feed is a major operational input and costs normally range from 30-50% of total 

operational expenditure (Sultan, 2005). In view of this, supplementary feeds should be 

scientifically fonnulated, optimally processed and judiciously applied, depending upon 

specific nutritional needs and intensity of fanning operations. Ingredients for prawn feeds are 

of animal as well as plant origin. Several locally available feed ingredients have been 

evaluated as the cost effective feed ingredients for prawn. Mixed feeding schedules including 

alternate high and low protein diets have resulted in saving of feed cost with out affecting the 

growth and survival (Naik and Murthy, 2001; Sultan, 2005). Feeding studies carried out on 

M. rosenbergii are mostly concentrated on larval and juvenile stages (Ling 1969; James, 1990; 

Sherief, 1992; Daniels et al., 2000).

2.1.1. Protein

Protein, being a dietary constituent of major importance, influences the growth and 

production of prawns (Antiporda, 1986). The source, dietary level and amino acid 

composition of protein in relation to shrimp and prawn nutrition has received much attention, 

because it is the largest and most expensive component in the feed (New, 1976). As for the 

nursery phase of Macrobvachium rosenbergii is concerned, the quantitative dietary protein 

requirement is still in considerable uncertainty. The estimated dietary protein requirement for 

Macrobrachium rosenbergii post larvae and juvenile range between 30 to 35 % of crude 

protein (D’ Abramo and New, 2000). Starter diets usually contain 32% while grower and 

finisher diets have a lesser level of 30% protein. Several studies showed that better growth 

performance of Macrobrachium rosenbergii between 30 and 40% protein levels (Balazs and 

Ross, 1976; Millikin et al., 1980; D’ Abramo and Reed, 1988; Gomez et al., 1988;
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AQUACOP, 1990; Law et a i,  1992; Koshio et al. , 1992). Fruechtenicht (1988) found better 

performance of Macrobrachium rosenbergii in 51.25% protein diet. But Gomez et al. (1988) 

reported that dietary protein level as low as 13 % was sufficient for Macrobrachium 

rosenbergii and the ratio of protein: starch of 1:1 leads to good growth and high survival rate, 

although feed efficiency was the highest at the protein to starch ratio of 1:3. However, protein 

efficiency ratio was the highest for the diet of 384 Kcal /100 g diet. Recent studies pointed 

out that higher dietary protein levels neither result in higher freshwater prawn yields nor 

significantly influence their survival rate, harvest size, yield or gross FCR (Posadas et al., 

2001).

If protein in the diet is insufficient, the already stored protein is withdrawn from the 

tissues to carry on the vital life functions, thereby resulting in rapid reduction in growth 

(Paulraj, 1993). Millikin et al. (1980) reported better growth, FCR and PER in 

Macrobrachium rosenbergii fed 40% protein diet and observed decreased growth rates in 49% 

protein diet. The elevated rates of protein catabolism were found to be the reason for 

decreased growth in higher protein level. Frechienicht (1988) reported better growth of 

prawns at 30.3 and 51.2% protein levels in the diet. Law et al. (1992) recorded maximum 

growth in post larvae of Macrobrachium rosenbergii when fed with 40% protein diet as 

against 25, 30 and 50% protein levels. Utilization of dietary proteins for energy production 

and metabolism is both nutritionally and economically wasteful. It is necessary to spare 

protein for growth by optimizing the level of non-protein energy sources (Alava and Pascual, 

1987). Gomez et al. (1988) reported that high starch content promote PER suggesting that 

dietary protein was spared by supplementation of starch in Macrobrachium rosenbergii. In 

case the energy derived from carbohydrate and lipid is insufficient, prawn metabolizes protein 

for energy requirement which is uneconomical and ammonia produced in deamination process 

can be toxic to prawn. Hence, the optimum levels of protein in the feed is essential and 30- 

35% protein is suitable for Macrobrachium rosenbergii feed with total energy of 350Kcal GE 

/100g feed (ELSayed ,1997). Felix and Jayaseelan (2006) revealed the need for 40% protein 

diet to achieve better growth performance in Macrobrachium rosenbergii in nursery phase.
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They found that protein sparing could be maximized at L: CHO of 1:3.7 to achieve better 

growth of Macrobrachium rosenbergii and efficient utilization o f feed.

Varying levels of proteins ranging from 35-45% (Ang et a l 1992; Das et al., 1993; 

1996) have been considered as ideal for brood stock of fresh water prawn under experimental 

conditions. Similarly D ’ Abramo et al. (1995) had reported a successful use of a high energy, 

high protein (40%) salmonid diet for brood stock of Macrobrachium rosenbergii. Das et al. 

(1996) evaluated the efficiency of 12 formulated diets on the reproductive performance of 

Macrobrachium rosenbergii and recommended that a brood stock diet with 40% crude protein 

and a gross energy level of 400Kcal/100g diet was ideal. Based on biochemical 

characterization of the tissues of Macrobrachium rosenbergii, a lower level o f 30% CP has 

been considered to be sufficient to meet the requirements of pond reared brood stock (Bindu et 

al., 2001). Mitra et al. (2005) reviewed that a protein level o f 38-40% and energy level of 3.7- 

4 Kcal/g feed are optimal for Macrobrachium rosenbergii brood stock. Additional 

information provided by the same authors suggests that brood stock reared in ponds having 

natural food requires only about 30% protein in their diet.

The protein content of commercial prawn feeds have been reported as 23.8 to 38.5 % in 

Hawaii (Corbin et al., 1983), 28.36 % in Taiwan (Hsieh et al., 1989) and 25-30% in French 

Guiana (IFREMER.1989). Clifford and Brick (1979) reported that optimum growth of prawns 

was achieved with diet having 25% protein and 1:4 lipid: CHO ratio. According to New 

(1976) the optimal level of dietary protein for different species of prawns is between 27% and 

35%. In case of juvenile Macrobrachium rosenbergii the requirement may be somewhat 

higher. According to Behanan and Mathew (1995) a diet containing 30-40 % protein produces 

better growth in Macrobrachium rosenbergii. Boonyaratpalin and New (1980) suggested 

that desirable protein level o f feed from economical stand point was 15%, at least for the first 

four months of rearing. Ravishankar and Keshavanath (1988) found that Macrobrachium 

rosenbergii utilized feed pellets containing silkworm pupae and shrimp waste more efficiently 

and gave higher specific growth rate than diet having fish meal, silkworm pupae alone or silk 

worm pupae plus clam meat. Unnikrishnan et al.{ 1991) were able to substitute extracted silk
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worm pupae for extracted clam meat as semi purified diet for Macrobrachium rosenbergii 

post larvae without any detrimental effect on the survival,growth rate and protein efficiency 

ratio.

Behanan et a/. (1992) conducted another experiment on the post larvae of 

Macrobrachium rosenbergii by using pelleted feeds with 33-44% protein and found that the 

diet containing 33% protein was ideal. James et al. (1990) found that Spinilina fusiformis can 

be used as a supplementary protein but cannot be secured as a sole protein source in 

Macrobrachium rosenbergii post larvae. Good growth and survival have been obtained by 

feeding with proteins having amino acid profile similar to the tissues of shrimp itself 

(Kanazawa, 1992). Pezzato et al. (1995) evaluated the influence of three protein levels (30, 

40 and 50%) in the diet of post larvae of Macrobrachium rosenbergii. Higher protein levels in 

the diet were needed by in the first 10 weeks and after 20 weeks higher weight gain were 

obtained with a diet containing 41.38 % crude protein.

A point worth mentioning is that no study has hitherto evaluated the protein requirement 

of freshwater prawn in well fertilized ponds having adequate natural food in the form of 

plankton or benthic micro and macro fauna. In fact, the quality of protein, which may be 

actually utilized by the animals in well fertilized and productive ponds environments, is not 

known. In the absence of such published information on the nutrient requirements of fresh 

water prawn in pond based farming systems, it is to be believed that almost all the commercial 

aquafeeds may be over formulated so far as protein is concerned. This justifies the concern 

for a revalidation of the protein requirement of post larvae and juvenile freshwater prawn to be 

carried out under practical farming conditions. Knowing that the species shows good survival 

and growth on low protein (15-20%) diets in well fertilized ponds decreasing the current 

protein levels by 10-15% at the initial stages of farming could certainly help farmers reduce 

the operating costs and achieve better margins o f production (Raghavan and Prasad,2006).
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2.1.2. Amino acids

Using radio isotopic analysis, Cowey and Forster (1971) and Shewhart et al. (1972) 

showed that arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, tyrosine and valine are essential for Palaeomon serratus and Penaeits 

aztecus respectively. The prawn requires the same ten essential amino acids as other 

crustaceans and fish species, but quantitative requirements have not been determined. 

Watanabe (1975) and Watanabe et al. (1976) have shown that tyrosine is essential for 

Macrobrachium rosenbergii in addition to histidine, methionine, leucine, isoleucine, valine, 

tryptophan and phenylalanine. A conspicuous variation in Macrobrachium rosenbergii is that 

in contrast to other crustaceans studied so far, lysine seems to be non-essential for 

Macrobrachium rosenbergii (Watanabe, 1975). Similar results were obtained for 

Macrobrachium ohione by Miyajima et al. (1976) except for tryptophan. Diets based on 

essential amino acid profile of Macrobrachium egg that would yield high fecundity and high 

hatching contained 40 % protein and 400 Kcal GE/100 g diet. The essential amino acids for 

shrimps and prawns are qualitatively similar to those o f other animals (New, 1976). Similar 

observations by Stahl and Aheam (1978) had shown that lysine is not essential for growth and 

survival of Macrobrachium rosenbergii. These authors also investigated the essentiality of 

arginine,histidine and tryptophan, and reported that these three amino acids are found to be 

non-essential for Macrobrachium rosenbergii ,but cautioned that gut and /or tank bacteria may 

have supported the prawn with the above amino acids in sufficient amounts for growth.

Smith et al. (1987) reported the incapability of Macrobrachium rosenbergii in 

synthesizing asparagines, which is regarded as another essential amino acid. This requires 

further investigation regarding its categorization. The whole body amino acid profile of prawn 

can be indicative of its quantitative as well as qualitative amino acid requirement and the ratio 

of total amino acid to essential amino acid is similar for Macrobrachium rosenbergii. Dali 

and Smith (1987) reported that dietary sources of amino acids regarded as non-essential may 

be required if they have high rate o f metabolic turnover. Alanine is thought to have an
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osmoregulatory function, while taurine is involved in cardiac and neural processes in 

Macrobrachium rosenbergii (Smith et al., 1987). Tidwell et al. (1993) had shown that 

replacement of fish meal with soyabean and distillers by-products in diets for Macrobrachium 

rosenbergii caused significant increase in concentration of glutamine, proline, alanine, leucine 

and phenylalanine.

Kanazawa (1992) found that methionine enriched soyabean protein was preferable to 

crystalline methionine when used to supplement a methionine deficient diet. Attempts to 

support amino acid deficient diets with crystalline amino acid or basal diet consisting of 

crystalline amino acid have not been successful with shrimp (Lovell, 1998).

The amino acid composition o f the prawn muscle is used to provide guidance values in 

feed formulation (Mitra et al., 2005). The effects of utilization of feed with balanced amino 

acid or poor quality protein are manifested in slow growth, low protein efficiency and higher 

dietary protein requirement.

2.1.3. Lipids and fatty acids

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 (Sheen and D’Abramo, 1991). 

In comparison to penaeid shrimps, Macrobrachium rosenbergii requires comparatively low 

lipid levels in diets. Joseph and Williams (1975) reported best growth in post larvae of M. 

rosenbergii fed on diets with 35 shrimp head oil. Hilton et al. (1984) indicated that the total 

lipid content in the diet should not exceed 10% for M.rosenbergii. Sheen and D’Abramo 

(1991) found that 6% inclusion rate was optimal, while 0, 10 and 12% levels depressed growth 

in M.rosenbergii juveniles. They also observed significant reduction in weight of 

M.rosenbergii juveniles when 10-12 % of the same lipid sources were used and when a 2:1 

mixture of cod liver oil and com oil was fed at dietary levels ranging from 2-10%, weight gain 

of juvenile Macrobrachium rosenbergii was not significantly different and dietary lipid levels
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which exceed 10% are generally associated with a reduction in growth rate possibly due to the 

inability to process such high levels. Fox et al. (1994) reported that inclusion of more than 

10% lipid in prawn diet frequently led to suboptimal growth.

Crustaceans are known to synthesize certain groups of fatty acids de novo in their body, 

viz., palmitic (16:1), stearic (18:0) and oleic (18:1) acids (Kanazawa et al., 1979). Sandifer 

and Joseph (1976) demonstrated better growth of juvenile Macrobrachium rosenbergii ,fed 

with diets supplemented with 3% shrimp head oil rich in 20:5n-3 and 22:6n-3. Castell (1983) 

noted that whole body tissue of Macrobrachium rosenbergii contained higher level of n-6 

Poly unsaturated fatty acids (PUFA) and that maximum dietary 20:4n6 requirement was 

0.075%. Reigh and Stickney (1989) reported that the growth was negatively affected in 

Macrobrachium rosenbergii feeding on the diet with 18:3n3 as the only source of dietary 

lipid, as Macrobrachium rosenbergii are incapable of synthesizing neither 18:2n6 nor 18:3n3. 

Teshima et al. (1992) found that Macrobrachium species are incapable of elongating and 

desaturating 20:5n3 to 22:6n3 but are able to convert 22:6n3 to 20:5n3. However the ability 

for synthesis of long chain fatty acids with double bonds is absent or very limited in 

crustaceans and fresh water prawn requires dietary HUFAs for better growth (D’Abramo and 

Sheenl993). Teshima et al. (1994) found that optimal n-6 to n-3 fatty acid ratio was 20:1, but 

optimal ratio of 18:2n6 and 18:3n3 has not been established. Nutrition studies indicated that 5- 

9 % of a mixture of fish oil and soyabean at 1:1 ratio give best growth, FCR and PER.

Roustainan et al. (2001) reported that Macrobrachium rosenbergii are capable of 

elongating and desaturating C16:0 to 0 8 :0 ,  C18:2n6 to C20:4n6, C18:3n3 to C20:5n3. Both 

n-3 and n-6 HUFAs at dietary levels of 0.075% are known to increase weight gain and feed 

efficiency remarkabably, in addition 18:2n-6 and 18:3n-3 is also required (Mitra el al., 2005).

2.1.4. Sterols

Many species of fresh water and marine crustaceans have been shown to require an 

exogenous source of sterols for normal growth and development (Kanazawa, 1982; 1985). 

Macrobrachium rosenbergii, like other crustaceans, is unable to synthesize cholesterol due to
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the absence of the enzyme 3 hydroxy 3methylglutaryl CoA redutase, but can convert 

betastiosterol to cholesterol. Therefore, there is need to incorporate cholesterol in diet. The 

dietary cholesterol requirement varies from 0.12 % (Briggs et al., 1988) to 0.5-0.6 % (Sherief 

et al., 1992). The dietary requirement of cholesterol in Macrobrachium rosenbergii is 

approximately 0.3-0.6 % in diet. Substitution with 0.6 % ergosterol or stigmesterol is 

generally not so effective compared to 0.6% cholesterol. However, a mixture o f phytosterols 

has been found to be as effective as cholesterol. So like in penaeid shrimp feed, there is no 

need to add high levels of purified cholesterol in fresh water feeds provided the ingredients 

contain sufficient levels of phytosterols (Mitra,e/ fl/.,2005).

The freshwater prawn has no fixed dietary lipid requirement (D’Abramo and New, 

2000). Bindu et al. (2001) reported that the total lipid content in hepatopancreas and ovary 

and the total cholesterol content in hepatopancreas and eggs were comparatively lower in pond 

reared Macrobrachium rosenbergii than the wild caught ones. This study further suggests that 

dietary components like fatty acids and cholesterols are needed by the brood stock at higher 

levels than that are normally incorporated in grow out feeds. Saturated and monounsaturated 

fatty acids were greater than poly unsaturated fatty acids in Macrobrachium rosenbergii eggs 

(Cavalli et al.,2000), newly hatched larvae (Roustaian et al.,2001) and the midgut and ovary 

of matured females (Cavalli et a/.,2000). Hien et al. (2001) suggested that the quality of the 

lipid source used in brood stock feeds clearly affected the fecundity, egg fatty acid 

composition and offspring quality in Macrobrachium rosenbergii. The decosahexanoic acid 

(DHA) is the most utilized individual fatty acid during embryonic development of 

Macrobrachium rosenbergii (Clarke et al., 1990). The significance o f n-3 HUFA in brood 

stock diets and their relation to egg hatching and significance of 18:2n-6 in relation to 

fecundity is well documented in Macrobrachium rosenbergii (Cavalli et al., 1999; D’Abramo 

and New, 2000).

The literature on post-larval lipid nutrition suggests that Macrobrachium rosenbergii is 

benefited from an n-3 HUFA enriched diet. The vitellogenin titre of fresh water prawn given 

diet containing high HUFA was higher than those of prawn fed on diets containing low HUFA
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and trash fish (Hien and Phu, 2000). Cholesterol is critically involved in the reproductive 

process of Macrobrachium rosenbergii (Cavalli et al., 2001).

2.1.5. Phospholipids

Hilton et al. (1984) reported that supplemental lecithin was required by Macrobrachium 

rosenbergii fed a semi- purified diet containing casein- gelatin- wheat gluten (18:1:1) as 

protein source. No significant difference was detected in either weight gain or mortality of 

the prawn fed diets containing levels of refmed soyabean lecithin ranging from 0 % to 10 % 

for 12 weeks. No sign of deficiency or moult death syndrome was observed in any of the 

specimens. It is established that the supplementation of 1 and 2% soyabean lecithin to either 

casein or crab protein based diets does not improve the percentage weight gain and survival of 

Macrobrachium rosenbergii (Kanazawa, 1993).

Contradictory results were reported by Koshio et al. (1994) who noted that 

phospholipids had no positive effect on growth and feed conversion ratio when prawns were 

reared in groups; but the effect was observed when reared individually. Tiwari and Sahu 

(1999) reported 2% soya lecithin gave growth and survival than control and 5% soya lecithin 

inclusion along with 0.5% ground nut oil and 0.5% cod liver oil provided maximum growth 

for juveniles.

The freshwater prawn also has limited ability to biosynthesize phospholipids de novo. 

Manipulation of the level of phospholipids in brood stock had no profound effect on the 

fecundity, egg size,hatchability,starved larval size or larval quality (Cavalli et al.,2000) 

indicating that fresh water prawn do not need supplementary phospholipids and are satisfied 

with the phospholipids containing ingredients present in commercial diets. A basal level of 

0.8% dietary phospholipids is required to meet the demand of the scampi brood stock (Mitra et 

a l,  2005).
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2.1.6. Carbohydrates

Prawn can efficiently utilize carbohydrates, as it possesses enzymes that digest starch, 

cellulose and chitin. Its apparent digestibility of cellulose is about 80%. As the dietary 

cellulose increases, the amount of cellulase also increases while amylase reduces. Hence, 

cellulose serves as source of energy in Macrobrachium rosenbergii feed (Briggs, 1991; Del- 

Carmen-Gonzalez-penna et «/.2001). The optimum carbohydrate to lipid ratio is 1:4. 

Complex polysaccharides including starch and dextrin are more effectively utilized than 

simple sugars.

Studies have also proved that complex dietary polysaccharides are utilized better by 

freshwater prawn and yield higher growth rates when compared to disaccharide and 

monosaccharide (Briggs, 1991). Carbohydrate activity for freshwater prawn is presumed to be 

comparatively higher than that o f carnivorous species of Penaeid shrimps (D’Abramo and 

New, 2000). Anilkumar (1994) found that the protein level for Macrobrachium rosenbergii 

juveniles could be lowered from 35 to30% 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 o f 10% carbohydrate, thus reducing the 

cost of the feeds with out sacrificing the nutritional quality o f the formulated feed. 

Carbohydrates do not appear to be essential for crustacean brood stock diets.

The comparatively high specific activity of amylase found for Macrobrachium 

rosenbergii supporting the fact that the species efficiently utilizes carbohydrate as a source of 

energy (Mitra et al.f 2005). As o f now, little attention has been paid to the incorporation of 

high levels of carbohydrate source into freshwater prawn feeds. Thus there is plenty of scope 

for reducing both feed costs and pollution by incorporating cheap, locally available and 

digestible carbohydrate sources in fresh water prawn diets (Raghavan and Prasad, 2006). A 

perusal o f the literature reveals the absence of any published information on the carbohydrate 

nutrition of freshwater prawn brood stock.
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2.1.7. Fibre

Gomez et al. (1988) reported poor growth and depressed locomotive activity in 

Macrobrachium fed on diet containing 20% cellulose. Little is known about the nutritional 

significance of fibre in the diet of crustaceans. It has been a common practice among 

crustacean nutritionist to include cellulose (primarily as a dietary filler) in experimental 

rations at levels ranging from 0 to as high as 75% of the total dry matter (New, 1990). 

Zimmerman et er/.(1992) incorporated four inexpensive forages (the legume Clitoria temalea 

and grasses Bacharia purpurescens, B. arrecta and B.hwnidicola) as fibre sources, which 

constituted 75% of the fibre content of the diets and found that the diet containing B. 

purpurescens gave highest average individual weight and biomass in Macrobrachium 

rosenbergii. Growth, feed efficiency and protein efficiency ratio improve when dietary fibre 

increases from 0.4 to 0.8 %. The prawns are known to utilize as high as 30% dietary fibre 

(Mitra et al., 2005).

2.1.8. Vitamins

Harrison (1997) indicated that vitamin D is important in crustacean brood stock diets 

due to its probable role in calcium and phosphorous metabolism. A study by Cavalli et al. 

(2001) described the essentiality of vitamins C and E during maturation and reproduction in 

Macrobrachium rosenbergii. Levels of 60 mg ascorbic acid and 300mg of tocopherol/kg of 

feed are considered sufficient for proper reproduction and offspring viability in prawn brood 

stock (Mirta et al., 2005). The same authors also suggested that, feeding female prawn with 

higher levels of both these vitamins (each around 900 mg/kg) might improve larval quality 

including higher tolerance to ammonia stress. It has also been reported that vitamin E at 

200mg/kg diet modulated the antioxidant defense system by decreasing lipid peroxidation in 

the hepatopancreas. Recent evidence suggests that vitamin C with a dosage 0.15 % of body 

weight is optimum to accelerate gonadal maturation in fresh water prawn (Pamungkas et al., 

2005).
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Macrobrachium species feeds on almost ever)' thing on the pond bottom and all the 

time. Therefore, vitamin deficiency symptoms rarely occur. For Macrobrachium rosenbergii, 

high mortality is the only deficiency sign reported for vitamins. D’ Abramo et n/.(1994) who 

estimated the dietary vitamin C requirement to be approximately 100 mg/kg, a level that is 

consistent with reported vitamin C requirement of species of marine shrimp. Some crustacean 

have a limited ability to synthesize ascorbic acid (Lighter et al., 1979), but this is considered 

insufficient to meet metabolic requirements, as most species tested to date require a dietary 

source of ascorbic acid.

Cavalli et al. (2001) found that a high correlation between the deposition of lipid and a- 

tocopherol in the ovary of Macrobrachium rosenbergii and concluded that this was in line 

with the antioxidative function of this vitamin. In comparison to other tissues, the muscles 

had relatively lower concentrations o f ascorbic acid and a-tocopherol, but as the muscle mass 

comprised around 40% of the live weight o f female prawns, it represented the most important 

storage site of these vitamins in Macrobrachium rosenbergii. Therefore, from a metabolic 

viewpoint, it seems more reasonable that ascorbic acid could be consumed during embryonic 

development, as previously suggested for Macrobrachium rosenbergii.

Akiyama et al. (1992) recommended 50mg /kg for practical commercial shrimp feeds. 

Ittoop (1996) reported a maximum weight gain in Macrobrachium 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 weight. When alternate plant protein sources were used in 

diets containing the same concentration o f digestible energy and protein and when the diets 

formulated meet the nutritional requirements of the animal being fed, similar performance 

may be expected (Cruz-Suarez et al., 2001).

2.1.9. Minerals

Information on quantitative mineral requirement of fresh water prawn is limited. 

Harrison (1990) had suggested that mineral deficiencies or imbalances could have negative
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impact on crustacean reproduction with regard to oocyte resorption, reduction in reproductive 

performance and egg quality. Few studies have been conducted with the help of diets that 

were formulated with mineral mixes including calcium, phosphorous, magnesium, sodium, 

iron, manganese and selenium (Chamberlain 1988; Xu et a l 1994; Marsden et al., 1997; 

Mendoza et al., 1997). There are no studies that have dealt with mineral nutrition associated 

with brood stock of Macrobrachium rosenbergii. Dietary supply of calcium seems to improve 

growth of freshwater prawn. Performances of prawn were better when calcium was provided 

at 3% level in soft water (calcium concentration at 5 ppm). Even when the calcium 

concentration was higher at 74 ppm, performance improved when calcium was provided 

atl.8%. The optimum level of zinc was at 50-90 mg/kg diet. Growth and feed conversion 

efficiency declined at higher dietary doses (>90mg/kg) of zinc (Mitra et al., 2005).

Quantitative requirements of crustaceans for potassium have yet to be studied. With the 

exception o f osmoregulation, physical functions of minerals in aquatic species appear to be 

similar to those in terrestrial animals (Lovel, 1989). Potassium (k) is the principal intracellular 

cation. For aquatic animals, the quantitative requirement for growth has been studied in only 

a few species of fish. For example 0.8/100g and 0.26g/100g diet have been reported as the 

requirements for chinook salmon and cat fish respectively (Shiav and Hsieh, 2001).

Prawns have neutral or weak acidic digestive tract; therefore, water soluble minerals are 

more utilizable. Researches in quantitative mineral requirements for Macrobrachium 

rosenbergii are limited. Dietary Zinc required for best growth and feed conversion is 90 

mg/kg diet (Rath and Dube, 1994). Supplementation of calcium in diet was important when 

minerals in water are low. Dietary calcium required for best growth and survival is 0.3 to 1.8 

% when calcium carbonate level in culture water was about 51-74 mg/1 (Zimmermann et al., 

1994). The optimum Ca: P ratio was 1.5:1 in prawn feed. Further research should be carried 

out on mineral requirements in Macrobrachium rosenbergii.
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2.2. PROTEIN SOURCES

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

source with another in different species of shrimp and prawns have been evaluated by several 

investigators with varying degree of success. Profitable fish culture requires unfailing supply 

of formulated fish feed in which proteins serve as both growth nutrient and energy currency. 

Thus, formulation o f low-cost feeds using the cheapest sources of proteins is essential to 

hasten fish production and to reduce feed cost (Krishnankutty, 2005).

2.2.1. Animal protein sources

Various animal protein sources have been evaluated in the formulation of prawn feeds 

by several investigators, with varying degrees of success. Among the various animal protein 

sources of fresh water, marine and terrestrial origin crustacean and molluscan meals of marine 

origin were found to be better utilized by shrimps and prawns (Forster and Beard, 1973; 

Deshimaru,1982; Gopal,1986; Sherief,1987; Kompaing,1990; Villarrel et a l, 1991; Josekutty 

and Jose,1992; Cruz-Suarez et a l,  1993; Anilkumar,1994; Dalfiah et cr/.,1998 ; Kabangnga et 

a l, 1999).

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 

and several essential amino acids (Forster, 1976). Besides it is a good source of fatty acids 

(Sandifer and Joseph, 1976) and appears promising for compounding shrimp and prawn feed 

(Venkataramiah et al., 1978; Ali, 1998; Zimmermann et a l, 1991; Das et a l, 1995; Dalfiah et 

a l, 1998; Kabangnga et a l,  1999).

Zimmermann et al. (1991) compared the use of marine shrimp meal, fish meal and meat 

meal in 30% protein diets for post larvae of Macrobrachium 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
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lowest food conversion ratio 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 macrobrachium malcomsonii compared to mussel 

meat, fish meal and silk worm pupae based diets. Reena and Qureshi (1996) also reported 

superior performance of prawn meal based diet in terms of growth and food conversion in 

Macrobrachium dayanum.

In addition, the use of shrimp head waste in compounded ration also appears promising 

since it contains several essential amino acids which include high growth rate in prawns 

(Forster, 1976). It serves as a good source of fatty acids and pigments for use in prepared 

feeds for Macrobrachium 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, soyabean meal and wheat flour based diets for 

Macrobrachium rosenbergii.

Crab protein has been found to be a good protein source for the growth and survival of 

crustaceans (Boghen et al., 1982; D ’Abramo and Reed, 1988; Freuchtenich et al., 1988; 

Bordner, 1989; Reed and D ’Abramo, 1989; Villarreal et a l 1991; Koshio et al., 1992). Feed 

formulation using protein concentrate from rock crab (Cancer irroratus) resulted in superior 

growth and survival of lobster Homarus americamts, when compared to several other proteins 

extracted from locally available marine organisms (Boghen et al., 1982). However, Koshio et 

al. (1992) observed the superiority o f dietary soyabean protein (SBP) over the crab protein for 

Macrobrachium rosenbvergii and reported that the better utilization of SBP may be done for 

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 available is 

the stomatopod- Oratosquilla neap, the mantis shrimp and the use of squilla meal in the 

formulated feeds for Macrobrachium rosenbergii has been reported by Anilkumar (1994). 

Molluscs have been reported to be excellent feed for prawns (Sherief, 1989; Anilkumar,



19

1994). Minamizawa and Murizane (1970) obtained better results when Artemia nauplii were 

supplemented with chopped short necked clam for the larvae of Macrobrachium rosenbergii. 

Anilkumar (1994) found highest growth and food conversion efficiency in Macrobrachium 

juveniles fed on clam meat based diet in comparison to diets based on squilla, shrimp head 

waste and silk worm pupae as single protein sources. Contrary to this Jayalakshmy and 

Natarajan (1994) obtained poor food conversion ratio, production and food conversion 

efficiency of clam meat based diet compared to shrimp waste and fish meal as sole protein 

sources for Macrobrachium idella. Das et al. (1995) reported that for Macrobrachium 

malcomsonii, 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. Although, 

it has been tried as a protein source in many penaeid shrimps (Deshimaru and Shigueno, 1972; 

Dokken and Lawrence, 1985; Cruz-Ricque et al., 1987), its use as a protein source in 

Macrobrachium rosenbergii was evaluated on by Anilkumar (1994).

Although, fish meal is one of the most common ingredients used in the commercial 

shrimp feeds and is a high quality source for fin fishes, it seems to have lower nutritive value 

for shrimps and prawns, especially when used as the sole protein source. The poor 

performance of fish meal in the 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 source 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 Macrobrachium rosenbergii fed on fish meal based diet which 

was lower than diet based on soyabean meal. Sherief (1989) also observed poor performance 

of Macrobrachium rosenbergii to fish meal based diet compared to clam meat. Das et al. 

(1995) reported that for Macrobrachium rosenbergii fish meal based diet produced lower 

growth rate, protein efficiency ratio and higher food conversion ratio than prawn meal and 

mussel meat based diets.
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2.2.2. Plant protein sources

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

results, since many of the amino acids like methionine, cystine, lysine and tryptophan are 

lacking in different sources of plant protein (Fetuga et al., 1973; Felker and Bandurshi, 1977). 

But since animal protein sources are relatively more expensive, protein sources of plant origin 

have also been incorporated crustacean feeds by many workers to minimize the cost of 

production. Balazs et al. (1973) reported that the diets with soyabean meal gave results 

superior to that of fish-soyabean -shrimp based diet for Macrobrachium rosenbergii. Koshio 

et al. (1992) observed higher nutritive value of soyabean protein for juvenile Macrobrachium 

rosenbergii in comparison to crab protein concentrate. Tidwell et al. (1993) reported that fish 

meal can be partially or totally replaced with soyabean meal and distillers by-products in the 

diets for fresh water prawn, Macrobrachium rosrenbergii.

Moore and Stanley (1982) suggested that com silage can play a role in supporting pond 

production o f Macrobrachium rosenbergii. Pressed brewer’s grain (by-products contained 

malted barley, com, rice grit and hops) was evaluated as potential protein source for 

Macrobrachium rosenbergii (Kohler and Kruger, 1985). Ashmore et al. (1986) evaluated the 

nutritive merits of four cereal grains (com, milo, wheat and barley) in formulated diets and 

obtained higher growth in Macrobrachium rosenbergii fed on barley based diet. Tidwell et 

al. (1992) reported that up to 40% of distillers dried grains with solubles can be used as a 

protein source in practical feeds of Macrobrachium rosenbergii.

Hari and Kurup (2003) found that there existed no significant difference in specific 

growth rate, protein efficiency ratio, weight gain and survival rate among juvenile of 

Macrobrachium rosenbergii fed varying plant -animal protein ratio. It would be possible to 

replace animal protein by low cost plant protein in prawn feed. Better growth performance in 

juveniles of Macrobrachium rosenbergii can be achieved by the incorporation of equal 

proportions o f plant and animal protein (A: P= l) in the diet.
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The effect o f adding plant leaves including mangrove leaves and other plant materials in 

the diets for prawns have also been studied. AQUACOP (1976) reported that acacia meal or 

copra meal can be used as substitute ingredients in the diet of Macrobrachium rosenbergii, as 

the mineral and carotenoid requirements of the prawn may be met by these ingredients. 

Addition of fresh leaves (Ailanthus altissima and Malva parviflora) to be the diet of the prawn 

Macrobrachium rosenbergii resulted in elimination of Black Death Syndrome, and reduction 

in incidence of black spot (Harpaz and Schmalback, 1986). Graces 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 

Macrobrachium idella using Pandina, Elodea, Lemna and Bmguiera, Elodea proved best. 

Vasudevappa et al.{ 1993) obtained best growth in Macrobrachium rosenbergii fed on fish 

meal based diet incorporated with ground nut leaf powder than the diets either with fish meal 

alone or incorporated with mulberry leaf powder. Jeyalakshmi et al. (1997) obtained highest 

growth percentage in Macrobrachium malcomsonii fed on diet incorporated with leaf protein 

concentrate extracted from Cajanus cayam followed by Chioria ternala. Eusebio and Coloso 

(1998) evaluated the potential of locally available legumes (white cowpea,vigna unguiculata 

and green mungbean ,vigna radiate) and leaf meals (papaya,caricapapaya and 

cassava,manihut esculenta ) in combination with defatted soyabean meal as a protein sources 

in juvenile Penaeus indicus. The shrimp fed with papaya and cassava leaf meals gave higher 

gain and SGR, which did not differ from those shrimp fed with cowpea meal.

2.2.3. Aquatic weeds

A number of aquatic weeds has been used in fish feeds replacing conventional 

ingredients(Ray and Das,1993; Routray and Routray,1997; Noor et al.,2000; Falaye et 

al.,2001; Fasakin et al.,2001; Bairagi et al.,2002; Landesman et al.,2002; Reyes and 

Fermin,2003). Duck weed, Lemna minor was used along with cabbage waste in the diet of 

common carp (Devaraj et al., 1981) and Lemna paucicostata in the diets of Tilapia (Mbagwu 

et al., 1989). Indian major carps (catla, rohu and mrigal) showed better FCR when, leaf meal
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of two aquatic weeds (Ottelia and Nymphoides) were used as a protein source to replace fish 

meal in the supplementary feed (Patnaik et al., 1991). Inclusion o fpistia at upto 45% level of 

inclusion in pelleted diets elicited good growth and food conversion in rohu (Ray and Das, 

1995).

Two species of Azolla (A. caroliniano and A. pinnatd) were used in the diets of carps at 

60% and 80% inclusion levels respectively, replacing the conventional feed ingredients (Das 

et al., 1994; Mohanty and Das, 1995). Azolla based diets when fed to tilapia and grass carp 

led to improved FCR and increase in fish yield. Basudha and Viswanath (1997) also found 

that, growth, FCR and PER of feed containing Azolla powder, fish meal, mineral and vitamin 

supplement was greatest compared to the feed containing rice bran and mustard oil cake. 

Haniffa et al. (2002) reported the incorporation of Hydvilla verticellata and drum stick leaves 

in the diet of Macrobrachium idea. Islam et al. (2004) safely used waste water grown duck 

weed as fish feed. Duck weed is better suited for feeding grass carp than pond weed or 

coontail.

The nutritional value and the possibility of utilization of the aquatic weed, Nymphoides 

cristatum as feed for young Labeo vohita, were evaluated in terms of growth, conversion 

efficiency, and specific activity of digestive enzymes, biochemical composition of flesh and 

microbial composition of intestine, in a 60 day laboratory feeding trial. The fish fed with the 

weed showed better average daily gain, FCR and PER. The specific activity of proteolytic 

and amylolytic enzymes showed significant increase in fish fed the weed. This study 

indicated the possibility o f incorporation of the aquatic weed N. cristatum in the diet of Labeo 

rohita substituting conventional feed ingredients (Patra et al., 2002).

2.2.4. Other sources

Single cell protein (SCP) included algal powders, yeast and bacterial protein. James et 

al. (1990) suggested that Spirulina cannot serve as a sole protein for post larvae of
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Macrobrachium rosenbergii, but can be effectively used as a supplementary protein. 

Akiyama et al. (1992) reported that the levels o f yeast should not exceed 5% in feeds unless 

product used is palatable to shrimp.

Manju and Devendran (1997) reported that Macrobrachium idella fed on diets 

containing bacteria and Actinomycetes gave significant growth, better conversion efficiency 

and increased body protein compared to fish meal based diet, suggesting that microbial single 

cell protein can replace the fish meal to a certain extent in fonnulated diets.



MATERIALS AND METHODS
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3. MATERIALS AND METHODS

The experiment was done to work out the feasibility of using water spinach leaves as a 

low cost plant protein source in the feed of Macvobrachium rosenbergii post larvae and 

dietary evaluation of the fonnulated diet through growth trials and hence to determine the 

optimum level of substitution. Ipomoea aquatica Forsk, (Platel) commonly known as water 

spinach is a dicotyledenous angiospermic plant belonging to the family Convolvulaceae. It 

is a perennial, trailing herb on wet muds but a floating plant in free waters, stem hollow, 

slender with white, spongy floats and rooting at the nodes. Leaves are elliptic or ovate- 

oblong. Flowers are white or pink in colour and bell shaped. Propagation is by seeds and 

stem fragments. Plant is common in India, south-east Asia, Taiwan and South China. The 

aquatic plant is cultivated. Its fresh young leaves and stems are used as vegetable, boiled or 

cooked in oil. In Malaysia water spinach has been grown and used as animal feed (Majid, 

1998). The experiment was conducted at the Freshwater prawn hatchery, College of 

Fisheries, Panangad, Cochin over a period of 60 days.

3.1. PREPARATION OF THE FEED

3.1.1. Feed ingredients

Five experimental diets (Tl, T2, T3, T4 and T5) were prepared for Macrobrachium 

rosenbergii post larvae. Control diet (T l) was prepared by using clam meat, wheat bran, 

ground nut oil cake, tapioca flour, sunflower oil and vitamin-mineral mixture. Different test 

diets (T2-T5) were prepared by replacing clam meat with Ipomoea leaf meal. The 

ingredient proportions of the experimental diets are given in the Table 1. The composition 

of Supplevit-M, the vitamin mineral mix incorporated in the feed is presented in Table2.
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Plate 1 . Ipomoea aquatica
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Table 1. Ingredient composition (g/lOOg) of experimental diets fed to Macrobrachium 

rosenbergii post larvae

Ingredients (%) FEEDS

T1

(0% I)

T2 

(12% I )

T3

(24% I )

T4 

(36% I )

T5

(48% I )

Water spinach 12 24 36 48

Clam meat 40 36 32 28 24

Wheat bran 40 32 23 11 7

GOC 10 10.25 11 12.5 11.5

Tapioca flour 8 7.75 . 8 10.5 7.5

Vitamin 

mineral mix

1 1 1 I 1

Sunflower oil 1 1 1 1 1

TOTAL 100 100 100 100 100

I-Ipomoea leaf meal



Table 2. Composition of* Supplevite-M (Vitamin mineral concentrate).

Each 250 mg provides Quantity

Vitamin A 500,000 IU

Vitamin D3 100,000 IU

Vitamin B2 0.2g

Vitamin E 75 units

Vitamin K O.lg

Calcium pantothenate 0.25g

Nicotinamide lg

VitaminB12 0.6 g

Choline chloride 15g

Calcium 75g

Manganese 2.75g

Iodine O.lg

Iron 0.75 g

Zinc 1.5g

Copper 0.2g

Cobalt 0.045g

*Supplevite-M: Sarabhai Chemicals, Mumbai



28

3.1.2. Processing of the feed ingredients

Various ingredients used for feed formulation were processed as follows:

All the ingredients for formulation o f the feeds were procured locally. Ipomoea leaves 

collected from water areas adjacent to the college were dried and powdered. Meat of the 

black clam Villonta cyprinoids was also washed, dried and powdered. The other ingredients 

namely wheat, bran, oil cake and tapioca flour were dried, powdered and sieved through 25Op 

mesh. The powdered ingredients were packed separately in air tight plastic bottles and kept in 

a refrigerator along with other ingredients till they were used for feed preparation.

3.1.3. Proximate composition of feed ingredients

Proximate composition of all the feed ingredients was analyzed prior to feed formulation. 

The methods used for the analysis are shown below:

Moisture content %: Drying the sample at 105°C till a constant 

weight was arrived

Ash content %: Ashing the sample at 100±10°C for 6 hours in a muffle furnace.

Crude fat %: Solvent extraction using petroleum ether (B. P 40- 60°C) in a soxhlet 

extraction apparatus for 6 hours.

Crude protein%: Microkjeldhal method (AOAC, 1990).

Crude fiber%: Pearson method (1976).

Nitrogen free extract %: 100-(%protein+%lipid+%ash+%fiber+%moisture)

By difference method (Hasting, 1976).

3.1.4. Formulation and processing of experimental diets.

Five types of pelleted feeds were formulated fixing their protein level at 30%.

The experimental feeds were prepared separately by mixing required quantity of 

ingredients. The respective ingredients were weighed accurately in an electronic balance and
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all the ingredients except Supple-M and sunflower oil were mixed well with sufficient water 

to make a smooth dough. The dough was transferred to a vessel and steamed for 20 minutes 

in a pressure cooker. The steamed dough was cooled under fan. Sunflower oil and vitamin- 

mineral mixture were added to this and mixed well. Then it was extruded through a hand 

pelletizer and dried in an oven at 60°C to a moisture content of less than 12%. After drying, 

the pellets were broken into small pieces and packed in airtight plastic bottles.

3.1.5 Proximate composition of experimental diets

Proximate composition of the experimental diets was analyzed to evaluate the nutrient 

status. Methodology employed was the same as that of the ingredients for analysis.

3.2. EXPERIMENTAL ANIMALS

The post larvae of Macrobrachitim rosenbergii derived from a single female hatch were 

procured from Prakruthi Aquatics, Perumbavoor and were transported to the College hatchery 

in oxygen filled polyethylene bags under minimum stress. Five hundred post larvae were 

introduced into an oval, flat bottom fiber glass tank of 1.2 ton capacity filled with filtered 

fresh water up to half the capacity and provided with gentle aeration. The post larvae were fed 

ad libitum with granulated artificial feed having clam meat as the chief source of protein. 

Leftover feed and waste were removed daily by siphoning out and 75% of water was renewed 

every day. Tiles and PVC pipes were provided at the bottom of the tank in order to reduce 

cannibalism. Twenty-five days old post larvae of uniform size collected from this were used 

for the present experiment. Ten post larvae were randomly distributed to all tanks after 

recording their initial weight.
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3.3 EXPERIMENTAL SET UP

The experiment was carried out in the Macrobrachium hatchery of College o f Fisheries, 

Panangad, roofed with translucent fiberglass reinforced plastic (FRP) sheets for moderate light 

conditions. Circular, flat bottom fiber glass tanks with the following specifications were used 

for the experiments.

Capacity of the tank-831itres 

Diameter-55cm 

Height-35cm 

Rim width-3cm 

Thickness of wall-4mm 

Colour-Aquamarine

Clear well water filtered through a close meshed nylon blotting silk was used for filling 

the tanks up to a height of 25cm. Mild uniform aeration was provided in the tanks with air 

diffusion stones and control valves. Small PVC pipes were kept at the bottom of the tank in a 

slanting position for providing shelter to the animals.

3.4 EXPERIMENTAL DESIGN AND PROCEDURE

Flat bottomed circular fiber glass tanks were used for the experiment. Two hundred 

numbers of healthy uniform sized post larvae having an average weight of 0.077 g were 

selected from a population of 500 numbers and 10 numbers each randomly distributed in 

twenty experimental tanks. The experiment was conducted in a Completely Randomized 

Design with 5 treatments and 4 replications each. Before the commencement of feeding with 

the experimental diet, the post larvae were conditioned with the control diet for 5 days and 

they were acclimatized to tray feeding. Then 10 prawns from each tank were collected and 

weighed together in an electronic balance with a precision of O.OOlg. Initial average weight 

of the post larvae was 0.077g.
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Each treatment group of animals was fed with corresponding diets at the rate of 15% 

biomass for the first 30 days. After that, the feeding ration was reduced to 10% and 

maintained so till the end of the experiment. Petri dishes were kept at the bottom of the tank 

close to the substratum provided. Every day before offering the feed, leftover feed and faecal 

matter were collected and dried at 60 °C for estimation of FCR and crude digestibility. Petri 

dishes were cleaned thoroughly before next feeding.

The tanks were cleared off left - over feed and faecal matter daily before feeding. Water 

quality was maintained by regular replenishment as required.

Sampling was done at fortnightly intervals. At each sampling all the prawns stocked 

were taken and weighed. The quantum of feed given was adjusted based on the increased 

weight.

Carcass composition of the prawns were analysed initially and also on termination of the 

feeding trial following standard methods, the same as that for analysis of the ingredients.

3.5. WATER QUALITY PARAMETERS

During the experiment water quality parameters such as temperature, pH, Dissolved 

oxygen, ammonia and alkalinity were checked by the following methods.

Temperature: By using mercury thermometer of 0.1°C

pH: By using universal indicator solution

Dissolved oxygen: Standard Winkler method (Strickland and Parsons, 1972)

Ammonia: By Hypochlorite spectrophotometer method

Alkalinity: Tritrimetric method

Temperature and pH were measured daily and dissolved oxygen, ammonia and 

alkalinity once in a week.
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3.6. CARCASS COMPOSITION

Before and after the experiment the prawns were subjected to proximate analysis for 

estimating body composition by the methods already described.

3.7. EVALUATION INDICES

The parameters evaluated are growth( Net weight gain ), Specific growth rate (SGR), 

Percentage survival, Food Conversion Ratio (FCR) ,Food Conversion Efficiency 

(FCE),Protein efficiency ratio (PER),Crude protein digestibility coefficient and proximate 

composition of test animals.

3.7.1. 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

3.7.2. 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 formula.

SGR=log W9-log w^ 

t2-tl

Where, wi=weight at day 1 1 

W2=weight at day t2  

t2 -tj= Duration of experiment in days.

3.7.3. Survival rate

It is expressed in tenns of percentage 

Survival percentage= Initial number- number of dead prawn x 100

Initial number
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3.7.4. Food conversion ratio

Food conversion ratio is the ratio between the weight of food consumed and the weight 

gain of the animal which often serves as a measure of efficiency of the diet.

FCR= Average weight of food consumed in dry weight 

Average live weight gain

3.7.5. Food Conversion Efficiency (FCE)

Food conversion efficiency is the wet gain of animal from one unit o f food consumed 

and this was calculated using the following formula.

% FCE = Wet weight gain o f prawn (g) during the sampling period X I00 

Dry weight of food consumed (g) during the sampling period

3.7.6. Protein efficiency ratio

Protein efficiency ratio is the ratio between the weight gain of prawn and amount of 

protein consumed. It was calculated by employing the formula of Hepher (1988).

PER - Wet weight gain of prawn fg)

Crude protein consumed (g)

3.7.7. Crude protein digestibility coefficient

Protein digestibility was expressed as apparent digestibility of protein, calculated 

employing the following formula:

Digestibility (%) =Qtv of protein consumed-Otv of protein in the faeces* 100

Quantity of protein consumed



3.8. STATISTICAL ANALYSIS

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

All the evaluation indices were analyzed by using Analysis of variance (ANOVA) at 5% level 

significance. Pair wise comparisons of treatments were done using least significant 

difference.



RESULTS
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4. RESULTS

The efficacy of Ipomoea leaf meal as a partial substituent for clam meat in diets for 

Macrobrachium rosenbergii post larvae was evaluated over a period o f 60 days. The results of 

the experiment are presented below.

4.1. PROXIMATE COMPOSITION OF THE FEED AND THE FORMULATED 
PELLETED FEED

4.1.1. Feed ingredients

The data pertaining to proximate composition of the various ingredients used in 

formulating the pelleted feeds are given in Table 3.

The moisture content of the feed ingredients viz., Ipomoea aquatica leaf meal, clam 

meat, wheat bran, ground nut oil cake and tapioca flour ranged from 8.1 to l2  %, with the 

maximum in Ipomoea leaf meal (12%) and the minimum in clam meat (8.1%). Clam meat 

had the highest percentage of crude protein (50.7%), followed by ground nut oil cake (42 %), 

Ipomoea aquatica leaf meal (24.9 %) and wheat bran (13.5 %). Tapioca flour had the 

minimum crude protein content of 1.8 %.

Table 3. Proximate composition of the ingredients used in the formulation of feeds.

Ingredients moisture
%

Crude
protein%

crude fat 
%

ash % Crude
fibre%

Nitrogen
free
extract %

Ipomoea 
aquatica 
leaf meal

12 24.9 3.4 13 10.5 36.2

Clam meat 8.1 50.7 8.9 6.4 3.9 22.0

Wheat
bran

10 13.5 2.6 3.0 12.2 58.7

Ground nut 
oil
cake(GOC)

10 42 7.3 2.5 13.0 25.2

Tapioca
flour

11.5 1.8 1.3 2.3 2.0 81.1
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4.1.2. Formulated pelleted feeds

The proximate composition o f the formulated feeds is presented in Table 4. The 

percentage of moisture in the five feeds varied between 9 %( feedT3) and 11.8 % (feed T4), 

whereas crude protein content ranged from 33.75 % (feedT2, T4 andT5) to 34.99 % (feed T1 

and T3). The crude fat content ranged from between 4.2% (feedTl) to 5.2% (feed T2). The 

ash content ranged from 5% (feedTl) to 7% (feed T3).

Table 4. Proximate composition of test diets used in the experiment

Parameters
(%)

FEEDS
T1 T2 T3 T4 T5

moisture 10.4 11.4 9 11.8 10.2
Crude
protein

34.99 33.75 34.99 33.75 33.75

Crude fat 4.2 5.2 5.08 5.09 4.98
Ash 5.0 5.8 7.0 6.7 6.9
Fibre 0.49 0.56 0.65 0.91 1.25

Nitrogen 
free extract

44.92 43.29 43.28 41.75 42.92

4.1.3. Water stability of feed

Test for water stability of different test diets was done for varying periods such as 1 

hour, 2 hours, 4 hours and 6 hours. The results are given in Table 5. Maximum water stability 

was for the feed T3 and minimum for T5.

Table 5. Percentage water stability of test diets

feed lhr 2hr 4hr 6hr
T1 95.64 93.23 90.05 88.46
T2 94.25 92.63 89.16 88.56
T3 95.00 93.44 91.61 89.61
T4 94.07 93.06 82.80 85.22
T5 93.62 90.01 80.83 82.00
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4.2. EFFICIENCY OF TEST DIETS

4.2.1. Growth

Data regarding average live weight gain of prawns fed on the experimental feeds are 

presented in Table 6.

The average live weight gain of Macrobrachium rosenbergii post larvae fed on 

different experimental diets T1,T2,T3,T4 and T5 was found to be 0.3594g,0.6036 gO.,5687 

g,0.3127 g and 0.3002 g respectively. The highest average live weight gain of 0.6036 g was 

obtained in treatment T2 with 12 % Ipomoea and lowest average weight gain of 0.3002g was 

in treatment T5 with 48% Ipomoea.

Analysis o f variance showed that the growth of prawn fed on different feeds with 

varying levels o f ipomoea leaf meal was significantly different (p<0.05). Pair-wise 

comparison showed that T4 and T5 were at par and the average gain in weight was lower than 

that of control (T l) for both the treatments. Effect of treatments T l, T2, T3 were entirely 

different (p<0.05). But the average gain in weight was the highest for T2 followed by T3 and 

Tl.

The average percentage weight gain was found to be 474.61, 809.63, 751.2, 419.20 and 

400.18 respectively for T l, T2, T3, T4 and T5. The highest percentage gain was found to be 

obtained in treatment T2 with 12% Ipomoea and lowest in treatment T5 with 48% Ipomoea. 

Graphical representation o f net weight gain for different treatments is shown in fig- 1
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Table 6. Growth of Macrobrachium rosenbergii post larvae fed on experimental diets.

Treatment Replication Average
initial
w t(g)

Average
final
wt(g)

Av wt
gain
(g)

Mean
±SD

% wt 
gain

Mean±SD

T1 1 0.0764 0.3886 0.3122 0.3594
±1.079

408.6 474.6125

±38.9353
2 0.0783 0.4596 0.3813 486.9
3 0.0773 O.4708 0.3935 509.05
4 0.0710 0.4217 0.3507 493.9

T2 1 0.0733 0.6743 0.6010 0.6036±
1.811

819.9 809.625
±33.91752 0.0759 0.6741 0.5982 788.1

3 0.0725 0.6959 0.6234 859.8
4 0.0768 0.6687 0.5919 770.7

T3 1 0.0762 0.6426 0.5664 0.5687±
1.706

743.3 751.195
±15.53882 0.0733 0.6152 0.5419 739.2

3 0.0758 0.6655 0.5897 777.9
4 0.0775 0.6544 0.5769 744.38

T4 1 0.0740 0.3805 0.3065 0.3127±
0.938

414.18 419.1975
±13.54662 0.0757 0.3871 0.3114 411.36

3 0.0748 0.3806 0.3058 408.82
4 0.0740 0.4014 0.3274 442.43

T5 1 0.0725 0.3606 0.2881 0.30027±
0.987

397.37 400.0175
±8.17812 0.0787 0.3866 0.3079 391.2

3 0.0739 0.3681 0.2942 398.1
4 0.0752 0.3861 0.3109 413.4

Table 7. Analysis of variance of growth of Macrobrachium rosenbergii fed on 
experimental diets.

Source of 
variation

Sum o f squares Degrees of 
freedom

Mean sum of 
squares

F Value

Treatment 0.33974 4 0.08493 198.9899*
Error 0.006403 15 0.000427
Total 0.346147 19

*Significant at 5%level

Comparison o f treatment means based on critical difference:

Critical difference=0.03114
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Treatment T2 T3 T1 T4 T5

Mean 0.60363 0.568725 0.35943 0.31278 0.30028

Underscored means are not significantly different

4.2.2. Specific growth rate

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

Table 8.

Analysis of variance o f the data showed significant difference (p<0.05) in SGR values 

between treatments (Table 9).

Table 8.Specific growth rate of Macrobrachium rosenbergii fed on experimental diets.

Treatment Replication Av
initial
wt (g)

Av final 
wt(g)

Av wt 
gain (g)

Specific
growth
rate

Mean ±SD

T1 1 0.0764 0.3886 0.3122 2.71 2.91±0.1155
2 0.0783 0.4596 0.3813 2.94
3 0.0773 O.4708 0.3935 3.01
4 0.0710 0.4217 0.3507 2.96

T2 1 0.0733 0.6743 0.6010 3.69 3.67±0.06124
2 0.0759 0.6741 0.5982 3.63
3 0.0725 0.6959 0.6234 3.76
4 0.0768 0.6687 0.5919 3.60

T3 1 0.0762 0.6426 0.5664 3.55 3.57±0.0324
2 0.0733 0.6152 0.5419 3.54
3 0.0758 0.6655 0.5897 3.62
4 0.0775 0.6544 0.5769 3.55

T4 1 0.0740 0.3805 0.3065 2.72 2.74±0.0421
2 0.0757 0.3871 0.3114 2.71
3 0.0748 0.3806 0.3058 2.71
4 0.0740 0.4014 0.3274 2.81

T5 1 0.0725 0.3606 0.2881 2.67 2.68±0.02598
2 0.0787 0.3866 0.3079 2.65
3 0.0739 0.3681 0.2942 2.67
4 0.0752 0.3861 0.3109 2.72
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Table9. Analysis of variance of the specific growth rates of Macrobrachium rosenbergii 
fed on experimental diets.

Source of 
variation

sum of squares degrees of 
freedom

mean sum of 
squares

F value

Treatment 3.45 4 0.8625 207.33*
Error 0.0624 15 0.00416
Total 3.5124 19

* Significant at 5% level

Comparison o f treatment means based on critical difference: 
Critical difference=0.0972

Treatments T2 T3 Tl T4 T5

Mean 3.67 3.57 2.91 2.74 2.68

Underscored means are not significantly different

The prawns in treatment T2 gave highest SGR (3.67), followed by those in treatment T3 

(3.57), control T1 (2.91), T4 (2.74) and T5 (2.68). The SGR of prawns in the treatments T1 

(0% Ipomoea), T2 (12% Ipomoea), and T3 (24% Ipomoea) were significantly different and 

treatments T2 and T3 gave higher SGR values than that of T l. T4 (36% Ipomoea) and T5 

(48% Ipomoea) belongs to the same homogeneous group and the SGR values were lower 

than that of control T l.

The SGR values of prawns fed on feeds containing different experimental diets are 

graphically represented in Fig - 2.
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Fig.l.Growth of M .ro s e n b e rg ii post larvae fed on the experimental 
diets
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Specific growth 
rate

Fig.2. Specific growth rate of M .ro s e n b e rg ii post larvae fed on the 
experimental diets
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4.2.3. Survival

The data on survival per cent of M. rosenbergii post larvae fed on different experimental 

diets are given in Table 10.

The analysis of variance (Table 11) of the data on survival percentage showed no 

significant difference between the treatments.

Highest average survival percentage of 82.5% was obtained in treatmentT3 (24% 

Ipomoea), equivalent to control T1 (without Ipomoea) followed by survival rates of 80% in 

treatment T2(12% Ipomoea) and T4(36 % Ipomoea) and 77.5% in treatment T5(48 % 

Ipomoea) respectively. These five treatments have insignificant influence on survival rate.

Graphical representation of percentage survival rates for different treatments are shown 

in Fig -3
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Table 10. Percentage survival of M.rosenbergii post larvae fed on different experimental 
diets

Treatment Replication Initial No: Final No: %survival Mean± SD
T1 1 10 7 70 82.5±10.8972

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

T2 1 10 7 70 80±15.8113
2 10 10 100
3 10 8 80
4 10 7 70

T3 1 10 10 100 82.5±17.85357

2 10 10 100
3 10 7 70
4 10 6 60

T4 1 10 6 60 80±12.2475
2 10 8 80
3 10 9 90
4 10 9 90

T5 1 10 9 90 77.5±10.8972
2 10 8 80
3 10 6 60
4 10 8 80

Table 11. Analysis of variance of survival rate of M.rosenbergii fed on different 
experimental diets

Source of 
variation

Sum of squares Degrees of 
freedom

Mean sum of 
squares

F Value

Treatment 70 4 17.5 0.076
Error 3425 15 228.33
Total 3495 19

(F value is not significant at 5% level)
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Fig.3. Percentage survival of M .ro s e n b e rg ii post larvae fed on the 
experimental diets
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4.2.4. Food conversion ratio

Food conversion ratio values of M.rosenbergii post larvae fed on different experimental 

diets are given in Table 12. The mean FCR values ranged from 1.11 to 2.275 in various 

treatments. The lowest FCR was obtained in treatment T2 (1.11) followed by T3 (1.2), T1 

(1.9), T4 (2.125) and T5 (2.275).

Analysis of variance of FCR values showed significant difference (p<0.05) between 

various treatments (Tablel3). Pair wise comparison divided the treatments in to different 

groups. The feeds T2 (12% Ipomoea) and T3(24% Ipomoea) were effectively converted into 

body mass than that o f control T1 (with out Ipomoea). The treatment T4 (36% Ipomoea ) and 

T5 (48% Ipomoea) were not significantly different.

Graphical representation of FCR values of post larvae in various treatments are given in

Fig-4

4.2.5. Food conversion efficiency

Food conversion efficiency values o f M. rosenbergii post larvae fed on different 

experimental diets are given in Table 14. The mean FCE values ranged from 43.55 to 89.8 in 

various treatments.

The highest FCE was obtained in treatment T2 (089.8), followed by T3 (0.83). The FCE 

of treatmentsTl, T4 and T5 were 0.525.0.468 and 0.435 respectively. Treatments T2, T3 and 

T1 were significantly different among themselves. It was also found that treatments T4 and T5 

were alike. The feeds T4 and T5 were less efficient in feed conversion than that of all other 

treatments. Analysis of variance of FCE values shows significant difference (p<0.05) between 

various treatments (Tablel5).

Graphical representation o f FCE values o f post larval prawn in various treatments are 

given in Fig-5
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Table 12. Food Conversion Ratio of M.rosenbergii post larvae fed on different 
experimental diets

Treatment replication Av
initial
w t(g)

Av
final
wt(g)

Av wt
gain
(s)

Av feed 
consumed

Food
Conversion
Ratio

Mean±SD

T1 1 0.0764 0.3886 0.3122 0.68684 2.2 1.9
±0.173212 0.0783 0.4596 0.3813 0.68634 1.8

3 0.0773 O.4708 0.3935 0.7083 1.8
4 0.0710 0.4217 0.3507 0.63126 1.8

T2 1 0.0733 0.6743 0.6010 0.6611 1.1 1.11
±o.057452 0.0759 0.6741 0.5982 0.65802 1.1

3 0.0725 0.6959 0.6234 0.64834 1.04
4 0.0768 0.6687 0.5919 0.70908 1.2

T3 1 0.0762 0.6426 0.5664 0.67968 1.2 1.2±0
2 0.0733 0.6152 0.5419 0.65028 1.2
3 0.0758 0.6655 0.5897 0.70764 1.2
4 0.0775 0.6544 0.5769 0.69228 1.2

T4 1 0.0740 0.3805 0.3065 0.64365 2.1 2.125
±0.065912 0.0757 0.3871 0.3114 0.68508 2.2

3 0.0748 0.3806 0.3058 0.67276 2.2
4 0.0740 0.4014 0.3274 0.6548 2.0

T5 1 0.0725 0.3606 0.2881 0.66263 2.3 2.275
±0.024692 0.0787 0.3866 0.3079 0.70817 2.3

3 0.0739 0.3681 0.2942 0.67666 2.3
4 0.0752 0.3861 0.3109 0.68398 2.2

Table 13. Analysis of variance of food conversion ratios of M.rosenbergii post larvae fed 
on different experimental diets.

Source of 
variation

Sum of 
squares

Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 4.58772 4 1.14693 103.32*
Error 0.1666 15 0.0111
Total 4.75432 19

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

Critical difference=0.1587

Treatments T2 T3 T1 T4 T5

Mean 1.11 1.2' 1.9 2.125 2.275

Underscored means are not significantly different

FCR

Flg.4. Food conversion ratio of M .ro s e n b e rg ii post larvae fed on 
the experimental diets
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Table 14. Food Conversion Efficiency of M.rosenbergii post larvae fed on different 
experimental diets.

Treatment Replication Food
Conversion 
Efficiency (%)

Mean±SD

T1 1 45 52.5±0.0433
2 55

3 55
4 55

T2 1 90 89.75^0.05801
2 90
3 96
4 83

T3 1 83 83±0
2 83
3 83
4 83

T4 1 47 46.76±0.02046
2 45
3 45
4 50

T5 1 43 43.5±0.008660
2 43
3 43
4 45

Table 15. Analysis of variance of feed conversion efficiency of M.rosenbergii post larvae 
fed on different experimental diets.

Source of 
variation

Sum o f squares Degrees of 
freedom

Mean sum of 
squares

F Value

Treatment 0.74798 4 0.186995 155.83*
Error 0.018 15 0.0012
Total 0.76598 19
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* Significant at 5%level

Comparison of treatment means based on critical difference: 
Critical difference=0.05219

Treatments T2 T3 T1 T4 T5

Mean 0.8975 0.83 0.525 0.4676 0.435

Underscored means are not significantly different

Diets

Fig.5. Food conversion efficiency of M .ro s e n b e rg ii post larvae fed 
on the experimental diets
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in Table 16.

The highest PER values was obtained in the treatment T2 (2.998) and the least in T5 

(1.481). The average PER values obtained in various treatmentsTl, T3 and T4 were 1.756, 

2.782 and 1.552 respectively. There was significant difference between treatments T2, T3 and 

T l. The treatments T4 and T5 were not significantly different. The PER values o f T2 and T3 

were higher than that of all other treatments.

■ Analysis of variance (Table 17) of the data on PER values shows significant difference 

(p<0.05) among various treatments.

The PER values obtained in various treatments are graphically represented in Fig-6

4.2.6. Protein efficiency ratio.

The data on protein efficiency ratio of various treatments are given

Table 16. Protein Efficiency Ratio of M.rosenbergii post larvae fed on different 
experimental diets

Treatment Replication Av wt gain 
(g)

Crude 
protein (g)

Protein
efficiency
ratio

Mean ±SD

Tl 1 0.3122 0.2068 1.51 1.7568*0.14551
2 0.3813 0.2115 1.803
3 0.3935 0.2088 1.885
4 0.3507 0.1917 1.829

T2 1 0.6010 O.1980 3.036 2.998±0.1255
2 0.5982 0.2049 2.919
3 0.6234 0.1958 3.184
4 0.5919 0.2074 2.854

T3 1 0.5664 0.2058 2.752 2.782±0.0578
2 0.5419 0.1979 2.738
3 0.5897 0.2047 2.881
4 0.5769 0.2093 2.756

T4 1 0.3065 0.1998 1.534 1.5522±0.0499
2 0.3114 0.2045 1.523
3 0.3058 0.2020 1.514
4 0.3274 0.1999 1.638

T5 1 0.2881 0.1959 1.471 1.481±0.0303 ‘
2 0.3079 0.2125 1.449
3 0.2942 0.1996 1.474
4 0.3109 0.2031 1.531
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Table 17, Analysis of variance of protein efficiency ratio of M.rosenbergii fed on 
different experimental diets.

Source of 
variation

Sum of squares Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 8.286 4 2.0715 178.57*
Error 0.1753 15 0.0116
Total 8.4613 19

*Significant at 5%level

Comparison of treatment means based on critical difference: 

Critical difference=0.1623

Treatment T2 T3

Mean 2.998 2.782

T1 T4 T5

1.7568 1.5522 1.481

Underscored means are not significantly different
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Fig.6. Protein efficiency ratio of M .ro s e n b e rg ii fed on the 
experimental diets
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4.2.7. Crude protein digestibility coefficient

The data on crude digestibility coefficient o f various treatments are given in Table 18.

The highest crude digestibility coefficient was obtained in treatment T2 (84.12%) and 

least in T5 (68.42%). The average crude digestibility coefficient values obtained in other 

treatmentsTl, T3 and T4 were 74.02%, 82.39% and 74.41% respectively. The crude 

digestibility coefficient obtained in various treatments are graphically represented in Fig-7

Table 18.Crude protein digestibility coefficient of M.rosenbergii post larvae fed on 
different experimental diets

Treatments protein consumed
GO

protein in faeces(g) Digestibility 
coefficient (%)

T1 0.1193 0.031 74.02
T2 0.11333 0.018 84.12
T3 0.11922 0.021 82.39
T4 0.11333 0.029 74.41
T5 0.114 0.036 68.42
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Fig.7. Protein digestibility coefficient of M .ro s e n b e rg ii post larvae 
fed on experimental diets



4.3. W ater quality parameters

4.3.1. Water temperature

The range of water temperature in the experimental tanks during the study period is 

given in Table 19. Minimum temperature recorded was 26°C and maximum temperature was 

30.6°C. Weekly mean temperature values ranged from 26.1 to 30.3°C.

4.3.2. pH

Range of pH in the experimental tanks is given in the Table 20 .Minimum and maximum 

pH values observed during the study period were 6.9 and 8.4 respectively. Weekly mean pH 

values ranged from 7 to 8.2.

4.3.3. Dissolved oxygen

Range of dissolved oxygen (D.O) in the experimental tanks is given in Table 21. A 

minimum of 6.3 ppm, and a maximum DO content of 8.39ppm were obtained during the 

study period. Weekly mean values ranged from 6.67 to 7.8ppm.

4.3.4. Total alkalinity

Ranges of total alkalinity in the experimental tanks are given in table 22. A minimum of 

90 ppm and a maximum of 127 ppm were obtained during the study period. Weekly mean 

values ranged from 99 to 112 ppm.

4.3.5. Ammonia

Ranges of ammonia in the experimental tanks is given in Table 23. A minimum of 

0.056 mg/1 and a maximum o f 0.089 mg/1 were obtained during the study period. Weekly 

mean values ranged from 0.0599 to 0.0716.
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Table 19. Water temperature in the experimental tanks during the study period.

Temperature Weeks
(°C) 1 2: 3 4 5 6 7 8

Mean 26.8 28 27.9 26.1 28.6 29 30.3 29.5
Range 26.7- 27.6- 27.7- 26- 28.3- 28.8- 30- 29.3-

26.9 28.4 28.1 26.2 28.9 29.2 30.6 29.7

Table 20. pH of water in the experimental tanks during the study period.

pH Weeks
1 2 3 4 5 6 7 8

Mean 8.2 8 8.2 7.2 8 7 8.1 7.2
Range 8-8.4 7.9-8.1 8-8.3 7-7.4 7.8-8.2 6.9-7.1 8-8.3 7-7.4

Table 21. Dissolved oxygen of water in the experimental tanks during the study period
Dissolved
oxygen
(ppm)

Weeks
1 2 3 4 5 6 7 8

Mean 7.8 7.3 7.8 6.67 7.59 7.46 7.53 6.82
Range 7.5-7.8 7.1-8.1 7.5-8.1 6.3-

7.01
7.08-
8.28

6.62-
8.39

7-8.16 6.34-
7.25
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Table 22. Total alkalinity of water in the experimental tanks during the study period

Total
alkalinity
(ppm)

WEEKS
1 2 3 4 5 6 7 8

Mean 112 105 110 103 106 99 106 104
Range 105-

120
90-115 103-

127
98-112 95-115 93-111 98-115 97-110

Table 23. Ammonia of water in the experimental tanks during the study period

NH3-N
mg/1

WEEKS
1 2 3 4 5 6 7 8

Mean 0.0692 0.0658 0.0716 0.0599 0.068 0.0698 0.0678 0.067
Range 0.060-

0.089
0.056-
0.074

0.061-
0.086

0.059-
0.070

0.06-
0.080

0.06-
0.075

0.059-
0.074

0.061-
0.074



59

4.4. Carcass proximate composition

At the beginning and end of the experiment the prawns were subjected to biochemical 

analysis. Crude protein, crude fat, ash and carbohydrate are expressed as percentage of wet 

body weight.

4.4.1. Initial carcass proximate composition of test animals

The carcass compositions of the test animals were estimated and the corresponding 

data are given in Table 24. Moisture, protein, lipid, ash and carbohydrate levels were 80.02 

%, 9.32 %, and 3.91 %, 1.09 % and 5.66 % respectively.

4.4.2. Final carcass proximate composition of test animals

Final carcass proximate composition of M.rosenbergii post larvae were evaluated after 

the experimental period of sixty days and the data are given in Table 25.

From the data it is clear that moisture of the body of test animals were maximum for the 

control diet (T l) and minimum for treatment T5. The moisture content of the diet T1 was 

significantly different from all other test diets containing Ipomoeci leaf meal. Protein of the 

body of test animals was higher for the treatmentT3 and minimum for treatmentTl. The post 

larval prawn fed with Ipomoeci aquatica leaf meal exhibited higher protein content ranging 

from 10.1 to 10.8 % on wet weight basis compared to control diet. Similarly the carbohydrate 

content was significantly higher in diets containing Ipomoea leaf meal (T2, T3, T4 and T5), 

ranged between 3.4 to 4.2 %, where as control diet (T l) had only 1.3 %.

Fat content was higher in control diet T l, where as Ipomoea based diets showed lower 

fat content (4.1 to 4.5%). The control diet T l was significantly different from Ipomoea 

based test diets (T2-T5).

The ash content of the body of test animals was higher for T2 followed by T5 and T3. 

The treatments T2, T3 and T5 belonged to the same homogeneous group and Tl and T4 were 

significantly different. The maximum ash content in the test diet T2 was 1.04 and minimum 

in the test diet T l (0.6%). Carbohydrate content of M.rosenbergii fed on different
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experimental diets were found to be significantly different. Treatments T2 and T3 showed no 

significant difference.

The result o f analysis o f variance of moisture, crude protein, crude fat, ash and 

carbohydrate are given in Table26, 27, 28,29and 30 respectively. Graphical representation of 

percentage moisture, protein and fat content of body of the test animals are given in Fig-8, 9 

and 10.

Table 24. Initial carcass composition of post larvae of M.rosenbergii

MeaniS.D moisture % crude
protein%

crude fat% ash% carbohydrate%

80.017*0.4617 9.317*0.0021 3.91*0.0038 1.097±0.0256 5.659*0.0235

Table 25. Final carcass composition (mean ±SD)* o f M.rosenbergii post larvae fed on the 
experimental diets

Parameter T1 T2 T3 T4 T5
Moisture *  SD 84.5*0.7901 80.7*0.7036 80.36*0.7219 80.56*0.5694 79.75*0.60!
Ash± SD 0.6*0.0707 1.043*0.0602 0.9375*0.0822 0.895*0.0503 0.950±0.06(
Fat *  SD 5.45*0.1118 4.350*0.2062 4.40*0.0707 4.18*0.0831 4.500±0.07(
Protein* SD 9.10*0.1225 10.175*0.0829 10.800*0.0707 10.425*0.0433 10.475*0.0
Carbohydrate*
SD

1.314*0.4164 3.600*0.2774 3.407*0.2716 3.97*0.0923 4.23*0.242.

*Average of three replications expressed as wet weight basis
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Table 26. ANOVA of moisture content of M.rosenbergii fed on the experimental diets

Source of 
variation

Sum of squares Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 57.4337 4 14.35843 23.0458*
Error 9.3456 15 0.62304

Total 66.7795 19

* Significant at 5% level

Comparison of treatment means based on critical difference: 

Critical difference^. 18939

Treatment T1 T2 T4 T3 T5

Mean 84.5 80.7 80.56 80.36 79.75

Underscored means are not significantly different 

Table 27. ANOVA of protein content of M.rosenbergii fed on the experimental diets

Sources of 
variation

Sum o f squares Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 6.7875 4 1.6969 179.24*
Error 0.142 15 0.009467

Total 6.9295 19

*Significant at 5%level

Comparison of treatment means based on critical difference: 

Critical difference=0.1466

Treatments T3 T5 T4 T2 T1

Mean 10.8 10.475 10.425 10.175 9.1

Underscored means are not significantly different
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Table 28. ANOVA of fat content of M.rosenbergii fed on the experimental diets

Sources of 
variation

Sum of squares Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 4.05 4 1.0125 53.01*
Error 0.287 15 0.0191

Total 4.337 19

*Significant at 5% level

Comparison of treatment means based on critical difference: 

Critical difference=0.2083

Treatments T1 T5 T3 T2 T4

Mean 5.45 4.5 4.4 4.35 4.18

Underscored means are not significantly different

Table 29. ANOVA of Ash content of M.rosenbergii fed on the experimental diets

Sources of 
variation

Sum of squares Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 0.4525 4 0.1131 19.9524*
Error 0.0847 15 0.00567

Total 0.5373 19

^Significant at 5% level

Comparison of treatment means based on critical difference:

Critical difference=0.11346
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Treatments T2 T5 T3 T4 T1

Mean 1.0425 0.95 0.9375 0.895 0.6

Underscored means are not significantly different

Table 30. ANOVA of carbohydrate content of M.rosenbergii fed on the experimental 
diets

sources of 
variation

Sum of 
squares

Degrees of 
freedom

Mean sum of 
squares

F value

Treatment 21.472 4 5.368 62.455*
Error 1.2893 15 0.08595
Total 22.7613 19

■

*Significant at5% level

Comparison of treatment means based on critical difference: 

Critical difference=0.4418

Treatment T5 T4 

Mean 4.234 3.9703

T3 T2 T1

3.60012 . 3.4078 1.3139

Underscored means are not significantly different
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Moisture (%)

Diets

Fig.8.Final moisture content in the body of M .ro s e n b e rg ii at the 
end of the experiment
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Protein (%)

Fig.9.Final protein content in the body of M .ro s e n b e rg ii at the end 
of the experiment
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Fig.lO.Final fat content in the body of M .ro s e n b e rg ii at the end of 
the experiment



DISCUSSION
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5. DISCUSSION

5.1. PROXIMATE ANALYSIS OF FORMULATED

Proximate composition of experimental diets was analyzed to evaluate the nutrient 

status. Most of the previous workers have reported that 30-35% protein may be optimum for 

the growth and survival o f Macrobrachium rosenbergii post larvae. According to Balazs and 

Ross (1976) a protein level above 35% may be required for maximum growth in 

Macrobrachium rosenbergii juveniles. D’Abramo and New (2000) estimated a dietary protein 

requirement of 30-35 % crude protein for Macrobrachium rosenbergii post larvae. But 

Clifford and Brick (1979) found that a protein level of 35% was optimum for best growth and 

survival of Macrobrachium rosenbergii. Sick and Millikin (1983) estimated the protein 

requirement of early juvenile Macrobrachium rosenbergii to be around 40% and of larger 

prawns to be 25-30%. Protein levels in commercial feeds were 23.8 to 38.5 % in Hawaii 

(Corbin et al., 1983), 28 to 36 % in Taiwan (Hsieh et al., 1989) and 25 to 37 % in Thailand 

(Department of Fisheries, 2004). Proximate analysis of the diets in the present study revealed 

that they contained crude protein in the range of 33.74 to 34.99 % which falls within the levels 

of protein in the feeds suggested by various investigators (El-Sayed, 1997; Boonyaratpalin and 

Chittiwan, 2003).

Carbohydrate was in the range of 41.751 to 44.913 % in the experimental 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 up to 30% do not appear to suppress 

growth in Macrobrachium rosenbergii. Briggs (1991) successfully employed a series of 

carbohydrate sources at 40% inclusion level in semi purified diets for post larvae of 

Macrobrachium rosenbergii. The prawns are known to utilize as high as 30% dietary fibre 

(Mitra et al., 2005).
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Hilton et al. (1984) and Reigh and Stickney (1989) reported that total lipid content in the 

diet should not exceed 10% for Macrobrachium rosenbergii. In commercial feeds of 

Macrobrachium rosenbergii, a lipid level of 6 to 9% has been reported in Thailand 

(ASEAN/UNDP/FAO, 1988), 5 to 8 % in French Guiana (IFREMER, 1989) and 2 to 4% in 

Taiwan (Hsieh et al., 1989). The lipid content of the diets used in the present study was in the 

range of 4.2 to 5.2% which is almost the same as employed in various commercial grow out 

feeds of Macrobrachium rosenbergii.

5.2. WATER STABILITY OF FORMULATED DIETS

There was not much variation in the water stability of the diets even after four months. 

Water stability was found to be good after six hours with retention over 80%. In the present 

study, higher water stability was obtained in all the test diets. The higher water stability of the 

feeds, obtained in the present study may be due to the better gelatinization of starch.

5.3. EVALUATION OF EFFICIENCY OF EXPERIMENTAL DIETS

The present study was earned out to find out the feasibility of using water spinach 

leaves as a low cost plant protein source and to evaluate the nutritional quality of the 

fonnulated diets through growth trials employing post larvae of Macrobrachium rosenbergii. 

Evaluation of efficiency of the diets was based on growth (net weight gain), specific growth 

rate, survival, FCR, FCE, PER and crude digestibility coefficient. Initial as well as final 

carcass composition was also conducted to evaluate the test diets.

5.3.1. Growth

Among the different formulated feeds tested in the present study, the treatment T2 with 

Ipomoea leaf meal at an inclusion level of 12% and treatment T3 with Ipomoea leaf meal 

inclusion level of 24% gave superior growth performance in comparison to other experimental 

diets tested individually. Of the two test diets T2 and T3, the diet T2 with Ipomoea leaf meal 

inclusion of 12 % produced highest net weight of 603.63 mg, closely followed by T3 with 24
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% Ipomoea leaf meal (net weight gain o f 568.73 mg). Growth rate obtained with test diet T4 

having 36% inclusion of Ipomoea was lower than control diet T l. Lowest net weight gain was 

recorded for the diet T5 {Ipomoea inclusion level of 48%), though not significantly different 

from diet T4.

Early works on shrimp and prawn by Deshimaru and Shigueno (1972), New (1976) and 

Conklin et al. (1977) have shown that a mixture of two or more protein sources invariably 

gave better growth than single protein source. The improved performance of mixed diet was 

mainly because of the fact that single protein source may not be able to provide all the 

essential amino acids in adequate levels and the deficiency may be overcome by mixing a 

number o f protein sources so as to formulate a diet which closely meets the amino acid 

requirement of the test species (Boonyaratpalin and Chittiwan, 2003).

Several reports are available on the use of leaf protein as a source of protein in feed, 

replacing the expensive fish feed ingredients. Santiago et al. (1988) incorporated Leucena leaf 

meal at the level of 65% in the diets of Nile tilapia showed no adverse effect on growth. 

Cassava leaf meal {Manihot esculanta) was used as a protein source in the diets o f Tilapia at 

60% (Wee and Ng, 1986). Leucaena leaf meal, when it replaced fish meal in the diets of 

Cyprimis carpio showed better FCR value than commercial feed (Swamy and Devaraj, 1995). 

Mondal and Ray (1996) observed that, diet contained 20% inclusion of the terrestrial 

macrophyte Acacia in the diet of Labeo rohita fingerlings gave best results of growth in terms 

of FCR.

Richter et al. (2003) suggested that Moringa leaf meal can be used to substitute up to 

10% of dietary protein in Nile tilapia without reduction in growth. Similarly Aneykutty et 

al.{ 1994) demonstrated that dried Azolla powder may prove to be partial protein source in the 

feeds of Etroplus suratensis and its inclusion in the diet can replace about 25% of fish meal 

based diet. There are a number of aquatic weeds have been used in fish feeds replacing the 

conventional ingredients (Patnaik et al., 1991; Das et al., 1994; Mohanty and Dash, 1995; Ray 

and Das, 1995). Their results showed that the diet with 60% inclusion level of aquatic weed
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meal (Otellia, Nymphoides, Pisia, Lemna and Azolla) gave the highest protein and lipid 

deposition. Azolla based diets when fed to tilapia and grass carp showed a good increase in 

fish yield (Mohanty and Dash, 1995). Guru and Patra (2007) showed that the use of aquatic 

weed Eichhornea crassipes, Lemna minor and Pistia stratiotes in the diet of Labeo rohita 

yields positive results in the growth performance and therefore would no doubt reduce the cost 

of input while serving as a way of making the most discarded, the most useful.

Haniffa et al. (2002) studied the effectiveness of dietary plant protein sources such as 

Hydrilla verticellata, Chara fragilis and drumstick leaves on the growth of freshwater prawn, 

Macrobrachium idea, showed poor growth. Studies on Macrobrachium rosenbergii post 

larvae fed on Spirulina based diet also showed that the percentage weight gain was 

significantly lower in Spirulina based diet than casein diet (James et al., 1990).

In the present study, a similar observation was obtained in diets with high inclusion of 

water spinach (36 % and 48%). On the other hand diets with lower water spinach inclusion 

(12% and 24%) gave good results.

Saponins, which are found in many of the potential alternative plant derived feed 

sources, are considered to have a detrimental effect on fish. The negative effect o f saponins 

might be because of their well-known effect as a surface-active component on the biological 

membrane by which the permeability of the intestinal mucosal cells is increased and the active 

nutrient transport hindered (Johnson et a/., 1986), even though at low dietary levels, they have 

been shown to increase growth in tilapia (Francis et a/.,2001). This is in agreement with the 

present study of utilization of water spinach leaf meal as an alternative protein source in the 

feed of Macrobrachium rosenbergii post larvae.

5.3.2. 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 indicated the highest SGR with



71

the diet T2 containing Ipomoea inclusion level of 12 %, closely followed by T3 with Ipomoea 

inclusion of 24%. The diet T1 (control) produced significantly lower SGR than the former 

two diets. The diets T4 and T5 with Ipomoea inclusion of 36% and 48 % produced lower 

SGR values than the diets T1.

Haniffa et a i  (2002) obtained SGR of 0.239 for Macrobrachium idea juveniles fed with 

Hydrilla verticellata based pelleted diets. The authors reported that the poor performance may 

be due to the presence of high fibre content, imbalance of essential amino acids and low 

digestibility. Hari and Kurup (2003) found that there was no significant difference in growth 

performance in juveniles of Macrobrachium rosenbergii fed with equal proportions of plant 

and animal protein. But, the SGR values (3.8) reported in case of Labeo rohita fed with 

Nymphoides cristatum based pelleted diets (Patra et a i, 2002) is in agreement with the SGR 

values obtained in the present study.

The SGR obtained in the present study indicated that diets with lower inclusion levels of 

Ipomoea (12% and 24%) enhanced specific growth rate (3.6 and 3.7) whereas diets with 

higher inclusion levels of Ipomoea significantly depressed growth performance (2.7) in 

Macrobrachium rosenbergii post larvae. The results showed that the inclusion of plant 

protein, derived from Ipomoea leaves, up to 24% inclusion level had beneficial effects on the 

growth performance of Macrobrachium rosenbergii post larvae as compared to the control 

diet (Tl). The depression of growth performance and growth parameters could likely be 

attributed to several factors, among which the presence of antinutrients could not be ruled out. 

A further possible reason for low growth at high inclusion level of Ipomoea might be the 

levels of cell wall constituents (Neutral detergent fibre and Acid detergent fibre) as reported 

by (Richter et al., 2003).

5.3.3. Survival

The postlarval prawns of all the five treatments in the present study showed fairly good 

survival rates ranging from 77.5% to 82.5%, suggesting that different level of inclusion of
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Ipomoea meal by replacing clam meat did not produce much variation 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.

Neeraja (1998) found that the juvenile prawn 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 variation on survival rates.

Behanan et al. (1992) reported a survival o f 76% in M.rosenbergii post larvae with the 

diet based on cat fish meat, prawn head, gluten and clam meat based diet. Similarly 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. Haniffa et al. (2002) reported a survival 

rate of 86% in M. idae fed with Hydrilla based diet.

In the present study, the survival rate was between 77.5% and 82.5% which was closely 

similar to the result obtained by Haniffa et al. (2002). There was no evident feed related 

mortality, the reduction in survival was due to handling stress during sampling, suggesting that 

the different level of inclusion of Ipomoea leaf meal did not produce much variation on 

survival rates.

5.3.4. Food conversion ratio and food conversion efficiency

Food conversion ratio is the ability with which an animal can convert food for the 

growth process and is reflected in the ratios o f 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 T2 and T3 diets, with Ipomoea 

inclusion of 12% and 24% respectively. Control diet (T l) with clam meat gave FCR higher 

than the former two. Diets T4 and T5 was not seen to be significantly different.

According to Colvin (1976), protein source that is deficient in essential nutrients 

inadequate quantities produces less efficient feed conversion ratio. In the present study, the
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better food conversion ratios obtained for diets containing 12% and 24% level of inclusion of 

Ipomoea might be due to the fact that even at lower diet intake level, combined animal and 

aquatic weed leaf meal sources provided essential nutrients in required proportion for better 

growth of prawn compared to the clam meat based control diet.

Indrajasmine (1996) used plant protein (40 to 48%) and obtained FCR ranging between 

1.46 and 2.25 for Penaeus indicus. Hari and Kurup (2003) recorded FCR values of 2.6 in 

M.rosenbergii post larvae fed with diets having a plant to animal ratio of 1:1. James et al. 

(1990) reported a higher FCR of 6.82 in M.rosenbergii post larvae fed with solar dried 

Spirulinci as a protein source at 40% protein level. Similarly Haniffa et al. (2002) found a 

higher FCR of 5.11 in M.idae fed with Hydrilla verticellata based diets. However, the lower 

FCR values (1.1 to 2.2) obtained with present study indicated the higher efficiency in food 

utilization. Harpaz and Schmalbach (1986) also attributed the better efficiency of the diet 

supplemented with plant protein sources like leaves, to the better availability of nutrients like 

vitamin C to the prawns.

5.3.5. Protein efficiency ratio

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

with high protein efficiency ratio can be considered as better quality and those with low values 

as poor quality. In the present study it was found that ,Afacrobrachium rosenbergii post larvae 

fed on diets containing 12% Ipomoea was more efficient in converting dietary protein with 

PER of 2.998,followed by those fed on diets with24% Ipomoea with PER of 2.782 . There 

was significant difference (p<0.05) in PER between these two diets. Control diet (T l) gave 

lower PER value compared to the former two diets. The diet T4 was not significantly 

different from T5.

Richter et al. (2003) showed better PER of 2.3 to 2.8 when Nile tilapia was fed with 

Moringa leaf meal based diets. James et al.(1990) found a PER value of 0.36 in 

M.rosenbergii post larvae fed with Spirulina fitsiformis based diet and Haniffa et al.(2002)
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reported a PER of 0.32 for M.idae juveniles fed with Hydrilla based diets. On the contrary, 

results o f the present study showed higher PER values (1.5 to 3) in Ipomoea based diets, of 

which diets T2 and T3 (12% and 24% Ipomoea ) exhibited the highest PER value (2.99 and 

2.78).

DeSilva and Davy (1990) opined that for optimum growth of prawn, it is important to 

have a balance between dietary protein and energy ratio in diets and the ratio may differ 

according to the type of ingredients. The protein energy ratio lower or higher than optimum 

may lead to the reduction in growth of prawn (Akiyama, 1992).

In view of the above ,it can be demonstrated that the diets (T2 and T3 ) containing low 

Ipomoea inclusion levels o f 12% and 24% might have the required protein energy levels in the 

diets, yielded best results and this formulation could be used to reduce the feed cost and 

enhanced protein conversion fov M.rosenbergii.

5.3.6. Protein digestibility coefficient

The digestibility obtained for the test diet T2 and T3 was considerably high, when 

compared to the other test diets (T l, T4 and T5), indicating that incorporation of Ipomoea 

aquatica leaf meal beyond a level of 36% impairs digestibility. Better food conversion ratio 

and protein efficiency ratio of a diet result from better protein digestibility and absorption. 

The higher values obtained for the above two parameters for diet T2 and T3 directly imply 

that the protein digestibility and absorption were significantly better for this diet.

Maynard and Loosli (1978) have pointed out that difference in digestibility arises from 

incomplete digestive action or lack of complete absorption.

James et al. (1990) found a protein digestibility coefficient o f 97.28 in M.rosenbergii 

post larvae fed with Spirulina fusiformis as a protein source and this high protein digestibility 

coefficient was due to the better utilization of Spirulina by M.rosenbergii post larvae because 

there was no cellulose cell wall, since Spimlina is a blue green alga.
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But in the present study, the protein digestibility coefficient obtained in M.rosenbergii 

post larvae fed with Ipomoea based diet was lower than the above.

5.4. WATER QUALITY PARAMETERS

5.4.1. Tem perature

Water temperature is an important factor which influences the survival and growth of 

any organism. Macrobrachium rosenbergii can survive in a wide range of temperature (18- 

33°c) 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 

Macrobrachium rosenbergii adults can tolerate wide range of 18 to 34°c, while for larvae the 

optimum range is 26 to 31°c. Temperature <14°c or >35°c are reported to be lethal for post 

larvae, optimum being 29 to 31°c. The weekly range of temperature observed during the 

present experimental period was 26.1 to 30.3°c. The values recorded in the present study were 

with in the optimum range suggested for the growth of Macrobrachium rosenbergii post 

larvae.

5.4.2. 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 6.9 to 8.4. New and Singholka (1982) and Sandier and Smith (1985) reported a pH 

range of 7.5 to 8.5 as optimum for culture of Macrobrachium spp. Malecha et al. (1980) and 

Sandifer and Smithl985) observed that high pH values were not favorable for the growth of 

Macrobrachium rosenbergii. Ideal pH for Macrobrachium rosenbergii is reported to be 7 to 

8.5 by Hsieh et al. (1989). pH of water in the present study was within the ideal range.
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5.4.3. 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% saturation 

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 to 8 

ppm. During the present study, weekly dissolved oxygen values in the experimental tanks 

ranged from 6.3 to 8.39 ppm, since mild aeration was provided to the tanks. These values 

were found to be optimum for rearing of Macrobrachium rosenbergii post larvae.

5.3.5. Total alkalinity

Natural waters that contain 40mg/l or more of total alkalinity are considered more 

productive than water of low alkalinity. Waters of low alkalinity are poorly buffered against 

fluctuations in pH and consequently rapid reduction in pH occurs when carbon dioxide levels 

goes down. Ayyappan and Rao (2000) reported tolerable range of alkalinity as 40 to 150 ppm. 

Total alkalinity values recorded in the present study ranged from 90 to 120 ppm which was in 

this tolerable limit.

5.4.5. Ammonia

In the present study the ammonia concentration ranged between 0.056 mg/1 to 0.089

mg/1.

Growth of Macrobrachium rosenbergii is found impaired at unionized ammonia 

concentration of 0.1 mg/1 or higher (Ayyappan and Rao, 2000). The concentrations of 

ammonia recorded in the present study were within these limits.
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5.5. CARCASS COMPOSITION OF POST LARVAE OF M.ROSENBERGII

Carcass analysis of experimental animals was done initially and on termination of the 

study. From the result it was clear that prawns fed with a diet containing optimum level of 

inclusion of Ipomoea aquatica leaf meal showed proper utilization of feed and protein. The 

level of inclusion of Ipomoea aquatica leaf meal was significantly influenced the chemical 

composition o f body of prawns.

5.5.1. Protein

The results showed that protein content of the test animals increased with increase of 

Ipomoea leaf meal in the diet and protein reached maximum at 24% inclusion of Ipomoea 

followed by diets T5 andT4. Richter et al. (2003) also reported similar increase of protein in 

the body of Nile tilapia fed with Moringa based diets. It is thus clear from the present study 

that better protein content of the Ipomoea leaf meal is responsible for the higher content of 

protein in the body of Macrobrachium rosenbergii post larvae.

5.5.2. Lipid

Lipid content in the whole body of the prawns at the end of the feeding experiment were 

estimated and found that the treatments except control (Tl) and T4 were not significantly 

different. The lipid content of prawn fed with control diet is superior to other diets. This 

shows that better utilization of lipid was from clam meat based diet compared to aquatic weed 

based diet.

5.5.3. Moisture

The level of whole body moisture was significantly lower in Ipomoea based diets 

compared to the control diet (Tl). The moisture content of the body is found to be decreased 

with increased level of inclusion oI  Ipomoea leaf meal.



5.5.4. Carbohydrate

From the present experiment it was found that carbohydrate content of body of 

experimental animal was maximum for T5 with 48 % Ipomoea inclusion and minimum for T1 

without Ipomoea inclusion.



SUMMARY
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6. SUMMARY

An experiment has been carried out to evaluate the efficacy of pelleted feeds formulated 

by replacing clam meat with Ipomoea leaf meal. Clam meat was progressively replaced with 

Ipomoea leaf meal to Macrobrachium rosenbergii post larvae at various levels. A comparison 

has also been made between control diet and diets containing Ipomoea leaf meal in various 

inclusion levels.

In the present study post larvae o f M.rosenbergii having an average weight of 0.077g 

were used as experimental animals. The experiment was conducted in Completely 

Randomized Design with five treatments and 4 replications each, for a period of 60 days.

Proximate analysis of various feed ingredients used in the formulation of test diets 

showed that dried clam meat contained highest crude protein of 50.7% followed by ground nut 

oil cake (42%) and Ipomoea leaf meal (24.9%).

Five isonitrogenous test diets were prepared for the study. They were diet T1 with clam 

meat+GOC+tapioca+Wheatbran+sunflower oil+ vitamin mineral mix, diets T2,T3,T4 and T5 

with clam meat replaced with 12%, 24%, 36% and 48% Ipomoea leaf meal respectively.

Proximate analysis of the formulated diets showed that crude protein content of the diets 

ranged between 33.37% and 34.99%, crude fat content ranged between 4.2% and 5.2%.

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

the tolerable limits for the optimum growth of M.rosenbergii post larvae.

Various evaluation indices viz., net weight gain, specific growth rate, percentage 

survival, FCR, FCE, PER, protein digestibility coefficient and carcass composition of the test 

animals were determined.
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On termination of 60 days rearing, better growth rates were recorded in M.rosenbergii 

post larvae fed with 12% inclusion of Ipomoea leaf meal.

Higher specific growth rates were recorded in prawn post larvae fed on diets T2 and T3 

containing 12% and 24% inclusion of Ipomoea leaf meal than control diet without Ipomoea.

The survival rate of M.rosenbergii post larvae was not found to be influenced 

substantially by various inclusion levels of Ipomoea leaf meal and the survival rate recorded in 

various treatments ranged between 82.5% and 77.5%.

Low food conversion values were obtained in prawns fed on the diets with 12% and 24 

% level of inclusion of Ipomoea leaf meal over the control diet without Ipomoea leaf meal.

High protein efficiency ratios were recorded with diets T2 (12% Ipomoea) and T3 (24% 

Ipomoea) based on Ipomoea leaf meal.
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8. ABSTRACT

The present study aimed to find out the feasibility o f using water spinach leaves as a 

low cost plant protein source and dietary evaluation o f  the formulated diet through growth 

trials employing post larvae of Macrobrachium rosenbergii, thus to determine the 

optimum level o f  substitution o f spinach leaf meal. The experiment was done for a period 

o f 60 days. A comparison has also been made between the diets having various levels of 

inclusion o f  water spinach leaf meal over the control diet without spinach leaf meal.

Five isonitrogenous test diets T1 to T5 were prepared with 30% crude protein. The 

feed ingredients used were clam meat, Ipomoea aquatica leaf meal, wheat bran, ground nut 

oil cake, tapioca flour, vitamin mineral mixture and sunflower oil. The control diet T1 was 

prepared by using all ingredients mentioned above, without Ipomoea leaf meal. The test 

diets T2, T3, T4 and T5 were prepared by using all ingredients mentioned above and 

replacing clam meat with water spinach leaf meal at inclusion levels o f  12 %, 24 % 36 % 

and 48 % respectively.

Results showed better growth rates in prawn post larvae fed with diets (T2) 

containing 12% Ipomoea leaf meal. Among the test diets, T2 recorded highest growth rate 

(603.63 mg). Specific,growth rate, food conversion ratio and protein efficiency ratio also 

showed better performance o f prawn post larvae fed on test diet with 12% inclusion of 

spinach leaf meal. The highest SGR (3.67) and PER (2.99) were recorded in prawns fed 

on diet T2 and lowest SGR (2.68) and PER (1.48) were obtained with diet T5. The 

survival rate o f post larval prawns were not found to be significantly influenced by the 

various test diets used and the survival ranged from 77.5% to 82.5%.


