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Introduction



1 INTRODUCTION

Aquaciilture with its great and as yet semi-exploited potential is playing a key

role in the total world food supply. It is estimated that more than 300 species of fish

are cultivated the world over. Freshwater fish culture is a widely studied area of

aquaculture. During the last 15 years, inunense progress has been made in

developing new techmques, enabling the use of increased areas of water for fish

culture(Bamabe, 1990). Asia continues to lead in world aquaculture production.

Most of the Asian countries are switching over to semi-intensive and intensive

culture practices for finfish and shellfish. Undoubtedly, such changes emphasize the

role of supplementary feeding and the urgent need for developing low-cost diets.

The latter is still in its early stages of development, particularly with respect to

finfish culture. The success of aquaculture depends upon the provision of

nutritionally balanced, environment friendly and economically viable artificial diets.

In spite of the fact that information on the nutrition of fish is of crucial importance in

furthering fish culture, it has lagged behind that of other farmed animals. Among the

fishes, the nutrient requirements of coldwater fishes like chinook salmon and

rainbow trout and warm water fishes like channel catfish and common carp (NRC,

1983) have been studied the most. Scanty information is available on other species

like tilapia and the Indian and Chinese carps that are widely cultured in Asia. Most

of the reported nutrient requirements have been determined using feeding studies

with growth as the primary response parameter. Feeding trials still remain the most

useful method in obtaining results that have direct application in feeding practices.



Carps are the mainstay of Indian fireshwater aquacuhuie. Rohu JLabeo rohita

is the most widdy cultured among the Indian major caips. An efficient nurseiy

rearing practice is necessary for making available die maYimum number of quality

seed for culture purpose. Formulation of feeds, which gives good survival, growth

and food conversion ratio, eifbst to be used as supplementary feeds in ponds or as

complete diets in intensive systems has also become essentid. The more intensive

the system, the greater is the importance of sujiplementary feed and higher is the

proportion of feed cost to the total production cost (Hefner, 1988). Feed cost may

account for upto 40-60% of the total production cost in aquaculture systems (FAO,

1983). The most important and expensive component of fish diets is protein. In

general, fish species require higher levels of dietary protein fer optimum growth than

poultry or cattle (Tacon and Cowey, 1987). To supply the adequate quantity of

dietary protein, fishmeal of marine origin, vMch has amino acid profile ttmt closely

matches the requirement pattern of the fish, is widely used at levels ranging fi-om 25

to 65% in fish feeds (Tacon and Jackson, 1985). Of late, fish meal is becoming

increasingly scarce, moreover it is expensive. This has made the identification of cost

effective refdacement for fish meal protein in aquaculture feeds an urgent necessity.

Research dong these lines involves the evduation of inexpensive, readily available

and nutritious protein sources, which can supply dl the nutritional needs of fee

cultured fidi. One ̂sproach involves the increased utilization of ingredients of plant

origin. Over fee years, fee use of oil seed meds in fish diets have^picked up.

Soyabean med rates high as a prime alternate protein source in fish feeds. The

superior nutnent profile of soyabean coiq)led wife tte spurt in its production in many

parts of fee world have prompted extensive studies on its utilify in fish feeds. Wife



advanced processing techniques, its nutritive value has been enhanced to such an

extent that it is now considered a conventional ingredient in aquacultuie.

The use of soyabean meal in aquaculture feeds, probably, was initiated v^en

it was initially realized that, it contains a high level of protein (averaging 40-45%)

and secondly, the amino acid profile within the protein, with the exception of

methionine, is very good and consistent with the requirements of most of the cultured

fish species (Lovell, 1998). The anti-nutritional factors reportedly present in

soyabean meal include trypsin-inhibitor and haemagglutinins, which fortunately can

be eliminated through processing techniques involving heat treatment. Advances in

processing techniques, such as micronization, extrusion, and expansion have

produced better quality products, which are more digestible with increased

bioavailability of nutrients and reduced levels of anti-nufritional factors (Tacon and

Jackson, 1985).

The successful transformation of soyabean meal, firom being a

by-product of the soy oil extraction industry to a conventional fish feed ingredient is

an example of the potential value of plant proteins as animal feeds and the initial

importance of a systematic approach in evaluating and upgrading a product. An

examination of the investigative steps into the development of soyabean meal as a

major fish feed ingredient can serve as a model that can be similarly applied to other

non-conventional plant origin feed stufiTs.

Development of quality feed with soyabean meal as an alternate protein

source for fish meal will reduce the reliance of the fish feed manufacturing industry

on fish meal and ensure the farmers a relatively stable, less expensive and high



quality feed With this in view, different levels of substitution of fishmeal by
soyabean meal were tested in formulated diets for Lrohita fly.

The present study aims at evaluating soyabean meal as a
partial /complete substitute for fish meal in diets for rehu based on the growth
perfonnance. food conversion efficiency, enzyme profile and carcass compositiom
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2. REVIEW OF LITERATURE

2.1 • Natritional Requirements of warm water Hsbes: -

2.1.1. Protein: -

Supplementaiy feeding is an important tool for augmenting fish production.

In fish nutrition, protein is the most important nutrient, because of its decisive role in

the growth profile and its direct bearing on the cost of the feed

In fish, the capacity to synthesise amino acids de-novo fî om carbon skeleton

is limited Most of the protein, therefore must be supplied through the diet (Hepher,

1988). In fishes, the optimum dietary requirement of protein for maYimal growth is

found to be 50-300% hi^er than that for the terrestrial animals (Cowey, 1979).

In carps, the protein requirement for the maintenance have been estimated to

be in die range of 1-2 g protein /kg body weight per day (Kaushik, 1995). Satoh

(1991), reviewing the protein requirement of the common carp, observed maximum

growth with 10-12 g / kg body weight / day which is not much different firom that

recorded for other teleosts.

Detailed studies on the protein requirements of cultivable warm water fishes

have been done by Dabrowski (1977) and Sen et al (1978).

The dietary protein requirement for best growth rate, food conversion ratio

and specific growth rate in carps was studied by Francis and Ramanathan (1995).

The optimum dietary protein requirement for better growth and food conversion

efficiency depends on the environmental conditions, age, size and genetic factors.



Hw iHotem requirement of fishes decreases wifii increase in size and age in several

warm water fish species (Renukatadhya and Vatgjiese. 1986; Khan and Jafii, 1991).

Reviewing the potein requiremoit of fidies, Wilson and Halver (1980)

emphasised fiat fiie dietary potein requirement of fish is influenced by the

protein - energy balance, the amino add composition, fiie digestibility of protein and

fire amount of non-protein sources in fire diet. Studies done Iqr Kirchgessner et al.

(1986) and Pongmanemat and Watanabe(1993) have shown fiiat fire digestibiliQr of

protein fiom nmntally used practical or purified diet ingredients is hi^ in all fi«hA»

The optimtnn protein requirement of grass carp fiy is 41-43% (£)abrowski,

1977), vdiile that of rohu (Sen et al 1978) and ntripil fiy (Singh and Siitha, 1981) is

45%. Cafia fiy require a protein cotttetrtof40% in the diet (Khan and Jafii, 1991).

Hre studies conducted to assess fire low protein hi|^ eirergy diets in carps

showed that the optimum digestible enogy of diets cmrtainiirg 32 - 37% crude

protein enriched with carbohydrate or lipid are better fiian a commercial carp diet

containing higher levels of crttde protein (Walanabe ef ol., 1987).

Mao et al (1985) have reported the increase in polein efficiency ratio and

net protein utilisation with decreasing protein levels and wifit incmaging levels of

carbohydrate, fat, mitwrals and filne.

IMlisation of iHotein fish is influenced by the calorific content of the diet,

^'vith gtoivfii occurring only if the ration contains sufficient energy in proper ratio

(Oarling and Wilson, 1976; Cowey and Saigent, 1977). In catla, the relationship

between energy and protein is calculated as 8 k cal/g ]Hotein (Sin^ and Bhanot,



1988). When isocaloric diets were compared in C. mrigala better growth

performance was recorded upto protein levels of30-35% (Hassan and Jafri, 1996).

Growth and protein utilization also depend on the level of feeding.

Rangacharyalu et al (1991)observed that maximum growth of Z. rohita was obtained

at 5% level of feeding. The studies on the effects of feeding frequency on protein

digestibility indicated the digestibility to be maximum when the fishes were fed

twice daily.

In fishes, when the dietary protein and energy levels are in excess of the

requirement, the surplus protein is used for energy provision leading to fat

deposition, thereby adding to the caloric value of flesh. (Lee and Putnam, 1973).

Hassan et al (1991) have stated that the hi^er calorie content in the early stages

may prove advantageous to fish released in the natural environment for stock

replenishment.

In carps, protein utilization was found to be better with diets containing

whole protein than with mixtures of amino acids (Murai et fl!/.,1981, Kaushik and

Dabrowski, 1983). Dabrowski (1983) observed significant absorption of protein

macromolecules throughout the digestive tract of common carp. McLean and

Donaldson (1990) reported that the absorption of macromolecules was several times

higher in stomachless fishes like carp, than in fish having a fimctional stomach. Hertz

et al (1992) found that orally delivered peptides were absorbed by common carp,

although direct evidence of potency of such biologically or immimologically active

molecules is lacking.



It was evident from the work of Sen et al (1978), Singh et a/.(1980) and

Khan and Jafii (1991) tiiat surplus levels of protein significantly depress growth in

caips. These observations can be linked to a possible reduction in dietaiy energy

available for nonnal growth due to the diversion of extra energy towards the

deamination and excretion of excessive amounts of amino acids. (Khan and Jafri,

1991).

2.1.1.1. Essential AmIno Acids:

Fishes require a well-balanced mixture of essential and non-essential amino

acids. The essential amino acid requirement of warm water fishes has been reviewed

by Wilson (1985 & 1989).

Feeding studies conducted for different fish species have employed the

supplementation of the specific essential amino acids like arginine, histidine, leucine,

isoleucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine. The

biological value of a protein source is decided by its amino acid profde (Khan and

Jafii ,1993)

The importance of A/E ratios (relative proportion of essential amiiirt acids to

that of the sum of essential amino acids) is now well established Even marginal

deficiencies or imbalances in the essential amino acid contents can have marked

adverse effects. (Kaushik, 1995). Murai et al. (1984) found that as tte'A/E ratio

increases fixrm 80 to 95, nitrogen retention per unit nitrogen intake increased from

5 to nearly 40%.

8



Borlongan and Benitez (1990) stated that the more closely the essential amino

acid profile of the dietary protein approximates the amino acid requirement of the

fish, the higher is the nutritional value of that proteinu In practical feed formulation,

therefore, the knowledge of the quantitative amino acid requirement of the fish is of

utmost importance.

Ravi and Devar^ (1991) studied the essential amino acid needs of Catla

catla, and observed it to be very similar to the recommended values for common carp

(Ogino, 1980). Aoe et al. (1970) and Khan and Jafii (1993) have reported poor

growth in common carp and rohu, respectively, vrfien fed with a diet free of essential

amino acids.

Comparison of data on the whole bo^ essential amino acid profile and the

requirement profile of common carp and catla showed that these two patterns are

correlated (Mambrini and Kaushik, 1993). Good correlation between dietary aminn

acid concentration and the dietary protein level has been observed in the carp

(Zebian, 1977)

It was observed by Mutai et al. (1984) that when carps were fed a diet wifii

amino acid as the sole nitrogenous source, rrrinaty exoetion of aminn acids

increased, accounting for almost 36% of tire total nitrogen in fire urine.

It wras evident from the work done by Yamada et al. (1981) tht^^^creasing

the feedmg frequency significantly improves fire attiino acid availability, leading to

growfii rates comparable to those obtairred with a whole protein diet



Studies have also indicated that the adequate treatment (jrotectimi hy <vMting
with casein or agar, jtfj adjustment etc.) of synthetic amino acids incorporated into

diets imiHOves its utilization in cmmncm carp and several other fishes (Murai et al,

1982,1989).

In the case of protein sources wifli marked amino acid imi»ia»^ fljej,

utilization Ity fish can be enhanced significantly, if incorporated in diets after

supplementation with adequate amounts of essential aminn adds (Murai et al.,

1982,1984)

A relatively constant essential amino add requirement [nofile of imtian

major caips was reported hy Mohanty and Kaushik (1991).

,  In theeaiiy stages, the relative composition of the fiee soluble amino add

pool showed little variation and tte predominant amino adds detected weie leucine,

lysine, valine, isoleucine, alanine and serine (Ronnestad, 1992). Identical inofiles

migbt have resulted from the lydrolysis of the common yolk protein phosvitin -

corresponding to the wafer uptake during swelling.

NRC (1983) and Tacon and Jadcson (1985) observed that indi^)ensable

amino acids like arginine, lysine, metfaionine and tiyptopban aie limiting in feed

stuffs of plant origin used in fish diets.

Murthy and Varghcse (1996,1W7) reported that fiwr tte growA and survival

of juveniles of the Indian major carp, Labeo rohita the optimum requirement of

threonine and lysine was respectively 1.71% and 2.27% of the diet, which

10



corresponds to 4.18% and 5.68% of the dietary protein, respectively. Similarly, the

dietary tryptophan requirement was estimated to be 1.13 % of the dietary protein.

Khan and Jafri (1993), while estimating the requirements of arginine,

methonine, tryptophan and lysine of Z, rohita fiy, found 1.0 %, 1.2%, 0.2% and 2.0 %

of the diet to be the optimum levels for the respective amino acids.

2.1.2. Lipids:

Lipids are a major source of metabolic energy in fish. Being highly

digestible, it has greater sparing action than dietary carbohydrates or proteins (Ellis

and Reig)i> 1991). Since dietary lipid levels have a decisive influence on the feed

utilization and flesh quality, appropriate amounts of lipid need to be incorporated in

fish diets.

Besides providing energy, dietary lipids serve as a source of essential fetty

acids. Watanabe (1982) reviewed the role of lipids in fish nutrition, pointing out the

need for essential l&tty acids. Several workers have studied the influence of dietary

lipids on growth and fatty acid composition of teleosts. (Yingst and Stickney, 1979;

Borlongan and Parazo, 1991).

According to Cowey and Sargent (1977), Cho et al. (1985) and

Mukhopadhyay and Raut (1996) the lipids are almost completely digestible by fish

and are preferred over carbohydrate as an energy source. In fishes, lipids afe a source

of energy besides playing a key role in biomembrane activity.

11



In practical diets for many cyprinids dietaiy fet levels of less than 12% are

considered optunal. Grass carp, however, has a much lower dietary lipid requirement

of 4% (Ding, 1991).

Murai et al (1985) observed tbat at any given crude protein level in the diet,

an increase in the dietaiy fat content led to reduced growth and decreased feed

efficiency or protein retention in juvenile carp. However, other studies have

demonstrated the protein sparing effects of lipids in common caip to be similar to

those in several other teleosts. (Watanabe et al, 1987)

According to Berg and Storebakken (1991) and De Silva et.aL (1991) growth

ceased in fishes fed a diet having higher than optimal protein to fat ratio. Jafii and

Farooq (1995) observed a reduction in the growth of C. mrigala when fed with

higher than optimal levels of lipid.

Growth in common carp was unaffected by the increasing lipid content upto

an inclusion level of 20 %, though the body lipid deposition, especially the visceral

fat deposition increased with the increased dietary fat levels (Murai et al 1985).

Studies by Takeuchi et al (1979) relating to the quality of dietaiy fat suggest

that hydrogenated fish oil or beef tallow could be added (6%) as an energy source in

diets of common carp, provided hi^ quality marine fish oil was also added

2.1.2.1. Essential Fatty Adds: ^

Studies on the quantitative essential fatty acids requirement of carps have

been inconclusive. It has been difficult to induce signs of fatty acid deficiemes in

yoimg carp even after long term feeding with ftit fiee diets, although it is found that

12



flie n-3 higjily unsaturated fefly acids are required for normal growth and survival,

especially during die larval development. Lipids are the main source of energy from

the gastrula stage onwards in fish embiyos. (Vetter et al, 1983). The loss of lipid

reserves of larval fish on food deprivation, underscores its pimaiy role (Ehrlich,

1974)

Eicosqientaenoic acid (20:5 n-3) is one of the most essential fiitty acids in

fish (Kanazawa et ah, 1979). Kanazawa (1985) suggested that the rapidly growing

larvae of fish need relatively large amount of extraneous eicosapentaenoic acid

13



2.I.2.2. Pliospholipids:

In the intestinal lumen, vMoh is an aqueous envinniment, the phospholipids

are known to act as emulsifiers. According to Kanazawa (1993) and Sargent et aL

(1994) the need for phosplmlipids in certain fishes are significanfly hi^er during Ae

larval stages.

Radunz —Neto et al. (1994) observed that the addition of i^iosi^I^ds was

important to obtain initial survival and growth of first feeding carp larvae, as also

observed by Szlaminska et al. (1993) in the gold fish, Carassim auratus. A diet with

2% phospholipids provided better larval performance than a diet with only 1 %

phospholipid (Radunz -Neto et al, 1995).

Fhosptolipids, fiierefore could be of significance in allowing the ̂ soiption

of dietary lipids like cholesterol and triglycerides, as suggested by Kanazawa (1993)

and Koven et al (1993).

It is noteworthy, that fish larvae always have different types of phospholipid

classes at their disposal during embryonic development and subsequent stages in

their natural feeding habitat (Kanazawa ,1985). These phospholipids originate fixnn

the egg reserves (Fraser et al^ 1988) and later on fimn the live food organisms

(Teshimaero/., 1987)

Kanazawa (1993) has observed that fish larvae have a limited ability to

synthesise the phospholipids at a rate sufiScient to fulfil the demand for building and

renewal of cellular membranes. Radunz- Neto et al, (1994) and Geurden et al,

(1995) observed that the adult fidi did not exhibit any adverse effect on growth, even
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when fed with a phospholipid deficient diet . Similariy, larval sensitivity to

phospholipid deficiency is also restricted to the first 2-3 weeks of feeding.

2.1.3. Carbohydrates:

The dietary utilization of carbohydrate by carps has received much ait»^tinn

on account of the herbivorous nature of carps.

Omnivorous and heibivorous fishes are known to utilize higji carbohydrate

diets (Shimeno et aL, 1981). Furkawa and Ogaswara (1952) observed that the

addition of 5% of cellulose enhanced nitrogen retention and growth in common carp.

According to Bergot et. aL(19S6) cellulose was not at all digested by raiiibow

trdut and common carp, and no significant activity of cellulase could be detected in

grass carp and gold fish too.

The utilisation of the carbohydrates by fishes was studied by Furuchi (1983)

and it was presumed that carp {Cyprinus carpio) is a potential diabetic, which can be

attributed to the absolute insuflficiency of insulia The differences in the ability to

utilise carbohydrate among the different species is mainly caused by the differences

in the activity of gjycolytic and glycogenic enzymes, which is controlled by insulin

secreted after feeding (Tacon and Jackson ,1985) .

Some information is available on the effects of dietary carbohydrate levels in

the Indian major carps (Sen et al, 1978; ErfanuUah and Jafii, 1993; 1995). The

common carp utilises complex polysaccharides more efficiently than simple sugars,

unlike salmonids and eels (Furuchi and Yone, 1980; Shimeno et al, 1981).
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The utilization efficiency of caibohydrate in carps increases with increased

feeding frequency. Murai et al (1983) reported improvement in the utilization of

^ucose and maltose in common carp when the feeding frequency was increased to

four times a day. Comparing the efficiency of various conventional and formulated

feeds for rearing carp spawn, Kotml et fl/.(1982) concluded that high protein and

low caihohydrate diets lead to better growth.

Dhage (1968) observed a compensatory increase in the secretion of

pancreatic amylase in common carp when fed wheat and also described marked

amylase activity in Indian major carps. Kawai and Ikeda (1972) also pointed out

increasing levels of the carbohydrate digesting enzymes amylase and maltase in

carps when fed with carbohydrate rich diet Smith (1989) studied die significance of

^ hi^ levels of carbohydrate metabolising enzymes in the intestine of the fishes

particularly in herbivores like carps where the utilization of carbohydrate was

optimimt Kheyyali et cd. (1989) measured the activities of several enzymes of

intermediary metabolism in the hepatopencreas of carp, wbere the dietary

carbohydrate promoted an increase in the activity of glycolytic and lipogenic

enzymes.

Das and Tripathi (1991) in their studies on fingerling and adult grass carp,

observed the pattern of distribution of digestive enzymes to be related to the type of

diet ingested the fish. They concluded that the presence of cellul^ activity

suggests the possibility of providing cellulose as an ingredient in the diet.

Erfemillah and Jafii (1995) obtained maximum growth (100%) in terms of

percentage live wei^t gain with sucrose followed by finctose (85%), gjucose (78%)
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and dextrin (71%) diets in L. rohita. They also observed a relatively increased body

fet deposition in rohu with sucrose-based feed, presumably due to lipogenesis from

the dietary carbohydrate source.

Mao et al, (1985) observed the optimum carbohydrate requirement to be

0.95.1.28g for juvenile grass carp. In carp 30% was found to be the optimal level of

dietary carbohydrate. Higher levels (40%) led to growth retardation (Furuchi and

Yone, 1980). Wang and Song (1984) have described the pattern of reduction in the

rate of digestion of proteins in carps ̂ ^ben the carbohydrate level was increased from

30%-43%.

Hassan and Jafii (1996) observed the optimum weight gain in Cirrhinus

mrigala at a dietary carbohydrate level of 34% , when levels of 20% to 40% were
y

Studied

2.I.4. Energy:

Energy is essential in that it contributes to the utilization of all nutrients in a

diet It is measured physically as calories of heat and physiologically as change in

body wei^t (gain or loss), oxygen consumption and metabolic activity. Hastings

(1979) observed drat in fishes gross food conversion efiBciency and energy efficiency

are closely related

Precise information on the energy requirement for mainteruuK^e and growdi of

cyprinids is scarce. A number of studies have dealt with die basal metabolic rates as

affected by body weight and water temperature (Kaushik, 1995). Based on such

studies of Yamamoto et al, (1978), Hepher (1988), Cui and Liu (1990), and
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Chakrabarty et aL (1992) it was concluded that the basal metabolic rate and body

weight closely relate witii the temperature.

Weight specific basal (resting) metabolic rates of carps were found to

decrease with a weight exponent of 0.20. Similar to other teleosts, both fasting

metabolic rates and maintenance energy requirements of carp are affected by water

temperature. Analysis of data from the literature cited above shows that the resting

metabolic rates of carp at low water temperature (10-17®C) are extiemely low. But

Schwarz et, aL (1983) found that the maintenance energy needs of common carp

were reduced at low temperature: 19 and 45Ig D£/kg BW^^Vday at 10®C and 20®C,

respectively.

Dietary energy also influences the carcass composition of fat (Zeitler et aL,

1984). A positive correlation was noted in Cirrhmus mrigala between the dietary

energy level and carcass ̂ t content and inverse relationship between the calorie

density and carcass protein or ash content (Hassan and Jafri, 1996). A reduction in

growth rate with dietary energy levels exceeding 367k.cal/g. was also noticed

2.1,5. Vitamins:

In general, fishes require four fat soluble vitamins (A, D, E, and K) and

eleven water soluble vitamins. Of this, thiamine, riboflavin, pyridoxine, pnntothenic

acid, niacin, folic acid and vitamin Bn are required in small quantities and th^

function as co-en2ymes.

Myo-inositol, choline and biotin are required in hi^ier quantities. Vitamin

requirement in fish varies with species, age, size, growth rate and physiological
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conditions, requirement being particularly more at the time of wound healing and

stress. Some fishes have the abihty to synthesise the vitamin fi-om glucose substrates

or amino acid, while in some others intestinal micro flora can ̂ thesise vitamins

(Hepher, 1988; Halver, 1989). These sources reduce the dependence on dietary

sources for vitamin in fishes.

Dabrowsld et al. (1988) observed that flie vitamin C requirement of common

carp {Cyprinus carpio) fiy ranges jfrom 37.8-62.3 mg/g unlike the adults of the

species Miiich need lower concentrations 20.5-40.2 mg/g of ascorbate.

Common carp has the ability to oxidise gulonolactone to 2- keto

gulanolactone (Yamamoto et al, 1978) which subsequently forms ascorbic acid

spontaneously. However, scurvy occurred in common carp when fed with the

vitamin depleted diet (Kitamura et al, 1965). There appears to be some disagreement

regarding the exact requirement of ascorbic acid in common carp (Dabrowsld et al

,1988).

Takeuchi et, al. (1989) has described the requirement of grass carp

fingerlings for alpha-tocopherol and deficiency syndromes in fishes fed with vitamin

E depleted diet

Wang et al (1989) reported the requirement of choline in flib diet of

fingerlings of black carp.

2.1.6. Minerals:

Dietary requirement of minerals in fishes have been reviewed by Cowey and

Sargent (1972) and Nose and Arai (1976). In general, minerals required by fish
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include calcium, magnesium, phosphorus and a number of trace elonents like iron,

copper, manganese, selenium, zinc, chromium, cobalt, boron and molybdenum.

Fishes have the ability to absoib the inorganic elements fiom the surrounding

water as well as fiom their diet This ability to exchange inorganic ions across the

gill membranes and the body surface makes it difficult to elucidate the nutritional

fimctions of dietaiy minerals (Nose and Arai, 1976). Ions absorbed fiom the external

medium have nutritional and osmoregulatory implications.

Even though boron and molybdenum were shown to improve growth in

common carp (George, 1970), the species was found to be less sensitive to the

depletion of dietaiy molybdenum than trout (Ogino and Kanizono, 1975).

/  Common carp showed good growth on a purified diet containing calcium at

levels as low as 30 mg/lOOg if adequate quantities of phospholipids are provided in

the diet (Ogino and Kanizono, 1975).

Phosphorus requirement (estimated at 0.6-0.7 % of dry diet for carp) is of

significance, because of its potential importance in eutrophication, especially in static

water culture systems. It has been estimated that the assimilation of phosphorous

firmn fish meal has been foimd to be lower in carp than in rainbow trout (Satoh,

1991). According to Satoh (1991), such differences probably originate fi'om the lack

of gastric digestion in the stomachless carp.

Satoh et al (1989) reported that an excessive dietaiy supply of (7 %) tri-

calcium phosphate reduced the absoiption of Zn, Mn and phosphorus by nearly 50%.

Satoh et al (1983) observed that the depletion of manganese (Mn) had a much

20



greater growth-depressing effect than the removal of Mg, Cu, Zn or Co. They also

observed that Zn deficiency had a much less deleterious effect in common caip than

in rainbow trout. Excess dietary Zn also decreases absorption of Zn in carp. (Biafield

andKoodie, 1991).

2.2. Early biology of fish related to feeding: -

The initial nourishment for the developing fish egg is drawn fiom the egg

yolk. The nutrient content of the eggs varies with species, but the dynamics of yolk

absorption are similar among groiqis. Embryonic growth in fish depends on the

composition of yolk and its digestion by the syncytium or analogous tissue, the

absorption and transport of yolk nutrients to the developing tissue for somatic

organisation and to meet the metabolic demands for survival. An increase in the

protein component with growth is observed in all the three species of Indian major

carps until 48 hr. which may be due to the moiphogenetic processes und^gone by the

larvae (Heming and Buddington, 1988). Love (1980) suggested that the increase in

the levels of fî ee amino acids during the early development reflects die protein

synthetic activity. Jurca et al. (1975) also observed quantitative changes in die

soluble proteins during the early development in these three species of carps.

The decline in lipid levels with development observed in all the three species

suggests that lipids are udlised to meet the ̂ lergy needs of the groi^g larvae

(Watanabe, 1982).

In rohu, the glucose levels in the developing larvae increased up to 48 hours

but showed a decline after 72 hours (Sharma et a/.,1990)
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Caibohydiates, lipids and proteins are consumed prior to hatching, while the

latter two are catabolised also for hatching. Growth during the endogenous period is

also influenced 1^ abiotic factors such as temperature regimes, oxygen availability,

pH and photoperiod.

As and when the yolk reserves are completely utilized, the feeding

capabilities are developed and therefore larval survival ultimately depends on

availability of quality food in sufficient quantities. The rapid development of the

mouth, develqjment of alimentary tract, enzyme systems etc. are followed by the

exogenous nutritioa

The nutritional requirement of fish embryos and eleuthero - embryos has not

yet been identified. Nevertheless, they can be expected to match the composition of

the yolk that caters for the needs of the pre-feeding fish. As fiie physiological

capabilities of larvae are limited, specific diets are required, be they live food

organisms or formulated feeds.

2.2.1. Larval notrition in cyprlnids:

Potential specific growth rates and protein synthesis rates are much hi^er in

larvae than in juveniles or adult carp (Fauconneau, 1984). Recently,

multidisciplinaiy approaches (enzymatic activities, histocytology of the liver, DNA-

RNA ratio, etc.) have been developed parallel to zootechnical performancel^survival,

growth, food conversion ratio, etc.) to assess fire quality of larval feeds (Storch et al,

1983).
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It is accepted Aat the proteolytic activity has an influence on the larval

growth (Ueberscher, 1988). The proteolytic activity depends on the nature of the

food, the development stage and the species concerned. According to Dabiovfld and

Glogowski (1977) and Lauff and Hofer (1984), the use of natural food to start larval

rearing could contribute up to 80% of the total proteolytic activity, due to protease in

the natural food

Biyant and Matty (1981) found that common carp larvae with an initial body

weight > 9.5mg have a better ability to utilise and survive on artificial diet alone than

smaller larvae. But Dabrowski (1979) opined diat the larvae of cyprinids could be

transfened directly to a dry diet at a still smaller size (wet weight 5-6mg).

2.2«2* Changes in body eompositlon:

Changes in crude chemical composition, an important aspect offish quality,

result fiem stimulation or alteration of the turnover and the retention of the chemical

components, viz., proteins, lipids, caiboltydrates and mineral with normal and altered

development of the specific tissues (Fauconneau et al^ 1995). Changes in body

composition over a growth period are partly attnbuted to body size and growth rates

and partly to dietary factors. In general, protein content of the fish (percentage wet

matter) and amino acid profiles show little variation and are little affected by the size

of the fish or hy nutritional factors. Data obtained with carp (Schwarz and

Kirchgessner (1988), Foken and Becker (1993) confirm this general observatioa

Similarly, in well growing carp, the mineral composition of the whole body is

also relatively stable and is little affected by dietary changes in the protein and
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energy levels (Kirchgessner and Schwaiz, 1986). On flie oflier hand, fet content

increases with increasing size and the growth rates are affected by dietary fectors and

are inversely related to water content (ZeWer et al., 1984, Foken and Twir«- 1993)

An excess suRrly of non-protein energy appears to induce a greater deposition of fet

even in the fingerlings of common carp (Murai et al^ 1985).

Improvement in growfli and feed utilization can only be achieved through a

quantitative knowdedge of the digestibility, biological value and anti-nutritional

componenet of the protein ingredients, besides the recognition of possible nutrient

interactions (Kaushik, 1995).

Diet has often been shown to have profound influence on the body

coinposition of fish. But the changes in the level of dietary nutrients do not affect the

body protein and ash because their level in the bo<fy tissue is specified the genetic

code. (Brett et al, 1969; Buckley and Groves, 1979; Huissman et a/.,1979).

Among the various constituents, carcass fat has been reported to show the

greatest fluctuations in carp (Zeitler et al, 1984). A positive correlation was noted in

Cirrhinus mrigala between the dietary energy level and the carcass fat content

(Hassan and Jafifi, 1996). They also observed an inverse relationship between dietary

calorie density and carcass protein or ash content. When carcass protein in mrigal

was calculated on a fat firee basis no notable difference occurred among the fish

groups receiving various experimental diets. The negative correlation between the

dietary energy levels and the carcass protein or ash content may be linked to the

diluting effect of carcass Ihis becomes clear fiiom flie invert relationship found

between carcass fat and protein or ash.
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Buckley and Groves (1979) and Jafri and Anwar (1995) observed the

highest lipid deposition (31%) in C. mrigala when fed with 7% dietary lipid. The

gross energy retention increased widi increasing dietary lipid levels, the maximum

(78%) being in fish fed a diet containing 13% lipid (Jafii and Anwar, 1995).

The inverse relationship between bod^ fat and moisture noted in mrigal

fingerlings fed variable levels of dietary lipid was also reported in common carp

(Takeuchi et aL, 1979 ;Viola et aL ,1988). The body constituents were found

influenced by the dietary energy but no effect of dietary protein on body composition

was evident in carps (E^san et aL, 1990). Th^r further observed the negative

ccnrelation with dietary energy, irrespective of the protein level in the diet The

^^le body moisture followed a pattern of changes similar to that of bo^ protein, in

^relation to body fat An inverse relationship also existed between body fat and ash.

The final moisture levels of fish were lower and the fat levels hi^er as compared

wifii those of the initial moisture content of fish. Crude fat content showed a sli^tly

increasing trend, while ash content exhibited a slightly decreasing trend (Yamamoto

etaL, 1997),

The chemical composition of flesh mainly depends on the composition of the

diets and digestiliility of the nutrients (Dabrowski and Kozak, 1979; Jayaram and

Shetty, 1980a). An inverse relationship between moisture and protein was observed

in catla (Nandeesha et aL, 1989) and between moisture and fat in tilapia (Jauncey,

1982; Edwards era/., 1985).

During die ontogeny of carp, there is an early increase in the protein content

of the whole body carcass and muscle (Takeuchi et aL, 1979; Hossain and Jauncey,
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1989). Only minor changes were observed in the protein component even if the carps

were starved (Shimeno et al, 1990) or fed a deficient or imbalanced diet (Viola et

al, 1992).

The amino acid composition of protein synthesised in the different life

stages has been found to be very similar for different species (Zeitler et ai, 1984).

The fat content of whole body and flesh increases legulaily with increase in

the size of carp, and is associated with decrease in water content as a general law for

living organisms (Fauconneau et aL, 1995).

The most effective compounds in the diet that stimulate nitrogen retention are

lipids and to a lesser extent carbohydrates. Anodier factor affecting l^t content is of

, genetic origin. (Takeuchi et al., 1979; Viola et aL, 1981; Zeitler et al (1984).

The fatly acid composition and especially the content of polyunsaturated fatty

acids are essentially controlled by the fatty acid composition of the dietary lipids

(Viola era/., 1981,1988).

2.3. Proteia sources of animal origin:

The development of aquaculture techniques for any organism depends mainly

on the availability of appropriate protein rich feed. There are many reports on

nutrition and feed conversion studies, involving the use of various animal protein

sources in fish diets (Jeyachandran and Paulraj, 1976; Siddique et al.^ 1988)
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23,1, Fish meal:

Aquaculture of many fish species is dependent upon the use of fish as

the major, if not sole, dietary protein source (Rumsey ,1994). It is a rich source of

energy and minerals, and is highly digestible and palatable for most fishes (Lovell,

1989). Several experiments were carried out to determine the optimum protein

requirement of fish especially when fed on fish meal as a sole protein source. Wee

and Tacon (1982) reported the requirement of juvenile snake head Charma strtatvs to

be 52%, while it is 47% for juvenile American eel Angnitln (Tibbets et

al, 1999).

The utilify of tilapia meal for salmonid diets was investigated by Foltz et al.

(1982). They observed that npto 40% replacement of heiring meal by tilapia meal is

^possible without any significant dif^ence in growth and weight gain.

Wood et al (1985) found low temperature dried fish meal to be a rich source

of protein for the mirror carp Cyprinus carpio. Kamaniddin et al, (1989) condin^ted a

digestibilily study of red tilapia on six different feedstuffs, fidi meal, shrimp meal,

copra meal, com meal, soyabean meal and rice bran. The results showed that, despite

low digestibility of carbohydrates, fish meal was the second most digestible feedstuff

(99.45%) after rice bran (99.85%). Similarly, fish meal was found to have the highest

apparent digestion coefficient for energy (95.41%), while soy^an mealJ77.38%)

was found to have fiie lowest (Lawl984,1986).
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2.3.2. Blood meal and meat meal:

Blood meal-ruminant mixture has been used as a partial or complete

substitute for fish meal in commercial catfish rations. The results indicated no

significant difference in the protein conversion efficiency and food conversion ratio

(Reece et al., 1975). Asgard (1984) found that slaughter blood upto 20% to 30% of

dietary protein had no negative effect on growth, health or organoleptic characters of

salmonids. Luzier et al, (1995) reported the use of spray dried blood powder to

replace the fish meal in diets for juvenile rainbow trout. They recommended 22.7%

blood powder and 17.0% fish meal as model feed formulation for rainbow trout diet

In studies conducted to evaluate the efGciency of meat meal based diet and

fish meal based diet Jena et al, (1998) did not observe any differences in the growth

and survival of rohu fly showing the possibility of substitution offish meal and meat

meal for carp seed rearing.

Bull et al, (1988) found that slaughter house waste, vegetable waste, poultry

farm waste and press cake waste fared equally effective in diets for common carp.

These diets did not differ significantly with respect to percentage wei^t gain^

protein efficiency ratio, specific growth rate and food conversion ratio.

233. Shrimp head waste:

Robinette and Dearing (1978) and Kiran (1984) elucidated the value of

shrimp by products meal as an alternate protein source in the diets of channel catfish

and mullet (Liza parsia). However, the results indicated poor growth performance

and the reason attnbuted was that shrimp byproduct meal is neither digestible nor as
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palatable as fish meal and it is deficient in some unidentified growth fectors.

Contrary to this. Pfeffer and Meske (1978) obtained good growth and survival in

carps fed feeds based on casein and shrimp meal. Similarly Afolabi et cd. (1980)

reported better protein efficiency ratio when shrimp and fish waste were used.

Kamaruddin et al. (1989) tested shrimp meal,fish meal, soyabean meal and copra

meal and reported that iq) to 99% shrimp meal and 96% fish meal were weU digested

byredtilapia.

Prawn head meal did not fare well as a fish meal substituent for Cckanos fiy

as revealed by poor growth, food conversion ratio and biochemical composition

(Carolin,1991). This may be because of the low content of protein in prawn head

waste as pointed out by Anil (1981), Srikanth (1986) and Kiran (1984). However

^ere are reports of better growth performance \dien shrimp head waste is

incorporated at Iowct levels in fish feeds. Supplementing fish meal with shrimp head

meal @ 8% of dietary protein promoted good growfii and survival of milkfish fiy

(Lim et al, 1979). Similar observations have been made by Fowler and Banks

(1976), who recorded a growth promoting effect of shrimp waste at 5% level and

growth inhfljition at 20%. Poor growth of carp fed with diets having shrimp waste as

the nugor source of protein (35%) was also reported by Anil (1981).

Fagbenro and Bell 0-olusoji (1997) reported the incorporation of the

fermented shrimp head silage as a protein supplement into pelleted semi-purified

diets for catfish {Clarius gariepinus). They recommended the use of shrimp head

silage upto 20% of the dietary {Hotein, vhich resulted in higher growth than the fish

meal protein diet. Carver et al (1993) investigated the possibility of using raw and
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ensiled shrimp head and squid viscera, co-extruded with 47% solvent extracted

soyabean meal as a valuable, high quality and inexpensive feed for rainbow trout.

The food conversion and protein efBcienity ratios and fest growth rates on Aese diets

compares fevourably witii those obtained when fed commerciany available catfish

diets.

23A» Squid meal and silkworm pupae:

Squid meal has been used successfully to replace rice bran in shrimp feeds

in Asia (Devendra, 1988). Squid, shrimp and mussel meat extracts are known to be a

good source of feeding stimulants, especially for carnivores like eel, red sea bream

and sea bream and bass (Paulraj, 1989). When squid was used as feed for salmnnHs

and rainbow trout, increase in growth was observed (Asgard, 1984).

Silkworm pupa is extensively used in carp diets in China and Japan (Hora and

Pillay, 1962) and is known to induce good growth in caips. Stqierior growth of catla

on silkworm piqra di^ qrpeais to be due to its high fit content, \iriiich spares protein

for growth. Silkworm pupa is known to contain some attractants and appetite

stimulants (hra, 1976; Tsushima and Ina, 1978) which are known to result in better

acceptability of the pellets and hence good growth. In studies employing catla {Catla

catla) rohu {Labeo rohita) and common carp {Cyprinus carpio), Jayaiam and Shetty

(1980 b) recorded better growth in catla and common caip with a diet containing

non-de&tted silkworm pupa. In contrast to non-<ie&ttied silkworm pupa, defatted

silkworm pupa based diet induced poorer growth of catla (Nandeesha et al, 1989,

1990). Habib et al (1994) observed diat a 100% silkworm piq)a diet was the least

30



expensive one for Claritis batrackus and resulting in the highest production at die

lowest cost.

2J.5. Krillmeal:

Luckowlcz (1978) investigated the possibility of replacing fish meal in caip

diets wifli krill {Eiq)hausia superba) meal. Wojino and Dabrowski (1984) reported

the use of krill meal for feeding the year old rainboiv trout (Salmo gairdneri). Lou

and Chen (1980) evaluated the use of krill meal as a sole protein source for young

tilapia. It was concluded that fee protein efficienqr ratio, net protein ratio and net

protein utilisation were comparable to that of fish meal-based diets.

23,6. Ofeer animal protein sonrces:

Supplementation of various meals to fish meal diets, was studied by Akiyama

et al. (1984), ahermn fish meal was supplemented wife silkworm piqiae powder,

beef liver and krill meal or earfeworm powdm in diets for chum .satmnn fly.

Use of terrestrial snails in fee feed of Oreochromis mossambicm fingerlings

have been reported by Shafiei and Costa (1989). In this study, fish fed wife fee flesh

of fee stmil Achatinafidica showed hi^er growth rate than when fed chicken feed.

Abdul^umi et al (1997) reported fee replacement of 10% soyabean meal

with poultry meal in the diets for blue tilapia {Oreochromis aureus). Least growth

was reported when soyabean meal was used as the sole protein source* but the feed

mixture of soyabean meal and blood meal proved better compared to groundnut oil

cake and soyabean meal when fed to mudfish Clarius anguillaris (Eyo* 1991).

Ozdemir and Eikoyunca (1988) reported the use of hydrolysed leather meal in feeds
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for the mirror carp Cyprinus carpio. Viola (1977) observed that poultry meal and
feather meal could serve as a good substitute for fish meal in carp diets. However,
Kerns and Roelofs (1977) found that the growth rate and food conversion efficiency
were directly related to the level of poultry meal, which resulted in faster growth rate

in fingerling of common carp as compared to that on a traditional feed mixtures of

groundnut oil cake and rice bran. TTie importance of processed piggery waste as a

feed material for common carp has been reported by Watson (1985).

Fagbenro et al. (1993)has reported the use of some amphibian meals (frog

meal, toad meal, and tadpole meal) in the diets of mudfish. Poor protein digestibility

was observed in the fishes fed with toad meal.

Hilton (1983) recorded reduced growth rate and feed utilization in rainbow

trout {Salmo gairdneri) when high levels of worm {Eudrilus eugeniae) meal were

included in the diet However, there was no significant reduction in growth at an

inclusion rate of 23%. Stafford and Tacon (1984) reported that worm {Dendrodrilus

subrubicundus) meal at 71% led to significant decrease in growth and feed utilization

in rainbow trout, but when included upto 36% gave growth almost comparable to the

fish meal based control diet. Further trials on incorporation of earthworm {Eisenia

foetida) meal in rainbow trout diets indicated no adverse effect at inclusion levels of

5 to 30%. Nandeesha et. al, (1989) also reported that incorporation of worm meal

beyond 25% may not result in profitable growth in common carp {Cyprinus carpio).

Velasquez et al. (1991) evaluated worm mQ?\{Eiseniafoetida) in the diets of rainbow

trout {Salmo gairdneri). Significant decrease in lipid content was observed with

increasing worm meal inclusioa.
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2.4. Protein sources of plant origin:

Protein sources originating from plants are the only products for which

increased production in the future is likely. For the fast growth of the animals,

protein that contains essential amino acids, in the same balance as those found in the

body protein of the growing animals is desirable (Nose, 1979). However, since no

single plant or animal source can provide all the essential amino acids at the adequate

levels, a mixture of proteins is usually used in feed formulation. In recent years,

considerable amount of research on partial or complete substitution of dietary fish

meal by other plant protein sources has been conducted (Liquet, 1971), Due to the

lower price and high market availability of vegetable protein sources with high

protein content, the inclusion of these feedstufFs in freshwater fish feeds has

increased substantially. Of late, it has been possible for the channel catfish industry

to greatly reduce its dependence on fish meal. Most commercial catfish growout

feeds now contain 0- 4% fish meal compared with >30 % in feeds produced prior to

1975. This reduction was achieved largely through the increased use of soyabean

meal in catfish feeds and the substitution of fish meal by bone meal and blood meal.

Solvent extracted cotton seed can replace 20-35% of fish meal, rape seed 28-

42% and sunflower 70% of fish meal in the diets of Oreochromis mossambicus

(Jackson et al.^ 1982), Oreochromis niloticus (Davis et. aL, 1989) and C. carpio
•rt-

(Shiau et aL, 1990), respectively.
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Full fat soyd>ean meal can replace 58% and cottonseed meal 21% of jfish

meal in the diet of Tilapia nilotica without significant decrease in growth (Shiau et

ai, 1990).

Roasted Indian mustard seed cake replaced upto 20% fish meal and

groundnut oil cake up to 17% of fish meal in the diets of C carpio (Jackson et al,

1982). Autoclaved mustard oil cake imiMroved growth performance and food

utilization in the carp (Hossain and Jauncey, 1990). The baseline information in the

potential use of legumes viz., pigeon pea {Cajanus cajan\ mungo {Phaseolus

radiatus\ kidney bean (P. vulgaris) and soyabean {Glycine max) as protein sources

for C. chanos is given by De-la peiia et aL (1987). Martinez-palacois et al, (1988)

and De Silva and Gunasekhara (1989) have tried jack bean {Canvcdia ensifarmis) and

" green pea {Phaseolus aureits\ respectively, in tilapia feeds.

Dried powder of Nymphoides and Spirodelta mixed with rice bran has been

found to be useful in rearing the fiy of carp (Patnaik and Das, 1979). Water l^acinth

{Eichhomia crassipes) has been successfully used in the feeds of O, niloticus

(Edwards er^., 1985). Rath and Dutta(1991)have reported the use of water hyacinth

as a {ffotein supplement in the feed of common carp and as an ingredient in the feed

of Clarius batrachus. Faster growth rate and better food conversion efficiency was

observed when Azolla pirmata was fed instead of fî  meal based diet to Nile tilapia

(SEAFDEC, 1984; Alamazan et al.^ 1986). A mixture of plant proteins

CeratophyUum demelsum, Eichhomia crassipes and Eleocharis ochrostachys pellets

have a potential as a partial replacement for fish meal in the diete for carps. (Teshima

etaL, 1990).
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Trials on the use of ipil ipil (Leucaena leucocephala) leaf meal for tearing

til^a to maricetable size have given better results compared to the gioundnut oil

cake and rice bran based diets (Wee and Wang, 1987; Olevera Navao et al., 1990).

Hassan et al (1990) also tried to evaluate Leucaena and water hyacinth leaf meal as

dietary protein sources for the fiy of hidian major carp, Labeo rohita (Hamilton).

Cassava {Manihost esculenta) leaf meal has been demonstrated to be a viable

partial dietary protein source for Nile tilapia (Cruz and Fabian, 1980; Ng and Wee,

1989).

Hasan era/. (1991)evaluated the use of20% to 40% of mustard, sesame and

linseed oil cake as a partial substitute for dietary fish meal proteiiL Jackson et al.

(19S2) have shown tiiat use of a combination of several plant protein sources is mote

advisable than a single form, as the protein sources have different limiiing aminn

acids. Their experimoits with Nile tilr^ia indicate that cotton seed, rape seed and

sunflower seed promoted reasonable growth when provided at 50% of the total

dietary protein, while copra, soyabean meal, groundnut oil cake migtit have yielded

more fitvourable inotein efiBdency ratio in tire diets, if they have been '^fplemented

with limiting amino acids.

2.5. Replaceraent of animal protein with soyabean meal:

Various locally available plant protein sources have also been incorporated in

fish diets instead of fish meal. Among these, soyabean meal appears to have been

widely used as it is an economically viable oil seed inotein available the world over.

(Anon, 1978). Its amino acid profile is one of the best of all protein rich plant feed
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noted for soyabean oil cake. Digestibility of protein fiom fish meal and
slau^teihouse of&l was relatively low ranging from74-76%.

Studies have been earned out to evaluate the effect of diets having soyabean
meal in combination with squilla meal based diets enriched with sardine oil on the
growth and organoleptic quality of common carp. Nandeesha et al. (1989) observed
higher growth, yielding an increase of 25% body weight, in fishes fed 30% soyabean

meal than those fed a fish meal based control diet Effect of blood meal substituted

soyabean diet on the growth rate of mudfish Clarius anguillaris fingerling was
reported Ity Eyo and Akande (1990). It was found feat 50% blood meal and 50%

soyabean diet gave best mean weight gain, specific growth rate, food conversion

ratio and protein efficiency ratio. Nandeesha etal. (1989) reported fee use of defetled

^j^bean meal and non-defotted and defotted silkworm pupa in the diet of

catla. Blaziak (1989) studied the utilisation of wheat meal, meat meal and soyabean
meal in carp diets and reported best food conversion ratio wife 20% soyabean mfal

Davis and Stickney (1978) observed fee growth ttwid to be sinrilar in tilapia {Tilapia
tturea) vferai fed either soyabean protein diet Or fish meal protein diet

In fodia, studies on fee utilisation of soyabean as a feed ingredient are scanty

and pertam to the fingerling stage onwards (Sehgal et al, 1976; Bhat et cd., 1986).

Chakrabarty et al. (1973) demonstrated superiority of soyabean in conibination wife

animal protein source over fee traditiona} feed mixture of groundnut cake and rice

bran in their erqteriments on Indian ituyor carp spawni

Eyo (1991) fed fingerlings of mudfish C anguillaris, isonitrogenous feed

mixtures containing blood meal, fish meal, groundnut oil cake and soyabean mnai
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Least growtti was recorded in the diet containing soyabean meal as the sole protein
source.

Alternative dietary protein sources for use in the diets of fenned Orechromis

spp. were reviewed by El-Sayed (1999), with emphasis on fishery by products,

terrestrial animal by products, oilseed plants, aquatic plants, single cell {uoteins,

grain legumes, plant protein concentrate and cereal by-products. The results obtained

indicate that the growth rate and the rate of survival were significantly hi^er in the

diet containing more than one protein source. Similar results have been obtained by

Fernanda et al. (1999) by replacing fish meal with pea-seed meal,

soyabean meal and micronized wheat

Several authors have also observed the poor palatability and the existence of

ami nutritional components as affecting dietaiy utilization of soyabean meal by

salmon (Fowler, 1980).

Feeding trails were undertaken using rainbow trout, to evaluate tiie efficiency

of individual and multiple amino acid siqjplements in diets where soyabean meal was

used as tiie principal protein source (Davis and Morris, 1997). Fish meal served as

the lefeience protein. Solvem extracted soyabean meal could effectively rq}lace

approximately 66% of this protein source, but interestingly single or dual amino acid

supplementation led to growth even inferior to that of the reference protem^efstie

etaU 1997).
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2.6. UncooTentiooal protein sonrees:

Use of unconventional protein sources in fish feeds has been reviewed by

Tacon and Jackson (1985) and Wee (1988).

Atack et al. (1979) reviewed a variety of novel proteins (hening meal,

melhanophilic bacterium, casein, petroleum yeast and soyabean protein) as die sole

source of protein in carp diets. Further studies along this line have that

alkaline/petrochemical single cell proteins (SCP) Candia lipofytica can replace 25-

50% (Tacon and Jackson, 1985) and die bacterial SCP Metfylophilm metf^Iotrophus

75% of fish meal in salmonids rations ( Wee, 1988).

In general, dried algal SCP has only a lower feed value for fish than yeast

SCP, bacterial SCP or fish meal (Matty and Smith, 1978; Atack et ai., 1979).

However, the studies of Appier and Jauncey (1983) with Tilapia and Hepher et al.

(1979) wife common carp have indicated that certain dried algal meals {Cladophora

glomerata, Scenedesmus obliqus, Chlorella spp., Oocystis spp, and Eugfena spp,)

may be promising as a partial dietary replacement for fish meal, at relatively low

inclusion levels in fish feeds (20% algae SCP). Recently Spirulina maxima was

tried as a partial replacement for fish meal in fee diets of a mossambicus iffeich

resulted in fee increased growth rate(Cho and Woo, 1990). Spirulina is also reported

to improve die quality of Japanese flouncter feed (Henson and RnnaM^ 1990).

Fish silage is a less expensive form of fl^ meal. Acid silages have been used

in the feeds of salmonids. Asgard (1984) found that animal byimducts lite acid

preserved casein and dogfish wastes had no negative effect on growth, healdi or
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oiganolqjtic characters of safanonids. Silage produced from trasb fish mivivi

wMi fish meal, soyabean meal and compomuted pellets or silage fimn waste grown

tilqna was also tested as a fish meal reidacemeiit in C/iirtospp. (Wee et of. 1988)

L^e and Bigneras — Benitez (1992) also repmted similar growth in tilapia,

fed fid meal cu- silage prqnred fiom ground fid offid. Manikandavelu et aL.

(1992) reported ccmsideraldy higher growth rate in commtm caip (Cyprinus carpio)

fed with misilage based diet dan with a diet based on fid meal.

InNord America eflbrts have been made to develcqi protein products such as

fid hydrolysate, as an altmhative protein source that might sidstitute fid meal. It is

yet to be tested in warm watm finfishes (Tacon and Jackson, 1985; Haidy, 1991).

^  trials involving Oreochromis mossambicus fingedings, Abalos et al.

(1990) piovedtbat live maggots can substitute upto 20% of the fidi meal protein.

Leaf protein concentrate (LPC) and potato protein concentrate have also been

evaluated as alternative dietary protein sources for grass carp (Tacon and Jackson,

1985).

2«7e Digestive enzymes;

Artificial nutrition of stmnachless fish larvae is yet to be clearly u^mstood.

Kunitz (1947) mentioned that tiie inade({oate proteolytic enzyme activity causes

feeding difficulties. Aoe et aL (1970) si^gested that hydrolysed protein has no better

nutritive value for commtm carp than crude protein, vdtile Nose et aL (1979) have

shorn that pH of the diet markedly affects absmptioa
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According to Walter (1984), caip can neither digest nor economically utilize

artificial food if the feed is not made up of at least 50% natural food. Schaperclaus

(1961) reported a list of various enzymes present in the carp digestive tract.

According to him, protein is digested by trypsin and erepsin, but not pepsin, since the

carp has no stomach; the lipids are hydrolysed by lipase, the carbohydrates by

amylase and maltase, and lichenase attacks fibrous carbohydrates.

Jancarik (1964) showed fiiat various substances are digested in the intestinal

tract of the carp through the action of endogenous and exogenous enzymes; the latter

activating the former. Starch is digested by enzymes present in the intestinal juices.

Therefore, better digestion of starch was observed in carp, vsbich had sufficient

supply of natural food. Vegetable proteins (beans, peas, peanuts, soyabeans, etc)

were better digested in the presence of crustaceans and worms, but the carp could

readify digest animal protein in the feed Jancarik (1964) concluded that natural food

present in the diet was able to improve the efiBciency of food digestion and

utilization.

Palackova et al (1988) reported the activity of digestive enzymes of carp fty,

v^bich differs with different water temperatures. Activity of trypsin varied without

any definite trend when the water temperature was increased Similarly irregular

changes in alpha -amylase were observed when the temperature was decreased.

U)rs and Hecht (1987) obtained tire results fiom assa^ run on various

digestive fluids occurring in the alimentary canal and associated organs of

Clarius gariepinus. The pancreatic etaymcs amylase, trypsin and chymotrypsin

were found to be highfy active depending upon the pH and temperature.
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Some cereals are having anti-enzyme properties, which can inhibit fish

amjdase like the anti-enzyme albumin present in vrfjeat Nataiajan et d. (1988)
reported the alpha amylase activity in fiie intestinal content of flie carp fed with

autoclaved wheat

Detailed reports also suggest that enzymatic activities are independent of

season and age. The ratio of amylase to tiypsin characterizes the constitution of the

food. Marchand and Samain (1982) have described the specific levels of enzymes

dependent on the ingested energetic rates.

Contents of protein and in the feed have shown to influence die activity of

alkaline protease, tiypsm and amylase in bester {Acipemer nahenus x Hmo huso).

Results obtained mdicate highest values of these two enzymes with protein 45% and

fet 12% (Mezina et al,, 1982). According to Hofer et al (1983) similar amylase and

trypsin activities in gut were measured in cyprim'ds {Albumus alburmts alboreled)

and non-cypiinids.

Several comparative studies of the digestive enzymes in different fish species

have been reported (Hofer et al, 1983; Kuz mina, 1990). Kapoor et al. (1975) and

mnge and Groves (1979) reported the proteolytic activity in the liver of carp and

tench because of pancreatic infiltration. Hi^ {soteolytic potential was fbunfflnnon-

carmvorous fish (Kuz'mina, 1990) and low proteolytic digestive potential was

registered for eel and sea bream. Similar results were also noted in tiie Japanese eel

(Kitamikado and Tachino, 1960) and European eel(Bulnheiffl, 1974).

Digestive enzyme pattern of two stomaddess filter feeders, silver caip,

HypothdmichtfQ/s molitrix and bighead carp, Aristicfaf^s nobilts have been
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discussed by Bitterlich (1985). Activities of digestive enzymes, tiypsin and amylase
of microplanktophagous silver caip and macroplanktopbagous bi^ead carp

decreased sharply from the foregut to the hindgut indicating an efficient resoibtion

mechanism. Kirilenko and Chigrinzkaya (1983) also reported the distribution of

amylolytic, proteolytic and lipoljrtic enzymes along the alimmitary nanni of silver

caip.

Ragyanszki (1980) earned out die investigations on die proteolytic digestive

enzymes of carp fry. Results obtained showed diat the chymotiyptic activity was 2

to 9 times hi^ than the tiyptic one. Similar results were found witii die -v/vptiA"

of lipolytic activity in the pike larvae Esox lucius (Szalminska et al., 1993).

Kawai and Ureda (1972) have discussed the studies on digestive enzymes.

They observed veiy vreak peptic activity in the eggs and development of maltase and

amylase activities along with the growdi after hatching. During die metampTphftsis

the proteolytic activity is recorded in the alkaline pH range, w^nch ^ith

growdi, but the main proteolytic activity appears to have an optimum in tire

range in all the teleosts (AUiot et al. .1981).

Growdi and survival of die larvae were found to be better in common carp

(Cyprinus carpio) when extracts of fish digestive entymes from pancreas and

intestine were added to the diet (Dabrowski, 1979).

Studies have been conducted to investigate the possible effects of protein-

rich, carbohydrate-rich and lipid-rich feed on carps. Phadate and Srikar (1983)

reported the highest protease activity in carps fed 35% protein. Hidalgo et al (1999)

crnnpaied the differeiK^e between tbs protease and amylase activities in fish with
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different nutritional habits- rainbow trout {0.nykiss), gUthcad sea bream {P<irgus
aurata), European eel (Anguilla anguilla), common carp (C. carpio), gold fish

(Carassius auratus) and tench {Tinea tinea). Results obtained indicate Ae difference

in digestive enzymes according to feeding habits. Observations on the digestive

enzymes in flie catfish Pangasius pangasius have also si^iported the relation to its

food habits. Ghosh and Saigal (1984) reported the presence of amylase, invertase,
lipase and protease in fiie anterior part of intestine. Escaflfte and iifa...h.ir (1995)

evaluated the nutritional value of soy protein concentrate in feed for common caip.
The growth performance and amylase specific activity are shown to correlate in

common carp fly (C. carpio).

Investigation carried out by Das and Tripafoi (1991) indicate the activities of

cellulase, amylase. protease and lipase in grass carp. The pattern of distribution and

activity of the digestive enzymes were found to dqpend on the type of diet ingp«tM

by the fish.

Wu Tingting and Zhu Xhidoming (1994) reported foat the lipase activity in

various tissues differed with tte species.

Changes in digestive enzyme activities are reported to be interrelated with foe
(Ket composition and highest protease activity was found in the fore intestine and

lowest in foe hind intestine in grass carp (Tian and Lin, 1993). Similarly,

Fountoulald et al (1977) reviewed foe digestive fluid volume and activity of

digestive enzymes of gilt head bream {Sparus aurata). It was found fiom his gtiiAV«

that volume of digestive h'quids increases initially, iqp-oaches maximum after

feeding and reduces consirterably after 24 hours.

44



Materiah tmd method



3. MATERIALS AND METHODS

The aim of the present study is to evaluate the growth response of the

L. rohita fiy to soyabean meal based diets.

3.1 Feed:

3.1.1. Raw materials:

The ingredients used for the prqaiation of die test diets were fishmeal,

soyabean meal, groundnut oil cake, rice bran and fetpi«v>a flour.

AU the ingredients except soyabean meal were procured locally. Defetted

soyabean ineal obtained fimn the Goswami St^liers, Pune was heat isocessed at

IpS'C for 90 minutes to eliminate the tiypsin inhibitor and anti-nutritional fectois
such as heamaggiutinm.

All die ingredients were dried, powdered and sieved to imifnrni

particle size (less tiian 400 micron).

3.1.2. Proximate analysis of the feed Ingredients:

Proxunate analysis of the ingredients was done jnior to feed formulation

(Table 1). The ingrecfients were analyzed for iKoximate composition to evaluate the

nutrient status. Moisture, crude protein, crude fet, crude fibre and ash con^ were

analysed following AOAC (1980) methods. The procedures adopted were as

follows.
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Moisture content was estimated by drying the sample at 105°C untfl

weight was reached. Microkjeldahl method (AOAC, 1980) was used to estimate the

crude protein content The nitrogen content was multiplied by a factor of 6.25 to get

protein content Fat content was estimated by extracting fbs sample in petroleum

ether (60- 80°C B.P.) in a Soxhlet aiqraratus for 6-8 hrs. The ash mntent was

estimated by incinerating the sample at 550°C ± 10®C for 6 hours in a muffle fiimace.

The crude fibre was estimated by the meflrod of Pearson (1976). Carbohydrate

content was determined by the difference meflrod of Hastings (1975). Nitrogen ftee

extract = % .Dry matter - (% crude protein + % crude fet + % ash + %

crude fibre). Calorific content of flie formulated diets was calculated nring the energy

factor 9 for tet, 4 for carbohydrate (Hastings,1975) and 5 for tnotein (\^la,1977)

and express^ as Kcal/g.
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Table 1

Proxiinate composition* of feed ingredients used in the

formulation of feeds.

' ̂̂ rameter

logredieiitV,

Moisture

%

Crude

protein
%

Crude
fat%

Crude
fiber%

A8b%
Nitrogeu

free

eitract%

Energy
kcal/g.

Fish meal
7.03

(±0.03)
78.98

(iO.07)
4.12

(+0.42)
2.23

(+0.31)
5.41

(+0.12)
2.23

ao.i4)
4.94

(+0.05)

Groundnut

oilcake

Rice bran

8.26

(±0.09)

10.03

(±0.22)

54.68

aool)

9.18

(+0.47)

16.51

(+0.12)

12.91

(+0.34)

6.60

(±0.22)

18.28

(+0.07)

4.80

(+0.19)

13.62

(+0.02)

9.21

(+0.06)

36.06

(+0.65)

5.02

(+0.02)

2.48

(+0.07)
Tapioca
flour

7.63

f+0.24)
1.75

(+0.09)
0.54

ao.65)
3.38

(+0.3)
0.44

(+0.03)
86.38

(+0.17)
3.68

(+0.05)
Soyabean
meal

9.96

(±0.18)
52.5

(+0.76)
12.87

(+0.06)
6.20

(+0.16)
7.55

(+0.12)
10.97

(+0.01)
4.33

(+0.17)

Expressed on dry weight basis ♦ Average of three values.
Figures in parentheses indicate SD

47



3.1.3. Formulation of test diets:

Test diets were formulated employing the method of Varghese et a/.(1976)In

the test diets soyabean meal progressively replaced the fish meal. The diets

designated as 10%SM, 20% SM, and 30% SM contained 10%, 20% and 30% of

soyabean meal, respectively. Fish meal based diet served as the control. The control

diet was devoid of soyabean meal, while the 30% SM diet was fish meal flee. The

proportion of the ingredient used in the feed was adjusted to obtain final protein of

30%. The percentage proportion of ingredients in the test diets is given in Table 2.

J.1.4. Formulation and processing of test diets;

The procedure described by Jayaram and Shetty (1981) was adopted in the

processing of the diet.

The experimental diets were formulated by replacing fishmeal protein with

soyabean meal (SM) at inclusion levels of 10,20 and 30%. The fishmeal based

control diet was devoid of soyabean meal. All the diets were made isonitrogenous

With the pfoteiii cofltent beiflg at 50^6.

For preparing the diets, aU ingredients except vitamin mix were weighed in

required proportion (Table 2) and mixed well. To this, the required quantity of water

(1: 1.25 w/v) was added and the ingredients were mixed thoroughly to make a

smooth dough. The prepared dough was cooked at 105°C for 30 minutes. Cooked

dough was cooled rapidly and to this, accurately weighed quantity of Supplevite - M

(Table 2a) was added. Pelletizing was done in a hand-operated extruder with a

diameter of 2 mm. in the die. The pelletised feeds were dried in a hot air oven at
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were
60®C for 12 hours to a moisture content of less than 10 %, The dried pellets
crumbled, cooled to room temperature and stored in airtight containers for further

use.

3.1^. Initial analysis of proximate composition:

The feeds were analysed for initial proximate composition by using the

methodology as described earlier for proximate analysis of feed ingredients.
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Table 2

Insredient proportion of the formulated feeds.

Supplevite -M: Sarabhai Chemicals, Mumbai

Diets

Insredients

Control 10% 20% 30%

Fish meal 18%. 13% 4%.

Groundnut oil cake 23 %. 20% 21 %. 20%

Rice bran 43 %. 41% 39%. 34%

Tapioca flour 15 %. 15% 15 %. 15 %.

Soyabean meal - 10 %. 20 %. 30%

Supplevite -M* 1%. 1 % 1%. 1%

Total 100 100 100 100

4H
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Table 2a

Composition of *SuppIevite - M (Vliamin mineral concentrate)

Each 250 mg provides Quantity

Vitamin A 500,000 lU

Vitamin Da 100,000 lU

B2 0.2 g

E 75 units

K 0.1 g

Calcium pantothenate 0.25 g

Nicotinasmide Ig

Vitamin Bi2 0.6 g

Choline chloride 15 g

Calcium 75g

Manganese 2.75 g

Iodine 0.1 g

Iron 0.75 g

Zinc 1.5 g

Copper 0.2g

Cobalt 0.045 g

♦Supplevife~M: Sarabhai Chemicals, Mumbai
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3.2. Experimental cisterns:

Present study was conducted in 16 uniform size circular cement cisterns

devoid of soil base, the dimension of the cisterns being as follows.

Total capacity : 380 litres

Diameter 90 cm

Height 60 cm

Water depth : 50 cm height (315 litres)

The cisterns were flushed thoroughly to remove traces of soil particles and

then^owed to diy for two days. They were then filled with water fi-om a boie well

to a depth of 50 + 5 cm. This level was maintained througih out the experimental

period.

3.3. Initial enzyme analysis:

Initial enzyme analysis was done prior to initiation of the experiment

The preparation of en2yme extract fiom the hepatopancreas of the sampled

animals was done according to the method of OvemcU (1973). The tissue was
i

homogenized wifli O.OSOM Tris buffer (pH - 8.0) containing o.l5 MNaCl2r'&.02 M

CaCIa and 0.1% Triton x 100 at 4°C, using a higji speed homogenizer. The resulting

homogaiate (1/10 W/V) was tissue centrifiiged at 1S,000 tim for 30 tnimmKi at 4°C.

The supernatant obtained was used in enzyme assay.
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3.2. EiperifflenUl cisterns:

Present study was conducted in 16 unifom size circular cement cisterns

devoid of soil base, the dimension of the cisterns being as follows.

Total cqncity; 380 litres

Diameter 90 cm

Hei^ 60 cm

Watm'depth : SO cm heig^ (315 litres)

The cisterns were flushed flmrougbly to remove traces of soil particles and

flien allowed to dry fmr two days. They w«e thai filled with water fixnn a bore well to

a depth of 50 ± 5 cm. This level was maintained throi^ out flte twpftmnwitai

period.

3.3. Initial enzyme analysis:

hiitial enzyme analysis was done fmor to initiation of fl»

The ineparatimi of enzyme extract fiom the hepatcpmcreas of dm flmwpi«wr

animals was done accordiiig to the method of Ovanell (1973), Hje was

hmnogenized wifli 0.050M Tris buffer CpH - 8.0) crmtaining 0.15 M NaQj, 0.02 M

CaCla and 0.1% Tritrm x 100 at 4°C, using a high speed homogenizer. The rdSilting

homngenate (1/10 W/V) vras tissue carttifiiged at 15,000 tpn for 30 mimitea at 4®C.

The supanatant obtained was used in enzyme assay.
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3.4. Initial analysis of carcass composition:

Carcass composition of fishes fed the different diets were analyzed initially

and also on termination of die experiment Flesh was collected from the trunk region

of several fishes of each treatment and the pooled samples were used for analysis of

moisture, crude protein, crude fat and ash following AOAC (1980) methods.

3.5. Stocking:

Fry of rohu, Laheo rohita obtained from die college hatchery was used for die

study. Stocking was done @ 10 fry /cistern, taking care to select uniform sized

healdQT fry for stocking.

3.6. Feeding:

y'

Fishes were fed once daily in the morning @ 5% of body weigjrt throu^ out

the experimental period of 126 days. Before commencement of the experiment, the

fishes were acclimatised to the experimental diets for a week. Leftover feed of the

previous day, if any, was removed prior to feeding. After every fish sampling the

quantity of feed was readjusted according to the increased fish wei^t

3.7. Quality of water:

Proper care was taken to maintain good water quality tfaroug^ut the

experimental period. During the course of the experiment half the quantity of water

was changed once every fortnight to avoid deterioration in quality of water due to

accumulated organic matter and metabolites.
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3.8. Sampling frequency:

3.8.1. Fish sampling:

Fishes were sampled at fortnightly intervals to record the increments in

length and weigjrt. At the time of commencement of the experiment initial weight

and length of the individual fishes introduced in each cistern were measured

accurately. The length was measured to the nearest mm and wei^t to the nearest

milligram.

During the experimental period 50% of the stocked fishes were cau^ and

the length and weight were recorded. From this data, the average length and wei^t

of fish fi:om each cistern were found out. At the termination of the experiment all the

dstems were dewatered and the surviving fishes were collected and length and

weight were recorded for further statistical analysis.

3.8.2. Water sampling:

Water samples were collected fî om all the experimental cisterns in morning

hours on the days of sampling for recording pH, dissolved oxygen, total

alkalinityand ammonia.

Temperature was determined by using mercury bulb thermometer with O.l^C

accuracy, p^ was assessed by using die Universal pH indicator method, dissolved

oxygen was determined by using the Standard Winkler melhod (Strickland and

Parson 1972). Total alkalinity was determined following the addimetric titration

method (APHA, 1980) and ammonia was assessed by using the phenol hypochlorite

spectrof^otometric mediod (Sticldand and Parson, 1972).
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3.83« PlanktoD:

Plankton samples were taken fortnightly using a net of20^ bolting silk. The

plankton was assessed by filtering 50 litre of water. Plankton samples collected were

assessed for biomass based on settlement volume. Since the cisterns were not

fertilized and also due to Sequent replenishment of water, the plankton biomass

produced in the cisterns was meagre. No qualitative analysis of plankton was done.

3.9. Water stability of formulated feeds:

Water stability of the feeds was determined using the method of Jayaram and

Shetty (1981). It was found out by determining the percentage dry matter recovered

after exposing the pellets in water for 6 hours.

3.10. Storage studies of test diets:

All the formulated diets were evaluated for keeping qualify. They were

analysed for proximate composition after 4 months of storage employing the same

procedure as described earlier.
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3.11. Food conversion efficiency:

Food conversion efSciency was calculated by using the formula.

Weight gain (g)

FCE (%)= — xioo

Feed intake (g)

3.12. Protein efficiency ratio:

Protein efiScienQr ratio was calculated by using the formula.

Gain in body weight (g)

PER=

y

Protein Intake (g)
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3.13. Specific growth rate (S6R);

Specific growth rate was determined using the formula,

LogcWi-LogeWi

SGR (%) = X100

vAiere, T2 -Ti

T2 -Ti = Period in days

W2 = Weight at time T2 and Wi = Wei^tattimeTi

3/14 Determination of digestibility coefficient:

Digestibility coefficient was determined using the mediod described by

Halver (1989). A set of 4 number of fishes each was introduced in fiber gjass tank

having water holding capacity of 80 litres. Fishes were acclimatized for a week to the

test feeds. During the experimental period fishes in a tank were fed one of the

experimental diets @ 5% of body wei^t once daily. Water quality was maintained

by replacing 50% of water everyday. Fishes were sampled weekly and the individual

length and weight were recorded. Faeces were collected for determining the

digestibility coefficient for the first 15 days. Collected faeces was sieved throu^

bolting silk, rinsed with distilled water to remove the unwanted particles adhering to

it and then dried in an oven at 60^C to constant weight. The dried fiiecal matter vm

homogenized befirre die analysis for the proximate compositioa Experiment was
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further continued for the period of 30 days in order to determine absolute conversion

ratio (ACR). The fishes were sampled weekly and the quantity of feed was adjusted

to the increased weight.

Digestibility coefficient:

It was calculated using the following formula

Nntrient digested

Digestibility = x IQO

Nutrient ingested

Absolute conversion rate:

ACR was calculated using the following formula.

Dry weight of feed given (g)

ACR =

Increase in wet wt of fish

3.15. Final enzyme analysis:

On the termination of the experiment final enzyme analysis was performed

employing the methodology alrea^ discussed in the initial analysis of enzym^.
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3.16. Final carcass composition:

Fishes from all the cisterns were analyzed for the proximate composition on

the termination of the experiment employing the same procedure as described

earlier.

3.17. Organoleptic evaluation:

The raw and cooked meat of rohu fed on different experimental diets was

evaluated organoleptically for the attributes like texture, odour, flavour, etc. Cooked

meat was prepared by cooking the raw flesh in 1.5 % salt solution. Grades were

assigned to each of the attributes. The hedonic scale in the evaluation proforma were

converted into numerical scale to get the mean panel scores for each attribute, and

an^yzed statistically by applying ANOVA

3.18 Statistical analysis:

The difference in the growth response of rohu fed on the experimental

diets vm statistically tested by the analysis of variance technique (Snedecor and

Cochran, 1968). Organoleptic evaluation of the fish flesh from difi^ent treatments

were also statistically analysed using the above method.
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4. RESULTS

The details of the observatioiis made during the study are presented below.

4»1. Proximate eomposltlon of feed ingredients and formolated feeds:

4.1.1. Ingredients:

The percentage composition of the ingredients used in the feed formulation

is presented in Table 1. The moisture content of the ingredients v/z., fish meal,

groundnut oil cake, rice bran, tapioca flour and soyabean meal ranged fî om 7.03% to

10.03%, with the maximum being in rice bran and the ininimum in fish meal.

The hi^est percentage crude protein content was recorded in fish meal
/

(78.98), \\diile it was the lowest in tapioca flour (1.75). The percentage crude protein

of soyabean meal, groundnut oil cake and rice bran were 52.50, 54.68 and 9.18,

respectively.

Crude fiit content in the ingredients ranged fiom 0.54% for tapioca floor to

16.51% for groundnut oil cake .For the other ingredients the contents were

4.12%(fish meal), 12.87 % (soyabean meal) and 12.91% (rice bran).

Tapioca flour showed the highest percentage of carbohydrate of 86.38, vhere

as the fish meal had the lowest content of 2.23.

The crude fiber content was the highest in the rice bran (18.28%)jrollowed by

groundnut oil cake(6.60%),s<Qrabean meal (6.20%),tapioca flour (3.38%)and fish

meal (2.23%).
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The ash content of the ingredients varied from 0.44% to 13.62%, with die

lowest being in tapioca flour and the highest in rice bran. Table 2 gives the

percentage proportion of the ingredients in the formulated feeds.

4.1.2. Formalated feeds (Initial anaiysis):

Proximate composition of the formulated feeds is presented in Table 3. The

moisture content in the four feeds ranged between 9.34%(10%SM) and

9.47%(20%SM).

The crude protein contettt ranged between 29.75% (30%SM) and 30.12%

(control), while the fat content varied from 7.29 %(30%SM) to 8.06 % (20%SM).

The percen&ge nitrogen free extract was die hi^est in 30%SM (40.15) and lowest in

tibie control (38.61).

Crude fiber content was maximum in the control (5.32%) and minimimi in

30%SM(4.37%).

The ash content ranged between 8.21% (10%SM) and 9.01% (30%SM). The

calorific values of the four diets were almost similar, ranging fi-om 4.00 in the control

to 4.07 k cal/g in the 20%SM diet

Initial water stability:

All the feeds tested had stability of over 80% at the end of bhr.Stability was

higbost in diet 30% SM followed by 20% SM, 10% SM and control diets the values

being 85,72 %, 84.02%, 83.29 % and 80.22%, respectively (Table 4).
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4.1.4. Analysis after storage:

Results of pfoximate analysis of fonnulated feeds after a storage period of 4

months is given in t^Ie 5. Moisture and NFE (Nitrogen Free Extract) showed an

increase after 4 months of storage. The maximum increase in the moisture content

was in the 30% SM diet. The increment in NFE content of feeds after 4 months of

storage was in fee order of control, 10% SM, 20% SMand 30% SM

The decrease in crude prrrtein content was fee nunrimnm for 30%SM, vfeile it

was minimum for fee control. The crude fet content of fee feeds was found lowered

in fee order of 20%SM 10%SM control and 30%SM as in fee same order of fet

content in fee fresh feeds. Treatmort diet 30%SM showed maYimmn decrease in ash

content among fee feeds, vfeile minimum decrease was for control .The Hwrmffw jn

crude fiber content was in the order of 30%SM, 10%SM, 20%SM and control.

iW
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Tables

Proximate composition* of the formulated feeds (initia! analysis)

Psramet

er

Diet

Moistare

%

Crade

protein
%

Crude

fat%
A8b%

Crude

fiber%
NFE%

Energy
K eal/g.

Control
9.37

(±0.09)
30.12

(±0.42)
7.42

(±0.26)
8.86

(±0.28)
5,32

(±0.03)
38.61

(±0.29)
4.00

(±0.062)

10% SM
9.34

(±0.14)
30.06

(±0.07)
7.78

(±0.16)
8.21

(±0.12)
4.49

(±0.18)
40.12

(±0.30)
4.06

(±0.025)

20% SM
9.47

(±0.09)
29.91

(±0.10)
8.06

(±0.03)
8.38

(±0.07)
4.72

(±0.3)
39.46

(±0.55)
4.07

(±0.03)

30% SM
9.43

(±0.09)
29.75

(±0.24)
7.29

(±0.3)
9.01

(±0.06)
4.37

(±0.09)
40.15

(±0.37)
4.01

(±0.15)

Figures in parendieses indicate S.D.

Tabled

Water stability *(%) of tiie formulated feeds (Initial analysis )

Duration
Feed

1 hr. 2hr, 4hr. 6hr.

Control
86.24

(±0.01)
84.07

(±0.06)
82.53

(±0.02)
80.22

(±0.06)

10% SM 90.47

(±0.08)
89.29

(±0.09)
85.62

(±0.04)
83.29

(±0.01)

20% SM 90.82

(±0.08)

90.79

(±0.03)
85.21

(±0.04)
84.02

(±0.07)

30% SM
90.56

(±0.06)
90.14

(±0.09)
87.29

(±0.08)
85.72

(±0.02)

Figures in parentheses indicate SD
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Tables

Proximate eomposition*of the formulated feeds. ( Final analysis)

Parameter
Moistare

%
Grade

proteiB
%

Crude

fat%
Ash%

Crude

riber%
NFE%

Energy
K cal/g.

Control
10.83

(±0.03)
29.27

(±0.11)
6.92

(±0.19)
8.27

(±0.1)
5.03

(±0.03)
39.68

(±0.21)
3.93

(±0.02)

10% SM
10.69

(±0.22)
29.18

(±0.07)
7.17

(±0.34)
7.53

(±0.12)
3,92

(±0.23)
41.51

(±0.17)
4.02

tt0.06)

20% SM
10.42

(±0.02)
28.83

(±0.11)
7.24

(±0.32)
7.58

(±0.02)
4.17

(±0.24)
41.76

(±0.16)
4.020

(±0.05)

30% SM
11.07

(±0.09)
28.62

(±0.07)
6.90

(±0.38)
7.78

(±0.21)
3.68

(±0.06)
41.93

(±0.17)
3.99

(±0.16)

• Average of three values.

•  Figures in parentheses indicate SD

Tabled

Water stability* (%) of the formulated feeds (Final analysis)

——.^..^^^ration
Feed

Ihn 2hn 4hr. 6hr.

Control
85.00

(±0.06)
84.50

(±0.02)
81.12

(±0.07)
79.31

(±0.01)

10% SM
89.35

(±0.07)
89.10

(±0.04)
84.17

(±0.06)
82.25

(±0.05)

20% SM
89.70

(±0.09)

89.62

(±0.07)
85.54

(±0.03)

83.48

(±0.07)

30% SM
89.70

(±0.02)
89.60

(±0.01)
86.02

(±0.02)
84.56

(±0.06)

• Average of three values.

•  Figures in parentheses indicate SD
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Table?

Enzyme profile of rohu (Initial and final)

Initial Average final em^atic activity

Enzymatic
enzymatic (pg/mg protein)
activity

activity (pg/mg protein)

Control 10% SM 20% SM 30% SM

0.667 1.210 1.055 1.115 0.995
Protease i ± ± ± +

(0.281 (0.231 (0.141 (0.171 (0.091
1.357 2.24 2.26 2.32 2.37

Amylase ±  ' ± ± ± ±

(0.261 (0.151 (0.021 (0.211 (0.011
0.198 0.377 0.391 0.432 0.258

Lipase i ± ± ± ±

(0.071 (0.0231 (0.15) (0.051 (0.021

* Average of three valued.

Figures in parentheses indicate SD

Table 8

Proximate Composition * of the muscle of rohu (initial analysis)

Pararaeter
Moistare

CoBteat %
Crode

BrotelB%

Crade

fat%

A8h% Nitrogen free
extraet%

Energy
k cal/s

iDitial

aoalysis
78.14

(±0.06)
15.05

(+0.01)
2.05

(±0.17)
3.41

(±0.35)
3.41

ao.47)
1.07

^(±0.11)

Average of three values. Expressed in dry weight basis.

Figures in parentheses indicate SD
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4.1.5. Final stability of formulated feeds:

The water stability of formulated feeds analyzed after four months of storage

is presented in Table 6. The diy matter retention ability of die diets was assessed

over a penod of 6 hours. The most stable feed at the end of 6 hours was 30%SM

(84.56%), foUowed by 20%SM (83.48%), 10% SM (82.25%) and control (79.31%).

4.1.6. Initial enzyme activity:

Table 7 presents ti» {U'otease, amylase and lipase activity in the test species

on initiation of the experiment. Enzyme activity was found lower in digestive tract of

rohu initiaUy. Initially amylase activity was reported higher (1.357 pg/mg protein)

followed by protease (0.667pg/mg protein) but lipase activity was found

comparatively weak (0.198pg/mg protein).

4.1.7. Initial carcass composition:

Initiai moisture content of fish was 78.14%, while the body protein content

was 15.05%. The initial fet content was 2.05%. Initial NFE recorded was 3.41%,

whereas energy content was 1.07 kcal/g (Table 8)

4.2, Monitoring of water quality parameters:

Range of temperature in the e}q)erimental tanks during the study period is

given in Table 9. The water tenq)emture ranged fî om 25.2®C to 26.0®C Temperature

did not vaiy much between the eiqpeiimetital tanks. The range of air tmnperature was

fi'om27.2to30.1®C.
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pH of fhe water fluctuated firom 7.0 to 8.5 .The mean value of the pH and

its range in each treatment during the experimental period is given in Table 10.

Dissolved oxygen content (ppm) of water recorded over the experimental

period is shown in Table 11. The average values in different treatments varied from

4.2 to 6.6 mg/1. Dissolved oxygen trends were found to remain almost constant

during the study period.

Total alkalinity ranged between 37.5 and 65.7 ppm. There were not much

variations between the treatments (Table 12). Ammonia concentration was recorded

in the range of 0.038 to 0.099 ppm ̂ ^ch was within the tolerance limit of flie

experimental animals (Table 13).

^  Settled volume of plankton showed variation depending on temperature and

ranged between 1.0 ml and 8.0 ml/ 50 L (Table 14).

4  Fish growth:

Average length and weight attained by lohu after 126 days of rearing is givrai

ratable 15 and 16.

The trend observed in average length and weight of rohu is given in

flg.l and 2^spectively. After 126 days average wei^t of fish in different

treatments were 14.48 g (control), 14.50 g (10% SM), 15.04 g (20%SM) and 13.24

g (30%SM). Corresponding average length being 152.25 mm, 157.50 mm, 162.75

mm and 156.50 mm, respectively. Daily average increment in weight was

0.106g(control), 0.105g (10%SM), 0.1 lOg (20%SM) 0.095 g (30% SM),

respectively with corresponding inciem^ of length being 1.049 mm, 1.074 mm^
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1.102 mm and 1.067mm. Hig^iest weigjit gain was achieved by 20% SM treatment

followed by 10% SM., control and 30%SM. Initially growth of fish in Afferent

treatments was more or less similar, but it became distiiu^vely difierent fimn foe

42*^ dtry onwards. The fish under 20%SM treatment showed foster growfo lonH.'.g

to foe Invest average weight on termination. The trend in weight gain was more or

less similar in fifo fed thelO%SM and control diets. Fish in 30% SM treatment

showed poOT growfo foroughout the ejqroimental period (%2), showing foe lowest

average wei^ on termination, which was even lower than that of the control. Trend

in gain in lerrgfofoBowed a pattern slightly different ftom that ofthe gain in wei^
(fig. 1). Gain in lengfo in different treatmmits did not differ muifo till day 70.

Thereafier fish in 20%SM treatment dmwed fostw growth, recording highest

avmage lengfo on tenninatiotL Gain in lengfo was higher foan foe contrd in all foe

^Aiee treatments.
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Table 9

FlBCtiiatfons in water and air temperature
during the experimental period

Days of sampling Air temperature Water temperature
0 27.2 25.2-25.5
14 30.1 25.7-25.9
28 30.0 25.5-25.9
42 27.5 25.2-25.4
56 27.9 25.4 - 25.8
70 30.0 25.5-25.8
84 27.2 25.7 - 26.0
98 27.9 25.6-25.8
112 27.8 25.2 - 25.5
126 27,4 25.4-25.7
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TaMilO

Tieatmat 'S^ys \

0 14 28 42 56 70 84 98 112 126

Control
1

2

3

4

73

7.8

7.0

8.0

7.8

8.0

8.0

8.5

7.8

7.2

8.0

8.5

8.5

7.8

8.2

8.5

8.2

8.1

8.5

8.2

8.4

7.8

7.5

7.2

7.2

7.8

7.8

7.5

8.5

8.2

8.5

8.5

7.4

7.8

8.0

7.8

7.3

7.7

7.2

8.1

1

2

3

4

8.0

8.5
7.5

8.5

8.0

8.5

7.1

7.5

8.5

8.4

7.8

8.2

8.2

8.5

8.4

8.2

8.2

8.4

8.0

8.5

7.6

7.5

8.2

8.5

7.8

7.5

7.2

7.5

8.0

8.1

8.5

7.2

7.8

7.5

8.0

8.2

7.9

8.4

7.8
7 5

1
1

2

3

4

7Z

7.8

7.5

8.0

7.5

8.5

8.2

8.0

8.5

8.2

8.5

8.5

7.8

7.2

7.5

7,8

8.3

8.2

8.4

8.5

8.1

8.5

8.4

8.3

7.2

7.8

7.5

8.0

7.8

8.5

8.0

8.2

8.2

8.5

8.0

8.0

8.5

8.0

7.8

7.2

i
1

2

3

4

8.0

8.2

8.5

8.4

8.0

8.0

8.2

8.5

8.1

8.5

8.2

8.0

7.2

7.8

7.5

7.0

7.8

8.3

8.5

8.0

8.4

8.0

8.2

7.8

8.0

7.2

7.5

8.5

8.5

7.1

7.8

7.2

8.2

8.4

8.5

8.0

8.5

8.4

7.3

7.9
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TaUtell
\

raKtaetroas ia disstived e^gea (ppm) IB difflereBt treatments.

Cistos

±0.420 ±0.768 ±0.403 ±0.212 ±0.415 ±0.526 ±0.540 ±0.484

Mesi

±0.481 ±0.374 ±0.217 ±0.320 ±0.326 ±0.434 ±0.396 ±0.0433 ±0.512 ±0.524

5.8

±0.502

6.25

±0.113
5.52

±0.303

5.62

±0.390

5.52

±0.307

5.6

±0.324

5.15

±0.320 ±0.494±0.309

±0.356 ±0J03 ±0.458 ±0.190 ±0.349 ±0.576 ±0.349 ±0.320 ±0.477
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TiririeU

Fiacloatiom ia total alkalialty (mg/1) in diffeimt treatments.

Treat-

CistenS
0 14 28 42 56 70 \ 84 98 112 126

Control
1

2

3

4

45^

4L4

56.6

47.8

51.6

48.7

37.5

42.6

57.3

53.8

52.2

47.2

52.2

54.6

58.0

61.6

52.6

59.2

57.6

63.5

51.7

57.6

53.8

54.1

59.8

48.3

51.2

58.0

52.2

61.6

58.0

53.8

57.3

54.6

59.3

63.6

54.7

56.3

58.7

613

:feSD

47.75

±5.50

50.1

±5.36

5Z62

±3.63

56.6

±3.54

58.22

±3.89

54.3

±2.11

54.32

±4.73

56.4

±3.67

58.72

±3.28

57,85

±163

i
1

2

3

4

42.4

47.7

42.5

52.4

52.7

48.2

39.6

57.3

53.4

59.7

62.5

48.3

59.8

63.7

48.3

51.7

65.7

58.2

53.7

49.2

52.2

57.3

51.6

45.2

43.8

56.2

54.8

51.7

52.8

51.9

49.3

53.7

463

59.6

63.3

49.2

47.8

57.9

51.3

43 4
Mean

i:$D
46.25

±4.14

49.95

±6.53

56.05

±5.41

55.87

±6.15

56.7

±6.09

' 51.57

±4.29

51.62

±4.80

51.92

±1.64

54.62

±7.04

54.52

±53

i
1

2

3

4

48.8

47.2

45.4

42.2

57.8

61.6

492

39.2

54.7

63.7

61.2

64.8

52.7

48.7

542

56.7

58.2

52.6

54.2

54.8

&,6

42.4

52.4

38.3

53.4

59.2

62.1

57.3

47.2

53.4

59.7

62.5

573

61.6

57.6

63.1

47.8

55.7

52.2

62.4
Kfesn

i:SD

45.02

±2.45

51.72

±8.71

60.9

±3.74

53.07

±2.90

54.92

±2.0

48.92

±9.41

58.01

±3.15

55.70

±5.90

60.00

±2.38

54.52

±5.33

§
tn

1

2

3

4

47.7

53.6

52.4

58.2

43.2

49.2

56.1

63.2

53.7

48.2

60.4

49.2

56.2

47.2

58.7

63.2

59.7

61.7

63.1

60.6

42.2

45.4

58.0

59.2

58.1

57.7

50.6

45.7

54.7

48.2

60.7

53.2

52.2

51.7

59.8

48.3

51.7

54.2

62.7

50.8

Msaa 52.97

±3.73

52.92

±7.48

52.87

±4.81

56.32

±5.83

61.27

±1.26

$122

±7.49

51.52

±4.41
54.22

±4.45

53.05

±4.19

54.85

±4.70
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Ta»el4 \

ia different treatments

T^cat-
menf

Ciston^
0 14 28 42 56 70 84 98 112 126

Control

1

2

3

4

5.0

7.0

2.0

5.0

7.0

8.0

4.0

5.0

8.0

4.0

2.0

4.0

7.0

7.0

2.0

5.0

7.0

2.0

5.0

4.0

6.0

5,0

4.0

7.0

4.0

2.0

5.0

7.0

5.0

7.0

4.0

5.0

5.0

7.0

4.0

50

7.0

5.0

3.0
20

Bfesn

±SD

4.7

±1.78

6.6

±1.58

4.5

±2.17

5.2

±2.04

4.5

±1

1.80 .

5.5

±1.11

4.5

±1.80

5.2

±1.08

7.0

±1.08

4.2

±1.92

1

2

3

4

5.0

7.0

8.0

2.0

2.0

4.0

2.0

6.0

2.0

7.0

8.0

4.0

5.0

4.0

7.0

5.0

2.0 :

4.0

7.0

6.0

4.0

5.0

7.0

8.0

5.0

2.0

7.0

5.0

5.0

7.0

7.0

2.0

5.0

7.0

5.0

7.0

5.0

2.0

5.0

7.0

Ifean

i:SD

5.5

±2.29

3.5

±1.65

5.2

i2.38

5.2

±1.08

4.7

±1.92

6.0

±1.58

4.7

±1.78

5.2

±2.04
5.6

±9.4

4.7

±1.78

1
1

2

3

4

6.0

3.0

5.0

7.0

2.0

4.0

5.0

7.0

5.0

6.0

7.0

8.0

7.0

4.0

5.0

7.0

5.0

4.0

2.0

7.0

7.0

5.0

4.0

2.0

7.0

5.0

2.0

4.0

5.0

4.0

2.0

6.0

5.0

4.0

2.0

7.0

7.0

2.0

5.0

6.0

Sfean

:tS>
S2

±1.47

4.5

±1.80

6.5

±01.11

5.7

±1.29

4.5

±1.80

4.5

±1.80

4.5

±1.80
4.2

±1.47

4.5

±1.80

5.0

±1.87

i
m

1

2

3

4

3.0

5.0

2.0

1.0

4.0

2.0

4.0

6.0

4.0

2.0

3.0

5.0

4.0

5.0

6.0

4.0

5.0

7.0

4.0

5.0

4.0

7.0

8.0

7.0

5.0

5.0

6.0

7.0

2.0

4.0

5.0

8.0

7.0

6.0

4.0

2.0

6.0

3.0

5.0

7.0

Meao

:1:SD

2.7

±1.47

4.0

±1.41

3.5

±1.11

4.7

±1.82

5.2

±1.08

6.5

±1.59

5.7

±1.29

4.7

±2.16

4.7

±1.92

5.2

±1.42
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4.4. SpecilSc growth rate (%):

The fluctuations in percentage SGR over the experimental period are

presented in table 17. The average SGR in the different treatments were 2.18(control),

2.26(10%SM), 2.34 (20% SM) and 2.09 (30% SM). Highest SGR was observed in the

first fortni^t in all the treatments( fig. 3).

4.5. Survival and production of fish:

Survival percentage of rohu in different treatments is given in table 18. On an

average the overall survival was about 90% and above.

Fish production was maximum in 20% SM treatment followed by control,

10%SMand30%SM.

4.6» Food conversion efficiency:

FCE was best wifli 20% SM (27.6%) indicating that it was the most efSci^

feed among the four (Table 19). Fish fed on 30% SM gave the poorest FCE of 24.5%

The control diethad given better FCE (25.7%) followed by 10% SM(24.5%).

4.7. Protein efficiency ratio:

PER was best with 20% SM (0.920). PER values of various feeds are given in

Table 19. Control. 30% SM and 10%SM had 0.856,0.822.0.820, respectively.

4.8. Apparent nutrient digestibility:

Data regarding the digestibility coefficient of different feeds is presented in

Table 20.
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Protein digestibility was the highest for fish fed on the control diet (65.45 %)

and lowest for 30%SM (59.60%). The protein digestibility of 20%SM and 10%SM

was 64.58% and 60.81 %, respectively.

Lipid digestibility was maximum for fish fed on 20%SM (71.12%), while the

values for 10%SM and control were 66.84 % and 70.65 %, respectively. Lipid from

30%SM was least digestible (66.15 %).

Digestibility of carbohydrate was maximum for 30%SM (88.77%) and was

minimum for the control (56.32%).
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Table 15 \

Growth in length(mm) of rohu in different treatments

1
1

Days
0 14 28 42 56 70 ^  84 98 112 126

Net length
gain Increment/day

Control 1

2

3

4

22.00

17.00

21.00

20.00

38.00

43.00

38.00

32.00

59.00

57.00

56.00

52.00

69.00

69.00

77.00

16.00

98.00

94.00

88.00

89.00

116.00

107.00

112.00

118.00

123.00

121.00

120.00

127.00

134.00

134.00

132.00

133.00

141.00

142.00

144.00

137.00

156.00

153.00

149.00

151.00

134.00

136.00

128.00

131 00

1.063

1.079

1.015

1 039

Mean
20.00

i

1.80

37.00

t

3.82

56.00

±

2.54

69.00

i

5,61

92.20

i

4.02

113.00

±

4.20

122.00

2.68 '

133.00

1

.  0.82

141.00

1

2.54

152.25

i

2.58

132.00

±

3.03

1.049

±

0.01
1

2

3

4

21.00

21.00

24.00

22.00

32.00

36.00

31.00

37.00

56.00

49.00

57.00

54.00

69.00

78.00

74.00

71.00

97.00

84.00

89.00

92.00

107.00

118.00

96.00

101.00

122.00

127.00

107.00

112.00

134.00

132.00

121.00

125.00

143.00

144.00

136.00

137.00

151.00

153.00

167.00

159.00

130.00

132.00

143.00

137.00

1.031

1.047

1.134

1.087

Mean

iSD

22.00

i

1.20

34.00

i

2.54

54.00

±

3.08

73.00

±

3.3

90.50

i

4.71

105.50

±

3.26

117.00

1

3.35

128.50

i

0.82

140.00

i

3.53

157.50

±

6.22

135.00

i

5.02

1.074

i

0.03

20%SM

1

2

3

4

29.00

22.00

20.00

24.00

37,00

38.00

34.00

32.00

59.00

56.00

57.00

52.00

76,00

79.00

78.00

74.00

96.00

99.00

104.00

101.00

127.00

118.00

119.00

121.00

131.00

127.00

126.00

128.00

nm

138.00

133.00

134.00

152.00

152.00

140.00

142.00

168.00

158.00

166.00

159.00

139.00

136.00

146.00

135.00

1.103

1.079

1.158

1.071

Mean

ISD

23.00

i

3.31

35.00

±

2.38

56.00

±

2.54

76.00

i

1.91

100.00

1

2.91

121.00

1

3.49

128.00

1

1.87

135.00

±

2.27

146.00

i

5.54

162.15

±

4.32

139.00

±

4.30

1.102

±

0.03

30%SM

1

2

3

4

27.00

22.00

19.00

20.0(^

31.00

28.00

33.00

34.00

58.00

53.00

52.00

46.00

69.00

72.00

66.00

75.00

94.00

98.00

91.00

86.00

105.00

108.00

102.00

104.00

117.00

115.00

117.00

113.00

122.00

121.00

118.00

121.00

137.00

129.00

134.00

136.00

159.00

158.00

156.00

153.00

132.00

136.00

137.00

133.00

1.047

1.079

1.087

1.055

Mean

iSD

22.00

1

3.01

31.50

1

2.29

52.00

±

4.26

70.00

i

3.32

92.00

i

4.38

105.00

±

4.14

115.00

i

1.65

120.00

t

1.50

134.00

±

3.08

156.50

i

2.29

134.00

±

2.06

1.067

±

0.01
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Fig,l
Avera^ lengfhCmiii) attained by ̂ohu in different treatments

S
E

180

160-

140

120

100

1 80
a»

60

40

20

—♦—Control

10%SM

20% SM

30%SM

T" '"1 T

0  14 28 42 66 70 84 98 112 126

Days
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TaUe 16

Growth in weight (g) ofvTohu in different treatments

taerT
taem

S^ys

Cist^K

0 1
4
2
8 42
5
6 70 48 o
o

O
n112
621
Net 
wt. 
gain

Increment/day lortnoC
1

2

3

4

1.11

0.99

1.06

1.06

2.56

2.71

2.68

2.43

3.98

3.81

3.68

3.75

5.78

5.54

5.72

5.61

7.26

7.12

7.34

6.82

9.13

8.69

8.82

9,21

9.69

10.24

9.46

9.98

10.89

11.03

10.56

10.72.

12.12

12.26

12.38

11.89

14.70

14.42

14.30

14.51

13.59

13.43

13.24

13.45

701.0

0.106

0.105

0.106 Mean
i

S
O

1.05

i

0.04

2.59

i

0.11

3.80

±

0.11

5.66

i

0.09

7.13

i

0.19

8.96

i

0.21

9.84

i

0.29

28.01

±

0.17

12.16

±

0.18

14.48

i

0.14

13.42

±

0.16

0.106

i

0001

ps S

1

2

3

4

1.08

1.07

1.12

1.2

2.13

2.24

2.48

2.33

3.77

3.62

3.67

3.42

5.42

5.56

5.46

5.31

7.26

6.86

6.95

7.30

9.03

9.13

8.72

8.68

9.87

9.75

9.42

9.74

10.84

10.58

10.89

10.74

12.23

12.38

11.78

11.82

13.9

14.1

15.1

9.41

12.82

30.31

13.98

13.70

0.101

0.103

0.110

0
 

801 Mean

0St

1.11

i

0.05

2.20

0.12

3.62

i

0.12

5.43

±

0.08

7.09

i

0.19

8.89

±

0.19

9.69

i

0.16

10.76

±

0.11

12.05

i

0.25

14.50

±

0.50

13.38

±

0.16

0.105

i

0004

s
d

1

2

3

4

1.18

1.20

1.01

51.1

2.63

2.42

2.68

2.57

3.92

3.83

3.96

3.72

5.87

5.89

5.68

5.73

7.92

7.86

7.67

7.56

9.51

8.41

8.72

9.63

10.30

10.20

9.47

9.82

11.78

11.82

10.59

10.42

13.26

13.41

12.68

12.29

15.31

14.81

15.14

14.90

14.13

13.61

14.13

13.75

0.112

0.108

0.112

0.109

Mean

DSI

1.13

±

0.07

2.57

i

0.09

3.85

±

0.09

5.79

±

80.0

7.75

±

0.14

9.06

±

0.51

9.94

±

0.32

11.15

i

0.65

12.91

±

0.44

15.04

±

0.18

13.90

i

0.18

0.110

±

0
 

005 1

2

3

4

1.03

1.12

1.09

1.10

2.07

21.2

2.31

42.2^ %

3.56

3.28

3.34

3.42

5.12

4.98

4.82

4.01

86.6

6.31

6.26

6.52

28.7

7.38

7.52

7.66

8.62

7.98

8.32

8.50

9.71

9.61

9.23

9.54

11.56

10.29

11.11

11.24

12.68

13.71

13.42

13.17

11.65

12.59

12.33

12.07

0.092

0.099

0.097

0.095

Mean

OSI

1.08

±

0.03

^2.18

i

0.09

3.40

±

0.01

4.73

±

0.43

6.44

t

0.16

7.59

1

0.16

8.35

i

0.24

9.52

1

71.0

11.05

±

0.46

13.24

1

0.37

12.16

±

0.37

0,095

±

0.002
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Table 16a

Analysis of variance of growth data.

Source Sum of square Degree of
freedom

Mean sum of

square
F

Diet 59045.55 3 19681.83 3.163»*

Error 7466.50 12 6222.20

Total 133712.05 15

** Significant at 1%.
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Table 17

Treat

ment

s
g
CJ

US
CO

<s

I
fO

Cist

Mean

ISD

Mean

ISD

Mean

ISD

1

2

3

4

Mean

ISD

Specific growth rate (SGR as %) of rohu in different treatments over the experimental period

0

2.73

2.68

2.57

2.64

14

2.65

±

0.05

2.42

2.56

2.48

2.59

2.51

±

0.06

2.81

2.74

2.57

2.78

2.72

±

0.09

2.57

2.46

2.49

2.57

2.50

±

0.04

2.05

2.11

2.06

2.10

2,09

±

0.04

28

2.02

2.04

2.03

1.93

2.00

±

0.04

2.03

1.99

2.14

2.03

2.04

±

0.05

2.04

1.98

1.99

1.96

1.99

±

0.02

2.16

2.23

2.07

2.15

42

2,15

i

0.05

2.17

2.21

2.03

2.11

2.13

±

0.06

2.37

2.33

2.28

2.17

2.28

±

0.07

2.17

2.06

2.12

1.97

2.10

±

0.03

Z27

2.31

2.17

2.34

2.27

t

^>.06

56

2.32

2.27

2.33

2.39

2.27

2.17

232

2.36

2.28

±

0.07

2.31

2.46

2.11

2,38

2.31

±

0:12

2.19

2.17

2.08

2,11

2.13

£

0.04

2.32

£

0.04

2.34

2.27

2.13

2.29

2.25

£

0.07

2.37

2.41

2.37

2.28

2.25

£

0.04

2.13

1.92

2.01

2.1

70

2.32

2,42

2.39

2.37

2.37

£

0.03

84

2.27

2.32

2.34

2.30

2.38

2.32

2.27

2.33

2.32

£

0.03

2.31

2.38

2.42

2.46

2.39

£

0.05

2.30

£

0.02

98

2.17

2.28

2.32

2.31

2.32

2.26

2.24

2.31

2.28

£

0.03

2.26

2.34

2.38

2.39

2.27

£

0.05

2.27

2.21

2.26

2.29

2.25

£

0.02

2.04

£

0.08

2.11

2.0

2.03

2.06

2.34

£

0.05

2.05

£

0.04

2.12

2,17

2.20

2.02

2.24

2.28

2.32

2.36

2.30

£

0.04

2.12

£

0.06

1.98

2.02

2.11

2.06

112

2.27

2.22

2.06

2.26

2.20

£

0.08

2.28

2.23

2.30

2.32

2.28

£

0.03

2.34

2.36

2.32

2.39

2.35

£

0.02

2.04

£

0.04

2.03

1.82

1.99

2.05

126

2.20

2.27

2.16

2.12

2.18

i

0.05

Average
SGR

2.18

£

0.147

2.29

2.32

2.36

2.38

2.33

i

0.03

2.26

£

0.125

2.42

2.38

2.34

2.37

2.37

1

0.02

2.34

£

0.156

1.97

£

0.09

2.11

2.09

1.98

1.80

1.99

1

0.12

2.09

£

0.145
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4.9. Absolute conversion ratio:

Table 21 presents tiie average conversion ratio. The best ACR (3.S21) was

observed for the fish fed on 20%SM diet, followed by 10% SM (3.754), control

(3.898) and 30%SM diet (4.090).

4.10. Enzymatic activity:

4.10.1 Protease activity:

The digestive enzyme activity of the fish fed with treatment diets differed

significantly. The specific activity of protease in the total fish meal protein diet was

highw compared to that of diet containing soyabean meal protein.

The values obtained for various treatmmits are presented in Table 22. The

hi^est (1.210 pg/mg protein) was recorded for control, followed by20%SM (1.115

ug/mg protein) and 10%SM (1.050pg^mg protein). Lowest protease activity of

(0.995 pg/mg protein) was recorded for 30% SM treatment

Analv^s of vaiiaime of protease activity data showed that there is significant

Afferwnee between treatments (P<0.05) as shown in Table 23. Comparison of the

treatment m"-"" based on critical difference showed foat there is no significant

difference (Pa0.05) between treatments 20% SMand 10% SMand treatment 10% SM

and 30% SM However, control differed significantly ftom others.

4.10.2* Amyhise activity:

The specific activity of amylase for various treatments is shown in Table 24.

The highest was recorded for treatment 30% SM (2.37|ig^g protein) and lowest for
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control (2.24 (tg/mg protein), fa the 20% SM and 10% SM treatments the values were

2.32 pg/mg protein and 2.26 pg/mg protein, respectively.

Analysis of variance of the data showed that there is significant difference

between treatments (P:<0.01) as shown in Table 25. Comparison of the treatment

means based on tiie critical difference showed that there is no significant difference

(1^.05) in amylase activity between treatment 20% SM and 30% SM and also

between treatment 10% SMand control.

4.10J. Lipase Activity:

The specific lipase activity was observed in treatment 20% SM

(0.432 pg/mg protein). The lipase actrvity of test diets 10% SM and control was

0.391pg/mg proteins and 0.377pg/mg inotein, respectively (Table 26). Tbe lowest

lipase activity (0.258pg/mg protein) was recorded fi)r the treatment 30% SM and fire

highest for the treatment 20% SM.

Analysis of variance of data showed that there is significant difference

between treatments (P<0.01) as diovm in Table 27. Comparison of fire treatment

means based on critical difference showed flmt there is no significant difference

(PSO 05) between treatments 20% SM and 10% SM and between treatment 10% SM
and control. Treatment30% SM differed significantly ftom others.
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Tablets

Survival (percentage)8ad net production of rohu in different treatments

Treatment Cistern No. % Survival Net gain offish (g) Net ̂oduction kg^ /126 days

Control

1

2

3

4

100 (10)
90 (9)
90 (9)
90 (9)

13.59

13.43

13.24

13.45

2136.45

1869.04

1873.29

1907.24

Mean 92.50 13.42 1946.50

10%SM

90 (9)
100 (10)
80 (8)

90 ff)

12.82

13.03

13.98

13.70

1842.16

2048.42

1670.17

1768.58

Mean 90.(K) 13.38 1832.33

20%SM

90 (9)
90 (9)
100 (10)
80 (8)

14.13

13.61

14.13

13.75

1999.79

1934.12

2202.32

1740.60
Mean 90.00 13.^ 1969.20

30%SM

90 (9)
90 (9)
90 (9)
90 (9)

11.65

12.59

12.33

12.07

1768.58

1754.58

1740.29

1697.84

Mean 90.00 12.36 1743.82

Ffgures in pamtheses indicate the number of fish harvested
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TaUel9

Food convmioit efficioicy (%) and

protein efficieii<^ ratio of robo fry in difliereBt treatments

Trestmest Repiication FCE% PER

Control

25.5

25.6

26.1

25.6

0.257 ±0.0023

0.856

0.852

0.855

0.864

MeaniSD 0.856 ±0,005

10% SM

MeaniSD

25.7

24.9

25.4

24.8

0.252 ± 0.0036

0.791

0.832

0.847

0.826

0.820 ±0.020

20% SM

30% SM

28.0

27.0

27.8

27.6

24.8

24.8

24.6
24.1

0.926
0.907

0.928

0.922

0.276 ± 0.0029
0.920 ±0.008Mean ±SD

0.832

0.830

0.820

0.806

0.245 ±0.0028 0.822 ±0.010
Mean^SD
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Table 20

Dipssbott coelMeat of the eipeiiiBeiital diets fed to roha in different treatments

Treatm

esA
Feed

Dry
matter

Protein

% g

Fat

% g

Fibre Ash

% g % g

NFE

g

D^estlbllity coeffldeBt
Prot

ein
Fat Fibre NFE

Cossumed i 3.677 1 I 1.0310 j 0.2720 I 1 0.1695
Excreted 1 1.034 1 30.00 1 0.120 1 7,42 I 0.0341 1 4.61 0.0485 I 12.16
Asonyisted I i 1.6 i | 0.62 I I 0.47 I I 4.12
W  1 2.643 1 1 1.0866 1 1 0.2070 1 1 0.1210

0.4470

0.0426

0.4041

1.681

0.1623

0.8187

65.45 70.65 71.82 56.32

10% SM

Consumed

tSGBCtCO

Afimmiteted

3.277

1.112

2.165

30.00

19.17

0.9831 1 I 0.2549 1 1 0.1500
0.2131 I 7.78 0.110 4.58 0.0440 | 18.37

5.47 3.96 1 12.18
0.7699 I I 0.1941 1 I 0.1060

0.6010

0.1351

0.4662

1.288

0.6591

0.6289

60.81 66.84 65.84 77.22

20% SM

Consumed

Excreted

Asmmitoted

(g)

3.832

1.120

2.712

30.00

15.17

14.83

1.1496 I I 0.3088
0.1699 I 8.06 I 0.108

2.92

0.9797 I 1 0.2761

3.92

3.11

0.1502

0.0348

0.1154

17.97

13.58

0.6886

0.1520

0.5366

1.5348

0.7306

0.8042
64.58 71.12 70.52 83.04

30% SM

Conaitned

Excreted X
Asmmilated ̂

(S)

3.85

1.22

2.63

30.00

23.23

1.185

0.1434

0.9016

7.29

6.12

0.2879

0.0344

0.2134

0.1674

4.24 I 0.0439 I 17.82
3.60 I I 12.30

0.1234

5.52

0.7038

0.1500

0.5538

1.6059

0.9682

0.9376
59.60 6.15 68.06 88.77
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Table 21

Absolute conversioii factor of diets fed to rohu

Growth

increment/week

(g)

Feed given (g)/
week

Conversion

factor for 42

days

Average
growth /day

(g)

Tr^dment No. of days Conversion

fiactor /week
Wt. offish (g)

Control

20%SM

30%SM
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4.11. Final biochemical composition of the mnscle of the fish:

Table 28 gives the results of analysis of carcass composition on terminnti^n

of the experiment.

Moisture content was found to decrease in fish in all treatments, with

mjiTfitTiitm being in the control as compared to the imtial carcass composition

(Table 8).

Maximum increase in protein content was found when fed with tire control

(20.96%). This was followed by 20%SM (20.16%) and 10%SM(19.84%). The above

data also reflects the same order of performance in terms of protein digestibility

coefficient of various diets. Protein synthesis was low (18.02%) in fish fed on

30%SM.,

Final fet has shown different patterns of deposition. Maximum was in

fish fed on 20%SM (4.97%)- Fish fed on the control showed better fet dqxrsition

(4.82%) compared to those fed with 10%SM diet (4.17%)and 30% SM (3.12%). The
NEE (Nitrogen Free Extract) content in general showed sli^ increase in the fish fed
on feeds containing soyabean meal

Energy content showed an increase in its value afte-fish were fed with various

feeds, the maximum being in those fed on the control (1.76 %) followed by 20%SM
diet (1.74%). Mini®"® energy content was recorded for 30% SM diet (1.45%).

^
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Table 22

Protease activity Oig/mg protein) in digestive tract of rohn in different
treatments

Treat-meDt Replication

Final protease activity
(itg/iBg protein)

Total protease
activity

Specific protease
activity

Control

9.25

8.91

9.41

9.58

1.19

1.16

1.28

1.21

Mean

±SD

10% SM

Mean

±SD

20% SM

Mean

±SD

30% SM

Mean

±SD

0.667 ±0.138

8.58

8.25

9.08

9.25

0.705 ±0.138

9.91

9.66

10.66

10.08

0.635± 0.0141

8.16

8.5

8.33

8.19

1.21 ±0.04

1.03

0.99

1.09

1.11

1.055 ±0.047

1.11

1.07

1.13

1.15

1.115 ±0.02

0.98

1.02

1.00

0.98

^ |i^
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Table 23

Analysis of variance of specific protease activity

Source Sum of square
Degree of
freedom

Mean sum of

square
F

Diet 0.1009 3 0.03363 14.78 "

Error 0.0273 12 0.002275

Total 0.1282 15

** Significant at 1%.

Comparison based on critical difference:

20% SM 30% SM10% SMControl

1.21

Treatment

Mean
1.11

Critical Difference ® 0.0884

Conlrol 20% SM 10% SM 30% SM
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Table 24

Amylase activi^Oig/mg protein) in digestive tract of rohu

in different treatments

Final amylase activity
(|ig/mg protein)

Treat-mcnt Replication
Total amylase Specific amylase

activity activity

1 18.83 2.26

2 19.08 2.29

Control 3 18.58 2.23

4 18.33 2.2

Mean 19.70 ±0.279 2.24 ±0.033

±SD _

1 19.00 2.28

2 19.41 2.33

10% SM 3 18.66 2.24

4 18.33 2.2

Mean 18.85 ±0.40 2.26 ±0.048

±SD

1 18.33 2.26

2 19.5 2.34

20% SM 3 19.25 2.31

4 19.95 2.37

Mean 19.33 ±0.33 2.32 ±0.040

±SD

1 19.66 2.36

2 19.33 2.32

30% SM 3 20.08 2.41

4 19.91 2.39

Mean 19.74 ±0.28 2.37 ±0.040

__±SD_J -  .a
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Table 25

Analysis of variance of specific amylase activity

Source
Sum of

square

Degree of
freedom

Mean sum of

square F

Diet 0.03892 3 0.01297 6.198 »*

Error 0.02497 12 0.00208

Total 0.0639 15

** Significant at 1%.

Comparison based on critical difference:

Treatment Control 10% SM 20% SM 30% SM

Mean 2.24 2.26 2.32 2.37

Critical Difference ~ 0*0825

30% SM 20% SM 10% SM Control

rJf ^ ti"
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Table 26

Lipase activity (pg/mg protein) in digestive tract of robu

in different treatments

Treatmeot RepIicatioB

Final lipase activity
(ns/msnrotein)

Total lipase Specific lipase
activity activity

1

.  2
Control 2

4

3.35 0.421

2.68 0.322
3.57 0.421
2.89 0.342

[  Mean±SD j 3.14 ±0.365 j 0.377 ±0.04

1

,  2
10% SM 3

4

2.89 0.421

3.55 0.372

3.52 0.426

2.89 0.347

MeaniSD 3.24 ±0.263 0.391 ±0.03

1

2
20% SM 3

4

3.25 0.391

4.13 0.496

3.71 0.446

3.30 0.396

Mean ± SD
3.59 ±0.0355 0.432 ±0.04

1

2
1  30% SM 3

4

2.47 0.297

1.83 0.22
2.26 0.272
2.02 0.243

MeaniSD 2.145 ± 0.241 0.258 ±0.029
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Table 27

Analysis of variance of specific Ilpase activity

Source
Sum of

square

Degree of
freedom

Mean sum of

square
F

Diet 0.06721 3 0.0224 11.72 ♦♦

Error 0.02295 12 0.00191

Total 0.09016 15

** Significant at 1%.

Comparison based on critical difiierence:

Treatment Control 10% SM 20% SM 30% SM

Mean 0.377 0.391 0,432 0.258

Critical Diflference « 0.0791

20% SM 10% SM Control 30% SM
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4.12. Orgaioleptie evalaation:

Analysis of variance of the data showed that there is significant difference

between treatments ((f^O.Ol) as shown in Table 29. Pair wise comparison of the

treatment means based on critical difference showed fiiat there is no significant

difference (PiO.05) between treatment 10% SM and 30% SM.

4.13 Statistical anafysis:

The mi^" weight of rohu in different treatments was subjected to

one way analysis Analysis of variance of data showed fiiat the 20% SM and control
are significantly different at 1% level of significance.

if fi'
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Table 28

Proximate composition* of muscle of rohu

in different treatments (iinal analysis)

Parameter

Treatment

Moisture

Content

%

Crude

protein
%

Crude

fat%

Ash%

Nitrogen
free

extract

%

Energy
k cal/g.

Control
68.77

(±0.02)
20.96

(±0.13)
4.82

(±0.06)

1.87

(±0.19) 3.27

(±0.32)
1.76

(±0.03)

10% SM
71.9

(±0.05)

19.84

(±0.02)
4.17

(±0.08)

1.57

(±0.08)
3.42

(±0.09)
1.65

(±0.06)

20% SM
69.44

(±0.01)

20.16

(±0.32)
4.97

(±0.07)

1.69

(±0.01)
3.74

(±0.02)
1.74

(±0.51)

30% SM
73.09

(±0.01)
18.02

(±0.07)
3.12

(±0.02)

1.78

(±0.14) 3.92

(±0.17)
1.45

(±0.06)

Figures in parentheses indicate SD

THRISSUfl
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Table 29

Analysis of variance of organol^c evaluation

Sum of Degree of Mean sum of
F

Source square freedom square

Diet 1.15600 3 0.3853 12.81**

Parsif^cter 0.08817 9 0.09796 3.25

Error 0.08117 27 0.03006

Total 1.32534 39

^^Significant at 1% Icvd

Comparison based on critical difference:

Treatment

Mean

Control

33.75

10% SM

29.95

20% SM

32.81

Critical Difference =0.1839

Control 20% SM 10% SM 30% SM

30% SM

29.94

^ if ^i-'
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5. DISCUSSION

5.1 Prexifflate cempasftioB of tie formiiiated feeds:

Proxiinate compositioii of the ingredients used in feed fonnulation was earned

out with a view to balancing the nutrient level to the extent possible. Fish meal with over

50% of protein is generally considered to be of good quality (NRG, 1977). Groundnut

cake had optinium level of protein, fat and NFE. Higher level of fibre in rice bran

indicates the presence of higher level of husk As expected, tapioca flour vdnch was

used to serve as binder had hi^er caibcribydrate content Soyabean meal had a protein

content of52.50%. Good quality soyabean meal is reported to contain 50 - 55% I^otein

and the lafotein level of soyabean meal used in this study falls within this range.

5.1.1 Shelf life of formulated feed :

There was no drastic change in proximate composition of formulated feeds

following four months of storage indicating feat the quality of the diete developed was

good. Shelf life of ja'ocessed feed is depenctent on the type of processing, storage
tempeiatuiB and mmstuiB contert (mm Inoreased moisture

could be d«» to die jaeseiKe of hygroscqric ingjedimits mainly starch, vdiich

brings about softening of d» peUrts after stmage (ftestings. 1971). .The mttait of
moisture uptake also depends on die pl^sical structure of the ingredient particles,

porosity of feed and the relative humidity of fee storage premises.
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A good quality feed should maintain nutritional a(^uacy for few weeks of

storage. Decrease in protein content was also observed in all the diets, which could be

attributed to the increase in moisture content as observed by Jayaram and Shetty (1981).

This is probably due to the break down of water soluble proteins owing to the moisture

content and the deterioration of amino acids (Caio,1980). Crude &t content showed a

decrease in all the diets.

According to Fowler and Banks (1976) there is no alteration in the

nutritional adequacy in diets stored at room temperature for several weeks but storage
for longer periods could tove detefcsrious efifects on the growth 0

The feeds employed in the present investigation maintained adequate nutritional
quality over the period of storage ofl26 days.

5.1.2 Water stability ef fermaiated diets:

Tlwre vvas not nw'"*' variation in the watw stability of dra diets after four
.  —< water stabflity was foand to be good after six hours with retention

mondis. Ill geiratw w«iw»

earns are lelativety slow feeders, it is lecranmended feat fee feeds
over smcc vwk'

developed should be stable fbratleast two hours (Venugopal,1980

Hidier tiabiW was tfeseived in soyabean meal evea at loww levds of inclusion
• „ tn hiifeer levels of caibtfeydrates in soyabean meal . Betterj„,rt,ably owmg to mB®-

«taieh has beoi leprated to increase tlm stability of dietsgielatinizstion ®
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The results of the water stability test of hie diets indicate that all the diets were

stable for five hours, stability started declining only thereafter. Since carps require diet

stable for only two houis, test diets developed possess this primaiy character.

5.2 Water qoality:

In fish culture, water quality can be defined as the suitability of water for

survival and growtii of fish. Water quality management forms an integral part of

aquaculture systems. Knowledge of the complex interactions continuously taking place
jjjg ecosystem and the stocked animals enables enhancement of survival and

production, throu^ appopriate manipulation of the aquatic environment Artificial

feeding has been found to profoundly influence the water quality. Moreover, food
utilization is also found to be affected by water quality.

5.2.1 Temperature:

hu an inhnb'^"* of tropical water can tolerate a temperature range of 24

to 32 °C (Alikunhi 1957)- The tonperature fluctuation observed over the experimental
j r 05 2 to 26 °C and is well within tite tolerance range of carps inperiod ranged fisom ̂  ̂

eral and therefore could be considered conducive for the growth of rohu.

5JI.2 p®s

Water p® rnfH ^ oiitlam is one, which has irear
.• ww »ti«.iiiie p"- lan^ between 7 to 8 (Huet. 1975). Depasse (1956)neutitd to shgihtly auu"*"
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found that p" range of 6.5 to 9.0 is suitable for fish culture. If waters are highly acidic

with p" values <6.5 or highly alkaline with values above 9.5 for longer periods, fish

production and growth can be adversely affected (Mount, 1973). p® values recorded in

the present study is in the range that is generally accepted for fish culture.

i Dissolved oxygen:

Dissolved oxygen is one of the most crucial factors in maintaining aquatic life.

The effect of the dissolved oxygen on fish is determined by variety of factors including

temperature which influences its solubiUty in water and metabolic rate of fish. Dissolved
oxygen levels also influence the digestibility of feed. Kerns and Roelofs (1977) observed
that artificial feeding is an important fhctor which determines the orqrgen balance in
culture ponds. In the present study, dissolved oxygen values varied only from 4.2 to 6.6
mg/1 which is in the normal range for cyprmrds.

5.2.4 Total alkali®Ify*

Natural that 40 mgd or more of total alkalinity are considered

tucty tattged 37 5 hr 65 7" PP" and haice would not have been a limiting
fector for fish growth.

106



5^.5 Ammoiiia:

In the present study the ammonia concentration ranged between

0.038 and 0.099 mg/1.

Growth of fish is found impaired at unionized ammonia concentration of 0.12

mq/\ or higher (Brown et.al, 1997). The concentrations of ammonia recorded in the

present study were widiin this limits.

5J.6 Plankton:

Plankton biomass in the eiqierimental cisterns was rather meagre. The lack of

soil base in dstems and periodic replenishment of water can be regarded as reason for

the low plankton production encountered in Represent study.

5.3 Fish growth:

Among the various plant protein sources soyabean appears to be the most widely

investigated substitute for animal protein in fish diets. It has been used in varying

degree of success in the diet of trout (Tacon et.aL .1983), catfish (Wilson and
Poe,1985b).tilapia (Davis and Stickney,1978) and common carp (Muiai

eted 1986).Soyabean meal is becoming increasiniJy available in the country and its
in fish diet formulation could help in reducing heavy dependence on fish meal.

TTie grorvfli trial conducted over a period of 126 days showed fiiat 20% ̂"diet having
10% fish meal resulted in significantly superior growth of rohu as compared to firat of
the ofiier diets. The ovetaU avm^ growth /day, bodi in trams of weight and length was
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highest in the fish raised on 20%SM being O.lOSg and 1.05 mm, respectively. So also

the SGR (2.34) was the highest for the same treatment. Best growth recorded with 20%

SM diet appears to be due to the balanced amino acid profile of the diet, vdiich had 20%

of soyabean meal in combination widi 10% of fish meal. The consistently higher

growdi of fish recorded with 20% SM diet throughout the experimental period in the

present study it clear that this combination is the best for roha The

comparatively good growth of rohu obtained with soyabean meal - fish meal

combination diet (20%SM) indicates the possibility of replacing fish meal only partially

with soyabean m^*' However, the combination 20% fish meal and 10% soyabean meal

lead to growth even lower than that of the control, but hi^er than die growth on 30%
SMdiet.

Complete replacement offish meal by soyabean meal in fish diet has not yeilded
enriched with amino acids but partial replacement has met with

hruitfld results unless ciujvuv

considerable cucf^" (Viola and Arieli ,1982; Balogun and Olo^bo, 1989). In die

ent study complete substitution offish meal by soyabean meal (30% inclusion level
lowest wei^t gain being even lower than that of die control. Though) led to tlie

1 hM one of the best amino add profile of plant protein sources,soyabean meai
are limiting amino acids for most animals (Dani,1994). Bhater.

methiomne ana lysmc

I (1986) have recorded inferior growth of cada fed soyabean meal based diets.
• winent to state here that some progressive formers in Andhra Pradesh«  it IS peruai^*"*'

hean meal in ca^ encouraging results. It is to be noted diat dm
However

use
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farmeis also used heavy fertilizers, the resuhant plankton probably compensating for the

deficient amino acid of the artificial diet

Viola et al (1982) obtained good growth in common carp odien fish meal was

completely substituted with soyabean meal but enriched with lysine jnethionine and
,  • , n986") also obtained 90% of wei^t gain in common carp

10% oil. Mural et. at

1 ying soya flour diets enriched with essential amino adds compared with fish meal
diet In a subsequent study Munu er. al. (1989) found that supplementation of soya flour
diet with 0 5% methionine alone is suflBdent to enhance growth of common carp to the
level obtained with fish ineal.

rior growth of lohu in the present sturfy attaining final wei^ of 15.04 g
la 48 ff in control diet appears to be due to the balanced amino

20%SM as against e

id p«>«le WusW •'W ^ ^
, - to contain antHinOitioiial fiictors othef flian tiypsin

goyabean meai

. u iMiown to sumrtess growfli in fishes (Wilson er.a/.,1981;Wilson and
inhibitors

«.noiiBd that hi# activi^ of inotease inhibitors m crude or
Poe.l985a). It has also been lepo

flbean meal adveisely affects growth of fish (Dabrowski
inadequately heated soyaoco"

..n. /107T1 sua»sted heating of soyahean meal at 175 to 195 C for
era/ 1989). Smith (1!"'/

.^.nntritional factors, but this temperature is too hi# at w4nch
complete destruction

could be destroyed. Spinelli e/.a/.(1979) suggested heating ofmost of the nutrients CO

0 ®C for 15 This temperature was adopted m the luesentsovabean meal al Hpears to be quite sufficient to inactivate anti-nutritional fiictors, since no

m

act
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adverse effects were noticed in aiqr of the treatments. The lowest growdi on 30 % SM

diet could be due to the imbalance in amino acid profile resulting fiom complete

elimination of fish meal fiom the diet

In the present study, fish fed diets having combination of soyabean meal with

fish meal showed better growth than those fed a soyabean meal based diet devoid offish
jjjg proportion of soyabean meal and fish meal in the diet also appears to

influence the growth trend as evidenced by the relatively lower growfli on 10% SM diet

Complete substitution of fish meal by soyabean meal arrears to be unsuitable in diets
for rohu as evidenced by fte lowest growth attained in 30% SM diet Thus, the growth

results clearly indicate that use of soyabean meal in combination with fish meal is
si^or to use of soyabean meal alone or fish meal alone in formulated feeds for rohu
suggesting the possible synergistic effect offish meal and soyabean meal on growth.

5.4 Specific growA rate:

Specific growth rale can be considered as an indmr of growdi in the evaluation of
diets. The highest SGR (2.34) was attained in diet 20 %SM. The higher SGR recorded
in first fortmghtinaU treatments couldbe due to the spurt ingro^

»  trie stock tank at the beginriing of the errperiment Higher SGR
Running out fiom tne stock. «««•

obtained in 20 % SM has indicated better utilization and efficient conversion of this diet
^ V'-

by rohu.

110



5.5 Survival and gross production:

Overall survival was fairly hi^ njinimum being 90 %. No correlation could be

drawn between treatment and survival indicating that treatment has no influence on

survival of fish. The bluest production was obtained under treatment 20 %SM. It was

seen that production was linked to growth rather than survival.

5.6 Food conversion efficiency:

Best food conversion efficiency was obtained widi 20% SM. viMe die lowest

observed in 30^ ̂  Percentage food conversion efficiency did not differ much

between 10%SM and control . The better food conversion efficiency of the diet

taining combination of 20% soyabean meal and 10 % fish meal could probably be
du to the fevourable amino acid profile of the combinatioa The lower conversion

^  SM diet is reflected in comparatively poorer growth attained
efficiency noticed m

in that diet

5.7. Proteitt efficieney "•«««••

•  tttrAmcv ratio is used to evaluate die quality of dietary protein, thoseprotem eineieni/y

. r>ci» /.on he considaed as better quality and those with low values as poor
wddi high PER can ue w.

cunen* stuity die hi^er PER value was recorded for tte treatment

20%SMfoUowedby the control.
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Chamundeshwarieto/. (1999) reported PER values 2.38, 2.47 and 2.73 for tire

soyabean meal based diet with 20, 40 and 60% soyabean meal, respectively. In the

current sturfy PER values obtained was maximum with 20% soyabean meal in the diet

but it was comparatively lower than above PER values.

5.8 Statistical analysis:

The m*^" final weight of rohu in different treatments was subjected to two way

analysis. Significant dif^ce was observed at 1% level of significance.

5.9. Apparent digestibility coefficient.

Digestibility 4etermmation along with chemical analysis allows a more thorough

stimation of nutritive value of a particular protein source (Plakas and Katayama, 1981).
Th di jtibiiiQr co-efficient is fourMi to vary with the size offish, microflora of intestine

»wmes fDabrowsld, 1977). Digestibility may also be limited due to
and digestive enzynica v

lete digestive action or incomplete absOTption (M^mard and Loosli, 1978).

present sturty, fish fed with total soyabean meal (30%SM) diet showed
dieestibility .These lower values of jMotein digestibility of

only 59.60% protem oig®
td be due to aity trypsin inhibitor remining even after heat processingsoyabean meal com

as observed by Smith (1977) and DabrowsW and Kozak (1979).

Apparent digestibility of the fet in fire test feeds ranged from 66.15 to 71.12% .
St value (66 15%) obtained for treatment 30%SM. It could be attributed to
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the high amount of crude fiber in plant sources, which may lower tiie digestibility of

nutrients because of rapid passage of food through the gut (Berder, 1967).

Higher value of lipid digestibility was obs^ved in the treatment 20%SM

(7112%), which has also shown the maximum lipase activity in the digestive tract.
Kirchgessner et al., (1986) reported that mrigal yearling and grass carp fueling have

hi^ digestibility coefficient (87.1% to 98.1%) of crude lipid fl̂ om single ingredients as
well as formulated feeds of plant origin, wWch is hi^ than the mean crurfc lipid

digestibility observed in common carp.

The present results showed that carbohydrate digestibility was hi^iest in total

soyabean meal based diet (88.77%), followed by 20%SM (83.04%), 10%SM (77.22%)
.  Tlie lowest digestibility in the control diet could have been due

and control (56.3-4/«1-

to the higher level of inclusion of rice bran in it.

5,10. Absolute conversion ratio:

In lusion of soyabean meal at a level of 20% showed better conversion in the
stuAr Poor ACR was observed in 30% SM diet. It could be because of the

•  ■ d pal tability of this diet, wWch cfflminised rmly soyabean meal protein. The better
. . ono/«x/r indicates the better utilizatirm and conversion efiSciency of

ACR obtained m 20/oS>m hkui-

this diet
^ l:-'
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5.11. Digestive eazymes:

Results of tiie present physiological investigations reveal tiiat in fiy of Labeo

rohita protease, amylase and lipase are present in different magnitude and in different

regions of digestive tract. Changes in activities in gastric protease, and pancreatic and

amylase were determined before the feeding studies (initial digestive enzyme activity)

and on of the experiment (final digestive enzyme activities). Fish showed

fhf"^^ in enzyme activities and responded with increased enzyme levels in

different treatments.

5.11.1. Protease activify;

The present investigation indicates that the level of protease activity was hightar

in fish fed with {Hedominandy animal protein diets, i.e. control (1.21 pgtog protein),

f 11 wed by the 20%SM (1.1151*8 protein), «4rere a combination of soyabean and
fish eal piui- in sources were used, but the inclusion level of protein fiom soyabean

■ — in total dietary potein level Although dietary protein level
meal was maxrmuni

.XI the nrotease activity in fish (Stefifens, 1994), it is evident fiom the
is known to mfluence f

study that protease activity in fish is very much related to fire dietary protein
variations in the enzyme activity may be related to the structure of

source. However,

tj n of retention of feed in fee digestive tract, vfeich in turn depoids on
protein and duration

gjj ppntent and physical consistency of the diet (Venkatesh et al, 1.SW6). A higher
.  •*. in fee digestive tract of fee fish fed the control feed (1.21 pg /mgprotease acbvity »
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{Hotein) may be due to a high crude fiber content (5.32%) compared to that of the other

diets.

In the present study fish fed the control feed showed the highest proteolytic and

lowest amylase activity, which is in ^leement with the study of Ghosh (1976)

correlating the enzyme proffle to the diet It indicates that fish fed on fish meal based

diet was having more pronounced proteolytic activity because of hi^ animal protein

source in the diet, similarly 3()%SM diet showed highest amylase activity.

5.11.2. Amylase activity:

Results of present stu<ty showed that highest amylase activity has been recorded

in^30%SM treatment (2.37 pg /mg protein), followed by 20%SM diet It indicates that

di t vumpii i'T protein sources has Wg}^ amylase activity. Lowest amylase
activity is recorded for control (2.24 pg /mg protein). Tian and Lin (1993) reported

...h-vitv in erass carp fed on soyabean meal. The present stwfy
lower amylase acnviQ' m e*

♦mfv to that, where the maximum amylase activity was observed in theobservation is contrary

30%£aVIdiet.

fets which are ingested by fish are adequately utilizBd together with
ngtutal food (Kapoor era/., 1975). In the present study the highef^lipase activity

. j r , .rwrtment 20% SM (0.432 pg /mg protein), fiiUowed Ity 10%SM
was recorder lor
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(0.391 ng /fflg protein) and control (0.377 ng /mg protein). The lowest lipase activity

was recorded for treatment 30%SM (0.258 pg /mg protein).

5.12. Blocheiaieal composition of fish moscle:

The study of biochemical composition of fish is of paramount importance as the

carcass composition allows fiie determination of optimum feeding rations. The growth

of fish is influenced to a great extent by chemical contents of the diet. age. and sexual

maturity (Reimers and Meske. 1977; Jayaram and Shetty. 1980^^ Reinitz and Hitzel.

1980; Zeitler et al, 1984).

In the present study, decrease in the moisture content and increase in protein, fat

and fibre weie observed in fish fed on different diets. UsuaUy, in trials over long period
j  1- ^ water content and an increase in content with minor changes in

of time a decime m waw<

and might be erqiected as wei^ increases with age in fish
f  1O'70^ The moisture conterrt of fish fed on various feeds ranged fiom

(Huisman at

8 77y (control) to 73 09%(30% SM). It seems to have an inverse relationship with fet

....iiMio was in the order of control > 20%SM> 10%SM > 30%SM. AProtein syrrtnesis ww.

. ..j « nratein synthesis to fee amount of iwotein in fee feed has beenpositive correlatron or prow j
gd in common carp by Jayaram and Shetiy (1980b). However, no such

hip was observed in fee jHesent stiufy. The inotein deposition values in fee
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The fat content of the carcass basically detennines Ihe quality of fish. Because

of its high energy value, it is also important in the evaluation of nutrient utilization of

dje cpmR time, among Ihe nutrients, fat always shows greatest fluctuations. Fat

content observed was maximum in fish fed on diet 20%SM (4.97) followed by control

(4.82), while it was the lowest for the fish fed on 30%SM diet (3.12). The positive

correlation between dietary lipid level and deposition of fet in fish flesh has been

observed by Buckley and Groves (1979)and Reinitz and Hitzel (1980). The same pattern

has also been observed in the present study, the order of fet deposition being
20%SM>Control>10%SM>30%SM. However. Borthakur (1983) and Anil (1981) found

no such relationship between body fat deposition and fat content in feed. Ihe above
type of correlation could not be observed in the present stu^ and fet content in fee bo<fy
was in agreement wife fee fet content of feed and hpase activity observed in fee fish.

Variations in fee calorific value of fish fed on diflfercnt diets were between

1 45 kcal/ g (30%SM) to 1.76 kcal/g (control). Ihe energy content of the carcass varied

5.13. Organoleptic evaluation:

OveraU qiufely of f^osh of fee fish grown on fish meal based diet was superior.
..Khiined bv Nandeesha et. al. (1989). They have reported that theSimilar results were obtained by iNano

rail quality of raw flesh of the non defetted silkvwmn pq»e diet was sigmficanliy
t  gtQ,abean meal and fish meal based diets. Based on fee mean panel score it

uld be observed that dirt 20%SM is having comparatively better flesh quality but
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10%SM and 30%SM diet possess poor quality of flesh. Among individual

attributes, the texture of cooked flesh and colour of raw flesh were better in fidi grown

on control and 20%SM diet Statistical analysis of the organoleptic evaluation has

shown fbat there is no significant difference between the treatments.

As evident firom the growdi response , soyabean meal can be used as a partial

substitute for fish meal in the diet for rohu, the level of inclusion being 20% SM .

Complete substituticm of fî  meal by soyabean meal does not aj^iear feasible.
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SUMMARY

The present study was undertaken to elucidate the effect of soyabean meal based

diets on the growth, food conversion, body composition and enzyme profile of rohu,

Labeo rohita (Hamilton) fry.

1  The feeds were formulated according to the method of Varghese et al (1976)

keeping the overall protein at 30%. A fish meal based diet served as the control.

The test feeds contained soyabean meal incorporated at 10,20 and 30% levels of

inclusion. The control diet was devoid of soyabean meal, while the 30%SM diet

was devoid of fishmeal. Fry of rohu were fed with experimental feeds at 5% level

for 126 days.

2  The prepared feeds were analysed for the proximate composition and water

stability. Protein was 30% on an average, whie fat content ranged from 7.26 to

8.06%.

3  The feeds were found to be of good nutritional quality at the end of four months

ofstorage

4.

5.

Variations in the physiochemical parameters of water in the experimental

cisterns were found favourable for fish growth. Plankton production range over

the experimental period was meagre.

Fish fed the 20% SM treatment record the highest growth of rohu followed by

10% SM, control and 30% SM



6. The average SGR was the highest in 20% SM treatment. The highest SGR
recorded in the first fortmgbt in all the treatments would be attnbiited to the spurt

in growth rate due to thinning out

7. One way analysis of growth data showed the existence of significant diffet^npf

between different treatments at 1% level of significance

8. The overall survival was quite high. Fish growth was found correlated to

production in different treatments

9. Fish fed the 20% SM diet recorded hi^est FCE and PER values.

10. Digestion coefficient studies revealed that the 20%SM diet led to higher feed

assimilation and digestibility of nutrients.

11 Best conversion was obtained in fish fed the 20% SM diet

12 Protease, lipase and amylase activity was found to be the highest in control, 20%

SM and 30% SM treatments, respectively.

13. Evaluation of organoleirtic characteristics of raw as well as cooked flesh of rohu,

indicated no significam infiuence of soyabean meal on flesh quality.



ABSTRACT

Soyabean meal was evaluated as a partiaVtotal substitute for fish meal in diet for

Labeo rohita by incorporating at inclusion levels of 10%, 20% and 30%, respectively.

Fish meal based diet served as the control. Diet containing 30% of soyabean meal

(30%SM) was devoid of fish meal. The overall protein content of the diets was 30%.

The study was conducted for a period of 126 days in circular cement cisterns of 350 litre

capacity; feeding being done at the rate 5% of the body wei^t Best growth of rohu

was attained on 20% SM diet, followed by 10% SM, control and 30% SM. The 30%

SM diet was the most stable and the control diet showed the least stability. Fish fed

30% SM diet recorded the lowest average weight on termination of the experiment

which was also reflected in the FCE and nutrient digestibiUfy. The inclusion level of

soyabean meal was found to influence the carcass composition and enzyme profile.
Survival was not affected by soyabean meal incorporation; production was found related

to growth rather than survival. Organoleptic quality of fish was not affected adversely
by soyabean meal incorporation in the diet.
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