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INTRODUCTION 

Unlike exotic carp culture practice in the 'Jhora fed' fishponds of the eastern 

part of the Himalayas with special reference to the hills of Darjeeling, aquaculture of 

Indian major carps (IMC) is a subject on which nothing is known till recently. 

Considering the socio-economic states of the hilly people, we should produce much 

more fish from a unit water area and at the same time, we should not forget about the 

preferences and market value of the culturable species. There are a number of small 

ponds, which have been prepared with the help ofFish Farmers Development Agency 

(FFDA) of the basin of the Little Rangit river (Darjeeling - Pulbazar block), and 

adjoining areas. Therefore, attempts will be made to introduce the Indian major carps 

into the 'Jhora fed' fish ponds and established them with suitable artificial diets. 

Traditional carp culture mainly depends on the availability of natural food in 

the pond but in intensive and semi-intensive aquaculture practices natural food alone 

cannot enhance the growth rate of fish significantly. The development of nutritionally 

balanced cost effective diet is therefore, a necessity for increasing fish production. 

Aquaculture oflndian major carps and exotic carps is a subject on which considerable 

empirical and research information has been gathered but little was known till 

recently on nutritionally balanced cheap artificial diets for IMC, with special 

reference to utilization of non-conventional feed ingredients. Traditional artificial feed 

for carps (lMC) are composed of various cereal grains and oil cakes etc. Moreover, 

the formulated diets some times becomes too expensive to reach the hands of the fish 

farmers due to escalating price of the feed ingredients. 

Field trials on the production potentially of Indian maJor carps as well as 

exotic carps in the states of West Bengal, Bihar, Karnataka and Assam revealed that 



their culture system is a low input and high yielding technique and the production is 

commensurate with the intensity of management (CIFRl, 1984). The only material 

inputs are the fingerlings and the feed. Being carnivorous/herbivorous/omnivorous in 

general but also having a broad spectrum of feeding habit, the IMC readily accept 

supplementary feed and the growth of the fish is directly related to the feeding. The 

production of fish may therefore, be augmented manifold by feeding them with 

nutritionally balanced supplementary diets in limited time and space. This will also 

reduce the unnecessary wastage of fish fodder. 

Besides high biological value of fish meal for many cold water and warm 

water fishes has led to the considerable dependence on this commodity in complete 

fish diets for higher fish production. In recent years, the supply of good quality 

fishmeal has become uncertain and its price has gone up rapidly. 

Unfortunately, attempts to replace the fish meal component of practical fish 

feeds with alternative protein sources have met with only variable sources, and have 

generally led to reduce growth and feed efficiency (Tacon, 1981; Viola el a/., 1982; 

Bhat el a/., 1986; Patra and Ray, 1988). These protein component generally been 

termed secondary protein sources and as such are commonly incorporated at low 

levels in practical fish feeds. Collectively these secondary protein sources may 

account for upto half of the total protein in a commercial fish feed. Approaches . 

employed for the partial or total replacement of fish meal in commercial fish feeds fall 

into two broad categories; namely the use of conventional feed ingredients and the use 

of a new generation of non-conventional feed ingredients. 
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Although different types of compounded diets are used as the supplementary 

feed for the fish, very few studies have been conducted on the rate of food intake, 

digestibility of the feed and associated physiological and biochemical changes in 

relation to growth of the fish. 

The present study was therefore, undertaken to evaluate the nutritional value 

of some locally available cheaper materials of both plant and animal origin and 

subsequent inclusion of them in a supplementary diets for the Indian major carps 

Cat/a cat/a, Laheo rohila and Cirrhinus mrigala. The study also includes assessment 

of growth, conversion efficiency and associated physiological and biochemical 

changes in the fish due to different diets treatments. 

The proposed programme of investigation therefore, aims to explore how best 

the non-conventional feed resources can be used in formulating the practical diets of 

Indian major carps as well as exotic carps and thereby rendering carp culture practices 

economically more viable in the 'Jhora fed' fish ponds of Eastern Himalayan's with 

special reference to the Darjeeling hills of West Bengal. 
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LITERATURE SURVEY 

The nutrition of fish has gained attention since many years. Atkins (1908) 

reported the death of trout fed on an all-dry diet. Death was prevented by the addition 

of fresh meat. Planned studies on the preparation and testing of fish feeds started 

during the early part of this century. But comprehensive investigations on the subject 

started during the later half of the century. Initially, most of the investigations were 

restricted to cold water fishes. During the past forty years the interest in fish growth 

and nutrition has increased dramatically, but, because the experimental design has 

often been governed more by the practical than the ideal, direct comparison of the 

results obtained by different investigations is often impossible. 

2.1. NUTRITIONAL REQUIREMENTS 

Qualitatively, the nutrient requirements of fish are same as those of the higher 

animals. However, many different levels of nutrients are used quantitatively to 

optimize the production of fish subject to variations in stocking density, initial age 

and weight, water quality and management practices. The data reported by different 

research laboratories and commercial fish farms may be understood using examples 

of fish growth obtained by the ingestion of prepared diets which meet certain nutrient 

targets. 

2.1.1. Protein: 

Experiments carried out on Chinook salmon about 30 years ago by De Long ef 

al. ( 1958) showed an increased in dietary protein requirements with temperature. 

They were the first to use casein-gelatin diets to study optimum protein level in feed 

for fish. Nail and Shell ( 1962) and Hastings ( 1969) studied on protein requirements of 
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channel catfish. Dupree and Sneed ( 1966) recorded on optimum growth of channel 

catfish on a 35% protein diet at 20°C, whereas, 40% protein level at 25°C. 

Hastings and Dupree ( 1969) used protein levels of I 0- 50% at I 0% increment 

m the diets for channel catfish stocked in aquaria and ponds. They found that in 

aquaria, fish attained maximum growth with 40% protein food and that foods 

containing more protein depressed growth. In ponds no maximum protein level was 

observed and growth increased on all foods with increasing protein level, although to 

a lesser degree with foods exceeding 30% protein. Ogino and Saito ( 1970) and Nose 

and Arai ( 1972) use casein as the only source of protein in the feed for common carp 

and eels respectively. For common carp, the optimum protein level in the feed was 

38% at 23°C (Ogino and Saito, 1970) and for eels, 48% at 25°C (Nose and Arai, 

1972). 

Hepher e/. a!. (1971) showed that a pellet of 22.5-25.0% crude protein was 

optimum for fishpond culture in Israel. Cowey et a!. ( 1972) found the optimum 

dietary protein level for plaice, pleuronectes platessa to be 52% when freeze dried 

cod-muscle was used as the source of protein. Possompes ( 1973) used a dietary 

protein range of 21.60% in experiments on rainbow trout and found a linear increase 

in weight gain with an increasing protein inclusion rate. Most of the papers published 

on protein requirement of rainbow trout (Salmo gairdneri) showed best growth with 

protein content between 40 and 50%. Luque! ( 1971 ), Tiews el.al. ( 1972), Gropp el a!. 

( 1974) and Satia ( 1974) have all found best growth with protein content between 47 

and 50%, while Zeitoun e/ a!. (1973), Cho e/ a!. (1976) and Austreng (1978) found 

best growth with a protein content between 40 and 45%. Austreng and Refstie (1979) 

fed groups of rainbow trout fingerlings from five different families and five inbred 
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groups with four isocaloric diets containing 24,33,42 and 51% of protein level and 

found that fish growth rate increased with increasing dietary protein content. 

Prather and Lovell (1973) found that optimum growth of channel cat fish was 

achieved with 29% protein food when total energy was 2200 Kcal Kg-1 and that 

increasing food energy to 2860 Kcal Kg-1 permitted the fish to use a 42% protein food 

and attain considerably more growth. Schuster (I 949) and Hastings (I 975) found that 

in milkfish, Chanos chanos ingestion of I 00 g of food containing 20% protein (dry 

weight) resulted in a gain of 8 gm of protein. Ogino et.a/. (I 976) found that dietary 

protein was most effectively utilized for growth at near I 00 g of absorbed N per I 00 g 

of body weight per day. Varghese eta/. (1976) recorded a b~tter growth of common 

carp when fed on protein rich pellets containing 3 I% protein. Dabrowski (I 977) 

reported the optimum protein level in the diet for grass carp fry as 41-43%. Davis and 

Stickney (I 978) obseryed that the growth rate of Til apia a urea was the best when fed 

on diets containing 36% protein level. Takeunchi el. a/. (I 978) found the optimum 

level of dietary protein and lipid for rainbow trout as 3 5% and 13% respectively. Teng 

et. a/. ( 1978) reported an optimum protein level of 40% dietary protein in case of 

estuary grouper, Epinephilus salmoides. Halver (I 978) observed that gross protein 

requirements are the highest in the initial feeding stages and decrease as the fish size 

increases. Teshima et.al (1978) used casein as the only protein source in the diet of 

Tilapia zilli and found the optimum protein level to be 35-40%. Mazid el a/. (1979), 

however, found the optimum dietary protein level to be 30% in the same fish. They 

also reported that the body weight gain increased in proportion to the dietary protein 

.levels within the range of 00-35%. Lim et. a/. (I 978) reported that the optimum 

protein level for fry of Chanas chanos was 40%. They recorded a slower growth rate 
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in the fish fed diets containing 50% and 60% protein levels than that fed 40% protein 

level. Sen et.a/. ( 1978) found that optimum protein level in the diet for spawn, fry and 

fingerlings of carps to be 45%. Takeuchi (1979) reported higher protein levels of 28-

3 5% in the diets for warm water fish. 

Janucey (1982) recorded the minimum dietary protein level of 40% producing 

maximum growth of Sarotherodon massambicus. Jauncey and Ross (1982) found-that 

for Sarotherodonni/oticus of06-30 g body weight, the fish.fed a dietary protein level 

of 25% produced 85% of the maximum specific growth rate exhibited by the same 

fish fed a dietary protein level of30%. Viola and Arieli (1982) in Israel showed that 

the protein pellets (30% crude protein) significantly improved growth and feed 

conversion by 27% on the average in carp and 20% in case oftilapia. Viola and Zohar 

( 1984) found that feeds containing 30% protein resulted in better growth and feed 

conversion in market size hybrids of tilapia ( Oreochromis) than the usual 25% feed. 

They also found that there was an advantage with the 35% protein diet in growth 

performance in summer. Tan (1983) recorded an increased growth rate of 

Osphronemus gouramy fed with pelleted feed containing 40% protein which was 7 to 

8 times faster than those fed yain leaves. 

De Silva and Parera (I 984) determined the dry matter and protein digestibility 

coefficients in Sarotherodon niloticus fry maintained on four artificial diets with 

protein content ranging from 9.6%-30.4% at different salinity. Michales and Henken 

( 1985) used 20-40% crude protein level in the diet for the African cat fish, c/arias 

gariepineus and observed that growth rate, metabolizability and protein gain 

increased as protein in take increased. Henken et.al. ( 1986) found that the protein 

requirements of the African catfish were higher of higher temperature. The highest 
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protein diet (50%) produced significantly less growth than any of the other 

experimental diets used by them. Alexis et a!. (1986) fed the rainbow trout of 

approximately 1.0 g initial average weight with four pairs of diets containing four 

different combinations of by-products differing in protein content from 40-49%. They 

did not find any Uniformity in the response of fish towards the protein increase in the 

diet. 

Tabachek ( 1986) found that the dietary combination of 54% protein with 20% 

lipid maximized weight gain and feed efficiency in the Arctic charr Salvelinus 

a/pinus. 

Demael eta!. (I 988) found that during six months carps were raised in earth 

basins in the region La Dombes (France). The control group feeds on the production 

of biotope. The second group also receives commercial carp food at 2.2% of body 

weight daily. The control group only doubled its initial weight during the experiment. 

These fishes show hypokalemia and low muscular glycogen percentage. The carps of 

the second group multiplied initial weight by 18. They show lipid and glycogen 

excess in liver and muscle after 4 months. At the end of the experiment when the food 

protein percentage has decreased, the carps have only an excess of hepatic glycogen. 

The alimentary ration furnishe~ to these carps too many calories. The fish density 

(200 fishes in 400 m super (2)) is good when carp are fed daily with commercial food 

but this density is too great when fishes eat essentially zooplankton. Fuellner (I 988) 

showed that in the branch for carp pond management in Koenigswartha belonging to 

the freshwater fisheries Institute in Berlin - Friedrich shagen feeding experiments 

were conducted with carp (Cyprimts carpio) in the range of water temperature 

between 22°C and 8.5°C shorter droppings of temperature practically showed no 
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effects on growth and feeding efficiency. when feeding intensity still remains high. In 

pond management, it will therefore not be necessary to reduce rations relating to short 

decreases of temperature. A growth limit for carps with a weight of 150 to 400g. 

which were fed a commercial pellet feed containing 24% crude protein, exists at 

1 0.4°C. This limit clearly depends too from content of crude protein in the rations. 

Silva and Gunasekera ( 1991) found that the published data on growth in Indian & 

Chinese major carps catla (Cat/a cat/a). rohu (Labeo rohita). mrigal (Cirrhinus 

mrigala), grass carp (Ctenopharyngodon idella). big head carp (Aristichthys nobilis) 

and silver carp (Hypophthalmichthys molitrix) in relation to the dietary protein 

content. where the total energy content of the diets was 16-20 Kg g·1 and at least 10% 

of the protein source was from fish meal, were utilized in this study. The relationship 

of rate of growth is best described by a second-order curve. The dietary protein 

content at which maximal growth accrued was 45% and the economically optimal 

dietary protein content was 31%. The significance of these findings from an 

aquaculture point of view is discussed and the findings are compared with those from 

a similar study with tilapia fish. Hertz et a/. ( 1992) found that Fish fed a low protein 

(LP) diet for a period of 12 weeks attained a 24% lower weight gained compared to 

fish on a high protein (HP) diet. Fish fed HP had higher levels of serum cortisol. 

higher activity of liver PEPCK and. subsequently. exhibited higher rate of 

gluconeogenesis. Serum FF A was higher in LP fed fish. indicating that mobilized 

lipid may substitutes for protein as an energy source. No differences were found in the 

rate of protein synthesis and the characteristic slow glucose clearance was only 

slightly lower in the HP diet. Different starch sources affected the growth in fish fed 

LP but not HP diets. Continuous injection of either insulin or bovine growth hormone 

(bGH) had no effect on fish fed HP but improved the growth rates in fish fed LP upto 
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that achieved in l-IP, indicating that glucose utilization was improved at LP. Oral 

administration of bGH or insulin to fasted carps resulted in a substantial absorption 

(2-3%) with only a minimal loss of their biological activities. Co-administration of the 

hormones with biological detergent, 7-deoxycholate increased the absorption upto 

I 000 fold, while absorption was impaired in the presence of food in the gut. Thus, 

administrating biologically active proteins in the presence of detergent may serve as a 

need approach for affecting growth, reproduction and immunization. 

Ahmed et a/. ( 1993) found that socio-economic survey was carried out on a 

sample of 333 households from among the owners and operators of small water 

bodies (ponds and ditches) in two sub districts or thanas : Kapasia (the target area for 

development of aquaculture) and Sreepur I the control area with no development 

initiative for aquaculture) in the district of Gazipur, Bangladesh. The report also 

provides in formationabout fish markets in the two Thanas. Fish traders in 21 Village 

markets, 15 from Kapasia and 6 from Sreepur, were surveyed. Comparison of land 

and assets as well as income of the households indicated very little variation between 

the two thanas as far as the owners and operators of small water bodies are concerned. 

Similarly, education, occupation. consumption pattern and resource use pattern of 

there households differed only slightly. It was also revealed that these persons 

enjoyed a higher socio- economic status than the rest of the community. In both 

thanas, pond owner and operator households consumed relatively higher amounts of 

fish and other animal protein than the national average. On the average, fish 

represented nearly 70% of the total consumption of animal protein by the respondent 

household in both the thanas, quite similar to the national average Faturoti et a/. 

( 1996) showed that an investigation was carried out on the growth performance of 
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Indian major carps Catla (Cat/a cat/a), Mrigal (C'irrhinus mrigala), Rohu (Laheo 

rohita), under polyculture system with clarias (('/arias gariepinus) and tilapia 

(Oreochromis niloticus) using a 30.0% crude protein supplementary feed for 120 days 

in earthen ponds. Experimental fish were stocked at the rate of I 0,000 fish ha·1 at the 

following polycultural combination for treatments 1-5, respectively: I) clarias, 

tilapia, catla 2:1 :2; 2) clarias, til apia, mrigal- 2:1 :2; 3) clarias, til apia, rohu- 2: I :2; 

4) clarias, til apia, catla, mrigal, rohu- 2: I :2:2:2; 5) catla, rohu, mrigal - I: 1: I. They 

were fed twice daily between the hours of 9.00 and 16.00 daily at a total of 3% of 

their body weight using pelleted feed containing 30% crude protein for a period of 

120 days. Treatment 4 was the most suitable polycultural combination with the best 

growth performance Alam et a/. (1996) found that three indigenous carp species, 

Cat/a cat/a (Ham.), Laheo rohita (Ham.) and Cirrhinus mrigala (Ham.), and two 

exotic carp species, Cyprinus carpio and Hypophthalmichthys molitrix (Val.), were 

stocked together at a total density of 6000 fish ha super ( -1) in the ratio of 

II :22:14:14: II, respectively. Three pelleted feeds, maize gluten (MG), Cotton seed 

(CS) and fish meal (FM), were fed at 5% of the body weight of fish per day. The 

·crude protein content of each feed was different. Growth rates for exotic species were 

significantly higher (P<0.05) on all feeds than growth of indigenous species. The best 

growth for both exotic and indigenous carps was achieved on fishmeal. Supplemental 

feeds made from locally available materials can enhance fish culture in Pakistan. 

2.1.2. Lipid : 

Dietary lipid serves both as source of metabolic energy and of polyunsaturated 

fatty acids essential for membrane structure and function (Cqwey and Sargent, 1979). 

Experiments with cultured fish have shown that the optimum lipid intake is essentially 
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similar to that of wild fish. A major reason for supplementing the diets of cultured fish 

with lipid is to spare the oxidation of dietary protein as an energy source. Combs eta/. 

( 1962) and Lowler et a/. ( 1966) demonstrated a spearing action of peanut oil for 

protein on the diet of chinook salmon. Most of the experiments have been carried out 

on channel cat fish and rainbow trout to determine the level of dietary lipid that 

affords the maximal protein sparing effects. Yone el a/. ( 1971) showed that crude 

diets containing I 0% lipid resulted in superior growth and feed efficiency than similar 

diets containing 20% lipid. Stickney and Andrews ( 1971, 1972) observed that more 

rapid growth can be obtained in channel cat fish, !ctalums puncta/us on diets 

containing upto I 0% lipid added as beef tallow, olive oil or menhaden oil than from 

vegetable oils when the fish are reared in their optimum temperature range (27-30°C). 

Lee and Putnam ( 1973) raised rainbow trout at 12°C) on diets containing upto 24% 

dry weight or herring oil and recorded excellent feed and energy conversions as well 

as growth rate. Artherton ( 1975) studied the effect of different levels of dietary lipid 

on the growth of rainbow trout. The fish were fed with two types of fat presented by 

cod liver oil lard at various levels. The results indicated that when cod liver oil was 

used as fat supplements, the food in take and weight gain was affected. Adron et a!. 

( 1976) fed the diets to turbot (Scophthalmas maxinms) containing upto 9% dry 

weight lipid added largely as capelin oil at 15°C and found that the weight gain and 

protein utilization of the fish increased upto the maximum level of the lipid in the diet. 

Higuera el a!. ( 1977) and Reinitzetal ( 1978) reported the influence of high dietary 

lipid level on protein utilization in the rainbow trout, Salmo gairdneri, Viola and 

Rappaport ( 1979) studied the effect of feeding seven sources of lipid varying in the 

type of fatty acids at levels of 5% of the diet on the growth of carp and found that all 

the oils accelerated growth by 15-30% and the highest average weight occured when 
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the diet was supplemented with the soybean fatty acids. Kubaryk ( 1980) tried to 

established optimal protein, energy ratio for Juvenile Tilapia nilotica by varying oil 

level upto 14% Viola and Ami dan ( 1980) however, raised doubts on the capability of 

Tilapia to utilize oil efficiently on the basis of preliminary trials at the experimental 

station for intensive fish culture, Ginosar, Israel. Farkas el a/. (1980) fed the carp on 

diets differing in total fat as well as linolenic acid content at different temperature and 

found a high depression of fat in the fish in low temperature as compared in high 

temperature. Ramchandra Nair and Gopakumar ( 1981) tested the inclusion of 5% of 

different oils in diets for Tilapia mossamhica fry and found changes in the fatty acid 

profiles of the body fats after 6 months. 

Reinitz and Yu (1981) found no adverse effect from the partial replacement of 

either soybean oil or fish oil with animal fat in diets fed to· rainbow trout held for 182 

days at 11°C. Viola eta/. (1981) observed that supplements of oil to the diet of carp 

Cyprinus carpio, increased gains by 50-80%. Viola and Arieli ( 1983) studied the 

effect of oil supplements to practical diets for Ti/apia and found that the fat content of 

visceral of parts was increased by oil supplements but not the fat content of the 

remaining carcass. Davis and Robinson ( 1986) observed a significant depression in 

the juvenile Cray fish Procamhamr aC/1/us acu/us when fed the diets, containing 9% 

or more lipids. There were, however, no significant differences· in growth cray fish fed 

the diets containing 0-6% lipid. Tabachek ( 1986) showed that in the Arctic charr, 

Salve linus a/pinus, protein efficiency ratio and protein retention were directly related 

to the dietary lipid and inversely related to the dietary protein. Stickney and Wurts 

( 1986) fed the fingerlings of blue Til apia with a series of nine semi purified diets 
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containing 0.0, 2.5, 5.0, 7.5 or 10% lipid in the form of menhaden or cat fish oil and 

observed best food conversion from the fish fed the I 0% menhaden oil diet. 

Huang eta/. (1993) observed that this experiment carried out a quantitative 

analysis on blood biochemical components of silver and bighead carps, cultured with 

ammonium chloride, Urea and ammonium bicarbonate or organic fertilizer. The result 

indicates that, ammonium chloride could promote the growth of silver bighead carps, 

raise the blood-sodium and blood-sugar contents, increase free amino acid level in 

blood plasma of which, valine, leucine, and lysine is greater. Gui et.al. ( 1994) found 

that the dynamic changes of some blood parameters and oxygen consumption rate 

were determined in hybrid carp, mirror carp, silver carp, bighead carp and grass carp 

survived through the winter in northern China and raised at different water 

temperature ( 13°C similar to -2°C) under laboratory conditions. Based on the 

physiological changes, the cause of death for different kinds of wintering carps, the 

cold-resistance and survival ability through the winter were analysed. It was 

recommended that fragility of red blood cell (RBC), Plasma glucose content and 

plasma total lipid be used as physiological in for evaluation of survival ability of 

wintering fishes in northern China, Wu et a/. ( 1995) showed that this paper deals with 

a comparison for the serum protein content and composition of silver carp, bighead 

carp, grass carp, hybrid carp and mirror carp during wintering in the northern China 

by the electrophoresis scanning technique of cellulose acetate membrane. The results 

show that: I) The serum albumin contents of the five fishes are decreased as a result 

of a fall in temperature in wintering period. The decreased percentage are hybrid carp 

(48%) >grass carp (41.2%) >mirror carp (40.8%) >bighead carp (33.0%) >silver 

carp (3!.5%). The changes of serum globulin contents in hybrid carp, bighead carp 
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are obvious and the decrease rate are hybrid carp (21 %)>bighead carp ( 16.8%) 2) the 

contents of serum albumin, serum globulin - I are globulin -2 in hybrid carp infected 

with lipid or thosis disease reduce significantly, and the contents of serum gamma -

globulin increase considerably in comparison with that in the normal one. 

2.1.3. Carbohydrate 

Although carbohydrates are the cheapest source of food energy, they are not 

all equally well utilized by all animals. They supply less energy per gram than either 

lipid or protein. It has been seen that carbohydrate upto level of 25% in the died is as 

effective as fat as an energy source for several species of fish (channel cat fish, 

rainbow trout, plaice Cowey and Sargent, 1979). There are no actual carbohydrate 

levels recommended for fish requirements as they are capable of synthesizing 

carbohydrates from dietary lipid sources. However, carbohydrates are included in 

feeds as protein sparing energy sources, bulking and as binders. Schaeperclause 

( 1933) suggested carbohydrate as a source of energy for carp and reported 

digestibilities from 32-92%. One of the first investigations on carbohydrate utilization 

by salmonids was made by phillips e/ a!. ( 1948). They concluded that trout diets 

should not contain more than 12% digestible carbohydrates, higher levels resulting in 

low growth, 'high - glycogen' livers and increased mortality. Since the works of 

Phillips et a/.(1948), various studies have shown that trout can utilize carbohydrate as 

a source of energy. Buhler and Halver ( 1961) found that Chinook Salmon tolerated 

high levels of dietary carbohydrate without the development of abnormal conditions. 

Tiemeier e/ a!. ( 1965) found a sparing action of carbohydrate on protein when fed to 

channel catfish. Kitamikado eta!. ( 1965) found that large amounts of starch in the diet 

of rainbow trout decreased the digestion of protein and therefore, decreased the 
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amouont available for metabolism. Singh and Nose ( 1967) showed that higher levels 

of starch resulted in a sharp fall in digestibility for rainbow trout. Chiou and Ogino 

(1975) however, recorded high values for the digestibility of starch by carp. Nagai 

and Ikeda (I 971) found that carbohydrates exceed neither protein nor lipid when these 

nutrients are mobilised as energy source. Luque! ( 1971) found that diets containing 

30% protein and 50% raw corn starch could produce the same growth and better PER 

than diets with twice as much protein in rainbow trout. Shimeno ( 1974) showed that 

when carp were fed diets containing 3-47% of carbohydrate (starch) and 28-63% of 

protein (fish meal), the digestibilities of energy carbohydrate and protein were almost 

constant at any level of dietary carbohydrate being 87-91% and 88-89% respectively. 

Tiews el a/. ( 1976) and Pieper and Pfeffer ( 1978) showed that trout can utilize the 

carbohydrate sources such as precooked gelatinized starch, sucrose and glucose. 

Edwards e/ a/. ( 1977) fed group of rainbow trout fingerlings from I 0 different families 

with each of three diets similar in protein and energy content but differing in the 

percentage of metabolizable energy present as carbohydrate and found best growth on 

the diet with the lowest ( 17%) and worst on the diet with the highest (38%) level of 

metabolizable energy from carbohydrate. 

Rychly and Spannhof ( 1979) studied the digestibilities of three experimental 

diets of casein - gelatine basis with varying levels of carbohydrate and protein content 

after feeding to rainbow trout and observed that digestibility of the whole diet 

decreased significantly with increasing carbohydrate and decreasing protein level in 

the diet. Bergot (1979) fed rainbow trout with two levels ( 15 or 30%) and two sources 

(glucose or starch) of carbohydrates and concluded that under certain experimental 

condition, trout can tolerate upto 30% glucose in the diet and can use it for energy 
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needs. Eckhardt eta/ ( 1981) use different sources of carbohydrates (wheat, potato and 

maize starch, sucrose and micronized wheat) in combination with white of egg in 

synthetic rations for carp. They found that wheat starch proved the most suitable 

carbohydrate for synthetic rations. The studies of Hilton and Alkinson ( 1982) showed 

that the optimum level of digestible carbohydrate (cerelose, D-glucose) in isocaloric 

and isonitrogenous practical diets for rainbow trout was 14% of the diet. 

Hilton el a/. (1983) studied the effect of increased dietary fibre on the growth 

of rainbow trout and concluded that dietary fibre levels for rainbow trout should be 

less than I 0% of the diet. Anderson et a/. ( 1984) fed the juvenile Oreochromis 

nilo!icus with experimental diets at three levels (I 0%, 25% and 40%) of dietary 

carbohydrate containing glucose, sucrose, dextrin, starch and a- cellulose and found 

that growth and carcass fat increased as the level of glucose, sucrose, dextrin and 

starch was increased from 00-40%. Contrastly, as a-cellulose was increased from 00-

40%, growth, food conversion, NPR, carcass fat and condition factor were reduced. 

Mukhopadhyay el a/. ( 1986) observed a steady increase in PER concomitant with 

increases in carbohydrate and gross energy in the diet for Clarias hatrachus indicating 

a protein sparing action of dietary carbohydrate. Degani el a/. ( 1986) used wheat 

meal, bread meal, soluble corn starch, native potato starch and sorghum meal as 

different carbohydrate sources in 30% isonitrogenous diets for European eels and 

determined the growth, body composition and feed utilization of the fish. They 

recorded similar protein percent in whole carcass for all diets but percent of fat was 

higher with potato starch. Feed conversion, protein metabolism and energy retention 

were however, higher for eels fed wheat meal or bread meal than the other 

carbohydrates. Degani ( 1987) determined the influence of different dietary 
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carbohydrate sources on soluble protein, enzyme activity (aldolase) and glucose 

concentration in muscle and liver of European eel, Anguilla anguilla. 

2.1.4. Energy 

The energy levels in fish feeds have not been treated seriously because a 

deficiency or excess of energy will not affect ·the health of fish appreciably and 

practical feeds prepared with commonJy available in gradients are not likely to be 

extremely high or low in energy. Energy is essential in that it contributes to the 

utilization of all nutrients in a diet. Schaeperclaus (1933). Showed that the total 

energy required varied with the species. Phillips and Brockway ( 1959) reported 

similar energy requirement for brook, brown and rainbow trout. Winberg ( 1960) 

stated that between 14% and 33.1% of the calories consumed were deposited in the 

tissues of pike, indicating a usage of energy between 67 and 86%. Tiemeier e/ a/. 

(1965) determined that .. I700 Kcal were required to produce a pond (3740 Kcal Kg"1
) 

of channel cat fish. Fowler et a/.(1966) found that the diet containing 2350 Kcal Kg"1 

reared chinook Salmon at a rate of I. 81 Kg of food per Kg of fish produced, was 

equivalent to 4700 Kcal Kg"1 of fish produced. Levels and sources of energy in fish 

rations can significantly affect fish growth and are of definite economic importance in 

commercial feeds (Halver, 1972). Ad ron eta/. ( 1976) fed seven diets containing 350g 

protein Kg·1 with energy level varying from 1860 to 3150 Kcal Kg·1 to groups of 

turbot and found that weight gain and protein utilization increased with increasing 

dietary energy level at a constant dietary protein level. Sen et a/. ( 1978) showed that 

the optimum growth of Indian Major Carp fry at a gross energy level of 492 Kcal 

I Oog·1 might perhaps be due to the maximum metabolizable energy of feed containing 

45% casein and 26% dextrin. Takeuchi eta/. ( 1979) found that when carp were fed on 
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various diets containing different amounts of carbohydrate and at a fixed protein level 

of32%, the enrichment of the digestible energy (DE) content of 320 to 460 Kcal I 00 

g·' diet (by addition of lipid at levels of 05-15% to the diets) resulted in improvement 

in growth feed conversion or the value of net protein utilization (NPU). They 

concluded that both carbohydrate and lipid have good food value for carp as dietary 

energy source. Viola el a!. (I 98 I) observed that for carp, carbohydrate may supply a 

large part of the necessary energy and therefore, oil in the diet is not necessary. 

Daniels and Robinson (1986) studied the effects of Different dietary levels of protein 

and energy on growth and body composition of juvenile red drum, Sciaenops 

ocella/us grow in low salinity environment. Data from their experiments indicated 

that I. 70 x I 04 KJ g·' and I. 72 x I 04KJ g·' of dietary energy were adequate for good 

growth and high quality body composition at 22 to 26°C and 26 to 33°C respectively. 

Mukhopadhyay and Hajra ( 1986) studied the intestinal protein break down and liver 

protein synthesis in air-breathing cat fish fed isonitrogenous diets having variable 

energy levels. They showed that the caloric density should preferably remain arround 

383 K cal 100g"1 of feed in Clarias hatrachus at 33% protein level for better weight 

gam. 

2.1.5. Vitamin: 

The recommended dietary levels of vitamins for certain cold water fish have 

been included in a publication of National Research Council (1973 ). Those for warm 

water fish are included in the publications of several workers. Wolf ( 1951 ), Phillips el 

a/. (I 955, 1956, I 958), Halver (1957) and coates and Halver (1958) determined the 

need of trout and salmon for I 0 numbers of vitamin B complex. Dupree ( 1966) 

established the necessity of channel cat fish for some of the fat and water soluble 
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vitamins. Phillips and Livingstone ( 1966) found a seasonal variation m the 

requirement of brook trout for pyridoxine. The requirements of young carp for most 

of the water soluble vitamins were reported by Japanese workers (Aoe and Masuda, 

1967 a, b; Aoe e/ a/. 1967, a, b, c; Aoe eta/., 1968; Aoe eta/., 1969; Aoe eta/., 1971; 

Ogino, 1965; Ogino el a/. 1970). Halver and Coates (1957) deviced a casein- gelatine 

diet for estimation of requirement of most vitamins in which different levels of each 

vitamin were provided, with other vitamins being fixed at a specific composition 

level. Arai eta/. (1972) established the essentially of water soluble vitamins for young 

eel Anguilla japonica. Lovell ( 1973) and Andrews and Murai ( 1975) proved the 

essentiality of ascorbic acid for channel cat fish which has been conclusively 

demonstrated by growth studies. Lovell and Li ( 1978) demonstrated that channel cat 

fish fingerling required a dietary source of vitamin D for normal growth and some 

mineralisation. Butthep et a/. ( 1985) studied the specific water soluble vitamin 

requirements of the cat fish Clarias hatrachus on the basis of growth and mortality. 

Suhenda and Djajadiredja ( 1985) determined the need for supplementation of vitamin 

premix in common carp fingerling diet and the effects of varying levels of vitamin 

premix on growth, survival, feed efficiency and protein retention. 

2.1.6 Minerals: 

Mineral requirements of fish are very difficult to determine because the fish 

have the ability to absorb ions from the external environments. For trout and carp, 

standard mineral salt mixture is used in test diets for laboratory animals have proved 

adequate. These contain calcium, phosphorus, potassium, chloride, magnesium, iron, 

manganese, zinc, copper, iodine, cobalt and tlorine (Hastings, 1979). Arai e/ 

a/. ( 1971, 1974) have found that the eel, Anguilla japonica required about twice the 
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mineral level as salmonids, upto 0.8% in a diet of purified ingredients. Ogino and 

Takeda ( 1976) found that both common carp and rainbow trout grew on a purified 

diet containing calcium as low as 30.0 mg. per I 00 g but with adequate amount of 

phosphorus. Andrews et a!. ( 1973) opined that the inclusion of high levels of fish 

meals in rations for cultivated fish obviated the need for supplements of calcium and 

phosphorus. They, in experiments with channel cat fish made variations in both 

dietary levels (calcium 0.5-2.0%, phosphorus 0.5-1.2%) and dietary ratios of these 

minerals. The optimal levels of available calcium and phosphorus for better growth 

were recorded to be 1.5% and 0.8-1.0% respectively. Ogino and Takeda (1976) 

estimated the optimal level of phosphorus for growth of carp to be with I the range of 

600 to 750 mg per IOOg of diet. They dietary calcium level was found to have low 

effect on the requirement of phosphorus. Ogino et a!. ( 1979) investigated on the 

availability of dietary phosphorus in carp and rainbow trout. Takeuchi and Nakazoe 

( 1981) studied to effects of dietary phosphorus on lipid content and it's composition 

in carp. Onishi et a/.(1981) and Nakamura (1982) studied the effects of dietary 

phosphorus and calcium content on the absorption of phosphorus in the digestive tract 

and changes in the hepatopancreatic enzyme activities respectively. Viola et.al.( 1986) 

recommended a minimum of 0.4% available phosphorus for intensive carp culture. 

Ogino and Chiou (1976) have shown a magnesium requirement of 0.04-0.05%% in 

the dry diet of carp. Evtushenko(1994) showed that the dynamics of micro elements 

(Fe, Mn, Cu, Zn)content in different organs tissues (liver, white skeleton muscles, 

blood) of common carp (Cyprinus carpio) grown in Kiev warm water fish farm 

(Ukraine) had been studied. It has been found that these indices change and are 

differentially oriented in different tissues. They have phase characteristics. This 

phenomena may be probably explained as a result of changes of needs in 
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microelements m common carp's orgamsm depending on intensity of metabolic 

processes. 

2.2. DIETARY PROTEIN SOURCE 

The high biological value of fish meal for many cold water and warm water 

fishes has led to a considerable dependence on this commodity incomplete 

commercial fish diets for higher fish production. In recent years, the supply of good 

quality fish meal has become uncertain and also it's price has gone up rapidly. Several 

attempts have therefore, been made to substitute other proteins either wholly or in part 

for fish meal but such substitutions have sometimes resulted in a market fall in growth 

rate (Cowey and Sargent, 1979). Replacement offish meal in the diets of warm water 

fish species has not received much attention. Since plant proteins are cheap and easily 

available, they seem to be most appropriate replacement of fishmeal. Cowey et a!. 

( 1971) replaced approximately half of the protein in a 40% cod meal protein diet with 

soybean meal and. found a depressed growth rate and protein utilization in the plain, 

Pleuronectes plate.\:m. Hepher et a!. ( 1971) reported that carp fed on diets containing 

fish meal grew better than those fed on diets containing soybean meal. Andrews and 

Page ( 1974) replaced the dietary menhaden meal isonitrogenously by soybean meal in 

diets (35% protein) for channel cat fish and found a depressed growth and food 

utilization even though the soybean meal was supplemented with methionine, cystine 

and lysine to the levels found in fish meal. By contrust with the experiments of 

Andrews and Page ( 1974), Ramsay and Ketola ( 1975) achieved marked 

improvements in the growth rate of rainbow trout with. a diet containing 40% crude 

protein with soybean meal as the sole protein source by supplementation with amino 

acids. Krishnandhi and Shell ( 1967) however. found a good growth of channel cat fish 
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on a 30% protein diet containing 50:50 mixture of soybean and casein proteins as they 

did no a diet containing casein alone. Cho eta!. ( 1974) showed that the herring meal 

content of the diet for rainbow trout could be reduced from 35% to 18% with soybean 

meal without concomitant loss of protein utilization. 

Koops et a/. ( 1976) replaced fish meal isonitrogenously at two protein levels 

(39 and 47%) with either soybean meal or soybean protein in the diets of rainbow 

trout. They found a depressed growth at higher levels of replacement but 25% of the 

dietary fish meal could be replaced by soybean protein. Davis and Stickney (1978) 

found that at a level of 36% protein, Tilapia aurea grew well when fish meal was 

replaced with soybean meal. All the diets in their studies were supplemented with 

methionine to bring it's total in the diet to 1.1%. Dabrowski and Kozak ( 1979) fed the 

grass carp fry with the diets based on fish meal and soybean meal during a period of 

70 days and obtained best results with a diet containing 40% of fish meal when 

growth increment, PER and apparent UPU amounted to 20.08, 1.26 and 20.3 

respectively. A tack el a/ ( 1979) reported that soybean protein concentrate was poorly 

utilized by carp as the sole protein source in 30% protein rations. 

Viola el a/. (1981) performed experiments with carp in cages and in 

experimental ponds using pelleted diet with 25% crude protein. Fish meal was the 

only source of protein in the control diet. They found that substitution of most or all 

of the fish meal by soybean meal supplemented by 10% oil, 0.4% methionine and 0.4 

- 0.5% lysine helped to achieved gains and protein and energy retentions equal to 

those of the control rations. Partial replacement ( 40% of the fishmeal) in pond 

required only supplementation of 5% oil and methionine to attain equal growth 

performance. Jackson el a/. ( 1982) tested Copra, groundnut, soya, sunflower, 
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rapeseed, cottonseed and leucaena meals individually at various inclusion levels in 

comparison with control diet (30% protein) containing fish meal for male tilapia in a 

series of three trials. All the protein sources except leucaena promoted reasonable 

growth even at high dietary inclusion level. At the 25% plant protein level, the diet 

containing oil seed meals resulted comparable growth to the fish meal control, 

whereas at the 50% levels, growth rate was lower with Copra, groundnut and soya 

lower growth rates were recorded at 1 00% plant protein levels than the controls 

(cotton seed, soya and groundnut in declining order). Viola and Arieli (1983) found 

that soybean meal could be used to replace upto half of the fish meal in tilapia feeds 

of 25% protein control without requiring any other supplements. 

In addition to the soybean meal, several other protein sources have been 

examined in fish feed. Ogino and Chen (I 973) determined the biological values of 

proteins from animal sources such as egg yolk, casein imd white fish meal and found 

the values to be higher than those from vegetable sources. Akiyama el a/.(I984) fed 

chum salmon, Onchorhynchus keta swimming fry with fish meal diets supplemented 

with silk worm pupae powder ( 5% ), dried beat liver ( 5% ), krill meal ( 5%) or 

earthworm powder (5%) at the expense offish meal or substituting glucose (13%) for 

dextrin. They recorded best growth performance and feed efficiency with earth worm 

diet. Substitution of glucose and supplementation of silk wor.m pupae or beaf liver 

failed to improve the growth rate but significantly improved feed efficiency. Viola 

and Zohar (1984) evaluated poultry meat meal, feather meal, single cell protein 

(' Pruteen '), dehulled cotton seed meal and urea as sources of protein in the feed of 

market size hybrid of tilapia (Oreochromis). They found that poultry meal, 'pruteen' 

and cotton seed meal as replacement for I 0% fish sustained growth at an equal rate. 
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Feather meal at this level of replacement reduced growth by 7.0% and urea reduced 

growth proportionately to it's rate of inclusions. Venkatesh et a/.( 1986) showed that 

animal protein component was· better source of protein in the diet of Clarias 

hatrachus for satisfactory growth. They suggested that fish meal and silk worm pupae 

may be incorporate in the operational diet of the fish with advantage. Austreng (1979) 

evaluated blood as a good source of protein in fish diets. Blood protein have been 

tested in diets for salmonids by several authors. Fowler and Banks ( 1976) replaced 

fish meal with spray dried blood meal in starter diet for chinook salmon, 

Onchrhynchus tschmvytscha. They recorded a positive effect when upto 5% of the 

fish meal was replaced by blood meal. But there was a pathological effect when as 

much as 17.5% ofthe fish meal was replaced by blood meal. Von Schulz et a/.(1982) 

compared casein gelatin (75:25) protein in a standard died to a blood - feather meal 

protein (50: 50) in test died for rainbow trout. When one third of the standard protein 

was substituted for the test protein, there was little difference in weight increase but 

when two-third or all standard protein were substituted, the weight increase was 

reduced. Asgard and Austreng (1986) tested blood from the slaughtering of cattle as a 

protein source in moist diet for large rainbow trout (Salmo gairdneri) and salmon 

(Salmo salar). They used control diets constraining fish offal and binder meal in the 

test diets. Blood replaced half the amount of raw fish or fish offal which represented 

nearly 20% of the protein in the feed. They found no negative effect with respect to 

weight increase, health, body composition or organoleptic properties of the fish when 

blood was used in the diet or when formic acid was used as preservative instead of 

freezing the fresh commodity. Teshima eta/.( 1986) used casein-Gelatin (3: I), Casein, 

Gelatin, albumin and a mixture of casein and crystalline amino acids (I: I) as protein 

sources in diet of 71/apia ni/oticus and found a higher nutritive value of casein-
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gelating (3:1) and casein as a protein source. Janson and Spanhoff (1987) studied on 

the utilization of Neomysis integer by rainbow trout parr under brakishwater condition 

and found that Neomysis Pellets were just as efficient as conventional feed in respect 

of growth .. The feeding efficiency was comparable with that of obtained with krill. 

Attempts have also been made to evaluate unconventional sources of dietary 

protein for fish. Hepher et al. ( 1978) recorded a better growth of fish with a soybean -

fish meal diet when soybean meal was replaced by algal meal (an unspecified mixture 

of Chlorella and Euglena) isonitrogenously, than soybean meal diet. Meske and 

Pfeffer (1977) developed a diet consisting a mixtre of soybean meal, acid whey 

powder and fat in a ratio of 4:5: I plus vitamins and trace elements for carps. This feed 

was found to be superior to a fish meal based trout diet in terms of growth and 

utilization. Lukowicz (1978) replaced fish meal with meal of Antarctic Ocean krill 

(Euphasia superba) in carp diets and found that krill meal was comparable with that 

of fish meal. 

Meske and Pfeffer (1978) reported the replacement of casein by krill meal in 

carp diets. They recorded optimum growth with diets containing 40% protein and a 

casein to krill ratio of 5:5. Schlumberger and Labat ( 1978) fed carp fry on moist diets 

prepared from industrial waste. Paper mill wastes and two different powder wheys 

were mixed with fish meal, cod liver oil, urea, starch and vitamins. The high mineral 

and fibre content in paper mill waste resulted in extremely poor growth and food 

consersion. Kausar and Khan (1992) showed that effect of three types of feeding 

systems was studied on the growth of Cirrhinus mrigala and Labeo rohita. The 

average body weight of C. mrigala a L. rohita at the time of stocking was I 0.5 g and 

7.0 g. respectively. Fish were reared for a period of one year. Average weight gain of 
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C. mrigala and L. rohita in pond fed with biogas waste + fertilizer was found as 

289.5g and 343g, respectively. However, the fish in ponds supplemented with cotton 

seed meal+ rice bran exhibited body weight gain as 463.5g and 493 g, respectively. 

Medda et a/.(!993) found that supplemental feeding of two major Indian carps, Cat/a 

cat/a and Laheo rohita during their early developmental periods by a suitable 

combination of vitamins, amino acids and rice bran resulted in a differential impact on 

three important growth parameters, namely length, weight and protein content of the 

species. Two-way analysis of variance test revealed a significant group and feed 

specific variation of the relative growth rate of the two species in response to the 

experimental feeding. The main effects and their interaction experienced a significant 

specific growth rate pattern variation implying an instantaneous or specific rate of 

growth identified by the difference in natural logarithm of the initial and final weight 

over the period of experimentation. Analyses also revealed both length and weight 

wise significant variation of the main effects and their interaction in response to the 

feed treatment on the two carps. 

Rafael et a/ (I 993) the authors studied and experimental diet containing whey, 

swine blood, fish and hatchery wastes, orange pulp, carrots bagasse, manure and food 

residues from a food processing factory. During six months the length and weigh of 

the fish were measured. A III 0 of Ha. pond divided by a middle meshwork was used. 

Tilapias (Oreochromis Wlre11s) and Israeli carps (Cyprin11s cGipio - .17Jec11laris) in a 

poiyculture were homogeneously distributed in each pond side (2 fish m·' of water) to 

receive either commercially available food (purina) or experimental feed stuffs. Both 

diets were isocaioric and isopoteinic. Daily supplies throughout 6 months 

corresponded to 1-3% of fish biomass. Biomass, body weight and size of the 
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experimentally fed animals were higher than controls. Conversion rate of 

experimental group was similar to control. The waste made diet might efficiently 

substitute for the commercial diet. Rice el a!. ( 1994) found that one of the major 

expenses in any fish culture operation is the cost of feeds for the fish, and the 

profitability of many operations is frequently tied to the cost of feed. Hatchery 

production of fish larvae most often requires the expensive production of live food 

(Phytoplankton and Zooplankton), because artificial diets are either not available or 

are grossly inadequate. Artificial diets are available for growout of fingerlings and 

adults of most cultured fish species, but they may be less than optimal because they 

had been formulated for another species. For example, in the United States, 

commercially formulated diets are available for cat fish and salmonids, but these diets 

have been used without modification to feed other species of fish, including hybrid 

striped bass, tilapia, carps and others. Less than optimum diets for growout of 

fingerlings will result in lowered growth rates and excessive waste, either by 

excessive fecal material, excessive urinary nitrogen, or uneaten food. Thus, less than 

optimum diets are not only wasteful in terms of money spent on feed, but they can 

cause increased waste management problems. The key challenge of producing 

production feeds is the maximization of fish growth with a minimization of waste. 

Anicie eta!. ( 1995), that the experiment was performed from August 20 to October 2 

1991 in four 2200-m super (2) ponds, each of which was stocked with I 0,000 8. 7 gone 

year old carp fingerlings. The fish in two control ponds were fed on 32% protein 

pellets, while those in the other two ponds received the same pellets with 40 ppm of a 

nutritive antibiotic (virginiamycin). The water level was 180 em and it's quality was 

good. At harvesting, there were no significant differences (P>0.05) among the 

individual masses of carps from the four ponds. Food conversion rate was better in 
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ponds where the nutritive antibiotic was applied (6.8 - 17.0%) and survival was 8% 

higher but this was not statistically significant (P>0.05). Relatively low effects of the 

growth promoters could be due to the low stocking density [4-5 fish m- 1 super (2)], 

which allowed natural food to predominate. This fact confirms the results of other 

researchers, who believe that the high nutritive value of natural food diminishes the 

nutritive activity ofvirginiamycin. Miah e/ a/ (1996) showed that the experiment was 

made to determine the effects of various inputs viz; organic manure (X sub (I)), 

inorganic fertilizers (X sub (2)), supplementary feed (X sub (3)), lime (X sub (4)), and 

pond size (X sub (5)) on fish yield (Y). A simple correlation coefficient (r) was found 

out between yield (Y) and each of the five independent variables (X sub (I) to X sub 

(5)) under treatments T sub( I) and T sub (2). The first treatment (T sub (I)) consisted 

of supplementary feed (I 00% rice bran) and second treatment (T sub (2)) consisted of 

supplementary feed (25% mustard oil cake plus 75% rice bran). The results of the co

efficient correlation were X sub (3) (4 sub (I)= 0.99, r sub (2) = 0.99), X sub (I) (r 

sub (I)= 0.93, r sub (2) = 0.91) and X sub (2) (r sub (I)= 0.76, r sub (2) = 0.75) and 

showed highly positive correlation (P<O.O I) with fish yield. Pond size (X sub (5)) 

showed positive correlation (P<0.05) with fish yield in case ofT sub (I) but it showed 

significant effect in T sub (2). Lime (X sub (4)) showed negative correlation with fish 

yield. Among the inputs supplementary feed, organic manure and inorganic fertilizers 

had significant effect on fish yield in farmer's ponds. The average fish yield obtained 

was I, 640 and 2, 795 kg ha·1 7 months' 1 under the treatments T sub (I) and T sub (2) 

respectively. 

Analysis of variance showed significant difference (P<0.05) in fish yield 

under both the treatments and among the publications. Economic analysis revealed a 
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net profit of 52,015 and 87,621 TK ha·1 7 months·1 in treatments T sub( I) and T 

sub(2) respectively. The predicted average yield equation are also presented in this 

papers. 

Wu et a/. ( 1996) observed with a compound ecological preparation (a living 

bacterium preparation of Arthmohacter sp. and Lactohacillus casei) used as pilled 

ration additive, a trial of raising overwintering for hybrid carps ability was carried out 

in 1994. After 30-50 days, the test and control fish groups was infected with 

pathogenetic bacteria under lower temperature condition. The experimental result 

showed that the survival rate of the test group with lethal dose 50% (LD sub (50)) was 

apparently higher than that of the control and the serum total protein and r-globulin, 

serum glucose content and total lipid, fragility of RBC brain AchE, leucocyte 

phagocytosis, etc. were all higher than those of the control too. 

2.3 SUPPLEMENT~RY FEEDING IN INDIA 

Most of the work done in India on supplementary feeding are concentrated on 

feeding the fry at the hatchery or nursery stage. Soon after stocking, the feeding 

requirements of spawns of Indian Major Carps are large. Hence, the availability of 

food becomes a limiting factor in high density rearing. This can be overcome by 

supplementing the natural food with suitable artificial diets (Jhingran, 1983). The 

commonly used supplementary feeds for carps consist of mixture (I :I) of rice bran 

and one of the locally available oil cakes. Mitra and Mahapatra ( 1956) conducted 

experiments on major carp fry with different quantities of Zoopankton, 

phytoplankton, cowdung and oil cake and found that survival was highest with oil 

cake and lowest with cowdung. Das ( 1958) found that when carp spawn was reared in 

30 



manured nurseries providing various artificial feeds with different combinations of 

protein, fat, carbohydrate, vitamins etc., maximum growth was obtained with the feed 

having a combination of hydrolysed protein and carbohydrate (50:30). According to 

Mitra and Das ( 1965), til oil cake, rice powder and black gram account for higher 

survival and yields of carp spawn than rice bran. According to Lakshmanan ef a/. 

(1967), an artificial feed comprising a mixture (N:P:C mixture) of dried finely 

powdered and sieved aquatic insects, back swimmers, small prawn and shrimps and 

cheap pulses, in the ratio of 5:3:3 gives better results in enhancing better growth and 

survival of the spawn than the rice bran and mustard oil cake mixture Chakraborty et 
a/. ( 1973) conducted experiments on the usefulness of various feet mixtures vis-a-vis 

zooplankton in spawn rearing and found that zooplankton alone was the best food for 

Cat/a cat/a. Labeo rohita and C'irrhinus mrigala. Among the various feeds, namely 

mustard oil cake - rice bran mixture, groundnut oil cake - wheat bran mixture, 

silkworm papae (tasar silk worm), soybean and plant waste, soybean gave the best 

results in Cat/a cat/a and silk worm papae and groundnut oil ·cake - wheat bran 

mixture in Labeo rohita and C'irrhinus mrigala. Sen ( 1974) suggested feeding the 

carp spawn with finely powdered mixture of an oil cake and rice bran preferably 

groundnut oil cake and rice polish (I: I by weight). Chakraborty and Kar ( 1975) 

observed that protein concentrate containing 55% protein to be an acceptable feed by 

mrigal spawn and common carp fry. Tripathi et a/. ( 1979) obtained a high survival 

(over 80%) of spawn using a diet comprising a mixture of fish meal, groundnut oil 

cake and rice bran (I: I: I) containing 26.7% protein and 32.5% carbohydrate with an 

energy content of 300 Kcal per IOOg. Sinha and Saha (1980) fed the fingerlings of 

Catla, rohu, mrigal, silver carp, grass carp and common carp with a commercial fish 

feed and obtained a gross and net productions of 4636 kg and 4483 kg ha"1 year"1 
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respectively which was well comparable to production obtained by feeding mustard 

oil cake and rice bran mixture. Kowrtal et al. ( 1982) demonstrated the importance of 

weaning of hatchlings of catla, rohu and mrigal on artificial diet and the utility of 

niicroglobular fish feed with high protein (58%) and low carbohydrate ( 18%) level for 

better growth and survival under tropical conditions, Venugopal and Keshavanath 

(1984) studied the influence of conventional feed and three formulated diets on the 

proximate composition of muscle of three carps catla, mrigal and common carp. They 

found to definite influence of the diets on the ash and carbohydrate level of fish 

muscle. 

Das ( 1959) found enhanced survival rate of major carps spawn with a diet 

consisting of B12 and cobalt nitrate combined with stomach extracts of goats. Das and 

Krishnamurthy ( 1960) recorded bother survival of carp fry during the first month of 

their life with antibiotics and B-complex. Das ( 1960) demonstrated that when carp 

spawn were fed by standardised preparation of yeast, vitamin B 12, ruminant stomach 

extracts with cobalt nitrate and ruminant stomach alone, significant differences in the 

survival rate were observed. 

Reddi et a/ (1971) found quite satisfactory growth of carp spawn fed with 

poultry pollets containing 16.0% of protein supplemented with vitamin A, 8 12 and 0 3. 

Sen and Chatterjee ( 1979) used 15 different growth promoting substances and found 

that cobalt chloride at 0.01 mg Starch at 3.44 mg, boron 1.00 mg and manganese at 

0.0 l mg day"\ per fish enhanced the survival and growth and survival of rohu fry 

significantly. Mahajan and Sharma (1976) observed a better growth and survival of 

common carp and rohu fed with the diet containing vitamin and antibiotics. A 
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combination of 8-complex and yeast gave the best results in terms of survival and 

growth. 

Various authors have suggested a use of powdered algae and aquatic weeds as 

fish feed. Experimental trials have shown that green algae (.Gupta and Ahmed, 1966; 

Singh, 1970; Singh and Bhanot, 1970 and Singh eta/., 1979) and fresh Spirodela 

po/yrhiza (whole plant) and leaves of Nymphoides crista/a (Patnaik and Das, 1969) 

are highly nutritive and cheap feeds for carp. Patra and Roy (1988a) obtained a better 

growth of Labeo rohita by feeding a pellet containing 90% powdered Hydrilla 

verticil/ala than that obtained by feeding a mixture of rice bran and mustard oil cake. 

Sehgal and Joshi (1975) reported improved technique of artificial feeding of 

the brown trout (Sa/mo truttafario) and rainbow trout (Salmo gairdneri) in Kashmir 

to control whirling disease associated with malnutrition. Sehgal et a! (1976) 

conducted experimeflts in Kashmir trout farm on the efficiency and cost of dry 

compound pelletised feed in relation to conventional feed. They found better 

conversion of dry pelleted feed compared to conventional feed (dry silk worm pupae). 

Few experiments have also been carried out on the nutritional requirements 

and supplementary feeding of mullets. Different feed mixtures using low cost 

ingredients were formulated in varying proportions recording 05 - I 0% better growth · 

in Liza lade {Roy, 1980; Roy and chakraborty, 1980) and I 0% in case of Liza parsia 

(Karmakar eta/., 1980). Chakraborty eta/ ( 1981) conducted experiments to study the 

effect of fertilization and supplementary feeding on the growth and survived of Liza 

parsia. They recommended a mixture of wheat flour and fish meal (I: I) as a 
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supplementary feed in addition to fertilizer during nursery reanng of L. parsia 

considering both growth and survived. 

Work on the preparation of practical pelleted feeds for use in cultural 

operation is very much limited. Varghese eta/. ( 1976) conducted feeding experiments 

with protein rich pelleted feed (containing fishmeal. rice bran, ground nut oil cake, rice 

flour and mineral mix) for common carp and found 50% more production compared 

to those fed with a mixture (1:1) of rice bran and groundnut oil cake. Jayaram (1978) 

recorded maximum growth of catla and common carp with pelleted feed containing 

silk worm pupae as major source of protein. Rohu, on the other hand, registered the 

highest growth with pellets incorporating fish meal as the major source of protein. 

The work on nutritional requirement and supplementary feeding of air 

breathing fishes are very limited. Tripathi and Sharaf ( 1974) carried out experiments 

to evolve artificial . .feed for Clarias hatrachus. Pal et a/. ( 1977) conducted an 

experiment with six different types of feeds (wheat flour, rice bran, soybean powder, 

prawn meal, zooplankton and· cooked hen egg) on three day old spawn of Anahas 

tertudineus and found that the young larvae could be reared upto fry stage of 15 day 

old on cooked egg diet with over 70% survival. Reddy and Sakuntala ( 1979) used 

oligocheat worm, Tuhifex tuh(fex as food for Heteropneuste.1· f{).\:l·i/is and studied the 

effects of different feeding rates on food intake, growth and conversion efficiency. A 

cheap feed has been formulated for Clarias hatrachus in the form of compost of 

cowdung, mustard oil cake and water hyacinth (Workshop report, CIFRI, 1982). 

Niamat and Jafri (1984) studied the growth response and survival of air-breathing cat 

fish Heteropneustes fossilis fed compounded pelleted diets and recorded a I 00% 

survival with pelleted feed. Patra and Roy ( 1988b) fed four formulated pelleted diets 
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containing 25%, 30%, 35% and 40% crude protein levels using carcass waste as the 

major protein source. They recorded better growth and feed conversion rate in Clarias 

hatrachus with a diet of 40% crude protein level. Bhat et a!. (I 986) observed that 

utilization of locally available material suitable for feeding carps is one of the easy 

means to reduce the cost of production with this objective, 2 new fish feeds were 

formulated: deoiled soyatlour (Pellets B) and squilla meal (Pellet SM). These diets 

were evaluated in 1 elation to a fish meal-based diet (Pellet FM) by the growth 

performance of rohu, common carp and silver carp. The average growth of all 3 

species grown on fishmeal-based diet was marginally superior to that obtained with 

the other 2 diets, without any statistical difference at 5% level of significance. 

Renukaradhya and Varghese (1987) found that the four dry pelleted feeds containing 

20%, 30%, 40% and 45% protein were formulated incorporating casein as the main 

source of protein for use in carp nutrition studies. The caloric content in all the feeds 

was maintained constant. This test has revealed that the diet containing 20%, 30% and 

40% protein had better stability than that containing 45% protein. This was due to the 

relatively higher fat content in the former three diets. However, all the feeds were 

sufficiently stable at the end of one hour in which time carps are known to utilise 

supplementary diets. 

Sharma eta!. (I 987) showed the experiments were conducted to determine the 

biological performance of some organic and inorganic feeds on common carp 

fingerlings (Cyprinus carpio) growing under sub-mountain conditions in Himachal 

Pradesh. Four different feeds were used, alone or in combination, namely: gobar gas 

slurry, silk worm pupae meal, mustard cake and wheat bran, and feed pellets. 

Maximum growth was recorded for carps fed as the gas slurry + silk-worm pupae 
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meal, followed by those fed on the gas slurry + feed pellets. Phadate and Srikar 

(1988) showed that three formulated feeds (protein-rich, carbohydrate-rich and lipid

rich) were fed ad libitum for 60 days to fingerlings of Cyprinus carpio, Cat/a cat/a 

and silver carp Hypophthalmichthys molitrix and starved thereafter for I 0 days to 

study their effect on growth and digestive protease activity. Protease activity was 

highest in all 3 species when they were fed on protein-rich feed. Carbohydrate-rich 

feed had a slightly stimulating effect, while lipid-rich feed had a slightly stimulating 

effect, while lipid-rich feed had a marked negative effect on the enzymatic activity. 

Growth was higher on protein-rich feed, followed by lipid-rich and carbohydrate-rich 

feeds. The extent of growth correspondent to protein content in the feeds. During the 

starvation period, there was a decrease in the activity accompanied by stagnation in 

growth. Deb and Varghese (1988) showed that the equal number of fingerlings of 

Catla, rohu, mrigal and common carp stocked together increment cisterns at a total 

density of 8000 fishes ha'1 were fed pelleted feeds incorporated with 17 alpha-methyl 

testosterone (MT) at concentration of 0, I, 3 and· 5 mg kg'1 (ppm) diet, for 90 days, 

·while catla, rohu and common carp grew faster in I ppm MT treatment, mrigal 

responded better to 3 ppm treatment. Difference in growth between the treatments 

was significant, excepting between control on 5 ppm treatment. Fishes receiving I 

ppm MT showed higher food conversion efficiency. Ramaiah eta/. (I 989) found that 

the present report deals with the effect of sulphomerazine, sulphadimidine and 

sulphadiazine on the growth of mrigal (Cirrhinus mrigala) fed 20 mg. Suphonamide 

I OOg fish·1 day'1. These drugs were chosen as they attained rapid and higher tissue 

concentrations both in rohu and mrigal fingerlings and inhibited in vitro 3 strains of 

fish pathogenic bacteria, Aeromonas hydrophi/a, Pseudomonas fluorescens and 

Proteus vulgaris isolated from diseased carps. 
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Sharma eta/. (1990) found that the changes in protein, lipid and carbohydrate 

levels in the larvae of 3 Indian major carps viz., Cat/a calla, Laheo rohita and 

Cirrhiuus mrigala, were studied to understand their relative importance in energy 

metabolism during the early stages of development. Total proteins increased with 

development, indicative of a role in morphogenesis. Lipids showed steady decline 

with development suggesting utilization for the energy needs to the larvae. Glucose 

did not show a consistent trend, but glycogen declined with development. Thus lipids 

appear to be the principal source of energy during larval development in the Indian 

major carps. Jadhao and Prasada (1991) found that this is aimed at investigating the 

use of less expensive diets in growth of fingerlings, of Laheo mhita such as feeds 

prepared from the waste of abattoirs and fish markets, eg. goat viscera and fish viscera 

respectively in combination with rice bran. The results suggest that feeding spawn of 

major carps with ground nut oil cake and rice polish in I: I proportions gives better 

survival and growth. The growth rate was highest when the fingerlings were fed with 

fish viscera in combination with rice bran, as compared to the fingerlings fed with 

goat viscera in combination with rice bran or ground nut oil cake in combination with 

ricebran. Khan et a/. ( 1991) observed this study evaluates the nutritional efficacy of 

locally available by-products of vegetable oil industry (oil cakes) in dietary 

formulations for Laheo rohita fingerlings. Six different iso-caloric 3% crude protein 

ratio of 7.63 cal g" 1 protein, were formulated. These were fed six days a week, twice 

daily at 0800 and !600h., at the total rate of 4% body weight. Water temperature 

during trial was 26 plus or minus I degree C. The soybean oil cake, which is locally 

available at low cost, can be used as one of the potential dietary feed stuffs in 

developing cost .effective artificial feed for the fingerling of L. rohita and other Indian 

Major Carps. Murthy and Devaraj ( 1991) showed that the use of the floating aquatic 
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weed, sa/vinia, in feed for grass carp (Ctenophwyngodon idella) and common carp 

(Cyprinus carpio) fingerlings was studied. Both salvinia based feed (SF) and control 

feed (CF) was fed at the rate of 5% of the body weight of fish in an experiment 

conducted for 112 days in 20 m super (2) cement cisterns with triplicates for each 

treatment. Statistical analysis of results indicated that there was no significance at 5% 

level between the fishes fed by .1·a/vinia based feed and control feed on their growth. 

Bandyopadhyay et a/. (1991) studied in this investigation an attempt was made to 

study the growth, survival and production to grass carps Ctenophwyngodon idella by 

rearing in the plastic cages. Fish were reared in three circular cages (each volume of 3 

cu.m.) made up of hollow aluminium frame enclosed with nylon net (6mm mesh) 

installed in a 2 ha. Water body. Grass carp fingerlings were stocked at 33, 50 and 67 

per cu.m in different cages. The total production range of C. ide /Ia was found higher 

than Cyprinus carpio and Cat/a cat/a as reported from cage culture in Indian water. 

Murthy and Varghese.(l993) showed that a growth study was conducted to determine 

the quantitative dietary requirement of the essential amino acid, lysine for the growth 

of the India Major Carp, Laheo rohita (Rohu) juveniles. Six isonitrogenous purified 

diets incorporating casein and gelatin as intact protein supplemented with crystalline 

amino acids were formulated. This formulated diet were fed to rohu twice a day for 8 

weeks. Maximum growth and survival and lowest FCR was obtained at 2.24% of the 

diet which was taken as optimum dietary requirement level for rohu for lysine. Except 

loss of appetite resulting depressed growth rate, other nutritional deficiency was 

observed. Medda et a/. (1993) showed that the supplemental feeding of two major 

Indian Carps, Cat/a cat/a and Laheo rohita during their early developmental periods 

by a suitable combination of vitamins, amino acids and rice bran resulted in a 

differential impact on three important growth parameters, namely length, weight and 
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protein content of the spectes. Two-way analysis of variance test revealed a 

significant group and feed specific variation of the relative growth rate of the two 

species in response to the experimental feeding. Analysis also revealed both length 

and weight wise significant variation of the main effects and their interaction in 

response to the feed treatment on the two carps. Devi and Vishwanath (1993) found 

that the Osteabrama belangeri (Valenciennes) is a medium sized carp endemic in the 

Chindwin Drainage of Yunnan (China), Burma (Myanmar) and Manipur (India). This 

paper also reports on an attempts to artificial feeding of the advanced fry of the fish 

with different formulated dry feed pellets incorporating different proportions of the 

protein rich aquatic fern Azolla pinnata and fish meal. The results show that balanced 

protein, vitamin and mineral seemed to promote growth rather than only quantity of 

protein in diets in case ofO. belangeri. Keshavanath and Matty (I994) conducted two 

experiments in a circulating system. In the I"' experiment to 84 days duration, 10 mg 

kg- 1 diet Sumach induced significantly higher growth, but not 20 mg kg"1 diet. Both 

doses of pure HCG (Sigma Chemicals Ltd.) tried (I and 2 mg kg- 1 diet) were 

ineffective. In the second experiment, growth produced by 5 mg/kg. died pure HCG 

and l 0 mg kg-1 diet Sumach were comparable and significantly higher than the rest 

after 42 days, indicating higher potential of pure HCG. The findings are significant as 

they reveal that a protein hormone like HCG is capable of growth promotion in carp 

when administered orally. Das et a/. ( 1994) studied that the fishmeai was partly 

replaced with locally available plant leaf powders, Eichhomia crassipes (Pellet E), 

Co/cocasia escule/1/a (Pellet C) and Gliricidia maca/a/a (Pellet G) and the pelleted 

feeds prepared separately were fed to the Indian major carp Cat/a cat/a and Labeo 

rohita and the growth performance was compared with fish meal based control diet 

(pellet FM) for a period of l 12 days. The best growth of catla was recorded in pellet 
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protein content of the spec1es. Two-way analysis of variance test revealed a 

significant group and feed specific variation of the relative growth rate of the two 

species in response to the experimental feeding. Analysis also revealed both length 

and weight wise significant variation of the main effects and their interaction in 

response to the feed treatment on the two carps. Devi and Vishwanath (I993) found 

that the Osteobrama belangeri (Valenciennes) is a medium sized carp endemic in the 

Chindwin Drainage of Yunnan (China), Burma (Myanmar) and Manipur (India). This 

paper also reports on an attempts to artificial feeding of the advanced fry of the fish 

with different formulated dry feed pellets incorporating different proportions of the 

protein rich aquatic fern Azol/a pinna/a and fish meal. The results show that balanced 

protein, vitamin and mineral seemed to promote growth rather than only quantity of 

protein in diets in case of 0. belangeri. Keshavanath and Matty (I 994) conducted two 

experiments in a circulating system. In the I" experiment to 84 days duration, I 0 mg 

kg-1 diet Sumach indu~ed significantly higher growth, but not 20 mg kg"1 diet. Both 

doses of pure HCG (Sigma Chemicals Ltd.) tried (I and 2 mg kg-1 diet) were 

ineffective. In the second experiment, growth produced by 5 mglkg. died pure HCG 

and I 0 mg kg"1 diet Sumach were comparable and significantly higher than the rest 

after 42 days, indicating higher p_ot.ential of pure HCG. The findings are significant as 

they reveal that a protein hormone like HCG is capable of growth promotion in carp 

when administered orally. Das et a/. (I994) studied that the fishmeal was partly 

replaced with locally available plant leaf powders, Eichhomia crassipes (Pellet E), 

Colcocasia esculenta (Pellet C) and Gliricidia maca/ala (Pellet G) and the pelleted 

feeds prepared separately were fed to the Indian major carp_ Cat/a cat/a and Labeo 

rohita and the growth performance was compared with fish meal based control diet 

(pellet FM) for a period of I I2 days. The best growth of catla was recorded in pellet 
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FM followed by pellet C, E and G treatments, respectively. However, rohu registered 

maximum growth in pellet C followed by pellet G, E and FM treatments during the 

experimental period. 

Singh and Kumar ( 1996) showed that the fortification of conventional feed 

with fish meal (25%) and nuvimin (0.6%) increased the survival rate oflndian Major 

Carp fry to 96 - 99% in laboratory. The survival rate of rohu fry in newly constructed 

ponds were significantly higher (13.6%) with fortified test feed as compared to 

conventional feed of groundnut oil cake + rice bran (7.3%). But under laboratory 

conditions addition to nuvimin in the diet resulted in nutritional deformities viz. 

lordosis in mrigal fry and stunted growth and loss of appetite in fry of rohu, catla and 

also mrigal which may be due to lack of vitamin C and calcium and/or phosphorus in 

nuvimin formula. However, addition of 25% fish meal is significantly in growth and 

survival of carp fry in field as well as in laboratory conditions. Pandey eta/. (1997) 

observed that the scale carp (Cyprinus carpio communis), Bhakur (Cat/a cat/a) and 

Nain (Cirrhinus mriga/a) were stocked (5000 ton ha"1
) in two earthen ponds at the 

depast mental fish farm located in the highly sodic soil conditions having organic 

carbon as low as 0.21% and pH as high as 9.4. Testoviron Depot drug (Testosterone

enanthate and Propionate comt)ination) was fed to experimental fishes (I mg kg"1 

body weight) mixed in artificial fish feed consisting of rice bran + mustard oil cake 2-

3% of body weight once a day during morning hrs. control fishes were given absolute 

alcohol in fish feed daily as above. Computer analysis suggests that I mg/kg. body 

weight dose has stimulatory effect in scale carp and Bhakur but proved ineffective in 

the Nain. Both control and treated individuals of all the 3 species follow the "cube 

low". 
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MATERIALS AND METHODS 

3.1. SELECTION OF SITE: 

The present study (field trial) was conducted at the Daljeeling Pulbazar Block, 

Darjeeling, West Bengal, situated in the foot of Eastern Himalayas range and at the 

basin of the Little Rangeet River (Figure I). Latitude and longitude of this area are 

27° N and 88° E respectively. The altitude of this area is about 2500 to 3000 feet 

MSL. The area of the ponds are ranging from 0.0032 ha-0.0040 ha, perrineal, outlet in 

one side, 'Jhora fed', depth I. 0-1.5 meters and in some cases ponds are in a series. 

Laboratory experiment was carried out at the Post Graduate Department of Zoology, 

Darjeeling Government College and Vidyasagar University for digestibility study of 

the diets and physiological and biochemical estimation. 

3.2. SELECTION OF PONDS : 

Total Six(6) ponds were selected for present investigation viz. control pond 

and ponds EDOI, ED02, ED03, ED04 & ED05. The same series of ponds were named 

as control pond and ED06 (instead of EDO I}, ED07 (instead of ED02), ED08 (instead 

of ED03}, ED09 (instead of ED04) and EDIO (instead of ED05) in the next year 

experimental trial (Figures 2, 3 & 4). 

3.3. SELECTION OF FISH SPECIES : 

The Indian major carps, Cat/a cat/a. Labeo rohita and Cirrhinus mrigala were 

selected for the present investigation. Fingerlings and aduits of these species are 

available throughout the year in the viscinity through fish seed traders of Siliguri, 

Darjeeling district, West Bengal (Figures 5, 6 & 7). 
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Systematic Position of Cat/a cat/a (Ham.) 

Phylum - Chordara 

Subphylum- Vertebrata 

Grade - Telestomi 

Class - Actinopterygii 

Subclass- Neopterygii 

Division- Teleostei 

Order - Cypriniformes 

Suborder- Cyprinoidae 

Family- Cyprimidae 

Genus- Cat/a 

Species- cat/a. 

Type Characters 

I. Upper jaw border with premaxilla only. protrusible. 

2. Lateral line represented by pitted scale. 

3. Scales are comparatively large. dorsal fin with 3-4114-16 rays. 

4. Lateral transverse scale 7 Y, I 9. 

5. Dorsal profile more convex than the ventral. 

6. Anal fin shorter than dorsal fin with 8 rays. 
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7. Lateral line with 40-43 scales in the longitudinal series. 

8. 5 Y,- 6Y, rows of scales between the lateral line and pelvic base. 

Systematic position of Labeo roflita (Ham.) 

Phylum- Chordata 

Subphylum- Vertebrata 

Superclass - Gnathostomata 

Grade- Teleo~tomi 

Class - Actinopterygii 

Subclass- Neopterygii 

Division- Teleostei 

Order- Cypriniformes 

Suborder- Cyprinoidae 

Family- Cyprinidae 

Genus - Labeo 

Species - rohita 
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Type Characters 

I. Dorsal tubular nerve cord, pharyngeal gill slits present. 

2. Presence of vertebral column, 

• Presence of jaw 

3. Basbels may or may not be present. 

4. Snout obtuse and depressed. 

5. Lip thick and fringed. 

6. Dorsal fin with 15 to 16 rays. 

7. Lateral line with 40-42 scales in the longitudinal and 6 Y, I 9 in the transverse series. 

8. Dorsal profile more arch than ventral profile. 

• • Weberian apparatus connects the ear and air bladder. 

9. Pelvic fin origin below the 3'd or 4lh rays of dorsal fin. 

Systematic position of Cirrllinus mrigala (Ham.) 

Phylum - Chordata. 

Subphylum- Vertebrata 

Superclass- Gnathostomata 

Grade- Teleostomi 

Class - Actinopterygii 

Subclass- Neopterygii 

Division- Teleostei 
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Order- Cyprinifonnes. 

Suborder - Cyprinoidae 

Family- Cyprinide 

Genus - Cirrhinus 

Species - mrigala 

Type characters 

I. Upper jaw border premaxilla only, protrusill. 

2. Lateral line represented by pitted scale. 

3. Dorsal fin short with 8 - 15 rays. 

4. Dorsal profile slightly more convex than the ventral profile. 

5. Presence of 2 barbels. 

6. Origin of dorsal fin much in front of pelvic origin, nearer to snout that to caudal base. 

7. 4 Y, I 6 scales between lateral line and pelvic base, and 40 - 45 scales in the 

longitudinal series. 

3.4. EXPERIMENTAL TRIAL DURATION : 

The experimental period was nonnally July-December of every year. And the 

experiment was conducted for growth, conversion efficiency and bio-chemical 
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changes in Indian major carps with different formulated diets (EDO I - ED I 0). The 

time schedule for rearing of!MC were as follows : 

01.07.95-31.12.95 (control and EDOI-Ed05), 

03.07.96-02.01.97 (control and EDOI-ED05), 

02.07.97-01.01.98 (control and ED06-EDIO) and 

01.07.98- 31.12.98 (control and ED06-ED I 0) 

3.5. FEED 

3.5.1. Selection of the feed ingredients: 

Twenty-one (21) feed items of both plant ( 14) and animal (07) origin were 

screened for the present investigation. Among the feed items of plant origin, oil cakes 

(mustard oil cake, linseed oil cake and ground nut oil cake), wheat bran, rice bran, 

cheap quality soybean meal, cotton seed, Hydrilla, Spirodela, Azolla, Nymphoides, 

Nechamandra, Eichhornia & Cynodon and among the items of animal origin, goat 

blood & slaughter house waste (from the slaughter houses, pulbazar, Darjeeling, West 

Bengal), silk worm pupae (from the silk production centres, Kurseong, Darjeeling, 

West Bengal), trash fish (from the Pulbazar market, West Bengal) and carcass wastes 

(cattle and pig; procured from Kalimpong, Darjeeling, West Bengal), Feather meal & 

meat meal (Pulbazar market, Darjeeling, W.B.) were used. All these feed ingredients 

are available locally throughout the year at a comparatively cheaper rate. After drying, 

the feed ingredients were made into powder by a grinder and stored in plastic jars 

separately for subsequent analysis. 

3.5.2. Proximate analysis of the feed ingredients : 

Each feed item was analysed for moisture, dry matter (DM), crude protein 

(CP) (Kjeldahl N x 6.25), crude lipid (CL) (ether extract), crude fibre (CF), nitrogen 
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free extract (NFE) and ash as per Weende proximate analyses scheme following the 

methods outlined in the "Official Methods of Analysis" published by Association of 

Official Agricultural Chemists (AOAC, 1980). Calcium and phosphorus contents 

were estimated following the Clark - Collip modification of the Kramar - Tisdall and 

Fiske and Subba Row method respectively as described by Oser ( 1960) (Figure -

Winde proximate analysis scheme). 

The methods are outlined as follows :-

3.5.2.1. Moisture: 

For the determination of moisture content, weighed amount of feed ingredient 

was dried in a hot air-oven at a temperature of I 00 ± 5°C .for 24 to 34 hours till a 

constant weight was obtained. The loss in weight was reported as moisture content of 

the feed ingredient. 

Weight fresh sample- weight dry sample 
Moisture content (%) =·· x 1 DO 

Weight fresh sample 

3.5.2.2. Dry matter (DM) : 

Dry matter (DM) content of the individual feed ingredients was determined as 

the difference between the fresh feed sample and moisture content (DM = fresh 

sample - moisture). The crude protein, crude lipid, crude fibre nitrogen free extract, 

ash, calcium and phosphorus contents of the feed ingredients were calculated as 

percent of dry matter. 

3.5.2.3. Crude protein : 

The amount of crude protein content present m the feed ingredients was 

calculated from it's nitrogen content which was analysed by modification of the 
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Kjeldahl technique. I 00-200 mg. of feed sample was accurately weighed and placed 

in a long neck lOOm! digestion flask. To this, O.lg of catalyst (triple catalyst, Se : 

HgO:CuS04 : : 10:3:5) and 1.5 g of potassium bi-sulphate (KHS04) were added 

followed by 5.0 ml of concentrated sulphuric acid (H2SO;, AR). The mixture was then 

gently heated until frothing subsides. The mixture was then boiled vigorously until the 

solution becomes clear. The digestion mixture was cooled to room temperature and 

diluted with I 0.0 ml of distilled water. The flask was immediately connected with the 

distillation bulb and an excess (20.0 - 25.0 ml) of 50% sodium hydroxide (NaOH) 

was added slowly through the funnel provided for this purpose. The tip of the 

condenser was immersed in 25.0ml of standard N/20 H2S04 in the receiving flask. 

The solution was steam distilled for 40-45 minutes. After completion of distillation, 

the receiving flask was lowered and the condenser tube was washed with distilled 

water. The excess acid was then titrated with standard N/20 NaOH solution using 

phenolphthalin as an_ indicator. For each analysis, blank tritations were performed are 

respective volumes of titrants were corrected. The percentage of nitrogen was 

calculated as follows: 

100 X (V1 - V2 ) X N X 14.01 
%N = 

Wx20x1000 

Where, V1 =Volume of titrant for 25.0 ml of blank H2SO; 

V2 =Volume of titrant for the distillate collected in the receiving flask. 

W= Weight of the sample taken in g. 

N= Strength of alkali. 

The crude protein was estimated by multiplying Kjeldahl Nitrogen with 6.25. 
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3.5.2.4. Crude lipid (ether extract) 

The crude lipid content of the different feed ingredients was estimated using 

soxhlet extraction apparatus. 2.0 g dried feed ingredient was taken in a thimble and 

placed in the soxhlet extraction apparatus. The initial weight of the soxhlet flask was 

recorded and filled with I 00-150 ml of petroleum ether (Boiling point 60-80°C). The 

soxhlet apparatus was then placed in a heating mantle and the petroleum ether 

allowed to boil for circulation through the thimble by Siphon process. The siphoning 

process was repeated at least 20 times. The flask was then taken out and the petroleum 

ether was allowed to evaporate. The final weight of the flask was then recorded. The 

difference in the final weight of the flask and blank gave the weight of the crude lipid 

present in the feed sample. 

Crude lipid (%) = weight of crude lipid x 100 
weight of sample 

3.5.2.5. Crude fibre: 

After extraction oflipid by petroleum ether extraction in soxhlet apparatus, the 

defattened feed ingredient was used for the estimation of crude fibre. Weighed 

amount (2.0 g) of defattened feed ingredient was treated with 200m! of 25% boiling 

H2S04 for 30 minutes and washed repeatedly with boiling distilled water and cold 

distilled water until washings are no longer acidic. The material was then treated with 

200m! of boiling 25% NaOH solution for 30 minutes and washed repeatedly with hot 

and cold distilled water as described earlier until the washings are no longer alkaline. 

After thorough washing, the material was filtered through ash less filter paper 

(Whatman No. 42), dried in a hot air-oven and weighed. 
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3.5.2.6 Nitrogen free Extract (NFE) : 

Nitrogen free extract (NFE) was calculated "by difference" following the 

quantitative analysis of crude protein, crude lipid, moisture, ash and crude fibre 

fractions. NFE=IOO- (%crude protein+% crude lipid+% moisture+% Ash+% 

<;rude fibre). 

3.5.2. 7. Ash : 

The ash content was determined by igniting the weighted amount (2.0g) of 

feed sample at 500 ± 50°C in a muffle furnace for atleast 06-10 hours till a constant 

weight was obtained. 

3.5.2.8. Calcium : 

The amount of calcium present in the feed ingredients was estimated 

following the Clark - Collip modification of the Kramer-Tisdall method as described 

by Oser ( 1960). 2.0 g of the sample was first made into ash in a Muffle furnace at 

550° ± 50°C. The ash was dissolved in 20.0 ml of 6 (N)HCI, boiled and filtered 

through whatman filter paper No. 42. 2 ml of this filtrate was diluted with 98.0 ml of 

distilled water to which 2 drops of methyl red indicator was added. To this mixture, 

diluted ammonium hydroxide (NH40H) was added drop wise till the colour changes 

to brownish orange. Subsequently, 25% hydrochloric acid (HCI) was added drop wise 

to have a Pink colour. The entire mixture was then diluted with distilled water to 

make the volume upto !50 ml and after boiling, I 0.0 ml of hot saturated ammonium 

oxalate solution was added. This was kept overnight to allow the precipitate to settle. 

Next day, after filtering through ash less filter paper, the beaker was washed with 50.0 

ml of diluted NH40H and again filtered. After filtering, the precipitate was washed 

with 125 ml of distilled water and subsequently 5.0 ml of concentrated H2S04 was 
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added. The entire mixture was then heated to 70°C. It was then titrated with N/1 0 

KMn04 to the first appearance of pink colour. The calcium content was calculated as: 

Ca (%)=amount of titrant X 0.02 x 10 x 50 

3.5.2.9. Phosphorus : 

The phosphorus content was estimated following the method of Fiske and 

Subba Row as described by Oser ( 1960). 2.0g of feed sample was made into ash in a 

muffle furnace at 550° ± 50°C and taken into a I 00 ml volumetric flask. To this, 70.0 

ml of distilled water and I 0.0 ml of ammonium molybdate solution were added. After 

mixing the mixture by gentle shaking, 4.0 ml of I ,2,4 - aminonaphthosulphonic acid 

was added and made upto I 00 ml with distilled water. Simultaneously, a separate 

flask was filled with 5.0 ml of standard phosphate solution, containing 0.4 mg of 

phosphorus, 65.0 ml of distilled water, and the same reagents that were added to the 

food sample. The mixture was diluted with distilled water to make the volume upto 

I 00 ml, mixed well by inversion, and allowed to stand for 5 minutes. A blank was 

prepared by treating 70.00 ml of distilled water in a I 00 ml volumetric flask with the 

same reagents, diluted to the mark with distilled water, and mixed by inversion. The 

optical density of the standard and of the unknown was determined in a 

spectrophotometer (Systronics I 06) at 660-720 nm. The amount of phosphorus 

present in the feed sample was calculated as : 

0. D. of Unknown . . 
-::-::--:-.,...--:--:- x 0.4 = mg of morgamc phosphorus (as P) 
O.D. of standard 

mg of inorganic phosphorus x 50 
Phosphorus(%) = 

1000 
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3.5.2.1 0. Organic matter (OM) : The organic matter content of the feed ingredients 

was estimated as follows : 

OM=% Dry matter (OM) -% Ash. 

3.5.2.11. Caloric values : 

The caloric values of the individual feed ingredients in terms of the Kcal/g 

were estimated using the average caloric conversion factors of 4.1 0, 9.45 and 5.65 

Kcallg for carbohydrate, lipid and protein respectively (Jobling, 1983). 

3.5.3. Preparation of the diets after compounding : 

On the basis of proximate composition and caloric value of the individual feed 

ingredients, availability in the large quantity and digestibility of the ingredients. I 

have selected ten ( l 0) feed items for final preparation of the experimental diets & the 

different diets were compounded on the following basis : 

The diets were formulated following the square method (Hardy, 1980). The 

feed ingredients were weighed in a chemical balance as per requirements and mixed 

thoroughly with luke warm water until a dough like mass was obtained. Some vitamin 

and mineral mixture (vitaminate forte, Roche India Limited) were added to the dough. 

The compounded feeds were made water stable using wheat flour (5%) as binder. 

3.5.4 Pelletization and nutrient leaching : 

The feed mixtures thus obtained were passed through a pellet-making 

machine. The size of the pellets was determined according to the size of the fish. The 

pellets were then dried in a hot air-oven at mild temperature and crumbled. After 

screening, the finished diets were kept in air-tight plastic containers for future use 

(Figures 8, 9 & I 0). 
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To evaluate the leaching of nutrients (mainly protein), if any, weighed amount 

of pelleted feeds were kept in water for four to five hours and the water was analysed 

for protein following the methods of Lowry el a/. (I 957). 

3.5.5. Sinking rate of the pelleted diets : 

The sinking rates of the different pelleted feeds, in dried condition, was 

determined in an aquarium soon after their preparation. The pellets of uniform size 

were dropped into the aquarium and the time taken by them to pass through the depth 

of the water column was recorded using a stop watch. The average time taken by each 

type of pellet were calculated separately and the average sinking rate of the pellets 

was expressed in em/sec. 

3.5.6. Storage effect of the pelleted diets : 

In order to finc,l out the self life of the feeds, samples were drawn from each 

type of feed and analysed for various parameters at the initial and at the end of the 

long-time storage period i.e., 3 months. The proximate composition of both fresh and 

stored feeds were determined following the methods as stated earlier. 

3.6. EXPERIMENTAL AQUARIA (For digestibility study) 

The system consists of six rectangular aquaria. The base and frame of each 

aquarium are made up of fibre glass of neutral character and the side walls of good 

quality thick glass. Each aquarium measures 76 x 41 x 37 ems. The base of the each 

aquarium is gently sloped towards the centre where an outlet is present. Each bottom 

outlet is connected with a drain pipe of 0.2 em inner diameter which can be controlled 

by stoppers. An overflow outlet is provided with each aquarium on the front wall and 
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each connected with GI pipe through which the excess water can be drained out. The 

outlet pipe from each aquarium ends in a funnel for filtering the uneaten feed 

materials and faecal matters. Each of these funnel is connected with an outlet GI pipe 

through which the filtered water is drained out. The aquaria were fed with tap water 

through the shower provided at the top (Figure - II). 

3.7. DETERMINATION OF THE FEEDING RATE AND TIME 

The fishes were stocked in separate aquarium in a batch of 20 fishes in each. 

They were fed with the pelleted feeds at the rate of 5% of their total body weight at 

different time intervals, viz., '00' hours, '06' hours, '12' hours and '18' hours. Daily 

feeding allowance was adjusted each week on the basis of average body weight of the 

fish. Any left over feed were collected after 3 hours and the water was drained out 

through the outlet situated at the bottom of the aquarium through a filter of 22 Bolt 

silk cloth to collect the uneaten feed materials. The collected feed materials were 

taken in a petridish, dried in an air-oven at I 00 ± 5°C and weighed to determine the 

actual amount offeed taken by the fish (Figure -12). 

3.8 PERFORMANCE OF THE PREPARED DIETS 

3.8.1. Digestibility study : 

The digestibility experiments were conducted in specially designed fibre glass 

aquaria as described earlier. Each experiment consisted of two replications. The fishes 

were fed with the pelleted feeds once daily at a rate of 5% of their total body weight 

throughout the experimental period and the actual feeding rate was determined. Daily 

feeding allow once was adjusted each week on the basis of average weight of the fish 

in each treatment. Any left over feed were collected after 3-4 hours and weighed after 
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drying in an air-oven at I 00 ± S°C to determine the amount of feed consumed by the 

fish. The water from all the aquaria was drained out every 24 hours through the outlet 

situated at the bottom. During this process. the water was allowed to letout through a 

filter of 22 Bolt silk cloth to collect the faecal matter. Any nutrient leached out into 

the water was determined by analysing the water sample during the time of faeces 

collection. The faecal matter thus collected was taken in a petridish. dried in an air-

oven at I 00 ± S°C and weighed. For each feeding trial. a IS day composite faecal 

matter was pooled for subsequent analysis. Digestibility study was terminated after IS 

days. The faecal samples were analysed for proximate composition following the 

methods as described earlier. The digestibility of the nutrients in the feed was 

estimated by using the following equation : 

Nutrient intake - nutrient in the faecal matter 
Digestibility = N t . t . t k X 1 00 u nen 1n a e 

3.8.2 Feed conversion .. ratio (FCR) : 

To determine the feed conversion ratio (FCR) of the formulated feeds. the 

feeding experiment was continued for a period of 60 day. After acclimatization, the 

fish were kept in separate aquaria in a group of IS fishes (Cat/a - 5. Labeo - 5 & 

Cirrhina - 5) in each. Each experiment was tried in duplicate. Initial weight and 

length of the each fish were recorded prior to commencement of the experiment. The 

fishes were fed daily @ 5% of their total body weight. The water of each aquarium 

was changed daily. The fish from each aquarium were sampled at regular intervals for 

monitoring the length and weight increment. The amount of feed given was adjusted 

on the basis of the weight gain of the sampled fish. The amount of feed consumed by 

the fish was determined by the method as stated earlier. At the termination of the 
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experimental period, the final gain in length and weight of the individual fish was 

recorded. The absolute conversion rate was then calculated as : 

. _ Dry weight of the feed given 
Absolute conversion rate - Increase in wet weight of fish 

3.8.3. Protein efficiency ratio (PER): 

PER of the formulated diets was estimated by the gain in wet weight of the fish per 

gram of crude protein consumed on dry weight basis: 

PER = Wet weight gain of the fish 
Gram of crude protein consumed 

3.8.4. Nitrogen balance : 

The Nitrogen (N) balance was calculated as : 

N balance= Total N intake- N in the faecal matter. 

3.8.5. Energy balance : 

The Energy balance was calculated as : 

Energy balance = [Gross energy intake through food -Energy released in the faecal 

matter] 

3.8.6. Measurement of growth parameters: 

The growth of the experimental fish fed on different diets was determined on 

the basis of weight increments. The fishes from each of the pond were sampled each 

301
h day (Control and ED 0 I to ED I 0) to record the increment in weight (g) and to 

calculate the specific growth rate%, Live weight gain(%) and daily weight gain (g). 

Specific growth rate(%) = Ln final weight - Ln Initial weight x 100 
D~ys on tnal 

Final weight - Initial weight 
0 Live weight gain(%) = . h x 10 Initial wetg t 
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Wet weight gain 
Daily weight gain = 

Days on trial 

3.9. BIOCHEMICAL COMPOSITION OF THE FLESH : 

The specimens from each of the replicate were collected at regular intervals 

for estimation of different biochemical parameters of the flesh of the fish fed on the 

prepared diets EDO I - ED I 0. 

Moisture, dry matter (DM), crude protein (N x 6.25), crude lipid (ether 

extracts), and ash were estimated following the methods stated earlier AOAC, 1989). 

3.IO. WATER QUALITY: 

The temperature, pH, dissolved oxygen (D02) and combined carbondioxide 

(CC02, hardness) of the water were recorded periodically (i.e. at every 7'h day) 

throughout the experimental period. The standard methods of APHA (1984) were 

followed to study the water quality. 

3.11. COST EFFECTIVENESS OF THE DIETS : 

The cost of feed and fish as per the local market value, were taken into 

consideration to determine the cost effectiveness of the different experimental diets 

(EDOI - ED I 0). After the experimental period ( 180 days) the cost of unit production 

(Rs./Kg.), gross output (Rs.) and net output (Rs.) were estimated. 
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3.12. STATISTICAL ANALYSIS: 

To test the goodness of fit and other statistical analysis of the experimental 

data, were done between the initial (during stocking) and final (after rearing period) 

values of different parameters. 

The linear regression equation, correlation between control and EDO I - ED I 0 

were analysed for the best fit curve and to study the rate of increment by using the 

software package like Microsoft Excel, Statistics; SPSS and ASP etc. 
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Fig.2. Experimental pond at the basin of Little Rangeet river. 

Fig. 3. Experimental pond at th-e agricultural fields of Darjeeling hills. 
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Fig. 6. The Indian major carp Labeo rollita (Ham.). 

Fig.7. The Indian major carp Cirrltinus mrigala (Ham.). 
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Fig. 8. Grinding of the different feed ingredients through hand 
grinder. 

Fig. 9. Pelletization of the formulated diets through hand pelletizer. 
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' 

Fig. 10. Dried pellet (before storage). 

Fig. 11. Experimental continous flow aquaria with air, temperature, 
photoperiod and water flow meter. 
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Fig. 12A. Feeding of the fish in aquaria. 

Fig.12B. Collection of faecal matter for digestibility study. 
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RESULTS 

4.1 General and physico-chemical characteristics of soil and water (before 

experimental trial) : 

Average initial general characteristics of the experimental ponds (Control, 

EDOI, ED02, ED03, ED04, ED05, ED06, ED07, ED08, ED09 and ED10) were 

recorded in the table .1. The ponds were perennial, free from aquatic macrophytes and 

situated above 2500- 3000 ft. MSL. 

The soil was slightly acidic in nature and pH varied from 6.3 to 6.9. Though 

this difference is very little, yet this difference is very important for the growth of 

carps. The organic carbon (C) was found to be varied from 0.22% to 0.29%. The 

analysis of soil showed that the total nitrogen (N) content was in the range of 0.02% 

to 0.04%. The available phosphorus co"ntent was recorded between 13.7 kgha·' and 

14.3 kgha·l The content of potassium (Kgha"1
) ranged between 75.1 and 78.3. The 

C!N ratio is a most important factor for the growth of the fish and it was highest in 

pond EDOJ and lowest in ED09 (Table 2A). 

The temperature of water was recorded m each month. The maximum 

temperature (21.1 0- 22.30°C) was recorded in the month of July i.e. at the beginning 

of the experiment. Average pH of water was almost in neutrality and ranged between 

6. 7 and 7.2. The initial values of dissolved oxygen content of water varied from 11.17 

- 11.49 ppm in different experimental ponds prior to start any experiments. Free 

carbon dioxide values were recorded from 6.42 ppm (maximum) to 6. I 0 ppm 

(minimum). Total alkalinity of the experimental ponds varied between 119.17 ppm 

and 122.01 ppm. The plankton density is also an important factor for the growth of 
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the fish and it was initially ranged between 0.36 and 0.39 ml45 litre ofwater"1 (Table 

2B). 

4.2 Screening of the locally available feed ingredients : 

There are numbers of conventional and non-conventional feed resource are 

available in the Darjeeling-Pulbazar Block particularly in the monsoon and post 

monsoon and post monsoon. Total 21 ingredients (01-21) were selected for 

preliminary screening which are available in the same area or nearby plains of the 

hills. They are 7 (seven) plan by-products, 6 (six) aquatic macrophytes, I (one) grass 

and 7 (seven) animal by products (Table 3). 

4.3 Bio-chemical composition of the selected ingredients : 

The poximate biochemical composition (moisture, dry matter, ash, orgamc 

matter, crude protein, crude lipid, crude fibre and NF(E) and energy values of 

different feed ingredients (0 1-21) used in the present course of investigation are 

presented in Table 4. Out of the 21 feed resource only 12 were used in the final 

formulation of the different diets (ED01 - ED09). 

4.4 Proportion of different ingredients in the prepared diets : 

Ten experimental diets (ED01-ED10) were formulated on the basis of the 

proximate biochemical composition ('Yo) and caloric values of the feed ingredients 

(excluding the diet EDIO). The diets were prepared on the following basis: 

Diets EDOl - ED09: lsonitrogenous (attempted crude protein level = 30.0%) diets 

prepared with ingredients of different protein sources (Table 5). 

Diet EDIO: Casein-gelatin based diet (Halver's synthetic diet) to provide balanced 

nutrition and to get optimum growth of the fish. 
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4.5 Proximate biochemical composition and energy values of the experimental 

diets: 

Table 6 represent the estimated proximate biochemical composition of the 

experimental diets. There was no marked differences in the gross energy content in 

the diets EDOI - ED09 although crude protein levels varied from 29.69% (ED04) to 

35.46% (ED08). The diet EDIO contained slightly higher amount of crude protein 

(45.62%) and energy levels (5.09 Kcalg"1
). Crude lipid content was varied from 

4.93% in ED06 to 13.6S% in ED07 although nitrogen free extract (NFF) did not show 

any marked variation except in diet ED06. 

4.6 Quality of pelleted experimental diets: 

The pellets were prepared in two different installments i.e. for I -90 days and 

9 I- I SO days just to avoid any effect of storage. The length of the crumbled pellets 

were uniform in both the cases and ranged from 0.27 em. - 0.59 em. in second case. 

Sinking rate varied from 3.02 em/sec to S.40 em/sec. Maximum weight was 9.31 mg 

and the minimum 4.37 mg. Leaching of protein (%) in water negligible and varied 

from 1.65%- 3.09%. The water stability of the pellets were moderately high except 

EDIO (Table 7A & 7B). 

4. 7 Feed intake, faeces release and digestibility of the formulated diets: 

The average daily dry matter .intake in terms of mg I OOgbw·• ranged between 

4304 (EDlO) and 2825 (EDOI). The release of faecal matter however minimum (60I 

mg IOOgbw-1
) with the diet EDIO and maximum (834 mg IOOgbw-1

) (Table SA). 

The results regarding the digestibility (%) of crude protein, crude lipid, 

nitrogen free extract and gross, energy are presented in table SA. The digestibility of 
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protein was higher in almost all the diets. The highest protein and lipid digestibility 

was recorded for the diet ED I 0 and lowest with the diet ED04. The digestibility of 

NFE was recorded highest with the diet ED02 (80.021) and lowest with the diet ED08 

(70.187). The energy digestibility was lowest for the diet ED04 and highest for the 

diet ED07. 

4.8 Nitrogen and energy balance: 

The average nitrogen (N) intake (mg/1 00 g fish d"1
) and absorbed nitrogen 

(mg/1 00 g fish d" 1
) ranged between I 07-336 mg and 70-290 mg respectively in the 

fish fed with the diets EDO I - ED 10. The absorbed nitrogen was highest in the fish 

fed on the diet EDlO and lowest with the diet ED05 (Table 88). 

The absorbed feed energies in terms of Kcal/1 OOg fish d" 1 also showed a 

similar trend being higher in the fish fed the diet ED 10 ( 17.85) and lowest with ED05 

(7.44). The intake and absorption of feed energies were found to follow similar trend 

as in the case of nitrogen intake and absoption (Table 88). 

4.9 Feed conversion and protein efficiency ratio: 

The FCR and PER in the fish fed with the diet EDO 1 - ED 10 ranged between 

1.239 and 2.211 and 2.310 and 1.309 .respectively (Table 88). The best conversion 

ratio was obtained with the diet ED03 (1.239) followed by EDlO, ED09, ED08, 

ED02, EDO 1, ED06 and ED04 and lowest with the diet 2.187. Protein efficiency ratio 

in the fish fed on these diet followed a different trend on these diets followed a 

different trend being higher with the diet ED03 and lowest with the diet ED06. 
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4.10 Weight gain, specific growth rate and daily weight gain: 

Weight gain(g), specific growth rate(%) and average daily weight gain (g d"1
) 

was highest in the fish (Cat/a, Laheo & Cirrhinus) fed with the diet ED I 0 (Casein

gelatin diet). The fish fed with the Nymphoides leaf powder diet (ED05) exhibited a 

poor performance in comparison with the other diet (EDOJ - ED04, ED06- ED09) 

and lowest in the fish cultured in the control pond (without any supplementary diet) 

(Table 8C). 

4.11 Stocking density of Cat/a, Laheo & Cirrllinus: 

Area of the experimental ponds ranged from 0. 0032 - D. 0040 hactare. The 

stocking density of Cat/a, Laheo & Cirrhinus were in the ratio of 4:3:3 respectively 

for both the I" year and 2"d year experimental trial. The total number of fish stocked 

in the control and experimental ponds EDOJ - EDJO were 70, 90, 75, 80, 80, 85, 90, 

75, 80, 80, 85 respectively plus I 0% in addition to the numbers stated above (Table 

9A). 

4.12 Operational inputs during experimental trial (1'1 year & 2"d year): 

All the ponds were treated with lime @ 500 kgha"1 including control. The 

organic manures used in this experimental trial was raw cow dung @ 5000 kgha"1 in 

two different instalments. The fingerlings of Cat/a, Laheo and Cirrhinus together 

stocked in the control and experimental ponds EDO I - ED I 0 @ 20,000 + I 0%. 

Formulated diets were provided @ 5% body weight per day to the fish cultured in the 

experimental ponds EDOl - EDID i.e. no formulated diets were given in the control 

pond (Table 98). 

4.13 Fish growth in terms of weight gain(!'' year and 2"d year) 
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Growth performance of Cat/a, Labeo and Cirrhimts fed on the diets containing 

different dietary protein source are presented in the tables I 0 A, B & C (I" year) and 

tables IOC, D & E (2"d year) and figures 13, 14 & 15 (!"'year) and figures 16, 17 & 

18 (2"d year). 

4.13.1 Growth of Cat/a: 

The growth rate of Cat/a in terms of weight increment (g) was recorded in the 

tables lOA & IOD and figures 13 & 16 and (350.68g and 355.30g highest with the 

diet EDJO (350.68g and 355.30g during the I"'' and 2"d year respectively) followed by 

ED03, ED02, ED09, ED08, ED06, EDOI, ED07, ED04, EDOS and lowest in the 

control pond (117.6lg and 122.77g during the I" and 2"d year respectively). 

There are significant (P<O.OS) correlations were observed when the growth of 

Cat/a compared between control pond and the ponds with experimental diets (EDO I -

ED I 0). When compared the r and t values then also 2 found highest with Diet ED I 0 
.. 

and lowest with the EDOI, both in the I" and 2"d year (Tables IIA & liD) . 

. 4.13.2 Growth of Labeo: 

The growth rate of Labeo in terms of weight increment (g) is presented in the 

tables I OB (I" year) & I OE (2"d year) and figures 14 & 17 and recorded highest with 

the diet ED I 0 (282.40g and 311. 79g during !'' & 2"d year respectively) followed by 

same trend as observed in the growth of Cat/a and lowest with the control (I 04.60g 

and 106.75g for I" & 2"d year respectively) where there is no formulated diets were 

provided. 

In case of Labeo there are significant (P<O.OS) correlations were observed 

when the growth of the fish compared between the control and experimental ponds 
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(EDO I - ED I 0). Highest r and t values were recorded with the diet ED I 0 and lowest 

with the diet ED06 for both the I~ and 2"d year experimental trial (Tables liB & 

liD). 

4.13.3 Growth of Cirrhinus: 

The growth of fish in terms of weight increment in g is presented in the tables 

I OC (I"' year) and I OE (2"d year) and figures 15 & 18 for first and second year 

respectively. The highest growtli was recorded with the diet EDIO (257.29 g & 267.96 

g for I" and 2"d year respectively) and lowest in the pond control (72.66g & 82.72g 

for I"' & 2"d year trial). The highest growth in the pond ED I 0 followed by ED03, 

ED02, ED09, ED08, ED06, EDOI, ED07, ED04 & ED05 respectively in decreasing 

order. 

The correlations were observed significant (P<0.05) between the control and 

EDO! - EDIO when compared with the fish growth. The values ranged between 

0.998379 and 0.992744 for 1" year and 0.996945 and 0.989226 for 2"d year. The t 

values ranged between 35.535 and 18.461 in the I" year trial and 21.615 and 15.109 

in the 2"d year trial (Tables II C & II F for I" & 2"d year respectively). 

4.14 Physio-chemical characteristics of water and plankton density (during 

experimental trial 

4.14.1 Ambient water temperature (0C): 

Average temperature of water was recorded in each month and presented in 

the table 12A for both I"' and 2"d year. The maximum temperature was found in the 

month of July and minimum in the month of January. There is no significant 
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variations was observed m different experimental ponds however, all the ponds 

followed a similar trend. 

4.14.2 pH of water: 

Initially the pH of the treated pond remained static at the range of 6. 7 - 7.2 

however there is a trend towards the acidic in the winter months. But there is no 

significant changes was recorded either in the I 51 year or znd year in the different 

experimental ponds (Table 12B). 

4.14.3 Dissolved oxygen content (ppm): 

Average monthly changes in the dissolved oxygen content are recorded in the 

table 12C. Lime and manure did not show any influence in the improving the 

dissolved oxygen of water. There is a tendency to decline the DOl level from the 

month of July towards December. The highest DOl content was 10.87 (I" year) & 

10.89 (2"d year) and lowest was 9.00 (I" year) & 9. I5 (2"d year). 

4.14.4 Free carbon dioxide content (ppm): 

Monthly variation of free carbon dioxide level were recorded in the table I 2D 

and it was highest in the month of January (6. I I - 6.88) and lowest in the month of 

July (6.00 - 6. 77). There is a regular variatons were found in the different 

experimental ponds but not at the level Qf significance. 

4.14.5 Total alkalinity as CaCOJ (ppm): 

Total alkalinity is presented in the table 12E. It was maximum in the winter 

months i.e. January and minimum in the month of July. Highest value was recorded 

126.7 and lowest was I 15.8. There is a significant difference was noted in the control 

and experimental ponds. 
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4.14.6 Plankton density (ml451itre ofwater-1
): 

Table 12F contains the data on plankton density which were recorded 

throughout the experimental period in all the ponds and at monthly interval. Although 

the initial values are almost similar in all the ponds but there is a tendency to increase 

the plankton density towards winter. In some cases, there are a significant differences 

were observed in the density when compared between the control and experimental 

pond EDOl - EDlO. 

4.15 Proximate composition of the fish flesh(%): 

The moisture crude protein, crude lipid & ash content of the fish flesh are 

presented in the table 13A (I" year) and 138 (2"d year). 

Moisture content was recorded highest in the fish cultured in the control pond 

and lowest in the fish fed with the diet EDO I -ED I 0. There is a significant difference 

was observed when compared between the control and EDOI - EDIO. The moisture 

content of Cat/a is slightly higher as compared to La hoe & Cirrhinus (Figure 19). 

The crude protein content was recorded highest in the fish flesh fed with the 

diet ED 10 and convert in the control. Although there is no significant difference was 

observed with the diet EDO I - ED I 0 but it was significant w~en compared with the 

control. Fish flesh of Laheo contains slightly higher (not significant) amount of crude 

protein followed by Cat/a & Cirrhinus (Figure 20). 

Crude lipid content was recorded lowest in the flesh of fish analysed from 

control pond and recorded highest with the ED I 0. Higher levels of lipid was formed 

from the flesh of Cirrhinus when compared with Cat/a and Laheo and lowest in the 
-

flesh of Laheo in all the diet treatments including control,(Figure 21 ). 

74 



There is no significant differences were observed in the ash content of the fish 

flesh although the variations were recorded in all the I 51 & 2"d year experimental trial 

(Fig. 22). 

4.16 Production offish (kgha"1
): 

The highest production was obtained in the pond EDIO (2935.72 & 3047.61 

during I 51 & 2"d year respectively) and lowest in the control pond 960.76 & 965.50 

during ! 51 & 2"d year respectively. The production of fish in terms ofKgJha.1EDIO 

followed by ED03, ED02,ED09, ED08, ED06, EDOI, ED07, ED04 & ED05 for both 

the year (Table I 9A). 

4.17 Cost of unit production (Rs.Kg. ·•), gross output (Rs.) and net output (Rs.): 

The production cost per Kg. of fish was highest (125.30) with the diet EDIO 

(Casein-gelatine based) and lowest (4.65) in control pond (no formulated diet were 

provided) (Table 14B). 

If compare the gross output value (Rs.) then it was observed highest with the 

diet EDIO & lowest with the control. However, there is a negative net output value 

was recorded with the diet ED I 0 in both the I 51 and 2"d year experimental trial. 

Highest net output value was recorded with the diet ED03 (slauther house waste) both 

during I 51 and 2"d year and lowest with the diet ED07 formulated with fish meal 

(Table I 4B). 
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TABLES 



Table 1. General condition of the ponds. 

Perrineal, outlet in one side, continuous 'Jhom' feed through PVC pipe, few trees on the bank, well exposed to sun light, free from weeds, area 

of the pond is about 0.0032 ha.- 0.0040 ha., depth 1.0- 1.5 meters, some cases ponds are in a series, ponds are above 2500-3000 ft. MSL. 
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Table 2A. Initial physico-chemical condition of soil in the different experimental ponds (control and ED'Ol-EDIO). 

P,.9nd No. 
Soil depth 

pH 
Organic carbon Total nitrogen Phosphorus (P) Potassium (K) 

C/N ratio 
(mm} (q(%} (N} (%} (Kgha-12 (Kgha"12 

Control 14-18 6.9 0.28 O.oJ 13.9 77.2 09.34 

ED01 14-17 6_7 0.26 0.03 13.7 78.2 08.67 

ED02 16-20 6.5 0.27' 0.04 13.9 78.3 06.75 

ED03 15- 17 6.5 0.29 0.02 14.2 75.1 14.50 

ED04 17-26 6.4 0.24 0.02 14.0 76.7 12.00 

ED05 16-18 6.3 0.26 0.03 14.1 76_8 08.67 

ED06 15- 16 6.6 0.22 O.oJ 13.8 77.2 07.34 

ED07 17-20 6.5 0.27 O.oJ 13.9 78.5 09.00 

ED08 13- 17 6.9 0.29 0.02 14.3 76_2 14.50 

ED09 16- 17 6.9 0.26 O.o4 14.0 76.7 06.50 

ED10 19-23 6.8 0.28 0.03 14.1 78.2 09.34 
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Table 28. Initial physico-chemical condition of water in the different experimental ponds (control and ED 01- ED 10) 

Dissolved oxygen Total alkalinity 
Plankton density 

Pond No. Temperature (>C) pH Free C02 (ppm) (ml45 litre of 
(ppm) (ppm ofCaC03) 

water"1
) 

Control 22.20 7.0 11.37 6.25 120.70 0.38 

ED01 22.10 6.9. 11.30 6.11 121.35 0.36 

ED02 22.20 6.8 11.26 6.10 120.24 0.37 

ED03 22.30 6.8 11.25 6.34 120.22 0.36 

ED04 22.10 6.7 11.17 6.36 119.17 0.36 

ED05 22.10 6.6 11.21 6.21 121.18 0.37 

ED06 22.10 6.9 11.49 6.17 120.25 0.38 

ED07 22.20 6.8 11.42 6.25 122.01 0.37 

ED08 22.30 7.2 11.44 6.11 120.24 0.39 

ED09 22.10 7.1 11.42 6.26 121.17 0.37 

ED10 22.20 7.0 11.47 6.42 120.27 0.39 
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Table 3 : Screening of the locally available non-conventional feed ingredients (plant and animal origin) on the basis of their 
proximate composition. 

Plant origin Animal Origin 

0 I. Mustard oil cake 08. Hydrilla sp. 15. Fish meal 

02. Ground nut oil cake 09. Spirodela sp. 16. Feather meal 

·03. Soyabean meal 10. Azolla sp. 17. Carcass waste 

04. Cottonseed II. Nymphoides sp. 18. Goat blood 

05. Wheat bran 12. Nechamandra sp. 19. Meat meal 

06. Rice bran 13. Eichhornia sp. 20. Slaughter house waste 

07. Linseed oil cake 14. Cyonodon sp. 21. Silkworm pupae 
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Table 4. Proximate composition(%)" of the different feed ingredients (01-21). 

Dry Organic Crude- Crude Crude 
Nitrogen 

Gross Ingredients Moisture Ash free matter matter protein lipid fibre energy 
extract 

0 I. Mustard oil cake 06.05 93.95 09.55 90.45 39.23 12.24 07.00 26.93 4.764 
02. Groundnut oil cak~ 04.98 95.02 08.36 91.64 40.34 09.78 08.30 28.24 4.701 
03. Soyabean meal 04.25 95.75 05.00 95.00 39.29 19.72 05.40 26.37 5.381 
04. Cotton seed 05.83 94.17 10.22 89.78 41.00 09.77 14.15 24.86 4.258 
05. Wheat bran 08.98 91.02 04.47 95.53 13.29 03.20 07.38 62.38 3.913 
06. Rice Bran 04.38 95.62 21.41 78.59 13.03 05.14 25.50 30.54 3.519 
07. Linseed oil cake 05.83 94.17 10.92 89.08 31.69 11.02 11.28 29.26 4.494 
08. Hydrilla sp. 92.51 07.49 21.29 78.71 14.67 09.56 06.90 47.58 396.6 
09. Spirodela sp. 91.90 08.10 20.50 79.50 13.60 06.20 07.90 51.80 3.174 
I 0. Azalia sp. 90.73 09.27 10.50 89.50 24.36 07.11 09.10 48.93 4.053 
II. Nymphoide.1· sp. 87.42 12.58 22.04 77.96 15.17 08.24 06.91 47.64 387.2 
12. Nechamandrtt sp. 91.98 08.02 21.01 78.99 13.92 07.95 07.11 50.01 3.879 
13. Eichhomia sp. 82.85 17.15 26.50 73.50 12.08 05.17 24.40 31.85 2.475 
14. Cynodon sp. 83.15 16.85 09.15 90.85 14.80 04.85 23.20 48.00 2.944 
15. Fish meal 02.30 97.70 11.98 88.02 48.65 06.72 02.13 28.22 4.627 
16. Feather meal 06.73 93.27 15. 1 I 84.89 47.12 07.11 13.35 17.31 4.043 
17. Carcass waste 04.75 95.25 16.30 83.70 53.59 15.71 05.05 04.60 5.569 
18. Goat blood 05.75 94.25 04.64 95.36 54.24 02.06 00.00 33.31 4.624 
19. Meat meal 03.83 96.17 09.24 90.76 65.19 11.21 06.74 07.62 5.054 
20. Slaughter house waste 04.90 95.10 13.14 86.86 49.50 09.77 12.24 15.35 4.348 
21. Silk worm pupae 03.63 96.37 04.69 95.31 57.27 23.48 02.73 08.20 5.902 

-

*Proximate composition(%) on dry matter basis; gross energy inK Cal g-1 (each data is a mean of(five) 5 separate determinations. 
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TableS. Proportion of the different ingredients (%) in the prepared experimental diets (01 - 1 0) 

Ingredients ED01 ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 ED10 
Mustard Oil cake 35.00 - 24.79 10.00 - - 30.58 07.65 
Fish meal 33.00 - - 40.00 40.00 50.00 - 80.00 
Wheat bran 33.00 13.71 - 02.00 - 48.00 16.68 
Rice bran - 18.00 37.00 - - - - 10.45 29.00 
Ground nut oil cake - . 31.56 - - 10.00 - - - 35.00 
Soybean meal - - - - 03.00 - 50.74 
Silkworm pupae - 34.93 
Slaughter house waste - - 36.32 
Nechamandra leaf meal - - - 43.00 
Nymphoides leaf meal - - - - 40.00 
Goat blood - - - - - - - - 35.00 
Wheat flour - - - 05.00 05.00 
Casein - - - - - - - - - 38.00 
Gelatin - - - - - - - - - 12.00 
Com oil - - - - - - - - - 06.00 
Cod liver oil - - - - - - - - - 03.00 
White dextrine - - - - - - - - - 28.00 
L-cellulose - - - - - - - - - 09.00 
Premix 02.00 02.00 02.00 02.00 '02.00 02.00 02.00 02.00 02.00 02.00 
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Table 6. Proximate composition(%) of the different experimental diets (01-10). 

Proximate analysis (%) ED01 ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 EDIO 

Moisture 05.00 03.75 05.67 04.92 04.65 05.57 05.27 03.34 05.41 66.65 

Dry matter 95.00 96.25 94.33 95.08 95.35 94.43 94.73 96.66 94.59 33.35 

Crude protein 30.25 30.57 31.05 29.69 29.95 29.86 34.68 35.46 34.81 45.62 

Crude lipid 12.80 12.76 08.99 10.29 10.17 04.93 13.68 06.68 05.65 09.10 

Nitrogen free-extract 32.00 36.00 39.00 37.00 36.00 40.80 33.91 32.65 32.94 30.23 

Gross energy (K Cal g-1
) 04.51 04.69 04.16 04.17 04.02 04.47 04.91 04.10 04.28 05.09 

Protein energy (%) 40.46 39.17 41.70 40.25 40.97 42.36 42.21 50.42 51.06 55.11 

Non-protein energy(%) 59.54 60.83 58.30 59.75 59.03 57.64 57.79 49.58 48.94 44.89 

Protein/energy ratio 02.64 02.71 02.37 02.48 02.36 02.64 02.50 02.05 02.17 01.98 

(g protein/Meal energy in 

I OOg formulated feed) 

Energy conversion : l.Og protein= 5.65 Kcal; I.Og lipid= 9.45 KCal; l.Og carbohydrate= 4.10 K Cal (Jobling, 1983 ). 
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Table 7A. Quality of the pelleted experimental diets (01-10) for 1-90 days (length, weight sinking rate, water stability and rates of 
protein leac:hing of the prepared pelleted diets). 

Diets 
Parameters 

EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 ED10 

Length of the pellet (em) 0.32 0.27 0.28 0.38 0.39 0.32 0.43 0.39 0.28 . -
(Mean±S.E.) ±0.02 ±0.13 ± 0.01 ±0.04 ±0.04 ±0.05 ±0.04 ±0.o3 ± O.o3 

Diameter of the pellet (em) 0.48 0.56 0.63 0.51 0.54 0.50 0.54 0.54 0.53 
-

(Mean± S.E.) ±0.40 ±0.01 ±0.02 ±0.04 ±0.04 ±0.02 ±0.05 ±0.04 ±0.06 

Weight of each pellet(mg) 5.42 5.81 4.37 4.87 4.92 7.92 6.92 5.33 5.49 
-

(Mean± S.E.) ±0.06 ±0.04 ±0.06 ± O.Ql ±0.01 ±0.04 ± 0.08 ±0.04 ±0.06 

Sinking rate (cmsec"1
) 5.58 5.85 3.39 3.45 3.41 6.75 8.40 6.12 3.02 7.66 

(Mean± S.E.) ±0.98 ± 0.43 ± 0.41 ± 0.46 ± 0.42 ± 0.91 ±0.69 ± 0.31 ± 0.43 ±0.72 

Protein leaching (%) after 4 

hrs. 2.70 2.42 2.50 !.65 1.72 3.05 2.42 2.23 2.79 2.70 

(Mean± S.E.) ±0.o7 ±0.10 ±0.06 ± 0.13 ± 0.12 ±0.02 ±0.12 ±0.06 ±0.06 ± O.o7 

Water stability of the pellet Moderately 
High High 

Moderately Moderately Moderately 
High High 

Moderately 
Low 

high high high high high 

Each data is a mean of 5 (five) separate determinations. 
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Table 78. Quality of the pelleted experimental diet (01-10) for 91-180 days (Length, weight, sinking rate, water stability and rates 
of protein leaching of the prepared pelleted diets(. 

Diets 
Parameters 

EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 

I Length of the pellet (em) 0.56 0.49 0.46 0.51 0.50 0.47 0.53 0.59 0.48 
-

(Mean±S.E.) ±0.04 ± O.oJ ±0.02 ± O.o4 ±0.03 ±0.05 ± 0.04 ± O.oJ ±0.02 

Diameter of the pellet (em) 0.68 0.61 0.69 0.72 0.70 0.75 0.73 0.76 0.68 
-

(Mean± S.E.) ±0.06 ± 0.05 ±0.07 ±0.08 ±0.04 ±0.05 ±0.02 ±0.04 ±0.o7 

Weight of each pellet(mg) 8.52 9.12 8.68 8.97 8.76 8.37 9.31 9.05 8.62 
-

(Mean± S.E.) ± 0.19 ± 0.17 ± 0.10 ± 0.16 ± 0.19 ±0.22 ±0.27 ± 0.31 ± 0.17 

Sinking rate (cmsec.1
) 6.68 6.70 5.44 5.25 5.62 5.77 5.11 5.14 5.07 7.87 

(Mean± S.E.) ±0.78 ± 0.69 ± 0.42 ± 0.45 ± 0.35 ± 0.29 ±0.17 ± 0.21 ± 0.48 ± 0.82 

Protein leaching (%) after 4 

hrs. 2.72 2.41 2.42 2.05 2.24 3.09 2.40 2.25 2.78 2.75 

(Mean± S.E.) ±0.09 ± O.o7 ± 0.06 ± 0.11 ± 0.17 ±0.08 ± 0.17 ± O.o7 ±0.05 ±0.06 

Water stability of the pellet Moderately 
High High 

Moderately Moderately Moderately 
High High 

Moderately 
Low 

high high high high high 
- -

85 



Table SA. Feed Intake and digestibility of different formulated diets (EDOl-10) 
[Experiments conducted in the Aquarium Laboratory/system with 15 fishes in each of which Catla:5, Laheo.:5 & Cirrhinus :5 

Experimental Digestibility of Nutrients and Energy 
diets j Fudi•t•k< Faces release Protein(%) Lipid(%) Total Energy(%) 

(m lOOg body weighf (mgtoos·1
) Carbohydrate(%) 

I! 
ED01 2825 755 80.914 84.538 72.459 76.330 

ED 02 3795 657 86.911 88.128 82.021 85.443 

ED 03 3804 579 86.810 87.559 76.221 84.666 

ED04 3478 807 78.411 78.629 72.102 74.033 

ED 05 3426 834 78.436 79.244 72.334 74.539 

ED 06 3600 609 79.491 83.916 74.025 77.391 

ED 07 3502 648 86.886 89.115 85.346 86.932 

ED08 3640 702 79.102 83.196 70.187 77.458 

ED09 3705 700 81.298 85.311 72.070 77.472 

EDIO 4304 601 87.218 87.611 80.386 85.544 

Each data is a mean of21 days experimental trial. 
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Table 88. Daily nitrogen and energy balance. Feed conversion ratio and protein efficiency ratio after feeding with the 
Experimental diet EDOI-EDIO [Experiments Cat/a: 5, Labeo: 5 & Ci"hinus: 5) 

Experimental diets/ Feed conversion Protein efficiency ratio I 

ponds Nitrogen Energy Ratio (PER) 
(FCR) 

Intake Absorbed Intake Absorbed 
(mdOOe-' bw. d"1

) Kcall ooe·' bw. d"1
) 

ED 01 137 099 11.92 08.87 1.791 2.053 

ED02 187 160 15.79 13.56 1.747 1.675 

ED03 199 168 16.23 14.11 1.239 2.310 

ED04 109 072 09.05 07.62 2.187 1.435 

ED05 107 070 09.01 07.44 2.211 1.362 

ED06 146 104 11.17 08.21 2.059 1.309 

ED07 141 122 11.05 08.09 1.928 1.427 

ED08 158 121 11.49 08.92 . 1.686 1.690 

ED09 161 127 12.09 09.86 1.460 1.975 

EDlO 336 290 20.98 17.85 1.289 1.556 

Nitrogen & energy balance : Each data is a mean of 21 days Experimental trial. FCR & PER : Each data is a mean of ISO days 
experimental trial. 
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Table 8C. Weight gain (g) percentage specific growth rate and daily weight gain of Cat/a, Labeo & Ci"hinus with the 
experimental diets EDOl - EDIO. 

Experimental Weight gain (g) Specific growth rate(%) Daily weight gain (g) 

diets/ponds Cat/a Lab eo Cirrhinus Cat/a Laheo Cirrhinus Cat/a Lab eo Cirrhinus 

CONTROL 116.02 102.18 070.81 2.340 2.262 2.102 0.644 0.567 0.393 

EDOI 228.46 205.30 188.34 2.705 2.635 2.595 1.269 1.140 1.046 

ED02 257.16 236.70 221.56 2.749 2.722 2.682 1.428 1.315 1.230 

ED03 259.01 239.10 222.59 2.755 2.733 2.691 1.438 1.328 1.236 

ED04 200.35 190.20 139.19 2.637 2.608 2.451 1.113 1.056 0.773 

ED05 196.04 169.50 135.02 2.612 2.381 2.414 1.089 0.941 0.750 

ED06 233.63 215.90 203.34 2.697 2.666 2.647 1.297 1.199 1.129 

ED07 220.89 199.87 175.55 2.680 2.642 2.566 1.227 1.110 0.975 

ED08 246.30 218.81 206.95 2.713 2.698 2.652 1.368 1.215 1.149 

ED09 250.Q3 228.50 208.70 2.721 2.701 2.656 1.389 1.269 1.159 

EDIO 349.08 280.00 255.47 2.877 2.854 2.755 1.939 1.555 1.419 
-
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Table9A. Area of the pond, stocking density and the ratio of Catla, Rohu & Mrigai(Same rate of stocking density and ratio for 
the first and second year) 

Parameters Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 ED10 

Area of the pond 
0.0032 0.0040 0.0034 0.0036 0.0036 0.0038 0.0040 0.0034 0.0036 0.0036 0.0038 . 

(ha) 

Stocking density 
70 90 75 80 80 85 90 75 80 80 85 

(no.) 

Cat/a cat/a 28 36 30 32 32 34 36 30 32 32 34 

Labeo rohita 21 27 22 24 24 26 27 22 24 24 26 

Cirrhimts mrigala 21 27 23 24 24 25 27 23 24 24 25 

Ratio of stocking 

Cat/a calla 

Laheo rohita 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 4:3:3 

Cirrhimts mrigala 
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Table 98. Operational inputs during first year and second year experimental trial. 

Diets/ponds 
Parameters 

Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 

a. Lime (kglha) Nil @500 @500 @500 @500 @500 @500 @500 @500 @500 @500 

b. Organic manure (Kg!ha) Nil @5000 @5000 @5000 @5000 @ 5000 @ 5000 @5000 @5000 @5000 @ 5000 

@ @ @ @ @ @ @ @ @ @ @ 

20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 
c. Fingerlings (in number) 

+ + + + + + + + + + + 

10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 

d. Aritificial diet (once a 
Nil 

@5% @5% @5% @5% @5% @5% @5% @5% @5% @5% 

day) bw bw bw bw bw bw bw bw bw bw 
--

Other operational inputs are pond preparation, drag netting, harvesting, transport etc. 
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Table lOA. 
Body weight gain in g (mean ±S. D.) of Calla calla fed with different diets (ED 01- ED 10) for six months ( Each data is a mean 

of 5 separate determination I 

FIRST YEAR 
DAYS CONTROL EDOI ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 EDIO 

00 
1.5880 1.608 1.608 1.606 1.610 1.610 1.606 1.602 1.606 1.608 1.606 

±0.0581 ±0.008 ±0.008 ±0.005 ±0.014 ±().020 ±0.009 ±0.018 ±0.005 ±0.008 ±0.022 

30 
10.5740 52.286 60.552 62.250 49.902 47.984 49.220 47.214 45.178 47.592 58.944 
±0.1992 ±1.177 ±3.176 ±1.273 ±3.220 ±0.481 ±0.703 ±0.655 ±1.153 ±1.954 ±1.605 

60 
40.7620 91.784 97.852 99.410 89.276 85.650 82.058 80.434 82.200 85.1 10 159.916 
±0.3534 ±1.947 ±3.054 ±1.676 ±1.153 ±1.523 ±1.542 ±1.533 ±1.726 ±0.431 ±3.161 

90 
71.236 118.786 129.952 125.686 136.838 135.718 130.064 120.022 122.626 127.606 226.866 

±0.93 14 ±1.280 ±1.697 ±0.642 ± 1.008 ±0.583 ±1.712 ±l.l23 ± 1.221 ±0.833 ±0.630 

120 
96.512 146.346 175.416 175.170 160.894 158.58 190.962 184.568 184.942 188.250 287.780 

±0.7086 ±1.112 ± 1.851 ±1.906 ±0.932 ±1.614 ±0.890 ±0.905 ± 1.138 ±0.745 ±2.190 

105.58 182.468 210.772 212.444 181.01 182.024 216.298 211.416 218.446 221.914 319.816 
150 

±0.238 ±1.273 ± 1.235 ± 1.435 ±0.852 ±1.049 ±0.988 ±2.277 ± 1.525 ±2.079 ±3.152 

117.612 230.074 258.778 260.628 201.96 197.652 235.238 222.49 247.912 251.644 350.684 
180 

±0.4098 ±1.465 + 1.140 +0.421 +0.842 +1.810 +0.861 +1.294 +1.708 ±1.639 ±2.643 
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Table lOB. 

Body weight gaining (mean ±S.D.) of Laheo rohita fed with different diets (ED 01- ED 10) for six months ( Each data is a mean 
of 5 separate determination( 

FIRST YEAR 

DAYS CONTROL EDOI ED02 EDOJ ED04 EDOS ED06 ED07 ED08 ED09 EDlO 

00 
2.422 2.406 2.414 2.404 2.406 2.406 2.408 2.418 2.394 2.410 2.400 

±0.022 ±0.009 ±0.034 ±0.011 ±0.009 ±0.011 ±0.008 ±0.036 ±0.028 ±0.010 ±0.027 

30 
10.108 49.406 57.370 57.480 47.714 51.592 45.346 36.424 44.764 46.298 48.032 
±0.689 ±1872 ±1.346 ±2.368 ±0.696 ±0.821 ±0.840 ±0.576 ±1601 ±0.999 ±1123 

60 
27.552 81484 86.104 87.424 . 85.438 81.244 84.160 70.656 85.544 87.092 94.994 
±2.114 ±1140 ±0.749 ±1.096 ±0.414 ±0.807 ±1.072 ±1.386 ±0.973 ±0.968 ±0.451 

90 
51.830 134.890 132.760 130.518 137.710 126.454 130.768 120.288 133.168 130.134 149.314 
±0.854 ±1201 ±1.326 ±0.397 ±1.773 ±0.962 ±1982 ±0.561 ±1036 ±1455 ±1996 

120 
62.992 171.160 185.440 190.540 159.228 138.652 186.366 161.354 177.612 174.536 195.464 
±1.602 ±1.113 ±0.732 ±1.094 ±0.938 ±2.007 ±0.726 ±1.024 ±1.984 ± 1.015 ±0.643 

1.50 
81.918 186.158 215.502 221.234 178.272 166.858 208.404 187.220 185.682 198.900 238.960 
± 1.035 ±0.897 ±0.843 ±0.999 ±0.868 ±1.077 ±1.238 ±0.867 ±0.668 ±1.876 ±2.376 

180 
104.656 207.688 239.106 241.556 192.614 171.974 218.340 202.252 227.238 230.942 282.480 
+0.459 +0.346 + 1.803 +1.754 +0.712 +0.873 + 1.803 + 1.365 +13.249 +2.109 +2.950 
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Table IOC. 

Body weight gain in g (mean ±S.D.) of Cirrhinus mrigala fed with different diets (ED 01- ED 10) for six months ( Each data is a 
mean of 5 separate determination[ 

FIRST YEAR 

DAYS CONTROL EDOI ED02 ED03 ED04 EDOS ED06 ED07 EDOS ED09 EDIO 

00 
1.852 1.816 1.810 1.808 1.810 1.818 1.808 1.808 1.822 1.806 1.828 

±0.011 ±0.015 ±0.012 ±0.041 ±0.033 ±0.025 ±0.038 ±0.038 ±0.023 ±0.053 ±0.030 

30 
10.592 33.950 44.748 44.296 18.680 19.446 41.282 24.988 45.018 43.074 47.596 
±0.558 ±1.074 ±0697 ±0.715 ±0.530 ±0.776 ±0.745 ±1.411 ±0.861 ±0.294 ±0577 

60 
25.288 67.236 86.506 88.308 31.108 32.070 71.380 63.556 76.486 77.480 86.254 
±0.629 ±0.808 ±0.847 ±0.800 ±0.907 ±0.887 ±0.469 ±0.724 ±0.929 ±0.969 ±0.898 

90 
42.656 118.764 130.158 132.468 78.842 76.074 126.088 111.156 121.258 136.342 130.596 
±0.953 ±1.037 ± 1.155 ±0.655 ±0.573 ±0.337 ±0.987 ± 1.430 ± 1.175 ±0.785 ±0.306 

120 
59.052 151.754 165.046 167.080 105.606 100.638 163.758 141.008 167.698 170.502 190.356 
±1.248 ±0.869 ±0.828 ±1.040 ±0.450 ±1.278 ±0.886 ±0.974 ±0.845 ±0.641 ±0.365 

150 
64.344 175.824 186.002 190.912 126.862 121.126 190.692 163.620 190.892 192.012 223.352 
±0.814 ±0.473 ±0.574 ±0.927 ±0.798 ±0.386 ±0.587 ±0.438 ± 1.042 ± 1.650 ±1.932 

180 72.668 190.154 223.372 224.398 141.004 136.834 205.156 177.358 208.776 210.500 257.292 
+0.799 +0.634 +0.940 +1.473 +1.112 +0.786 +0.682 +0.876 +I. 920 +0.375 +0.634 
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Table 10D. 

Body weight gain in g (mean ±S. D.) of Cat/a cat/a fed with different diets (ED 01- ED 10) for six months [ Each data is a mean of 
5 separate determination( 

SECOND YEAR 

DAYS CONTROL ED01 ED02 ED03 ED04 ED05 ED06 ED07. EDOS ED09 ED10 

00 
1.826 1.850 1.926 1.902 1.848 1.870 1.914 1.884 1.954 1.950 2.002 

±0.029 ±0.040 ±0.125 ±0.143 ±0.053 ±0.062 ±0.110 ±0.044 ±0.142 ±0.101 ±0.200 

30 
19.652 54.490 65.778 66.494 41.052 44.074 56.482 44.886 62.714 65.242 61.302 
±0.697 ± 1.511 ±1.090 ±1.076 ±1.768 ±1.819 ±0.994 ±0.656 ±3.489 ±0.572 ± 1.153 

60 
44.732 88.308 103.492 104.862 79.330 71.122 91.354 89.290 98.760 105.580 93.516 
±!.788 ±2.046 ± 1.797 ±1.211 ±1.253 ± 1.019 ±1.218 ±2.406 ±0.966 ±1.615 ± 1.127 

90 
74.902 131.534 131.196 133.722 130.248 123.354 134.210 129.552 141.970 143.662 136.234 
±0.862 ±3.619 ±1.448 ±2.478 ±0.774 ±1.477 ±1.668 ±1.575 ± 1.461 ±2.799 ±2.246 

120 
95.712 186.006 181.250 186.166 165.462 1,60.788 190.470 173.254 191.416 195.218 192.822 
±2.241 ±0.657 ± 1.559 ±2.992 ±0.810 ±4.326 ±1.391 ±1.960 ±1.213 ±2.640 ±1.905 

ISO 
107.174 215.332 221.348 223.404 190.154 182.088 219.850 195.492 226.054 236.250 272.836 
±1.421 ±2.800 ±1.671 ±2.434 ±0.956 ±1.270 ±0.946 ±0.904 ±1.142 ±1.262 ± 1.534 

180 
122.776 240.964 267.908 270.952 211.866 205.800 245.484 213.716 257.498 261.534 355.308 
±1.190 ±0.840 ±0.789 ±0.949 ±1.886 ±2.168 ±2 .. 163 ±2.460 ±0.567 ±2.256 ±I. 953 
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Table 10E. 
Body weight gaining (mean ±S. D.) of Labeo rohita fed with different diets (ED 01- ED 10) for six months ( Each data is a mean 
of 5 separate determination( 

SECOND YEAR 
DAYS CONTROL ED01 ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 ED10 

00 
1.826 1.834 1.800 1.846 1.840 1.832 1.854 1.826 1.808 1.820 1.834 

±0.027 ±0.034 ±0.060 ±0.052 ±0.072 ±0.040 ±0.021 ±0.033 ±0.038 ±0.025 ±0.o38 

30 
12.284 52.232 57.322 47.832 48.108 48.518 .43.784 51.424 51.104 50.616 58.066 
±1.206 ±1.132 ±3.771 ±1.827 ±0.825 ±0.824 ±1.141 ±1.470 ±1.274 ±3.109 ± 1.187 

60 
29.986 92.770 90.440 81.890 87.530 87.204 81.450 88.276 86.680 87.516 122.372 
±1.127 ±0.864 ±0.820 ±1.506 ±0.938 ±0.479 ±1.223 ±3.019 ±0.829 ±1.855 ±3.053 

90 
61.360 134.892 131.634 119.724 131.532 135.950 121.262 135.062 123.070 127.495 191.800 
±1.308 ± 1.063 ±1.298 ±2.078 ±2.430 ±2.204 ± 1.518 ±1.705 ±3.334 ±2.285 ±1.407 

120 
83.054 167.600 194.816 168.092 161.756 162.540 185.722 175.424 171.704 172.284 245.656 
±0.498 ±0.860 ±1.076 ±0.470 ±1.135 ±1.367 ±1.986 ±1.366 ±1.258 ±1.495 ±1.523 

' 

150 
92.836 186.618 222.290 208.132 186.572 182.856 211.256 187.380 192.182 196.084 279.876 
±0.488 ± 1.058 ± 1.611 ±0.999 ±1.201 ±1.618 ±0.790 ±2.506 ±1.634 ±0.903 ±3.549 

180 
106.752 210.280 241.536 251.776 201.052 197.544 224.824 211.414 231.622 235.246 315.796 
± 1.533 ±1.369 ±2.578 ±1.644 ±0.595 ±1.365 ±1.544 ±0.616 ±0.833 ±0.671 ±9.119 
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Table 10F. 
Body weight gain in g (mean ±S. D.) of Ci"hinus mrigala fed with different diets (ED 01- ED 10) for six months ( Each data is a 
mean of 5 separate determination( 

SECOND YEAR 

DAYS CONTROL EDOI ED02 EDOJ ED04 EDOS ED06 ED07 EDOS ED09 EDIO 

00 
1.886 1.854 1.878 1.850 1.856 1.882 1.820 1.834 1.830 1.862 1.880 

±0.056 ±0.053 ±0.054 ±0.043 ±0.073 ±0.091 ±0.032 ±0.027 ±0.029 ±0.049 ±0.126 

30 
14.610 45.060 51.176 53.270 23 .. 588 19.958 44.220 26.418 47.832 50.706 63.372 
±0.577 ±0.999 ±0.467 ±1.419 ±1.673 ±0.921 ±1.256 ±0.596 ±0.727 ±0.651 ±0.882 

60 
31.130 85.810 85.604 90.120 39.126 36.924 90.548 68.858 91.280 92.046 102.602 
±0.770 ±0.803 ±0.533 ±1.188 ±1.759 ±0.567 ±0.894 ±0.324 ±0.884 ±0.203 ± 1.420 

90 
42.336 122.640 125.716 126.932 81.364 81.014 134.112 113.820 139.492 141.368 130.650 
±0.913 ±0.656 ±0.926 ±0.789 ±0.701 ±0.833 ±1.184 ±0.882 ±0.969 ±0.975 ±0.570 

120 
59.362 143.058 175.600 179.726 104.136 107.738 175.162 141.732 180.264 183.132 179.326 
±0.627 ±0.109 ±0.491 ±0.957 ±1.113 ±1.022 ±0.715 ±0.416 ±0.652 ±1.102 ±0.805 

ISO 
72.364 172.936 197.340 201.124 126.038 122.498 191.356 161.092 195.454 199.606 216.530 
±0.380 ±0.608 ±0.919 ±1.164 ±0.403 ±0.818 ±0.718 ±0.199 ±0.820 ±0.666 ±1.128 

180 
82.728 197.598 231.438 234.862 152.542 145.182 213.294 185.740 216.766 221.790 267.962 
+ 1.857 +1.698 +2.933 +2.265 + 1.148 +0.642 +1.920 +0.802 +1.962 +1.070 +2.149 
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Table IIA. 

Correlations of body weight gain of Cat/a cat/a between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

FIRST YEAR 

Yar. X& 
r(X, Y) t Slope dep: Y Slopedep: X 

Var. Y 
p 

CONTROL 
.969719* 8.87860* .000302* 1.615354* .582136* 

ED 01 
CONTROL 

.975635* 9.94347* .000176* 1.863435* .510811* 
ED02 

CONTROL .971701* 9.19838* .000255* 1.863772* .506609* 
ED03 

CONTROL .987946* 14.27067* .000030* 1.555365* .627529* 
ED04 

CONTROL 
.988976* 14.93426* .000024* 1.548238* .631733* 

ED 05 
CONTROL .991645* 17.18948* .000012* 1.896446* .518528* 

ED06 
CONTROL .989393* 15.22980* .000022* 1.186129* .539003* 

ED07 
CONTROL 

.988193* 14.42185* .000029* 1.952632* .500 I 07* 
ED 08 

CONTROL 
.988850* 14.84860* .000025* 1.975975* .494857* 

ED 09 
CONTROL 

.994080* 20.45932* .000005* 2.843279* .347555* 
ED 10 

• Marked correlations are significant at p < 0.0500 
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Table liB. 

Correlations of body weight gain of Labeo rohita between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

FIRST YEAR 
Var. X& 

r (X, Y) t 
Var. Y 

p Slope dep: Y Slope dep: X 

CONTROL. 
. 973474* 9.51383* .000217* 1.977724* .479162* 

EDOI 
CONTROL 

.981121* 11.34394* .000093* 2.272997* .423493* 
ED02 

CONTROL 
.978671* 10.65233* .000126* 2.315292* .413683* 

ED03 
CONTROL 

.964918* 8.21790* .000434* 1.827256* .509544* 
ED04 

CONTROL 
.958105* 7.48000* .000675* 1.602194* .572943* 

ED05 
CONTROL 

.971689* 9.19632* .000255* 2.169851 * .435 190* 
ED06 

CONTROL 
.981870* 11.58247* .000084* 2.011185* .479354* 

ED07 
CONTROL 

.973613* 9.53985* .000214* 2.113274* .448556* 
ED08 

CONTROL 
.986001 * 13.22277* .000044* 2.183655* .445216* 

ED 09 
CONTROL 

.993813* 20.00796* .000006* 2.691290* .366985* 
EDIO 

• Marked correlations are significant at p < 0.0500 
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Table llC. 

Correlations of body weight gain ofCirrhinus mrigala between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

FIRST YEAR 
Var. X& r (X, Y) t p Slope dep: Y Slope dep: X 

Var. Y 
CONTROL .998026* 35.53500* .000000* 2.632610* .378353* 

ED 01 
CONTROL .994880* 22.01203* .000004* 2.885002* .343080* 

ED02 
CONTROL .994892* 22.30792* .000004* 2.907782* .340400* 

ED 03 
CONTROL .992744* 18.46122* .000009* 1.992596* .494602* 

ED04 
CONTROL .993344* 19.28397* .000007* 1.899946* .519348* 

ED OS 
CONTROL .997144* 29.52246* .00000 I* 2.819845* .352607* 

ED 06 
CONTROL .998379* 39.22406* .000000* 2.490 114* .400287* 

ED07 
CONTROL .996924* 28.44130* .00000 I* 2.821119* .352292* 

ED 08 
CONTROL .996827* 28.00429* .000001 * 2.871560* .346037* 

ED 09 
CONTROL .994412* 21.06348* .000004* 3.407960* .290161 * 

EDIO 

• Marked correlations are significant at p < 0.0500 
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Table liD. 
Correlations of body weight gain of Cat/a cat/a between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

SECOND YEAR 
Var. X& 

r (X, Y) t p Slope dep: Y Slope dep: X 
Var. Y 

CONTROL 
.994710* 21.65331 * .000004* 1.911728* .517568* 

ED01 
CONTROL 

.983281 * 12.07455* .000069* 1.970590* .490636* ED02 
CONTROL 

.984600* 12.59353* .000056* 1.998781 * .485014* 
ED03 

CONTROL 
.999258* 58.00101 * .000000* 1.718952* .580886* 

ED04 
CONTROL 

.998078* 36.0 1565* .000000* 1.653837* .602333* 
ED 05 

CONTROL 
.994445* 21.12654* .000004* 1.945296* .508366* 

ED06 
CONTROL 

.997232* 29.98945* .000001* 1.809943* .549449* 
ED07 

CONTROL 
.993375* 19.32865* .000007* 1.989503* .496000* 

ED 08 
CONTROL 

.991464* 17.00431 * .000013* 2.028690* .484550* 
ED09 

CONTROL 
.949961* 6.80024* .000047* 2.428322* .371625* 

ED 10 

• Marked correlations are significant at p < 0.0500 
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Table liE. 

Correlations of body weight gain of Labeo rollita between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

SECOND YEAR 

Var. X & r (X, Y) t Slope dep: Y Slope dep: X 
Var. Y 

p 

CONTROL 
.986321 * 13.38003* .000042* 1.809256* .537696* 

ED 01 
CONTROL 

.989910* 15.62144* .000020* 2.153035* .455135* 
ED02 

CONTROL 
.986285* 13.36215* .000042* 2. 134667* .455696* 

ED 03 
CONTROL 

.987804* 14.18596* .000031 * 1.775440* .549586* 
ED04 

CONTROL 
.986055* 13.24901 * .000044* 1.748014* .556234* 

ED 05 
CONTROL 

.982364* 17. 99009* .000010* 2.077420* .474043* 
ED 06 

CONTROL 
. 989371 * 15.21403* .000022* 1.853649* .528069* 

ED07 
CONTROL .989383* 15.22296* .000022* 1.961166* .499131* 

ED 08 
CONTROL .990366* 15.99218* .000017* l. 997705* .490976* 

ED09 
CONTROL .994371* 20.98504* .000005* 2.826299* .349847* 

ED 10 

• Marked correlations are significant at p < 0.0500 
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Table 1\F. 

Correlations of body weight gain of Cirrhinu.~ mriga/a between control (Var. X) and experimental diets, ED 01- ED 10 (Var. Y) 

SECOND YEAR 

Var. X& 
r (X, Y) t Slope dep: Y Slope dep: X 

Var. Y 
p 

CONTROL 
.992552 18.21890 .000009 2.327388 .423290 

EDOI 
CONTROL 

.990767 16.34100 .000016 2.673694 .367140 ED02 
CONTROL 

.996945 28.54134 .00000 I 2.806990 .354080 
ED03 

CONTROL 
.992309 17.92522 .000010 1.860420 .529277 

ED 04 
CONTROL 

.990494 15.93167 .000018 1.822528 .538088 
ED OS 

CONTROL 
.991139 16.68520 .000014 2.628893 .373677 

ED 06 
CONTROL .992899 18.66330 .000008 2.314377 .425967 

ED07 
CONTROL 

.999226 15.10937 .000023 2.669234 .366610 
ED 08 

CONTROL ,990003 15.69457 .000019 2.719120 .360449 
ED09 

CONTROL 
.994692 21.61577 .000004 3.047592 .324654 

EDIO 

• Marked correlations are significant at p < 0.0500 
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Table 12. Physico-chemical characteristics of water and plankton density in the different ponds during experimental period 
(1.7.95- 31.12.1995 and 3.7.1996- 2.1.1997( with the diet EDOI- EDIO. 

A. Ambient water temperature in 11C 
(FIRST YEAR( 

Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 22.26 22.25 22.45 22.20 22.40 22.50 22.50 22.15 22.25 22.35 22.55 
August 22.40 21.40 21.40 21.45 21.30 21.35 21.35 21.50 21.30 21.35 2!.50 
September 20.25 20.20 20.20 20.45 20.35 20.35 20.95 20.85 20.70 20.70 20.75 
October 15.15 15.10 !5.15 15.10 15.10 15.15 15.15 15.20 15.25 15.30 15.25 
November 13.20 13.25 13.20 13.25 13.!5 13.15 13.15 13.25 13.25 13.20 13.20 
December 12.15 12.15 12.15 12.10 12.15 12.15 12.15 12.25 12.20 12.20 12.15 
January I 0.15 10.10 10.00 I 0.15 I 0.!5 10.20 I 0.15 10.20 10.20 10.25 10.25 

-

(SECOND YEAR( 

Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 21.80 21.85 21.80 21.80 21.85 21.75 21.70 21.70 21.90 21.90 21.85 
August 20.45 20.40 20.40 20.40 20.45 20.45 20.50 20.50 20.55 20.55 20.50 
September 19.45 19.45 19.40 19.40 19.45 !9.45 19.55 19.55 19.60 19.60 19.50 
October 15.40 15.45 15.50 15.50 15.55 15.50 15.45 15.45 15.55 15.55 19.55 
November 13.20 13.10 13.15 13.15 13.15 13.20 13.20 13.20 13.25 13.25 13.20 
December 11.40 11.45 11.50 11.50 11.40 11.45 11.45 11.40 11.40 1!.50 11.45 
January 09.10 09.10 09.20 09.20 09.20 09.25 09.10 09.10 09.15 09.10 09.10 

---- - -- -
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B. pH of water 

!FIRST YEAR I 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 EDlO 
July 6.8 6.8 6.9 6.7 6.8 6.8 6.9 7.0 6.9 6.9 6.8 
August 6.8 6.9 7.0 6.8 6.8 7.0 6.9 7.1 6.8 6.9 6.8 ' 

September 6.9 6.9 7.0 6.8 6.8 7.0 7.0 7.1 6.9 7.0 7.2 
October 6.9 7.0 7.1 6.8 6.9 7.1 7.0 7.2 7.0 7.1 7.2 
November 6.9 7.0 7.0 7.0 6.9 7.1 7.2 7.0 7.1 7.2 7.1 
December 6.8 6.9 6.9 7.0 7.0 7.0 7.0 6.9 6.9 6.8 6.9 
January __ 6.8 6.9 6.8 6.9 7.0 6.9 7.0 6.9 6.8 6.8 6.9 

--- --

!SECOND YEAR! 

Diets I Ponds 
Month Control EDOl ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 EDlO 
July 6.9 7.0 7.0 7.2 7.1 7.1 6.9 7.1 7.0 6.9 7.1 
August 6.9 7.0 7.0 7.1 7.1 7.3 7.2 7.0 6.9 6.9 6.9 
September 6.8 6.9 7.1 7.1 7.1 6.9 7.0 7.1 6.8 6.8 6.9 
October 6.9 7.1 6.8 7.0 7.0 6.8 6.8 6.9 6.9 7.2 7.1 
November 6.9 6.9 6.9 7.0 6.9 6.7 6.8 6.9 6.6 7.0 7.0 
December 6.7 6.9 6.8 6.7 6.9 6.8 7.1 6.8 6.6 6.6 6.5 
January 6.7 6.7 6.8 6.7 6.7 6.6 6.7 6.6 6.4 6.5 6.9 

----
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C. Dissolved Oxygen (DOz) in ppm. 

(FIRST YEAR( 

Diets I Ponds 
Month Control EDOl ED02 ED03 ED04 EDOS ED06 ED07 ED08 ED09 EDIO 
July 10.72 10.66 10.68 10.85 10.88 10.87 10.53 10.47 10.45 10.92 I 0. II 
August 10.82 10.68 10.85 10.99 10.79 10.96 I 0.81 10.92 10.75 10.97 10.28 
September I 0.11 10.91 10.25 10.42 10.32 10.37 10.41 10.53 10.47 10.48 10.33 
October 10.92 10.82 10.71 10.67 10.59 10.49 10.53 10.71 10.70 10.76 10.79 
November 09.75 10.66 10.52 I 0.41 10.22 10.25 10.37 10.05 10.50 I 0.41 10.44 
December 09.70 10.21 10.19 I 0.13 10.09 10.22 10.20 10.01 10.45 10.25 I 0.17 
January 09.07 09.18 09.02 09.00 09.11 09.17 09.35 09.47 09.33 09.18 09.67 

(SECOND YEAR( 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 10.77 10.68 10.52 10.99 10.72 10.85 10.88 10.64 10.65 10.89 10.91 
August 10.92 10.91 11.02 11.07 10.87 10.90 I 0.91 10.77 10.90 11.02 11.33 
September 10.17 10.31 10.32 10.41 10.25 10.37 10.42 10.41 10.53 10.88 10.64 
October 10.19 10.42 10.33 10.44 10.19 10.34 10.85 10.21 10.25 10.24 10.36 
November 10.05 10.08 10.01 10.09 10.11 10.27 10.43 10.20 10.07 10.25 10.12 
December 09.25 09.37 09.35 09.40 09.47 09.57 09.60 09.22 09.16 09.15 09.25 
January 06.37 06.40 06.50 06.09 06.47 06.27 06.82 09.88 06.61 06.33 06.90 
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D. Free carbon dioxide (C02) in ppm 

(FIRST YEAR( 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 6.22 6.37 6.39 6.52 6.27 6.44 6.69 6.29 6.22 6.18 6.50 
August 6.05 6.66 6.29 6.42 6.11 6.19 6.22 6.12 6.18 6.54 6.21 
September 6.76 6.28 6.50 6.41 . 6.92 6.28 6.37 6.42 6.22 6.87 6.87 
October 6.72 6.37 6.28 6.44 6.47 6.29 6.36 6.41 6.17 6.63 6.29 
November 6.11 6.05 6.57 6.59 6.42 6.11 6.48 6.13 6.92 6.65 6.40 
December 6.05 6.28 6.51 6.56 6.18 6.28 6.40 6.45 6.40 6.60 6.42 
January 6.36 6.11 6.60 6.52 6.05 6.37 5.62 6.19 6.51 . 6.78 6.25 

(SECOND YEAR( 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 6.21 6.40 6.41 6.44 6.41 6.59 6.11 . 6.45 6.77 6.00 6.92 
August 6.27 6.45 6.45 6.25 6.44 6.50 6.25 6.47 6.82 6.27 6.1 I 
September 6.82 6.82 6.51 6.36 6.78 6.21 6.30 6.44 6.89 6.53 6.40 
October 6.85 6.31 6.66 6.40 6.29 6.89 6.49 6.89 6.40 6.40 6.59 
November 6.81 6.34 6.36 6.31 6.80 6.87 6.21 6.92 6.00 6.39 6.68 
December 6.30 6.65 6.30 6.33 6.88 6.01 6.17 6.90 6.27 6.25 6.70 
January 6.37 6.40 6.50 6.09 6.47 6.27 6.82 9.88 6.61 6.33 6.90 

- --
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E. Total alkalinity in ppm of CaCOJ 

JFIRST YEARJ 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 120.2 119.7 119.5 118.7 118.5 118.1 117.7 116.5 117.4 116.8 115.8 
August 121.7 118.8 117.6 118.1 118.1 117.5 117.5 118.6 117.3 115.9 116.4 
September 121.5 118.2 116.0 118.0 118.5 116.4 117.2 119.4 116.7 115.3 117.2 
October 120.7 119.9 117.5 116.6 120.2 118.5 116.4 117.3 115.4 115.8 118.1 
November 120.8 117.2 117.4 116.8 121.7 119.4 116.8 117.9 118.2 116.4 118.4 
December 127.1 120.1 119 .I 118.4 121.2 120.7 120.1 120.3 118.7 120.1 119.5 
January 128.3 121.3 120.8 119.5 122.4 120.8 120.2 120.1 118.9 120.5 119.1 

JSECOND YEAR I 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 120.1 118.1 120.1 119.4 119.4 118.1 117.1 118.4 117.8 116.8 116.7 
August 121.6 118.2 120.2 119.7 119.3 . 118.7 116.4 118.1 117.4 116.1 116.1 
September 121.4 117.4 120.0 120.8 118.5 116.2 119.1 118.1 117.1 116.2 118.2 
October 120.9 119.3 120.4 121.9 120.1 118.5 117.2 118.9 120.4 120.1 118.7 
November 121.4 121.2 120.9 121.3 120.9 119.9 117.9 120.2 121.1 119.7 119.1 
December 126.2 123.4 122.4 122.2 121.6 121.1 118.3 121.1 121.7 120.4 120.1 
January 126.7 122.9 123.2 123.7 121.9 121.3 121.1 123.7 122.7 121.! 121.2 

-------- - - ----
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F. Plankton density (ml 45 litre-1 of water) 

(FIRST YEAR( 

Diets I Ponds 
Month Control EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 
July 0.36 0.40 0.40 0.38 0.37 0.41 0.40 0.36 0.39 0.40 0.40 
August 0.36 0.41 0.42 0.40 0.39 0.42 0.41 "0.41 0.39 0.41 0.40 
September 0.37 0.40 0.41 0.39 0.38 0.37 0.42 0.40 0.40 0.44 0.45 
October 0.39 0.42 0.45 0.41 0.42 0.38 0.41 0.44 0.43 0.42 0.42 
November 0.37 0.43 0.44 0.45 0.41 0.44 0.44 0.43 0.43 0.40 0.42 
December 0.39 0.45 0.46 0.44 0.43 0.41 0.47 0.47 0.46 0.42 0.41 
January 0.40 0.44 0.46 0.47 0.45 0.46 0.46 0.47 0.47 0.43 0.42 

(SECOND YEAR( 

Diets I Ponds 
Month Control ED01 ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 ED10 
July 0.37 0.44 0.40 0.41 0.40 0.40 0.40 0.40 0.40 0.40 0.38 
August 0.38 0.42 0.42 0.41 0.44 '0.43 0.42 0.44 0.40 0.47 0.39 
September 0.36 0.47 0.45 0.49 0.47 0.44 0.44 0.47 0.41 0.42 0.38 
October 0.38 0.45 0.45 0.44 0.44 0.49 0.44 0.43 0.42 0.42 0.37 I 

November 0.38 0.41 0.47 0.45 0.43 0.45 0.49 0.42 0.40 0.41 0.44 
December 0.40 0.46 0.46 0.45 0.46 0.45 0.50 0.43 0.43 0.44 0.42 
January 0.41 0.46 0.46 0.45 0.49 0.44 0.52 0.45 0.47 0.46 0.49 
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Table 13A. Proximate composition (Mean± S.E) of the fish flesh (wet weight percentage) fed with the diet EDOI- EDIO (180 
days feeding trial; ( FIRST YEAR] 

Parameter Fish Initial 
Ex erimental diets I Ponds 

CONT ED01 ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 ED10 
s species composition 

Cat/a 
89.37 84.49 82.35 79.19 78.27 80.29 81.17 81.66 82.45 80.22 78.29 77.37 
±0.37 ±0.92 ±0.91 ±087 ±0.88 ±0.86 ±0.76 ±0.81 ±0.69 ±0.88 ±0.80 ±0.62 

I 88.49 84.38 82.17 79.49 78.37 80.10 81.!1 81.27 82.66 80.19 78.57 77.56 
Moisture Laheo 

±0.32 ±0.61 ±0.49 ±0.85 ±0.45 ±0.60 ±0.80 ±0.65 ±0.66 ±0.80 ±0.87 ±0.75 

Cirrhinus 
88.40 84.55 83.44 79.95 79.16 80.26 81.97 81.60 82.42 80.37 78.54 78.24 
±0.29 ±0.47 ±0.87 ±0.89 ±0.66 ±0.41 ±0.56 ±0.82 ±0.86 ±0.66 ±0.68 ±0.58 

Cat/a 
4.07 7.54 9.49 10.27 10.44 10.11 10.05 10.07 9.87 10.17 10.29 10.59 

±0.09 ±0.11 ±0.17 ±0.12 ±0 13 ±0 16 ±0.17 ±016 ±0.15 ±0.21 ±0.19 ±0.20 

Crude I.aheo 
4.29 8.86 10.10 10.78 10.92 10.62 10.46 10.44 10.01 10.68 10.82 10.93 

protein ±0.11 ±0.15 ±0.09 ±0.11 ±0.14 ±0.18 ±0.21 ±0. [3 ±0.19 ±0.22 ±0.21 ±0.17 
4.00 7.29 9.11 9.49 9.73 9.27 9.26 9.21 9.05 9.34 9.57 9.75 

( "irrhinus ±0.12 ±0.16 ±0.18 ±0.12 ±0.11 ±0.06 ±0.09 ±0.17 ±0.18 ±0.19 ±0.11 ±0 25 

Calla 
2.17 3.18 4.16 3.87 3.92 4.05 4.11 3.92 3.82 4.17 4.20 4.59 

±0.07 ±0.06 ±0.07 ±0.09 ±0.10 ±0.06 ±0.08 ±0.05 ±0.08 ±0.09 ±0.06 ±0.04 
Crude 

l.aheo 
2.10 3.26 4.16 4. 17 4.00 4.29 4.00 4.07 4.16 4.00 4.69 4.10 

lipid ±0.05 ±0.05 ±0.04 ±0.07 ±0.08 ±0.05 ±0.06 ±0.07 ±0.08 ±0.08 ±0.04 ±0.09 

Cirrhinus 
2.19 3.21 5.01 4.71 4.66 4.79 4.92 4.69 4.53 5.01 5.00 4.87 

±0.07 ±0.06 ±0.01 ±0.03 ±0.06 ±0.05 ±0.09 ±0.11 ±0.07 ±0.09 ±0.07 ±0.03 

Calla 
2.10 3.25 3.19 3.05 3.00 3.90 3.98 4.09 3.14 4.25 3.29 3.00 

±0.05 ±0.02 ±0.03 ±0.06 ±0.09 ±0.07 ±0.06 ±0.08 ±0.11 ±0.09 ±0.08 ±0.08 

Ash l.aheo 
2.07 3.47 3.27 3. 1 1 3.19 3.96 4.00 4.02 3.25 4.21 3.47 3.15 

±0.03 ±0.05 ±0.03 ±0.0] ±0.02 ±0.05 ±0.06 ±0.08 ±0.03 ±0.04 ±0.05 ±0.06 

( "irrhinus 
2.09 3.22 3.42 3.18 3.17 3.88 3.87 3.96 3.31 4.08 3.49 3.11 

±0.04 ±0.04 +0.04 +0.09 +0.04 +0.06 ±0.05 ±0.09 ±0.06 ±0.04 ±0.05 ±0.07 
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Table 13B. Proximate composition (Mean± S.E of the fish Oesh (wet weight percentage) fed with the diet EDOl- EDlO (ISO 
days feeding trial) : [ SECOND YEAR J 

Parameter Fish Initial Experimental diets I Ponds 
s species composition CONT. EDOI ED02 ED03 ED04 ED05 ED06 ED07 ED08 ED09 EDIO 

Cat/a 89.48 84.41 82.10 79.20 78.25 80.45 81.97 81.65 82.44 80.20 78.38 77.40 
±0.87 ±0.35 ±0.88 ±0.83 ±0.59 ±0.92 ±0.87 ±0.55 ±0.59 ±0.57 ±0.88 ±0.59 

Moisture 
Lab eo 88.40 84.30 82.11 79.68" 78.30 80.33 81.92 81.38 82.61 80.28 78.36 77.50 

±0.85 ±0.68 ±0.91 ±0.75 ±0.38 ±0.83 ±0.82 ±0.76 ±0.38 ±0.62 ±0.83 ±0.68 
Cirrhinus 88.49 84.59 83.92 79.55 79.82 80.48 81.40 81.65 82.45 80.67 78.91 78.16 

±0.67 ±0.59 ±0.92 ±0.67 ±0.97 ±0.94 ±0.37 ±0.86 ±0.48 ±0.69 ±0.89 ±0.97 
Cat/a 4.09 7.67 9.57 10.28 10.57 10.15 10.36 10.28 9.88 10.35 10.28 10.66 

±0.08 ±0.18 ±0.35 ±0.36 ±0.19 ±0.55 ±0.37 ±0.52 ±0.44 ±0.39 ±0.75 ±0.44 
Crude Lab eo 4.30 8.95 10.15 10.77 10.87 10.65 10.52 10.49 9.97 10.78 10.75 10.82 

protein ±0.07 ±0.16 ±0.31 ±0.44 ±0.81 ±0.47 ±0.39 ±0.48 ±0.56 ±0.63 ±0.39 ±0.47 
Cirrhinus 4.11 7.20 9.70 9.89 9.65 9.30 9.27 9.21 9.25 9.36 9.60 9.77 

±0.09 ±0.27 ±0.21 ±0.59 ±0.62 ±0.38 ±0.30 ±0.67 ±0.71 ±0.43 ±0.57 

Cat/a 2.18 3.20 4.11 3.88 3.90 4.10 4.19 4.00 3.85 4.18 4.37 4.71 
±0.03 ±0.07 ±0.03 ±0.05 ±0.01 ±0.11 ±0.10 ±0.08 ±0.11 ±0.16 ±0.08 ±0.21 

Crude Lab eo . 2.16 2.25 4.59 4.12 4.00 4.37 4.10 4.10 4.18 4.00 4.75 4.15 

lipid ±0.04 ±0.05 ±0.04 ±0.03 ±0.97 ±0.12 ±0.19 ±0.06 ±0.12 ±0.11 ±0.06 ±0.19 
Cirrhinus 2.19 2.28 5.03 4.75 4.60 4.82 4.98 4.72 4.66 5.09 5.17 4.92 

±0.02 ±0.03 ±0.06 ±0.02 ±0.10 ±0.07 ±0.09 ±0.09 ±0.07 ±0.12 ±0.08 ±0.15 

Cat/a 2.11 3.27 3.10 3.05 3.11 3.92 3.95 4.10 3.17 4.21 3.30 3.00 
±0.02 ±0.06 ±0.03 ±0.05 ±0.06 ±0.09 ±0.07 ±0.19 ±0.05 ±0.09 ±0.10 ±0.59 

Lab eo 2.05 3.49 3.18 3.13 3.20 3.99 4.01 4.05 3.28 4.28 3.42 3.17 
Ash ±0.03 ±0.05 ±0.02 ±0.05 ±0.07 ±0.11 ±0.07 ±0.03 ±0.08 ±0.11 ±0.18 ±0.38 

Cirrhinus 2.08 3.21 3.37 3.21 3.27 3.87 3.88 3.97 3.37 4.18 3.51 3.19 
±0.04 ±0.03 ±0.02 ±0.D3 ±0.08 ±0.06 ±0.08 ±0.06 ±0.06 ±0.17 ±0.16 ±0.27 

-~ ----
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14A. Production offish (kg ha-1
) in the different experimental ponds (EDOI- EDIO) 

[FIRST YEAR & SECOND YEARJ 

Name of the pond with diet code 

Cont. 

EDIO 

ED03 

ED02 

ED09 

ED08 

ED06 

EDOI 

ED07 

ED04 

ED05 

Output ha·' (in 6 months) 
FIRST YEAR 

2935.72 

2497.54 

2361.44 

2251.11 

2155.27 

1997.45 

1887.29 

1707.66 

!552.99 

1504.36 

I I I 

Output ha-:r (in 6 months) 
SECOND YEAR 

3047.61 

2564.12 

2418.33 

2303.05 

2197.88 

2011.47. 

!922.64 

1730.86 

!607.59 

1595.22 



148. Cost effectiveness of the diets in terms of cost of Unit Production (Rs. Kg.1), gross output (Rs.) and net output (Rs.) of the ISO 
days feeding trial. 

Experimental diets. FIRST YEAR SECOND YEAR 

Cost. of unit pro. Gross output Net output Cost. of unit pro. Gross output Net output 

EDOI 13.95 37745.80 11418.10 13.95 42298.08 15477.25 

ED02 12.18 47228.80 18466.46 12.28 53203.26 23506.16 

ED03 09.75 49950.80 25599.78 09.80 56410.64 31282.26 

ED04 06.67 31059.80 20701.35 07.25 35366.98 23711.95 

ED05 06.50 30087.20 20308.86 07.60 35094.84 22971.16 

ED06 16.52 39949.00 06951.12 17.05 44252.34 09956.77 

ED07. 16.08 34153.20 06693.82 16.75 38078.92 09870.01 

' ED08 13.10 43105.40 14870.96 13.70 48353.36 18242.40 

ED09 11.50 45022.20 19134.43 12.05 50667.10 22915.34 

ED10 125.30 58714.40 (-) 30913.32 125.30 67047.42 (-) 31481.11 

- - - -
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Fig.13. Body weight increment of Cat/a calla fed with the experimental diets 
ED 01 - ED10 in a six months rearing period [FIRST YEAR) 

Regression Equation or Trend Equation 

CP : Y = -0.215 + 0.707T, r = 0.969 ; 
ED01 : Y = 10.444 + l.l91T, r = 0.990; ED02 : Y = 10.399 + l.368T, r = 0.990; 
ED03: Y =10.326 + l.373T, r = 0.993; ED04 : Y = 17.121 + l.ll3T, r = 0.969: 
EDOS : Y = 16.052 + l.l06T. r = 0.968: ED06: Y = 6.783 + 1.362T, r = 0.983; 
ED07 : Y = 6.621 + l.304T, r = 0.978; ED08 : Y = 1.680 + 1.414T. r = 0.993; 
ED09 : Y = 3.187 + 1.431T, r = 0.994: EDlO : Y = 18.998 + 2.020T, r = 0.967. 
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Fig. 14. 
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Body weight increment of Labeo rohita fed with the experimental diets ED 01 -
ED 10 in a six months rearing period [FIRST YEAR] 

Regression Equation or Trend Equation 

CP: Y = - 6.606 + 0.578T, r = 0.946 ; 
EDOl : Y = 5.033 + 1.173T, r = 0.952: ED02 : Y = 3.443 + l.343T, r = 0. 951; 
ED03: Y =3. 382 + 1.369T, r = 0.949; ED04: Y = 7.092 + 1.093T, r = 0.963; 

ED05: Y = 10.57 1 + 0.964T. r = 0.961; ED06: Y = 1.897 + 1.287T, r = 0.942; 
ED07: Y = -2.34 + l.l83T, r = 0.948; ED08 : Y = 0.940 + L258T, r = 0.961; 
ED09 : Y = 0.397 + 1.294T, r = 0. 968; ED I 0 : Y = -6.6 17 + 1.582T, r = 0. 967. 
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Fig. 15. Body weight increment of Cirrhinus mrigala fed with the experimental diets 
ED 01 -ED 10 in a six months rearing period )FIRST YEAR) 

Regression Equation or Trend Equation 

CP : Y = 1.595 + 0.421T, r = 0.979 ; 
EDO I : Y = 5.648 + l.lllT. r 0.979; ED02 : Y = 9.763 + 1. 22lT, r = 0.990: 

ED03 : Y =9.920 + 1.238T, r = 0.990: ED04 : Y = -3.917 -+ 0.843T. r = 0.975; 
ED05 : Y = -2.8 18 + 0.806T. r = 0. 980; ED06 : Y = 7.033 + I. 192T, r = 0. 980: 
ED07 : Y = 3.210 + 1.049T, r = 0.977; ED08: Y = 8.440 1- 1.1 95T, r = 0.984; 
ED09 : Y = 9.854 + l.2 11T, r = 0.975; ED IO: Y = 2.967 + l.455T. r = 0.995. 
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Fig. 16. Body weight increment of Cat/a catla fed with the experimental diets ED 01 -
ED 10 in a six months rearing period [SECOND YEAR]. 

Regression Equation or Trend Equation 

CP: Y = 3.579 + 0.701T, r = 0.983 ; 
EDOl : Y = 9.420 + 1.353T, r = 0.990; ED02 : Y = 11.824 + 1.413T, r = 0.993; 
ED03 : Y =12.257 + l.431T, r = 0.993; ED04 : Y = 8.453 + 1.207T, r = 0.985; 
EDOS : Y = 7.998 + l.l64T, r = 0.985; ED06: Y = l0. 335 + 1.377T, r = 0.989; 

ED07:Y = 11.796 + 1.215T, r = 0.980; ED08 : Y = 12.984 + 1.412T, r = 0.993; 
ED09 : Y = 14.520 + l.440T, r = 0.990; ED10 : Y = - 10.386 + I.884T, r = 0.976. 
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Fig. 17. Body weight increment of Labeo rohita fed with the experimental diets ED 01 -
ED 10 in a six months rearing period [SECOND YEAR] 

Regression Equation or Trend Equation 

CP : Y <= -1.231 + 0.630T, r = 0.980 ; 
EDOI : Y = 17.074 + l.l53T, r= 0.976; ED02 : Y = 10.671 + 1.373T, r= 0.983; 
ED03 : Y =1.694 + 1.377T, r = 0.998; ED04 : Y = 15.257 + 1.130T, r = 0.974; 
ED05: Y = 16.870 + 1.108T, r = 0.%5; ED06 : Y = 5.580 + 1.320T, r = 0.980; 

ED07: Y = 15.705+ 1..176T, r = 0.972; ED08 : Y = 9.390 + l.258T, r = 0.993; 
ED09 : Y = 9. 153 + 1.281T, r = 0.995; EDIO : Y = 11.972 + 1.806T, r = 0.985. 
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Fig. 18. Body weight increment of Cirrhinus mrigala fed with the experimental diets ED 
01 -ED 10 in a six months rear ing period [SECOND YEAR] 

Regression Equation or Trend Equation 

CP: Y = 2.102 + 0.459T, r = 0.997 ; 
EDOl : Y = 13.397 + 1.071T, r = 0.985; ED02: Y = 9.360 + 1.275T, r = 0.992; 
ED03 : Y =10.660 + 1.290T, r = 0.991; ED04 : Y = -1.832 + 0.860T, r = 0.990; 
ED05 : Y = - 2.020 + 0.840T, r = 0.982; ED06: Y = 12.933 + 1.206T, r = 0.975; 
ED07 : Y = 4.148+ 1.064T, r = 0.983; ED08 : Y = 14.450 + l.225T, r = 0.971; 
ED09 : Y = 14.860 + 1.250T, r = 0.974; ED10: Y = 10.908 + 1.406T, r = 0.993. 
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DISCUSSION 



DISCUSSION 

Ten experimental diets with different protein sources were formulated and 

used in the •Jhora' fed fish ponds at the Darjeeling-Pulbazar area of Darjeeling, West 

Bengal situated in the hills of Eastern Himalayas during the present investigation. The 

diet code EDO l-ED I 0 represents the number of the experimental ponds and a separate 

pond was used as the control. where no formulated diets were provided. The ten 

different diets were prepared with ingredients of plant and animal origin keeping the 

crude protein level at 30.0% (approximately). The major protein source used in 

different diets are Mustard oil cake (EDO I), Silk worm purpal (ED02), Slaughter 

house waste (ED03), Nechamandra leaf meal (ED04), Nymphoides leaf meal (EDOS), 

Fish meal (ED06), Soybean meal (ED07), Fish meal (ED08), Goat blood (ED09) and 

casein gelatin (EDIO): Th~ ponds (EDOI-EDIO) were treated with lime@ 500 kg ha-1 

and raw cow dung@ 10,000 kg ha-1 for initial correction of soil and water quality. 

Changes in the soil &.'water quality, plankton density etc. and the efficacy of all these 

di.ets on the dynamics of food intake, growth promotion, conversion efficiency and 

associated biochemical changes in the Indian major carps Carla carla, Labeo rohita 

and Cirrhinus mrigala and production of fish due to different diet treatment have been 

studied and discussed separately. 

5.1 Physico-chemical characteristics of soil: 

Soil plays an important role in determining the productivity of pond. The 

chemical characteristics of bottom soil like pH, NPK, Organic Carbon (C), CIN ratio 

' etc. act as important factors in influencing fertility and productivity of a fish pond 

(Wrobel, 1967). 
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5.1.1 pH of the soil: 

Before fertilization, all the ponds soil were analyzed to find out the level of pH 

and all of them were found to be acidic in nature. In order to rectify the pH level, 

liming was done. The dose of lime required varies with the level of pH. In this 

investigation, lime done recommended by CICFRI workers was followed (Jhingran, 

1982). After treatment, it was found that the level of pH gone up slightly in all the 

experimental ponds. But the alkaline condition did not continue due to continuous 

influx of 'Jhora' water. Schaperclaus (1959) and Banerjee (1967) observed that a 

slight alkaline pH is favourable in fish ponds. Productive ponds ranged mostly 

between slightly acidic and slightly alkaline in reaction although Saha ( 1978) differs 

from it. 

5.1.2 Nitrogen Content of the soil: 

The role of nitrogen in soil as an essential nutrient is well known. It is required 

in the synthesis of protein. Phytoplankton uses inorganic f9rm of N to fulfil their 

demand. The depletion of soil N may affect pond productivity. Banerjee ( 1967), 

Ghosh (1978) and Saha eta/ (1979) mentioned that 25-30 and 50-75 (expressed as 

mg N/lOOg soil) are favourable, on the average, although above 50 mg N/IOOg of soil 

considered as productive level. It has been observed that the level of N was 20 - 40 

mg/1 OOg soil in all the experimental ponds. before treatment. However, after liming 

and manuring theN level increased considerably. 

5.1.3 Phosphorus content of the soil: 

It is the most critical single element which limits productivity and there exists 

a correlation between the available soil phosphorus and fish production. According to 

Banerjee (1967) the level of phosphorus (P20s) 30 ppm is considered poor, 30- 60 
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ppm average and 60 ppm as high fish producing capacity. Saba et a/. ( 1979) reported 

that above 6 mg P/1 OOg soil should be productive but below 3 mg P/1 OOg soil is 

unproductive. In this work the initial level ranged between 13.7- 14.3 Kg/ha but in all 

the ponds phosphorus level moved up considerably after treatment. The results 

i'ndicated the efficiency of the used manure in raising the level of available 

phosphorus in the soil. 

5.1.4 Potassium content of the soil: 

Potassium is not a limiting factor and is not necessary to increase fish 

production. Though it ranks as a major nutrient element along with N and P, its 

importance was observed by Banerjee (1972}, Ghosh (1978) and several other 

workers. The excessive dose is said to be harmful (Chatteljee, 1978; Saha et a/., 

1979). In this experiment, the potassium level ranged between 75.1 - 78.3 kg ha-1 and 

inspite of its considerable increase after treatment, no harmful effect was observed. 

5.1.5 Organic carbon·and C/N ratio: 

Organic carbon and C/N ratio are regarded as important influencing factor for 

the productivity of pond. In this experiment the percentage of initial organic carbon 

ranged between 0.22 - 0.29% which has gone up due to application of manure and the 

values are either optimal or nearly optimal as suggested by Banerjee (1967). 

Schaperclaus (1959) has suggested that due to consideration should be given 

to the C/N ratio while using organic manure. Higher C/N ratio causes quicker 

decomposition of bottom soil due to bacterial activities. Banerjee reported that the 

range I 0 - 15 would be ( 1967) the ideal condition for fish pond. Here the C/N ratio 

ranged between 6.50 and 14.50 which was improved due to manuring and little fall 

from different plants which indicated the productiveness of the ponds. 
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5.2 Physico-chemical characteristics of water: 

It is well known that the physico-chemical characteristics of water greatly 

affect the pond productivity. The nature of the soil reflects the nature (quality) of 

water (Dutta and Kar, 1947). The chemical and physical characteristics of water 

which are involved in pond productivity are being discussed in the following heads: 

5.2.1 pH of the water: 

The pH level has influencing effect on the fertility of pond water. Swingle 

(1947) considered 6.5-9.0 as a satisfactory range offish cultivation. Banerjee (1967) 

recommended the range between 6.5 and 7.5 as the best for fish culture. According to 

Nandeesha ( 1982) the initial fertilization increases the pH level immediately but 

refertilization has no such influence. Saha eta/., ( 1979) observed that slightly alkaline 

water and optimum pH level of7.0- 8.0 have been found to be productive. 

In this investigation before treatment the water was acidic except control and 

experimental ponds ED08 - ED I 0 but after treatment with lime the water was 

recorded to the desired level. Therefore, the treatment of ponds with manure did not 

cause any marked variation in pH level in both the year and the pH range varied from 

6.4 to 7.2. So, it indicates that the quantum of different inputs used did not hamper the 

optimum level although there is a function in the pH value either due to continuous 

inflow of Jhora water or may be due to' temperature. 

5.2.2 Ambient water temperature: 

Indian major carps thrive well in water within the temperature range of 18°C -

36°C (Jhingran, 1982). In this work the temperature varied between 10°C in January 

and 22.50°C in July. In both I" and znd year experimental trial maximum temperature 

126 



was recorded during July of every year and gradually decreases to the minimum in the 

month of January. So, upto the month of November the temperature recorded was 

favourable for the growth of carps although in lower temperature also IMC can thrive 

well with slow growth rate. 

5.2.3 Dissolved oxygen content of water: 

This is one of the most important factor limiting productivity of pond water. 

Normally IMC requires 6 - 7 mg lif1 of D02 at about 20°C of ambient water 

temperature. For healthy growth of fish the D02 level should not fall below 3 ppm 

(Saha, 1978) to 5 ppm (Ghosh, 1978). In this present investigation dissolved oxygen 

content varied from 9.00 ppm to 10.99 ppm. There was a marked variation of D01 

content being maximum in the month of July and minimum in the month of January 

of every year. This may be due to fall of temperature in that region. Although the D01 

level was always better (higher) in all the experimental ponds as recommended by the 

several workers and this may be due to the continuous flow of' Jhora' water. 

5.2.4 Free carbon dioxide content of water: 

Carbon dioxide is present in water in the term of free C02, half bound HC03 

and bound COJ. Its importance in the formation of H1C03 is well known which is a 

weak acid. The weak acid and its salt bicarbonate generate a buffer action in the pond 

water to prevent abrupt fluctuation of pH in the water. It has been found that, during 

experimental trial the free C02 ranged between 6.00 ppm and 6.88 ppm and there is a 

fluctuation of free C02 level without any fashion. 

5.2.5 Total alkalinity (equivalent to CaC03): 
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According to Ghosh ( 1978), the alkalinity above 15 ppm in pond water is 

considered productive although Ali Kunhi (1971) s~ated that in highly productive 

water the alkalinity should be more than 100 ppm. Many rivers and fish pond fall 

within the total alkalinity values equivalent to 10.0 - 50.0 ppm of CaCOJ. In this 

investigation the total alkalinity in both the l" and 2"d year trial varied from 116.1 

ppm - 128.3 ppm. So, much improved values are therefore observed in the 

experimental ponds which indicate that the range is favourable as suggested by other 

workers. 

5,2.6 Plankton density: 

Plankton density is an 'important index of the nutritive condition in the 

biological productivity of a pond (Mitra and Das 1965). The study of plankton in 

relation to fish culture began more than a century back in different parts of the world 

(Ganapati, 1941; Saha eta!, 1915; Ghosh eta/, 1979 and several other workers). An 

essential density of plankton in a fish pond has been reported by Alikunhi ( 1957) as 

1.5 to 2.0 ml of Zooplankton per 45 litre of water. Organic manures are acceptable for 

producing plankton at a very high rate (Banerjee et a/, 1969). The rate of production 

has not been sufficient enough in all the experimental ponds through the period (July -

January) for sustained growth of carps. The plankton density recorded during the 

experimental trial in different ponds raf!ged between 0.36 - 0.49 ml/45 litre of water. 

In this way, I have used formulated diet (EDO I -ED I 0) for introduction ofiMC in the 

foot hills of the Himalayas. 

5.3 Stocking density and combination ratio of IMC: 

Although mixed culture of Indian major carps is in vogue in India, yet the 

stocking density and combination ratio in not strictly followed in practice. Further, the 
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density and ratio suggested by different workers differs significantly (Aiikunhi, 1957 

etc.), Jhingran (1982) opined that the stocking density should be atleast 10,000 + 10% 

and Gupta ( 1983) suggested the stocking combination ratio as 3 calla : 3 Labeo : 4 

Cirrhinus. In this experiment the stocking density and stocking ratio were @ 20,000 + 

I 0% and 4 Cat/a·: 3 Labeo : 3 Cirrhim1s respectively considering the 6 months 

culture duration and low temperature in the bottom water. 

5.4 Feed: 

5.4.1 Physical properties and stability of the pelleted diet: 

The pellet quality refers to crumbling and water stability of pellets results in 

rapid disintegration which leads' to fouling of the medium i.e. water (Balazs et a/., 

1973 ). However, higher stable pellets are not desirable as they increase the cost of 

production and decrease the availability of bound nutrients (Balazs el a/, 1973). The 

water stability test of the different pelleted diets conducted for a period of five hours 

in the present study indicated that the pellets ED02, ED03, ED07, EDOS were more 

stable, EDO I, ED04, EDOS, ED06, ED09 were moderately stable and ED I 0 was less 

or low stable. Hastings (1971), Kainz (1977) and Lovell (1983) observed that the 

stability of the formulated diets is influenced by various factors like feed composition, 

nature of ingredients, type of processing and moisture content. In the present study, 

the variation in quality and quantity of the ingredients appear to be responsible for 

differences in stability among the pellets. The pellets which were highly stable 

contained different oil cakes (MOC, LOC & GOC) in their composition resulting an 

increase in fat content and compactness of the pellets. However, all the pelleted 

experimental diets tested in the present study possessed necessary stability for feeding 

the fish. 
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A dense pellet sinks rapidly in water. In this investigation, slow sinking rates 

were recorded in the case of experimental diets ED03, ED04, ED05 and ED09 varing 

from 3.02±0.43 em sec·1 (ED09) to 3.45±0.46 em sec·1 (ED04). Slow sinking rates of 

these pellets may be due to less compactness. 

5.4.2 Feed intake: 

The average daily dry matter intake (mg 100 g bw"1
) by the IMC was higher in 

case of EDIO followed by ED03, ED02, ED09, ED08, ED06, ED07, ED04, ED05 

and EDO I. The average dry matter intake with diet (ED I 0) showed significant 

difference with other experimental diets. Since all the diets (EDO I - ED09) were 

moderately to highly stable in water, no relationship between quality of the pellets and 

average daily dry matter intake by the fish could be established. The difference in 

feed intake may be due to the quality of the food and the ingredients used there in. 

5.4.3 Nutrient digestibility: 

.. 
In general, the digestibility of protein was found to be positively correlated to 

with the crude protein level of the diets (Austreng and Refstie, 1979; Wannigama et 

a!, 1985 and Patra and Ray, 1988). The mean crude protein, crude lipid, carbohydrate 

and gross energy digestibilities ranged from 78.441 - 87.218, 78.629 - 89.611, 70.187 

- 82.021 and 74.033- 86.932 respectively. 

Recent survey of digestibility measurements on warm water fish show that the 

data for the digestibility of various feeds for fish are still rather incomplete (Hastings, 

1969; NRC, 1983; Steffens, 1985). The present investigation shows with respect to 

various formulated diets, the achievement of crude protein digestibility falls within 

the range of that by carps (Kirchgessner et a!, 1986). Since all the diets used almost 

isotrogenous (except EDIO), it is expected that changes in the digestibility of nutrients 
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were dependent on the form of protein source. A low digestibility of protein with the 

fish meal based diets (ED04, EDOS, ED06 & ED08) may be due to the cheap quality 

of the fish meal used to reduce the cost of the feed as has been reported by Ogino and 

Chen (I 973 ). Likewise, the crude protein digestibility of other animal protein feeds 

like feather meal, blood meal etc. is mainly determined by the technical procedure 

(Kirchgessner eta/., I 986). The protein digestibility of other diets with animal protein 

source (ED02, ED03 & ED09) used during the present study ranged from 8 I .298 to 

86.9 I I being higher for the diet ED02 (silkworm pupae) followed by ED03 

(Slaughter house waste) and ED09 (goat blood meal). Schwarz ef a/., (I 986) recorded 

a low digestibility of crude protein level by the carp with a high proportion of blood 

meal in the feed mixture. The crude protein digestibility for the diet ED02 (silkworm 

pupae) and ED03 (slaughter house waste) did not show much variations. It appears 

therefore, that the crude protein from these sources are more digestible than that of 

other animal protein sources. In the present study, high digestibility value of crude 

protein (86.866%) was obtained for the diet ED07 (prepaerd with solely plant protein 

source with 50.74% soybean meal). Isolated soybean protein may be digested by carp 

to over 90.0% (Zeitler ef a/., I 983), and the crude protein of extracted soybean meal, 

could be digested to about 84.0% (Atask eta/., I 979). 

The digestibility of crude lipid for the diet EDO I - ED I 0 was about as high as 

that of crude protein in a range of 78.629% to 89.6 I I%. Kirchgessner ef a/. (I 986) 

also recorded a high digestibility of crude fat (83.0%) in carp. A survey of the diets 

EDO I - ED I 0 showed that feed mixture containing only plant protein source (ED07) 

and silk worm pupae (ED02) had high lipid digestibility value (89. I 15% and 88. I 28% 

respectively). The diets containing fish meal as animal protein source showed a lower 

digestibility of crude lipid. The increased values of lipid digestibility for the diets 
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ED02 and ED07 may be a result of increased levels of crude lipid in those diets 

( 12.76% and 13.68% respectively). 

Digestibility of total carbohydrates has been recorded to maximum for the diet ED02 

(82.021 %) and minimum for ED08 (70.187%). It should be noted here that the crude 

fibre is also included in this fraction. It has been observed that all rations containing 

components rich in crude fibre gave a digestibility of total carbohydrates under 65.0% 

(Kirchgessner et a/., I 986). No relationship between the proportion of total 

carbohydrates in the feed and their digestibility could be established during the 

present investigation as has been observed by Kirchgessner el a/., (1986) & Patra, 

1989 etc. in carp. The digestibility of gross energy also showed a similar trend being 

maximum for the diet ED07 (86.932%) and minimum for the diet ED04 (74.033%) 

prepared mainly with Nechamandra leaf meal. It is evident from the results on the 

digestibility of nutrients for the diet EDO I-ED I 0, that the nutrients from the fish meal 

based diets were poorly !,ltilized by the Indian major carps. The IMC could utilized the 

nutrients from the Soybean meal diet very efficiently although the growth rate was not 

satisfactory that may be due to the presence anti-nutritional factor. Among the animal 

protein source, the nutrients from the silkworm pupae, slaughter house waste and goat 

blood meal based diets could be utilized more efficiently by the fish. 

5.4 Nitrogen and energy balance: 

A higher intake of feed nitrogen over faecal excretion of nitrogen indicated 

that the fishes were in positive nitrogen balance. Higher N absorption of 290 mg per 

IOOg fish day"1 was recorded with the diet EDIO (Halver'~ synthetic diet) followed by 

ED03, ED02, ED09, ED07, ED08, ED06, EDOI, ED04 and EDOS (Nymphoides leaf 

meal based diet). Nitrogen from the fish meal, goat blood and plant (aquatic 
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macrophyte) based diets was poorly absorbed by the IMC in comparison to that from 

other diets. 

The absorbed feed energ1es, expressed as Kcal per l OOg fish day-1 also 

exhibited a similar trend as observed in case of nitrogen absorption. It appears 

therefore, that among the different protein sources except the casein-gelatin based diet 

(ED l 0), nitrogen and energies from the silkworm pupae, slaughter house waste, goat 

blood meal and from the plant protein based diet ED07 (soybean meal) were 

efficiently utilized by the fish. 

5.4.5 Feed conversion ratio and protein efficiency ratio: 

The feed conversion ratio (FCR) with the diet EDO l-ED l 0 gave the highest 

conversion ratio with diet ED03 (!.239) and lowest with the diet ED05 (2.21 I) 

prepared with slaughter house waste and Nymphoides leaf meal as major protein 

source. The highest protein efficiency ratio was observed with the diet ED03 (2.3 I 0) 

whereas lowest with the diet ED06 ( 1.309). Lower level of FCR & PER values were 

recorded with the diet containing either solely the ingredients of plant protein (ED07) 

or major plant protein ED04 & ED05). The fish meal based diets also showed poor 

FCR & PER values as compared to the silkworm pupae, slaughter house waste and 

goat blood meal diets. Protein from plant materials on cheap quality fish meal, 

therefore, appears to be poorly utilized· by the Indian major carps (Cat/a. Labeo & 

Cirrhinus) than the protein from animal sources. 

5.5 Growth rate of the fish: 

The experimental diets (EDO l - ED l 0) were prepared at different dietary 

protein source (approximate crude protein level at 30%) the response of the fish to 

these diets in relation to growth promotion, biochemical changes and cost of unit 
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production and output will therefore, be discussed separately to determine the better 

source of protein for preparation of pratical diet for the 'Jhora' fed fish culture of 

Darjeeling Hills. The diet prepared isonitrogenously, to determine the efficacy of the 

protein sources (plant or animal) on the performance of the fish. Since all of these 

diets were isonitrogenous, the changes recorded in the response of the fish are 

expected due to the source and quality of protein i.e. the availability of essential 

amino acid. The highest live weight gain was recorded in the fish fed of the diet ED I 0 

(Casein-gelatin based diet) and lowest with the diet ED05 (Nymphoides sp. based 

diets) continue solely the plant proteins. It appears from the results that a diet continue 

only plant protein source was neutritionaly poor in enhancing the growth rate of the 

fish (other diets are ED04, ED07). If we compared the growth rate of fish with 

different animal protein source diet then it is highest with ED03 followed ED02, 

ED09, ED08, ED06 and EDOI. 

.The high price and scarcity of fish meal has generated a considerable amount 

of research into possible partial or complete subsitution by other high protein sources 

for dietary fish meal with variable results (Jauncy, l982; Patra and Ray, 1988; Silva 

and Gunasekera, 1991 ). New, 1986 reported growth rate depression in plaice and 

channel catfish through the partial substitution of fish meal by soyaben meal, even 

when limiting amino acids in soyaben mean were supplemented to the levels found in 

the fish meal, same observations were recorded by Faturoti et al 1996 with major 

carps, tilapia and Clarias. Jackson et a/. 1982 observed lower growth rates then the 

control in tilapia at the I 00% plant protein diet a/though the present investigation 

recorded lowest growth with the control diet. Venkatesh eta/. 1986 reported a lower 

grO\vth rate with the plant protein based oil cake diet in Clarias hatrachus, 

incorporation of plant protein sources in place of fishmeal in diets has led to poor 
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growth of carps, but addition of the deficient amino acids and fat or balancing of 

amino acids by combining plant and animal protein sources has reversed this trends 

(Viola and Rappaport, 1979; Viola el a/. 198 I; Nandeesha et a!. 1987; Patra 1993; 

Alam et at. 1996). Viola and Arieli ( 1983) concluded that soyaben meal can be used 

to replace upto the half of the fish meal in tilapia feeds of25% protein content without 

requiring any other supplements, the same observation was recorded by Patra et a!. 

2000. The results of the present investigations also indicate that complete replacement 

of the animal protein source by the plant protein source is not advisable for better 

growth of the fish. New (1986) suggested that a high dietary protein level can only be 

attained through the use of ingredients which in themselves have a protein content 

greater than 50%. 

The fish fed with the diet ED03 containing 36.32% slaughter house waste, 

37% rice bran and 24.79% mustard oil cake registered better growth throughout the 

experimental period than the EDO 1 containing 33% fish meal, 33% wheat bran and 

33% mustard oil cake. The fish fed with the diet ED02, ED09, ED08 showed growth 

in terms of percent weight gain followed the fish fed the diet ED03. Dried silk worm 

pupae (34.93%), goat blood (5%), good quality fish meal (80%) formed the major 

source of protein in the diet ED02, ED09 and ED08 respectively. The fish fed with 

the diet EDO 1 (33% fish meal) and experimental diet 4 & 5 registered poor growth as 

compared to the other diet like ED02, ED09, ED08 and ED06. Fish meal or fish 

protein concentrate have always been considered the most satisfactory source of 

protein for inclusion in formulation of fish fin because of the results which they give 

and the similarity of their amino acid profile to that with the known amino acid 

requirement of various species of fish (New, 1986). But the variation in price, 

composition and quality of the fish meal can pose problems in their formulation. This 
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might be a result of using large proportions of small unwanted trash fish, fish heads 

and tails over heating during processing or in proper storage conditions (Tan and Lee, 

1975). Total replacement of fish meal with other sources of animal and plant origin 

has always not mate with success. Owing largely to the deficiencies of one or more 

essential amino acids in the protein source used (Viola el al. 1982, 1983; Tacon, 

1981; Viola and Arieli, 1983; Bhat el al. 1986; Faturoti el a!. 1996 etc.). However, 

partial replacement of fish meal with plant and animal source has resulted in almost 

equal and higher growth in comparison with fish meal based diets in different fish 

species (Gropp el al. 1976; Akiyama, e/ a!. 1984; Viola and Zohar, 1984; Nandeesha 

el a/. 1987; Patra, 1989). Comparatively better growth of Calla cat/a, Laheo rohila 

and Cirrhinu.r mrigala were recorded with the non-fish meal diets (ED 10, EDOJ, 

ED02, and ED09) indicates that the slaughter house waste diet (ED02) compare well 

with that with the silk worm pupae (ED02), goat blood (ED09) and casein-gelatin 

based synthetic diets (ED I 0). Viola and Zohar ( 1984) did not find any alteration in 

the growth performance and body composition of Oreochromis when half of the fish 

meal was replaced with poultry meat meal. Venkatesh el al. ( 1986) however, recorded 

reduced growth rate in Clarias halrachus with the meat meal based diet. Lovell 

(1983) stated that fibre is beneficial for digestibility and absorption of nutrients in 

research diets. The superior growth of Calla, Laheo and Cirrhinus with the diet EDOJ, 

therefore, appears to be due to a comparatively high content of crude fibre (13.13%) 

in the same. Jayaram and Shetty ( 1980) reported best growth of catla with a diet 

containing non-deoiled silk worm pupae as compared to fish meal based diet and 

attributed to same to the higher fat level of the test diet. Venkatesh el al. ( 1986) also 

recorded a better growth of Claria.1· halrachu.r with a silk worm pupae based diet. A 

comparatively better growth of the fish with silk worm pupae base diet (ED03) as 
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compared to that with the fish meal.based test diet (EDO I). may also be attributed to a 

high crude lipid content in the diet. Inclusion of blood meal in the practical diets of 

the fish has been reported by a number of workers (Fowler and Banks, 1976; 

Metailler el a/. 1977; Asgard and Austreng, 1986; New, 1986 and Patra, 1989). 

Fowler and Banks ( 1976) and Asgard and Austreng ( 1986) recorded better growth of 

rainbow trout and salmon respectively with the diets containing protein from the 

blood of cattle in comparison to the diets without blood. New ( 1986), however, 

apprehended the danger of amino acid imbalance due to use of blood meal in the 

practical diet for the fish. The results on growth of fish with the goat blood meal diet 

(ED09) in the present investigation indicated a better performance as compared to that 

with the fish meal based diets. Since no study regarding amino acid composition of 

the goat blood was made, it was not possible to draw any conclusion about the lower 

growth rate of fish on the goat blood meal based diet as has been stated by New 

(1986). 

5.6 Proximate composition of the fish flesh: 

The composition of the fish flesh can be affected by various factors such as 

geographical location, season, sex, maturity, species food etc. of which maturity and 

food ingested are the most important (Love el a/., 1959; Yasavan, 1960; Jafri el a/., 

1964; Khawaja, 1966; Shima and Nakada, 1974; Parova, 1976; Reimers and Meske, 

1977; Viola and Amidan, 1978; Austreng and Refstie, 1979; Srikar el a/., 1979; 

Reinitz and Hitzet, 1980; Reintz and Yu, 1981; Venugopal and Keshavanath, 1984; 

Zeitler el a/., 1984; Alexis el a/., 1986; Patra and Ray, l988b; Patra, 1993; Patra el a/., 

2000). A knowledge of the carcass composition of the fish allows the optimum 

feeding rations to be determined as well as optimum nutrients conversion in 
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connection with the quality demands of consumers. However, feeding intensity and 

nutrients formulation have the strongest influence of carcass composition. 

In the present investigation, the influence· of different dietary protein sources 

on the body, composition of the Indian major carps, C. cat/a, L. ruhila and C. mriga/a 

have been studied and discussed separately. 

The moisture content in the muscle of the fish with the diets EDO I to ED I 0 

varied from 77.37% to 82.45% in Cat/a, 77.56% to 82.66% in Labeo and 78.24% to 

83.44% in Cirrhimts. The fish reared in the control pond however, showed a little 

higher moisture content. Since all of these diets (EDO I - ED I 0) were isonitrogenous, 

no relationship between the protein content in the diet and the moisture percentage in 

the muscle could be established. However, an inverse relationship between the 

moisture and fat content in the fish muscle was observed. The values of moisture and 

fat in the muscle with these diets also showed a greater degree of consistency totalling 

upto nearly 80%. No significant difference in the moisture of muscle was observed 

due to inclusion of different protein sources in the diet. 

The average ash content in the muscle oflndian major carps fed with the diets 

EDOI - EDIO varied from 3.00% to 4.25% in Cat/a, 3.11% to 4.21% in Labeu and 

3.11% o 4.08% in Cirrhinus respectively. The muscle ash content offish reared in the 

control pond however, did not show much variation as compared to that with the 

experimental diets. In these feeding triais no definite relationship between the level of 

ash content in the feed and muscle could be discerned. The inconsistent results 

observed regarding ash content of muscle may be due to the differences in the quality 

of ingredients used for formulation of the diets (Patra, 1989). 

The total protein content in the muscle of the fish fed with the diets EDOI to 

EDIO ranged from 9.49% to 10.59% in Cat/a, 10.01% to 10.93% in Labeo and 9.11% 
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to 9.75% m Cirrhinus respectively. Since the diets EDOI - EDIO were 

isonitrogenous, the difference in the muscle protein content in various groups of 

Indian major caps may be expected to be related to the differences in protein quality. 

The maximum crude protein level in the muscle obtained in the diet ED I 0 may be 

related to slightly higher protein level in the diet. The results with the other diets 

indicated that the muscle protein content increased in the fish fed with a diet ED03 

containing slaughter house waste as the major protein source. The results with the 

other diets showed almost same percentage of crude protein levels in the muscle of 

the fish fed. ED02, ED09, ED08, ED06, EDOI, ED07, ED04 and ED05. The muscle 

of fish fed in the diet ED06 containing exclusively plant protein source had the lowest 

crude protein deposition except EDO I. It appears therefore, that the Indian major 

carps could not utilised the plant protein efficiently which resulted lowest deposition 

of protein in the muscle (Patra, 1989, 1993; Patra et a/2000). 

The highest crude lipid content was recorded in the muscle of Indian major 

carps in the diet ED10 and lowest with the diet ED02 in case of Cat/a, ED09 and 

ED03 in Laheo and ED01 & EDOJ in Cirrhinus respectively. The muscle of the fish 

fed with the diets containing animal protein source did not show much variation in 

lipid content. Protein I energy relation (Winfree and Stickney, 1981) and lipid level 

(Viola and Amidan, 1978; Jayaram and Shetty, 1980). In the diet known affect the fat 

content of the body. No such relationship could be discerned during the feeding 

experiments with these diets. Similar observations were recorded by Patra, 1989, 

1993; Patra eta/. 2000. 

5. 7 Production of fish: 

In intensive fish culture, in addition to the initial high capacity investment, the 

cost involved in the necessary inputs during the course of culture is also 
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comparatively high. Among the inputs, feed becomes the costliest item in cases where 

fish yield depends mainly on the supply of high quality pelleted feeds. Thus, the net 

income that can be obtained depends on the cost incurred in the supply of fish. The 

highest output in six months was recorded with diet EDlO (3047.61 kg ha-1
) followed 

by ED03 (2564.12 kg ha"\ ED02 (2418.33 kg ha"\ ED09 (2303.05 kg ha-1
), ED08 

(2197.88 kg ha-1
), ED06 (2011.47 kg ha"\ ED01 (1922.64 kg ha"1

), ED07 (1730.86 

kg ha"\ ED04 (1607.59 kg ha"1
) and ED05 (1595.22 kg ha"1

) respectively during 

second year experimental trials. In the first year trials, although the rate of production 

was slightly low as compared to the second year but followed the same trend of total 

production. It is clear from the present investigation that the higher production is 

related to the good quality protein source and obviously the animal protein in the diet. 

Lower rate of production was obtained with the diet prepared with solely the plant 

protein or substituted by low quality fish meal. 

5.8 Cost of production and net output: 

An attempt has been made during the present study to evaluate the 

comparative cost effectiveness of the experimental diets in order to estimate the net 

income that can be derived using these feeds. Since the objective was to ascertain the 

comparative cost eff\!ctiveness, not only the cost of feeds was taken into account but 

also the cost of other inputs involved ·were considered for the estimation of cost per 

unit production (Rs Kg"\ gross value of output (Rs.) and net value of output (Rs.). 

The highest cost per unit production was obtained with the diet ED01 (125.30 

Rs.Kg"1
) followed by ED06, ED07, ED01, ED08, ED02, ED09, ED03, ED04 and 

lowest with diet EDOS (6.50 Rs. Kg"1
). The net value of output was recorded highest 

with the die ED03 (25599.78 Rs. ha-1
) in six months followed by ED04, ED05, ED09, 
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ED02, ED08, EDOl, ED06, ED07 and lowest in EDlO. The net value of output was 

negative with the synthetic casein-gelatin waste diet EDlO (-30913.32 Rs. ha"1
) in six 

months. The same results were recorded during the experimental trials. Hence, the use 

of synthetic diet is not economical as a supplementary diet for Indian major carps. 

Thus, the present investigation indicates that on the basis of net output value, the 

slaughter house waste diet is much superior for the high production or compare to the 

others. Although the results suggested that the people of Darjeeling Hills may use 

aquatic weeds as well as goat blood and silk worm pupae may use for the production 

oflndian major carps catla, rohu and mrigal in the 'Jhora' fed fish pond, so far as cost 

effectiveness of the diet is concerned. 
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CONCLUSION 

Based on the data collected during the present investigation at the village 

Pulbazar and Bejanbari, Darjeeling Pulbazar Block of the District Darjeeling, West 

Bengal and within the confines of the conditions under which the study was carried 

out, it can be concluded that a total plant protein based diet or the diet containing 

maximum amount of plant protein resources are nutritionally poor for the Indian 

major carps, Cat/a cat/a, Laboe rohita and Cirrhinus mrigala resulting in 

comparatively low growth rate. It is evident from the result with regard to growth 

performance, digestibility of nutrients, feed conversion and muscle composition of 

fish fed with different experimental diets, that slaughter house waste, silk worm pupae 

and goat blood are the better sources of animal protein in the diet of Indian major 

carps than fish meal and soyaben meal. The results also indicate the possibility of 

substituting fish meal with other locally available non-conventional resource like 

slaughter house waste, silk worm pupae and goat blood in IMC diet. If necessary, 

locally available aquatic macrophytes may also be used in the area. However, it is 

necessary to further evaluate their influence on fish growth and physiology at 

different levels of incorporation. 
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SUMMARY 

I. The thesis entitled "Efficacy of some non-conventional feed ingredients on the 

kinetics of food intake, growth promotion and associated biochemical changes 

in Indian major carps" contains the results on efficacy of some locally available 

feed resource of Darjeeling Hill areas on the growth promotion, feed conversion 

efficiency, protein efficiency ratio, digestibility of nutrients and associated bio

chemical changes in Indian major carps (Cat/a cat/a, Labeo rohita, Cirrhinus 

mrigala). The Indian major carps as well as exotic carps are readily accept 

supplementary feed and the growth of the fish is directly related to feeding. The 

production of fish may therefore be augmented manifold by feeding them with 

nutritionally balanced supplementary diets in limited time and space. This will 

also reduce unnecessary wastage of fish fodder. 

2. Considering the socio-economic status of the people, we should produce much 

more fish from an unit water area and at the same time we should not forget 

about the preferences and market value of the culturable species. There are a 

number of small ponds which have been prepared with the help of Fish Farmers 

Development with the help ofFish Farmers Development Agency (FFDA) at the 

basin of the Little Ranjit river (Darjeeling- Pulbazar block) and adjoining areas 

of the hills. Therefore, attempts had been made to introduce the Indian major 

carps into the 'Thora fed' fish ponds and to establish them with suitable artificial 

diets. 

3. Total six ponds were selected for investigation viz. control pond and ponds ED 

-01, ED- 02, ED- 03, ED- 04 & ED- 05. The same series of ponds were 

named as control pond and ED - 06, (instead of ED - 0 I), Ed - 07 (instead of 

ED - 02}, Ed - OS (instead of Ed - 03}, Ed - 09 (instead of ED - 04), ED - I 0 

(instead of ED- 05) in the next year experimental trial. 

4. Twenty- one feed items of both plant (14) and animal (07) origin were screened 

for present investigation. Among the ten experimental diets (designated as ED -

01 to ED- 10} nine (ED- 01 to ED- 09) were isonitrogenous (crude protein 

level = 30%}, prepared with ingredients of different protein sources and the last 
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one (ED- !0) is casein- gelatin based diet (Halver's synthetic diet) to provide 

balanced nutrition and to get optimum growth of the fish. 

5. All the pelleted experimental diets tested in the present study possessed 

necessary water stability. The pellets containing different oil cakes in their 

composition were highly stable than the others. Slow rate of sinking was 

recorded for the pellets containing high proportion of rice bran or wheat bran. 

6. Maximum amount of feed was consumed at 06 hours and minimum at 00 hours. 

No relationship between quality of the pellet and average daily dry matter intake 

by the fish could be established. It took two hours for the fish to reach satiation 

after introduction of feeds in laboratory condition. 

7. The growth of fish was found to be positively affected by dietary protein source 

(in case of the fish fed diets ED - 0 I to ED - 09). Lipid in this diets evoked a 

protein sparing effect for growth. There is no marked differences in the gross 

energy content in the diets ED - 0 I to ED - 09 although crude protein levels 

varied from 29.69% (ED- 04) to 35.46% (ED- 08). The diet ED- 10 content 

slightly higher amount of crude protein 45.62% and energy levels (5.09 Kcalg· 

\ 
8. The average daily dry matter intake in terms of mg I oog-1 body weight ranged 

between 4304 (ED - 10) and 2825 (ED - 01). The release of faecal matter 

however minimum 60 I mg I OOg bw-1 with the diet ED - I 0 and maximum 834 

mg I 00 gbw"1 with the diet ED - 05. 

9. Although the weight increment, percent live weight gain and specific growth 

rate(%) of the fish were highest with the diet ED - I 0, the ultimate net output 

was not high (negative) i.e. below the control. On the other hands, the diet ED-

05 exhibited a poor performance in comparison with other diet (ED - 0 I to ED-

04, ED- 06 to ED -09). 

I 0. The condition factor values of the experimental fish in general reflected the 

well-being of the fish concerned, although the values decreased slightly in a 

very few cases. 

II. The digestibility of protein and lipid were found to be positively correlated with 

the crude protein and crude lipid levels respectively for the diets (ED - 0 I, ED -

04, ED- 05, ED- 06 and ED 08), but the digestibility's of total carbohydrate 
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and gross energy did not show much relationship with increasing dietary protein 

levels. 

12. The fishes fed with different experimental diets were in positive nitrogen and 

energy balance. An increase in N intake and faecal N excretion was observed 

with corresponding increase in the dietary protein levels. A positive correlation 

between dietary protein levels and apparent energy retention by the fish was also 

recorded. Among the different protein sources, nitrogen and energies from the 

slaughterhouse waste, silk worm pupae and soybean meal based diet were 

efficiently utilised by the fish. 

13. No relationship between the dietary protein levels and feed conversion ratio 

(FCR) was observed during the present investigation. However protein 

efficiency ration (PER) remained negatively correlated to the protein, lipid and 

PIE ratio of the diets. The plant protein based soybean meal diet resulted in poor 

conversion and protein efficiency ratios. 

14. The moisture content of the muscle showed an inverse relationship between the 

dietary protein levels. A reciprocal relationship between moisture and crude 

lipid contents in the fish muscle was also observed. However, the values of 

moisture and fat in the muscle showed a greater degree of consistency totalling 

upto 80%. No significance difference in the moisture content in the muscle was 

observed ·due to inclusion of ihe different protein sources in the diets. A direct 

relationship between the levels of as content in the diets and muscle was 

observed in the fish fed the diets containing different levels of dietary protein 

(ED- 01 to ED 10). 

15. The total protein content of. the muscle was found to increase with the increasing 

dietary protein level. Among the isonitrogenous diets with different protein 

sources the diet ED - I 0 gave the highest protein deposition in the muscle. 

Although there are no significant difference was observed with the diet ED- 01 

to ED - I 0, but it was significant when compared with the control and in some 

case with the protein source. 

16. A linear relationship between the dietary lipid level and the body fat content was 

noticed in the fish fed with the diets ED - 0 I to ED - I 0. Crude lipid content 

was recorded lowest in the flesh of fish analyse from control pond and recorded 

highest in the ED - 10. 
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17. There is no significant differences were observed in the ash content of the fish 

flesh, although the variations were recorded in all the first and second year 

experimental trial. 

18. The highest production was observed in the pond ED I 0 and lowest in the 

control pond. The production of fish in term of Kg ha-1 ranked first ED - I 0 

(Casein- gelatin), followed by ED- 03 (slaughter house waste), ED- 02 (Silk 

worm pupae), ED- 09 (Goat- blood), ED- 08 (Fish meal), ED- 06 (Fish meal 

and wheat bran), ED- 0 I (Mustard oil cake), ED- 07 (Soybean meal), ED- 04 

(Nechamandra) ED- OS (Nymphoides). 

19. The production cost was highest with the diet ED - I 0 and lowest in the control 

pond. If compared with the gross output value (Rs.) then it was observed highest 

with the diet ED - I 0 and lowest with the control. Highest net output value was 

recorded with the diet ED - 03 and lowest with the diet ED 07 negative net 

output was recorded with the diet ED- I 0. 

20. Analysis of water sample from the experimental ponds did not show significant 

differences in water quality b.etween the treatments. In general the physico -

chemical parameters of soil and water were co-genial for the growth of the fish. 
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