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Introduction 

Aquaculture has gone through major changes from small-scale household 

activities to large-scale commercial farming. The last past decades, the sector has 

expanded, diversified, intensified and advanced technologically. As a result, its 

contribution to food production has increased significantly. A large production of 

global aquaculture production comes from small-scale producers in developing 

countries, especially in Asia. It significantly contributes to food security, poverty 

alleviation and social well-being in many countries. The contributions of 

aquaculture to trade, both local and international, have also increased over recent 

decades and its share in the generation of income and employment for national 

economic development has increased globally. 

 Aquaculture is fast growing food production sector of world. Compared with 

other food production sectors, aquaculture achieved 10% annual increase since 

1984; while, production increase rate of meat is only 3% annually (FAO, 1997; 

Francesco et al., 2004). According to the Food and Agriculture organization, 

aquaculture is growing more rapidly than all other animal food- production sectors. 

Its contribution to global supplies of fish, crustaceans and mollusks increased from 

3.9% of total production by weight in 1970 to 33% in 2005. This growth is at an 

average rate of9.2% per year since 1970, compared with only 1.4% for capture 

fisheries and 2.8% for terrestrial farmed-meat production systems. It is remarkable 

that one out of every three fish consumed in the world is now farm reared (FAO, 

2007). 

 According to Yadava (2003), the fisheries sector occupies a very important 

place in the socio-economic development of India. This sector has been recognized 

as a powerful income and employment generator, as it stimulates growth of a 

number of subsidiary industries and is a source of cheap and nutritious food, at the 

same time it is an instrument of livelihood for a large section of economically 
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backward population of the country. More than 6.0 million fishermen and fish 

farmers in the country depend on fisheries and aquaculture for the major 

contributors of foreign exchange earnings through export.  

 Feed one of the main inputs in aquaculture production and a key element in 

intensive culture. Even in culture systems where the main source of nutrition for 

the cultured stock is natural food produced by fertilization, supplemental feeding is 

needed to achieve high production. However, nutrition and feed technology are 

relatively underdeveloped areas of aquaculture science, particularly in respect of 

warm-water species and their culture systems. Fish feed development in 

developing countries is hampered by the lack of necessary expertise to formulate, 

prepare and test appropriate feeds and demonstrate their nutritional and economic 

value.  

 The success of fish farming depends to a very large extent on the provision 

of adequate quantities of nutritionally balanced feeds in a form in which fish can 

utilize. Even when the natural feed forms the main source of nutrition, 

supplemental feeding with artificial feed is necessary to obtain increased 

production in ponds as has been shown by Sinha (1979). Fish feeds have been 

developed in some countries, for salmonoid fishes, cat fishes, eels, carps and 

shrimps. In most cases, the formulations are too expensive for use in developing 

countries. The high cost of some feed ingredients like fish meal has been a problem 

to use it in formulated diet. Considerable research is now underway to find suitable 

substitutes in order to formulate cheaper feeds. 

 Presently, fishmeal has traditionally been the principal source of protein, 

incorporated into many types of feeds used in aquaculture. Properly processed 

fishmeal is digestible, carries larger quantities of energy and high-quality protein 

per unit weight and contain little amount of carbohydrates. Fishmeal is produced 

principally from small marine fish not usually harvested for direct human 
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consumption. Although a renewable resource, fishmeal is expensive and the world-

wide supply is limited, especially as the demand for aquaculture products expands 

and fishmeal is utilized in other animal industries.  

 The uncertain supply, high price and large demand of fishmeal lead to 

shortage of fishmeal. To sustain the fish growth it is needed to search alternative 

fish feed sources. Work on formulation, preparation and testing of feeds based on 

locally available ingredients is being investigated towards alternative inexpensive 

protein sources for fish feeds. 

 India produces enormous quantities of feed materials derived from crops. 

These include a wide variety of all cakes, mill byproducts of seeds and grains. 

Smaller quantities of byproducts from the meat, fish and dairy processing 

industries are also used in artificial feed formulation. Indian fish feed stuffs 

suitable for fish feed formulation are pods, seeds, leaves, fruits of certain plants, 

grains, oilcakes likes linseed, safflower, sunflower, soybean, roots and tubers of 

sweet potato, cassava cereals and cereals byproducts, rice polish, broken rice, 

sorghum, wheat bran, maize, etc, feed of animal origin are fish meal, prawn meal, 

meat meal, blood, bone meal, hydrolyzed poultry meal, silkworm pupae along with 

some miscellaneous feed stuffs. Almost all the feed stuffs consumed within the 

country are suitable for feeding the fish.  

 No serous attention was given towards the use of plants and byproducts as a 

fish feed. The use of plant products and byproducts in fish feed formulation helps 

to enhance the fish growth and to overcome the economical expenditure on 

fishmeal. 

 In order to contribute the use of the plant product in aqua-feed, the present 

work was undertaken. The present study deals with the 
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1. Utilization of terrestrial plant leaf (Gliricidia maculata), aquatic weed 

(Eichhornia crassipes) and a medicinal plant (Asparagus racemosus) in 

fish feed formulation 

2. Determination of efficiency of plant based formulated feed in the diet of 

freshwater fish, Catla catla and Labeo rohita  

3. Growth response and feed utilization efficiency of selected fishes to plant 

based diets. 

4. Study of changes in biochemical components (total protein, lipid and 

glycogen) of fish tissues (muscle and liver) fed with plant protein diets. 

5. Digestive enzymes (lipase, protease. Amylase and invertase) activity in 

fish intestine fed with plant based diets.   

Fisheries play an important role in the world food economy. Fish is the 

primary source of the protein. The world average per capita consumption of fish 

has almost doubled in last five decades. Globally, fish provides 16% of the animal 

protein consumed by humans a valuable source of minerals and essential fatty 

acids. The reported production of fish for direct human consumption doubled 

between 1955 and 1975. An average of 10 kg to 12 kg of fish per capita. Fish 

consumption per person is expected to continue to rise. Supply will probably be 

limited by environmental factors and a likely range for demand is 160 to 165 

million tons or between 19 to 20 kg per person in 2030. Global increases in 

consumption of food fish will take place largely in the developing countries, where 

population is growing and higher incomes are allowing purchase of high value 

fisheries products. 

Fishmeal replacement  

Good nutrition in animal production systems is essential to economically 

produce a healthy, high quality product. In fish farming, nutrition is critical 

because feed represents 40-50% of the production costs. Fish nutrition has  
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increased in balanced commercial diets that promote optimal fish growth and 

health. The development of new species-specific diet formulations supports the 

aquaculture industry as it expands to satisfy increasing demand for affordable, safe 

and high-quality fish products. 

Fish, like any other animal require nutrients to stay alive, healthy, and active 

growth. Nutrients are the building blocks of all tissues of the animals and they are 

involved in all the chemical reactions that make up “life”. The types of nutrient 

required by fish are the same as those required by other animals. Nutrients can be 

provided by various products of plant, microbial or animal origin or can be 

chemically synthesized. In nature, fish obtains nutrients from various types of food 

items, these being determined both by the feeding behaviour or preference of the 

animal and the availability. 

From nutritional point of view, the nature or origin of the ingredients 

generally does not matter. Fundamentally, the animal is only looking at meeting its 

requirements for specific nutrients. To do so, it is equipped with a variety of 

digestive enzyme that allows it to harvest these nutrients from variety of sources. 

The use of a combination of ingredients is therefore, necessary to combine 

ingredients to obtain a mixture that fulfils all the requirements of the animals. 

Feed is considered as the most critical input for fish production. The fish 

accepts a wide variety of agricultural by-products in the form of pelleted or dough 

feed. Several studies have been carried out on the development of the formulated 

feed for various species under controlled culture system (Mohanty et al., 1995; 

Mukhopadhyay & Ray, 1999, Khan et al., 2004; Biswas et al., 2006). In almost all 

the studies, ingredients like fishmeal, groundnut oilcake’ soybean meal were used. 

All these materials are costly and were not used continuously in aqua-feed by small 

scale farmers. This has necessitated search for alternative sources available locally 

in the country (Kalita et al., 2008).  
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Fishmeal is considered the most important protein source for aquaculture 

industry because of its high protein biological value. The long term availability of 

this resource is not possible in fish diet because of various reasons (Hardy, 1996; 

Sargent & Tacon, 1999). Variable, fluctuating supply and increasing cast of 

fishmeal, generated a need to replace this costly feedstuff by cheaper and 

alternative protein sources for fish feed. For both economic and practical reasons, 

fish feed should be prepared using locally available protein sources, mostly those 

which are unsuitable for human consumption (Hossain & Jauncey, 1989). The 

oilcakes are considered as good sources of protein for fish diets, as it is available in 

large quantity from edible oil industry. Soyabean, groundnut, sunflower, sesame 

and coconut are extensively used for partial or total replacement of fishmeal (El-

Saidy, 1995; Mbahinzireki et al., 2001). These plant product incorporated meals 

have high protein levels and favorable essential amino acids. It is important to 

evaluate the nutritional value of combination of plant proteins in order to replace 

fishmeal in fish diets without any adverse effect on fish growth. 

Diet formulation represents translation of nutrient and energy requirement of 

a given species for a given response into an acceptable diet using a balanced 

mixture of ingredients which is economically sustainable. For any feed formulator 

a reliable, updated database on chemical consumption, physical characteristics and 

bioavailability information on feed ingredients is necessary. Protein is usually the 

first nutrient considered, with the level of energy in the diet being adjusted to 

provide the optimum ratio. Formulation of low-cost balanced fish diets using 

locally available agro-industry by-products is one of the ways to reduce feed cost 

for commercial fish culture. Protein is the most expensive dietary component in 

fish feed so it is necessary to find out alternative source to replace dietary protein 

in fishmeal. Less expensive sources of protein which provide good growth is 

advantageous for diet manufacturers and aqua-feed producers (Coyle et al., 2004). 
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Inconsistent supply of fishmeal, environmental concerns of fishmeal usage and 

high demand, high price of fishmeal make evaluation of alternative protein sources 

a high priority for fish nutritionists. Developing countries have realized that, in the 

long run they will be unable to afford fishmeal as a major protein source in aqua-

feed. Presently, one of the challenges that fish nutritionists face is to partially or 

totally replace fishmeal with less expensive, untraditional animal and/or plant 

protein sources. Total replacement of fishmeal is not possible, because it reduces 

growth of fish. Higher inclusion of plant protein meals reduce fish growth and feed 

utilization (Riche et al., 2001). Some authors reported that total replacement of 

fishmeal with plant protein is possible (Shiau et al., 1989; EI-Saidy & Gaber, 1997, 

2002; Muzinic et al., 2006; Goda et al., 2007). These conflicting results may be 

due to variation in environmental culture conditions (eg. Controlled laboratory 

conditions vs. pond culture ), water quality, salinity and feed processing (Mendoza 

et al., 2001; Chowdhury et al., 2006; Amaya et al., 2007). 

Combination of animal and plant protein sources in fish feed gives 

promising results. Such type of feed improves fish growth and nutrient utilization 

(Brown et al., 1997; Webster et al., 1992, 2000). Plant protein sources, which are 

more consistently available and cheaper to produce than fishmeal and other animal 

proteins, have been extensively used in combination with fishmeal in aqua-feed 

(Afzal Khan et al., 2003). 

At present, the high quality commercial fish feeds almost depends on 

fishmeal. The dependency has been driving the feed price unreachable to small 

farmers as the international market price of fishmeal has almost doubled in last few 

years. A priority area of research in aquaculture nutrition is the reduction and 

possible elimination of fishmeal and fish oil from practical diets (Craig, 2004; 

Samocha et al., 2004). 
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Formulation of balanced diet and their adequate feeding are important for 

successful aquaculture. Protein is the major dietary nutrient. According to fish 

species, fish size, dietary protein sources and environmental conditions, protein 

requirement of fish changes (National Research Council, 1993). 

Groundnut oil cake is used traditionally with rice bran in a 1:1 ratio for carp 

culture in India. It is widely used as a dietary protein source by many authors 

(Swamy & Mohanty, 1990; Bazaz & Keshavnath, 1993; Mohanty & Samantray, 

1996; Basavaraja & Antony, 1997) at 5-68% in formulating the diets for carps, 

murrels and mahseer. Murthy & Naik (2000) studied the effect of dietary protein 

and lipid in combination with groundnut oil cake on the growth of Indian major 

carp,Catla catla. The effect of partial and total replacement of fishmeal by 

groundnut oil cake along with other oil cake sources on Labeo rohita was 

examined by khan et al. (2003). The use of groundnut oil cake at higher levels in 

fishmeal formulation was not suited due to low lysine and methionine contents. 

Although groundnut oil cake is highly palatable and has better binding properties 

than other oil cake, its use in fish feed is restricted at higher levels because of its 

poor amino acid profile. 

Utilization of aquatic plants in aqua feed formulation helps in two ways. One 

is to control the aquatic weed and other to overcome fishmeal prices. There are 

number of herbivorous fishes which directly consume some aquatic weeds. Use of 

aquatic plants and weeds for fish feed formulation is a new trend in aquaculture 

economics to overcome the aqua feed manufacture cost. As compared to fresh or 

live aquatic plant feeding, the formulated feed containing aquatic weeds or plants 

showed better growth performance and feed utilization in various fish species. 

Fewer attempts have been made to explore the possibilities of utilization of 

aquatic weeds as feed by the Indian major carps. The Labeo rohita and Cirrhina 
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mrigala can utilize some of the aquatic weeds to a limited extent (patra & Ray, 

1988a; Patra et al., 1999; Vhanalakar et al., 2008) 

The identification and utilization of non- conventional and lesser utilized 

plant protein sources to replace fishmeal either partially or totally in practical diets 

of fish has been an area of research in aquaculture nutrition (Davies et al., 1990; 

Gomes et al., 1995; Hossain et al., 2001 Ogunji & Wirth, 2001; Siddhuraju & 

Becker, 2003). Fish nutritionists have evaluated alternative sources of plant origin 

protein in fish diets as partial or total fishmeal replacement (Das et al., 1994; Ray 

& Das,1995; fernandes et al., 1999; Ramachandran & Ray, 2004;  Olurin et., al., 

2006; Stavros et al., 2006 ; Goda et al., 2007). 

Ghatnekar et al., (1983) reported that diets with 30-65% Leucaena leaf meal 

had no adverse effects on growth or reproductive behaviour of tilapia 

(Saretheredon mossambicus) and Indian major carps (Labeo rohhita, Cirrhina 

mrigala and Catla catla). When Rahman et al. (1988) fed Nile tilapia (T. nilotica) 

a diet containing 25% Leucaena leaves; the fish grew more slowly than those on a 

standard diet. In evaluating Leucaena leucocephala leaf meal as a protein sources 

in Indian major carp’ Labeo rohita, Hassan et al. (1994) observed the higher 

growth performance at 25% inclusion level. 

Medicinal herbs are efficacious for growth, health management and for the 

immune systems of land mammals and humans. They originate mainly from 

vegetables and are popular medicines in eastern Asia including China, Korea, and 

Japan. In traditional Chinese medicine, several herbs are often administered at the 

same time. Studies have been done in which herbs, as dietary additives, were fed to 

fish. The focus of these studies includes their use as feeding attractants, and their 

effects on growth, survival, and immune system activity. With the shifting of 

attention from synthetic drugs to natural plant products, the use of plant extracts 

for enhancing growth performance in animals is now increasing. Plants that were 
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once considered of no value are now being investigated, evaluated and developed 

into drugs with little or no side effects. 

There is a developing interest in using medicinal herbs as a kind of dietary 

supplement in aquaculture, and in showing the positive effects on growth and the 

immune response (Ji et al., 2007; Jung et al., 2002). Medicinal herbs can improve 

the quantity of micro-flora in the intestine by increasing some good microbes and 

inhibiting increased digestion capacity (Liu et al., 2004). 

Many nutritionists tried to incorporate medicinal herbs in fish diet. They 

showed the positive results regarding growth performance and feed utilization of 

fish. Inclusion of medicinal plant material in fish diet showed better protein and 

lipid contents after long term feeding. Various medicinal plants like Obosan (Kim 

eet al., 1998), Chinese herb (wang et al., 2006) Quillaja (Francis et al., 2005), 

Glycyrrhiza glabra (Kumar et al., 2007). Winter cherry Withania somnifera and 

ginger (Immanuel et al., 2009) showed better growth results along with increased 

immune response in fishes. 

Inclusion level of plant proteins above 50% of total diet often resulted in 

reduced fish growth. It is due to imbalance of amino acid, poor digestibility of 

protein, lipid and glycogen, presence of anti-nutritional factors or poor palatability 

(Balogun & Ologhobo, 1989 and Tacon, 1993). 

Mixed feeding in which high protein diet was alternated by a low protein 

diet could result in improved nutrient utilization. The application of mixed feeding 

to reduce feed cost and improved nutrients utilization has been reported in Indian 

carps, Caltla catla, Labeo rohita and Cirrhina mrigala. 

Complete replacement of fishmeal with individual plant protein source has 

generally resulted in a decrease in fish growth performance due to presence of anti-

nutritional factors (Mbahinzirek et al., 2001; Sklan et al., 2004).Two strategies to 

overcome this limitation include fractionation of feed ingredient and replacement 
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of fishmeal with complex mixture of two or more than two different plant protein 

sources. This will enhance the fishmeal acceptance, growth and overcome anti-

nutritional factors from fish feed (Borgeson et al., 2006). 

Growth performance: 

 The continued expansion and improvements in efficiency of aquaculture 

production require continued improvements in nutritional formulation and feed 

technology. De Long et al., (1958) taking the body weigh as basic indicator are 

among the first to investigate dietary protein requirements of fish. Many authors 

use similar approaches. Protein contents on fish feeding are usually high. However, 

nutritional requirements of fishes can differ in pursuant to distinct to distinct 

factors as nutritional habits, life cycle, environmental temperature and health. 

Well-balanced protein diets are fundamental for optimize growth and development 

of fish particularly considering the offer of amino acids. 

 The dietary protein is an important aspect in achieving efficient fish 

production. The dietary protein should accommodate fish requirements due to age 

or size. This technique could significantly enhance the protein utilization leading to 

cost saving, and thereby reducing the nutrient loading into the aquatic ecosystem. 

The continuous feeding with a high-protein diet did not enhance feed intake or feed 

conversion ratio. Protein efficient ratio is used to assess protein utilization and 

turnover where they are related to the dietary protein intake and its conversion into 

protein gain. 

 To achieve good growth of fish, good quality artificial feed is essential with 

protein level ranging from 20 to 45% (Stickney, 1991).In the past, the studies were 

carried out to check the type of plant protein and inclusion level to achieve good 

fish growth. The utilization of plant protein and its conversion in the form of body 

protein determines the status of any plant source to use it in fish feed formulation.  

Biochemical study: 
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 Protein, carbohydrate and lipid which constitute a major components of the 

body, play an important role in body construction and energy metabolism. 

Biochemical composition determines the quality of flesh. Biochemical composition 

of fish is dependent on species, age, size, sex, environmental factors and most 

importantly quality of feed feeding habits. 

 The type and level of protein in the fish diet decides the whole body protein 

content in fish. There were many attempts to determine the relation between feed 

protein and fish protein. The nutritive value of the diet and morphology of i.e. 

toughness of the formulated diet affects the availability of protein in the 

compounded diet (Penaflorida et al., 1992). 

 Any change in feed and feeding practices is known to have its effect on fish 

growth performance and body composition. The carefully formulated fish feed 

always leads to best growth of fish, whereas the diet having low quality, poor 

protein content and higher anti-nutritional factors puts its impact in the way of 

reduced growth. 

 Dietary nutrients must be well balanced to achieve optimum protein- 

accumulation and growth rates both in individual tissues and in the whole animal. 

It was reported that there was a significant influence of diet upon protein 

concentration and turnover rates in the liver and muscle and fish and variations in 

fractional protein-synthesis values depending upon ration quantity and protein 

quality (Peragon et.al., 1994). 

 Dietary lipid provides essential fatty acids, phospholipids and energy to 

promote growth, health, metabolic pathways and is the precursors of eicosanoids 

(physiological functions). Dietary lipid, just as dietary carbohydrate, can act as an 

energy source to spare protein utilization for energy and also increase palatability 

to the diet. The development of high-energy diets (high lipid content) to reduce 

nitrogen and phosphorus loads from high-protein diets and improve feed 
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conversation ratios, among other factors, is rapidly gaining popularity (Sargent et 

al., 1999). Lipids are one of the major organic components of fish, and currently 

attract the attention of consumers due to the importance of their fatty acid profile. 

Enzyme study: 

 Digestive enzymes have been investigated for understanding the nutritional 

requirements of the animal and the effect of dietary constituents on the enzyme 

activity (Schneider & Flatt, 1975; Divakaran et al., 1999). Different feeding habits 

and food diversity impact on digestive enzyme modification in fish. To achieve 

improved growth of fish, artificial diet plays important role. The digestive enzyme 

profile of fish helps to adjust the nutrient incorporation and diet composition so as 

to achieve better fish growth (Sabapathy & Teo, 1993; Hidalgo et al., 1999; 

Deguara et al., 2003). Chesley (1934) documented the relationship between 

structure of the digestive tract and digestive enzymes coexist in close correlation, 

e.g.  the gastrointestinal tract of herbivorous fishes is longer than the carnivorous 

fish. Digestive functions capable of hydrolyzing a greater variety of feedstuffs 

have developed in herbivorous and omnivorous fish spices in contrast to 

carnivorous fish species (De Almeida et al., 2006). The study of digestive enzymes 

in fishes explains their nutritional physiology and helps to solve nutritional 

problems (Hidalgo et al., 1999). 

Selection of plant protein sources: 

 In the present study, three plant origin protein sources were used to study the 

growth response of two freshwater fish spices, Catla catla and Labeo rohita. The 

three plant used in the study were a medicinal plant, Asparagus racemosus, 

tropical fodder plant, Gliricidia maculata and a aquatic weed, Eichhornia 

crassipes. The root of Asparagus and leaves of Gliricidia and Eichhornia were used 

in formulations of artificial feeds in the present work. 
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 Asparagus racemosus is a medicinal plant grows all over Indian in tropical 

areas and is found in Himalayas up to an altitude of 1300-1400 meters. The plant is 

an armed climber, growing 1-2 meters in length. The roots of Asparagus are used 

mainly to promote milk secretion and as a demulcent, diuretic, aphrodisiac, tonic, 

alterative, antiseptic and anti-diarrhoeal. It is also used to treat debility, especially 

in women, and infertility, impotence, menopause, stomach ulcers, hyperacidity 

dehydration, lung abscess, haematemesis, cough, herpes, leucorrhoea and chronic 

fevers. It is also used in health tonics to increase appetite and immunity. 

 The use of Asparagus as a feed additive to study anti-diarrhoeal potential in 

various animals was performed by many scientists. There is less information 

available regarding use of Asparagus in animal diet to promote growth. An 

experiment was conducted to assess the effect of Asparagus racemosus root 

powder on the performance of broilers by Rekhate et al.  (2004). It was found that 

the supplementation of Asparagus racemosus root power has beneficial effects on 

body weight gain and feed conversion efficiency indicating improvement in 

general health condition of broilers. 

 The use of Asparagus in Cirrhina mrigala at an inclusion level of 30% gives 

better growth results (Vhanalakar et al., 2008). The use of Asparagus in Cyprinus 

carpio diet at low level inclusion was studied by Vhanalakar & Muley (2009). 

 Gliricidia maculata is a fast-growing, tropical, leguminous tree up to 10-15 

m.  height. It is one of the commonest and best-known multi purposes trees in 

many parts of central America, where it probably originated, but it has also spread 

to West Africa, the West Indies, southern Asia and the tropical Americas. It is used 

for timber, firewood, medicinal purposes, charcoal, living fences, plantation shade 

and green manure, it has good potential as fodder for livestock. Gliricidia is most 

likely to be used as a green fodder/protein supplement to low-quality tropical 

forages and by-products for cattle, sheep and goats. 
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 Gliricidia leaves are rich in protein and highly digestible for ruminants like 

goat and cattle, as they are low in fiber and tannin. There is evidence of improved 

animal production (both milk and meat) in large and small ruminants when 

Gliricidia is used as a supplement to fodder. Growth performance of goats fed with 

Gliricidia was studied by Richards et al. (1994) and Hao & Ledin (2001). 

Incorporation of Gliricidia in the diets of crossbred steers (Abdulrazak et al., 

1997), Jersey cows (Juma et al., 2006), and layer bird (Ige et al., 2006) showed 

increased growth performance. Chadhokar & Kantharaju (1980) studied the effect 

of Gliricidia on the growth and breeding capacity of bannur ewes. Effect of 

Gliriacidia based diets on milk capacity was also revealed (Chadhokar & 

Lecamwaasam, 1982). 

 The inclusion of Gliricidia in fish diets was studied by Das et al.,(1994) and 

Adeparusi & Agbede (2005). Das et al. (1994) reported the  inclusion of 30% 

Gliricidia in the diets of Labeo rohita and Catla catla showed good growth 

performance and feed utilization .Oreochromis niloticus fed bam-nut supplemented 

with Gliricidia was superior in growth, nutrient utilization, crude protein 

digestibility, carcass crude protein, least feed conversion ratio and best feed 

efficiency ratio (Adeparusi & Agbede, 2005).  

 Eichhornia crassipes, commonly known as Common water Hyacinth, is a 

wild freshwater fern belonging to the Family Pontederiaceae. This plant is native to 

South America, but has been naturalized in many tropical and subtropical regions 

of the world. It grows and reproduces at very high rates, yielding up to 100-400 

mt/ha/year. Water hyacinth is listed as one of the most productive plants on earth 

and is considered the world’s worst aquatic weed.  It forms dense mats that 

interfere with navigation’ recreation, irrigation and power generation. These mats 

competitively exclude native submersed and floating-leaved plants. Dried and 
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cleansed Eichhrornia plants can be used as fertilizer. Several studies have 

evaluated Eichhornia as a food source for domestic animals. 

 There have been numerous attempts to utilize aquatic weed, Eichhornia 

crassipes for animal feed in Southeast Asia. Eichhornia have potential as animal 

feed. Cattle have grazed floating water hyacinths when land forages were limited. 

Reddy & Moanrao (1979) supplemented Eichhornia with paddy straw as a feed for 

growing crossbred calves. Dominguer et al. (1996) tested Eichhornia with other 

two floating macrophytes as a pig feed. They found promising results with pig 

growth fed with Eichhornia. Utilization of Eichhornia as a supplementary feed for 

Bangladeshi bull calves (Rashid et al., 2001), growing goats (Dada, 2002) and 

duck (Luet al., 2008) showed better growth performance. 
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MATERIAL AND METHODS      

Plant material collection and processing: 

Fresh Asparagus roots were collected from the cultivated farms near 

Kolhapur region. Fresh Gliricidia leaves were collected from the campus of Shivaji 

University, Kolhapur and fresh Eichhornia leaves were collected from local water 

bodies of Kolhapur districts, Maharashtra, India. Plant parts collected were washed 

thoroughly under tap water to remove dirt and debris, drained properly and later 

sun dried. Dried root of Asparagus and leaves of Gliricidia and Eichhornia were 

milled using a kitchen mixer, packed in airtight polyethylene bags and kept in the 

freezer before use. Diets contained different combinations of dry root and leaf 

powder of Asparagus , Gliricidia and Eichhornia meal, groundnut oil cake, rice 

bran, fishmeal, guar gum binder and mineral vitamin mixture were formulated 

(table 1-4 ). A diet with groundnut oil cake, rice bran, fishmeal guar gum binder 

and mineral – vitamin mixture served as a control diet. Ingredients were mixed 

thoroughly in kitchen mixer till homogenous mass was obtained. With the help of 

mincer the 0.6mm pellets were prepared, which were immediately sun dried. After 

drying, the pellets were hand broken up into convenient pellet sizes and frozen in 

refrigerator until before feeding.  

Experimental system and fish spices: 

Experimental fish Catla catla and Labeo rohita fingerlings were obtained 

from governmental nursery ponds in Kollhapur Centre, M.S.(India) brought to the 

laboratory and divided among ten 100-L glass aquaria. The fish were acclimatized 

in glass tanks for 15 days with being fed on a commercial pelleted diet. 

The experiment was conducted in the aquaria of 3’x 1’x 1’ size. Water from 

aquaria was changed every alternate day and continuous aeration was provided. 

Each aquarium was stocked with 10 fingerlings of uniform size and weight (in 

triplicate). Fishes were fed at the rate of 5% body weight in two equal rations daily. 



18 
 

18 
 

At fortnightly intervals a minimum of 50% of fishes were sampled to record the 

growth.  

Chemical analysis of formulated feed: 

The chemical analyses of major feedstuffs and formulated diets were carried 

out according to the procedures of the AOAC (1990). Feed ingredients were 

analyzed for proximate composition such as moisture, crude protein, crude fat, 

crude fiber and total ash (Table 1-4). 

Diet Performance Evaluation: 

Growth performance of experimental fish was determined in terms of final 

individual fish weight (gm), weight gain (gm). These growth responses were 

calculated as follows:  

Weight gain (%) = 0.100 (final body weight – initial body weight /initial body  

weight);    SGR (% day 1) = 0. 100 (loge) final body weight ± 0. loge initial body 

weight/ time days; FCR±0. [Dry weight of feed fed (g)]/ [fish weight gain (g)];     

PER = 0. [Fish weight gain (g)] / [protein fed (g)] 

Biochemical study  

 After the completion of experimental period (120 days) the fishes were 

sacrificed; liver and muscles tissues were dissected out as quickly as possible and 

stored to analyze total glycogen, total protein and total lipid contents of liver and 

muscles tissues. These tissues were weighed and used for the estimation of 

biochemical components like protein (Lowry et. Al., 1991), Glycogen (De Zwaan 

& Zandee, 1972) and lipids (Barnes & Blackstock, 1973). 

Enzyme study 

After the completion of feeding trial period, the fishes were sacrificed and whole 

intestine was removed out. It was homogenized in 0.9% NaCl solution so as to 

prepare homogenate. The homogenate was centrifuged at 5000 rpm, supernatant 
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was colleted, frozen in sample vials and stored in refrigerator until assayed for the 

digestive enzymes. 

 The estimation of lipase was carried out as per the method of Hayase & 

Tappel (1970), protease by Ishaya et al. (1971) and amylase and invertase by the 

method of Bernfeld (1955). 
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RESULTS 

 Fish in all dietary groups fed actively on the experimental diets. There was 

no rejection of feed till the end of experiment. No mortality was observed in any of 

the dietary groups during the study period.  

Growth performance and feed utilization: 

Catla catla  

Asparagus diet: 

 The growth performance and feed utilization in terms of body weight gain 

(WG) of Catla catla fed with different levels of Asparagus diets are presented in 

table.4 

 After 120 days of feeding trial, it was noticed that there was excellent 

growth in fishes fed with 30% diet. This 30% diet group showed highest final body 

weight (24.60 ± 0.0.47gm), weight gain (23.27 ± 0.0.60 gm). The least growth and 

feed utilization was recorded from 70% diet group (Fig. 1). The lowest final body 

weight (11.85 ± 0.0.34), weight gain (9.65 ± 0.0.27) was recorded in 70% 

Asparagus diet.  

Gliricidia diet: 

The growth performance and feed utilization indices such as body weight 

gain (WG) of Catla catla fed with different levels of Gliricidia are presented in 

table-5 

Fish groups fed with 40% Gliricidia diet showed better growth performance 

as compared to other diet groups. The final body weight (26.43 ± 0. 0.65), weight 

gain (27.66 ± 0.79 gm). The lowest weight gain was reported in control diet group 

(24.48 ± 0.59gm). There was significant increase in case of weight gain in all diet 

groups expect 20% compared with control (Fig. 2). 
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Eichhornia diet  

The growth performance and feed utilization of fishes fed with Eichhornia 

diet was shown in table-6. 40% Eichhornia incorporated diet showed best growth 

performance in all the diets. The fish fed with 40% diet showed superior final body 

weight (22.60 ± 0.64), weight gain (22.32 ± 0.84). The control group showed 

lowest final weight (15.56 ± 0.42) and weight gain (13.26 ± 0.36) (Fig 3). 

Labeo rohita  

The growth performance and utilization in terms of body weight gain (28.74 

± 0.74). Labeo rohita fed with different levels of Asparagus diets are presented in 

table- 7 (Fig 4). Fishes fed with Gliricida diet was shown in table- 8 (Fig 5). Fishes 

fed with Eichhornia diet was shown in table-9 (Fig 6).  40% Eichhornia 

incorporated diet showed best growth performance in all the diets. 40% Eichhornia 

diet showed highest final body weight, weight gain. The fish fed with 40% diet 

showed significant final body weight (36.10 ± 0.99), weight gain (33.75 ± 0.93). 

The control diet fed group showed lowest final body weight (18.20 ± 0.49), weight 

gain (16.07 ± 0.43). 

Biochemical alterations: 

Catla catla: Liver: 

Changes in liver protein content of fish fed with different plant feeds are 

presented in table-10 (Fig 7). In most of the plant protein based diets there was 

increase in liver protein content. The Asparagus based diet showed the highest 

liver protein at the 30% level (mg/wet tissue), Gliricidia (mg/wet tissue) and 

Eichhornia (mg/wet tissue) at 40% level. As compared to control (mg/wet tissue) 

the 20%, 30% and 40% Asparagus diets showed more significant increase in liver 

protein content, whereas there was no significant difference between control with 

50%, 60% and 70% diets. The Gliricidia diets showed significant increase in 20%, 
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30%, 40% and 50% and non significant decrease in 60% diet compared with 

control.  

All Eichhornia based diets showed significant increase expect 70% as 

compared to others.   Among all the plant protein diets the lowest liver protein 

content was recorded in 70% mixed diet (1.74±0. 0.01 mg/100 mg wet tissue). 

Table 11(Fig 8) present the total lipid content of fish liver fed with 

Asparagus, Gliricidia, Eichhrnia . In most of the diets there was no difference in 

lipid content of liver as compared to control (8.40 ± 0.0.40 mg/100mg wet tissue). 

The highest lipid content was reported in 40% diet (11.70±0.0.06 mg/100mg wet 

tissue) and lowest in 70% Eichhornia diet (6.95 ± 0.0.34 mg/100mg wet tissue) 

(Fig. 10). As compared to control 30% Asparagus, 30% and 40% Gliricidia and 

Echhornia 20%, 30%, 40% and 50% diets showed more significant (P<0.001) 

increase in lipid content whereas 40% Asparagus, 40% Eichhornia (P<0.01) and 

60% mixed diet (P<0.05) less significant higher lipid content than control. 

The variation in glycogen content of liver fed with various plant protein 

diets was shown in table 12 (Fig. 9). In most of the diet fed groups there was no 

significant difference in glycogen content as compared to control (1.674 ± 0.0.23 

mg/100mg wet tissue). The liver glycogen content was reported in the range of 

1.74±0.0.01 mg/100mg wet tissue to 5.93 ± 0. 0.20 mg/100mg wet tissue. The 

highest glycogen content in Asparagus based diet was recorded at 30%diet (5.18 ± 

0.0.09 mg/100mg wet tissue), in Gliricidia at 40% diet (5.93 ± 0.20 mg/100mg wet 

tissue), in Eichhornia at 30% diet (5.53 ± 0.0.18 mg/100mg wet tissue).(Fig. 11). 

The lowest glycogen content was observed at 70% inclusion level in all the 

plant diets. 70% Asparagus (1.74±0.01 mg /100mg wet tissue), 70% Gliricidia 

(1.85 ±0.05 mg / 100mg wet tissue), 70% Eichhornia (1.926 ± 0.04mg/100mg wet 

tissue). 

 



23 
 

23 
 

Mucles: 

The influence of different dietary plant protein sources on protein content of fish 

muscle is shown in Table 13 (Fig 10). All the plant protein diets fed fish groups 

showed better muscle protein content. The highest muscle protein content was 

found in 40% diet (24.12±0.0.25mg /100mg wet tissue) and lowest in 70% 

Asparagus diet (10.69 ± 0.26 mg/100mg wet tissue). The highest muscle protein 

content for Gliricidia (24.12 ± 0.12mg/100mg wet tissue) and Eichhornia (22.42 ± 

0.32 mg/100mg wet tissue) was observed at 40% diet level, while it was highest at 

30% level (19.39 ± 0.0.08mg/100mg wet tissue) for Asparagus diet. 

 Most of the diets showed significantly higher (P<0.001) protein content of 

muscle compared with control. There was no significant difference of 50% 

Asparagus diet, 70% Gliricidia diet and 60% Eichhornia diet with control. 

 Dietary effect of various plant protein diets on lipid content of Catla catla 

muscle was presented in table 14 (Fig 11).  The maximum lipid content (10.75 ± 

0.29 mg/100mg wet tissue) in diet was found in fishes fed with 40% diet followed 

by 60% (8.57 ± 0.22mg/100mg wet tissue),30% (9.86 ± 0.13mg/100mg wet tissue) 

and 50%(8.57 ± 0.22mg/100mg wet tissue) diet. The minimum lipid content was 

found in control diet (6.08 ± 0.45mg/100mg wet tissue). In Asparagus fed diet 

groups, the maximum lipid content was reported at 30% inclusion level (10.02 ± 

0.04mg/100mg wet tissue) while in Gliricidia (8.33 ± 0.23 mg/100mg wet tissue) 

and Eichhornia (10.20 ± 0.37 mg/100mg wet tissue) at 40% diet. The minimum 

lipid content was observed in 70% Eichhornia diet (5.36 ± 0.31mg/100mg wet 

tissue). 

 The alterations in muscle glycogen with response to various plant protein 

diets is given in table 15 (Fig 12). The data showed the highest glycogen content 

for Asparagus in 30% diet group (2.58 ± 0.02mg/100mg wet tissue), for Gliricidia 

in 40% diet group (2.79 ± 0.05mg/100mg wet tissue), for Eichhornia in 30% diet 
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group (3.11 ± 0.03mg/100mg wet tissue). The lowest glycogen content for 70% in 

Asparagus (1.47 ± 0.01mg/100mg wet tissue), Gliricidia (1.43 ± 0.01mg/100mg 

wet tissue), Eichhornia (1.46 ± 0.01mg/100mg wet tissue) (Fig. 14). Most of the 

plant protein diets showed significant increase (P<0.001) up to 50% inclusion 

level, when compared to control group. 

Labeo rohita: Liver 

 Change in liver protein content of fish fed with different plant protein meals 

are presented in table 16 (Fig 13). The liver protein content of Labeo rohita 

showed the increasing patterns as compared to control diet. 70% inclusion of all 

the diet groups showed decreased liver lipid content compared with control.  The 

Asparagus based diet showed the highest liver protein content at the 30% level 

(17.30 ± 0.90mg/100mg wet tissue), Gliricidia (16.86 ± 0.32mg /100mg wet tissue) 

and Eichhornnia (17.87 ± 0.52mg/100mg wet tissue) at 40% level. 

 The lowest liver protein content was observed in Eichhornia 70% diet (7.99 

± 0.13mg/100mg wet tissue). In the case of Asparagus, there was significant 

(P<0.001) increase in protein content with 20%, 30%  diets and non-significant 

increases with 40%, 50%, 60% and 70%  diet was observed. 

 The lipid content of fish liver fed with Asparagus, Gliricidia, Eichhornia 

table 17 (Fig 14). The Asparagus diet showed the peak of lipid at 30% diet level 

(16.37 ± 0.17mg/100mg wet tissue) and lowest value at 70% diet (9.69 ± 

0.38mg/100mg wet tissue). The lowest lipid content for Gliricidia was 70% (10.52 

± 0.22mg/100mg wet tissue), for Eichhornia 40% (14.28 ± 0.12mg/100mg wet 

tissue) (Fig.16) In most of the diets there was difference in liver lipid content as 

compared to control (11.22 ± 0.54mg/100mg wet tissue). 

 The variation in glycogen content of liver fed with verious plant protein 

diets is shown in table 18. The glycogen content of Labeo rohita liver was highest 

in 40% Gliricidia (7.49 ± 0.26mg /100mg wet tissue). The lowest glycogen content 



25 
 

25 
 

found in 70% Eichhronia (2.02 ± 0.03mg/100mg wet tissue) (Fig.15). Asparagus 

diets showed significant increase in glycogen content upto 40%. In Gliricidia based 

diet only 40% diet showed significant increase (P<0.01) as compared to control. In 

30% (P<0.001) and 40% (P<0.01) Eichhornia based diets there were significantly 

higher glycogen content than control. 

 The lowest glycogen content was observed at 70% inclusion level in all the 

plant diets. 70% Asparagus (2.14 ± 0.05mg/100mg wet tissue), 70% Gliricidia 

(2.12 ± 0.06mg/100mg wet tissue), 70% Eichhornia (2.02 ± 0.03mg/100mg wet 

tissue). 

Muscle: 

 Effect of various plant protein incorporated diets on muscle protein content 

of Labeo rohita is shown in table 19 (Fig 16). The highest protein content of 

muscles was reported from 40% Gliricidia diet (26.41 ± 0.26mg/100mg wet tissue) 

and lowest from fish fed with 70% Asparagus diet (11.65 ± 0.28mg/100mg wet 

tissue). Asparagus was seen effective to increase muscle protein up to 40% level 

(19.89 ± 0.35 mg/100mg wet tissue). The incorporation of Asparagus above 40% 

leads to decreased protein content. Gliricidia and Eichhornia diets showed their 

best performance regarding protein up to the inclusion level of 50% (Fig.18). 

 Moreover, all the diets showed significant increase (P<0.001) in protein 

content as compared to control. The highest muscle protein content with 30% 

Asparagus diet (22.31 ± 0.09mg/100mg wet tissue), in Gliricidia at 40 %( 26.41 ± 

0.14mg/100mg wet tissue), in Eichhornia at 40% (24.81 ± 0.35 mg/100mg wet 

tissue). 

 Dietary effect of various plant protein diets on lipid content of Labeo rohita 

muscle is presented in table 20. As compared to the other diet group.fishes showed 

better lipid content of muscle (Fig.17). In Asparagus diet fed fish groups, the 

highest lipid content was found in 30% diet group (13.23 ± 0.05 mg/100mg wet 
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tissue) and lowest in 70% diet group (7.09 ± 0.30mg/100mg wet tissue). In 

Gliricidia based diets, the highest and lowest lipid content was recorded from 40% 

(13.11 ± 0.48mg/100mg wet tissue) and 70% (6.74 ± 0.41 mg/100mg wet tissue) 

diet groups respectively. The diet group containing Eichhornia showed highest 

lipid content (13.52 ± 0.37 mg /100mg wet tissue) in 40% diet and lowest (6.82 ± 

0.25mg/100mg wet tissue) in 70% diet group.  

 The fluctuations in muscle glycogen content of Labeo rohita with response 

to various plant protein diets was given in table 21 (Fig 18). The data showed the 

highest glycogen content for Asparagus in 30% diet group (2.96 ± 0.03mg/100mg 

wet tissue), for Gliricidia in 30% diet group (3.85 ± 0.08mg/100mg wet tissue), for 

Eichhornia in 40% diet group (3.46 ± 0.06mg/100mg wet tissue). The 70% diet 

group of all plant incorporated meals showed lowest glycogen content. It was   

1.58 ± 0.01mg wet tissue for Asparagus, 1.61 ± 0.01mg/100mg wet tissue for 

Gliricidia, 1.59 ± 0.01mg/100mg wet tissue for Eichhornia. All the diets showed 

better glycogen content up to 60% inclusion level than control (Fig.20). 

Enzyme study: Catla catla 

 The lipase activity from the intestine of fish, Catla catla fed with different 

plant based diets was presented in table 22 (Fig 19). In Asparagus diet, Gliricidia 

diet and Eichhornia diet the maximum lipase activity was observed at 40% (4.68 ± 

0.11) (4.84 ± 0.06) (5.38 ± 0.19) inclusion level respectively (Fig.21) as compared 

to control (3.25 ± 0.05mg palmitic acid/gm protein /hr).  

 Effect of various plant protein sources on the protease activity of fish were 

shown in table 23 (Fig 20). The protease activity in Asparagus diet was reported 

high at 40% diet (18.74 ± 0.21mg tyrosine/gm protein/ hr) and lowest at 70% diet 

(13.52 ± 0.20 mg tyrosine/gm protein/hr.) The highest and lowest activity for 

Gliricidia diet was observed in fishes fed with 50% diet (22.34 ± 0.35 mg 

tyrosine/gm protein/ hr) and 70% diet (14.32 ± 0.09mg tyrosine/gm protein/hr) 
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respectively. The highest protease activity for Eichhornia was found in 40% diet 

(20.67 ± 0.22mg tyrosine/gm protein/hr) and control diet (16.76 ± 0.0.31mg 

tyrosine/gm protein/hr respectively) (Fig.22). 

 Asparagus diet show better amylase activity compared with control above 

40% inclusions and lowest (22.98 ± 0.55mg maltose/gm protein / hr ) table - 24 

(Fig.21). All other diet showed better amylase activity.  

 The Invertase activity from Catla catla intestine was very low as compared 

to all other diets. The Invertase activity was seen in the range of 0.67 ± 0.09 mg 

glucose/gm protein/ hr to 1.82 ± 0.01 mg glucose/gm protein /hr (Table 25). The 

highest invertase activity in Asparagus diet was reported from 30% diet group ( 

1.43 ±0.01mg gloucse/gm protein/hr). The gliricida (1.82 ± 0.01 mg glucose/gm 

protein/hr at 40%) and Eichhornia (1.74 ± 0.02 mg glucose/gm protein/hr at 40%) 

based diets showed highest invertase activity from fishes with 40% diet (Fig 22). 

Labeo rohita  

 The lipase activity in Labeo rohita intestine fed with different plant protein 

diets was presented in table 26. Asparagus, Gliricidia and Eichhornia based meals 

showed highest lipase activity in 40% inclusion level (Fig.23). The highest lipase 

activity was recorded from 40% diet (6.33 ± 0.22mg palmitic acid/gm protein/hr) 

and lowest from 70% Gliricidia diet (3.35 ± 0.06mg palmitic acid/gm protein/hr). 

Other plant diets showed their higher lipase activity up to 40% diet than control. 

 The protease activity seems to be higher at 40% inclusion level of plant 

protein in most of the diets of Labeo rohita (table 27).  As like lipase activity the 

protease activity in Asparagus, Gliricidia and Eichhornia based diets was highest at 

40% inclusion level. The lowest activity of protease in all diets was observed at 

70% inclusion level (Fig.24). Overall lowest protease activity was recorded from   

70% Asparagus (17.49 ± 0.24 mg tyrosine/gm protein/hr). 
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 Among the digestive enzymes in the present work , the activity of amylase 

was highest (Fig 25).The amylase activity was found in the range of 26.11 ± 0.63 

mg maltose/gm protein/hr to 43.56 ± 0.25 mg maltose/gm protein /hr (Table 28). 

  Effect of diets containing various plant protein sources on the invertase 

activity of Labeo rohita was shown in table 29. The highest   activity of Asparagus 

diet was observed in 30% diet (1.64 ± 0.02 mg glucose/gm protein/hr), in 

Gliricidia at 40% diet (2.04 ± 0.02 mg glucose/gm protein/hr), in Eichhorina at 

40% (2.07 ± 0.03 mg glucose/gm protein/hr) inclusion levels. There was no 

significant difference in most of the diet groups when compared with control. The 

lowest invertase activity was found in 70% diet (0.80 ± 0.10 mg glucose/gm 

protein/hr) (Fig.26). 
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SUMMARY AND CONCLUSION 

 In the present investigation an attempt has been made to evaluate the three 

plants protein sources i.e Asparagus racemosus, Gliricidia maculate and 

Eichhornia crassipes as an effective fish feed ingredient for the fish species, Catla 

catla and Labeo rohita. The incorporation of selected plant sources in fish diet was 

kept in the range of 20% to 70%. In the present study the growth performance, feed 

utilization, biochemical composition and enzyme activity of fishes fed with 

formulated diet was studied. The effect of single plant protein as well as compound 

diet containing all the plant meals collectively in the form of mixed diet on the fish 

performance was evaluated. 

 After 120 days of feeding trial in Catla catla it was noticed that, both the 

selected species responded well to plant protein diets up to an optimum level. Each 

plant diet showed its own growth trend. The Asparagus based diet showed the best 

fish growth performance and feed utilization in 30% diet, Gliricidia and Eichhronia 

in 40% diet. 

 The fish group feed with Asparagus meal at the inclusion level of 30% 

showed superior weight gain among all other Asparagus containing diets. The 

Gliricidia, Eichhornia and mixed diet, recorded their best use for fish growth 

(weigth gain) having inclusion level of 40% and 50%. 

 In Catla catla ,peaks of growth performance and feed utilization  were same 

as like Labeo rohita .The  30% Asparagus diet , 40% Gliricidia diet, 40% 

Echhornia diet and 50% mixed diet fed group has highest final body weight , 

weight gain. 

 The present work revealed that, all the growth performance indices i.e final 

body weight gain showed positive correlation among them. In most of protein fed 

diet growth and weight gain value was observed higher in control diet rather than 

plant based diet. 
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 The biochemical composition of Catla catla and Labeo rohita was greatly 

affected by dietary plant protein treatment. The biochemical composition of fish 

liver and muscle varies as per the dietary protein level. The highest liver protein 

content of Catla catla was recorded from 30% Asparagus, while muscle protein 

content was found in 50% mixed diet and lowest in 70% Aspargus diet. The 

highest liver and muscle lipid content was reported in 40% diet whereas, the 

glycogen content showed highest deposition in liver and muscles in 40% diet. 

The liver and muscle protein content of Catla catla was reported highest in 

40% Eichhornia. The highest liplid content of liver was recorded from 40% diet 

and that of muscle in 40% diet fed fish groups. The biochemical composition of 

Catla catla was seen well than Labeo rohita. 

Both the fish species used for the present work showed the higher amylase 

enzyme activity among all selected digestive enzymes as a response to plant diets. 

The amylase activity was followed by protease, lipase and least activity was 

recorded with invertase enzyme. 

The maximum amylase activity in Catla catla was seen from the fish fed 

with 50% mixed diet. The protease activity was higher in the 40% mixed diet fed 

fish group, while maximum lipase and invertase activity was observed in the diet 

groups having 50% mixed meal. 

The 50% mixed meal showed the marked digestive enzyme activity in Labeo 

rohita. The maximum amylase, protease, lipase and invertase activity was related 

with the fish group fed with 50% mixed meal. 
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Conclusions: 

    It may be concluded from the present study that- 

1. The Asparagus meal can be incorporated in the fish up to 30% inclusion level 

without any negative growth effect. 

2. The Gliricidia and Eichhornia diets can replace the fish meal upto 40% inclusion 

level. 

3.  The mixed diet having all the three plants proteins in equal proportions can be 

incorporated at highest level i.e. 50% among all the diets used in the study without 

any harm or adverse effect on fish growth. 

4.  The results obtained in the study an important conclusion that the use of mixed 

or compound feed will be beneficial and economic rather than to use single plant 

protein source.  

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 
 

32 
 

BIBILIOGRAPHY 

Adeparusi, E.O. and Agbede , J.O.(2005): Evaluation  of leucaena and    

    Gliricidia leaf protein concentrate as supplements to bambara  

 groundnut  (Vignas  subterranean   (l.verdc)  in  the  diet of  

 Oreochromios niloticus. Aquaculture Nutrition ,12(2): 335-342. 

Afuang , W.,  Siddhuraju,  P.  and  Becker, K.  (2003):  Comparative  

 nutritional evaluation of raw , methanol extracted residues  and 

growth performance and feed utilization in Nile tilapia (Oreohromis 

niloticus L.).Aquaculture  Research,34:1147-1159. 

Afzal khan, M., Jafri, A. K., Chadh, N. K. and Usmani, N. (2003):  

          Growth and body composition of rohu (Labeo rohita) fed diets  

          Containing oilseed meals: partial or total replacement of fish  

         meal with soybean meal. Aquaculture Nutrition, 9: 391-396.  

Ali, M.Z., M.A. and Mazid, M.A. (2005):  Effect of mixed feeding  

        Schedule with varying dietary protein levels on the growth of  

        Sutchi catfish, Pangasius hypophthalmus (Sauvage) with silver carp, 

ypophthalmichthys molitrix  (Valenciennes in ponds). Aquaculture research, 

36: 627-634. 

 Amaya, E.A., Davis, D.A. and Rou Se, D.B. (2007): Replacement of fish meal in 

practical diets for the Pacific white shrimp (Litopenaeus uannamei) reared 

under pond conditions. Aquqculture, 262:393-401. 

AOCA (Association of Official Analytical Chemists) (1990): Official methods of 

analysis of the association of official analytical chemists, Vol. 1, 14th edn. 

Arlington, VA, USA1102pp. 

Ayyappan, S. and Jena J.K. (1998): Carp culture in India-a sustainable farming 

practice. In: Natarajan, P., Devendra, K., Arvindan, C. M. and Rita Kumari, 



33 
 

33 
 

S.D. (eds.) Advances in aquatic biology and fisheries, University of Kerala, 

Trivandrum. pp. 125-153.    

Amaya, E. A. Davis, D. A. and Rouse, D. B. (2007): Replacement of fish meal in 

practical diets for the Pacific white shrimp ( Litopenaeus vannamei) reared 

under pond conditions. Aquaculture, 262:393-401. 

AOAC (Association of official Analytical chemists) (1990): Official      methods of 

analysis of the association of official analytical chemists, vol. 1,14th endn. 

Arlington, VA, USA 1102pp.  

Balogun, A. M. and Ologhobo, A. D. (1989): Growth performance and nutrient 

utilization of C. gariepinus (Burchell, 1822) fed raw cooked soyabean diets. 

Aquaculture, 76:m119-126. 

Barnes, H. and Blacksock, J. (1973): Estimation of lipids in marine animals 

and tissues. Datiled investigation of sulphophosphovanillin method for total 

lipids. Journal of Expewrimental Marine Biology, Vol. 12 (1): 103-118. 

Basavaraja, N. and Antony, J. (1997): rearing of spawn and fry of Cyprinus carpio  

on conventional and supplementary feed. Indian Journal of Fisheries, 44: 

165-170. 

Bernfeld, P. (1955): Amylases- α and β. In: Methods in enzymology, Vol. 1 9ed. 

by S. P. Colowick and K. Kaplan), Academic Press, New York, USA, pp. 

149-150. 

Borgeson, T.L., Racz, V.J., Wilkie, D.C., White, L.J. and Drew, M. D. (2006): 

Effect of replacing fishmeal and oil with simple or complex mixtures of 

vegetable ingredients in diets fed to Nile tilapia (Oreochromis niloticus). 

Aquaculture Nutrition, 12: 141-149. 

Brown, P. B., Twibell, R., Jonker, Y. and Wilson, K.A. (1997): Evaluation of three 

soyabean products in diets fed to juvenile hybrid striped bass Morone 



34 
 

34 
 

saxatilis x M. chrysops. Journal of the World Aquaculture Society, 28: 215-

223. 

Chandhokar, P.A.and Kantharaju, H.R. (1980): Effect of Gliricidia maculata on 

growth and breeding on Bannur ewes. Tropical Grasslands, 14: 78-81. 

Chandhokar, P. A. and Lecamwasam, A. (1982): Effect of Gliricidia 

maculata to milking cow: A preliminary report. Tropical Grasslands, 

16(1): 46-48. 

Chesley, L. C. (1934): The concentration of proteases, amylase and lipase in 

certain marine fishes. Biological Bulletin, 66: 133-144. 

Coyle, S. D., Mengel, G. J., Tidwell, J. H. and Webster, C.D. (2004): 

Evaluation of growth, feed utilization, and economics of hybrid tilapia, 

Oreochromis niloticus. Oreochromis aureus, fed diets containg different 

protein sources in combination with distillers dried grains with soluble. 

Aquaculture Research, 25: 365-370. 

Craig, S.R.(2004): Organic agricultural feed. Aqua feeds: Formulation and 

Beyond 1: 11-13. 

Dada, S.A. (2002): the utilization of water hyacinth (Eichhornia crassipes) by 

West African dwarf (Wad) growing goats. African Journal of Biomedicial 

Research, $: 147-149. 

Das, S. K., Manissery, J.K. and Varghese, T.J.(1994): Growth response of Indian 

major carps, Catla catla and Labeo rohita to formulated diets containing leaf 

powder as protein source. Foshery Technology, 31(2): 102-107. 

Davies, S. J., McConnill, S. and Bateson, R. I. (1990): Potential of rapeseed 

meal as an alternative protein source in complete diets for tilapia 

(Orechromis mossambicus Peters). Aquaculture, 87: 145-154. 



35 
 

35 
 

De Almeida, L. C., Lundstedt, L. M. and Moraes, G. (2006): Digestive enzymes 

responses of tambaqui (Colossoma macropomum) fed on different levels of 

protein and lipid. Aquaculture Nutrition, 12 (6): 443-450. 

De Long, D. C., Halver, J. E. and Mertz, E. T. (1958): Nutriton of salmonid fishes 

VI: Protein requirements of Chinook salmon at two water temperatures. 

Journal of Nutrition, 65: 589-596. 

De Silva, S. S. and Anderson, T.A. (1995): Fish Nutrition in Aquaculture. 

Chapman and Hall, Aquaculture, London, UK, 319pp. 

De Zwaan, A. and Zandee, D. I. (1972): Body distribution and seasonal changes in 

the glycogen content of the common mussel, Mytilus edulis. Comparative 

Biochemistry and Physiology, 43A: 53-58. 

Deguara, S., Jauncey, K. and Agius, C. (2003): Enzyme activities and pH 

variations in the digestive tract of gilthead sea breM. Journal of Fish 

Biology, 62: 1033-1043. 

Divakaran, S., Kim, B. G. and Ostrowski, A. C. (1999): Digestive enzyme present 

in Pacific threadfin Polydactylus sexfilis (Block and Schneider 1801) and 

bluefin trevally Caranx melampygus (Cuvier 1833). Aquaculture Research, 

30: 781-787. 

Dominguer, P. L., Molinet, Y. and Ly. J. (1996): Ileal and in vitro digestibility in 

the pig of three float aquatic 

macrophytes.livestock Research for Rural Development 8(4), 

http://www.fao.org/ag/agap/frg/FEEDback/Irrd8/4/ly841.htm. 

El-Saidy, D. M. S. and Gaber, M.M.A. (1997): Total replacement of fish meal by 

soyabean meal, with various percentages of supplemental L-methionine, 

indiets for Nile tilapia, Oreochromis niloticus fry. Annals of Aquaculture 

Science, Moshtohor 35: 1223-1228. 

http://www.fao.org/ag/agap/frg/FEEDback/Irrd8/4/ly841.htm


36 
 

36 
 

El-Saidy, D. M. S. and Gaber, M.M.A. (2001): Linseed meal- its successful use as 

a partial and complete replacement of fish meal in practical diets for Nile 

tilapia, Oreochromis niloticus In: Proceeding of the Second International 

Conference on Animal Production and Health in Semi-Arid Areas (Faculty 

of Environmental Agriculture Sciences, Suez Canal University, El-Arish-

North Sinai, Egypt. pp.635-643. 

El-Saidy, D. M. S. and Gaber, M.M.A. (2002a): Evaluation of dehulled sunflower 

meal as a partial and complete replacement of fish meal in Nile tilapia, 

Oreochromis niloticus (L) In: Proceeding of the First International 

Conference on Animal and Ish Production (Faculty of Agriculture, Al-

Mansoura University, Egypt. pp.193-205. 

El-Sayed, A. F. M. (2003): Effect of fermentation methods on the nutritive value of 

water hyacinth for Nile tilapia, Orechromis niloticus (L). Fingerlings. 

Aquaculture, 218: 471-478. 

El-Sayed, A. F. M. (1999): Alternative dietary protein sources for farmed tilapia, 

Orechromis spp. Aquaculture, 179: 149-168.  

Emre, Y., Sevgili, H. and Sanl, M. (2008): A preliminary study on the utilization of 

hazelnut meal as a substitute for fish meal in diets of European sea bass 

(Dicentrarchus labrax L.). Aquaculture Research, 39: 324-328. 

Fagbenro, O.A. (1999): Comparative evaluation of heat processed winged bean 

(Psophocarpus tetragonolobus) meals as partial replacement for fish meal in 

diets for the African catfish (Clarias gariepinus). Aquaculture, 170:297-305. 

FAO (1997): Review of the state of the world Aquaculture, (1997). 1997. FAO 

fisheries Circular No. 886, Rev. I. FAO Rome, 163pp. 

FAO (2007): The State of World Fisheries and Aquaculture 2006. FAO Fisheries 

and Aquaculture Department, Food and Agriculture Organisation of the 

United Nations, Rome, Italy, 162pp. 



37 
 

37 
 

Francesco, M., Parisi, G., Meodale, F., Lupi, P., Kaushik, S. J. and Poli, B. M. 

(2004): Effect of long term feeding with a plant protein mixture based diet 

on growth and body/fillet quality traits of large rainbow trout 

(Oncorhynchus mykiss). Aquaculture, 236: 413-429. 

Francis, G., Makkar, H.P.S. and Becker, K. (2001): Antinutritional factors present 

in plant-derived alternate fish feed ingredients and their effects in fish. 

Aquaculture, 199: 197-227. 

Gardun-Lugo, M. and Olvera-Novoa, M. A. (2008): Potential of the use of peanut 

(Arachis hypogaea) leaf meal as a partial replacement for fish meal in diets 

for Nile tilapia (Oreochromis niloticus L.). Aquaculture Research, 39: 1299-

1306. 

Ghatnekar, S. D., Auti, D.G. and Kamat, V. S. (1983): feeding Leuceana to 

Mozambique tilapia and Indian major carps. In: Leuceana Research in the 

Asia-Pacific Region, Proceeding of a workshop held in Singapore, 23-26 

November 1982, IDTC, Ottawa, Canada. pp. 61-63. 

Glencross, B. D., Booth, M. and Allan, G. L. (2007): Afeed is only as good as its 

ingredients- a review of ingredient evaluation strategies for aquaculture 

feeds. Aquaculture Nutrition, 13: 17-34.  

Goda, A. M., El-Haroun, E.R. and Chowdhury, M. A. K. (2007): Effect of totally 

or partially replacing of fish meal by alternative protein sources on growth 

of African catfish Clarias gariepinus (Burchell, 1822) reared in concrete 

tanks. Aquaculture Research, 38: 279-287. 

Gomes, E. F., Rema, P. and Kaushik, S.J. (1995): Replacement of fish meal by 

plant proteins in the diets of rainbow trout (Oncorhynchus mykiss): 

digestibility and growth performance. Aquaculture, 130: 177-186. 

Hao, N. and Ledin, I. (2001): Performance of growing goats fed Gliricidia 

maculata, small Ruminant Research, 39 (2): 113-119. 



38 
 

38 
 

Hassan, M.R., Roy P.K. and Akand, A.M. (1994): Evaluation of Leucaena leaf 

meal as a protein source for Indian major carps, Labeo rohita, fingerlings. In 

De silva, S.S. (ed). fish Nutrition Research in Asia, Proceeding of the fifth 

Asian Fish Nutrition Workshop. Asian Fish. Soc. Spec. publ. 9, Asian 

Fisheries Soc., Manila, Philipines. pp. 69-76. 

Hayase, K. and Tappel, A. L. (1970): Specificity and other properties of lysosomal 

lipase of rat liver. Journal of Biological Chemistry, 245: 169-175. 

Hidalgo, M. C., Urea, E. and Sanz, A. (1999): Comparative study of digestive 

system in fish with different nutritional habits. Proteolytic and amylase 

activities, Aquaculture, 170: 267-283. 

Hossain, M. A. and Jauncey, K. (1989a): Nutritional evaluation of some 

Bangladesh oilseed meals as partial substitutes for fish meal in the diet of 

common carp Cyprinus carpio L. Aquaculture Fish Management, 20: 255-

268. 

Hossain, M. A.Focken, U. and Becker, K.(2001): Effect of soaking and soaking 

followed by autoclaving of Sesbania seeds on growth and feed utilization in 

common carp Cyprinus carpio L. Aquaculture,203: 133-148. 

Ige, A. O., Odunsi, A. A., Akinlade, J. A. and Ojedapo, L. O. (2006): Gliricidia 

leaf meal in layer’s diets: Effect on performance, nutrient digestibility and 

economy of production. Journal of Animal and Veterinary Advances, 5(6): 

483-486. 

Immanuel, G., Iyapparaj, U., Citarasu, T., Punitha, P., Michael, B. and Palavesam, 

A. (2009): Dietary medicinal plant extracts improve growth, immune 

activity and survival of tilapia Oreochromis mossambicus. Journal of fish 

Biology, 74 (7): 1462-1475. 



39 
 

39 
 

Ishaya, I., Moor, I. and Joseph, D. (1971): Protease and amylase activity in the 

larvae of Egyptian cotton worm, Spodoptera littoralis. Journal of Insect 

Physiology, 17: 945-953. 

Ji, S. C., Jeong, G. S., Im, G. S., Lee, S. W., Yoo, J. H. and Takii, K. (2007b): 

Dietary medicinal herbs improve growth performance, fatty acid utilization, 

and stress recovery of Japanese flounder. Fisheries Science, 73: 70-76. 

Jung, S.H., Lee, J. S., Han, H.K., Jun, C. Y. and Lee, H. Y. (2002): Effect of 

medicinal herbs extract on nonspecific immune responses, hematology and 

disease resistance on olive flounder, Paralichthys olivaceus by oral 

administration. Journal of Fish Pathology, 15: 25-35.  

Kalita, P., Mukhopadhyay, P. K. and Mukherjee, A. K. (2008): Supplementation of 

four non-conventional aquatic weeds to the basal diet of Catla catla and 

Cirrhinus mrigala fingerlings: Effect on growth, protein utilization and body 

composition of fish. Acta Ichthyologica et Piscatoria, 38(1): 21-27. 

Khan, M. A., Jafri, A. K., Chandha, N. K. and Usmani, N. (2003): Growth and 

body composition of rohu (Labeo rohita) fed diets containing Oilseed meals: 

partial or total replacement of fish meal with soyabean meal. Aquaculture 

Nutrition, 9: 391-396. 

Kim, D. S., Kim, J. H., Jeong, C. H., Lee, Y.S., Lee, S. and Moon, Y. B.(1998): 

Utilization of Obosan (dietary herbs). I. effects on survival, growth, feed 

conversion ratio and condition factor in olive flounder, Paralichthys 

olivaceus. Journal of Aquaculture, 11: 213-221. 

Konyeme, J. E., Sogbesan, A. O. and Ugwumba, A.A.A.(2006): Nutritive value 

and utilization of water hyacinth (Eichhornia crassipes) meal as plant 

protein supplement in the diet of Clarias gariepinus (Burchell, 1822) 

fingerlings. Afican Scientist, 7(3): 127-133. 



40 
 

40 
 

 Kumar, R., Sharma, B. K. and Sharma, L.L.(2007): Impact of Glycyrrhiza glabra 

(linn.) as a growth promoter in the supplementary feed of an Indian major 

carp, Cirrhinus mrigala (Ham.). Indian Journal of Animal Research, 41(1): 

15-19. 

Liu, H. B., Zhang, Y., Yang, Y. H., Lu, T.Y. and Ye, J. D. (2004): Effect of five 

Chinese herb medicines as additive in feed on growth and intestinal 

microflora, in common carp (Cyprinus carpio). Journal of Dalian Fisheries 

University, 19: 79-85. 

Lowry, O. H., Rosenbrough, N. J., Farr, A. L. and Randall, R.J. (1951): protein 

measurement using the Folin phenol reagent, journal of Biochemistry 193: 

265-275. 

Maina, R., Beames, P., Mbugua, G. I. and Kisia, S. (2002): Digestibility and 

feeding value of some feed ingredients fed to tilapia (Oreochromis niloticus 

L.). Aquaculture Research 33: 853-862. 

Mambrini, M., Roem, A. J., Cravedi, J. P. and Kaushik, S. J. (1999): Effect of 

replacing fish meal with soy protein concentrate and of DL-methionine 

supplementation in high-energy, extruded diets on the growth and nutrient 

utilization of rainbow trout, Oncorhynchus mykiss. Journal of Animal 

Sciences, 77: 2990-2999. 

Mendoza, R., De Dios, A., Vazquez, C., Cruz, E., Ricque, D., Aguilera, C. and 

Montemayor, J. (2001): Fish meal replacement with feather enzymatic 

hydrolyzates co-extruded with soyabean meal in practical diets for the 

Pacific white shrimp( Litopenaeus unnamei). Aquaculture Nutrition, 7: 143-

151. Mohanty, S. S. and Samantray, K. (1996): Effect of feeding varying 

dietary formulations on body composition of rohu fry. Journal of 

Aquaculture, 3: 23-28. 



41 
 

41 
 

Murthy, H. S. and Naik, A. T.R.(2000): Effect of dietary protein and lipid levels on 

growth, survival and food conversion of Indian major carp (Catla catla). 

Bamidgeh, 52: 70-76.  

Nabdeesha, M. C., Gangadhara, B. and Mainssery, J.K. (2002): Further studies on 

the use of mixed feeding schedulea with plant and animal based diets for 

common carp Cyprinus carpio (Linn). Aquaculture Research, 33: 1157-

1162. 

Nabdeesha, M. C., De Silva, S.S. and Krishna, M. D.(1995): use of mixed feeding 

schedules in fish culture: performance of common carp Cyprinus carpio 

(Linn)., on plant and animal based diets. Aquaculture Research, 26: 161-166. 

National Research Council (NRC) (1983): Nutrient requirements of Warmwater 

Fishes and Shellfishes. National Academy Press, Washington, DC, pp. 1-

102. 

Nayor, R. L., Goldburg, R. J., Primavera, J.H., N., Beveridge, M.C.M., Clay, J. and 

Troell, M. (2000): Effect of aquaculture on world fish supplies. Nature, 405: 

1017-1024. 

New, M. B. and Wijkstrom, U. N. and Gatlin, D. N.(2002): Use of fish meal and 

fishoil in Aquafeeds: Further thoughts on the fishmeal trap. FAO Fish Circ. 

No. 975, FAO. Rome, Italy. 

Ogunji, J. O. and Wirth, M. (2001): Alternative protein sources as substitutes for 

fish meal in the diet of young Tilapia Oreochromis niloticus (Linn). Israeli 

Journal of Aquaculture- Bamidgeh 53: 34-43. 

Olurin, K. B., Olojo, E. A. A. and Olukoya, O.A.(2006): Growth of African 

catfish, Clarias gariepinus fingerlings fed different levels of cassava. World 

Journal of Zoology, 1(1): 54-56. 



42 
 

42 
 

Omoregie, E. (2001): utilization and nutrient digestibility of mango seeds and palm 

kernel meal by juvenile Labeo sengalensis (Antheriniformes: Cyprinidae). 

Aquaculture Research, 32: 681-687. 

Patel, A.B. and Yakupitiyage, A. (2003): Mixed feeding schedules in semi-

intensive pond culture of Nile tilapia, Orechromis niloticus, L. Is it 

necessary to have two diets of differing protein contents? Aquaculture 

Research, 34: 1343-1352. 

Patra, B. C. and Ray, A.K.(1988a): A preliminary study on the utilization of the 

aquatic weed, Hydrilla verticillata Rayle as feed by the carp, Labeo rohita 

(Ham): growth and certain biochemical composition of flesh. Indian Journal 

of Biology, 20 (1): 44-50. 

Pavasovic, A., Anderson, A. J., Mather, P. B. and Richardson, N. A. (2007): Effedt 

of a variety of animal, plant and single cell-based feed ingredients on diet 

digestibility and digestive enzyme activity in redclaw crayfish, Cherax 

quadricarinatus (Von Martens 1868). Aquaculture, 272: 564-572. 

Penaflorida, V. D., Pascula, F.P. and Tabbu, N. S. (1992): A practical methods of 

extracting mimosine from ipil-ipil, Leucaena leucocephala, leaves and its 

effect on survival and growth of Penaeus monodon juveniles. Israeli Journal 

of Aquaculture, Bamidgeh, 44: 24-31. 

Peragon, J., Barroso, J. B., Gracia-Salguero, L., de la Higuera, M. and Lupianez, J. 

A. (1994): Dietary protein effects on growth and fractional protein synthesis 

and degradation rates in liver and white muscle of rainbow trout 

(Oncorhynchus mykiss) Aquaculture, 124: 35-46. 

Rahman, M. H., Wahab, M. A., Ahmed, A. and Yyeb, A.(1988): the effect of 

feeding Leucaena leucocephala, to Tilapia nilotica Leucaena Research 

Reports, 9: 35-36. 



43 
 

43 
 

Ramchandran, S. and Ray, A. K.(2004): Inclusion of extruded grass pea, Lathyrus 

sativus seed meal in compound diets for rohu, Labeo rohita (Ham.) 

fingerlings, Acta Ichthyologica et Piscatiria, 34(2): 205-218.  

Rawling, M. D., Merrifield, D. L. and Davies, S. J. (2009): Preliminary assessment 

of dietary supplementation of Sangrovit on red tilapia (Orechromis niloticus) 

growth performance and health. Aquaculture, 294(1-2): 118-122. 

Ray, A.K. and Das, I. (1995): Evaluation of dried aquatic weed, Pistia stratiotes 

meal as a feedstuff in pelleted feed for rohu, Labeo rohita fingerlings. 

Journal of Applied Aquaculture, 5: 35-44. 

Reddy, M. R. and Mohanrao, A. V. (1979): Studies on supplementation of water 

hyacinth hay to paddy straw for improved utilization by growing cross-bred 

calves. Indian Journal of Animal Sciences, 49 (8): 618-621. 

Rekhate, D. H., Ukey, S. and Dhok, A.P.(2004): Performance and 

haemobichemical profile of broilers fed on supplementation of shatavari 

(Asparagus racemosus) root powder. Indian Journal of Poultry Science, 

39(2): 82-84.  

Sabapathy, U. and Teo, L.h.(1993): A quantitative study of some digestive 

enzymes in rabbitfish, Siganus canaliculatus and the sea bass, Lates 

calcarifer. Journal of Fish Biology, 42: 595-602. 

Samocha, M.S., Davis, D.A., Saoud, I. P. and De Bault, K. (2004): Substitution of 

fish meal by co-extruded soyabean poultry by-product meal in practical diets 

for the pacific white shrimp, Litopenaeus unnamei. Aquaculture, 231: 197-

203. 

Sergeant, J.R. and Tacon, A.G.(1999): Development of farmed fish: a nutritionally 

alternative to meat. Proceedings of the nutritional Society, 58: 377-383. 



44 
 

44 
 

Schneider, B. H. and Flatt, W. P.(1975): The evaluation of feeds through 

digestibility experiments. The University of Gorgia Press, Athens, USA, 

423pp. 

Sevgili, H., Emre, Y., Kanyilmaz, M., Diler, I. and Hossu, B. (2006): Effects of 

mixed feeding schedules on growth performance, body composition and 

nitrogen and phosphorus balance in rainbow trout Oncorhynchus mykiss 

Acta Ichthyologica et Piscatoria, 36(1): 49-55. 

Sharshar, K. M. and Haroon, A.M. (2009): Comparative investigations on some 

biological aspects in freshwater Crayfish (Procambrarus clarkia) fed on 

Eichhornia Crassipes, Eichhornia satgnina and Polygonum tomentosum L. 

American-Eurasian Journal of Agriculture and Environmental Science, 5 (4): 

579-589.  

Siddhuraju, p. and Becker, K. (2001): Preliminary nutritional evaluation of 

Mucuna seed meal (Mucuna pruriens var. utilis) in common carp (Cyprinus 

carpio L.): an assessment by growth performance and feed utilization. 

Aquaculture, 196: 105-123. 

 Siddhuraju, p. and Becker, K. (2003): Comparative nutritional evaluation of 

differently processed Mucuna seed (Mucuna pruriens L.) DC var. utilis 

(wall ex Wight) Baker ex Burck, on  growth performance, feed utilization 

and composition in Nile Tilapia (Oreochromis niloticus L.). Aquaculture, 

34: 487- 500. 

Stavros, C., Angela, G.E. and Pascal, D.(2006): Fishmeal replacement by alfalfa 

protein concentrates in sharp snout sea bream, Diplodus puntazzo, Fish. Sci., 

72: 1313-1315.  

Tacon, A. G. J.(1993): Feed ingredients for Warmwater Fish: Fish meal and other 

Processed feedstuffs. FAO Fish Circ. No. 856, FAO, rome, Italy. 



45 
 

45 
 

Vhanalkar, S. A. and Muley D.V. (2009): Preliminary evaluation of plant protein 

sources as a partial replacement of fishmeal by locally available plant 

proteins for the Indian major carp, Cryprinus carpio. Proc. Nat. Conf. on 

Biodiversity and Physiol. Of Aquatic Resour. Aurangabad. Oct 2009, 54-56.  

Wang, Y., Guo, J., Bureau, D. P. and Cui, Z.(2006): Effects of dietary protein and 

energy levels on growth, feed utilization and body composition of cuneate 

drum, Nibea miichthioides. Aquaculture, 252: 421-428. 

 

  

 

 

  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
  

  
  

 



Table 1: Formulation and proximate composition of fish diets contain 

Asparagus rascemosus root protein 

 

                                                 Diet 

 Control 20% 30% 40% 50% 60% 70% 

Ingredient (%) 

Groundnut oilcake 43 35 29 24 19 13 8 

Rice bran 36 27 23 18 13 9 4 

Fishmeal 10 9 9 9 9 9 9 

Guar gum binder 10 8 8 8 8 8 8 

Mineral-Vitamin mixture 1 1 1 1 1 1 1 

A.racemosus root powder 0 20 30 40 50 60 70 

Nutrient content (%)        

Moisture 7.05 8.48 7.21 7.30 7.17 6.36 6.19 

Total ash 11.13 5.82 6.61 6.48 6.13 6.93 7.20 

Protein 27.24 24.67 27.62 28.98 27.14 24.85 23.47 

Fat 4.81 4.08 4.86 5.72 6.38 7.19 7.49 

Fiber 9.54 9.32 11.58 13.58 15.52 16.20 16.15 

 

Table 2: Formulation and proximate composition of fish diets contain Gliricidia   

maculata leaf meal protein 

 

  

 

                                                 Diet 

 Control 20% 30% 40% 50% 60% 70% 

Ingredient (%) 

Groundnut oilcake 43 35 29 24 19 13 8 

Rice bran 36 27 23 18 13 9 4 

Fishmeal 10 9 9 9 9 9 9 

Guar gum binder 10 8 8 8 8 8 8 

Mineral-Vitamin mixture 1 1 1 1 1 1 1 

G. maculata root powder 0 20 30 40 50 60 70 

Nutrient content (%)        

Moisture 7.05 6.32 6.93 7.27 7.75 8.18 8.65 

Total ash 11.13 11.26 10.59 10.38 9.89 9.62 9.02 

Protein 27.24 29.30 30.93 31.42 32.10 32.16 31.38 

Fat 4.81 8.33 7.40 7.26 6.56 6.02 6.89 

Fibre 9.54 8.21 9.78 10.76 10.60 11.02 13.31 



Table 3: Formulation and proximate composition of fish diets contain Eichhornia 

crassipes  leaf meal protein 

 

                                                 Diet 

 Control 20% 30% 40% 50% 60% 70% 

Ingredient (%) 

Groundnut oilcake 43 35 29 24 19 13 8 

Rice bran 36 27 23 18 13 9 4 

Fishmeal 10 9 9 9 9 9 9 

Guar gum binder 10 8 8 8 8 8 8 

Mineral-Vitamin mixture 1 1 1 1 1 1 1 

E. crassipes root powder 0 20 30 40 50 60 70 

Nutrient content (%)        

Moisture 7.05 5.54 5.86 6.87 6.89 6.63 7.09 

Total ash 11.13 9.90 10.80 12.08 10.47 11.54 12.26 

Protein 27.24 25.12 26.61 29.47 30.75 30.45 29.32 

Fat 4.81 9.24 9.00 8.63 7.38 8.20 6.32 

Fibre 9.54 7.16 9.54 9.79 11.26 11.78 12.67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4: Growth performance and feed utilization in C. catla fed diets containing  

Asparagus rascemosus root protein 

 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 2.32 ±0.05 3.5±0.02 1.33±0.06 1.44±0.05 1.65±0.04 2.10±0.05 2.85±0.05 

Final body weight (gm) 15.56±0.42 18.73±0.47 24.60±0.67 21.32±0.59 17.30±0.52 16.10±0.40 13.40±0.34 

Weight gain (gm) 13.26±0.36 15.23±0.40 23.27±0.60 19.88±0.52 15.65±0.46 14.00±0.34 10.55±0.27 

 

 

 

Table 5: Growth performance and feed utilization in C. catla fed diets  containing 

Gliricidia maculata leaf meal protein 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 0.97±0.05 1.05±0.02 1.95±0.05 1.56±0.05 1.24±0.04 2.00±0.05 2.77±0.05 

Final body weight (gm) 15.40±0.42 20.02±0.49 26.43±0.65 23.64±0.86 20.43±0.76 18.40±0.59 15.87±0.50 

Weight gain (gm) 14.43±0.36 18.97±0.42 24.48±0.59 22.08±0.79 19.19±0.70 16.40±0.52 13.01±0.44 

 

 

 

Table 6: Growth performance and feed utilization in C. catla fed diets containing 

Eichhornia crassipes leaf meal protein 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 2.3±0.05 3.5±0.02 1.33±0.06 1.44±0.05 1.65±0.04 2.10±0.05 2.85±0.05 

Final body weight (gm) 15.56±0.42 19.73±0.52 23.60±0.64 22.32±0.84 16.30±0.66 15.10±0.64 13.40±0.49 

Weight gain (gm) 13.26±0.36 16.23±0.46 22.27±0.58 20.88±0.78 14.65±0.60 13.00±0.57 10.55±0.43 

 

 

 

 

 



Table 7: Growth performance and feed utilization in L. rohita fed diets  containing 

Asparagus rascemosus root protein 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 1.36±0.02 1.41±0.05 1.84±0.05 2.26±0.06 2.04±0.05 2.42±0.05 2.74±0.04 

Final body weight (gm) 16.23±0.49 19.60±0.55 28.74±0.74 25.23±0.70 22.87±0.61 15.56±0.47 14.90±0.40 

Weight gain (gm) 14.87±0.43 18.19±0.48 26.9±0.72 22.97±0.63 20.83±0.55 13.14±0.41 11.16±0.33 

 

 

 

 

 

Table 8: Growth performance and feed utilization in L. rohita fed diets containing 

Gliricidia maculata leaf meal protein 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 1.22±0.02 1.55±0.05 1.56±0.05 2.11±0.06 2.54±0.05 3.23±0.05 4.09±0.04 

Final body weight (gm) 16.40±0.49 21.74±0.57 28.23±0.77 37.62±0.01 33.90±0.90 25.67±0.69 20.87±0.59 

Weight gain (gm) 15.18±0.43 20.24±0.50 26.67±0.70 35.51±1.01 31.36±0.84 22.44±0.63 16.78±0.53 

 

 

 

 

Table 9: Growth performance and feed utilization in L. rohita fed diets containing 

Eichhornia crassipes leaf meal protein 

 Control 20% 30% 40% 50% 60% 70% 

Initial body weight (gm) 2.13±0.02 2.55±0.05 2.45±0.05 2.35±0.06 2.33±0.05 2.4±0.05 2.2±0.04 

Final body weight (gm) 18.20±0.49 22.68±0.62 28.51±0.76 36.10±0.99 29.16±0.78 27’09±0.75 20.21±0.58 

Weight gain (gm) 16.07±0.43 20.13±0.55 26.06±0.69 33.75±0.93 26.83±0.72 24.69±0.69 18.01±0.51 

 

 

 

 



Table 10: Liver protein content of Catla catla fed with different levels of plant protein 

diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 6.13±0.039 10.49±0.24 13.54±0.70 12.23±0.16 8.38±0.31 7.43±0.50 6.67±0.27 

Gliricidia 6.13±0.39 9.14±0.12 12.27±0.30 13.48±0.39 11.10±0.23 7.47±0.29 6.17±0.09 

Eichhornia 6.13±0.39 9.56±0.14 10.89±0.27 12.73±0.24 11.47±0.25 9.87±0.28 6.93±0.40 

             (Value expressed in mg/100mg wet tissue)      

 

 

Table 11: Liver Lipid content of Catla catla fed with different levels of plant protein diets 

            (Value expressed in mg/100mg wet tissue)      

 

 

Table 12: Liver Glycogen content of Catla catla fed with different levels of plant protein 

diets 

            (Value expressed in mg/100mg wet tissue)      

 

 

 

 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 8.40±0.40 9.49±0.21 12.37±0.12 10.99±0.25 10.04±0.31 9.02±0.23 7.43±0.20 

Gliricidia 8.40±0.40 10.12±0.01 11.30±0.04 11.70±0.06 10.03±0.26 9.28±0.13 8.32±0.17 

Eichhornia 8.40±0.40 9.90±0.06 10.63±0.14 11.36±0.10 10.67±0.42 9.54±0.19 6.95±0.34 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 1.67±0.23 3.32±0.27 5.18±0.09 4.36±0.37 3.14±0.34 2.65±0.44 1.74±0.01 

Gliricidia 1.67±0.23 3.37±0.24 4.38±0.29 5.93±0.20 4.39±0.56 3.06±0.69 1.85±0.05 

Eichhornia 1.67±0.23 3.02±0.10 5.53±0.18 5.01±0.75 3.14±0.31 2.86±0.01 1.92±0.04 



 

Table 16: Liver protein content of Labeo rohita fed with different levels of plant protein 

diets 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 8.59±0.50 13.33±0.31 17.30±0.90 15.69±0.21 10.11±0.40 9.37±0.64 8.37±0.35 

Gliricidia 8.59±0.50 12.56±0.19 14.36±0.36 16.86±0.32 15.16±0.33 12.95±0.37 9.09±0.53 

Eichhornia 8.59±0.50 12.01±0.17 13.22±0.40 17.87±0.52 14.65±0.31 9.74±0.39 7.99±0.13 

              (Value expressed in mg/100mg wet tissue)      

 

 

Table 17: Liver Lipid content of Labeo rohita fed with different levels of plant protein 

diets 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 11.22±0.54 12.47±0.28 16.37±0.17 14.51±0.34 13.21±0.42 11.84±0.21 9.69±0.38 

Gliricidia 11.22±0.54 13.01±0.02 14.56±0.06 15.08±0.08 12.89±0.35 11.89±0.18 10.52±0.22 

Eichhornia 11.22±0.54 12.41±0.08 13.34±0.18 14.28±0.12 13.40±0.54 11.95±0.25 8.63±0.44 

             (Value expressed in mg/100mg wet tissue)      

 

 

Table 18: Liver Glycogen content of Labeo rohita fed with different levels of plant protein 

diets 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 2.06±0.29 3.5±0.12 3.64±0.23 5.94±0.92 3.98±0.39 3.31±0.02 2.14±0.05 

Gliricidia 2.06±0.29 4.12±0.32 5.45±0.39 7.49±0.26 5.46±0.47 3.72±0.90 2.12±0.06 

Eichhornia 2.06±0.29 4.19±0.37 6.73±0.13 5.60±0.51 3.93±0.46 3.26±0.60 2.02±0.03 

             (Value expressed in mg/100mg wet tissue)      

 

 

 

 



 

Table 13: Muscle Protein content of Catla catla fed with different levels of plant protein 

diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 13.98±0.53 17.25±0.29 19.39±0.08 17.67±0.32 12.55±0.31 11.26±0.24 10.69±0.26 

Gliricidia 13.98±0.53 19.02±0.37 20.56±0.17 24.12±0.12 21.49±0.23 19.93±0.58 16.37±0.24 

Eichhornia 13.98±0.53 17.41±0.11 20.49±0.27 22.42±0.32 19.08±0.03 15.89±0.29 12.84±0.11 

             (Value expressed in mg/100mg wet tissue)      

 

 

Table 14: Muscle Lipid content of Catla catla fed with different levels of plant protein 

diets 

             (Value expressed in mg/100mg wet tissue)      

 

 

Table 15: Muscle Glycogen content of Catla catla fed with different levels of plant protein 

diets 

             (Value expressed in mg/100mg wet tissue)      

 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 6.08±0.45 7.93±0.15 10.02±0.04 8.33±0.24 7.90±0.08 6.86±0.15 5.51±0.22 

Gliricidia 6.08±0.45 9.24±0.18 9.86±0.13 10.75±0.29 8.57±0.22 7.25±0.22 5.54±0.19 

Eichhornia 6.08±0.45 9.04±0.15 9.59±0.11 10.20±0.37 8.33±0.01 7.43±0.03 5.36±0.31 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 0.88±0.08 2.27±0.08 2.58±0.02 2.50±0.03 2.18±0.08 1.88±0.07 1.47±0.01 

Gliricidia 0.88±0.08 2.03±0.04 2.70±0.06 2.79±0.05 1.98±0.04 1.46±0.01 1.43±0.01 

Eichhornia 0.88±0.08 2.28±0.05 3.11±0.03 2.83±0.11 2.21±0.12 1.95±0.02 1.46±0.01 



 

 

Table 19: Muscle Protein content of Labeo rohita fed with different levels of plant protein 

diets 

 

                        (Value expressed in mg/100mg wet tissue)      

 

Table 20: Muscle Lipid content of Labeo rohita fed with different levels of plant protein 

diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 8.22±0.60 10.36±0.20 13.23±0.05 10.91±0.32 10.33±0.11 8.92±0.20 7.09±0.30 

Gliricidia 8.22±0.60 11,59±0.19 12.30±0.14 13.11±0.48 10.65±0.01 9.47±0.04 6.74±0.41 

Eichhornia 8.22±0.60 11.56±0.23 12.36±0.17 13.53±0.37 10.70±0.29 9.01±0.28 6.82±0.25 

              (Value expressed in mg/100mg wet tissue)      

 

Table 21: Muscle Glycogen content of Labeo rohita fed with different levels of plant 

protein diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 1.08±0.10 2.57±0.10 2.96±0.03 2.86±0.03 2.46±0.10 2.17±0.03 1.58±0.01 

Gliricidia 1.08±0.10 2.69±0.06 3.85±0.08 3.41±0.15 2.34±0.16 2.16±0.09 1.61±0.01 

Eichhornia 1.08±0.10 2.42±0.06 3.32±0.09 3.46±0.06 2.34±0.05 1.64±0.07 1.59±0.01 

             (Value expressed in mg/100mg wet tissue)      

 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 15.36±0.59 18.86±0.32 22.31±0.09 19.89±0.35 15.89±0.34 14.47±0.26 11.65±0.28 

Gliricidia 15.36±0.59 19.20±0.03 22.42±0.42 26.41±0.14 23.52±0.31 21.80±0.64 17.98±0.27 

Eichhornia 15.36±0.59 19.23±0.13 22.74±0.74 24.81±0.35 21.09±0.04 17.54±0.33 14.16±0.12 



 

 

 

 

 

Table 22: Lipase activity in Catla catla fed with different levels of plant protein diets 

(Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

 

Table 23: Protease activity in Catla catla with different levels of plant protein diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 16.76±0.31 17.30±0.44 17.54±0.09 18.74±0.21 17.80±0.24 16.51±0.28 13,52±0.20 

Gliricidia 16.76±0.31 17.40±0.12 18.66±0.34 20.49±0.46 22.34±0.35 17.59±0.24 14.32±0.09 

Eichhornia 16.76±0.31 17.93±0.13 18.97±0.12 20.67±0.22 17.80±0.10 16.77±0.26 15.74±0.35 

 (Value  expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 3.72±0.04 4.31±0.11 4.65±0.08 4.68±0.11 3.99±0.08 3.47±0.02 3.35±0.09 

Gliricidia 3.72±0.04 4.23±0.17 4.66±0.06 4.84±0.06 3.89±0.03 3.57±0.01 3.36±0.01 

Eichhornia 3.72±0.04 4.16±0.02 4.83±0.01 5.38±0.19 4.34±0.14 3.74±0.15 3.25±0.05 



 

 

 

 

 

 

Table 24: Amylase activity in Catla catla fed with different levels of plant protein diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 28.06±0.46 28.51±0.12 30.36±0.27 31.89±0.43 27.22±0.41 26.49±0.43 22.98±0.55 

Gliricidia 28.06±0.46 29.47±0.25 31.65±0.43 34.97±0.13 34.13±0.29 31.34±0.13 28.36±0.27 

Eichhornia 28.06±0.46 30.29±0.16 30.41±0.22 34.34±0.40 31.67±0.27 29.09±0.79 27.03±0.23 

 (Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

 

Table 25: Invertase activity in Catla catla fed with different levels of plant protein diets 

(Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 1.25±0.11 1.20±0.02 1.43±0.01 1.17±0.05 1.09±0.01 0.96±0.03 0.69±0.01 

Gliricidia 1.25±0.11 1.32±0.06 1.47±0.02 1.82±0.01 1.46±0.01 1.23±0.04 0.76±0.01 

Eichhornia 1.25±0.11 1.20±0.08 1.39±0.01 1.74±0.02 1.44±0.10 1.12±0.06 0.67±0.09 



 

 

 

 

Table 26: Lipase activity in Labeo rohita fed with different levels of plant protein diets 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 4.37±0.05 5.07±0.10 5.47±0.10 5.50±0.13 4.69±0.09 4.09±0.02 3.52±0.11 

Gliricidia 4.37±0.05 4.89±0.02 5.69±0.01 6.33±0.22 5.11±0.16 4.40±0.17 3.35±0.06 

Eichhornia 4.37±0.05 4.87±0.20 5.36±0.08 5.57±0.07 4.47±0.03 4.10±0.01 3.86±0.02 

(Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

Table 27: Protease activity in Labeo rohita fed with different levels of plant    protein diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 20.20±0.38 20.84±0.53 21.14±0.10 22.59±0.26 21.44±0.29 19.89±0.33 17.49±0.24 

Gliricidia 20.20±0.38 20.84±0.26 23.37±0.34 26.60±0.20 25.92±0.25 21.42±0.30 20.30±0.24 

Eichhornia 20.20±0.38 21.34±0.16 22.58±0.14 24.61±0.26 21.19±0.12 19.95±0.31 18.74±0.42 

 (Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

 

 

 



 

 

 

Table 28: Amylase activity in Labeo rohita fed with different levels of plant protein diets 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 31.88±0.52 32.41±0.14 34.51±0.31 36.24±0.49 30.93±0.46 30.11±0.49 26.11±0.63 

Gliricidia 31.88±0.52 33.12±0.28 35.56±0.44 39.29±0.15 38.35±0.33 35.23±0.15 31.87±0.30 

Eichhornia 31.88±0.52 33.29±0.18 43.56±0.25 39.03±0.45 35.99±0.30 33.04±0.90 30.72±0.26 

 (Value expressed in mg palmitic acid/gm protein/ hr) 

 

 

 

 

 

 

Table 29: Invertase activity in Labeo rohita fed with different levels of plant protein diets 

(Value expressed in mg palmitic acid/gm protein/ hr) 

 

 Control 20% 30% 40% 50% 60% 70% 

Asparagus 1.44±0.12 1.38±0.02 1.64±0.02 1.53±0.05 1.25±0.01 1.10±0.03 0.81±0.01 

Gliricidia 1.44±0.12 1.49±0.07 1.66±0.02 2.04±0.02 1.65±0.01 1.38±0.05 0.86±0.03 

Eichhornia 1.44±0.12 1.43±0.10 1.65±0.01 2.07±0.03 1.72±0.12 1.34±0.07 0.80±0.10 
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Figure 1:  Growth performance and feed utilization in C. catla fed diets  

containing Asparagus rascemosus root protein 
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Figure 2: Growth performance and feed utilization in C. catla fed diets   

containing Gliricidia maculata leaf meal protein 
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Figure 3: Growth performance and feed utilization in C. catla fed diets  

containing Eichhornia crassipes leaf meal protein 
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Figure 4: Growth performance and feed utilization in L. rohita fed diets   

containing Asparagus rascemosus root protein 
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Figure 5: Growth performance and feed utilization in L. rohita fed diets  

containing Gliricidia maculata leaf meal protein 
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Figure 6: Growth performance and feed utilization in L. rohita fed diets  

containing Eichhornia crassipes leaf meal protein 
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Figure 7: Liver protein content of Catla catla fed with  

different levels of plant protein diets 
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Figure 8: Liver Lipid content of Catla catla fed with  

different levels of plant protein diets 
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Figure 9: Liver Glycogen content of Catla catla fed with  

different levels of plant protein diets 
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Figure 10: Muscle Protein content of Catla catla fed with  

different levels of plant protein diets 
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Figure 11: Muscle Lipid content of Catla catla fed with  

different levels of plant protein diets 
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Figure 12: Muscle Glycogen content of Catla catla fed with  

different levels of plant protein diets 
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Figure 13: Liver protein content of Labeo rohita fed with  

different levels of plant protein diets 
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Figure 14: Liver Lipid content of Labeo rohita fed with  

different levels of plant protein diets 
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Figure 15: Liver Glycogen content of Labeo rohita fed with  

different levels of plant protein diets 
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Figure 16: Muscle Protein content of Labeo rohita fed with  

different levels of plant protein diets 
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Figure 17: Muscle Lipid content of Labeo rohita fed with  

different levels of plant protein diets 

Figure 17: Muscle Lipid content of Labeo rohita fed with  

different levels of plant protein diets 
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Figure 18: Muscle Glycogen content of Labeo rohita fed with different levels of plant protein diets 
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Figure 19: Lipase activity in Catla catla fed with  

different levels of plant protein diets 
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Figure 20: Protease activity in Catla catla with  

different levels of plant protein diets 
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Figure 21: Amylase activity in Catla Catla fed with  

different levels of plant protein diets 
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Figure 22:Invertase activity in Catla catla fed with  

different levels of plant protein diets 
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Figure 23: Lipase activity in Labeo rohita fed with  

different levels of plant protein diets 
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Figure 24: Protease activity in Labeo rohita fed with  

different levels of plant    protein diets 
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Figure 25: Amylase activity in Labeo rohita fed with  

different levels of plant protein diets 
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Figure 26: Invertase activity in Labeo rohita fed with different levels of plant protein diets 


