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1. INTRODUCTION

When the world’s population moves into an arena that puts forward a
challenge to the scientists to look for an altemative source of food, other than
terrestrial source, to abate the widening gap between supply and demand of
protein. In this direction, aquatic resources play a significant role to overcome the
problem of shortage of protein. Despite fluctuations in supply and demand, caused
by the changing state of fisheries resources, the economic climate and
environmental conditions, fisheries and aquaculture remain very important as a
source of food, employment and revenue in many countries and communities. The
proteins derived from fish, crustaceans and molluscs account for between 13.8 and
16.5 percent of the total animal protein intake of the human population
(www.fao.org). The contribution of inland and marine capture fisheries to per
capita food supply has been stabilized (at 10 tol1 kg per capita in the period 1984
to 1998). Recent increases in per capita availability have, therefore, been obtained
from aquaculture production, from both traditional rural aquaculture and intensive
commercial aquaculture of high-value species (www.fishbase.org). One of the
constraints in intensification of aquaculture is the cost of input, i.e. mainly the
feed. Unfortunately, the supplementary feed is indispensable to achieve higher
production in semi-intensive and intensive culture systems. Hence, development
of nutritionally well-balanced and cost-effective diets for farmed fishes is a
challenge before farmer. In order to develop suitable cost-effective feed for
cultivable fishes, there is a need to have a clear understanding of the nutritional
requirements and feeding schedule to be adopted in the culture systems.
Knowledge on gastric evacuation rate (digestion rate) and daily ration on cultured
species of fish is essential to formulate such feeding regimes in order to minimize
the wastage of feed and cost of feed. Many studies have been addressed to reduce

the cost of feed by replacing the high cost source of protein in the diet of fish, i.e.



fish meal with various plant and animal origin. The most widely used plant
sources include soybean meal, corn meal, wheat, rapeseed etc., and the animal
sources include silkworm pupae, chicken viscera, earth worm meal etc. (Ray and
Das, 1993; Shyama and Keshavanath, 1996; Naik, 1998; Nandeesha ef al., 1988;
Nandeesha et al., 1999; Cailliez, 2001).

Gastric evacuation rate is defined as the rate of passage of food from
gut/stomach to intestine. The time taken to evacuate (gut evacuation time) may
vary from a few hours to several days depending on various biotic and abiotic
factors. Knowledge on gastric evacuation rate is very much required in order to
find out daily ration (amount of food consumed by a fish in 24-h period) and food
consumption (Jobling, 1981; Brodeur and Pearcy, 1987). Further, information on
gastric evacuation rate also provide a basis for a number of related problems such
as determination of modes of energy pathway within the food web (Tyler, 1970),
maximal stomach capacity (Brett and Higgs, 1970; Elliott, 1975), different feeding
frequency (Sarokon, 1975) and feed conversion efficiency (Pandian, 1967).
Several studies have been carried out to understand the influence of various factors
on gastric evacuation rate (Windell, 1967; Persson, 1982; De-Silva and Owoyemi,
1983; Singh-Renton and Bromely, 1996; VanDer-Lingen, 1998; Annappaswamy
et al., 2000; Saha, 2002).

Freshwater aquaculture production of the world is dominated by finfish,
particularly silver carp, grass carp and other carps. Farming of Indian major carp
along with exotic carps is expanding at a rapid rate in India. Silver carp
Hypophthalmichthys molitrix (Val.) is the most widely cultured species in the
world and the aquaculture production of which recorded the highest quantity of
3,308 thousand tonnes during 1998 (FAQ, 1998). It has got significant position in
the world market due to its faster growth rate compared to other carp species.

Since consumer acceptance is low in India, Siddaiah er. al. (1999) recommended

ta9



the suitability of silver carp in producing acceptable surimi and its further

incorporation in value added products.
Despite the fact that the number of studies have been carried out in respect
to food and feeding habits, effect of partial replacement of fish meal on growth,

etc. yet to be addressed are the detailed studies on gastric evacuation rate and daily

ration of silver carp.

The present study was, therefore, proposed with the following objectives:

1. To understand the influence of natural food (phytoplankton) and
conventional diet (rice bran : groundnut oilcake :: 50: 50) on gastric
evacuation rate.

2. To determine the effect of different protein levels on gastric evacuation

rate.

3. To study the effect of partial replacement of fish meal by plant protein
source (soybean meal) and animal protein source (silkworm pupae) on

gastric evacuation rate and

4. To estimate the maintenance and maximum daily ration.
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2. REVIEW OF LITERATURE

2.1. Gastric evacuation rate/time in fishes

Gastric evacuation rate (GER) refers to rate of passage of food from
gut/stomach to intestine. The time taken for complete elimination of food from the
gut is regarded as gut/gastric evacuation time (GET). The GET explains the total
time required by a fish for complete digestion of the ingested food. Information on
GER is imperative to determine daily feed consumption level as well as suitability
of a feed. Estimate of daily food consumption by a fish in the wild often derived
from gut content analysis and laboratory measurements of gut evacuation (Eggers,
1977, Eliott and Persson, 1978; dos Santos and Jobling, 1995). The process of
feeding and the digestion rate of food in fishes are influenced by copious factors of
biotic and abiotic origin, which include physical, chemical and biological factors.
The abiotic factors include habitat, water temperature, salinity, pH, dissolved
oxygen, meal size, food concentration, chemical composition of food, starvation,
feeding frequency and stress; while the biotic factors include density of fish, fish
species, size and age of fish, behaviour of fish and fish physiology (Windell, 1967,
Persson, 1982; Brodeur and Pearcy, 1987; Eliott, 1991). However, Bromely
(1994) and Andersen (1999) reported that major variables involved in gastric
evacuation rate are predator size, prey size and type, meal size and temperature.
Thus, GET and GER differ not only from species to species, but also from one
individual to other of the same species. The important factors, which influence the
GER/GET are reviewed hereunder.

2.1.1. Gastric evacuation and temperature

Each species of fish has preferred water temperature range at which
feeding, digestion and metabolism are optimal. Thus, it appears that temperature is

one of the significant factors, which regulate many of the physiological activities



in fish including digestion rate. Generally, the gut evacuation rate tends to increase
with the raise in temperature upto that optimal limit and reaching a maximum rate
near the upper temperature tolerance limit for the species (Molnar and Tolg, 1962;
Smith, 1967; Molnar et al, 1967; Shrable et al, 1969; Brett and Higgs, 1970;
Tyler, 1970). But, above the maximum tolerance limit, the gut evacuation rate
plunges sharply (Tyler, 1970) as the fish looses its appetite, cease feeding and

become extremely lethargic.

Darnell and Meierott (1962) stated that mackerel Scomber japonicus took
21-24 h at 20°C for complete (100%) evacuation, whereas Lepomis macrochirus
took only 5 h for 50% gut evacuation when the temperature was 21-22°C
(Windell, 1967). The possibility of temperature and metabolic compensation for
seasonal temperatures has also been studied (Smith, 1967; Molnar et al, 1967,
Brett and Higgs, 1970). Baur (1970) and Beamish (1972) reported that black
bullhead Ictalurus melas and large mouthbass Micropterus salmoides required 3 h
and 6.6 h for passing 50% of food form stomach at 21-24°C and 25.8°C,
respectively. An increase in gastric evacuation rate with the increased water
temperature has been observed in the case of juvenile sock-eye salmon
Oncorhynchus nerka (Doble and Eggers, 1978), brown trout Salmo trutta (Jensen
and Berg, 1993) and, cod and whiting fishes (Singh-Renton and Bromely, 1996).

Swenson and Smith (1973) found that Stizostedion vitreum vitreum
required 7 h for 50% of food emptying from stomach at 15°C, whereas, it took
only 4 h when the temperature was increased to 20°C. Similarly rainbow trout
Salmo gairdneri took longer duration (24 h) at reduced temperatures of 11°C
(Sarokon, 1975). Windell et al. (1976) established the relationship between gastric
evacuation time and temperature in rainbow trout Salmo garidneri fed with
oligochaetes. They noticed that rainbow trout Salmo gairdneri needed 20.0 h,
11.3 h, 7.1 h and 4.5 h for 50% stomach evacuation at 5°C, 10°C, 15°C and 20°C,

respectively.



Brodeur (1984) recorded gastric evacuation time as 72 h in Sebastes
melanops at 11°C. Garcia and Adelman (1985) studied the rate of food evacuation
in common carp Cyprinus carpio and reported gastric evacuation rate values
ranging from 6.0% of gut contents per hour at 9°C to 32.7% per hour at 26.5°C
and concluded that temperature accounted for 72-91% of the variation in gut
evacuation rate. In 1991, Jiang and Claussen studied the seasonal changes of
gastric evacuation in Notophalmus viridenscens and reported that stomachs were
completely evacuated in 48 h at 25°C, whereas it took more than 15 days at 5°C
indicating that the fish would be able to digest only few meals throughout the
winter even though plenty of food was available. A functional relationship to
describe the influence of fish weight, temperature, prey size and ration size on
gastric evacuation in cod fed four natural prey types has been derived by dos
Santos and Jobling (1991).

It is interesting to note that the instantaneous gastric evacuation rate of
young pinctado Pseudoplatystoma corruscans was negatively correlated with
temperature (Marques et al., 1992). Similarly, there was no significant relationship
between gastric evacuation rate and temperature in sardine Sardinops sagax
(VanDer-Lingen, 1998).

The gastro-intestinal evacuation of inert particles (markers) started 48 h
after a meal was digested at 0.5°C in the case of polar cod Bareogadus saida and

the average time needed for total gastric evacuation was 400 h (Saether et al,
1999).

2.1.2. Gastric evacuation rate and protein source/level

Proteins are essential ingredients in the diets of fishes as source of amino
acids. Dietary requirements of protein vary from species to species as well as
different age groups of the same species. Feed containing high level of proteins of

plant origin or protein derived from animals other than fish may require longer



time to digest. Such diets may also require supplementation of essential amino
acids to meet the requirements of a particular fish species. Thus, the level and
source of protein not only decide the food quality but also play important role in

determining the digestion rate in fish.

Storebakken er al. (1999) estimated gastrointestinal evacuation time in
Atlantic salmon (Salmo salar) using inert markers with different sources of protein
and found that soybean based meal took more time for 50% evacuation than fish
meal and bacterial meal. Annappaswamy et al. (2000) found that casein based
diets evacuated faster (7.17 h) than soybean meal (10.69 h) and fish meal (9.43 h)
based diets in rohu Labeo rohita fingerlings. Similar studies were conducted by
Naik et al, (2000a), whereas Saha (2002) reported that casein based diet
evacuated at faster rate (7.19 h and 7.29 h) compared to soybean (10.89 h and
10.75 h) and fish meal (9.14 h and 9.64) based diets in catla Catla catla and bata
Labeo bata, respectively. Though Naik et al. (2000a) could notice significant
difference between casein and fish meal based diets but there was no significant
difference between soybean meal and fish meal based diets. However, Saha (2002)

could not find any significant difference among the different protein sources.

Several studies have been conducted to replace the source of protein (fish
meal) with several plant and animal origin to reduce the cost of feed. The most
commonly used plant sources include soybean meal, aquatic weeds, corn gluten
meal, wheat, rapeseed, lupin, etc. The animal origin sources comprise of silkworm
pupae, chicken viscera, etc. Though the effect of replacement of these sources on
growth has been studied (Ray and Das, 1993; Shyama and Keshavanath, 1996;
Kikuchi, 1999; Regost et al., 1999; Nandeesha et al., 1999; Naik et al., 2000c), but
the reports on the effect of replacement on gastric evacuation rate are very scanty.
The level of replacement has been suggested to be varying between 10% and 70%

depending on the source of protein.



Apart form protein source, the level of protein in the diet of fish also play
an important role in deciding the rate of gastric evacuation. Annappaswamy et al.
(2000) reported that food passage time ranged from 9.43 h to 10.37 h when
rohu Labeo rohita fingerlings were fed with different protein levels (30 to 40%).
They could also notice significant difference in gastric evacuation rate due to 30 %
and 35% protein levels and 35 % and 40% protein levels. In the case of catla
Catla catla and bata Labeo bata fingerlings, the evacuation rate was faster when
30% protein (9.14 and 9.64 h) was fed compared to 35% protein (10.15 h and
10.01) and 40% protein (10.55 and 10.50) levels, respectively (Naik et al., 2000a;
Saha, 2002).

2.1.3. Gastric evacuation rate and lipid concentration

Dietary lipids are the source of essential fatty acids in feed. They provide a
rich source of energy and dietary phospholipids, which are the structural
components of biomembranes. Foods rich in lipids are generally considered to be
digested slowly (Medved, 1985; Basimi and Grove, 1985a; Grove et al., 1985).
The meals of several natural food items fed to blue gill sunfish Lepomis
macrochirus were evacuated more rapidly than meals of worm larvae containing
35% lipid (Windell, 1967). Hunt and Stubbs (1975) reported that the quality of
fatty acid is responsible for varying the digestion in fishes. On the other hand,
De Silva and Owoyemi (1983) observed that density of diet or lipid content had no
effect on evacuation time in Serotherodon mossambicus. Windell et al. (1972) also
made similar observations in the case of rainbow trout Salmo gairdneri. Lipid
concentration of more than 15% of the dry weight probably have an inhibitory
effect on gastric motility (Basimi and Grove, 1985b). They also found the
evacuation rate in plaice Pleuronectes platessa was slower when fed krill rich in
lipid. Santulli et al. (1993) found that gastric evacuation rate in sea bass
(Dicentrarchus labrax) increased with a reduction in lipid absorption at higher
temperature. The gastric evacuation rate in rohu Labeo rohita fingerlings

8



(Annappaswamy et al., 2000), catla Catla catla and common carp Cyprinus carpio
(Naik et al., 2000a and b) fingerlings decreased with the increase in lipid level.
Similarly, Saha (2002) observed that gastric evacuation rate was faster in bata
Labeo bata fingerlings fed on diet incorporated with 15% (16.10 h) than 10%
(13.55 h) and 5% (11.86) cod liver oil.

2.1.4. Gastric evacuation and natural food

Gastric evacuation rate also varies with type of food. Seaburg and Moyle
(1964), reported that black crappie Pomoxis nigromaculatus took 7 h for
evacuation of 50% natural food. Sarokon (1975) found that rainbow trout Salmo
garidneri took 24 h to pass natural food (caddis fly larvae) whereas, the fish took
10 h when fed with pelleted feed (Windell et al., 1972). Similarly Eliott (1972)
reported that natural food evacuated much faster (2.4 h) than the artificial diets.
Gastric evacuation time of Perca flavescens decreased when fed with zooplankton
as compared to dry diets (Mills et al., 1984). Sumagaysay (1993) recorded a lower
gastric evacuation rate in milkfish Chanos chanos fed natural food (1.57 h) than
those fed on supplemental diet (1.79 h). Andrade et al. (1996) found variations in
gastric evacuation rate of gill head sea bream (Sparus aurata) when fed with
natural feed (12 h) and pelleted feed (2 h). Annappaswamy (1997) has also
observed that gastric evacuation time was lower when rohu Labeo rohita
fingerlings were fed with natural food (6.85 h) than fish meal based pelleted diets
(9.19 h).

The gastric evacuation time (GET) in the fingerlings of rohu Labeo rohita
was found to be 6.85 h and 9.9 h for natural food and pelleted feed, respectively.
(Annappaswamy et al., 2000). Whereas, it was 6.87 h and 8.65 h when fed with
natural food and pelleted feed in the case of fingerlings of catla Catla catla
(Shanbhogue et al., 2000).



2.1.5. Gastric evacuation rate and meal size

Selection of appropriate meal size and feeding schedule are critical
elements in effective feed management. The ration size is one of the major factors
that influences digestion rate and food conversion in fishes. Hence the study of
effect of meal size on rate of gastric emptying has been received considerable
attention. Barrington (1957) reported that fish digest small meals (prey) more
hastily than large meals (prey). However, Daan (1973) and Bagge (1977) noticed
that the rate of gastric evacuation was constant for different meal sizes in Gadus
morhua. Similarly, in Perca fluviatilis fed on fish larvae, gut evacuation rate was
not influenced by the meal size (Persson, 1981). Jobling (1980) stated that the
gastric evacuation rate depends on energy density of the meals. Talbot (1984)
found that large meals were evacuated in the similar way as that of smaller meals.
Bromely (1988; 1991) concluded that gastric evacuation rate in whiting and cod
was independent of meal size. Elliott (1991) opined that use of wet or dry weight
could lead to different conclusions about the effects of meal size on evacuation
rates. He-Engiang and Wetsbaugh (1993) and Hop and Tonn (1998) noticed that
predator size did not significantly influence rates of evacuation of Salmo trutta,
and Arctic cod Boreogadus saida, respectively. Similarly, Andersen (1999) found
that prey size had no influence on the gastric evacuation rate in whiting
Merlangius merlangus. He stated that variation in gastric evacuation rate could be
explained by difference in energy density among prey fish species and individuals.
Further, he stated that conclusions can not be drawn on the effect of prey size on
gastric evacuation rate without the information on energy density.

Studies conducted by Paeaekkoenen et al. (1999) revealed that the gastric
evacuation rates were 0.8, 1.3 and 1.6 g / day when fed meal sizes of 1%, 5% and
10% of body weight in Lota lota. Knutesen and Salvanes (1999) observed direct
relationship with gastric evacuation rate and meal size. Observations made by

Sveier et al. (1999) revealed that gastric evacuation time in Atlantic salmon
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(Salmo salar) fed with course ground fish meal was slower than micro ground fish
meal. The gastric evacuation rate in African catfish Clarias gariepinus was faster
when fed with smaller food particles of 1 mm and 1.5 mm than that of larger food
particle of 2 mm and 3 mm diameter (Hossain et al., 2000). Boyce et al. (2000)
noticed an increase in absolute gastric evacuation rate of Antarctic spiny plunder
fish Harpagifer antarcticus Wybelin, with increasing ration size. However, there
was no effect of prey size on the gastric evacuation rate of pike perch Stizostedion

pucioperca (Koed, 2001).

2.1.6. Gastric evacuation rate and feeding frequency

Feeding frequency is yet another factor that influences the gastric
evacuation rate in fishes. Many workers reported that increased feeding frequency
generally accelerates the digestion rate in most of the fishes (Dawes, 1930; Grove
et al., 1978; Persson, 1982; Rosch, 1987). The rate of food passage in plaice
Pleuronectes platessa is related to the amount of food recently consumed
(Karzinkin, 1935). However, as long as the total amount of food consumed
remains constant, gastric evacuation rate is not affected by the number of daily
feedings. Jobling (1983) studied the effect of feeding frequency on food intake and
growth of Arctic charr Salmo alpinus and stated that these effects could not be
attributed to direct competition for food since fish were fed to satiation at each
feeding period. Rosch (1987) noticed higher stomach evacuation rates when fish
fed three meals per day rather than one meal per day in Coregonus lavaretus. Paul
et al. (1990) have shown that multiple meals of whole shrimp produced higher
evacuation rates than single meal. The gastric evacuation rates increased in rohu
Labeo rohita, catla Catla catla and common carp Cyprinus carpio fingerlings as
the feeding frequency increased from one meal to three meals per day
(Annappaswamy et al., 2000; Naik et al., 2000a and b).
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2.1.7. Gastric evacuation rate and starvation

The study of effect of starvation on gastric evacuation rate, digestibility,
absorption efficiency and growth is being paid considerable attention. It was
observed by Windell (1966) that fasting periods of 7, 14 and 25 days substantially
decreased the rate of gastric evacuation of bluegill sunfish from 22% to 51%,
when compared to control (two days fasting); while fasting periods of less than six
days did not affect the rate of evacuation in brown trout fed Gammarus gammarus.
It was reported that prolonged starvation prior to feeding delays the rate of
digestion probably due to absence of gastric juice when the food enters the gut
(Eliott, 1972; Fange and Grove, 1979). Sarokon (1975) investigated the short-term
effect to three and six days starvation period on gastric evacuation rate of rainbow
trout. He found that trout famished for three days and six days had significantly
lower gastric evacuation rate than those famished only for 18 h. Talbot (1984)
reported that post-prandial starvation decreased evacuation rate in juveniles of
Atlantic salmon Salmo salar. Further he stated that this effect was inversely

related to the quality of food consumed by a fish.

Interestingly, Russell and Wootton (1993) could not notice any significant
effect of starvation on gastric evacuation rate in the adults of Phoxinus phoxinus
(Cyprinidae) starved for 4 -16 days. Similar observations have been made by
Annappaswamy et al., (2000) in the case of rohu Labeo rohita and Naik et al.,
(2000a) in catla Catla catla and Naik et al., (2000b) in the case of common carp
Cyprinus carpio. Saha (2002) reported that the gastric evacuation in bata Labeo
bata fingerlings fed 30% protein diet after five days of starvation was
comparatively faster (12.12 h) than those starved for 10 days (14.21 h) and 15
days (15.64 h).

2.1.8. Gastric evacuation rate and body size
Among numerous gastric evacuation studies, a few experiments have also
been designed to determine the relationship between evacuation time and body
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size. Noble (1973) stated that evacuation rate is slower in larger fish. Larval stages
of large mouthbass Micropterus salmonides fed with zooplankton evacuated more
rapidly than adults (Laurence, 1971). In the case of dab Limanda Ilimanda,
absolute gastric evacuation rate increased as the fish size increases (Jobling,
1987). The rate of gastric evacuation decreased with fish size in the case of
juvenile sock eye salmon Oncorhynchus nerka (Doble and Eggers, 1978). Jobling
(1981) reanalyzed the data for the influence of predator size in a number of fish
species. He found that, predator size co-efficient (C) ranging from 0.234 to 0.619.
Opuszynski and Shireman (1991) reported that the food passage time of big head
carp Aristichthys nobilis weighing 13-28.50 g was 7.1 to 12.8 h. Food passage rate
was higher for larger fish (323 mm/h) than smaller fish (67 mm/h). Temming and
Andersen (1994) examined the effect of body size in cod and found ‘C’ values in
the range of 0.018-0.487 depending on food type. Dong and Deshang (1994)
reported that the removal rate of silver carp Hypophthalmichthys molitrix for
phytoplankton was higher than that of bighead carp Aristichthys nobilis. Whereas,
zooplankton evacuated faster in bighead carp than that of silver carp. dos Santos
and Jobling (1995) reported that relative gastric evacuation rate decreases as body

mass decreases in case of cod Gadus morhua.

In contrast to above studies, Olsen and Boggs (1986) opined that there is no
effect of body mass on gastric evacuation or gut evacuation time in yellow fin tuna
Thunnus albacares. Similar observations have also been reported by Eliott (1991)
in brown trout Salmo trutta and Hayward and Weiland (1998) in rainbow trout
Oncorhynchus mykiss (Walbaum).

2.2. Maintenance ration and daily ration

Knowing the optimal ration for farmed fish is vital for both economic and
ecological reasons. Minimizing feed wastage not only decreases the nutrient loss

but also the water degradation. Maintenance ration is the ration, which is sufficient
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enough to maintain the basic physiological activities with very minimum growth.
Ricker (1946) defined daily ration as the size of daily meal expressed as
percentage of the body weight. Estimation of optimal ration could be obtained
based on theoretical consideration of growth and feed conversion (Smith, 1989) or
on individual determination of feed intake. Estimation of gastric evacuation rates
is requisite for in-situ determination of daily ration of fish (Eliott and Persson,
1978). Rajasilta (1980) used measures of rate of digestion to estimate the daily
ration of sticklebacks in brackish water in the Baltic sea. Maximum daily ration
(CMAX) estimates were also useful in such studies as reference values against
which daily ration estimates can be compared (Hartman and Brandt, 1995;
Weiland and Hayward, 1997).

The daily ration differs from species to species and individual to individual

due to various exogenous and endogenous factors.

In most fishes, the relationships between growth rate and ration size is
decelerating curve (Brett and Grove, 1979). The conversion efficiency is highest at
an intermediate ration and decreases with further increase in the ration. Grass carp
Ctenopharyngodon idella fed on pelleted feed showed a similar pattern of growth-
ration relationship (Huisman and Valentijn, 1981). However, daily feeding

rhythms are reported not to be uniform for many benthivorous species (Fugi et al,
1996).

Doble and Eggers (1978) estimated the lower rations (maintenance ration)
0.62% body weight per day for juvenile sock eye salmon Oncorhynchus nerka.
They also observed a general decrease in the daily ration with increase in body
weight. Godin (1981) reported that pink salmon fry of mean length ranging from
42.1 — 44.0 mm consumed 6.6% and 13.1% body weight daily. Troschel and
Rosch (1991) reported that in juvenile Coregonus lavaretus, the maximum daily
ration was about 27.0% of fish body weight, which corresponds to 75% of body

dry weight and no correlation was found between daily ration and specific growth
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rate. Kim and Kang (1992) recorded the daily ration (as percentage of body
weight) values of 9.35%, 6.65%, 5.76%, 4.72% and 3.31% in the order of ages 0-4
years for Agrammus agrammus. Urtans (1992) reported that the daily ration
ranged from 4.9-9.7% body weight for young fish and from 2.4-5.9% for adult
ones of eelpout Zoarces viviparous. The maximum daily ration of large bloaters
Coregonus hoyi (over 100 g) to be ranged between 5 and 12% per day
(Binkowski, 1994). Hoelker and Temming (1996) reported that the daily ration of
ruffe (Gymnocephalus cernuns) to be 1.3% to 2.3% of body weight for adult ruffe
and 2.3% to 4.3% for juvenile. The daily ration of yellowfin tuna increased from
2.1% to 5.5 % body weight with increasing size up to 70 cm fork length, beyond
which it decreased (Maldeniya, 1996). Hop and Tonn (1998) reported that the
daily rations for Arctic cod Boreogadus saida in Resolute Bay N. W. T. to be
0.51% body weight for fish of size 45 g and 1.13% body weight for fish of size 51
g. The daily rations of common carp Cyprinus carpio and calta Catla catla
fingerlings were estimated by Annappaswamy et al. (2000) and Shanbhogue et al.
(2000). The values varied between 9.9 and 14% of body weight, and 5.9 and
13.7%, respectively depending on the size of fish, while the daily rations of rohu
Labeo rohita fingerlings varied from 9.20 to 11.12% (Annappaswamy et al.,
2001). Saha (2002) reported that daily ration of bata Labeo bata fingerlings (4-5 g)
was varying between 9.87% and 11.48% of body weight.

Daily ration varies with temperature of the water in which fish resides.
Generally, increase in temperature increases the feeding activity, hence, the daily
ration. Fish will consume maximum food at optimum temperature rather decreased
or increased temperature than this level. Rajasilta (1980) reported that stickleback
consumed 24.2 mg, 483 mg and 132 mg daily at 10°C, 14°C and 18°C,
respectively. Garcia and Adelman (1985) observed that the daily food
consumption of common carp Cyprinus carpio varied from a low of 3.87 mg/g of
fish per day at 14°C (0.39% body weight) to 40.75 mg/g per day (4.08% body
weight) at 26.5°C. Mac (1985) reported that selected temperature and ration size
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were linearly correlated in lake charr Salvelinus fontinalis. Based on a caloric
value of 2.0 kcal/g of food, yellowfin tuna would require 0.35-0.39% body
weight/day at 3°C and 0.63% body weight/day at 5-6°C (Smith et al., 1991). The
daily ration of bighead carp Aristichthys nobilis was 5.7-2.0% of body weight at
water temperatures ranging from 21-28.5°C (Opuszynski and Shireman, 1991).
Sturgeon fingerlings (20.0 g) consumed 6.5% of their body weight at a water
temperature of 18-20°C fed for 130 min when food concentration was 2 g /m’
(Gershanovich and Taufik, 1992). The studies made by Russell et al. (1996)
revealed that rations on the growth of juvenile sea bass Dicentrarchus labrax fed
squid mantle at 16, 10, 14 and 18°C ranged between 0.7 and 23% body weight/day
with the increase in temperature. Optimum ration was found to be 7.4% body
weight/day at 18°C. Hayward and Weiland (1998) estimated maximum daily
ration (CMAX) in rainbow trout Oncorhynchus mykiss at different temperatures.
The mean CMAX values were substantially increased with the increase in
temperature, i.e., from 10.21% (dry g food/dry g fish x 100) at 7.8°C to 15.41% at
12.8°C.

Daily ration is also influenced by different seasons. Manzer (1976)
estimated that stickleback in Great Central Lake had a daily consumption of 6.6%
of their body weight in July and 7.8% in October. The estimated daily ration of
coho salmon in Chignik during early June ranged from 2.1 to 4.4% body weight
per day (Eggers, 1979). Brodeur and Pearcy (1987) found that daily ration varied
from 2.4% to 3.7% body weight per day. It’s daily ration declined sharply in late
June. Amundsen and Klemetsen (1988) noticed that the Arctic charr Salvelinus
alpinus consumed maximum food in July after which it decreased markedly
towards autumn. The daily meal of juvenile Coho salmon Oncorhynchus kisutch
was found to be varied from 0.22 t0 0.43 g (2.1 to 4.4%) body weight (Ruggerone,
1989). Seki and Somerton (1994) recorded the daily ration for armor head
Pseudopentaceros wheeleri as 1.17 g (0.28% body weight) and 12.87 g (2.86%

body weight) in summer seasons during 1987 and 1988. The daily ration was
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generally high during the post-spawning season with the highest (47.5%) in May
than the other months in the case of brown sole Pleuronectes hersensteini
(Tominaga et al., 1994). Pederson (2000) reported that pelagic and demersal North
Sea whiting Merlangius merlangus fed at night and day had daily ration ranged
from 4.38 to 7.84%, respectively.

2.3. Models related to food consumption

2.3.1. Models related to gastric evacuation rate

Mammalian physiologists have attempted to describe gastric emptying
using a wide range of mathematical expressions (Stubbs, 1977) all of which imply
that that the emptying of food from the stomach is a continuous process. However,
there is considerable disagreement about which mathematical expression gives the
best description of gastric evacuation curves in fish species (Jobling, 1981;
Lambert, 1985; Medved, 1985). Simultaneously, attempts have also been made to
find a theoretical basis to support the use of mathematical expressions (Hopkins,
1966; Stubbs, 1977; Jobling, 1986). But no single mathematical expression has
been found to be best fit consistently to empirical data and suggested all are

inadequate for describing gastric evacuation under different conditions.

Jones (1974) developed a model in which evacuation is independent of
meal size and evacuation rate was described as a ‘power function’ of stomach
content. Later, Windell et al. (1976) used another model to describe gastric
evacuation rate in rainbow trout and this model was referred to as ‘the log time
model’, which is given by
% meal remaining = a + b log;o where, a and b are linear regression

(hours after feeding) constants

Linear, exponential and square root models (Jobling, 1981 and 1986) are

widely used to describe the evacuation of stomach content with time.
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The models proposed are as follows,
The linear model W, =Wy—r1t
The exponential model ~ : W, = Wy e™
The square root model - VW, = YWy — 1o 5t
Where, ‘Wo’ is initial food weight, ‘Wt’ is food weight, remaining at time ‘t’ and

‘r’, ‘re’ and ry s are the rates of evacuation.

Jobling (1981 and 1986) suggested that the best evacuation model depends
on type of food consumed by fish. Persson (1986) reported that food evacuation
curves of most fish should be exponential. In contrast, Robert and Mark (1998)
concluded fro their experiment with rainbow trout Salmo gairdneri fed chironomid
larvae at different temperatures (7.8°C, 10.0°C and 12.8°C), that log time model is
most suitable as compared to other models. Further, Persson (1986) and Simenstad
and Cailliet (1986) had noted that the exponential and square root models are
quantitatively similar. However, Bromely (1988) found that a linear model was
appropriate for describing gastric evacuation of whiting. From a review and re-
analysis of data, Jobling (1987) opined that a square root model is the most
appropriate model for describing gastric evacuation rate. This was supported by
Andersen (1998) who demonstrated that evacuation in whiting Merlangus
merlangus could be described independently of meal size using a simple power
function model with an exponent of 0.5.

The power function model could be used to know the effects of predator
and meal size on the evacuation rate (Jobling, 1981; Bromely; 1994; Temming and
Andersen, 1994). They have used the following modified model

ds/dt= -ge” W'M'S®

Where, ‘T’ is temperature, ‘W’ is predator weight, ‘M’ is initial meal size
and ‘S’ is the weight of total stomach content. The parameters to be estimated are

g, b, ¢, d and a. The predator length (L) could also be used instead of predator
weight (W), simply by substituting L for W in the above equation.
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Similarly, The model developed by Jones (1974) was modified and applied
by dos Santos and Jobling (1992) and Temming and Andersen (1994) for Gadus
morhua to estimate gastric evacuation rate. Here the gastric evacuation was

expressed as ds/dt = - pS*;

Where ‘S’ is the weight of stomach content and ‘a’ and ‘p’ are parameters

to be estimated and ‘t’ is time.

2.3.2. Models related to daily ration

Bajcov (1935) developed a formula for measurement of the daily ration
(linear-evacuation model) when the fish is feeding continuously and rate of food
passage is continuous and uniform for different kinds and amount of food. The

model is expressed as follows,

C=S24/mn)

Where ‘C’ is food consumption, ‘S’ is the mean weight of food consumed
over a 24 h period and ‘n’ is hours required for complete gastric evacuation.

The linear evacuation model was challenged by Eliott (1972) working on
gastric digestion in brown trout Salmo trutta. The evacuation rate in the trout
follows the exponential function, which is given by

dw/dt=-1 W

Where, ‘W’ is the weight of stomach content, ‘t’ is the time, ‘r’ is the
evacuation rate and ‘b’ is exponential rate.

Teichmann (1992) described MAXIMS - a computer programme for
estimating the food consumption of fish, which allows for the estimation of daily
ration and population food consumption of fish based on diet cycle of stomach

content weights.
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3. MATERIALS AND METHODS

3.1. Collection and acclimatization of experimental fishes

Fingerlings of silver carp Hypophthalmichthys molitrix (60 - 71 mm; 2.3 -
3.0 g) were collected from Bat Tala seed market, Naihati, North 24 Parganas.
Approximately, 500 fishes were brought and maintained in equal numbers in 5
fiberglass reinforced plastic (FRP) rectangular tanks (300 1 capacity; 125 x 60 x 40
cm’) with aeration. Fishes were acclimatized to the laboratory conditions for 32
days in the wet laboratory of Department of Fishery Biology and Resources
Management. During this period fishes were fed with pelleted feed (30% protein)
twice a day (morning 7 a.m. and evening 5 p.m.) to satiation. The residual feed
and faecal matter were siphoned out daily and partial water exchange was done
thrice a weak.

3.2. Feed
3.2.1. Feed ingredients

The ingredients used in the preparation of different formulated pelleted
feeds for various gastric evacuation, maintenance ration and daily ration
experiments were fish meal, groundnut oilcake, wheat flour, rice bran, soybean
meal, silkworm pupae and vitamin-mineral mixture. All the ingredients except
soybean meal, vitamin-mineral mixture and silkworm pupae, were procured from
the local market. The soybean meal was purchased from ‘Loba Chemie Pvt. Ltd.’
company. Dried silkworm pupae powder was procured from Malda district. The
vitamin-mineral mixture used in the preparation of feed was ‘Supplevite-M’ (M/S
Sarabhai Chemicals, Baroda). The composition of the vitamin-mineral mixture is

given in Table 1.
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Table 1. Composition of vitamin-mineral mixture in

250 g of “Supplevite-M”

Item Unit
Vitamin A 500,000 IU
Vitamin D, 100,000 IU
Vitamin B, 020¢g
Vitamin E 75 units
Vitamin K 0.10g
Calcium pantothenate 025¢g
Nicotinamide 1.00 g
Vitamin B, 0.60 mg
Choline chloride 15.00 g
Calcium 75.00 g
Magnesium 275g
Iodine 0.10g
Iron 0.75g
Zinc 1.50g
Copper 020g
Cobalt 004 g




3.2.2. Proximate composition of feed ingredients

All the ingredients used in feed preparation were subjected to proximate
composition analysis such as moisture, crude protein, crude fat, ash, crude fibre
and nitrogen free extract (NEF) in the laboratory before formulation of
experimental diets. Moisture content was determined by drying the sample at
elevated temperature (105°C) for 30 min and then drying at 65°C till constant
weight was obtained following the method of Boyd (1969). Percent moisture was
derived from the difference in weight of sample before and after complete drying.
Total nitrogen content was estimated using Micro-Kjeldahl’s method (AOAC,
1984) and crude protein was calculated by multiplying nitrogen content of sample
with the factor 6.25. The crude fat content was estimated by ether (petroleum
ether) extraction method (Boiling point 40-60°C for 6-8 h) in the Soxhlet
extraction apparatus (Bligh and Dyer, 1959). Ash content was estimated by drying
the sample at 550°C + 20°C for 6 h in muffle furnace (AOAC, 1984). Crude fibre
was determined by following the modified method of De Silva (1985). The
nitrogen free extract (NFE) or carbohydrate was found out by difference method
(Hastings, 1976) by using the following formula,

Nitrogen free extract (NEF) (%) = 100 — (% crude protein + % crude fat + % crude

fibre + % ash + % moisture).

3.2.3. Pelleted feeds
3.2.3.1. Preparation of formulated pelleted feeds

The composition of pelleted feeds used in the preparation of various
experimental diets is presented in Tables 2, 3, 4 and 5. The respective ingredients
required for the pelleted feed were mixed thoroughly as per the square method
(Hardy, 1980). Dough was prepared by adding sufficient potable water (1:0.8) to
get the required consistency in the dough. The dough, thus obtained was cooked in

a pressure cooker for 30 min at 105°C and cooled at room temperature. After
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Table 2. Composition of feed (% ingredients) used in preparation of

diets of different protein levels

Diets Py P, Py
Ingredient (30% Protein) (35% Protein) (40% Protein)
Fish meal 40 45 45
Ground nut oil cake 10 20 30
Rice bran 30 25 15
Wheat flour 19 9 9
Vitamin— mineral 1 1 |

mixture

Table 3. Composition of feed (% ingredients) used in the

preparation of diets where fish meal was partially replaced by

soybean meal

Diets SB, SB, SB,
Ingredient (10%) (20%) (40%)
Fish meal 36 32 24
Ground nut oil cake 10 10 15
Rice bran 25 25 20
Wheat flour 24 24 24
Soybean meal 4 8 16

Vitamin— mineral

mixture

1

1

1




Table 4. Composition of feed (% ingredients) used in the

preparation of diets where fish meal was partially replaced by

sitkworm pupae.

Diets SW,; SW, SW;

(10%) (20%) (40%)

Ingredient
Fish meal 36 32 24
Ground nut oil cake 10 10 10
Rice bran 25 20 20
Wheat flour 24 29 29
Silkworm pupae 4 8 16
Vitamin— mineral 1 1 1
mixture

Table 5. Composition of feed (% ingredients) used in the

preparation of conventional diet.

Ingredient Level (%)
50

Ground nut oil cake

Rice bran 50




cooling, vitamin-mineral mixture was added, mixed thoroughly and pelletized in a
pelletizer (5 mm dia). The pellets were collected in aluminium tray and dried in an
hot air oven at 60°C for 24 h till the moisture content was reduced to less than
10%. The dried pellets were then broken into small pieces, crumbled by using
mixer grinder and sieved to get uniform sized particles. The prepared feeds were

packed in airtight polythene bags, labeled and stored in a cool dry place.

3.2.3.2. Proximate composition of pelleted feeds

Proximate composition of various pelleted feeds used in the different set
of experiments were analysed following the methods adopted for analysis of the

feed ingredients (Section 3.2.2.).

3.3. Gastric evacuation experiment

Prior to starting of experiment, fishes were segregated into three sets and
transferred to glass aquaria (60 cm x 30 cm x 30 cm, @ 15 nos/aquarium) with
constant aeration. Each set of fishes was fed with respective experimental diets,
twice a day to satiation, for 15 days to make them habituated with the
experimental diets. The excess feed and faecal matter were removed daily and loss
of water was replenished. The fishes (75 + 5 mm) were then starved for 24 h
before the start of gastric evacuation experiment. All the experiments were
conducted in triplicate at 28+1.5°C. Randomly, three fishes from each set (one
from each aquaria) were selected and their total length and weight were recorded.
Then fishes were sacrificed and initial (empty) gut (anterior bulged portion of gut)
weight (I) was recorded to the nearest mg after removing excess water by

absorbent paper.

Fishes were fed ad libitum with respective diets to satiation for 20 min
and excess feed removed by siphoning. Immediately, a random sample of three

fishes (one from each aquarium) was removed and their total length (mm) and
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weight (g) were recorded. The fishes were then sacrificed to examine the amount
of feed in the digestive tract and weighed (F) to the nearest mg after removing
excess water by absorbent paper. The difference in the initial (I) and final (F)
weight was taken as the weight of food that a fish has consumed during 20 min
and taken as 100% for further calculations. This procedure was continued at an

interval of every one hour until the guts of sampled fishes were empty.

3.3.1.Influence of natural food and conventional diet on gut
evacuation time

For this experiment, 2 sets of fishes (75 + 5 mm) were arranged. First set
of fishes kept in three aquaria (12 fishes in each aquaria) and fed with
conventional diet (rice bran : groundnut oilcake :: 50:50) twice a day to satiation.
Gastric evacuation experiment was conducted as explained in Section 3.3.

Second set of fishes was kept in FRP tanks and fed with natural food
(phytoplankton) cultured in wet laboratory of Department of Fishery Biology and
Resources Management by using groundnut oilcake and lime (inoculum from
‘Shanti’ jheel). After 7 days dense plankton growth was observed. Among them
the dominating species were Spirogyra, Oscillatoria, Coscinodiscus, Volvox,
Chlorella, Microcystis and Anabaena. Above 24 h prior to the gastric evacuation
experiment fishes were transferred to aquaria containing potable water (plankton
free) for fasting. On the day of experiment after recording the initial (empty) gut
weight fishes were transferred to the FRP tank containing plankton and allowed to
feed for 20 min. Again they were transferred to aquaria till the end of the

experiment.

Sampling and gastric evacuation experiment conducted were similar as

described in Section 3.3.
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3.3.2. Influence of protein level on gut evacuation time

Fish meal based diets containing 30% (diet P,), 35% (diet P,) and 40%
(diet P3) protein were prepared for this experiment using square method (Hardy,
1980). Fishes (75+5 mm) were divided into three groups of 45 nos. each (15 in
each aquarium) and gastric evacuation experiment was carried out as described in

Section 3.3.

3.3.3. Influence of fish meal replacement by plant protein source on

gut evacuation time

For this set of experiment, three diets containing 30% protein were
prepared by replacing fish meal by plant protein source (soybean meal) using
square method (Hardy, 1980). Three diets were designated as diet SB; (10%
replacement), diet SB, (20% replacement) and diet SB3 (40% replacement). Three
groups (45 numbers each) of fishes (75 = 5 mm) were acclimatized to three diets
separately. The methodology of gastric evacuation experiment was similar as

mentioned in earlier Section 3.3.

3.3.4. Influence of fish meal replacement by animal protein source on

gut evacuation time

For this set of experiment, three diets containing 30% protein were
prepared by replacing fish meal by animal protein source (silkworm pupae) using
square method (Hardy, 1980). Three diets were designated as diet SW; (10%
replacement), diet SW, (20% replacement) and diet SW3 (40% replacement).
Three groups (45 numbers each) of fishes (75 £ 5 mm) were acclimatized to three
diets separately. The methodology of gastric evacuation experiment was similar as

mentioned in earlier Section 3.3.
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3.4. Estimation of daily ration

3.4.1. Estimation of maintenance ration

Maintenance ration is the minimum amount of food needed by a fish for
basic physiological activities. For estimation of maintenance ration, five groups of
fishes were stocked (@ 10 fishes) in S aquaria (60cmx30cmx30cm). These groups
of fishes were fed 1.0%, 2.0%, 3.0%, 5.0% and 10.0% of body weight per day,
respectively with pelleted feed separately for a period of 6 weeks. Sampling (n =
5) was done at the end of every week to record the growth of an individual group
in terms of length (mm) and weight (g) increment of fishes. The quantity of feed
given was readjusted after each sampling. The ration at which the group of fish
showed no or little response to growth in terms of length and weight increment

was considered as the minimum daily ration or maintenance ration.

3.4.2 Estimation of maximum food consumption/daily ration

Daily ration is the total feed consumed by a fish in 24 h period. For the
estimation of daily ration, the fishes were fed with a known quantity of feed (5%
body weight of fish) at 4 h interval over 24 h period. After 30 min of each feeding,
the excess feed was removed and its dry weight determined. The total amount of
food consumed over a 24 h period (Daily ration) was estimated using Bajkov’s
(1935) formula, i.e., (24/h)A,

Where, h = food passage time and A = food consumed (% BW)

This model is based on the assumption that changes in fish diurnal feeding

activity do not occur.

3.5. Statistical analyses

The mean weight of food in the gut obtained during different sampling
periods in different gut evacuation experiments are subjected to one-way analysis
of variance (ANOVA) (Snedecor and Cochran, 1968).

25



The evacuation data obtained in different set of experiments were fitted to
linear model. The co-efficient of determination (r*) was determined linearly and

exponentially.

The linear model used is as follows
The linear model, Wt=Wo-rt

Where Wo is the initial food weight, Wt is the food weight remaining at

time t and r is the rate of evacuation.

The increment in average weight (g) of fishes fed with different
percentage body weight during the study period (42 days) was subjected two-way
analysis of variance (ANOVA) (Snedecor and Cochran, 1968).
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4. RESULTS

4.1 Proximate composition of feed ingredients

The results of proximate composition of different ingredients used to
prepare various formulated feeds of various experiments are given in Table 6. The
moisture content was highest in rice bran (12.26%) followed by wheat flour
(10.23%), soybean meal (9.75%), fish meal (9.20%), silkworm pupae (8.20%) and
lowest in groundnut oilcake (8.18%). The dry matter content of the ingredients
was highest in groundnut oilcake (91.82%) and lowest in rice bran (87.74%). The
crude protein content estimated in different ingredients varied between a
maximum of 53.20% in fish meal and a minimum of 12.40% in rice bran. The
protein level of other ingredients was found to be 42.50%, 41.81%, 13.20% and
48.30% in soybean meal, groundnut oilcake, wheat flour and silkworm pupae,
respectively. The crude fat content was highest in silkworm pupae (11.20%)
followed by groundnut oilcake (9.33%), fish meal (6.66%), wheat flour (5.15%)
and soybean meal (3.36%). The crude fibre content ranged from 2.16% (fish meal)
to 22.65% (rice bran). The intermediate values were found to be 3.20% (wheat
flour), 6.25% (silkworm pupae) 8.20% (soybean meal) and 8.41% (groundnut
oilcake). The ash content was highest in fish meal (20.27%) and lowest in soybean
meal (2.13%); while the values recorded in rice bran, silkworm pupae, wheat flour
and groundnut oilcake were 18.23%, 16.65%, 6.36% and 4.36%, respectively. The
carbohydrate (nitrogen free extract) content of ingredients varied between 9.40%
(silkworm pupae) and 61.86% (wheat flour).

4.2. Proximate composition of formulated feeds

The results of proximate composition of formulated pelleted feeds used in

different sets of experiments throughout the study period are presented in Table 7.
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Table 6. Proximate composition of feed ingredients

Proximate composition (Mean + Standard deviation) (%)

Ingredients | Moisture Dry Crude Crude Crude Ash Nitrogen
matter protein fat fibre free extract

Fish meal 9.20 90.80  53.20 6.66 2.16 20.27 8.51
+0.31 +069 052 015 015 +0.64

Soybean 9.75 90.25 42,50 3.36 8.20 213 34.06

meal +021 +060 +060 +0.11 <016 =*0.05

Groundnut 8.18 91.82 41.81 9.33 8.41 4.36 27.91

oilcake +024 £0.76 +0.46 +020 +£021 <£0.11

Rice bran 12.26 87.74 12,40 9.50 22,65 1823 24.96
+025 +£0.75 +£020 +£020 +042 +0.11

Wheat flour 10.23 89.77  13.20 5.15 3.20 6.36 61.86
+0.11 +089 +£032 005 +£0.10 =*0.15

Silkworm 8.20 91.80 48.30 11.20 6.25 16.65 9.4

pupae +026 £0.74 <£0.17 +£0.17 +£0.13 +0.36




Table 7. Proximate composition of experimental diets

Proximate composition (Mean + Standard deviation) (%)

Diets | Moisture Dry Crude Crude Crude Ash Nitrogen
matter protein fat fibre free extract

P, 9.40 90.60 30.25 720 1523  16.20 21.72
+020 080 015 £0.10 +0.11 +£0.17

P, 8.30 91.70 34.96 7.70 1423  16.28 18.53
+026 +£074 015 £0.14 =£0.15 =£0.10

P, 9.35 90.65 40.90 7.83 1296 1743 11.53
+023 +£077 +£0.10 £005 +£0.15 +0.11

SB; 8.84 91.16 30.77 733 15,57 16.01 21.48
+025 +075 +£0.16 005 +0.16 =+0.18

SB, 8.72 91.28 30.97 6.96 1622 15.68 21.45
+034 +£066 020 £0.15 +£0.12 0.10

SB3 8.87 91.13 30.14 6.63 1637 1453 23.46
+020 +080 +031 +£022 +£0.21 +£0.32

C 8.70 91.30 24.96 7.13  15.03 14.60 29.58
+036 +064 +0.15 £0.15 +£020 =043

SW; 8.64 91.36 30.07 7.70 1521 1635 22.03
+041 £059 +£025 £0.09 =+£0.12 =+£0.07

SW, 9.07 90.93 30.76 781 1478 16.23 21.35
+£025 +075 015 £010 =+£0.17 +0.07

SW; 9.20 90.80 3043 877 15.08 15.98 20.54
+036 +064 +£025 +£0.11 +£0.12 =+£0.13




The maximum moisture content was recorded in diet P; (9.40%) and
minimum in diet P, (8.30%). The intermediate values were recorded in other
formulated feeds. The crude protein content was adjusted to 30%, 35% and 40%
level in diets P;, P, and P;, respectively in the second set of evacuation
experiment. For all other diets (except diet C) the crude protein was adjusted to
30%. The crude protein content was minimum in conventional diet (diet C), i.e.,
24.96%. The crude fat was highest in diet SW; (8.77%) and lowest in diet SB,
(6.63%). The crude fibre content of the formulated feeds varied between 12.96%
(diet P3) and 16.37% (diet SB;). The ash content of formulated diets ranged from
14.53% (diet SB;) to 17.43% (diet P;). The maximum carbohydrate (nitrogen free
extract) content was observed in diet C (29.58%) and minimum was noticed in diet

P35 (11.53%). Intermediate values were recorded in other experimental diets.

4.3. Gastric evacuation experiments

4.3.1.Influence of natural food and conventional diet on gastric

evacuation time

The percentage of food recovered from guts of silver carp
Hypophthalmichthys molitrix fingerlings fed with natural food (phytoplankton)
and conventional diet (rice bran : groundnut oilcake :: 50:50) are presented in
Table 8a. There was a gradual decline in percentage of food recovery from guts
with time. The instantaneous rate of evacuation (Table 8b) was 0.2829 for natural
food and 0.2217 for conventional diet. The time taken for 25%, 50%, 75% and
100% gut evacuation was estimated on the basis of linear regression equation,
which is presented in Table 8c. The 100% gut evacuation time was observed to be

5.82 h and 7.24 h for natural food and conventional diet, respectively.

The r* values ranged form 0.95 to 0.97 in linear model and 0.92 to 0.99

in the exponential model.
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Table 8a. Percentage of food recovered at each sampling intervals
from guts of Hypophthalmichthys molitrix fingerlings fed with

plankton and conventional diet

Sampling time Percentage of food recovered
(min)

' Plankton Conventional diet
X (Y (Y2)
20 ~100.00 100.00
60 75.540 77.512
120 64.378 67.234
180 42918 52.250
240 | 35.622 42.500

i
300 [ 14.163 34.250

|




Table 8b. Instantaneous rate of evacuation (b), co-efficient of
determination (rz) and gut evacuation time (GET) of
Hypophthalmichthys molitrix fingerlings fed with plankton and

conventional diet

Diets Average Average Water Instantaneous Co-efficient 100%GE]

length Weight temperature rate of of (h)

(mm) (®) (°C) evacuation  determination

(b) r
L E

Plankton 75+5 3.0£0.5 28+1.0 -0.2829 097 092 5.82
Conventional | 75+5  3.0+0.5 28+1.0 -0.2217 095 099 7.24
diet

L = Linear; E = Exponential.

Table 8c. Gut evacuation time (GET) of Hypophthalmichthys
molitrix fingerlings fed with plankton and conventional diet:

Estimation on the basis of linear regression equation

a b Time (h) to percent
Diets evacuation
25 50 75 100
Plankton 98.8180 -0.2829 140 287 435 5.82

Conventional diet | 96.2790 -0.2217 159 348 5.36 7.24




The linear regression equation of natural food and conventional diet on
gastric evacuation time is given below (Fig 1).
Natural food : Y = 98.8180+(-0.2829)X

Conventional diet : Y = 96.2790 +(-0.2217) X

Il

4.3.2. Influence of protein level on gastric evacuation time

The percentage of food recovered from guts of silver carp H. molitrix
fingerlings fed with diets of different protein levels are shown in Table 9a. The
instantaneous rate of evacuation (Table 9b) was 0.1871, 0.1562 and 0.1410 for diet
P, (30% protein), diet P, (35% protein) and diet Py (40% protein), respectively.
The co-efficient of determination (rz) values for diets P,, P, and P; were 0.98 in all
the diets in linear model and 0.93, 0.97 and 0.94 in exponential model,

respectively (Table 9b).

The linear regression equations computed for the three diets are given
below (Fig 2).

Diet P, (30% protein diet) : = 943786 +(-0.1871) X
Duet P, (35% protein diet) : Y = 96.2910 + (- 0.1562) X
Diet P; (40% protein diet) : Y = 97.8360 +(-0.1410) X

The estimated time for 25%, 50%, 75% and 100% gut evacuation
determined using the above linear regression equation is given in Table 9c. The
100% gut evacuation time ranged from 8.41 h (diet P;) to 11.56 h (diet Ps3); while
it was 10.27 h for diet P, (Table 9c¢).

4.3.3. Influence of partial replacement of fish meal by soybean meal on

gastric evacuation time

The percentage of food recovered from the guts of silver carp H. molitrix
fingerlings fed with diets where fish meal was partially replaced by soybean meal
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Figure 1. Linear regression between percentage of food recovered and
sampling interval from guts of silver carp fingerlings fed with phytoplankton

and conventional diet.



Table 9a. Percentage of food recovered at each sampling intervals

from guts of Hypophthalmichthys molitrix fingerlings fed with

different protein levels

Sampling Percentage of food recovered

time (min) Diet P, Diet P, Diet P,
X (30% Protein) (35% Protein) (40% Protein)

Y, Y; Y;

20 100.00 100.00 100.00
60 79.13 82.32 85.25
120 69.21 75.25 78.62
180 55.50 67.81 7191
240 49.50 59.25 64.64
300 38.45 47.50 58.25
360 26.12 39.33 45.50
420 15.25 31.50 38.12
480 8.25 23.12 30.81




Table 9b. Instantaneous rate of evacuation (b), co-efficient of
determination (r') and gut evacuation time (GET) of

Hypophthalmichthys molitrix fingerlings fed with different protein

levels

Average Average Water Instantaneous  Co-efficient 100%

length  Weight temperature rate of of GET
Protein (mm) (® (°C) evacuation  determination (h)
levels (b) r
L E

30%Protein | 75+5 3.0+05 28+1.5 -0.1871 098 093 84l
35%Protein | 75+5 3.0%+0.5 28+ 1.5 -0.1562 098 097 10.27
40% Protein | 75+5 3.0+0.5 28+1.5 - 0.1410 098 094 11.56

L = Linear; E = Exponential

Table 9¢c. Gut evacuation time (GET) of Hypophthalmichthys
molitrix fingerlings fed with different protein levels : Estimation on

the basis of linear regression equation

Time (h) to percent
Protein levels a b evacuation
25 50 75 100

30% Protein 943786 -0.1871 1.73 395 6.18 841

35% Protein 96.2910 -0.1562 227 494 761 1027

40% Protein 97.8760 -0.1410 2.69 565 861 11.56
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Figure 2. Linear regression between percentage of food recovered and sampling

interval from guts of silver carp fingerlings fed with different protein levels.



at different levels are presented in Table 10a. The instantaneous rate of evacuation
(b) was found to decrease with the increase in percentage incorporation of soybean
meal in the diet. The values of ‘b’ were found to be 0.1631, 0.1504 and 0.1243 for

diets SB, (10% replacement), SB, (20% replacement) and SB; (40% replacement),
respectively (Table 10b).

The r values ranged between 0.98 to 0.99 and 0.94 to 0.96 in the linear and

the exponential models, respectively.

The linear regression fits computed for the three diets are given below (Fig 3).

Diet SB, (10% replacement) 2 Y = 931940 +(-0.163) X
Diet SB; (20% replacement) Y = 96.6510 +(-0.1504) X
Diet SB; (40% replacement) Y = 96.8220 +(-0.1243) X.

Complete evacuation (100%) of gut was faster in fishes fed with diet SB,
(9.52 h) compared to diet SB, (10.71 h) and diet SB; (12.98 h) diets (Table 10c).

4.3.4. Influence of partial replacement of fish meal by silkworm pupae

on gastric evacuation time

Table 11a represents the percentage of food recovered from guts of silver
carp H. molitrix fingerlings after different intervals of time when fish meal was
partially replaced (10%, 20% and 40%) by silkworm pupae in the diets. The
instantaneous rate of evacuation (Table 11b) was found to decrease with the
increase in level of incorporation silkworm pupae in the diets. The values of ‘b’
were 0.1758, 0.1695 and 0.1524 for diets SW, (10% replacement), SW, (20%
replacement) and SW; (40% replacement), respectively. The r* values varied from

0.97 to 0.98 and 0.95 to 0.97, respectively in linear and exponential models.
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Table 10a. Percentage of food recovered at each sampling intervals
from guts of Hypophthalmichthys molitrix fingerlings fed with feeds

where fish meal partially was replaced by soybean meal at different

levels

Sampling Percentage of food recovered

time (min) Diet SB; (10%) Diet SB, (20%) Diet SB; (40%)
X Y, Y; Y;
20 100.00 100.00 100.00
60 80.71 83.25 86.25
120 71.43 75.75 79.12
180 57.14 66.62 70.75
240 52.29 62.50 66.62
300 44.50 54.12 62.50
360 34.75 41.75 54.12
420 23.29 33.25 45.75
480 14.43 24.25 35.50
540 9.71 15.75 29.25




Table 10b. Instantaneous rate of evacuation (b), co-efficient of
determination (r’) and gut evacuation time (GET) of
Hypophthalmichthys molitrix fingerlings fed with feeds where fish

meal was partially replaced by soybean meal at different levels

Average Average Water Instantaneous  Co-efficient 100%
Replacement | length  Weight temperature rate of of GET
level (mm) ®) (°C) evacuation determination (h)

(b) ()
L E

10% 75+5 3.0+05 28+ 1.5 -0.1631 098 0.94 9.52
20% 75+5 3.0+05 2815 - 0.1504 0.99 0.94 10.71
40% 75+5 3.0+05 28+ 1.5 -0.1243 098 0.96 12.98

L = Linear; E = Exponential

Table 10c. Gut evacuation time (GET) of Hypophthalmichthys
molitrix fingerlings fed with diets where fish meal partially was
replaced by soybean meal at different levels: Estimation on the

basis of linear regression equation

a b Time (h) to percent
Replacement evacuation
level 25 50 75 100
10% 93.1940 -0.1631 1.86 441 697 952
20% 96.6510 -0.1504 239 517 794 10.71
40% 96.8220 -0.1243 292 6.28 9.63 1298
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Figure 3. Linear regression between percentage of food recovered and sampling
interval from guts of silver carp fingerlings fed with diets where fish meal was

partially replaced by soybean meal at different levels.



Table 11a. Percentage of food recovered at each sampling intervals
from guts of Hypophthalmichthys molitrix fingerlings fed with diets
where fish meal was partially replaced by silkworm pupae at

different levels

Sampling time Percentage of food recovered
(m;n) Diet Diet Diet
SW, (10%) SW, (20%) SW; (40%)
Y, Y, Y,
20 100.00 100.00 100.00
60 80.03 82.62 83.12
120 69.97 75.12 76.87
180 56.25 61.82 65.25
240 51.12 56.25 62.50
300 43.96 45.04 53.12
360 30.71 32.15 41.75
420 19.03 25.28 32.43
480 1291 18.75 23.93




The linear regression equations computed for the three diets are given
below (Fig 4).

Diet SW (10% replacement) = 94.1520 +(-0.1758) X

Y
Diet SW; (20% replacement) : Y = 96.2180+(-0.1695)X
Y

Diet SW; (40% replacement) = 96.8150+(-0.1524) X

The estimated time for complete (100%) gut evacuation was 8.93 h, 9.46
h and 10.59 h for diets SW;, SW, and SW;, respectively (Table 11c¢).

4.4. Estimation of maintenance and daily ration

4.4.1. Estimation of maintenance ration

The average length (mm) and weight (g) of silver carp H. molitrix
fingerlings during different sampling periods with respect to percentage body
weight of feeding are presented in Table 12. The fishes fed 1% of body weight
have shown least growth (weight increment 0.04 g) at the end of the experimental
period, and hence, considered as maintenance ration. The weight increment was
found to be 1.13 g, 1.45 g, 1.91 g, 2.05 g in other groups of fishes fed 2%, 3%, 5%
and 10% of body weight, respectively at the end of experimental period (6 weeks).
The increment in length was found to be 1.50 mm, 10.20 mm, 13.40 mm, 13.92
mm and 15.40 mm in the groups of fishes fed 1%, 2%, 3%, 5% and 10% of body
weight, respectively (Fig 5).

4.4.2. Estimation of daily ration

The estimated daily ration of silver carp H. molitrix fingerlings
corresponding to their body weight is represented in Table 13. Fishes weighing 3.0
g to 4.5 g were used to find out the influence of size on food consumption. The

amount of food consumption was increased with the increase in the size of fish.
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Table 11b. Instantaneous rate of evacuation (b), co-efficient of

determination (r’) and gut

evacuation time

(GET) of

Hypophthalmichthys molitrix fingerlings fed with diets where fish

meal was partially replaced by silkworm pupae

Average Average Water Instantaneous  Co-efficient 100%
Replacement | length  Weight temperature rate of of GET
level (mm) (®) (°C) evacuation determiznation (b

(b) (r)
L E

10% 75+5 3.0+0.5 28+ 1.5 -0.1758 097 095 8.93
20% 75+5 3.0+0.5 28+ 1.5 - 0.1695 098 0.97 9.46
40% 75+5 3.0£0.5 28+ 1.5 -0.1524 098 0.96 10.59

L = Linear; E = Exponential

Table 1lc. Gut evacuation time (GET) of Hypophthalmichthys

molitrix fingerlings fed with diets where fish meal was partially

replaced by silkworm pupae at different levels: Estimation on the

basis of linear regression equation

Replacement level

a B Time (h) to percent
evacuation

25 50 75 100

10%

20%

40%

94.1520 -0.1758 1.81 4.19 6.55 893

96.2180 -0.1695 2.10 455 7.01 946

96.8150 -0.1524 239 5.12 7.85 10.59
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Figure 4. Linear regression between percentage of food recovered and sampling
interval from guts of silver carp fingerlings fed with diets where fish meal was

partially replaced by silkworm pupae at different levels.
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Fig 5. Average weight (g) increment of silver carp
fingerlings (n = 10) during sampling period with respect to
percentage body weight feed consumed




It varied between 0.088 g and 0.177 g. The percentage body weight of food
consumed was ranged from 2.635 to 4.023. For the estimation of daily ration, feed
consumed (as percentage body weight), i.e., ‘A’ was calculated (Table 13). Food
passage time (h) was considered as 8.41 h (gut evacuation time of 30% fish meal
based diet), as 30% fish meal based diet was used in this experiment. The
estimated daily ration ranged between 7.52% and 11.48% body weight with an
average value of 9.64% at room temperature (28+2.0°C).

4.4. Statistical analyses

The analysis of variance (ANOVA) revealed insignificant differences
(P>0.05) in the gut evacuation time between plankton and conventional diet.
Similarly there was no significant difference (P>0.05) among the levels of protein,
levels of incorporation of soybean meal and silkworm pupae (Annexure - I). There
was significant difference (P<0.05) in the weight increment was observed among
the percentage of body weight fed to silver carp fingerlings (Annexure — II).
Further, critical difference test revealed that there was a significant difference
(P<0.05) in weight increment among fishes fed 1% body weight and all other
levels. However, there was no significant difference between 2% and 5%, and
5% and 10% body weight levels.
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Table 13. Daily ration of Hypophthalmichthys molitrix fingerlings
(n=10) corresponding to their body weight

Fish weight Feed consumed Feed weight Daily ration
® (® (o Body weight) (%)
3.34 0.088 2.635 7.52
3.81 0.118 3.097 8.84
4.15 0.152 3.663 10.45
4.20 0.159 3.786 10.80
3.90 0.132 3.385 9.66
4.25 0.164 3.859 11.01
4.40 0.177 4.023 11.48
4.10 0.151 3.683 10.51
3.60 0.105 2917 8.32
3.52 0.097 2.756 7.86
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5. DISCUSSION

S.1. Gastric evacuation experiments

In the present study, all the gastric evacuation data were explained by linear
regression model. Though there was no significant difference between co-efficient
of determination (r*) values of the linear and exponential models, the linear model
was used for estimating the regression functions (a and b) for the sake of
simplicity. Further, the linear regression fitted better than other models like
exponential, square root model etc. (Jobling, 1980) and the gut evacuation appear
to proceed in a linear function of ingestion under continuous feeding conditions.

All the results with respect to gut weight and food weight were expressed
on wet weight basis as the amount of food ingested and that remained in the gut

was very small.

5.1.1.Influence of natural food and conventional diet on gastric

evacuation time

The role of plankton as natural food for fishes is of prime importance in
fish culture. Silver carp is a planktophagous. The principal food of advanced fry
and fingerlings is phytoplankton (Ghosh er al., 1973) and it secondarily feeds on
zooplankton. The ratio of phytoplankton and zooplankton is being 248:1
(Chondar, 1999). In the present investigation, it was observed that the gastric
evacuation time (GET) of silver carp fingerlings was less when fed with
phytoplankton (5.82 h) than conventional diet (rice bran : groundnut oil cake :: 50
: 50) (7.24 h). This might be due to the fact that natural food exposes the centre of
the food to the action of digestive enzymes and potentially increases the digestion
rate. Further, the higher content of water (92%) as well as lower contents of

protein (2.5%) and lipid (0.3%) would have contributed for the faster evacuation
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rate (Jobling, 1994). The GET of silver carp fingerlings was comparatively higher
when fed with conventional diet probably due to higher protein (24.96%) and fat
(7.13%) content. However, the time taken for complete evacuation was lesser than
those of pelleted feeds. Similar observations were made by Annappaswamy et al.
(2001). They found that the fingerlings of common carp Cyprinus carpio had
taken 6.83 h and 8.68 h for complete gut evacuation when fed with natural food

and conventional feed, respectively.

5.1.2.Influence of protein level on gastric evacuation time

Protein makes up about 75% of the major organic materials in animal
tissue on a dry weight basis. Level of crude protein in the diet plays a significant
role in various physiological activities including the digestion rate. Each fish
species has got its own optimum requirement for protein to achieve optimum
digestion rate and growth. If the protein level in the diet is imbalanced, it delays
the digestion rate and results in quick reduction or cessation of growth. In the
present investigation, it was observed that a gradual decline in the percentage of
food recovered from guts of silver carp H. molitrix fingerlings and the
instantaneous rate of evacuation (0.1897, 0.1562 and 0.1410) with increase in
protein levels in feed, i.e., Diets Py (30% protein), P, (35% protein) and P; (40%
protein). The 100% gastric evacuation time ranged from 8.41 h (diet P;) to 11.56 h
(diet P3), whereas it was 10.27 h in diet P,. Gastric evacuation rate is regulated by
the dietary energy of the ingredients used (Andersen, 1999). Thus, reduction in
digestion rate in the present study, may probably be due to chemical difference
(proximate composition) of the diets (De Silva and Owoyemi, 1983), which have
different levels of energy. Further, Lovel (1980) reported that too much energy in
relation to percentage of protein in ration could impede the evacuation of food.
The observations made in the present study are corroborated with that of
Annappaswamy et al. (2000) in Labeo rohita, Naik et al. (2000a) in Catla catla,
Naik et al., (2000b) in Cyprinus carpio and Saha (2002) in L. bata. All of them
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noticed decrease in gastric evacuation time with the increasing level of protein.
Annappaswamy et al. (2000) could notice a significant (P<0.05) difference in
gastric evacuation rate of the species studied due to 30% and 40% protein levels in
the feed. However, the rate of evacuation did not differ significantly (P>0.05)

during the present study, among the different protein levels.

5.1.3. Influence of partial replacement of fish meal by soybean meal on

gastric evacuation time

The food quality in general and the protein source in particular is one of
the key factors, which influence the gut evacuation in fishes. Soybean meal having
high protein content (42.5%) and favourable amino acid profile, that closely meets
the requirements of fish, is consistently available and reported to be palatable to
most species of fishes (Lim and Akiyama, 1992). Hence, it is effectively used as
substitute to fish meal to reduce the cost of feed. In the present study, soybean
meal was partially incorporated (10%, 20%, and 40%) in diets of silver carp
fingerlings as substitute of fish meal to understand its effect on gastric evacuation
time. It was observed that time taken to complete (100%) gut evacuation was
increased with the increased level of incorporation of soybean meal in diets. The
100% GET values of silver carp fingerlings when fed with diets SB;, SB; and SB;
were 9.52 h, 10.71 and 12.98 h, respectively. The instantaneous rate of evacuation
was found to be 0.1631, 0.1504 and 0.1243, for diets SB;, SB, and SB;,
respectively. Type of the ingredients in the diet would influence gastric evacuation
in fishes (Andersen, 1999). Further, the soybean meal is being plant origin has
higher fibre content, the digestion of which might have taken longer time.
According to Nengas ef al. (1995), digestibility of soybean meal is lower than fish
meal. The main limitations in the digestibility of soybean meal are related to its
lower level of methionine and the presence of antinutritional factors (Wilson and
Poe, 1985; Olli, et al., 1994a). Antinutritional factors present in soybean meal are
protease inhibitors, non-digestible carbohydrate, lectins, phytates and possibly
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allergenic storage proteins (Liu, 1997). Fish meal based diet evacuated faster than
soybean meal as the former is an animal protein containing the most essential
amino acids. There was no significant difference (P>0.05) in gut evacuation time
among different levels of incorporation of soybean meal in the diets. The
observations made for other fishes such as Labeo rohita, Catla catla, Cyprinus
carpio and L. bata are in accordance with the present investigation
(Annappaswamy et al., 2000; Naik er al., 2000a; Naik et al., 2000b; Saha, 2002)

when fish meal was completely replaced by soybean meal.

5.1.4. Influence of partial replacement of fish meal by silkworm pupae

on gastric evacuation time

Earlier studies have indicated the suitability of silkworm pupae as a less
expensive dietary ingredient for carps since it has high protein content (48.3%)
(Nandeesha et al., 1990). But its level of incorporation in the diet is restricted to
60% due to its high fat content (11.2%) (Shyama and Keshavanath, 1996). In the
present study, silkworm pupae had been partially incorporated (diet SW, — 10%,
diet SW, — 20% and diet SW3 — 40%) in diets of silver carp fingerlings as a
substitute for fish meal. It was noticed that diet SW3 took 10.59 h, whereas diets
SW; and SW, took 8.93 h and 9.46 h, respectively for complete evacuation of gut
of silver carp fingerlings. However, there was no significant difference (P>0.05)
among the different incorporation levels examined in the present study. The higher
GET for diet SW; when compared to other diets may be due to higher fat content,
which generally considered to be digested slowly (Basimi and Grove, 1985b;
Medved, 1985). Raw silkworm pupae was reported to contain some attractants and
appetite stimulants (Ina, 1976; Taushima and Ina, 1978), which might increase the
digestibility, hence took less time for gut evacuation as compared to soybean meal.
Hunt and Stubs (1975) stated that delay in digestion rate could be due to high
amount of fat in the diets. The increased lipid content in the diet has decreased gut

evacuation rate in plaice Pleuronectes platessa, rainbow trout Salmo gairdneri and
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cod Gadus morhua (Windell and Norris, 1969; Jobling, 1980; dos Santos and
Jobling, 1991). Higher level (15%) of incorporation of lipid (cod liver oil) took
16.10 h in L. bata fingerlings (Saha, 2002). Contradictory to the above studies, De
Silva and Owoyemi (1983) could not notice any effect of lipid on the gut

evacuation time in Serotherodon mossambicus.

3.2. Maintenance ration and daily ration
3.2.1. Estimation of maintenance ration

The minimum ration required to perform basic physiological activity of
the fishes where no increment in growth or very little growth exists is considered
as maintenance ration. It was observed in the present study that silver carp
fingerlings fed 1% of body weight showed the minimum/least growth when reared
under laboratory conditions for a period of 42 days and hence, it is considered as
the maintenance ration. There was a significant difference (P<0.05) in weight
increment among silver carp fingerlings fed 1% body weight and all other levels.
However, there was no significant difference between 2% and 5%, and 5% and
10% body weight levels. Maintenance ration needed by a fish depends on various
biotic and abiotic factors, viz., size of fish, species, water temperature etc. Usually,
the temperate water fishes will have higher percentage of maintenance ration than
those of tropical fishes. The maintenance ration of yellow fin sole Limanda asperu
was found to be 0.26% (Smith er al., 1991) whereas, it was ranged between 0.7
and 2.3 % body weight per day for seabass Dicentrarchus labrax. The
maintenance ration of L. rohita and L. bata fingerlings was found to be 1% body
weight (Annappaswamy, 1997; Saha, 2002).

5.2.2. Estimation of daily ration

Estimation of daily ration is very much imperative in feed scheduling and
feeding strategies in culture systems. In the present investigation, the estimates of
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daily ration for silver carp H. molitrix fingerlings of weighing 3.34 — 4.40 g ranged
from 7.52 to 11.48% body weight per day at a water temperature of 28+2°C.
These results are comparable to earlier studies in silver carp H. molitrix (5.72-
11.10%) L. rohita (9.20-11.12%) and L. bata (9.87-11.48%) as being reported by
Bialokoz and Krzywosz (1981), Annappaswamy (1997) and Saha (2002),
respectively. Troschel and Rosch (1991) also reported that the maximum daily
ration was higher for cyprinids than coregonids. The daily ration of bighead carp
Aristichthys nobilis was found to be 2.0 to 5.7% of body weight per day
(Opuszynski and Shireman, 1991). Eliott (1975) estimated daily ration of 11.3% of
body weight for Salmo trutta . Brodeur and Pearcy (1987) noticed an increase in
daily ration of Coho salmon with the increase in temperature. Persson (1982)
found difference in the daily ration of Rutilus rutilus under field (4.6% of body
weight) and laboratory (12.5% of body weight) conditions. The daily ration of
sockeye salmon of more than 115 mm size was found to be as low as 0.62% of
body weight per day (Doble and Eggers, 1978). The deviations in daily ration may
indicate the insufficient quantity of dietary energy taken by fish from natural food
alone (Sumagaysay, 1993).

The wide disparity in the results of the above studies reflects the difference
in the method used to estimate daily food consumption. Other factors like
temperature, season, habitat, density of fish, availability of feed, chemical
composition of feed, size of fish, stress condition and method employed for the
estimation would regulate gastric evacuation rate and, hence, the daily food
consumption of fish. It is, therefore, important that the models should be employed

with caution and only after thorough understanding of the causes of such

incongruity.
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6. SUMMARY

If a cultivable crop of fish is to be effectively managed for sustainable
optimum production and hence profit, it is very much imperative to have a clear
understanding of nutritional requirement of fish and its feeding schedule. In this
regard, knowledge on gastric evacuation rate and daily ration of cultivable fish
species is very much essential to formulate feeding regimes. Data on gastric
evacuation rate also provide information for a number of related problems such as
feeding activity, conversion efficiency etc. The present study was, therefore,
carried out to evaluate the influence of natural food and conventional diet, protein
level (30%, 35% and 40%), partial replacement of fish meal (10%, 20% and 40%)
by soybean meal and silkworm pupae on gastric evacuation time in silver carp
Hypophthalmichthys molitrix fingerlings. The maintenance and daily ration were

also estimated on the basis of gastric evacuation data.

The salient findings of the investigation are summarized below,

1. The instantaneous rate of evacuation was higher in natural food
(phytoplankton) than that of conventional diet (rice bran : groundnut oil
cake :: 50:50). Phytoplankton took 5.82 h for complete (100%) evacuation,
where as conventional feed took 7.24 h in fingerlings of silver carp. The
gastric evacuation time for phytoplankton was also lowest when compared

all the experimental feeds used.

2. Among different protein levels of the fish meal based diets, 30% protein
diet evacuated faster (8.41 h) compared to 35% (10.27 h) and 40%
(11.56 h) protein diets in the fingerlings of silver carp.

39



. The gastric evacuation rate was higher in lower levels of incorporation of
plant source (soybean meal). The 10% percent replacement took 9.52 h for
complete evacuation whereas, 20% and 40% replacement levels evacuated

after 10,71 h and 12.98 h, respectively,

. The instantaneous rate of evacuation was found to decrease with increase in
the level of replacement of silkworm pupae in the diet. Gut evacuation was
faster in fingerlings of silver carp fed on diet replaced with 10% (8.93 h)
followed by 20% (9.46 h) and 40% (10.59 h) of silkworm pupae,

respectively.

. The maintenance ration was found to be 1.0% of body weight for the

fingerlings of silver carp.

. The estimated daily ration of silver carp fingerlings weighing 3.34 g to 4.40
g were found to vary from 7.52% body weight to 11.48% body weight with
the average value 0f 9.64% body weight at 28+2°C temperature.

. There was no significant difference (P>0.05) between r* values of the two

models used, viz., linear model and exponential model.

. The analysis of variance (ANOVA) revealed insignificant differences
(P>0.05) in the gut evacuation time between the natural food and
conventional diet. There was no significant difference (P>0.05) among the
levels of protein, levels of partial replacement with soybean meal and

silkworm pupae.

. There was a significant difference (P<0.05) in weight increment among
silver carp fingerlings fed 1% body weight and all other levels. However,
there was no significant difference between 2% and 5%, and 5% and 10%
body weight levels.
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It can be concluded from the results of the present study that silver
carp H. molitrix exhibits a linear evacuation of food from the guts and hence, it
can be considered as continuous feeder. The feeding schedule has to be devised
accordingly for better feed conversion efficiency. The gastric evacuation rate
of the silver carp fingerlings is influenced by type and composition of food
including protein level and protein source. The higher protein and lipid
contents not only increase the gastric evacuation time but also reduce the
appetite and absorption efficiency, which in turn, may decline the growth rate.
Hence, a well balanced diet with optimum requirement of these nutrients has to
be developed and used in the culture systems, which not only increases the
production but also reduces the cost of feed. The use of either simple protein or
animal protein in the diet is preferred over the plant protein as the former takes
lesser time for complete gut evacuation. The fingerlings of silver carp (3.34 to
4.40 g) can be fed with 9.64% of body weight in split dose i.e. one each in the
momning and evening. The estimation of food consumption is reasonably

accurate and can be used for application of various ecological problems.

41



Ohapler — K

A

Bibliography



7. BIBLIOGRAPHY

A.O0.A.C, 1984, Official methods of analysis, Ed. 14, W. Horwitz (ed.),
Association of Official Analytical Chemists, Washington, D. C., U.S.A.
Amundsen, P. A. and Klemetsen, A., 1988. Diet gastric evacuation rates and food

consumption in a stunted population of Arctic charr Salvelinus alpinus L. in
Takvatn, Northern Norway. J. Fish Biol., 33(5) : 697-709.

Andersen, N. G., 1994. Depletion rates of gastrointestinal content in common
goby Pomatoschistus microps (Kr.) — Effect of temperature and fish size.

Dana, 3 : 31-42.

Andersen, N. G., 1998. The effect of meal size on gastric evacuation in whiting.
J. Fish Biol., 52 : 743-755.

Andersen, N. G., 1999. The effects of predator size, temperature and prey
characteristics on gastric evacuation in whiting, Merlangius merinagus.
J. Fish Biol., 54 : 287-301.

Andrade, J. P., Ersini, K. and Palma, J., 1996. Gastric evacuation and feeding in
the gill head sea bream reared under semi-intensive conditions. Aquacult.
Int., 4(2) : 129-141.

Annappaswamy, T. S., 1997. Feeding and digestion rate in Indian major carp rohu
Labeo rohita (Hamilton). M.F.Sc. thesis submitted to the University of
Agricultural Sciences, Bangalore, Karnataka pp. 85.

Annappaswamy, T. S., Reddy, H. R. V., Nagesh, T. S. and Naik. M. K., 2000. Effect
of diet composition, starvation and feeding frequency on gastric evacuation rate
in rohu Labeo rohita fingerlings. Karnataka J. Agricult. Sci., 13(2) : 120-124.

Annappaswamy, T. S., Reddy, H. R.V., Shanbhogue, S. L. and Nagesh, T.S.,

2001. Feeding periodicity, gastric evacuation rate and daily ration of

42



fingerlings of rohu Labeo rohita (Hamilton). J. Aquacult. Trop., 15(6) : 18-
22.

Bagge, O., 1977. Meal size and digestion in cod (Gadus morhua) and sea scorpion

(Myxocephalus scorpins L.). Meddelelser fra Danmarks Fiskeriod
Havundersogelser, T : 437- 446.

Bajkov, A. D., 1935. How to estimate the datly food consumption of fish under
natural conditions. 7rans. Am. Fish. Soc., 65 : 288-289.

Barrington, C. J. W., 1957. The alimentary canal and digestion. In: Brown, M. E.
(ed.), The Physiology of Fishes, Vol. 1, Academic Press, New York,
pp. 109-161.

Basimi, R. A. and Grove, D. J., 1985a. Gastric emptying rate in Pleuronectes
platessa L. J. I'ish Biol., 26 : 545-552.

Basimi, R. A. and Grove, D. J., 1985b. Estimation of daily food intake by an
inshore population of Pleuronectes platessa L. off eastern Anglesey, North

Wales. J. Fish Biol., 27 : 505-520.

Baur, R. J., 1970. Digestion rate of the clear lake black bull head. Proc. lowa
Acad. Sci., 77 : 112-121.

Beamish, F. W. H., 1972. Apparent specific dynamic action of largemouth bass,
(Micpterus salmoides). J. Fish. Res. Board of Canada, 31 : 1763-1769.

Bialokoz, W. and Krzywosz, T., 1981. Feeding intensity of silver carp
(Hypophthalmichthys molitrix) from the Papreteckie Lake in the annual
cycle. Ekologia Polska, 29 : 53-61.

Binkowski, F. P., 1994. Maximum daily ration of Great Lakes Bloater. Trans. Am.
Fish. Soc., 123(3) : 335-343.

Bligh, E. G. and Dyer, W. J,, 1959. A rapid method of toal lipid extraction and
purification. Can. J. Biochem. Physiol., 37 : 911-917.

43



Boyce, S. J., Murray, W. A. and Peck, L. S., 2000. Digestion rate, gut passage
time and absorption efficiency in the Antarctic spiny plunderfish. J. Fish.
Biol., 57 : 908-929.

Boyd, C. E., 1969. Nutritive value of three species of water weeds. Fcon. Bot., 23 -
123-127.

Brett, J. R. and Grove, T. D. D.,, 1979. Physiological energetics. In: Fish

Physiology Vol-VIII. W. S. Hoar, D. J. Randall and J. R. Brett (eds.),
Academic Press, New York, 279-352.

Brett, J. R. and Higgs, D. A., 1970. Effect of temperature on the rate of gastric
digestion in fingerling sockeye salmon. J. Fish. Res. Board Can., 27 .
1767-1779.

Brodeur, R. D. and Pearcy, W. G., 1987. Diel feeding chronology, gastric
evacuation and estimated daily ration of juvenile Coho salmon,
Oncorhynchus kisutch (Walbaum), in the coastal marine environment.

J. Fish. Biol., 31(4) : 465-477.

Brodeur, R. D., 1984. Gastric evacuation rates for two food in the black rock fish
Seabastes melanops. J. Fish. Biol., 24 : 287-298.

Bromely, P. J., 1988. Gastric digestion and evacuation in whiting Merlangus
merlangus (L.). J. Fish Biol., 33 : 331-338.

Bromely, P. J., 1991. Gastric evacuation in cod (Gadus morhua L.). ICES Mar.
Sci. Symp., 193 : 93-98.

Bromely, P. J., 1994. The role of gastric evacuation experiments in quantifying the
feeding rates of predatory fish. Reviews in Fish Biology and Fisheries, 4
36-66.

Cailliez, B., 2001. The use of plant-based feed in fish farming. /Infofish

International, 6 : 31-33.

44



Chondar, S. L., 1999. Biology of finfish and shellfishes. SC Publishers (India),
Howrah, 1* Edition, p. 514.

Daan, N., 1973. A quantitative analysis of the food intake of the North sea cod
Gadus morhua. Netherlands J. Sea Res., 8 : 27-48.

Damell, R. M. and Meierott, R, H., 1962. Determination of feeding chronology in
fishes. Trans. Am. Fish. Soc., 9(3) : 313-320.

Dawes, B., 1930. The absorption of fats and lipids in the plaice. .J. Mar. Biol.
Assoc. UK., 17 : 75-102.

De Silva, S. S. and Owoyemi, A. A., 1983. Effect of dietary quality on the gastric

evacuation and intestinal passage in Serotherodon mossambicus (Peters)
fry. J. Fish Biol., 23 : 347-355.

De Silva, S. S., 1985. Evaluation of the use of internal and external markers in
digestibility studies. Im:. Fin Fish Nutrition in Asia: Methodological
Approaches to Research and Development. Cho, C. Y., Cowey, C. B. and
Watanabe, T. (eds.), IDRC, Ottawa, Ont., pp. 154.

Doble, B. D. and Eggers, D. M., 1978. Diel feeding chronology, rate of gastric
evacuation, daily ration and prey selectivity in Lake Washington juvenile
Sockeye salmon (Oncorhynchus nerka). Trans. Am. Fish. Soc., 107(1) :
36-45.

Dong, S. and Deshang, L., 1994. Comparative studies on the feeding selectivity of
silver carp Hypophthalmicnthys molitrix and big head carp Aristichthys
nobilis. J. Fish. Biol., 44(4) : 621-626.

dos Santos, J. D. and Jobling, M., 1991. Factors affecting gastric evacuation in cod
Gadus morhua L., fed single meal of natural prey. J. Fish. Biol., 38(5) :
697-713.

dos Santos, J. D. and Jobling, M., 1992. A model to describe gastric evacuation in
cod (Gadus morhua L.) fed natural prey. ICES J. Mar. Sci., 49 : 145-154.

45



dos Santos, J. D. and Jobling, M., 1995. Test of a food consumption model for the
Atlantic cod. ICES J. Mar. Sci., 52 : 209-219.

Eggers, D. M., 1977. Factors in interpreting data obtained by diel sampling of fish
stomachs. J. Fish. Res. Board of Carnada, 34 : 290-294.

Eggers, D. M,, 1979. Comment on some recent methods for estimating food
consumption by fish. J. Fish. Res. Board of Canada, 36 : 1018-1019.
Elliott, J. M. and Persson, L., 1978. The estimation of daily rates of food
consumption for fish. J. Anim. Ecol., 47 : 977-991.

Elliott, J. M., 1972. Rates of gastric evacuation in brown trout, Sa/mo trutta L.
Freshwat. Biol., 2 : 1-18.

Elliott, J. M., 1975. Number of meals in a day, maximum weight of food
consumed in a day and maximum rate of feeding in brown trout, Salmo

trutta L. Freshwat. Biol., 5 : 287-303.

Elliott, J. M., 1991. Rate of gastric evacuation is piscivorous trout, Salmo trutla.
Freshwat. Biol., 25(1) : 297-305.

Fange, R. and Grove, D. J., 1979. Digestion. In: Digestion in Fish Physiology.
Vol-8. Energetics and growth. Hoar, W. S., Randell, D. J. and Brett, J. R.
(eds.), Academic Press, New York. San Francisco, London, 161-260.

FAO, 1998. Yearbook of Fisheries Statistics: Aquaculture Production. Rome.

Fugi, R., Hahn, N. S. and Agostinho, A., 1996. Feeding studies of five species of
bottom feeding fishes of the high Parana river. Environ. Biol. Fishes, 46 :
297-307.

Garcia, L. M. and Adelman, 1. R., 1985. An in situ estimate of daily food
consumption and alimentary canal evacuation rates of common carp
Cyprinus carpio L. J. Fish. Biol., 27(4) : 487-493.

46



Gershanovich, A. D. and Taufik, L. R., 1982. Feeding dynamics of sturgeon
fingerlings (Acipensiridae) depending on food concentration and stocking
density. J. Fish Biol., 41(3) : 425-434.

Ghosh, A., Banerjee, M. K. and Rao, L. H., 1973. Some observations on the

cultural aspects of silver carp, H. molitrix (Valenciennes) in sewage fed

ponds. J. Inland Fish. Soc. India, 5 : 131-133.

Godin, J. G. J., 1981. Daily patterns of feeding behaviour, daily rations and diets
of juvenile pink salmon (Oncorhynchus gorbuscha) in two marine bays of

British Columbia. Canadia J. Fish. Aquat. Sci., 38 : 10-15.

Grove, D. J., Loizides, L. G. and Nott, I., 1978. Satiation amount frequency of

feeding and gastric emptying rate in Salmo gairdneri. J. Fish. Biol., 12 :
507-516.

Grove, D. J., Moetezuma, M. A., Flett, H. R. J., Foott, J. S., Watson, T. and
Flowerdew, M. W., 1985. Gastric emptying and the return of appetite in
juvenile turbot (Scophthalmus maximus 1.) fed on artificial diets. J. Fish.
Biol., 26 : 339-354.

Hardy, R. 1980. Fish feed formulation In: Fish Feed Technology. Aquaculture
Development and Co-ordination Programme, FAO/ADCP/RCP/80/11. pp.
233-239.

Hartman, K. J. and Brandt, S. B., 1995. Predatory demand and impact of striped
bass, blue fish and weak fish in the Chesapeake Bay: applications of
energetics models. Canadian J. Fish. Aquat. Sci., 52 : 1667-1687.

Hastings, W. H., 1976. Fish Nutrition and Fish feed manufacturer. FAO
Technological Conference on Aquaculture, Kyoto, Japan, FIR:
AQ/Conf/76/R, 23, pp.13.

Hayward, R. S. and Weiland, M. A., 1998. Gastric evacuation rates and maximum

daily rations of rainbow trout fed chironomid larvae at 7.8, 10.0 and
12.8°C. Environ. Biol. Fish., 51 : 321-330.

47



He-Enqiang, H. E. and Wurtsbaugh, W. A., 1993. An empirical model of gastric
evacuation rates for fish and an analysis of digestion in piscivorous brown

trout. Trans. Am. Fish. Soc., 122(5) : 717-730.

Hoelker, F. and Temming, A., 1996. Gastric evacuation in ruffe (Gymnocephalus
cereneus L.) and the estimation of food consumption from stomach content

data of two 24 h fisheries in the Elbe estuary. Incl. Bibliogr., 44(1-2) :
47-67.

Hop, H. and Tonn, W. M., 1998. Gastric evacuation rates and daily rations of
arctic cod (Boreogadus saida) at low temperatures. Polar Biol., 19(5) :

293-301.

Hopkins, A., 1966. The pattern of gastric emptying : a new view of old results.
J. Physiol., 182 : 144-149.

Hosssain, M. A. R,, Haylor, G. S. and Beveridge, M. C. M., 2000. The influence
of food particle size on gastric emptying and growth rates of fingerling
African catfish Clarias gariepinus Burchell, 1822. Aquacult. Nutr., 5(2) :
73-76.

Huisman, E. A. and Valentijn, P., 1981. Conversion efficiencies in grass carp
(Ctenopharyngedon idella Val.) using a feed for commercial production.
Aquaculture, 22 : 279-288.

Hunt, J. N. and Stubbs, D. F., 1975. The volume and energy content of meals as
determinants of gastric emptying. J. Physiol., 245 : 209-225.

Ina, K., 1976. Fish behaviour. Kangaku To Seibutae, 14 : 648-653.

Jensen, J. W. and Berg, T., 1993. Food rations and rate of gastric evacuation in
brown trout fed pellets. Prog. Fish Cult., 55(4) : 244-249.

Jiang, S. and Claussen, D. L., 1991. Seasonal change of food processing in

Notophthalmus veridescens. Am. Zool., 31(5) : 116.

48



Jobling, M., 1980. Gastric evacuation in Plaice, Pleuronectes platessa L. : effects

of dietary energy level and food composition. J. Fish. Biol., 17 : 187-196.

Jobling, M., 1981. Mathematical model of gastric emptying and the estimation of
daily rates of food consumption for fish. J. Fish Biol., 19 : 245-257.

Jobling, M., 1983. Effect of feeding frequency on food intake and growth of
Arctic charr Salvelinus alpinus L. J. Fish. Biol., 23(2) : 177-185.

Jobling, M., 1986. Mythical models of gastric emptying and implications of food
consumption studies. Environ. Biol. Fish., 16(1-3) : 35-50.

Jobling, M., 1987. Influences of food particle size and dietary energy content on
patterns of gastric evacuation in fish: test of a physiological model of
gastric emptying. J. Fish Biol., 30 : 229-314,

Jobling, M., 1994. Fish Bioenergetics,. Chapman and Hall, Fish and Fisheries
Series 13, pp. 309.

Jones, R., 1974. The rate of elimination of food from stomachs of haddock
Melanogrammus aeglefinus, cod Gadus morhua and whiting Merlangus
merlangus. J. du Conseil International Pour ['Exploration de la Mer., 35 :
225-243.

Karzinkin, G. S., 1935. K Poznaniyu Rybnoy Produktivi Osti Vodoyemov
Soodshchenie. II. Izuchenic Fiziologii Pitaniya Segoletok Zerkalnogo
Karpa. Trudy Limnol. Sta., 19 : 21-66.

Kikuchi, K., 1999. Use of defatted soybean meal as a substitute for fish meal in
diets of Japanese flounder (Paralichthys olivacens). J. Aquacult., 179: 3-11.

Kim, C. K. and Kang, Y. J., 1992. Estimation and methods of estimating daily
food consumption of Agrammus aggrammus. Bull. Korean Fish. Soc., 25(4)
: 241-250.

49



Knutsen, 1. and Salvanes, A. G. V., 1999. Temperature-dependent digestion

handling time in juvenile cod and possible consequences for prey choice.
Mar. Ecol. Prog. Series, 181 : 61-79.

Koed, A., 2001. The effects of meal size, body size and temperature on gastric
evacuation in pike perch. J. Fish Biol., 58 : 281-290.

Lambert, T. C., 1985. Gastric emptying time and assimilation efficiency in
Atlantic mackerel (Scomber scombrus). Can. J. Zool., 63 : 817-820.

Laurence, G. C., 1971. Digestion rate of larval largemouth bass. New York
Fisheries Game Journal, 18 : 52-56.

Lim, C. and Akiyama, D. M., 1992. Full-fat soybean meal utilization by fish.
Asian Fish. Sci., 5 : 181-197.

Liu, K., 1997. Soybeans: Chemistry, Technology and Utilization. Chapman and
Hall, International Thomson Publishing, Singapore, pp 532.
Lovel, R. T., 1980. Nutrition and feeding. In: C. F. Brown and J. B. Gratzek

(eds.), Fish Farming Handbook, Food Bait, Tropicals and Goldfish. A VI
Publ. Co. Inc. Westport, Connecticut, 207-236.

Maldeniya, R., 1996. Food consumption of yellowfin tuna Thunnus albacares in
Sri Lankan waters. Environ. Biol. Fish., 47(1) : 101-107.

Mangzer, J. 1., 1976. Distribution, food and feeding of the three spine stickleback,
Gasterosteus aculeatus in Great Central Lake, Vancouver Island with
comments on competition for food with juvenile sockeye salmon
Oncorhynchus nerka. Fihsery Bulletin, 74 : 647-668.

Marques, E. E., Agostinho, A. A., Sampaio, A. A. and Agostsnho, C. S., 1992.
Feeding, gastric evacuation and digestion chronology of young “Pintado”
Pseudoplatystoma corruscans (Sinnriformes, Pimelodidae) and their

relation with the environmental temperature. Rev. Unimar., 14 : 207-221.

50



Medved, R. J., 1985. Gastric evacuation in the sandbar shark, Carcharhinus
lumbens. J. Fish Biol., 26 : 239-253.

Mills, E. L., Ready, R. C., Jahncke, M., Hanger, C. R. and Trowbridge, C., 1984.
A gastric evacuation model for young yellowperch, Perca flavescens.
Canadian J. Fish. and Aquat. Sci., 41 : 513-518.

Molnar, G. and Tolg, I., 1962. Experiments concerning gastric digestion of pike
perch (Lucioperca lucioperca L.) in relation to water temperature. Acta.
Biol. Hung., 13 : 231-239.

Molnar, G., Tammasey, E. and Tolg, 1., 1967. The gastric digestion of living
predatory fish. In: The Biological Basis of Freshwater Fish Production,
S.D. Gerking (ed.), Blackwell Scientific Publications, Oxford, pp. 137-149.

Naik, A. T. R., 1998. Studies on partial replacement of fish meal by soya flour in the
diets of freshwater prawn and carps. M.F.Sc. Thesis, University of Agricultural
sciences, Bangalore, pp. 111.

Naik, A. T. R., Murthy, H. S. and Bhat, C. H. K., 2000c. Effect of partial
replacement of fish meal by soya flour in the diets of freshwater prawn and
two Indian major carps. Journal of Aquacuiture, 8 : 1-8.

Naik, M. K., Reddy, H. R.V. and Annappaswamy, T. S., 2000a. Influence of diet
composition, starvation and feeding frequency on gastric evacuation rates
in Catla catla (Ham.) fingerlings. Indian J. Anim. Sci., 70(10) : 1090-1093.

Naik, M. K., Reddy, H. R.V. and Annappaswamy, T. S., 2000b. Effect of diet
composition, feeding frequency and starvation on gut evacuation rate in
common carp Cyprinus carpio (Linn.). Environ. Ecol., 18(4) : 917-921.

Nandeesha, M. C., Gangadhara, B. and Manissery, J. K., 1999. Silkworm pupa oil
and sardine oil as an additional energy source in the diet of common carp,

Cyprinus carpio. Asian Fish. Sci., 12 : 207-215.

51



Nandeesha, M. C., Keshavanath, P., Varghese, T. J., Srikant, G. K., Basavaraja, N.
and Shetty, H. P. C., 1990. Agricultural waste based carp diets. Fish. Bull.,
12 : 33-37.

Nandeesha, M. C., Srikant, G. K., Basavaraja, N., Keshavanath, P., Varghese, T.
J., Kubrabanu, Ray, A. K. and Kale, R. D., 1988. Influence of earthworm
meal on the growth and flesh quality of common carp. Biological wastes,
26 : 189-198.

Nengas, 1., Alexis, M. N., Devies, S. J. and Petichakis, G., 1995. Investigation to
determine digestibility coefficients of various raw materials in diets for

gilthead sea bream, Sparus auratus L. Aquaculture Research, 26 : 185-191.

Noble, R. L., 1973. Evacuation rates of young yellow perch, Perca flavescens
(Mitchell). Trans. Am. Fish. Soc., 102(4) : 759-763.

Olli, J. J,, Hjelmeland, K. and Krogdahl, A., 1994. Soybean trypsin inhibitors in
diets for Atlantic salmon (Salmo salar L.): effects on nutrient digestibilities

and trypsin in pyloric caeca homogenate and intestinal content. Comp.
Biochem. Physiol., 109A : 923-928.

Olsen, R. J. and Bogs, C. H., 1986. Apex predation by yellow fin tuna (Thunnus
albacares). Independent estimate from gastric evacuation, stomach
contents, bioenergetics and cesium concentrations. Canadia J. Fish. Aquat.
Sci., 43 : 1760-1775.

Opuszynski, K. and Shireman, J. V., 1991. Food passage time and daily ration of
bighead carp Aristichthyes nobilis kept in cages. Environ. Biol. Fish., 30(4)
: 387-393.

Paeaekkoenen, J. P. J., Myyroe, R. and Marjomaeki, T. J., 1999. The effect of
meal size on the rate of gastric evacuation of turbot Lota lota (L.). Ecol.

Freshwat. Fish., 8(1) : 49-54.

Pandian, T. J., 1967. Transformation of food in the fish, Megalops cyprinoids. 1.
Influence of quality of food. Mar. Biol., 1 : 60-64.

52



Paul, A. T., Paul, J. M. and Smith, R. E., 1990. Consumption, growth and
evacuation in the Pacific cod, Gadus macrocephalis. J. Fish. Biol., 37 :
117-124.

Pederson, J., 2000. Food consumption and daily feeding periodicity: Comparison

between pelagic and demersal whiting in the North Sea. J. Fish Biol., 57 :
402-416.

Persson, L., 1981. The effect of temperature and meal size on the rate of gastric
evacuation in perch (Perca fluviatilis) fed on fish larvae. Freshwat. Biol.,
11:131-138.

Persson, L., 1982. Rate of food evacuation in roach (Rutilus rutilus) in relation to
temperature and the application of evacuation rate estimates for studies on

the rate of food consumption. Freshwat. Biol., 12 : 203-210.

Persson, L., 1986. Patterns of food evacuation in fishes : a critical review.
Environ. Biol. Fish. 16 : 51-58.

Rajasilta, M., 1980. Food consumption of the three spined stickleback (Gasterosteus
aculeatus 1L..). Annales Zoologicci Fennici, 17 : 123-126.

Ray, A. K. and Das, T., 1993. Incorporation of dried aquatic weed (Salvenia cuculata)
meal in the pelleted feed for rohu, Labeo rohita (Ham.) fingerlings. Third
Indian Fisheries Forum Proceedings, 11-14 October, 1993, 9-12.

Regost, C., Arzel, J. and Kaushik, S. J., 1999. Partial or total replacement of fish meal
by com gluten meal in diet for turbot (Pserta maxima). J. Aquacult., 180 : 99-
117.

Ricker, W. E., 1946, Production and utilization of fish populations. Ecol. Monogr., 16
:373-391.

Robert, S. H. and Mark, A. W., 1998. Gastric evacuation rates and maximum daily

rations of rainbow trout fed chironomid larvae at 7.8, 10.0 and 12.8°C.
Environ. Biol. Fish., 51 : 321-330.

53



Rosch, R., 1987. Effect of experimental conditions on stomach evacuation
Coregonus lavaretus L. J. Fish. Biol., 30(5) : 521-531.

Ruggerone, G. T., 1989. Gastric evacuation rates and daily ration of piscivorous

Coho salmon Oncorhynchus kisutch (Walbaum). J. Fish. Biol, 34 :
451-463.

Russel, N. R., Fish, J. D. and Wootton, R. J., 1996. Feeding and growth of juvenile
seabass : the effect of ration and temperature on growth rate and efficiency.
J. Fish Biol., 49(2) : 206-220.

Russell, N. R. and Wootton, R. J., 1993. Satiation, digestive tract evacuation and
return of appetite in the European minnow Phoxinus phoxinus (Cyprinidae),
following short periods of pre-prandial starvation. Environ. Biol. Fish.,
38(4) : 385-390.

Saether, B. B., Christiansen, J. S. and Jobling, M., 1999. Gastrointestinal

evacuation of particulate matter in polar cod, Boreogadus saida. Mar. Ecol.
Prog. Series, 181 ; 201-205.

Saha, S., 2002. Diel feeding pattern, gastric evacuation rate and daily ration of
Labeo bata fingerlings. M.F.Sc. Thesis submitted to West Bengal
University of Animal and Fishery Sciences, pp 80.

Santulli, A., Modica, A., Cusensa, L., Curatolo, A. and D’Amelio, U., 1993.
Compar. Biochem. Physiol., 105(2) : 363-367.

Sarokon, J., 1975. Feeding frequency, evacuation, absorption, growth and energy
balance in rainbow trout Salmo gairdneri, Ph.D. Thesis, University of
Colorado, Boulder.

Seaburg, K. G. and Moyle, J. B., 1964. Feeding habits, digestion rates and growth
of some Minnesota warm water fishes. Trans. Am. Fish. Soc., 93 : 269-285.

Seki, M. P. and Somerton, D. A., 1994. Feeding ecology and daily ration of the
pelagic armorhead Pseudopentaceros wheeleri at South-east Hancock
Seamount. Environ. Biol. Fish., 39(1) : 73-84.

54



Shanbhogue, S. L., Naik, M. K. and Annappaswamy, T. S., 2000. Feeding
periodicity and digestion rates in Catla catla fingerlings. Fifth Indian
Fisheries Forum, 17-20 January 20.00, CIFA, Bhubaneswar, Orissa,
Abstract No. PT.

Sharble, J. B., Tiemeier, O. W. and Deyoe, C. W., 1969. Effects of temperature on
rate of digestion of channel catfish. Prog. Fish Cult., 31 : 131-138.

Shyama, S. and Keshavanath, P., 1996. Effect of silkworm pupa incorporated diets
on the growth of mahseer. Fourth Indian Fisheries Forum Proceedings, 24-
28 Nov., 1996, 501-503.

Siddaiah, D., Reddy, G, V. S. and Raju, C. V., 1999. Effect of cryoprotectants on
the keeping quality of silver carp (Hypophthalmichthys) mince during
frozen storage. Environ. Ecol., 17(2) : 359-365.

Simenstad, C. A. and Cailliet, G. M., 1986. Contemporary studies on fish feeding :
summary of GUTSHOP’84. Environ. Biol. Fish., 16 : 7-10.

Singh-Renton, S. and Bromley, P. J., 1996. Effects of temperature, prey type and
prey size on gastric evacuation in small cod and whiting. J. Fish Biol.,
49(4) : 702-713.

Smith, H., 1967. Influence of temperature on the rate of gastric juice secretion in
the brown bull head Ictalurus nebulosus. Comp. Biochem. Physiol., 21 :
125-132.

Smith, J. L., Jiang, C. L. and Hunt, J. N., 1984. Intrinsic emptying pattern of
human stomach. Am. J. Physiol., 246 : R959-R962.

Smith, R. L., Paul, A. J. and Paul, J. M., 1991. Daily ration estimates for yellowfin
sole Limanda aspera (Pallas) based on laboratory consumption and growth.
J. Fish Biol., 38(2) : 243-250.

Smith, R. R., 1989. Nutritional energetics. In: Fish Nutrition. J. E. Halver (ed.),
Academic Press, San Diego, C.A., 2-31.

55



Snedecor, C. W. and Cochran, W. G., 1968. Statistical Methods. Oxford and IBH
Publ. Co., Calcutta, pp. 593.

Strorebakken, T., Kvien. I. S., Shearer, K. D., Grisdale-Helland , B. and Helland,
S. J., 1999. Estimation of gastro intestinal evacuation rate in Atlantic
Salmon (Salmo salar) using inert markers and collection of faeces by

sieving evacuation of diets with fish meal, soybean meal or bacterial meal.
Aquaculture, 172(3-4) : 291-299.

Stubbs, D. F., 1977. Models of gastric emptying. Gut, 18 : 202-207.

Sumagaysay, S. N., 1993. Growth, daily ration and gastric evacuation rates of
milkfish (Chanos chanos) fed supplemental diet and natural food. J. Appl.
Ichthyol., 9 : 65-73.

Sveier , H, Wathne, E. and Lied, E., 1999. Growth, feed and nutrient utilization
and gastrointestinal evacuation time in Atlantic salmon (Salmo salar L.):

The effect of dietary fish meal particle size and protein concentration .
Aquaculture, 180(3/4) : 263-282.

Swenson, W. A. and Smith, L. L., 1973. Gastric digestion, food consumption,
feeding periodicity and food conversion efficiency in walleye (Stizostedion
vitreum vitreum). J. Fish. Res. Board of Canada, 30 : 1327-1336.

Talbot, C., 1984. Effect of pre and post prandial starvation on meal size and
evacuation rate of juvenile Atlantic salmon Salmo salar L.  J. Fish. Biol,
25(5) : 551-560.

Taushima, J. and Ina, K., 1978. Survey of feeding stimulants for carp, Cyprinus
carpio. J. Agri. Soc. Of Japan, 52 : 225-229.

Teichmann, A. J., 1992. MAXIMS- a Computer programme for estimating the
food consumption of fish. ICES Council Meeting (Copenhagen, Denmark),
Papers 12.

56



Temming, A. and Andersen, N. G., 1994. Modelling gastric evacuation in cod. A
model applicable for the estimation of daily ration of cod in the field. ICES
J. Mar. Sci., 51 : 429-438.

Tominaga, O., Nashida, K., Maeda, T. and Takahashi, T., 1994. Seasonal change
in daily ration of brown sole Pleuronectes hersensteini in the coastal waters
of northern Niigata Prefecture, Japan. Proceedings of the International
Symposium on North Pacific Flat Fish, 26-28 October 1994, pp. 261-284.

Troschel, H. J. and Rosch, R., 1991. Daily ration of juvenile Coregonus lavaretus
(L.) J. Fish Biol., 38(1) : 95-104.

Tyler, A. V., 1970. Rates of gastric emptying in young cod. J. Fish. Res. Board
Can., 27 : 1177-11809.

Urtans, E.W., 1992. Feeding daily rhythms of eel pout Zoarces viviparous L. in
the Gulf of Riga. ICES Council Meeting Papers 12.

Van Der-Lingen, C. D., 1998. Gastric evacuation, feeding periodicity and daily
rations of sardine Sardinops sagax in the southern Beguile upwelling
ecosystem. South African J. Mar. Sci., 19 : 305-315.

Wieland, M. A. and Hayward, R. S., 1997. Cause for the loss of large rainbow
trout in a tailwater fishery: too much putting or too much taking? Trans.
Am. Fish. Soc.,

Wilson, R. P. and Poe, W. E., 1985, Effects of feeding soybean meal with varying
trypsin inhibitor activities on growth of fingerling channel catfish.
Aquaculture, 46 : 19-25.

Windell, J. T. and Nomris, D. O., 1969. Gastric digestion and evacuation in
rainbow trout. Prog. Fish. Cult., 31 : 20-26.

Windell, J. T., 1966. Rate of digestion in the bluegill sunfish. Invest. Indiana
Lakes Streams, T : 185-214.

57



Windell, J. T., 1967. Rates of digestion in fishes. In: S. D. Gerking (ed.), The
biological basis of freshwater fish production. Oxford : Blackwell Scientific
Publication, Oxford and Edinburgh, pp. 151-173.

Windell, J. T., Hubbard, J. D. and Harak, D. C., 1972. Rate of digestion in
rainbow trout Salmo gairdneri. Progressive Fish Culturist, 34 : 156-159.

Windell, J. T., Kitchell. J. F., Norris, D. O., Norris, J. S. and Foltz, J. W., 1976.
Temperature and rate of gastric evacuation by rainbow trout, Salmo
gairdneri. Trans. Am. Fish. Soc., 105 : 712-717.

www.fao.org

www . fishbase.org

58



Chapter — &

AnnyxurP



Annexure - I

ANOVA (one way) for the effect of various diets on gastric evacuation rate in

Hypophthalmichthys molitrix fingerlings

1. Natural food and conventional diet

| Source of

Sum of Degree of Meansum  F-value  P-value Ferit
variation squares freedom  of squares (a=0.05)
Between groups | 137 7561 1 137.7561  0.180277 0.680125 4.964591
Within groups | 741 3520 10 764.1352
Total 7779.1080 11
2. Protein levels
Source of Sum of Degree of Mean sum F-value P-value Ferit
variation squares freedom of squares (a=0.05)
Between groups | gg9 7 2 494.8545  0.711559  0.500944 3.402832
Withingroups | ;6690 83 24 695.4514
Total 17680.54 26
3. Partial replacement of fish meal by soybean meal
Source of Sum of  Degree of Mean sum F-value  P-value Ferit
variation squares freedom of squares (a=0.05)
Between groups | 355 g9 2 162.9034  0.215538 0.807651 3.402832
Within groups | 1839 19 24 755.7996
Total 18465.00 26
4. Partial replacement of fish meal by silkworm pupae
Source of Sum of Degree of Mean sum F-value  P-value Fenit
variation squares freedom  of squares (a=0.05)
Between groups | 07 889 2 501.4446  0.716378 0.497571 3.354131
Within groups | ;8299 260 27 699.9724
Total 19902.14 29




Annexure — I1

ANOVA (two way) for the effect of percentage body weight feeding on weight

increment in Hypophthalmichthys molitrix fingerlings

| Source of Sum of Degree of  Mean sum F-value  P-value Fert
variation squares freedom of squares (a=0.05)
Rows 7.863949 6 1310658  13.05517 1.55E-06 2.508187
Columns 2.419389 4 0.604847  6.024745  0.00167 2.776289
Error 2.409451 24 0.100394
Total 12.69279 34






