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1 IN 1RODUC I ION

The la s t  decade has witnessed the art of p isc icu lture being 

oriented m  s c ie n t i f ic  l ines  m  d i f f e ren t  parts o f the w or ld .  The 

overdependence on sh e l l f ish es  fo r  aquaculture is  fast  re legating f ish  

culture to a low er  s lo t ,  e s p e c ia l ly ,  m  maritime nations. N everthe less ,  

f in f ish es  s t i l l  contribute to a major share (49.221) of the world 

aquaculture production o f 14.47 m ill ion  tons (FAO, c ited  by Conrads, 

1991). I f  the present trend continues, m ilk f ish  alone w i l l  contribute 

to a major share, since at present i t  forms 3.11 (Nash, 1988) of the 

total world aquaculture production.

M i lk f is h ,  Chanos chanos, the only member of fam ily  Chanidae, 

is  the most w id e ly  used warmwater f in f is h  fo r  culture in the trad it iona l 

brac loshwater aquaculture systems throughout Asia  and Far East. It  

is  a fast swimmer, h e rb iv o r e ,  and can to le ra te  w ide ranges of sa l in ity  

(0-158 p p t ) ,  temperature (8 .5  -  42 .7 °C ),  and low d isso lved  oxygen

contents (Chen, 1990). I t s  fas t  growth, high resistance to d iseases and 

easy adaptation to supplementary feed ing , make i t  one of the best 

candidate spec ies  for aquaculture. At present, trad it iona l m ilk f ish  culture 

is  gradually  sh i ft ing  to sem i- in tens ive  or more in tensive  culture systems 

(Sumagaysay and Chiu, 1988, Chen, 1990).

However, commercial hatchery production of the seed of m ilk f ish  

has not been per fec ted  and its  farming is  mostly dopendont upon natuial 

seed . The seasonal a v a i la b i l i t y  of i t s  seed m  nature necessitates, an 

e f f ic ien t  nursery rearing prac t ice  fo r  making a va i la b le  the maximum
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number of qu a l i ty  seed fo r  culture purpose I t  has a lso made essentia l, 

formulation of f r y  feeds , which g ives  good su rv iv a l ,  growth and food

conversion ra tes ,  e i th e r  to be used as supplementary feeds in ponds 

or as complete d ie t  m in tensive  systems

The p rod u c t iv i ty  of any f ish  culture system and hence its  

p r o f i t a b i l i t y  depends to a groat extent on the amount of supplementary 

feeds used. The more intense the system, the greater is  the importance 

of supplementary feed and hinhor is the proportion  of feed  cost to the 

total production cost (H epher, 1988). The cost of feed comes to about 

40 -  600„ o f the total production cost (FAO, 1983) Most of the f ish

feeds a va i la b le  in Asia  are formulated from imoorted items l ik e  f ish  

meal, corn, and wheat middlings and so then  p r ices  are high Hence 

the recent trend is  to minimize feed  cost by substituting or 

complementing f ish  meal w ith lo c a l ly  a va i lab le  foodstuffs  or with

unconventional prote in  sources I t  has created the problem of feed

a ccep ta b i l i ty  and p a la tab i l i ty  (Tacon and Jackson, 1985) , espec ia l ly  

by tne younger stages of f i s h .  Cost savings at the expense of nutritional 

qua lity  m  f r y  feed is  a fa lse  economy, since f r y  stage is  the one where 

greater r e la t iv e  gain m  growth can be made by feeding high quality  

feed , which w i l l  p e rs is t  upto harves t ,  w ith leas t  total investment 

(H ardy , 1989) Tacon and Jackson (1985) are also of the opinion that 

the development of h igh  qua lity  protein  sources in addit ion  to f is h  meal 

w i l l  reduce the re l iance  of f ish  meal in f ish  feed manufacturing 

industry and ensure the f ish  farmers a r e la t iv e  s tab le  and high quality 

ration. With th is m v ie w ,  certain feeds compounded from high quality  

protoin sources l ik e  f ish  meal, squid meal, clam meal, prawnhead waste
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and soyabean meal were tested m C chanos f r y  Once these feeds are 

found su itab le , they can be put to use m the nursery rearing of m lk f i s h  

f r y ,  according to the market p r ic e ,  loca l a v a i la b i l i t y ,  nutrient 

composition of each d ie t  or on the in tensity  of culture The e f fe c t  of

storage on the keemng quality  of the formulated feeds were also tested.

The o b je c t iv e  of f ish  feed formulation is to supply the requ ired  

nutrients fo r  optimum animal production (Conklin et_ al_ , 1977) Once

a nutr it iona lly  adequate feed is d eve lop ed , ootimum food production can

be obtained by regulating the feed ing l e v e l  Feeding f ish  too l i t t l e  

w i l l  resu lt m  the u t i l iza t ion  of most of the feed  fo r  maintenance 

Converse ly ,  feed ing too much w i l l  resu lt  m low u t i l iza t ion  and wastage

of food . In both these cases food conversion rate w i l l  increase and the

p r o f i t a b i l i t y  w i l l  decrease. Hence an attempt has also been nade in the 

present study, to find out the optimum food ration of C chanos f r y  with 

the se lected  feed  of the f i r s t  experiment.
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2 REVIEW OF LITERATURE

2.1 Nutritional Requirements of Warmwater 

Fm fishes with special reference 

to M ilk fish

Eventhough a r t i f i c ia l  feeding of warmwater f ishes  has become 

popular in recent years ,  studies on th o ir  nutritional requirements are

much l im ited  than those of co ldwater f ish es  Most of the pu rif ied  d iets  

which have been deve loped  fo r warru iator f ish es  are modified 

formulations of those d iets  which are successfu lly  used fo r  trout and 

salmons (Dupree and Sneed, 1966).

The f i r s t  pu r if ied  d ie t  used in the nutritional studies of C . chanos 

was deve loped  by Lee and L iao  ( 1976 ) .  They recommended v i t a m n  —

free  casein (about 60% of the d ie t )  suoplcmented with 0 51 L -t iyp toph an

as a be tter  protein  source fo r  young m ilk f ish  than a combination of 

casein and ge latin , soyabean o i l  (10% of the d ie t )  was a better  l i p id  

source than cod l i v e r  o i l ,  vitamin and mineral mixtures at 41 and 101 

o f the d ie t ,  r e s p e c t i v e ly ,  recommended fo r  chinook salmon ( I la lv e r ,  1957) 

were also found sa t is fa c to ry  fo r  m i lk f ish .  Th is  pu r i f ied  d ie t  a lso 

contained d ex tr in  as carbohydrate  source and a h igh l e v e l  of 

carboxym ethy l ce l lu lose (10%) as a b inder H o w e v e r , Camacho and 

Bien (1983) reported that a p u r i f ied  d ie t  w ith 40-50% v itam in - free  casein 

and 12-15% ge lat in  to be the best source of protein  fo r  m ilk f ish  f r y

For the normal growth of f r y ,  8-10% fa t ,  and 3-4% vitam in mi cture must 

be added to th is pu r i f ied  d io t .  Recently , feshima et^_a)_ (1984) also
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deve loped  p u r i f ied  d ie ts  fo r  m lk f i s h  f in ge r lm gs .  They found that high 

growth occurred when a d ie t  containing 35% casein and 15% gelatin  

supplemented w ith 0.5% methionine and 0.5% tryptophan was fed  at 30

to 50% o f f i s h  biomass d a i ly

2.1.1 Proteins.

Prote in  is  the basic component of animal tissues and is there fo re  

an essentia l nutrient fo r  both maintenance and growth The capacity  of 

f ish  to synthesise  amino acids denovo from carbon skeltons is  l im ited

and most of the proteins must there fo re  be supplied  through the d ie t  

(Hepher, 1988).

The optimum d ie ta ry  l e v e l  of prote in  requ ired  fo r  maximum growth

of farmed f ish es  is  50-300% h igher than that of t e r r e s t r ia l  animals 

(Cowey, 1975). In a study by Lim et ad. (1979), i t  was found that w ild  

m ilk f ish  f r y  w ith 40 mg body weight requ ired  40% d ie ta ry  protein  for  

maximum growth , e f f ic ien t  conversion and high s u rv iv a l ,  when fed at 

10% of f ish  biomass d a i ly ,  at a sa l in i ty  of 32-34 ppt and temperature 

25-28°C. The test d ie t  contained casein as protein  source, dex tr in  as

carbohydrate  source, equal parts of cod l i v e r  o il  and corn o i l  as l ip id  

source, and vitam in  and mineral prem ixes . The prote in  requirement of 

m ilk f ish  is  seen to be near the values reported  fo r  other warmwater 

f ishes  p a r t icu la r ly  Oreochromis mossambicus (40% -  Jauncey , 1982),

L iza  pars ia  (40% -  Kiran, 1989), Cypnnus carp io  (38% -  Ogmo and Saito, 

1970) and Ctenopharyngodon id e l la  (41-43% -  Dabrowski, 1977). In other 

f ishes  i t  shows a range of 35-55% of the d ie t  (Easterson, 1987 Pandian,
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1987, 1989, Hepher, 1988, Wilson, 1989). This wide variation may be

because, even within the same species protein requirement varied  with 

the s ize  of f is h ,  water temperature and sa lin ity , stocking rate, feeding 

regime and culture practices (Hepher, 1988). The ootimal d ietary

protein le v e l  fo r  f ish  is  also influenced by an optimal d ietary  protein 

to energy balance, the amino acid composition and d ig e s t ib i l i t y  of test

proteins, and the amount of non-protein energy sources in the test d iet 

(Wilson, 1989).

The influence of changes m d ie ta ry  protein to energy ratios on

growth and protein util ization  has been demonstrated in severa l species

of f ish , v i z . ,  ye l low  ta i l  ( S eno la  qumqueradiata) (Takeda eh al^., 1975 )

estuanne grouper ( Epmephelus salmoides) (Teng at cd , 1978), common

carp ( Cypnnus carp io ) (Takeuchi et_ a K , 1979) Oreochromis aureus

(Winfree and Stickney, 1981), and 0. mossambicus (Jauncey, 1982). A 

study on the protein -  energy requirement of C. chanos showed that 

30-40% of d ie ta ry  protein, 10% l ip id ,  and 25% carbohydrates were

required by m ilk fish  fm ger lm gs , weighing 0 5 to 0.8 g (Pascual, 1984)

Hepher (1988) has calculated the protein energy rat io  of m ilk fish  f r y

as 110 mg protein/Kcal of energy based on the experiment done

by Lim et  ̂ al  ̂ (1979).

2 .1 .1 .1  Essential Amino A c id s .

F ish , l ik e  other animals do not have a true protein icqu ircucnt

but has a requirement for a well balanced mi vture of essential and

non-essential amino acids Essential Ammo Acid (EAA) requirement by
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f ish  has been re v iew ed  by Wilson (1985, 1989) The complete amino

acid requirement for  Japanese eel and channel ca t f ish  has been

estab l ish ed . A l im ited  number of requirement values have also been 

reported  fo r  g ilthead bream, sea bass, and Oreochromis mossanbicus

(Wilson, 1985) The f ish  spec ies  so far studied, have been shown to

requ ire  the fo l low ing  amino acids, v i z . ,  arginine, h is t id in e ,  isoleucin, 

ly s in e ,  methionine, phenylalanine, threonine, tryptoohan  and va line

(Wilson, 1985, 1989, H a lver ,  1989) The EAA requirement of f ishes  have

been shown to co rre la te  w e ll  w ith EAA pattern of th e ir  own whole body

tissue (W ilson and Poe, 1985).

In m i lk f ish ,  Coloso et_ Ed. (1983) have calculated a re ference  ammo

acid pattern by determining the amino acid  composition of p rec ip i tab le  

proteins from the whole body of m ilk f ish  f r y  (7 1 mg in it ia l  weigh t)

reared  on Artem ia sa lm a naupln  and Brachionus sp , at week ly  

in te rva ls .  T h e ir  studies have shown l y s in e , leucine and arginine may

be the f i r s t  l im it ing  ammo acids fo r  m i lk f ish .  This re ference pattern

could form an in d irec t  basis for  estimating the EAA of m ilk f ish , once 

one essentia l amino acid is  known (C ouey  and Tacon, 1981, Santiago, 

1985).

2.1.2 L ip ids

The two mam functions of l ip id  m f ish  body are energy prov is ion

and biomembrane s ta b i l i t y .  Tishes r e ly  on l ip id s  than on carbohydrates 

fo r  energy purposes The neutral l ip id  component of f ish  is there fo re



an useful en t ity  in d ie t  preparation  and is pa r t icu la r ly  des irab le  m 

feeds of f r y / fm g e r lm g s , which requ ire  h igh  energy intake fo r  rap id  

growth. A number of r e v iew s  on the requirement of l ip id  m f ishes 

are a v a i la b le  (Cowey and Sargent, 1972, 1977, 1979, Hashimoto, 1975,

Caste l l  , 1979, Watanabe, 19B2, M i l l ik m ,  1982, Kanazawa, 1985).

Warmwater f ishes  have improved l ip id  d ig e s t ib i l i t y ,  absorption

and (u til ization  than cold water f ish es .  The more omnivorous carp can

u t i l i z e  l ip id  e f f ic ie n t ly  as a d ie ta ry  energy source ( Takeuchi et  cd , 

1979). Carnivorous f ishes  can also u t i l iz e  l i p id  in th e ir  d ie t ,  p rov id ed

adequate amounts of choline, methionine, and tocophero l are p rov id ed  

m  the ir  ra tion .

The d ie ta ry  requirement of l ip id  fo r  C . chanos f r y  is  8-10% from 

corn o i l  and cod l i v e r  o il m i l  ra t io  (Camacho and Bien, 1983) and 

7-10% fo r  fm ger l ings  (0.83 g nean body w e igh t)  from cod l i v e r  o i l  alone

(A lava  and dc la  Cruz, 1983) S im ilar values have been reported  for 

y e l low  ta i l  ( S en o la  qum querad ia la ) (Deshimaru et_ jH_ , 1982) and

Liza  pars ia  (K iron , 1989) However, Paulraj and Thirunavakkarasu (1987)

have reported  6% l ip id  l e v e l  to be optimum fo r  the best u t il iza t ion  of 

food, protein  and fo r  growth m  m ilk f ish  f r y .

The sparing e f fe c t  of d ie ta ry  Drotem by l i b id  has been examined 

m  ye l low  ta i l  (Tal eda et_ al , 1975), common cai p (Sm , 1973 Vio la  

and Rappoport, 1979), Oreochromis aureus (W m free  and Stickney, 1981),

and s tr ip ed  bass ( M i l l i l m ,  1983)
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2.1 .2 .1  Essential Fatty Acids

Numerous studies have estab lished  the requirement of n-3 Po ly  

Unsaturated Fa tty  A c ids  (PUFA) fo r  f ish  m  general, but the e vtent to

which n-6 se r ies  of PUFA are essentia l,  remains to be estab lished  

However, n-6 PUFA may be requ ired  m  small amounts e sp ec ia l ly  for

marine f ishes  (Sargent et_ al_., 1989). The importance of Essential Fatty

A c ids  (CFA ) in f is h  nutrition has been emphasised by Smnhuber (1969), 

Cowey and Sargent (1979) Watanabe (1982 ) Kanazawa (1985), Bell 

et_ al_. (1986) and Sargent et al (1989).

Since f is h  are incapable of dj3 novo synthesis  of 18 2n-6, 

18 3n-3, 20 5n-3, and 22 6n-3 acids, d ie ta ry  sources of these fa tty  acids 

are l i k e l y  to be essentia l fo r  normal growth and s u rv iv a l .  Unlike 

freshwater  f ish es ,  marine f ishes  lack  the a b i l i t y  to chain elongate and 

desaturate n-3 PUFA and hence requ ire  h igher  n-3 PUFA, e sp ec ia l ly  

20 5n-3, in th e ir  d ie t  (Kanazawa, 1985, Now, 1987) Experiments of

Benitez and G ornceta  (1983) have indicated d i f fe ren t  fa t ty  acid 

composition of m ilk f ish  body tissue reared  m high sa line and low saline

ponds, ind icating that n i lk f i s h  may requ ire  va ry ing  amounts of EFA in

th e ir  d ie ts  depending on the sa lin ity

The experiments of Bautista and de la  Cruz (1988) using pu rif ied

test d iets  have indicated that in m ilk f ish  (1 .6  g body w e igh t ) ,  both 

lm o len ic  (18 3n-3) and lm o le ic  (18 2n-6) acids are e f f e c t iv e  fo r

promoting high growth and s u rv iva l  ra tes . Although h ighest growth was 

attained by f ish  fed  1% lm o len ic  acid i t  was not s ign if ican t ly  d i f fe ren t
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from f ish  fed  w ith a combination of lm o len ic  and l in o le ic  ac ids . They 

also have shown that cod l i v e r  o i l  (h igh  m  lm o len ic  ac id ) and corn 

o i l  (h igh  m  lm o le i c  a c id ) are good sources o f l ip id s  fo r  m lk f i s h  f r y  

and f in ger l in gs .  Cod l i v e r  o i l  and coconut o i l  a lso promoted h igher 

growth rate m  m lk f i s h  finger l ings  than bee f ta llow and coconut o i l  or 

pork  la rd  and coconut o i l  (A la va ,  1986). Although there  are indications 

that m i lk f ish  have the a b i l i t y  to use lm o len ic  or lincdoic acids as 

precursors fo r  the b iosynthesis  of long-cha in  PUFA of n-6 and n-3 series, 

(G orr ice ta ,  1982, V i l legas  et_ al_., 1983) i t  remains to be shown whether 

long-cham PUFA have better  growth enhancing e f fec ts  than with lm o le ic  

and/or lm o len ic  acids.

2.1 .2 .2  Phospholip ids.

Kanazawa _et_ al_ (1983), repor t  that the d ie ta ry  sources of 

phospho lip ids  are essentia l fo r  normal growth and su rv iva l  of f ish  

la rvae  of ayu and red sea bream. Among phospholipids lec ith in  alone 

or le c i th in  in combination w ith phosphat idy l  inos ito l produce better 

growth rate  and s u rv iva l  m  these f ish es .

2.1.3 Carbohydrates.

The carbohydrates  are usually the cheapest source of energy 

(New, 1987). However, in f ish  carbohyrates are in fe r io r  to l iD ids  in 

energy p rov is ion  (Nagai and Ikeda , 1972) Ih e  omnivorous and

herb ivorous f ishes  adapt to u ti l iza t ion  of high carbohydrate  d ie ts  

(Shimeno £t al_ , 1981), w h ile  m carnivorous f ishes  its  d ig e s t ib i l i t y
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is  low (Nagai and Ikeda, 1972). Carbohydrate  u t i l iza t ion  in f ishes  is 

also temperature dependent (Shcherbina and Kazlaukene, 1971).

Accord ing to Furukaua and Ogasawara (1952), a 5% ce llu lose

addit ion  m  f is h  d iets has a favourable e f fe c t  on the nitrogen retension

and body growth in common carp. The sparing e f fe c t  of carbohydrates

o ver  proteins has also boon reported  in rod sen bioatn ( Chi ysophr^ s 

m a]or) (Furu ich i and Yone, 1971), and common carp (Ogino et al_., 1976)

Reports on the carbohydrate  requirement and u t i l iza t ion  in C.chanos 

are scarce, excep t  fo r  the observation  of Pascual (1984) that f inger lings

of m ilk f ish  (0 .5  - 0 8 g) requ ire  25% carbohydra te ,  10% l ip id  and 40%

protein  in th e ir  d ie t  fo r  best growth, and s u rv iva l  The a b i l i t y  of

C chanos to d iges t  ce l lu lose  is  suspected, as Chiu and Bentitez (1981) 

could not find any ce l lu lase  a c t iv i t y  in the intestine of C chanos 

Sumagaysay (1988) has reported  that f i b r e  has some energy value in

C . chanos.

2 .1 .4  Vitamins.

The requirement of v itamins fo r  warm water f ishes  has not been

invest iga ted  e x te n s iv e ly .  In general f ish es  requ ire  four fa t-so lub le

vitamins (A ,  D. E and K) and e leven  water-so lub le  v itam ins. Of these, 

thiamine, r ib o f la v in ,  p y r id o x m e ,  pantothenic ac id , niacin, f o l i c  acid 

and vitam in B ^  are requ ired  m  small quantit ies, and function as 

co-enzymes, w h i le  m y o - in o s ito l , choline and b io tm  are requ ired  in 

h igher  quantit ies.
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Vitamin requirement of f ish  v a r y  with sDecies, age, s iz e  and 

growth ra te ,  ph ys io lo g ica l  conditions e sp e c ia l ly  at times of wound 

healing and s t re ss .  Some f ish es  have the a b i l i t y  to synthesise  vitamins 

from glucose substrates or ammo ac ids , w h ile  in some others intestinal 

m icro flora  can synthesise vitamins (H a lv e r ,  1979, Hepher 1988). These 

sources reduce the dependence of d ie ta ry  sources fo r  v i t a n m s  m fishes.

2.1.5 M inerals.

The d ie ta ry  mineral requirement of f is h  has been re v iew ed  by 

Cowey and Sargent (1972), Nose and A ra i  (1976) and La l l  (1989). In 

genera l, m inerals requ ired  by f ish  are Calcium, Magnesium, Phosphorus, 

and a number of trace elements l ik e  Iron , Copper, Iod ine , Manganese, 

Selenium, Zinc, Chromium, Cobalt, Boron and Molybdenum.

The Calcium requirement of f is h  is  a ffec ted  by water chem istry . 

Phosphorus l e v e l s  in the d ie t ,  and spec ies  d i f fe ren ces .  Pequirement 

of the Phosphorus is  the h ighest (0.5 -  0.9% a va i la b le  phosphorus)

of a l l  m inerals . However i t s  l e v e l  is  not a ffec ted  by d ie ta ry  Calcium 

l e v e ls  (Watanabe et_ al_., 1988, L a l l ,  1989).

Usually, Calcium, Magnesium and Zinc that are requ ired  by f ish  

can be p ro v id e d  by the feed ingred ients and there is  no need fo r  the 

supplementation of these m inerals . Selenium can be absorbed from 

water. The d ie ta ry  requirement values o f Iodine and Chromium have 

not been es tab lished  in f ishes  (Watanabe at j H . , 1988). The d ie ta ry

requirement of Iron  va ry  from 150-170 mg, Mn 12-13 mg, Co 5-10 mg
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and Cu 3-4 mg/Kg of d ie t  Boron and Molybdenum havo been shown to 

im prove  the growth in carp (George, 1970).

Very  l i t t l e  is known about the vitamin and mineral requirements 

of m ilk f ish .  Neverth e less ,  various vitam in and mineral prem ixes, such 

as those intended fo r  the cold water f i s h ,  chinook salmon (H a lver ,  1957) 

and fo r  other warm water f ishes  (NRC, 1977) have been used fo r  m ilk fish  

(L e e  and L iao , 1976, L in  al_., 1979, Santiago et_ c d . , 1983,

Pascual, 1983) w ith  sa t is fa c to ry  resu lts .

2.2 Food and Feeding habits of C .chanos

The main food ingested by adult m ilk f ish  m  the w ild  consists 

of benthic and planktonic orgam sns l ik e  gastropods, la n e l l ib ra n c h s , 

fo ram im feran s , filamentous algae, diatoms, copepods and nematodes 

(H ia tt ,  1944, Tampi, 1958, Schuster, 1960, Alamanzan, 1970, Esguerra, 

1975, Poernomo, 1976, V i l la lu z  ct_ jd_., 1976, Vmcencio, 1977)

Food ingested by m lk f i s h  ju ven iles  v a ry  w ith hab itat Wild 

m i lk f ish  f r y  and finger l ings  feed on benthic, e p ip h v t ic  and planktonic 

organisms, w h ile  the most favourab le  food of m ilk f ish  f r y  and 

finger l ings  under c a p t iv i t y  is  la b - la b  i e . ,  the b io log ica l  complex 

composed of microbenthic plants and animals c lo se ly  associated with 

the mud of pond f lo o r  l i k e ,  various forms of bacter ia , unicellu lar and 

filamontous b lu e -g reo n  and green algae, diatoms, protozoans, copepods, 

ostracods, some f r e e - l i v in g  f la t  and round worms, molluscs in th e ir  

la r v a l  stages and somo crustaceans. Filamentous green algae, as well
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as other h igher  aquatic plants, become suitab le food fo r  the m ilk f ish  

only when they  are m  a p a r t ia l ly  decayed stage because they are soft 

and can e a s i ly  be macerated (Schuster, 1960) The f is h  probab ly  may, 

also benefit  from the microorganisms growing on decayed materia l.

Benthic diatoms and blue - green algae were found to be the nost 

d es irab le  food fo r  a l l  age groups of m ilk f ish  in brack ishwater ponds 

(Tang and Huang, 1966). Pantastico et_ al_. (1986) found O sc i l la ton a

alone or m  combination with Chrococcus to be be tte r  food fo r  C . chanos 

than Navicula alone.

Detritus also accounts fo r  a la rge  portion of the gut contents of 

adult f ish  (Tam p i,  1958, Poernomo, 1976, V i l la lu z  et_ al^., 1976). Although 

detritus is  the major food ingested by w i ld  m i lk f ish  f r y  (Banno, 1980) 

and ju ven i les  (B u n ,  1980, Kumagai and Bagannao, 1981, T n n o  and 

Fortes , 1989), the type  and quantity of detritus may have an influence 

on its  a c c ep ta b i l i ty  and value as food fo r  m ilk f ish  (Santiago, 1986)

Thus m ilk f ish  can be considered planktonic, ep ip h y t ic ,  benthic 

or microphagous herb ivorous fe e d e r .  Accord ing to Schuster ( I9 6 0 ) ,  this 

is  because m ilk f ish  can reso r t  to facu lta t ive  feed ing depending on the 

a v a i la b i l i t y  of food .

The feed ing  rhythm of m i lk f ish  has been studied by Schuster 

(1960), Banno (1980) and Chiu et_ al_ (1986 b ) . M i lk f ish  in a l l  stages 

seek food at day time (0600 to 1900 h rs )  w ith  peak feeding at 0700 to
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1300 hrs (Banno, 1980) and the gut is  com ple te ly  d evo id  of food between

2200 and 0200 hrs (Chiu &t al_., 1986 b ) . Th is  is  in accordance with

the findings of Chiu and Benitez (1981) that in testinal amylase a c t iv i t y  

peaked at about noon (1230 h rs )  when gut was fu ll and was lowest at 

0030 hrs when gut was em pty. However Chiu £t_ al_ (1986 b) have shovn, 

that p rov id in g  supplementary feeds in the ea r ly  morning and late 

afternoon can resu lt m  a sh i f t  of the feed ing pattern from a sharp noon

peak to a low e r  peak of longer duration in m ilk f ish ,  p rov id ed  d is so lv ed  

oxygen is  adequate.

2.3 Supplementary Feeding in Brackishwater Finfishes

In recent years ,  great importance is  being paid to sc ien t i f ic  

culture of b rack ishwater  f in f ish es , e sp e c ia l ly  in South East A s ia ,  in 

o rder  to im prove  the protein  sources as w e l l  as employment opportunities 

m  the rura l areas. Regular supply o f nursery reared  hea lthy  finger l ings  

is  the most essentia l p rc -req u is i to  fo r  any f ish  culture system Since

stocking dens it ies  are h igher  in s c ie n t i f ic  culture systems, natural food 

must be supplemented w ith  a r t i f i c ia l  d ie ts  fo r  obtaining good growth

rate  m  f is h e s .  However, supplementary feed is  not ex tens ive ly  used m  

brack ishwater culture systems as m  freshw ater  p isc icu lture  (Karinakar 

and Ghosh, 1984) Insp ite  of th is , s e v e ra l  em pir ica l feed formulations 

are in use, which are im proved  vers ions  of grow -  out d iets  fo r  same 

species  or re la ted  spec ies  (Pau lra j ,  1989).

Supplementary feeds used m various countries have been mentioned
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by Ling (1967) -  m  Honkkong, Lm  (1969) and Chuang bt al_. (1986) - 

m  Taiwan, Noor-Hamid and Mardjono (1976), and Noor-Hamid et a l . (1977) 

-  in Indonesia, Sang (1981) -  in I s ra e l ,  V i l la lu z  at _al. (1982) -  m

P h i l ip p in es ;  Pathmasothy i l9 8 3 )  -  in M alaysia , and Paulraj (1987) - in 

India.

The e a r ly  formulations of feed  fo r  b rack ishwater  f in f ishes  were 

based on attempts to duplicate  the composition of natural foods , this 

included the use of l i v e - f o o d  organisms l ik e  phytoplankte r.s and

zooplankters fo r  rearing the f r y  and finger l ings  of m ilk f ish  and mullets 

(A l ikunh i j i t  a l .,  1975, Ranoemiharjdo at a l . ,  1975, Vincencio, 1977,

Acosta and Juario, 1983, Pantastico at a l ., 1986), and t i lap ia

(Pantastico  at a l . ,  1985). Various unicellu lar algae and yeas t  Single

Cell P rote ins ( SCP) are a lso used as l i v e - f o o d  organisms fo r  a v a r ie ty

o f f ish es  (Aplebaum, 1979, Watanabe et a h , 1983). 'Digman' a co llect ion  

of h y d r o p h i l i c  plants l ik e  Ruppia , N a jas , H a lop h il la  and T h a las s ia , and 

E ichhom ia  crass ipes  m  fr e sh  or d ir ed  form, and G ra c i l la n a  -  a marine

red  a lgae-form ed the food of C. chanos in P h i l ip p in es  (Bardach jst a l . , 

1972). Aquatic  weeds l i k e  Enteromorpha and H y d n l l a  were found to 

be suitable feed fo r  Etroplus suratensis ( Sa th iava th y , 1989). Chopped

grasses, water plants, algae, papaw and banana lea ves  formed the feed 

of t i lap ia  (Huet, 1975, Maar et _a l. , 1966, Ling, 1967). Apart from these 

natural d ie ts ,  var ious other fr e sh  -  wet d ie ts  were also used 

esp ec ia l ly  fo r  the culture of carnivorous f ish es ,  they

included o f fa l  from slaughter houses, f is h  markets and f ish

processing plants, b ee f  b lood, earthworm, and silkworm  pupae fo r  ee l
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(L in g , 1967) l i v e r ,  blood and glandular tissue o f animals fo r  s i l v e r s id e s  

( Odontesthes sp )  (Ghitt ino, 1972), whole or chopped trash f is h  fo r  sea 

bass ( Lates c a lc a r i f e r )  (Kungvankij et a l .,  1986) and other carn ivores

(C h it tm o , 1972), and meat of pearl o ys te r  and silkworm pupae fo r  black 

porgy ( M y l io  macrocephalus) (Chen, 1990). H a rd -b o i led  egg yo lk  formed 

the main food  o f la rvae  and f r y  of m i lk f ish  and mullets (S a n g ,  1981,

V i l la lu z  et a l . . 1982).

The d i f fe ren t  feedstu ffs  used m the culture of brack ishwater

f in f ishes  v a r ie d  from place to p lace depending on the a v a i la b i l i t y  of

feed  ingred ien ts . As cerea l grams w ere cheap m most of the South East

Asian countries, the cerea l grams and th e ir  by -products  were used for

feeding f ish es  . Commonly used feedstu ffs  were roasted r ic e  or wheat

f lour, broken n e e  and wheat, maize bran and germ meal, m il le t ,  mill

sweepings, bran, sago waste and other cerea l grams (Huet, 1975, 

Bardach at _a l., 1972, Kornnga, 197 6, Devendra, 1988, Chiu, 1988).

Tan at _al. (1984) rep or t  that there  is  no c lear-cu t feed  technology for

m ilk f ish  and a few who prac tice  supplementary feeding use sm gle

ingred ients l ik e  n e e  bran and bread crumbs. V i l la lu z  et ah  (1982)

rep or t  r i c e  bran as a va luab le  feedstu ff  commonly used as supplementary 

feed fo r  m i lk f ish .  Thom forde (1987) observed  that supplementary feed 

o f m ilk f ish  and t i lap ia  containing 5 6% r ic e  hulls gave a food conversion 

of 1.67. Wheat, o ther cerea l gram s and sorghum are the important

feedstu ffs  used m Is ra e l  fo r  the rearing of mullet (Yashouv and

Ben-Shachar, 1967). In Hongkong Mugil sp. fed  w ith r ic e  bran and 

peanut cake gave a production of 3500 Kg/ha w ith a food conversion value 

of 1 1.6 (S a n g ,  1981).



18

Oilcakes have a lso contributed to the feed ingredients m the 

culture of many f ish es .  Soyabean nea l or cake and peanut meal are 

used fo r  rear ing  of mullets in Taiwan and Hongkong, w h ile  groundnut 

o i lcake  is  the mam ingred ient used fo r  supplementary feeding m  India 

(L in ,  1967) Groundnut o i lcake  (66 6%) mixed with r ic e  bran (33 3°0) 

is the usual supplementary feed  g iven  to brack ishwater  f in f ishes  in 

India (Soghal and Sharma, 1991) Other o ilcakes  used m  Asian

countries include castor seed cake, coconut cake, cotton seed cake, 

palm kerne l, sal seed cake, and g in ge l ly  o ilcake (Devendra, 1988 and 

P a u lra j , 1987).

A r t i f i c i a l  d ie ts ,  compounded from various feedstu ffs ,  that were 

meant fo r  other f ish  spec ies  and animals have also been used m tho culture 

of b rack ishw ater  f in f ish es .  F ish  p e l le ts  (37 4% crude prote in ) 

cons iderab ly  increased f is h  production m m lk f i s h  ponds compared to 

la b - la b  or plankton as the mam food (F o r tes ,  1984) Commercial 

chicken s ta r te r  d ie ts ,  containing 21n„ c iude  protom , used as supplemental 

d ie t  fo r  m i lk f ish  d id  not s ign i f ican t ly  increase growth , s u rv iva l  and 

production of m ilk f ish  m  f e r t i l i z e d  ponds (Otobushin and L im , 1985)

In Queensland, sea bass ( Lates c a l c a n f e r ) was weaned on a commercial 

salmon s ta r te r  d ie t  of f ine granulps containing 52% prote in , and 16°„ fat 

(Mackinnon, 1986) Among other sources of d ry  and f r e sh  aquatic weed 

( Ceratophyllum deinersum) , concentrated p ig  b lood , f i s h  meal, cassava 

starch and chicken p e l lo t  mixture, only f is h  fed on chicken p e l le t  gave 

best growth rate  in Oreochromis n ilo t icus ( C h iayva reesa j ja  et_ a]_ , 

1987) .
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2.4 Protein Sources used in Supplementary Feeding

The growth potentia l of f ish  is  influenced to a great extent by 

the food qu a l ity  (Pandian, 1967). Unlike most domesticated farm

animals, m a jor ity  of f i s h  species  curren tly  farmed, include carn ivores  

and h e rb iv o r e s  and consequently they requ ire  h igh  protein  in th e ir  

d ie t  because of low enorgy requirements (Pandian and Vivokanandan,

1985) Th is  is  best ex em p li f ied  m the experiments of m ilk f ish  by 

Sumagaysayet ah( 1991)Feedmg m ilk f ish  w ith  o e l le ted  d ie ts  containing 22% 

and 27.4% prote in  resu lted  in 35.3% and 46.7% h igher  net p ro f i ts

r e s p e c t i v e ly ,  whereas feed ing with r ic e  bran (containing 11.3% prote in ) 

resulted m  34.4% lower net p ro f i t  from brack ishwater ponds. So the 

mam prote in  source se lec ted  fo r  f is h  feed must have high protein  

content e s p e c ia l ly  at the younger stages Although, prote in  is the 

cos t l ies t  item in f ish  feeds (Wee, 1988), various animal and plant 

sources have been used alone or m  combination m  f is h  feeds A b r ie f  

r e v iew  of various protein  sources used m  f is h  feed formulation is  dealt 

w ith .

2.4.1 Protein sources of Animal orig in .

I t  is  w e l l  known, that fishmeal forms the p r inc ipa l source of

protein  in commercial f ish  d ie ts .  I t  is a lso a r ic h  source of energy 

and m inerals, and is  h igh ly  d ig e s t ib le  and pa latab le  fo r  most f ishes  

(L o v e l l ,  1989).

T im bol, as ea r ly  as 1969, found that in young C chanos, a high
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prote in  trout foed based on fishmeal g iv es  a h igher  weight gam and 

s u rv iva l  ra te  than a d ie t  w ith low  prote in  ra b b i t - f e e d  containing

b as ica l ly  a l fa l fa  M i lk f is h  f r y  fed on four formulated d ry  d iets

containing 40% crude prote in  with f i s h  meal as the major source of

protein , had s ign if ican t ly  h igher s u rv iva l  and weight gam, compared

to those fed  on Moina and blended water hyacinth leaves  

(Santiago et_ c d . , 1983). A food containing 60% f ish  meal and 16 9% fat

was found to be the best d ie t  among a se r ies  of d ry  d iets  tested for 

Lates c a lc a n fe r  f r y .  h ow eve r ,  a d ie t  containing 20% f ish  meal and 

13.4% fa t  gave p ra c t ic a l ly  the sane resu lt  (Tucker et  ̂ a l ., 1988). But 

m  m ilk f ish  f r y  a f ish  meal based d ie t  containing 30% protein  produced 

better growth than w ith low er  prote in  l e v e ls  (Senenches  and 

Chiu, 1988). Tubongbauna - Marasigne (1990) found that feod f i  om

Japanese f i s h  meal based d iets  was super ior to a combination of

pasteurized trash f ish  and Japanese f ish  meal (1 1 ra t io )  or pasteurized

f ish  meal alone or loca l f is h  meal based d ie ts  m Lates c a lc a n fe r  f r y .

However, in the oast two decades, the replacement of f i s h  meal

protein  w ith  other a lte rna tive  sources was c le a r ly  back in focus w ith 

increased pressure on d ie t  cost (Smith, 1990] and inconsistent supp ly .  

A lternate prote in  sources which are cheap and lo c a l ly  a va i la b le  and 

can supplement f ish  meal without s ign if ican t ly  reducing the production, 

have been put to use Blood-meal-rummant content mixture is used 

as a p a r t ia l  or complete substitute fo r  f is h  meal in commercial ca tf ish  

rations (R ecce  et_ al_ , 1975) Asgaard (1984) found that slaughter blood 

had no negative  e f fe c t  on growth, hea lth  or organoleptic  characters 

of salmonids. V io la  (1975) stated that the meal made from poultry
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meat and fea thers  can s e rve  as a good substitute fo r  f ish  meal in carp 

d ie ts .  H ow ever ,  Kerns and Roelofs (1977) found that the growth rate 

and feed conversion e f f i c ie n c y  were in v e rs e ly  re la ted  to the le v e l  of 

poultry waste in common carp d ie ts .  Kumar and Singh (1983) noted 

that p e l le ted  pou ltry  l i t t e r  resu lted  m  faster  growth rate  m common 

carp under labora tory  conditions than w ith trad it iona l feed n i  ture

of groundnut o i lcake  and r ic e  bran. The unpoitance of processed

p iggery  waste as feed materia l fo r  common carp has been reported  by 

Watson (1985). Bull £t_ al_ (1988) found that slaughter-house waste, 

vege tab le  waste, pou ltry  farm waste and press cake waste to be equally  

e f f e c t iv e  in the feed of common carp . The percentage weight gain, 

PER, SGR, and feed conversion e f f ic ien c ie s  were not s ign if ican t ly  

d i f fe ren t  among the d ie ts

The va lue of shrimp by-product meal as an alternate protein  

source in the d ie ts  of channel ca t f ish  and L iza  pars ia  has been 

elucidated by Robinette and Deanng (1978) and Kiron (1989) 

r e s p e c t i v e ly .  However, the results ind icated poor performance, the 

reason attr ibuted  was that shrimp by-Droduct meal was neither

d ig e s t ib le  nor palatable as f ish  meal or that i t  was de f ic ien t  m some 

unidentif ied fa c to rs .  Contrary to th is ,  A fo lab i  £ t al_. (1980) reported  

better  prote in  e f f ic ien cy  ra t io  when shrimp and f is h  wastes were used. 

Lukowicz (1978) invest iga ted  the p o s s ib i l i t y  of rep lac ing  fishmeal in 

carp d ie ts  w ith  k r i l l  ( Euphausts superba ) meal, i t  compared favourab ly  

w ith that of f ish  meal. When squid was usod as food fo r  salinonids and

rainbow trout increase m  growth was observed  (Asgaard , 1984) Squid 

meal has also been used successfu lly  to rep lace  r ic e  bran m shnmD
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foods in As ia  (Devondra, 1988). Squid, shrimp nnd mussol mont ox tra r ts

are known to be good sources of feed ing stimulants, e sp ec ia l ly  fo r  

carnivorous f ish es  l ik e  e e l ,  red sea bream and sea bass (Pau lra j ,  

1989).

Jeyachandran and Pau lra j (1976, 1977) have shown that s ilkworm

pupae and prawn waste can be p r o f i t a b ly  u t i l iz e d  as feed  fo r  common 

carp . Defatted s ilkworm  pupae was a better  source than non-defatted 

one in the d ie t  of common carp , w ith  a feed conversion o f 2.96 

(Nandeesha et_ al_., 1989, 1990).

Use of te r r e s t r ia l  snails in the feed of Oreochromis mossambicus

finger l ings  has been reported  by Sha fie i  and Costa (1989). In th is  f is h ,  

f le s h  of snail Achatma fu l ica  produced h igher growth rate  than chicken

feed .

2.4 .2  Protein sources of Plant origin-

Various lo c a l ly  a v a i la b le  sources of plant proteins have also been 

incorporated m f is h  d ie ts  instead of f ish  meal. Among these soyabean 

meal appears to have been used w id e ly  as I t  is the dominant o i l  seed 

prote in  a va i la b le  w or ld  w ide and econom ically  v ia b le  too (Anon, 1978).

I t  has one of the best amino acid p ro f i le s  of a l l  prote in  r ic h  plant 

feedstu ffs ,  meeting the CAA requirements of f is h  (N .R .C . ,  1983).

P re l im inary  results of its  use m  carp d ie ts  havo been conflic t ing , as 

severa l  w orkers  have repor ted  a reduction m  both growth and feed 

conversion e f f ic ien cy  when h igher  l e v e ls  of soyabean meal are included
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at the expense of f ish  meal (V io la , 1975, Hepher et  ̂ al_., 1979).

However, its  successful use as complete replacement of f ish  meal has 

been reported in Oreochromis aureus (Davis and Stickney, 1978), and 

a replacement of 25 -  75% d ietary protein m t i lap ia  (Jackson et_ a l ■, 

1982, V io la  and A n e l i ,  1983, Davies et_ a^ ., 1989), and C. chanos (Shiau 

et a l . , 1988).

Solvent extracted cotton seed can replace 20 - 35%, rape seed 

28 - 42%, and sunflower 70% of f ish  meal m the diets of Orechromis 

mossambicus, O .niloticus and C .carpio (Dabrowski and Kozlowska, 1981, 

Viola et a l . ,  1981, 1983, Jackson et j d . , 1982, Davies et a l ., 1989,

Shiau e t  ad , 1990). F u l l - fa t  soyabean meal can rep lace 58% of the diet

and cotton seed meal 21% of the f ish  meal m the d ie t  of T i lap ia  nilotica 

without significant decrease m growth rate (L o v e l l ,  1980, V io la et a l . ,  

1982, Wee and Shu, 1989, Shiau et_ al_., 1990). Roasted Indian mustard

seed cake replaced upto 20% fish  meal and groundnut ex p e l le r  cake upto 

17% of f ish  meal m the d iet of Cyprinus carpio (Jackson et_ t d . , 1982) 

Autoclaved mustard o i l  cake improved growth performance and food 

utilization in carp (Hossain and Jauncey, 1990)

A base line information on the potential use of legumes v i z  ,

pigeon pea ( Cajanus cajan) , nungo ( Phaseolus radiatus) , kidney bean

(P vu lgar is ) and soyabean ( Glycine max) as protein sources for C. chanos

is given by De la Pena et_ al_. (1987) Of these, only mungo and soyabean

at 25% of d ietary protein le v e l  could replace fish  meal to reduce cost

without affecting growth, surv iva l and eff ic iency of feed conversion. 

Martinez-Palacois et al (1988) and Desilva and Gunasekhera (1989) have
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tr ied  ja c k  bean ( Canvalia ens ifo rnns) and green pea ( Phaseolus aureus) 

r e s p e c t iv e ly ,  in t i lap ia  feeds .

Dried powder of Nymphoides and Sp irode l la  mi ced with r ic e  bran 

has been found to be useful m rearing the f r y  of carps (Patnaik  and 

Das, 1979). Water hyacinth ( Eichhornia c ra s s ip es ) has been successfu lly  

used m  the feeds of 0 n iloticus (Edw ards  ed a K , 1985). Variab le

results were obtained when A zo l la  pinnata was fed  to N ile  t i lap ia  

(SEAFDEC, 1984, Alamazan el  ̂ a K , 1986). A plant nurture of

Ceratophyllum demersum, Eichhornia crass ipes  and E leochans 

ochrostachys p e l le ts  has a potential as part ia l replacement of f ish  meal 

(Teshima et_ a ^ . , 1990).

The repor ts  on the use of l p i l - i p i l  ( Leucaona leucocephala ) lea f  

meal fo r  rear ing  t i la p ia  to marketable s iz e  are found vary ing  (Camacho 

and Dureza, 1977, Pantastico and B a ld ia , 1980, Wee and Wang, 1987, 

O lv e ra -N o v a o  et_ al_., 1990) Cassava ( Manihot osculonta) lea f  moal has

been demonstrated to be a v ia b le  p a rt ia l  d ie ta ry  protein  source fo r  

N ile  t i la p ia  (Cruz and Tabian, 1980, Ng and Weo, 1989).

Jackson et  ̂ al .̂ (1982) have shown that the use of a combination 

of sev e ra l  plant prote in  sources is  more ad v isab le  than as s ingle form, 

as the prote in  sources have d i f fe ren t  l im it ing  ammo acids T h e ir  

experiments w ith N ile  t i lap ia  ind icate that cotton seed, rape seed and 

sunflower seed promoted reasonable growth when p rov id ed  at 50% of 

total d ie ta ry  prote in , w h ile  copra, soyabean and groundnut might have 

performed more fa vou rab ly  in the d ie ts  , had they been supplemented
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w ith  s ing le  l im it in g  amino a c id s .

2 .4 .3  M ix ed  P ro te in  sources .

Tor  fa s t  growing animals, the p ro te in  which  contain EAA, m  the 

same balance as those found in the body prote in  of growing animal is 

eva luated  as h igh  in p ro te in  qu a l i ty  (Nose , 1979). However, n e ither  

the animal source nor the plant source of prote in  can p r o v id e  a l l  the 

CAA in adequate l e v e l s .  So usually a m ixture o f p ro te in  sources are 

used m  the formulation o f f i s h  feeds

M itra  and Das (1965) eva luated var ious p rote in  sources fo r  Indian 

major and minor carp f r y .  Among the s e v e ra l  sources t r ie d ,  h igh er  

s u r v iv a l  and y i e ld  of carp spawn w ere obtained when fed w ith  t i l  

o i l  cake, r i c e  pow der and blacl gram, s ilkworm  pupae and f i s h  meal 

as compared to r ic eb ran .

S eve ra l  a r t i f i c i a l  d ie ts  compounded from natural and syn th e t ic  

m ater ia ls  have  been t r ie d  fo r  the la r v a e  and f r y  of mullets w ith  l im ited  

success (Nash and Shehadeh, 1980). Rangaswamy (1984) obtained best 

growth  of L iz a  pa rs ia  f r y  w ith  a m ixture of bcngal gran, prawnhead 

waste and sago in 2 2 1 ra t io .  A mu turc of wheat m idd ling , cotton 

seed meal, soyaboan meal and tuna f i s h  meal in 4 1 1 1  ra t io  along 

w ith  p rop y len e  g ly c o l  and vitam ins is  recommended fo r  the rear ing  of 

la rvae  and f r y  of mullets by Nash and Shehadeh (1980 ). Studies have 

shown that feed ing  L iza  n ars ia  f r y  w ith  wheat f lou r  and f is h  meal in 

1 1 ra t io  ( Chakraboi thy et  ̂ td , 1981) or r ic eb ran  and prawn meal in
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1 2 ra t io  ( Chakraborthy et_ al_., 1984) gave better resu lts  in f e r t i l i z e d

ponds than conventional feeds consisting of groundnut o i l  cake, f ish

meal or r ic eb ran  m ixture. Kiron (1989) found that a feed compounded 

from groundnut o i l  cake, g in ge l ly  o i l  cake, coconut cake, r ic e  bran,

mangrove le a ves ,  f ish  meal and prawnhead waste p rov id ing  a d ie ta ry

protein  l e v e l  of 35% to be the best food fo r  L iza  pars ia  in 

brack ishwater ponds.

Samsi (1979) attempted various feedstu ffs  l ik e  f is h  meal, neat 

and bone meal, shrimphead meal, copra meal and l p i l - i p i l  meal as 

protein  sources fo r  m ilk f ish  f in ger l ings .  Animal protein  sources were 

better u t i l iz ed  than plant sources Carreon et_ al_ (1984) report  that

growth o f m ilk f ish  f r y  supplied w ith natural plankton were lo  \ than

those reared  on a r t i f i c ia l  detritus made from r ic e  s traw , hulls and

chicken nanure. Diets with f ish  meal as major protein  source (21%) 

and the balance protein  (16%) l e v e l  supplemented w ith animal ( shrimp 

head meal and/or meat and bono meal) and plant (soyabean meal and/or 

corn gluten n ea l )  sources m  a ^1% prote in  d ie t  promoted good growth 

and s u rv iva l  of m ilk f ish  f r y  Full (8%) or pa rt ia l  (4%) reolacement

of prote in  from shrimphead nea l w ith meat and bone meal d id  not a f fec t  

the growth of f r y  s ign i f ican t ly  However, d ie t  containing shrimphead 

meal and soyabean nea l or shrimphead meal and corn gluten nea l or 

soyabean meal and meat and bone meal is recommended fo r  m ilk fish

f r y  from a p rac t ica l  standpoint (A lava  and L im , 1988). A formulated

d ie t  with f i s h  meal 56 6%, sovabean meal 4 4%, shrimp meal 9%, r ic e  

bran 12 7%, cod l i v e r  o i l  2 7°„, corn o il 2.5%, starch 1%, vitamin

mixture 0.7% and mineral mixture 3 6% was found to be superior to a
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d ie t  combination of O s c i l la to n a  and the formulated feed  or Spirulina

and the formulated d iets  (Santiago et_ ed^., 1989).

In Siganus canaliculatus. a b rack ishwater h e rb iv o re ,  feed 

formulated from f is h  meal , soyabean meal, r i c e  bran, corn n ea l ,  

coconut o i lcake , sea weed gum, f ish  o i l  and vitam in prem ixes was a

better  source than b r o i l e r  chicken feed or b ro i le r  chicken fe e d - f is h  

meal combination (kungvankij et_ e d . , 1990)

2.4 .4  Unconventional Protein sources.

The use of unconventional protein  sources m  f is h  feeds has been 

re v iew ed  by Jauncey (1982), Tacon and Jackson (1985) ; Wee (1988)

and Pantastico (1988).

Atack ed ed. (1979) used a v a r ie ty  of novel proteins (h err ing  meal, 

methanophilic bacterium, casein, petroleum yeast and soyabean prote in ) 

as the so le  source of prote in  m  carp d ie ts .  Further studies along this

line have indicated that Single C e ll  'Proteins (SC P ),  e sp ec ia l ly  

a lkane/oetrochemical SCP Candia l ip o ly t i c a  can rep lace  25-50°a (equ iva len t  

to a d ie t  yeas t  SCP inclusion l e v e l  of 15-30% by weigh t) and the

bacter ia l SCP Methytophilus m ethylo trophus, 75% of f is h  nea l in salmonid 

rations (Tacon and Jackson, 1985 Weo, 1988)

In genera l, d r ied  a lgal SCP has only a lower feed value fo r  f ish  

than yeast SCP, bacter ia l  SCP or f i s h  nea l (Matty and Smith, 1978, 

Atack and Matty, 1979 ) .  However the studies of ApD ler and
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(Wee et_ a ^ . , 1989). However a negative  e f fe c t  of s i la ge  on growth has

been reported  in Scophthalmus maximus by Calcedo-Juanes (1989).

Recently l i v e  maggots are used as protein  replacements (20% of 

total d ie ta ry  prote in ) m  the feeds  of Oreochromis mossambicus

finger l ings  (Aba los  et_ a l ., 1990). Kandasam and Paulraj (1990) have

also reported  the use of h ide  flesh ings meal (p ro te in  meal iso lated  from 

h ide  f le sh in gs )  f o r t i f i e d  with methionine as an id ea l  unconventional 

protein  source fo r  L iza  m acro lep is .

The use o f lea f  prote in  concentrate (LPC), potato protein  concentrate 

(P P C ) ,  and prote in  h yd ro ly sa tes  as unconventional protein  sources in 

f is h  feeds are  ye t  to be tested in v arm water f in f ish es  (Tacon and 

Jackson, 1985).

2.5 Studies on 0 :N  Ratio

The e f f e c t  of feed ing on the magnitude of oos t-p rand ia l  increase 

in oxygen consumption has been invest iga ted  m f ish es  by Miur and 

Num i (1972), Tandler and Beamish (1979), Kaushik and Dabrowski (1983b) 

and Volssa (1986). The h igher  the proport ion  of d ie ta ry  protein, h igher 

the post-prand ia l oxygen consumption (Job lm g  and Davies, 1980).

So post-prand ia l increase in oxygen could be used fo r  comparing nu tr it ive  

value of d i f f e ren t  d ie t  formulations (Job l ing , 1981). The maximum rate 

of oxygen consumption of Lithognathus mormyrus and L . lithognathus were 

1.22 and 5.65 times, the routine value o f te leost s ta rved  fo r  40 and 

152 hrs r e s p e c t iv e ly  (V o lssa , 1986) .
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S im ila r ly ,  one of the end products of nitrogen m etabolisn , ammonia, 

could a lso be used to measure the e f f ic ie n c y  of d ie ta ry  protein  

u t i l iza t ion  (Cggum, 1970, Garcia ot_ al_ , 1981) A h igher  rate of ammonia 

excre t ion  ind icate  protein  of poor amino acid balance (L o v e l l ,  1909). 

The va r ia t ion  in ammonia excre t ion  may also be influenced by the thermal 

h is to ry  of the soec ies  (S av itz ,  1969).

Reports on the 0 N ra t io  are scarce in f ish es .  However, reports

on the p o s t -p ra n d ia l  energy and nitrogen metabolism in the ea r ly  l i f e

h is to ry  of f i s h  and on the fate of d ie ta ry  ingred ients are a va i la b le  m

marine f is h  la rv a e  (Buck ley and Dillman, 1982, Houde and S ch ek te r , 1983, 

Volssa, 1986) and m  some fresh  water f ishes  (Kaushik and Dabrowski, 

1983 a, b, Kaushik et_ al_., 1985). Dabrowski and kaushik (1984) repor t

that m  warm water f is h  la r v a e ,  the post-prand ia l ammonia excre t ion  

increases to more than two fo ld  w h ile  oxygen consumption rate t r ip le s  

According to Dali and Smith (1986) complete ox idation  of a substrate 

comprised only of prote in , g iv es  a thcoi e t ica l  value of 7 1, w h ile  mixed 

substrates g iv e  h igher 0 N ra t ios .  A decreased 0 N ra t io  indicates an 

increased prote in  catabolism (Capuzzo and Lancaster, 1979) which ind icate  

poor u t i l iza t ion  of prote in  fo r  growth of f is h .

2.6 Studies on Optimum Food Ration

The determination of optimum food ration is of great significance

m aquaculture m terms of reducing the cost of feed ing , maintenance

of water qua lity  and growth performance of f ish .  A common method of

calculating d a i ly  food ration  is  on the basis of percentage of l i v e  body
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weigh t o f f i s h  (H eph er ,  1000)

The influence o f  ra te  o f feed ing  on growth  ra te ,  conversion  

e f f i c i e n c y ,  body  composit ion  and metabolism have been e c t e n s iv e ly  

s tud ied  by Pandian (1967) on Mcgalops c y p rm o id e s  and Ophioccphalus 

s tn a t u s , Pandian and Peghuvaran (1972) on T i la p ia  mossambica, Chua 

and Teng (1982) on Cpmcphclus sa lm o id c s , Macintosh and D osilva  (1984)

on 0 . mossambicus and h y b r id  o f 0 n i lo t icu s  \ 0 aureus, Teshima et_ al_

(1984) and Chiu et_ cd_ (1987) on C chanos and karmakar end Ghosh

(1984) and Kiron and Pau lra j (1988) on L iz a  pa rs ia

The v a r ia t io n s  m  the d a i ly  consumption of food have  been rep o r ted  

m  f ish es  due to s iz e  and/or age ( D os i lva  and P e r e ra ,  1983 Desil\a 

et al , 1986), sa l in i ty  ( D es i lva  and P e r e ra ,  1983), and temperature

(B o eh le r t  and Y o k la v ic h ,  1983) va r ia t ions .

Pandian and Roghuvaran (1972) re p o r ted  that an average  quantity 

o f 35 mg/ g o f f ish /d ay  is  the optimum food ra t ion  fo r  0 mossambicus 

w ith  fu b i f e  tu b i fex  as feed  In estuarine grouper ( Epm ephelus 

sa lm o ides ) , optimum food rat ion  was at 5°0 o f the body w eigh t, though

feed ing  at 90„ body weight gave the maximum growth ra te  (Chau and 1'eng, 

1982) The bes t  food convers ion  of 0 mossambicus f r y  was at 24°„ of body 

w e igh t ,  w h i le  i t  was at 12°0 of body weigh t fo i  the h y b r id  f r y  of 

0 n i lo t icus  and 0 aureus (Macintosh and D os i lva ,  1984) M i lk f is h  

(C chanos) f in ge r l in g s  showed best growth  \ hen reared  on a pui l f i e d  

d ie t  containing 35°0 casein and 15G0 g e la t in  as p ro te in  sources at 30-50°o 

of body w e igh t ,  tw ice  d a i l y  ( l e s h im a  £ t al_ , 1984) The s p e c i f i c  gro\ tn



32

rate  of 0 . mossambicus f r y  ( of s iz e  0.87 60-1.0810 g) was the h ighest 

at 4% feed ing  l e v e l .  However, the same f is h  of s t i l l  la rg e r  s ize  (3 0374­

3.3609 g ) ,  requ ired  a feeding rate o f  only 3°0 o f  the body weight fo r  

producing the h ighest SGR (D es l iva  et_ ja l. ,  1986) According to Chiu

et a l . (1987) an increase m the feed ing l e v e l  from 5 to 9% of body

weight gave a s ign if icant increase in the weight gam of C chanos 

ju ven i les .  In L iza  pars ia  f r y ,  the food conversion e f f ic ien cy  was best 

at 4% feed ing l e v e l  (K iron and Pau lra j, 1988 )

Various reports  are ava i lab le  on the optimum feeding le v e l  

p rac tised  m  brack ishwater  pond culture . The feed ing le v e l  of ye l low  

ta i l  cultu ied m  Japan is reported  to be at a rate of '10°o of body weight 

m  grow-out, the feed being moist f ish  meal and corn gluten (M ilne, 

1972). In I t a ly ,  mullet ju ven i les  are fed  at a ra te  of 5-7% of th e ir  body 

weight, w ith  commercial d ie ts  (K orrm ga , 1976). In Thailand, the nursery 

rearing of Lates c a lc a n fe r  is done at a feed ing l e v e l  of 100°o of the ir

body weight during the f i r s t  week of rearing by the second week ration 

is  reduced to 60% of body weight and then to 40% of body weight by 

th ird  week, using chopped ground trash  f ish .  S im ila r ly  in the grow- 

out ponds, they  are fed with chopped trash f is h  at a rate of 10% of 

body weight for  the f i r s t  two months and then reduced to 5% o f body

weight (Kungvankij et a l . , 1986).



MATERIALS AND METHODS
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3 MATERIALS AND Mb l’HODS

Experiments were  conducted to  eva luate  the e f f i c ie n c y  and keeping 

q u a l ity  o f f i v e  feeds  compounded from f i v e  d i f f e r e n t  o ro tc in  sources, 

fo r  the nursery  rea r ing  of £  chanos f r y  The optimum food rat ion  of

the s e le c ted  fe e d ,  which gave best grow th  per formance in the f i r s t

exper im en t \ as a lso  studied

3.1 Preparation of reed s

3.1 .1  Feed Ingredients.

The d i f f e r e n t  p rote in  sources used in the study woie  as fo l lo w s .

Animal o r ig in  E ish  incal squid meal, clam meal pi awn

head waste meal

Plant o r ig in  Sovabean moal.

Other in gred ien ts  m  tho coinooundod feeds were  gioundnut o i l  cake,

tap ioca p ow d er ,  cod l i v e r  o i l  v itam in  and mineral m ixtures

F ish  meal and sau id  meal were p repa red  by  b o i l in g  and Dressing

f is h  ( Nemipterus sp.) and squ id  r e s p e c t i v e l y ,  to rem ove th e ir  o i l  content

These  w ere then sundned  and ground w e l l  Clam n ea l and praunhead

waste meal were p r e p a ie d  by sundrym g and pow der ing , clam meat and

prawnhead waste r e s p e c t i v e l y  F ish  wore bought from the Cochin
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F isher ies  Ila ibou i 1 hoppum pady, oquid from ' l o y o  I i s h e r i e s ,

kochangad i ',  clam moat f i o n  loca l market and prawnhead waste from

a loca l pee l ing  shed Soyabean meal used m the study was o f MIIMCDIA1 

make Cod l i v e r  o i l  was obtained from commercial market Mineral

nuctuie was o f USP XIV (SISCO RTSbARCU LADORA1ORICS PV1 L ID  , 

DOMUAY) Vitamin mi v tin c ( SUPPL L V I1 L -  M ) ;as obtained from the Dio-

ch em is t iy  Department of Co llege  of F isho i ios A l l  the ingred ien ts  wore

f in e ly  pow dered  and passed through a 500 ]im mesh and stored  m 

polythene bags.

3.1 .2  P rox im a te  com posit ion  o f  Feed Ingred ien ts

Prox im ate  composition ol a l l  the icod  in g re d ien t .  was analysed

p r io r  to feed  formulation

T oi estim ating the moisture l e v e l  D o yd 's  (1979) method was used 

The sample was heated to 105°C lo r  30 minute-, and then d r ied  at 65°C

t i l l  a constant we igh t was obtained lh e  crude proto in  content was

estimated by M ici o k j e ld a h l1 s method (AOAC, 1975) The n it iogen  content

was then m u lt ip l ied  by the fa c lo i  6 25, to a r r i v e  at crude protein

content Crude fa t was e x t i  acted using Poti oleum bthoi (D .P  40°C-G0°C) 

in a S oxh lo t  Lx t i  action apparatus lo r  16 hrs Method o f Pearson (1976) 

was used to estim ate the crude f i b i e  I he ash content was estimated

by burning the sample at 550°C±10°C lo i  6 h is  m  a muffle furnace The

ca rb oh yd ra te  content was found out by I la s lm g 's  ( 1976) d i f f e ren ce  method 

as N itrogen T ree  C vtract (N F L )
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NFE = (100 -  °0 crude protein on d ry  weight basis +

X crude fa t  on d ry  weight basis +

% crude f ib r e  on d ry  weight basis +

°0 a s h ) .

3 ,1.3 Formulation and preparation of test diets ,

Test d ie ts  were formulated by keeping the ir  protein le v e l  constant

at 40%. They were

1. FM (Feed with f ish  meal as the ch ie f protein source)

2. SQM (Feed with squid meal as the ch ief protein source).

3. CM (Feed with clam meal as the ch ie f  protein source)

4. PHM (Feed with prawnhead waste meal as the ch ie f protein source)

5. SYM (Feed with soyabean meal as the ch ie f protein source).

The proportion of various ingredients used fo r  the formulation of 

pelle ted  feeds and the ir  contribution to the total d ie tary  protein are 

given in Tab le  1. The ingredients (excep t  vitamin and mineral mixture,

and cod l i v e r  o i l )  fo r  each feed were mixed thoroughly, Each feed 

was then hand kneaded using water (1-1.25 w/v) to get a so ft  dough. 

I t  was autoclaved at ambient pressure fo r  30 minutes, cooled, and vitamin

mixture d isso lved  m  cod l i v e r  o il and mineral mixture were added. Then

the dough was again mixed thoroughly. The dough was then pe l le t izeo  

and dr ied  m  a hot a ir  oven at 60°C, t i l l  the moisture content was less

than 10°D (overn igh t )  . The pe lle ts  were then ground and passed through

No .40 s ie v e  (^25 p n ) .  They were then packed separate ly  m p lastic  bags
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and stored f r e e  fr on  moisture and sunlight.

3.1.4 Proximate composition of the Formulated Feeds.

Im mediately  a fter  the preparation  of the feeds , th e ir  proximate 

composition were analysed, using the same methodology adopted fo r  the 

ingred ien ts . The prox imate analysis  was also ca rr ied  out at the end 

of 4 months o f storage p e r iod .

The energy value of each feed was calculated in Kcal/g by 

multip ly ing factors  8.5 fo r  fa t ,  3.5 fo i  carbohydrate  and 4 5 foi proteins, 

as adopted fo r  Qpgqchromis mossambicus by Jauncey (1982).

3.2 Sinking rate of Feed Crumbles

A  pinch of each of the d r ied  ground feed was placed in an 

aquarium measuring 1 25 x  0.5 x  0 5 m and the tune taken by them to 

tra ve rse  the water column was recorded  using a stop watch Th is  was 

tr ied  4 times fo r  each fe ed ,  and the average sinking rate was recorded  

in cm/sec. Sinking rate  was measured soon a fter  the feed preparation  

and also a fte r  4 months of storage

3.3 Water Stability of Formulated Feeds

Water s ta b i l i t y  o f the feeds w ere detei mined using the method of 

Jayaram and Shetty (1981). I t  was found out by determining the
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percentage d ry  matter re covered  a fter  exposing the p e l le ts  in water for 

3 hrs

3.4 M icrobiological quality of Formulated Feeds

The m ic rob io log ica l quality of the feeds were assessed by 

determining the total hetei otrophic bacter ia l  and fungal population Total 

v ia b le  bac te r ia l  count was determined using the P la te  Count Agar 

(T ryp tone 0 5°0, Yeast ex trac t  0 25°0, Dextrose 0 1°0, Agar 1 5%, pH 7±0 2) 

by pour p la te  method (S ee ley  and Van Wemark, 1975) l o r  estimating 

the total v ia b le  fungal count Sabaraud Dextrose Agar (M yco log ica l 

peptone 1%, Dextrose 4%, Agar 1 .50„, pH 5 6 ± 0  2) mas iued m the same 

way (Goss, 1972)

3.5 Keeping quality of Formulated Feeds

The samples from each type of feed  were analysed fo r  proximate 

composition, sinking ra te ,  water s t a b i l i t y ,  and total bacter ia l and fungal 

count, be fo re  and after 4 months of storage

3.6 Experimental M ilk fish  fry  and their Acclimatization

M ilk f is h  f r y  of nearly  four weeks old and w ith  an average s ize  

of 1 .4  cn/0014 g were obtained from the F isher ies  Station Puduveypu 

of Kerala Agr icu ltura l U n iv e rs ity  They were transported to the College 

of F isher ies  m oxygen f i l l e d  p las t ic  bags in water of 25 ppt sa l in ity  

The f r y  were then introduced into ova l f ib r e  glass tank of 1 ton 

capac ity . A f t e r  temperature acclim atization , they were acclim atized to



39



40

n finnl sa l in i ty  of 1 ppt bv p r ic ln i l lv  u  pi it inp tho son w\tor witli 

Ireshw atcr Tho whole process took 3 hrs I ho try  w c ic  then fed with 

groundnut o i l  cake, tw ice d a i ly ,  t i l l  the start  of the experiment Aeration 

was p rov id ed  throughout acclimation p e r iod .  Uniform s iz ed ,  hea lthy fr\ 

(See P la te  I ]  alone were se lec ted  fo r  the experimental purpose

3.7 Experimental tanks and Water quality management

P la s t ic  tanks (60 x  40 x  40 cms) of 50 l i t r e s  caoac ity  were used

to carry  out the experiment Aeration was p rov id ed  to the tanks with the

help  of an a ir  compressor using airstones (See P la te  I I ) .

Experiments were conducted m  brack ishwater of 5 ppt sa l in i ty ,  

which was f i l t e r e d  tw ice  using bolting s i lk  be fore  f i l l in g  the tanks

E ve ryd ay ,  one th ird  of the water was exchanged with water of same 

sa l in ity  Complete water of the tanks were rep laced  once m ev e ry  week

3.8 Study to Evaluate the Supplementary Feeds

Healthy m ilk fish  f r y  of average total le ig th  (1 79 cm) snd weight

(0 017 g) were used for the experiment (See Plato I )  They were starved  

fo r  24 hrs p r io r  to the experiment The total length was measured to

the nearest centimetre from tip  of snout to the tip  of ta il  The f r y  were 

then b lo tted  d ry  ca re fu l ly  between fo lds  of f i l t e r  paper and weighed

in an e lec tron ic  balance to the nearest milligram About 50 f r y  were 

weighed and d r ied  in an oven at 40°C fo r  48 hrs, to ca rry  out the in it ia l  

biochemical composition of the f ish



41



42

Eight numbers of C chanos f r y  w ere then introduced to each tank

Th ey  w ere  g iv en  any one of the f i v e  formulated fe ed s  Each feed  was

re p l ic a te d  four times Thus there were  20 tanks 4 tanks fo r  each of 

the f i v e  feed s

The f r y  were fed ,  w ith  the exper im en ta l  d ie ts  ad lib itum  tw ice 

d a i l y ,  m  p e tn d is h e s  kep t  at the bottom of the tanks Feed ing was 

done m  the morning and the evening The l e f t  o v e r  feed  was r e c o v e r e d ,  

b e fo re  feed ing  next time The feed -rem am s were separa ted  from the sa lt  

adhering to i t  and d r ied  m  an oven at 60°C to a constant weight

3.8 .1  Determination of D igestib ility  co-efficient ■

D ig e s t ib i l i t y  c o - e f f i c ie n t  was determined using the method 

d esc r ib ed  by  H a lve r  (1989) Faeces w ere  c o l le c te d ,  fo r  determ in ing the

d ig e s t i b i l i t y  c o - e f f i c ie n t  s tud ies ,  from the second week onwards fo r  the 

next 20 days  A la rge  volume bulbous siphon was used fo r  the faeces 

co l lec t ion  The faeces along w ith water was s ie v e d  through a bo lt ing  

s i lk ,  r insed  w ith  d i s t i l l e d  water to rem ove the sa lt  adhering to i t  and

then t ran s fe rred  to a p re -w e igh ed  beaker I t  was then d r ied  in an oven 

at 60°C to a constant w e igh t  The d r io d  faecal matter was homogenised 

b e fo re  ana lys ing fo r  p ro te in  and l ip id

3.8 .2  Monitoring of Physico-Chem ical parameters of water.

Water temperature of the exper im en ta l  tanks was monitored d a i ly  

at 9 a m .  using graduated mercury thermometer w ith  an accuracy of 0 1°C
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and d is s o lv e d  oxygen  content by W in k le r 's  method (S tr ick land  and 

Parsons, 1968) S a l in ity  was measured tw ice  a week using a 

re frac tom eter  The pH o f the water was measured tw ice  a week w ith  

un iversa l in d ica to r  solu tion .

3.8.3 Recording of observations.

Param eters  l ik e  the food convers ion  ra t io ,  Drotein  e f f ic ie n c y  ra t io  

prote in  and l i p i d  d i g e s t ib i l i t y  c o - c f f i c ic n t r  and s p e c i f i c  growth ra te  were 

ca lcu lated using the method descr ib ed  by hardy  (1989)

3 .8 .3 .1  Food Conversion Ratio (FCR)

FCR = A verage  w e igh t  of food consumed in d r y  weight 
A ve rag e  l i v e  w e igh t  gam

3 .8 .3 .2  Protein  Efficiency Ratio (PE R )-

PER = A ve rage  l i v e  weigh t gam 
A verage  p ro te in  consumed 

in d r y  w e igh t

3 .8 .3 .3  Protein  and L ip id  D igestib ility  co -erfic ien ts .

D ig e s t ib i l i t y  c o - c f f i c ic n t  of any nutrient is ca lcu lated  as fo l low s

DC = Nutrient d ig es ted  (F x P )  -  (ExQ )
Nutrient ingested  x  or ( I  x P )

F = Food consumed, E = Excreta  produced, P = Prote in  or l i o i d  

in fe ed ,  Q = P ro te in  or l i p i d  in exc re ta
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3.8.3.4 Survival rate.

S u rv iv a l  ra te  was ca lcu lated as fo l low s

°0 s u r v iv a l  = In i t ia l  number -  F ina l number inn
In i t ia l  number x

3 .8 .3 .5  Growth-

Growth was ca lcu lated  both m terms of length  and w eigh t, using 

the formula

Growth % = Final s iz e  -  In i t ia l  s iz .g
In i t ia l  s iz e  x

3 .8 .3 .6  Specific  Growth Rate (SGR ).

SGR = lo g e W2 -  l o g e \V1

-------------------------------- x  100

V  ' i

where

= Weight at time t^ , W2 = Weight at time t2

I t  g iv e s  the average  percentage increase in body  weight p er  daj 

of f is h  o v e r  42 days
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3.0.4 Biochomical analysis of Carcass

Prox im ate composition of the carcass of f ishes  was done a fter  42 

days of growth , to determine the best supplementary feed fo l low ing the 

standard procedures mentioned ea r l ie r

3.8.5 Estimation of Q:N ratio .

A fte r  feeding the f is h  fo r  42 days , they were subjected to test 

the 0 N ra t io  by r e s p iro m e tr y . Four samples from each treatment were 

taken fo r tho study. In i t ia l ly  the f ish  wore acclimati7od in the chamber 

of the resp irom ete r  fo r  an hour The chamber was flushed with the same 

water in which the f is h  were kept throughout the equ il ib ra t ion  A fte r  

acclimatization , water samples were taken from the resp irom eter  for 

estimating the in it ia l  d is so lv ed  oxygen and ammonia content of the water 

Then the resp irom ete r  was closed and placed m a water bath, maintained 

at a temperature of 30 ± 1°C, for  one hour Water samples were then

drawn fo r  the estimation of f inal d is s o lv e d  oxygen and ammonia content 

The d i f fe ren ce  between the in it ia l  and final values g ives  the oxygen 

consumed and ammonia excre ted  by the f ish  during the period  of the 

experiment. A f t e r  the completion of experim ent, the f ish  were b lotted 

d ry  in a f i l t e r  paper and weighed Oxygen was measured using W ink le r 's  

method and ammonia by Spoctrophotom elric  method (S tr ick land and 

Parsons, 1968). The resu lts  were exp ressed  as mg O2 /g/hr for  oxygen 

consumption and mg NII^ -N/g/hr fo r  ammonia excre t ion  0 N ratios  of 

ind iv idua l f ish es  fed w ith d i f fe ren t  protoin sources were then estimated 

fo l low ing the method given  by Bayne et al (1985)
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3.9 Study on the Optimum Food Ration

The feed  which gave the best growth performance and conversion 

e f f ic ien cy  of the f i r s t  experiment was se lected  fo r  the study of optimum 

food ration . Eight numbers of m i lk f ish  f r y  (2 0 cms/0 107 g) were 

introduced to each tank They were then fed at 0 ,3 , 6, 9, 12, 15, 18

or 21% of the body weight, tw ice d a i ly ,  fo r  21 days Each treatment 

was re p l ica ted  th r ice  The su rv iva l  ra te ,  sp e c i f ic  growth rate and food 

conversion ra t io  were then analysed. Optimum food ration was 

calculated using the tangent method.

Ana lys is  of Variance (Snedecor and Cochran, 1968) was ca rr ied  

out fo r  the co l lec ted  data Rations and percentage value (X )  were

3.10 Statistical Analysis

transformed into A rc  sin values for analysis



RESULTS
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4.1 Proximate Composition of Feed Ingredients and Formulated Feeds

4.1 .1  Feed Ingredients.

The proximate composition o f ingrodients used in the fornulation

of exper im enta l d ie ts  is given in Tab le  2. Moisture content of the 

ingred ients  va r ie d  from 7.61 to 9.77%, the minimum boing fo r  squid meal 

and the maximum fo r  tapioca powder Squid meal had the h ighest crude 

protein  content (80.46%), fo l low ed  by f ish  meal (70.22%). The crude 

protein  content of o ther ingredients was clam meal -  50.62%, prawnhead 

waste 50.15%, soyabean meal 47.6%, groundnut o il  cake -  34.88% and tapioca 

powder 6.92%. The crude fa t content of the ingred ients va r ie d  from 

0.9 to 11.1%. Clam meal had the h ighest fat content and tapioca the

low es t .  The crude fa t  content of other ingred ients  v i z . ,  groudnut o i l

cake, prawnhead waste, squid meal, f ish  nea l  and soyabean meal was 

7.06, 6.9, 6.5, 5.9 and 2.4% re s p e c t iv e ly  The crude f ib r e  content

of the ingredients va r ie d  from 0.7% ( f i s h  meal) to 8.6% (soyabean m eal).  

Tapioca powder had the h ighest NFE content (72.1%), w h ile  squid meal

had the low est  (0 .6% ). The ash content was maximum fo r  prawnhead 

waste (23.65%), which was fo l low ed  by  f ish  meal (14 2%). The minimum 

content of ash was found m  squid meal (4.03%).

4.1 .2  Formulated Feeds.

4 RESULTS

The prox imate composition o f the formulated feeds  is  g iven  in
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Table 2. Proximate composition o f the ingredients used in feed formulation *  (% dry weight)

Ingredients Moisture Crude protein Crude fat Crude f ib r e Carbohydrate 
(N -Free Extract) 

NFE

Ash

Fish meal 8.08 70.22 5.90 0.70 0.90 14.20

^quid meal 7.61 80.46 6.50 0.80 0.60 4.03

Clam meal 9.65 50.62 11.10 4.11 16.90 7.62

Prawnhead
waste 7.88 50.15 6.90 6.53 4.89 23.65

Soyabean
neal 8.94 47.60 2.40 8.60 25.36 7.10

Groundnut
oil-cake 9.43 34.88 7.06 7.50 33.80 7.33

Tapioca 9.77 6.92 0.90 4.30 72.10 6.01

^ Average of four values

CO
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T a b le  3. The  moisture content o f the feed s  v a r ie d  from 8.5 to 9.6%.

The  crude p ro te in  content o f  a l l  the fe e d s  was around 40% ( 39.78 to 

40 .44 ).  The  crude fa t  content was h igh es t  fo r  CM (8.1%) and the low es t  

fo r  SYM (5 .8 % ),  w h ile  i t  was 7.2, 7 .1 and 6.5 fo r  PHM, SQM and FM

r e s p e c t i v e l y .  The  fa t  content seems to have  an in v e rs e  re la t ion sh ip

w ith  moisture content. The  crude f i b r e  content was the h ighest  in SYM

(8.8%) and the lowest m  m  (3.59%). The  NFE content of PHM was

20.6% and CM 24.3%. For  a l l  the o ther  feeds  i t  was around 26% The 

ash content o f the feeds  v a r i e d  from 9.75 to 17 .04 -h ighest  being fo r  

PHM and the low es t  fo r  SYM. The fe ed s  were almost i s o c a lo r i f i c  and 

th e i r  energy content v a r ie d  from 3.13-3.33 Kcal/g.

E f fe c t  o f storage on the keeping q u a l i ty  of the fe e d s ,  as ind ica ted

by  var ious  parameters is  g iven  m  T ab le  4. M oisture and the

NFC showed a decrease  in th e ir  contents a fte r  four months of 

s to rage  (F i g .  1 ) .  The  h igh es t  percentage increase m  the moisture 

content was fo r  SYM. Feeds  Fi 1, PHM, SQM and CM showed an increase

m  moisture content o f 15.03, 14.82, 14.61 and 11.06%,

r e s p e c t i v e l y .  The  increment in the NFE content in feed s  a fte r  four

months o f s to rage  was in tho oi dor of PHM (20 98%), CM, (15%),

SYM (8.27%) and FM (4.91%). The  drop  m  the

crude protein  content was 5.2% fo r  P11M w h i le  i t  was 4% fo r  CM. 

For  other d ie ts  i t  was between 2 to 2.7%. The crude fa t  content o f  feed s
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Table 3. Proximate composition of formulated feeds *  (% d ry  weight)

Parameters

0G

Diets

FM SQM CM PHM SIM

Moisture 9.45 9.38 8.50 8.60 9 60

Crude protein 40.28 40 44 39.78 39.86 40 10

Crude fat 6.50 7.10 8.10 7.20 5.80

Crude f ib r e 3.59 4.90 5.82 6.70 8.80

Carbohydrate (NFE) 26.70 26.00 24.30 20.60 26 00

Ash 13.48 12.18 13.50 17.04 9.70

Energy content 3.30 3.33 3.33 3.13 3 21

Average of four values

Cn
O
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Table 4. Effect of storage in the keeping quality of formulated feeds.

Feeds

FM SQM CM PHM SYM

Parameters Frcsn After 
4 mo­
nths 
sto­
rage

°o age 
d i f fe ­
rence

Fresh After 
4 mo­
nths 
sto­
rage

o age 
d i f f e ­
rence

Fresh A fter 
4 mo­
nths 
sto­
rage

o aae 
d i f f e ­
rence

Fresh A fter 
4 mo­
nths 
sto­
rage

°0 age 
d i f f e ­
rence

Fresh A fter 
4 mo­
nths 
sto­
rage

°o age
d if fe
rence

Average sinking 
rate cm/sec 2 80 3 90 2.40 3 40 1.20 1 90 1.70 2 60 3 40 4.50

Stability  °0 86 70 84 09 3.01 86 8 85.52 2 93 88 10 85 63 2 80 78.90 75 10 4 82 87.80 84 78 3 44

Moisture o 9 45 10 87 + lo .03 9 38 10 75 +14 61 8 50 9 44 +11 06 8 60 9. 88 +14 82 9 60 11.27 +17.4

Crude protein °0 40 28 39 41 -2 16 40 44 39 63 -2 00 39 78 38 20 -4 00 39.86 37. 80 -5 20 40.10 39.03 -2.7

Crude fat °0 6 50 6 25 -3 80 7 1 6 61 -6 90 8 10 7 32 -9 60 7 20 6 68 -7 20 5.80 5 64 -2.8

Ash “o 13 48 12 01 -10 91 12 18 9 94 -18 40 13 oO 11 80 -12 60 17 04 14. 38 -15.61 9 70 7 81 -19.48

Crude f ib re  °0 3 o9 3 4o -3 90 4 90 4.71 -3 90 5 82 5 30 -8 90 6 70 6 02 -10 15 8 80 8 10 -7.95

Carbohydrate °0 
(NEF) 26 70 28 01 +4 91 26 00 28.36 + 9 10 24 30 27 94 +15 00 20 60 25 24 + 20 98 26 00 28 15 +8 27

Fungal count 
cfu/g 0 3xl06 - 0 5/106 - 0 4 d/107 - 0 8x l06 - 0 7 lx lO 6 -

Bacterial count 
cfu/g 1

6
48-10 3 7/10

7 5
1 LvlO

7
1 5 10 -

5
1 1x10

7
3 1x10

5
3 9x10

7
4.2x10 - 3 1x10°

7
1.8x10 -

Average of four values
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was found to be low ered  in the o rder  of CM (9 .6 ! ; ) ,  PHM (7 2!j) ,

SQM (6 .9 ! ; ) ,  FM (3.3°0) and SYM (2 .8 ” ) ,  as m  the same o rd er  of fat

content m  the fresh  feeds . SYM (19.^8%) showed the maximum decrease 

in the ash content among the feed s ,  wh ile  the minimum decrease w as 

fo r  FM (10.91%). The decrease m  the crude f ib r e  content was the

h ighest fo r  PHM (10.15!,) and lowest fo r  FM and SQM (3.90%).

4.2 Sinking Rate of Formulated Feed crumbles

The sinking ra te  of SYM was the h ighest, both before (3 .4  cin/sec) 

and a fte r  storage of 4 months (4 .5  cm/sec). The sinking rate  of other 

feeds  was 1.7 (PH M ), 2.4 (SQM), 2.8 (FM) and 1.2 cm/sec (C M ). A l l  

the feeds  exh ib i ted  an increase in the sinking rate  a fte r  storage 

(T a b le  4 ) .  The sinking rate a fte r  storage was 1.9, 2 .6, 3.4,

and 2.9 cm/sec fo r  CM, PHM, SQM, and TM r e s p e c t iv e ly .

4.3 Water Stability

The most s tab le  feed  at the end of three hours m  the water was 

CM (88.1% d ry  m a tte r ) ,  and the least s tab le  was PHM (78.9%). The

in it ia l  values of water s ta b i l i t y  of other feeds  were 86.7% (T M ),

86.8%(SQM) and 87.8%(SYM). The w a te r -s ta b i l i t y  of feeds reduced a fter

four months of s torage, the range m  the va lues being 75.1%(PIIM), and

84.78%(SYM) (T ab le  4 ) .
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4.4 M ic rob io log ica l  qu a l i ty  o f  Formulated roods

In the fresh  samples there were no fungal co lonies But a fter  four

months o f storage, fungal colonies were found to occur (T a b le  4 ) .  The

7
maximum fungal count was found m CM (4 .8  x  10 c fu /g ) ,  wh ile  i t  was

6 6
in the range a f  3x10 to 7.1x10 cfu/g fo r  other fe ed s .  The total plate 

count (b a c te r ia l  count) in the fr e sh  samples was in the range of

l . l x l O 5 to 3.9x10^ cfu/g (T a b le  4 ) .  The h ighest count was fo r  PHM, 

fo l low ed  by  FM and SYM. While SQM and CM had the same bacter ia l

count (1 .1 x10s cfu/g). T h ere  was an increase m  the total p la te  count 

a fte r  four months of s torage, the range being 3 . 6x 106 to 3.08x106 cfu/g. 

The increment in TPC was maximum fo r  CM (3 .0 8 x l0 7 ) ,

4.5 Evaluation o f  Supplementary Feeds

4 .5 .1  Water qua l ity  maintenance.

4 .5 .1 .1  Tem peratu re .

Tab le  5 g iv es  the range of temperature m  the experimental tanks 

during the study fo r  the evaluation of supplementary feeds . The water 

temperature ranged from 27.1 to 30.8°C. The mean values of temperature 

m  each treatment during the s ix  weeks of study are also g iven  in 

Tab le  5. The temperature d id  not v a r y  much between the experimental 

tanks during the study.
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Table 5. Range of temperature (In °C ) of the experimental tanks during the study for the evaluation 
of formulated feeds (Values in the paranthesis give the range of temperature)

Treatnent
Weeks Mean ± SD

1 2 3 4 5 6

FM 27.27±0.17 27.9±0.21 28.63+0.09 29.4±0.08 29.98+0.83 30.6+0.14

27.1-27.5 27.8-28.1 28.6-28.7 29.3-29 5 29.9-30.1 30.5-30.8

SQM 27.22±0.30 28.01+0.11 28.43+0.05 29.4±0 18 29.98±0.10 30.55+0.17

27 2-27.5 28.0-28.2 28.4-28.5 29.3-29.5 29.6-29.9 30 4-30.8

CM 27.13±0.24 28.03±0.09 28.58+0.05 29.43+0.05 30 08±0.15 30.30+0.10

27.1-27.4 27 9-28 1 28 5-28.6 29 4-29.5 29.9-30.2 30.1-30.6

PHM 27 .33+0.09 28.10±0.14 28 .53±0.19 29 23±0 13 30.18±0.05 30.38+0.10

27.2-27.4 28.0-28 3 28.4-28.8 29.1-29 4 30.1-30.2 30 3-30.5

SYM 27.21±0.27 23.1±0.18 28.63±0.13 29.48±0 10 29.48+0.10 30.7+0.08

27.2-27.4 27.9-28.3 28 5-28.8 29.4-29.6 30.1-30.3 30.6-30.8

cn
CTJ
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4.5 .1 .2  pH .

The pH of the water fluctuated from 7.6 to 8 3 during the study 

The mean values of pH and its range m  each treatment during the s ix

weeks study are g iven  in the Tab le  6. There was not much fluctuation 

m  pH between the experimental tanks.

4.5 .1 .3  D issolved oxygen.

The d is s o lv e d  oxygen content of water recorded  over  the

experim ental per iod  is shown m Tab le  7. The value va r ied  from 6 8 

to 8.8 ppm. However, there  was not much var ia t ion  m the d isso lved  

oxygen content of w a te r , as aeration was p rov id ed  throughout the 

experiment.

4.5.2 Efficiency of Feeds.

4 .5 .2 .1  Food Conversion Ratio.

FCR was best with CM (1.74 ± 0 025) ind icating that it  was the

most e f f ic ie n t  feed among the f i v e .  The poorest 1 CR of 10.95 ± 1 54 

was given  by f ish  fed  on PHM (T a b le  8) A d ie t  based on SQM could

p rov id e  a better  FCR (2 94) than from TM (3 65) ( l i g . 2 ) ,  how ever the ir  

conversion ra tes  were not s ign i f ican t ly  d i f f e ren t

A na lys is  of Variance shows that FCR of CM was s ign if ican t ly  h igher 

(P  g l  0.01) than others . FCR of SYM and PHM was also s ign if ican t ly
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Tab le  6. Fluctuations o f  pH in 
(Values m  par an thesis

the experim ental tanks 
i g iv e  the range o f  pH)

during the study fo r the evaluation of formulated feeds

Treatment
Weeks means ± SD

1 2 3 4 5 6

FM
8.15±0.44 8 .08+0.28 8 ,13±0.13 8.08±0.19 8.1310.13 8.1510.17

7.6-8.2 7.8-8 .1 8 0-8.2 7.8-8.2 8.0-8 .1 8.0-8.1

SQM
8.1±0 14 8 .13±0.05 8 .03±0.22 8.05±0.13 8.0510.1 8 18+0.1

7.8-8.2 8.1-8 2 8.0-8 .2 8.0-8.2 8.0-8.1 8.1-8.2

CM
8 .0±0.10 8 ,05±0.06 8.03±0.05 8.18100.05 8.010.11 8.0310.13

8.0-8.2 8.0-8 1 8.0-8.1 8.1-8.2 8.0 -8 .2 8.0-8.2

PHM 8.23±0.13 8 .25±0.17 8.25±0.17 7 93i0 42 8.2+0 08 8.05+0.05

8.2-8.3 8.2-8 3 8.2-8.3 7 6-8.2 8.2-8.3 8.0-8.3

SYM
8 .06±0.04 8 ,0±0 07 8.1210.05 8 05+0.29 8.2810.1 8 .O81O.O8

8 0-8.1 8.0-8.2 8.1-8.2 7.6-8 2 8.2-8.3 8.0-8.2

cn~o



Table 7. Variations in the dissolved oxygen content in the experimental tanks during 
the study for the evaluation of formulated feeds.

Treat­ R ep l i ­
Weeks

ment cation 1 2 3 4 5 0

1 8.4 8.4 6.8 8.0 8.8 8.0
FM 2 8.0 8.8 7.8 8.2 8.0 8.2

3 7 2 8.4 7 4 7.8 8.0 8.0
4 7.8 8.53 7.3 8.0 8.2 8.1

AV+SD 8.16+0.44 8.53+0.16 7.33±0.36 8.0±0.14 3.A±0.32 8.08±0.08

1 8.0 8.4 8.2 8.8 8 0 8.0soil 2 7.6 8.0 7.4 8.6 7 6 7.8
3 8.2 7.2 6.8 8.8 7.6 7.3
6 7.9 7.9 7.4 8 7 7 7 7.9

AV+SD 7.93+0.22 7.88+0.43 7.45+0.50 8.3±0.08 7.7±0.25 7.89±0.08

1 8.4 7.2 8.4 7.8 8.2 7.8
CM 2 7.4 7.6 7.8 7 6 3.0 8 0

3 7.8 7.7 8 4 8 2 7.6 7 2
4 7.4 7.4 8.5 8.1 7 9 7.7

AV+SD 7.75+0.41 7 48±0.19 8.23±C 28 7 93+0.24 7 93±0.22 7 68+0.29

1 8.2 8.3 8.6 8 2 8.0 7.8
PHM 2 7.8 7 3 8 2 7.8 8.6 8.0

3 7.0 8.0 8. A 8.6 7 4 7 2
4 7.7 8.2 8 .A 8.2 8 0 7.7

AV+SD 7.68+0.43 8.08±0.19 8 ^±0 14 8.3±0.24 8 0±0 42 7 68+0 29

1 7.8 8.2 7.8 8. A 8.0 8 *
SYM 2 8.4 8.1 8.2 8.4 8.2 8.0

3 7.8 7.9 8.0 8.6 7.8 8.2
6 8 6 8.3 8.6 8.1 8.0 8.2

AV+SD 8 .15±0 36 7.9+0.52 3.15±0.30 8 .38±0 18 8.0±0.14 8 2±0.1A

Average of 3 values
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Tab le  8. Food conversion ra t io  o f  C .chanos f r y  fed w ith  various formulated fe ed s fo r  42 days

Feed Replication Average
in it ia l
weight

(8)

Average
final
weight

(c )

Average l i v e  
weight 
gam 

(8 ) 
a

A v .  wt. of 
food con­
sumed 

(8 )  
b

Food con­
vers ion  
ra t io  (FCR)

b/a

Mean ± SD

1 0.019 0.312 0.293 1 0243 3.50
2 0.011 0.303 0.292 1 .0693 3.66

FM 3 0.022 0.307 0.285 1 0768 3.78 3.65±0.099
A 0.028 0.307 0.279 1 .0208 3.66

1 0.011 0 377 0.366 1 0761 2.94
2 0 015 0.394 0.379 1 .0988 2.90

SQM 3 0.011 0.375 0 364 1 0801 2.97 2 .94±0.025
4 0.019 0 398 0.380 1 1215 2.95

1 0.011 0.456 0.445 0 .7831 1.76
2 0.018 0 475 0.457 0 .7769 1.70

CM 3 0.019 0.463 0.444 0 7815 1 76 1 .74±0 025
4 0.019 0.471 0.452 0 .7915 1.75

1 0.014 0.118 0.104 1 .1919 11.46
2 0.022 0.124 0.102 0 .9090 8 . 91

PHM 3 0.021 0 133 0.112 1 .1545 10 . 31 10.95±1.54
4 0.011 0.110 0.099 1 2991 13 . 12

1 0.022 0.155 0.133 0 6954 5 .23
2 0.011 0.152 0.141 0 .8274 5.87

SYM 3 0.016 0.154 0.138 0 .6943 5.03 5.32±0.32
4 0.019 0.156 0.137 0 7070 5.16

cn
co
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d i f fe ren t  from each other ( fa b le  141

4 .5 .2 .2  Protein Efficiency Ratio.

PER too , was best w ith CM (1^-5 + 0 021) PER values of various 

feeds are g iven  in Tab le  9 SQM and FM had a PER of 0 84 and 0 68 

r e s p e c t iv e ly .  PER was r e la t i v e ly  poor (F ig  3) fo r  SYM (0 47) but the 

lowest was fo r  PHM (0 23) fed  f ish

Ana lys is  of Variance shows PER of a l l  feeds to be significantly 

d i f fe ren t  from each other (T a b le  14)

4.5 .2 .3  Protein D igestibility  co-efficient.

Tab le  10 g ives  the protein  d ig e s t ib i l i t y  c o -e f f ic ie n t  of d i f fe ren t  

feeds m C chanos f r y  I t  was the h ighest fo r  f ish  fed on 

CM (97 24 + 0 558) and the lowest fo i PIIM (65 23 ± 0 379) The protein 

d ig e s t ib i l i t y  co -e f f ic ien t  of other feeds w e r e ,  1M -  86 56 ± 0 024, SQM- 

91 86 ± 0 172, and SYM 77 78 + 0 097 lc s p c c t i v e ly  (T ig  4)

S ta t is t ica l  analysis showed that protein  d i g e s t ib i l i t y  of a l l  feeds 

was s ign if ican t ly  d i f fe ren t  from each other (T ab le  14)

4 .5 .2 .4  L ip id  D igestibility  co -efflc ient.

D ig e s t ib i l i ty  of l i p id  was maximum fo r  f ish  fed  on 

CM(98 08 ± 0 43°,) However d ig e s t ib i l i t y  of l i o id  f i  om SQM was not
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Table 9. Protein efficiency ratio of C , chanos fry  fed with various supplementary feeds

I R e p l i ­
cation

Average
in itia l
weight

(8]

Average
final
weight

(8)

Average 
l i v e  weight 
gam

(3 )
a

Average 
weight of 
food cons­
umed 

(8 )

Average 
weight of 
prote in  con­
sumed

(8 )
b

PER

a/b

Mean ± SD

1 0.019 0.312 0.293 1.0243 0.4126 0.71
2 0.011 0.303 0.292 1.0693 0.4307 0.68
3 0.022 0 307 0.285 1.0768 0 4347 0.66 0 . 68±0 018
4 0 028 0 307 0 279 1.0208 0 4112 0.68

1 0.011 0 377 0 366 1.0761 0 4352 0.84
2 0.015 0 394 0.379 1.0988 0 4444 0 85
3 0 O il 0.375 0 364 1.0801 0 4368 0.83 0.84+0.007
4 0.019 0 398 0.380 1.1215 0 4535 0 84

1 0.011 0 456 0 445 0 7831 0.3115 1.43
2 0.018 0.475 0.457 0 7769 0.3091 1.48
3 0.019 0.463 0.444 0 7815 0 3109 1.43 1.45+0.021
4 0 019 0 471 0.452 0.7915 0.3149 1.44

1 0 014 0.118 0.104 1.1919 0.4751 0.22
2 0.022 0 124 0 102 0.9090 0 3623 0.28
3 0 021 0 133 0 112 1.1545 0.4602 0.24 0 . 23±0.033
4 0.011 0 110 0 099 1.2991 0.5178 0 19

1 0 022 0 155 0 133 0 6954 0 2789 0.48
2 0.011 0.152 0.141 0 8274 0.3318 0.42
3 0.016 0 154 0.138 0.6943 0 2784 0.50 0.47±0.03
4 0 019 0.156 0.137 0.7070 0 2835 0.48

0500
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Table 10. Protein d igestib ility  co-efficient of various formulated diets fed to C . chanos fry

Rep lica ­ Average anount Average anount Protein  Protein Protein Protein Protein Protein
tion of food of excre ta in feed m in food lost d ig es t ­ d ig e s t i ­

I consumed produced excreta consu­ through ed b i l i t y  of T lpan + SD
med excreta co -e f f ic i­

a b a-b=c ent
(8 ) (8) 0 0, 0 V (g ) ( s ) (8 ) c/a

1 0.487 0.128 0.196 0.0267 0.1693 36.37
2 0.510 0.131 0.205 0.0278 0.1777 86.68
3 0.513 0.130 40.28 20.88 0.207 0.0271 0.1799 86.90 86.565±0.239
4 0.486 0.128 0.195 0.0267 0.1683 86.31

1 0.512 0.080 0.209 0.0170 0.1920 91.87
2 0.523 0.082 0.212 0.0171 0.1949 91.93
3 0.514 0.084 40.44 20.83 0.208 0.0175 0.1905 91.59 91.86±0.172
4 0.529 0.082 0.214 0.0170 0.1970 92.06

1 0.373 0.019 0 148 0.0033 0.1447 97.77
2 0.369 0.018 0.147 0.0032 0.1438 97.82
3 0.370 0.027 39.78 17.61 0.147 0.0049 0.1423 96.67 97 .24+0.558
4 0.372 0.028 0.148 0.0049 0.1431 96.69

1 0.592 0.323 0.236 0.0810 0.1550 65.63
2 0.433 0.239 0.173 0.0600 0.1330 65.31
3 0.549 0.304 39.86 25.00 0.219 0.0760 0.1430 65.30 65.23+0.379
4 0.618 0.338 0.246 0.0870 0.1590 64.63

1 0.331 0.130 0.133 0.0294 0.1036 77.89
2 0.394 0.155 0.158 0.0352 0.1228 77.723
A

0.330 0.130 40.10 22.68 0.132 0 0295 0.1025 77.65 77 .78±0.0970.336 0.132 0.135 0 0299 0.1051 77.85

O)
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Table 11. Lipid d igestib ility  co-efficient of various formulated diets fed to C. chanos f ry .

Feed

R e p l i ­
cation

Average amount 
of food 
consumed

g

Average anount 
of e creta 
oroduced

OO

L ip id
feed

00

m L ip id  m 
e mreta

%

L m id  m 
food
consumed

a
8

Lm id  lost 
through 
e creta

b
Oo

L ip id  L io id  
d igested d ig es t i ­

b i l i t y  co- 
e ffec ien t 

a-b=c c/a 
8

Mean ± SD

1 0 487 0 128 0 032 0 0020 0 0300 93 75
2 0 510 0 131 0 033 0 0020 0 0310 93 94

F ' l 3 0 513 0 130 6 5 1 6 0 033 0 0020 0 0310 93 94 93 855±0 09
4 0 583 0 128 0 032 0 0020 0 0300 93 75

1 0 512 0 080 0 036 0 0004 0 0356 98 89
2 0 523 0 082 0 037 0 0004 0 0357 96 49

SC' I 3 0 514 0 084 7 1 0 46 0 036 0 0004 0 0356 98 89 97 12 ±1 94
4 0 529 0 082 0 038 0 0004 0 0358 94 21

1 0 373 0 019 0 030 0 0005 0 0295 98 30
2 0 369 0 018 0 030 0 0004 0 0296 98 67

CM 3 0 370 0 027 8 1 2 46 0 030 0 0007 0 0293 98.67 98 08±0 43
11 0 372 0 028 0 030 0 0007 0 0243 97 67

1 0 592 0 323 0 043 0 0070 0 0360 83 72
2 0 433 0 239 0 031 0 0050 0 0260 83 87

PHM 3 0 549 0 304 7 2 2 1 0 040 0 0060 0 0340 85 00 84 17+0 497
is 0 618 0 338 0 044 0 0070 0 0370 84 09

1 0.351 0 130 0 019 0 0100 0 0090 47 37
2 0 394 0 155 0 023 0 0120 0 0110 47 83

SYM 3 0 330 0 130 5 8 7 6 0 019 0 0100 0 0090 47 37 47 49+0 199
4 0 336 0 132 0 019 0 0100 0 0090 47 37

CD
cn
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B i ( j n i r i r n n l ] y  ( l j K n i u n l  l i o n  C M  ( I n b i t  1 ' )  1 l u  \ i l u t s  l m  t i n

d ig e s t ib i l i t y  of other feeds aro given in Tab le  11 L im d  fron  SYM was

the leas t  d ig e s t ib le  (47 49 + 0 19%) fo r  C chanos f r y  (T ab le  11, F ig  4)

Hence i t  seems that l i p id  fron  annnal sources is more d ig e s t ib le  than 

from plant source

4.5.3 Biochemical composition of C.chanos fry .

The biochemical composition of f ish  fed on va i ions supplcmentarx 

feeds is  e ivcn  m  Tab le  12 Moisture content of f ish  decreased s l ig h t ly  

(range being -0 3 to -4 87%), when fed  with I’ M, SQM, CM or SYM 

H owever, f i s h  fed with PHM showed an increase (0 87°0) m moisture 

content The maximun increase in f ish  body protein  was found when fed 

with CM, the increase being +4 9% Th is  was fo l low ed  by SQM (+2 8%)

and FM (+1 10%) The above data a lso  re f le c ts  the same o rder  of

performance m  terms of PLP and protein  d ig e s t ib i l i t y  co -e f f ic ion t  of 

various feeds  when fed to C chanos f r y  P io tem  synthesis was low 

(0 75% increase ) in f ish  fed on SYM, w h ile  i t  was the lowest (0 2%)

with PIIM (F in  5) l lowevci , ciudc fa t showed a d i f f c ic n t  pattern of

deposit ion  I t  was maximum in f is h  fed on CM (0 89% increase) and

minimum in f ish  fed on plant source SYM (0 15% increase ) Fi^h fed 

on PHM produced bettor fa t  deposit ion  (+0 28%) than those fed w ith FM

(+0 20%). Fat deposit ion  in f ish  fed on SQM showed an increase of 0 38%

Maximum ash deposit ion  was found in f ish  fed on PHM, w h ile  the lowest

was found in those fed  on SQM 1 he range of percentage increase in

ash deposit ion  was m  the o rder  of +0 08 to +0 35% The NFE content 

m general showed a decrease m the f ish  bod^ aftc i fc cd m L with



Table 12. Biochemical composition of C. chanos fry  fed with various formulated feeds *

Parameter
Initial

Feeds

rj basis
FM, % difference SQM, % difference CM, ■■ difference PHM, ou difference SYM <>0 d if fe rence

Moisture 77 39 76 64, ( -0  75) 75 58, (-1  81) 72 52, (- 4 87) 78 26, (+0.07) 77 09, ( -0  3)

Crude protein 17 04 18 u . (+1 10) 19 8*, (+2 8) 21 94, (+4 9) 17 24, (+0 2) 17 79, (+0.75)

Crude fat 1 01 1 21, (+0 20) 1 39, (+0 38) 1 9, (+0 89) 1 29, (+0 28) 1 16, (+0 15)

Ash 1 55 1 .71, (+0 16) 1 63, (+0 08) 1 69, (+0 14) 1 90, (+0 35) 1 69, (+0.14)

NFE 3 01 2 30, (-0 .71 ) 1 56, (-1 *5) 1 95, (-1 06) 1 31, (-1 7) 2 27, (-0  74)

Energy content 
kcal/100 p 9o 30 100 00, ( +4 2) 106.60,{+10 8) 121 70,( +25 9) 93 13, (-2 67) 97 0, (+2 1)

Average four values 

C .pressed on wet weight basis

CD
CO



6 9

CM
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various su p p lenen ta ry  fe ed s  The maximum reauction  m  NFE was found 

in f i s h  fed  on FM ( -0  71%). Energy content showed an increase in its

va lue  a fte r  f i s h  were fed  w ith  va r iou s  fe e d s ,  e x cep t  PHM fe e d ,  the 

maximum being in those fed  on CM (+25.9%) H ow ever ,  the f i s h  fed  on 

PHM showed a decrease  (-2 .67%) in the energy  content.

4 .5 .4  O xygen  consumption, ammonia e x c re t io n  and Q:N ra t io .

The Oxygen consumption of C chanos f i y  v a r ie d  from 0 48 to 0 665 

mg 0 2 /g/hr, when fed  w ith  var ious feed s  compounded from d i f f e r e n t  

p ro te in  sources . In genera l,  f i s h  fed  w ith  animal p rote in  sources 

consumed more oxygen  than that fed  on plant p ro te in  source, e x c ep t  PHM 

(T a b le  1 3 ) .  The s ta t is t ic a l  ana lys is  showed that oxygen  consumption ra te  

was not s ig n i f ic a n t ly  (P  >  0 01) d i f f e r e n t  among f i s h  fed  SQM and FM, 

and CM and SYM (T a b le  1 4 ) .

Ammonia exc re t ion  ra tes  o f C chanos f r y  ranged from 0 043 to

0.117 mg NHj -N/g/hr (T a b le  13) when fed  w ith  d i f f e r e n t  p ro te in  

sources. Its  va lue  was lo w e s t  w ith  f i s h  fed  on animal p rote in  sources 

(e x c e p t  PHM-0 117 mg NH^ N/g/hr) . F ish  fed  on SYM showed a va lue 

o f 0.091 mg NH^ -  N/g/hr Ana lys is  o f Variance (T a b le  14) shows no

s ign if ican t  d i f f e r e n c e  (P  ^  0 05) of ammonia ex c re t ion  between f i s h  fed  

on PHM, SYM and FM or between SYM, TM and SOM or between FM, SQM 

and CM.

O N ra t io  was 12 566 m  f is h  fed  on CM, 10 769 fo r  SQM, 8 388 

fo r  FM, 6 061 fo r  SYM and 4 09 fo r  PHM The ra t io  was low w ith  f i s h



Table 13. Oxygen consumption. Ammonia excretion and 0 :N  ratio  in C . chanos f r y  fed  on formulated feeds  
compounded from various protein sources

Feeds (Mean ± SD)
Parameters “

FM SQM CM PHM SYM

Length (cm s)

Weight (g )

Oxygen consumption rate 
(m etabo lic  ra te )  
mg02 /g/hr

Ammonia excre t ion  rate 
(NHgN/g/hr)

0 N ra t io

3 361±0 010 3.819+0.0930 4 305±0.061 2.13±0 095 2 703+0.1010

0 307+0.081 0.385+0.0730 0.468±0.015 0.121±0.011 0.153±0.0890

0 651±0.003 0 . 665±0 0170 0.5405±0.024 0.480±0 025 0.5515±0 0180

0 073±0 003 0 . 0618±0.0015 0 043+0 001 0 117±0 002 0.091+0.00090

8 , 388±0 400 10 769+0 0840 12 566+0 260 4 098+0 220 6.061+0 1980

Average  of four va lues.
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T able  14. ANOVA Table  fo r  efficiency of formulated feeds fed to 
C . chanos fry .

Param eters Source Degrees
of

freedom

Sum of 
Squares

Mean Sum 
of

Squares

F Value N/S
at
10-L 0

FCR Between

E rro r

Total

feeds 4

15

19

318 008 

8.825 

326.913

79.522

0.5883

135.17 s

PER Between

E rro r

Tota l

feeds 4

15

19

38 403 

0.243 

38.403

9 6008 

0.0162

592.462 S

P ro te in  d ig e s ­
t i b i l i t y  co­
e f f i c ie n t

Between

E rro r

To ta l

feeds 4

15

19

1706.372

3.932

1710.304

426.59

0.262

1628.21 S

L ip id  d ig e s t ­
i b i l i t y  co­
e f f i c ie n t

Between

E rro r

T o ta l

feeds 4

15

19

3996.005 

57.382 

4053 387

999.001

3.825

261.12 s

Oxygen
consumption

Between

E rro r

T o ta l

feed s 4

15

19

1.412

0.119

1.531

0.353

0.008

44.175 S

NH3
Between feeds 4 1.384 0.346 4.669 S'-

ex c re t ion E r ro r

T o ta l

15

19

0 111 

2.496

0.0741

0 N ra t io Between

E rro r

To ta l

feeds 4

15

19

214.54

1.59

216.130

53.635 

0.106

505.99 s

N -  not S ign if icant, S -  S ign if ican t 

S”  S ign if icant at 5D„ l e v e l .
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Comparison o f  treatment means based on c r i t i c a l  d i f f e ren ce

FCR

Standard e r r o r  of transformed treatment means = 0.542

C r i t ic a l  d i f f e r e n c e  = 1.598

D iets  PHM SYM FM SQM CM

Transform ed treatment 19.280 13.333 11.013 9 .873 7.589
means

PER

Standard e r r o r  o f transformed treatment means = 0.09

C r i t ic a l  d i f f e r e n c e  = 0.265

D iets CM SQM FM SYM PHM

Transform ed treatment
means 6.904 5.259 4.739 3.929 2.757

P ro te in  D ig e s t ib i l i t y  c o - e f f i c ie n t

Standard e r r o r  o f  transformed treatment means = 0.381 

C r i t ic a l  d i f f e r e n c e  -  1.1228

D ie ts  CM SQM FM SYM PHM

Transform ed treatment
means 80.481 73.426 68.499 61.875 53.867



74

L ip id  D ig o s t ib l l i t y  co-cff.lcT.ont

Standard e r r o r  of transform ed treatment means = 1.383

C r i t ic a l  d i f f e r e n c e  = 4.075

Diets CM SQM FM PHM SYM

Trnasform ed treatment
means 82.181 80.796 74.886 66 557 43.558

Oxygen consumption

Standard e r r o r  o f transformed treatment means = 0.063

C r i t ic a l  d i f f e r e n c e  = 0.1864

Diets SQM FM SYM CM PHM

Transform ed treatment
means 4.677 4.627 4.258 4.215 3.973

Ammonia exc re t ion

Standard e r r o r  o f  transform ed treatment means = 0.192

C r i t ic a l  d i f f e r e n  e = 0.409

Diets PHM SYM FM - SQM CM-

Transform ed treatment
means 1,962 1.729 1.597 1.424 1 183
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□ N ra t io

Standard e r ro r  of transformed treatment means = 0.230

C r it ic a l  d i f fe ren ce  = 0.678

Diets CM SQM FM SYM

Transformed treatment
means 20.757 19.157 16.83 14.25

! Underscored means are not s ign if ican t ly  d i f f e  ent at 1"0 le v e l .  
Not s ign if icant at 5% l e v e l .

PHM

1.674
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fed on animal protein  sources, excep t  fo r  PIIM 0 N ra t io  of f is h  fed 

on d i f fe ren t  feeds  was s ign if ican t ly  d i f f e ren t  (Tab le  14)

4.5.5 Performance of various Feeds based on Survival and Growth of 

C .chanos fry .

4 .5 .5 .1  Based on ra te  o f  S u rv iva l .

The rate  of su rv iva l  of £  chanos fed with various formulated feeds 

is given in Tab le  15 The lowest s u rv iva l  was found m f ish  fed on PHM 

(81.25 ± 18 75°0) and the h ighest m f is h  fed  on CM or SQM ( S6.88±5.^100). 

S ta t is t ica l analysis  shows no s ign if icant d if fe rence  (P  >  0 01) between 

the rate of su rv iv a l  among f ish  fed on d i f fe ren t  feeds (T a b le  18)

4 .5 .5 .2  Based on Growth

There  was a c lear-cu t d i f fe rence  m giowth in C chanos f r y  fod 

w ith d i f f e ren t  formulated feeds (P la t e  I I I )  The h ighest average gam 

m  length and weight was attained by f ish  fed on CM, the values being 

2.55 ens and 0 450 g re s p e c t iv e ly  (T a b le  16) The least gain m growth 

(0 .6  cm m  length and 0 104 g in w e igh t )  was obtained fo r  f ish  fed  on 

PHM (F ig .  6) The gam in length and weight of f ish  fed  on FM 

(1 8 cms and 0.288 g r e s p e c t iv e ly )  was even s ign if ican t ly  lower 

(P s ^ O .O l )  than those fed on SQM (2 175 cms and 0 368 g re sp ec t ive ly )  

The gam in growth was 1 025 ens and 0 137 g when plant source of 

prote in  (SYM) alone was used (T ab le  16)
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Table 15. Rate of survival of C.chanos fry  fed on diffferent formulated diets (on % basis)

Treatment
Replications

1 2 3 4 5

FM 87 5 100.0 100 .0 75.0 9 0 .63±10.36

SQM 87 5 100.0 100.0 100.0 96 88± 5.41

CM 100 0 87 5 100.0 100.0 96.88± 5.41

PHM 87 .5 50.0 87 5 100.0 81.25±18.75

SYM 87 5 100.0 87 5 87.5 90.63+ 5.41

•-j
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Table 16. Average length (cm) and weight (g )  gain, and uercentage increase in growth attained by  
C.chanos fry  fed with various diets for 42 days (Values in paranthesis give the average)

Diet R ep l i­
cation

In it ia l Final Net gain Growth (%)

Length

cm

Weight

gm

Length
cm

Weight

go>

Length
cm

Weight
gn

Length Weight

1 1.7 0.019 3.7 0.312 2.0 0.293 117.65 1542.11
FM 2 1.6 0.011 2.6 0.303 2.0 0.292 125.00 2654.55

3 1.9 0.022 3.6 0.307 1.7 0.285 89.47 1295.45
4. 2.1 0.028 3.6 0.307 1.5 0.279 71.43 996.43

( 1.825) (1 .020 ) (3 .375) (0 .307 ) (1.800) (0 .288 ) (100.890) (1622.140)

1 1.6 0.011 3.8 0.377 2.2 0.366 137.5 3327.27
2 1.7 0.015 3.9 0.394 2.2 0.379 129.41 2526.67

SQM 3 1.7 0.011 3.9 0.375 2.2 0.364 129.41 3309.09
4 1.9 0.019 4.0 0.398 2.1 0.380 105.26 2000.00

( 1.725) (0 .014) (3 .900) (0 .385 ) (2.175) (0 .368 ) (125.400) (2790.76)

1 1.6 0.011 4.2 0.456 2.6 0.445 162.5 4045.45
2 1.9 0.018 4.4 0.475 2.5 0.457 131.58 2538.89

CM 3 1.8 0.019 4.3 0.463 2.5 0.444 138.89 2336.84
4. 1.8 0.019 4.4 0.4/1 2.6 0.452 144.44 2378.95

( 1.775) (0 .017) (4 .325) (0 .466 ) (2.550) (0 .450 ) (144.270) (2825.030)

1 1.8 0.014 2.4 0.118 0.6 0.104 33.33 742.86
2 1.9 0.022 2.3 0.124 0.4 0.102 21.05 463.64

pur 1 3 1.7 0.021 2.6 0.133 0.9 0.112 52.94 533.33
4 1.9 0.011 2.4 0.110 0.8 0.099 26.32 900.00

( 1.825) (0  017) ( 2.425) ( 0.121) (0 .600) (0 .104 ) (33.410) ( 659.960)

1 2.0 0.022 3.0 0.155 1.0 0.133 50.00 604.55
2. 1.6 0.011 2.7 0.152 1.1 0.141 68.75 1281.82

SYM 3. 1.7 0.016 2.8 0.154 1.1 0.138 64.71 862.5
4. 1.9 0.019 2.8 0.156 0.9 0.137 47.37 721.05

(1.800) ( 0.017) ( 2.825) (0.154) (1.025) ( Q.137) (57.710) (867.48)

O
<r
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Ana lys is  of Variance indicates that °ain in length and weight were 

s ign if ican t ly  (P  < t0 .0 1 )  influenced by the d i f fe ren t  o ro tcm  sources used 

in the feed  (T a b le  18 ).  Maximum gain in growth was obtained in d iets

compounded w ith  animal sources of prote in  excep t fo r  prawnhead waste 

meal.

Tab le  16 also g iv es  the percentage gam in growth of £  chanos 

f r y  fed on d i f fe ren t  feeds , which again r e f le c ts  the sane o rder  of 

performance of feeds . The percentage increase m length of f is h  was 

144.27, 125.4, 100.89, 57.71 and 33.41D„, and the increase m  weight,

2825.03, 2790.76, 1622.14, 876.48 and 659 96°0 fo r  CM, SQM, FM , SYM

and PHM r e s p e c t iv e ly .

4 .5 .5 .3  Based on S p ec i f ic  Growth Rate.

The SGR was the h ighest  fo r  f i s h  fed  on CM (7 98 + 0.52) and

the lowest fo r  PHM (4.78 ± 0.54) ( F i g . 2) The SGR values fo r  othor

feeds are g iven  in Tab le  17

S ta t is t ica l  analysis showed that SGR of f ish  fed  on CM and SQM 

was s ign if ican t ly  h igher (P ^ .  0.01) than the o the is  Ho\ e v e r  the values 

obtained fo r  f ish  fed on plant source only (SYM) was not s ign if ican t ly  

d i f fe ren t  from FM, the values fo r  SYM and PHM were also not

s ign if ican t ly  d i f fe ren t  from each other
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*- Table 17. Specific growth rate  of C. chanos f r y  fed  with various diets fo r  42 days.

Feed Replication Average in itia l 
weight 

(g )

Average final 
weight 

(g )

Specific

SGR

growth rate

(°o)

Mean ± SD

1 0.019 0.312 6.66
FM 2 0 .0 1 1 0.303 7 89 6 .63±0 80

3 0.022 0.307 6.28
4 0 028 0.307 5.70

1 0 011 0.377 8.42
SQM 2 0 015 0.394 7.78

3 o c n 0.375 8.40 7.96±0.49
4 0.019 0.398 7.24

1 0 011 0 456 8 87
CM 2 0 018 0.475 7 79

3 0 019 0.463 7 60 7 .98±0.52
4 0 019 0.471 7.64

1 0.014 0.118 5 08
2 0 022 0.124 4.12

PHM 3 0 021 0.133 4.39 4.78±0.54
4 0 .0 1 1 0.110 5 48

1 0.022 0.155 4.65
SYM 2 0 .0 1 1 0.152 6.25

3 0.016 0.154 5.39 5.33±0.59
4 0.019 0.156 5.01

COto
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Table  18. ANOVA Table for the performance of feed on the survival 
and growth of C . chanos fry .

Parameters Source df SS MSS F
value

N/s 
at F 
0.01%

Rate of Between feeds 4 792.958 198.240 1.115 N
S u rv iva l E rro r 15 2666.238 177.749

Total 19 3459.196

Gain in Between feeds 4 10.397 2.599 106.8333 S
length E rror 15 0.365 0.024

Total 19 10.762

Gam in Between feeds 4 0.352 0.008 2257.95 S
weight E rro r 15 0.00058 0.000039

Total 19 0.35283

SGR Between feeds 4 48.3101 12.078 18.197 s
E rro r 15 9.9558 0.66372
Total 19 58.2659

N- Not s ign ificant, S -  s ign if ican t.

Comparison o f treatment means based on c r i t i c a l  d i f f e r e n c e . 

Gam length

Standard e r ro r  of treatment means = 0.1103

C r it ic a l  d i f fe ren ce  = 0.325

Diets CM SQM FM

Treatment means 2.55 2.175 2.55

SYM PHM

1.025 0.6



Standard e r r o r  of treatment neans

C r i t ic a l  d i f f e r e n c e

Diets

Treatment mean values

- 0 0044 

= 0 013

CM SQM FM SYM

- 2 55 0 372 0 287 0 137

SGR

Standard e r r o r  of transformed treatment means -  0 576

C r i t ic a l  d i f f e r e n c e  = 1 698

Diets CM SQM FM SYM

Transform ed troa tnen t means 16 396 16 380 1^ 499 13 322

PHil 

0 104

PHM 

12 396

!t U nderscored  means are  not s ig n i f ic a n t ly  d i f f e r e n t  at l°u l e v e l
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4.6 Studies on Optimum rood  Ration

4.6.1 Water quality

Water qua l ity  parameters recorded  during the study fo r  optimum 

food ration is  given in the Table 19 Salin ity  of water was maintained

at 4 to 6 ppt The water temperature ranged from 28 6 to 29 3°C oil

fluctuated between 8 2 to 8 6, and the d isso lved  o ygen fron  5 9 to 

8 1 ppm.

4 .6 .2  Rate o f  S u rv iva l .

S u rv iva l  ra te  was the poorest (66 67 ± 9 ^3) at zero  l e v e l  of

feeding I t  was only 70 ± 8 16 at 18% le v e l  of feed ing At 3% le v e l  of

feeding the su rv iva l  rate u as 80% and at 6% le v e l  i t  uas 100%, At a l l

o ther l e v e l s ,  the rate of s u rv iva l  was between 80 and 100% (Tab le  20)

The s ta t is t ica l  analysis  (Tab le  21) shows that su rv iva l  was not 

s ign i f ican t ly  d i f fe ren t  ( P >  0 01) at 3%, 6% or 12% l e v e l  of feeding

4 .6 .3  S p ec i f ic  Growth Rate •

SGR attained a negative  value of -1 1A at zero  l e v e l  of feeding 

I t  was 2 02 at 3% and 4 67 at 6% le v e l  of feeding S p ec i f ic  growth rate 

Increased from -1.14 to 7 63 and then decreased to 6 37 when fed  at 

0, 12 and 21% of body weight, r e s p e c t iv e ly  (F ig  7, Table 20)
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Table 19. Water quality parameters of the experimental tanks 
during the study for optimum food ration m C. 
chanos f ry .

Param eters Range Mean + SD

Water temperature
in °C 28.6 -  29 3 28 73 ± 0 45

S a l in i ty  m  ppt 4 - 6 5 + 0 05

pH 8 2 -  8.6 8.25 + 0.12

D isso lv ed  oxygen
in ppm 5.9 -  8 1 6 98 + 0 3A
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Tab le  20. E ffect o f  food  rat ion  on s u rv iv a l ,  growth  and food  conversion ra t io  in C.chanos f r y .

R e p l i -  In it ia l  Final Gam m  Mean ± SD Food FCR Mean+SD Rate Mean ± SD
cation weight weight weight SGR % SGR % consu- FCR of su- Rate of

med r v i v a l  su rv iva l
8 8 8 8

1 0.114 0.089 -0.025 -1.20 0.000 - - 80 66.67±9.43
2 0.116 0.093 -0.023 -1.05 -1.14±0.07 0.000 60
3 0.118 0.092 -Q.025 -1.18 0.000 60

1 0.106 0.162 0.056 2.01 0.101 1.80 80
2 0.100 0.152 0.052 1.99 2.02±0.029 0.098 1.88 1.83±0.04 80 80±0.00
3 0.100 0.154 0,054 2,06 0,098 1.81 80

1 0.105 0.281 0.176 4.68 0.333 1.90 100
2 0.101 0.279 0.178 4.83 4.66±0.15 0.330 1.89 1.91±0.03 100 100±0.00
3 0.112 0.286 0.174 4.46 0.340 1.95 100

1 0.110 0.439 0.329 6.59 0.663 2.02 80
2 0.106 0.433 0.331 6.70 6,58±0.10 0.666 2.01 2.01±0.005 80 80±0.00
3 0.114 0.433 0.329 6.46 0.661 2.01 80

1 0.100 0.498 0.392 7.64 0.852 2.17 80
2 0.101 0.501 0.400 7.63 7 . 63±0.01 0.852 2.13 2.15±0.02 100 93 .3±9.43
3 0.100 0.496 0.396 7.62 0.850 2.15 100

1 0.106 0.491 0.385 7.30 0.942 2.45 80
2 0.103 0.486 0.383 7.39 7.38±0.07 0.942 2.46 2.45±0.01 100 93,3±9.43
3 0.102 0.489 0.387 7.46 0.941 2.43 100

1 0.102 0.463 0.361 7.20 0.990 2.74 60
2 0.101 0.462 0.361 7.24 7.18±0.06 0.992 2.75 2.75+0.01 70 70+8.16
3 0.105 0.465 0.361 7.09 1.000 2.77 70

1 0.113 0.430 0.317 6.36 0.998 3.15 100
2 0.113 0.432 0.319 6.38 6 .37±0.01 0.998 3.13 3 ,15±0.01 100 100±0.00
3 0.113 0.427 0.315 6.37 0.998 3.17 100

00<1



Analys is  of Variance ( l a b l o  21) Ohows s ign if ican t ly  ( P ^ O  01) lower 

SGR when fed  at low l e v e ls  of feeding

4 .6 .4  Food Conversion Ratio.

FCP was best at low l e v e ls  of feed ing , i t  increased fr on  1 83

to 3.15 when fed from 3% to 21% of body weight

Ana lys is  of Variance shows that FCR is s ign i f ican t ly  d i f fe ren t  

(PsS.0.01) at a l l  le v e ls  of feed ing (T a b le  21)

4 .6 .5  Extrapo lat ion  o f Optimum Food Ration from graph.

The ex trapo lat ion  of graph (F ig  7) between SGR and feed ing rate 

indicate that the optimum food ration of C chanos f r y  is when fed  at 

a l e v e l  of 5.2% of the body weight The maintenance ration is at 1%

of the body weight and the maxinun growth rate at 12% of the body

weight.
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T a b le  21. ANOVA T ab le  optimum food  ration  o f  C . chanos f r y .

Parameters Source df SS MSS F N/s 
F( 7

at
.16)

Rate o f  s u rv iva l

Between feeding

rates 7 4070.77 581.475 8.63 S

Error 16 1077.084 67.318

Total 23 5147.8538

Spec i f ic  Growth Rate

Between feeding

rates 7 404.975 57.854 732.329 S

Error 16 1.263 0.079

Total 23 406.238

Food Conversion Ratio

Between feeding

rates 7 69.511 9.93 6895.83

Error 16 0.023 0.00144 s

Tota l 23 69.534

N -  not s ign ificant at 1% le v e l .

S -  s ign if ican t at 1% l e v e l .

Comparison o f treatment means based on c r i t ic a l  d i f fe ren ce .

Rate o f s u rv iv a l

Standard E rro r  of transformed treatment mean1- = 6.699

C r it ica l  d i f fe ren ce  = 19.568

Feeding rates 6 21 12 15 3 9 18 0

Transformed treatment means 90 90 81.43 81.43 63.43 63.43 61.22 54 99
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Spec if ic  Growth Rate

Standard E rror of transformed treatment means = 0 229

C r it ica l  d i f fe rence  = 0 670

Feeding ra te  12 15 18 9 21 6 3 0

Transformed treatment
means 18 077 17 838 17 633 17 035 16 817 14.951 11 978 5 306

FCR

Standard Error of transformed treatment means = 0 001144

C r it ica l  d i f fe rence  = 0.0905

Feeding ra te  21 18 15 12 9 6 3 0

Transformed treatment
means 35 263 33 513 32 097 30 669 29 99 29 483 29 054 17 217

" underscored means are not s ign if icant at l nu l e v e l
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5.1 Keeping Quality of rorraulated Feeds

A good q u a l i ty  feed  is  one which  is  ab le  to maintain i t s  nutr itional

status for  a few weeks of s to rage .  A ccord ing  to Fow le r  and Banks (1967) 

nutr it ional status of feed  does not show any a lte ra t ion  i f  s to red  fo r  a

few  weeks, but i f  s to red  fo r  a longer p e r io d ,  i t  n ay  have  de le te r ious

e f f e c t s  on f i s h  grow th . The s h e l f  - l i f e  o f the p rocessed  feeds  is

dependent on the type  of p rocess ing , s to rage  tem perature and moisture 

content of the d ie t  (H ilton  et_ a h , 1977) During prolonged storage

a d ve rs e  p h y s ic a l  conditions (m o is tu re ,  hea t,  l i g h t )  and m icro-organisms 

(mould , yeas t  and fungi) can cause d e te r io ra t ion  of feed  qu a l ity  resu lt ing  

m  decreased  p a la ta b i l i t y  and n u tr i t iv e  va lue  (Chow, 1980). Accord ing

to Hardy (1989) d r y  feeds  should be used w ith in  90 days of production.

H ow ever ,  feed s  used m  the present study d id  not show any d ras t ic

va r ia t io n  in the nutr itional status, even  a l t e r  four months of s to rage ,

ind ica t ing  that the qua l ity  of feeds  d ev e lop ed  were s a t is fa c to ry .

5 .1 .1  M oisture.

T h ere  was an increase m  the moisture content of a l l  feeds  a fte r

four months of s to rage .  Hastings (1971 ),  re p o r ts  that the presence of

h yg ro s cop ic  in gred ien ts  mainly starch  b r m ns about softomnp o f tho

p e l le ts  during s to rage . I h is  could h ave  resu lted  in the maximum

absorp tion  o f moisture by SYM -  tho feed  which  had f a i r l y  h igh  amount
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of carbohydrate  content. Besides, SYM had the least fa t  content among 

the formulated feed s .  Jayaram and Shetty (1981) rep or t  that h igher fat 

content hardens the pa rt ic le s  thereby preventing the en t iy  of moisture 

into the p e l le ts .  Th is is a lso re f le c ted  m  the lower moisture absorption 

of CM, SQM and FM which had h igher fa t  content than SYM. The 

p h ys ic a l  structure of feed  ingred ients and the po ro s i ty  of feeds also 

a f fec t  the uptake of moisture (S rikanth , 1986). Since SYM absorbed more 

moisture it  may be assumed that i t  was more porous. The h igher crude 

f ib r e  content of SYM could also have resu lted  m  h igher  moisture 

absorption , as is a lso reported  by Srikanth (1986) fo r  the feeds he used.

The increase m  the moisture content was accompanied by  the 

increase m  sinking ra te .  Hence SYM also recorded  the maximum increase 

in the sinking ra te .  S im ila r observation  has also been reported  by 

Srikanth (1986) and Josekutty (1991).

5 .1 .2  P ro te in .

The s l ig h t  decrease ob se rved ,  m the protein  l e v e l  of a l l  formulated 

feeds  fo l low ing  storage may be due to th e ir  increased moisture content. 

Jayaram and Shetty  (1981) a ttr ibuted th is  to the breakdown of water- 

so lub le  proteins due to increase in moisture content, and Chow (1980) 

to the de ter io ra t ion  of ammo ac ids .  Borthakur (1983), Venugopal and 

Kesavanath (1984), and Josekutty (1991) have also observed  s im ila r  

conditions in the feeds they used.
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5.1.3 Fat.

Among the f i v e  feeds  te s ted ,  CM which  had the h igh es t  fat content,

a lso  showed the h igh es t  reduction  m  the fa t  content a f t e r  s to rage . L ip id

content of the d ie t  is  seen to be in v e r s e ly  r e la ted  to the moisture

content. Jayaram and Shetty  (1980 a ) ,  and Venugopal and

Kesavanath (1984) a ttr ibu ted  the decrease  m  fa t  content to an increase

m  the moisture content during storage and the degree  of unsaturated o i l

p resen t in the d ie t .  L ip id  au to -ox idat ion  taking p lace  during storage

can also  decrease  the fa t  content. T h is  may be one of the reasons fo r

the reduced fa t  content a f t e r  storage m  the present s tu dy . However,

th e re  was no ranc id  smell fo r  any of the feed s  used in the present study

even  a fte r  four months of s to rage .  t h e  rate  of o x id a t ion  of fa t  is

g r e a t ly  in fluenced by  the s to rage  temperature and a r is e  o f 10°C 

ap p rox im a te ly  doubles the ra te  (K u l ik o v ,  1978) D e la  Crur j s l . (1989) 

recommends that feeds  should not be s to red  fo r  more than 15 days during 

summer months when temperature ranges between 28 and 31°C. In the 

presen t s tudy , tem perature range was 27.1 to 30.8°C and the storage

p e r iod  four months. H ow eve r ,  not much reduction  m  the fa t  content

was o b s e r v e d .  The o rd er  o f decrease  of fa t  content, a f t e r  storage was

CM >  SQM >  PHM >  FM >  SYM, which  shows in ve rs e  re la t io n s h ip  to the

amount of moisture absorbed .

5.1.4 Ash, Crude fib re . Carbohydrate.

The reduction  m  ash and crude f i b r e  content of the d ie t  a f te r  

s to rage  may be a ttr ibu ted  to the increase m  the moisture content. The
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increase m  the carbohydrate  content may be linked to the changes m 

other components in the feed during s to ra g e .

5-1.5 Total Heterotrophic Bacteria and Fungi.

Total h e tero troph ic  bacter ia  and fungi increased m a ll  feeds a fter 

s torage . Th is  may be duo to tho absorption of moisture, during storage. 

H igher fa t  content can also a ttract the fungi which can deter iora te  the

fe e d .  In the present study, CM which had the h ighest fat content showed 

maximum increase m total h e tero troph ic  bacter ia  and fungi 

Cho et  a l .  (1985) reported  that the increase m  m icrobia l loadresu lted  in 

the reduced p a la tab i l i ty  and n u tr it iv e  value of feeds .

Oxidation of fat g ives  r is e  to a feedstu ff  of low er  b io log ica l value

(Rumsey, 1980). I t  can resu lt  m increased d isease outbreaks l ik e  l ip o id  

degeneration (R ober ts ,  1978). Oxidation can be reduced by lowering the 

storage temperature, controll ing storage conditions (K u l ik o v ,  1978) and 

by reducing oxygen l e v e ls  during storage (H ardy , 1980). Natural 

antioxidants l i k e  tocopherol and chemical antioxidants l ik e  butylated 

h y d ro x y  toluene ( BHT) can be used to preven t l ip id  oxidation  in feeds .

Fungal growth can be prevented  by the use of potassium metabisulphite,

so rb ic  ac id , benzoic acid or by prop ion ic  a c id .  Problems due to the 

chemical d e ter io ra t ion  and in festation by microbes and insects can be 

reduced to some extent by storing the feed in a ir  t igh t containers.
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5.1.6 Water S tab ility .

The s t a b i l i t y  of feed is of utmost importance m aquaculture, as 

i t  makes the feed  more e f f ic ien t  and economical. The s ta b i l i t y  of 

formulated feeds should be such that, i t  should remain s tab le  m  water 

atleast fo r  one hour, so that they become a va i la b le  to even slow feed ing 

f is h e s .  The feed s ta b i l i t y  is influenced by ingred ient composition, 

nature of ingred ien ts , type  of processing and by the moisture content

of the d ie t  (Hastings, 1971, Kainz, 1979).

The most s tab le  feed both before and a fter  storage was CM. This 

may be because o f its  low  moisture absorption . High amount of glycogen 

in clam meal could also have resu lted  in the h igher s ta b i l i t y  of CM

feed .  Hastings (1971) has stated that , h igher fa t  content a ffec t  

ge latin ization , thereby  reducing the s ta b i l i t y  of fe ed . Such a situation

was not observed  m  the present study and the s t a b i l i t y  of feed was 

in the o rder of CM >  SYM SQM >  CM >  PIIM. lh e  least s tab le  feed was 

PHM. S t iv e rs  (1970) and Jayaram and Shetty (1981) ( are of opinion that 

the degree o f s t a b i l i t y  of feed  is dependent on the ge latin ization  of

starch  during the cooking of fe e d .  In the present study, the h igh amount 

of ch itm  and crude f ib r e  m  prawnhead waste might have resulted m

poor ge lat in izat ion , a ffecting the s ta b i l i t y  of PHM. Such a situation

has also been observed  by Snkanth  (1986).

H owever, too much s t a b i l i t y  of p e l le ts  is undesirab le , since the 

nutrients get t ied  up and become unavailable to the organism 

(Balazs et a l .,  1973).
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5.2 Water quality parameters in relation to Growth 

and Supplementary Feeding

C. chanos can to le ra te  wide ranges of temperature (8 .5  -  42 .7 °C ),

sa l in ity  (0  -  158 ppt )  and d is so lv ed  oxygen as low as 1.5 ppm

(Chen, 1990). The fluctuations of sa l in i ty ,  temperature, pH, and

d isso lved  oxygen m  the present study were 4-6 ppt, 27.1 -  30.8°C,

7.6 - 8.2, 6.8 -  8.8 ppm r e s p e c t i v e ly .  A lthough, ammonia excretion

rates were  m  the o rd er  of 0.043 - 0.117 ng NH3 -N/g/hr, i t  was not

re f le c ted  in the pH o f water, since aeration was p rov id ed  throughout 

the s tudy. Hence the conditions that p re va i led  m  the experimental tanks 

d id not seem to a f fec t  the growth of f i s h .

5.3 Evaluation of Supplementary reeds

5.3.1 Based on Efficiency of Feeds.

5 .3 .1 .1  Food Conversion Ratio.

In the present study, b e tter  FCR values were recorded  m f ish

fed  w ith  d ie ts  containing animal sources as ch ie f  protein , than that of

plant source , excep t  fo r  PHM. The best FCR was given  by CM (1 .7 4 ) ,  

fo l low ed  by SQM (2 .94 ) and FM (3 .6 5 ) .  The TCR of SYM was 5.32 which

was how ever  better  than that of PHM (1 0 .9 ) .

Kiron (1989), in his studies of supplementary feeds in L iza  parsia 

f r y ,  obtained TCR of 1.8 foi f ish  meal, 2.3 fo r  soyabean meal and 2 65
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fo r  prawn waste based d ie ts .  Feeding t r ia ls  conducted m  ponds with

Cyprmus carp io  , using supplementary feed  compounded from f is h  meal, 

s i lk  worm pupae, clam meal and groundnut o i l  cake and r ic e  bran have

shown to y i e ld  an absolute conversion ra t io  of 3.94 to 5.3

(Borthakur, 1983).

Tho l e v e l  of incorporation of various protein  sources seems to

influence the FCR. Senenches and Chiu (1988) reported  the betterment

of FCR values from 4.9 to 1.5 as f i s h  meal content m  the d ie t  was

increased from zero  to 30% of a corn meal based d ie t  in C. chanos f r y .  

Replacing FM from 0 to 40% of the SYM d ie t  in C. chanos increased the

performance of FCR values from 3.2 to 1.85 (Shiau et a l . ,  1988). A

s im ilar study m  Oreochromis mossambicus f r y  (D avies  et_ al_., 1989)

ind icated b e t te r  performance of FCR from 2.6 to 2.19 when soyabean meal 

was reduced from 75% to 25% of the d ie t .

In C. chanos f r y  a formulated d ie t  alone gave a better FCR (1 .1 ) .

than a combination of formulated feed  and Sp iru lm a (1 .5 )  or r ic e  bran

alone (1 .9 )  (Santiago et_ Ed., 1989). Among the d i f fe ren t  plant sources

tested in C. chanos ju ven i les ,  soyabean meal gave a better FCR of 1.88

than mugo (2 .0 5 ) ,  pigeon pea (2 .34 ) or kidney bean (3.31)

(De la  Pena et_ al_ , 1987) .

The best FCR shown by clam meal d ie t  in the present study, may

be because of its  h igh  protein  and l ip id  d i g e s t ib i l i t y ,  indicating that

CM prote in  is better u t i l iz ed  for growth purposes than other feeds .
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5.3.1.2 Protein efficiency Ratio.

Steffens (1981) has reported  that PER values can be used to 

evaluate the quality  o f protein  m the d ie t ,  those w ith  h igher  PER are 

of good quality  and those with lowe i PER values a io  of poor quality . 

Hence, m  the present study, CM w ith  the h ighest  PER (1 .45 ) can be 

considered as the bes t protein  source among the f i v e ,  fo l low ed  by SQM

(0.84) and FM (0 .6 8 ) .  Soyabean is a poor protein  source (0 .47 ) while 

PHM is  the poorest (0 .23 ) fo r  m i lk f ish  f r y .  A s im ilar trend has also 

been observed  m L iza  pars ia  f r y ,  by  Kiron (1989) w ith f i s h  meal,

soyabean meal and prawn waste as p io tem  sources.

5.3.1.3  D igestib ility  co-efficient.

D ig e s t ib i l i ty  determination along with chemical analysis allow a 

more thorough estimation of nu tr it ive  value of a part icu lar protein  source 

(P lakas and Katayama, 1981). the  d ig e s t ib i l i t y  c o -e f f ic ien t  is  found

to v a r y  w ith s iz e  of f is h ,  m ic ro f lo ra  of the intestine and d ig es t iv e

enzymes (N a i l ,  1962 Shell ,  1967, Syvokiene et_ eH. , 1975

Dabrowski, 1977). D ig e s t ib i l i ty  may also be l im ited  due to incomplete 

d ig e s t iv e  action or to the incomplete absorption (Maynard and

L oos l i ,  1978).

P rote in  d i g e s t ib i l i t y  co -e f f ic ie n t  m the present study v a n e s  from 

65.23 to 97.34%. T ish  fed on CM and SQM showed values of 97.34 and

91.86% r e s p e c t i v e ly .  Borthakur (1983) has repor ted  a s l ig h t ly  lower



100

vaiuo (92.7%) lo i clam incal cl lot (Included at 20% ol the d ie t )  In common 

carp. The protein  d ig e s t ib i l i t y  of 86.56°,, obtained fo r  FM m  the present 

study compares w e l l  w ith  the value of 0 6 .1G°, obtained by Shiau ot a l .

(1988) fo r  C. chanos ju ven i les .  However, the value was low e r  than

those obtained fo r  common carp (88.9 to 97.6%) Jayaran and

Shetty 1980 b , c, Borthakur, 1983, Eid and M atty , 1987, Hossam and 

Jauncey, 1990) and fo r  red t i lap ia  (99 42°,,) (Kanarudin ot_ al  ̂ , 1989) 

Ogino and Chen (1973) , attr ibuted the w ide va r ia t ion  m the protein

d ig e s t ib i l i t y  of FM , to the orig in  and processing method used fo r  the 

preparation  of f ish  meal used m the study. In the present study, SYM 

had a prote in  d i g e s t ib i l i t y  of only 77.78% Although, s im ila r  results 

have been obtained fo r  N i le  t i la p ia  (77.09%) by  Wee and Shu (1989),

the value is  low er than that reported  by Shiau et_ al_ (1989) for

C. chanos (89.54%). F e r r a n s  et_ eH. (1986) have reported  a s t i l l  lower

protein d ig e s t ib i l i t y  value of 54% fo r  C. chanos fm ge r lm g s .  These lower 

values of protein  d igest ion  of soyabean may be due to the trypsin  

inh ib ito rs  presont in thorn (Smith, 1977, Dabiowski and Kozak, 1979), 

since only plant sources (soyabean meal and groundnut o i l  cake) were

present in SYM feed . The protein  d ig e s t ib i l i t y  values obtained fo r  PHM 

(65.23%) m the present study, is much lower than that reported  by 

Anil (1981) fo r  carp ( 88.9%)8 rohu (87.1%), and by kiron (1989) for 

L iza  pars ia  f r y  (76.34%). vleyers and Rutledge (1971) rep o r t  that, 

although shnm phead waste contains good amount of d ig e s t ib le  proteins 

r ich  m  methionine and ly s in e ,  i ts  u t i l iza t ion  may be hampered by the 

high ch itm  or Ca sa lts present m it
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The w ide var ia t ion  in protein  d igestion , m sp ite  of equal protein

l e v e ls  m  feeds , was attr ibuted to the quality  of prote in  type  (Nose and 

roymim, 1906, Nomina o_t_ îl_ , P )7 ! ) .  Inulnghnl aviit lnbtllLy ul d l l lo ion t

proteins (Ogino and Chen, 1973) and to an unfavourable amino acid 

composition of the d ie t  (Nose, 1963).

L ip id  d ig e s t ib i l i t y  values, m general, were h igher (84 to 98.08°0) 

fo r  f i s h  fed  w ith d iets  based on animal protein  sources than w ith  plant 

source (SYM -  47.49%). Th is may be because, the wannwater marine

f ishes  have  a h igher  requirement fo r  n-3 HUFA (Ra jya lakshm i, 1989). 

The feed  sources used m  the present study, v i z  , CM, SQM, PHM and 

FM are of marine o r ig in  and are p robab ly  r ic h  m  HUFA. SYM contained 

only plant sources which may contribute only to n-6 fa t ty  acids.

Bautista and de la  Cruz (1988) have suggested l in o lem c  acid (n -3 ) to 

be a b e tte r  CPA fo r  in ilk fish  fm ger l ings  than l in o le ic  (n - 6) acid, 

although growth and s u rv iva l  were not s ign i f ican t ly  d i f fe ren t  from each 

other. Bes ides, h igh  amount of crude f ib r e  in plant sources may lower 

the d i g e s t ib i l i t y  of nutrients because of rap id  passage of food through 

the gut (Bender, 1967) Among the f i v e  feeds used m the present study, 

SYM had the h ighest crude f ib r e  content (7.8%). These factors  n igh t  

have resu lted  in the poor l ip id  l i g e s t i b i l i t y  of SYM m  m ilk fish  f r y .

The va lues of l i p id  d ig e s t ib i l i t y  obtained fo r  CM (98.08%) and SQM 

(97.12%) are not s ign i f ican t ly  d i f f e ren t  Borthakur (1983) has reported 

l ip id  d ig e s t ib i l i t y  of 88. 2% in common carp with clam meal d ie t  (a t  20%

die ta ry  inc lus ion ). L ip id  d ig e s t ib i l i t y  reported  in the present study,

HUFA -  H igher Unsaturated Fatty A c id .
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fo r  FM (93.8%) is  found to be almost s im i la r  to those re p o r te d  fo r

common carp  by  Jayaram and Shetty  (1980 b, c ) , Venugopal (1980 ),  and

Borthakur ( 1983), the values being 94.9, 96.5 and 90.4% r e s p e c t i v e l y .

Kiron (1989) has re p o r t e d  a l i p i d  d i g e s t ib i l i t y  va lue of 91.85% fo r

L iza  p a rs ia  f r y .  H owever  the presen t va lue of 84 17% fo r  PHM, was

low er  than that r e p o r te d  fo r  L iz a  p a rs ia  f r y  (92.18%) by  K iron (1989).

L ip id  d i g e s t i b i l i t y  o f SYM ( 47.49% ) used in the present study is  much

low e r  than that re p o r ted  fo r  L iza  p a rs ia  f r y  (90.86%) b y  Kiron (1989 ).

In genera l,  l i p id  d i g e s t ib i l i t i e s  of feeds  used m  the present study,

were h ig h e r  than p ro te in  d i g e s t i b i l i t y  va lues , e x c e p t  fo r  SYM. So i t

seems that l i p i d  is  the best source o f energy  fo r  the fa s t  swim rung

fish es  l ik o  C. chanos. M oreover ,  G orr ice ta  (1982) and G o m c e t a  and

B en itez  ( 1983) have  a lso  detec ted  l ip a s e  a c t i v i t y  m  almost a l l  parts of

the d ig e s t i v e  trac t  of m i lk f ish  f r y .  Th is  would a lso  have  contr ibuted

to the b e t te r  u t i l iza t ion  of l i p id  m  C. chanos f r y .

B es ides  being an energy  source, l ip id s  a lso  act as feed  a ttrac tor  

and increase  the p a la ta b i l i t y  o f feed  m  f i s h  and prawn

(R a jya la k sh m i,  1989). Chiu et_ a l (1986 a) and Seneriches and Chiu,

(1988) have  ob se rv ed  schooling  beh av iou r  in CL chanos f r y  when fed  

w ith  f i s h  meal based d ie t ,  whereas , no such a c t i v i t y  was ob se rv ed  with

other d ie t s .  H ow ever ,  m  the presen t s tudy , no such d i f f e ren t ia t io n

was o b se rv ed  as schoo ling  behav iour was e x h ib i t e d  by f r y  w ith  a l l  the

d ie ts  o f f e r e d .  The schooling  behav iour (See P la t  IV ) e x h ib i t e d  by f r y

as soon as the feed  was g iven  may be a ttr ibu ted  to the natural feed ing
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stimutants r e p o r ted  to be present m  squ id  meal, mussel meat and prawn 

head waste (P a u lra j ,  1989).

5.3 .2  Based on biochem ical composition of C chan os fry  before and 

after feeding.

I ho study of b iochem ica l composit ion  of f i s h  is of paramount 

importance as the carcass composition a l low s the determ ination  o f optimum 

feed ing  ra t ions . The grow th  of f i s h  is  in fluenced to a great ex tent by 

the chem ica l contents of the d ie t ,  age, and sexual maturity (R e im ers  and 

Meske, 1977, V io la  and Amidan, 1978, Jayaram and S he tty ,  1980 a, 

R em itz  and H it z e l ,  1980, Z e i t le r  at j d ., 1984).

In the present s tudy , a decrease  in the moisture content and an 

increase in p ro te in ,  fa t ,  m m cia l  and crude f ib r e  contents u e i e  observed  

m  f i s h  fed  on d i f f e r e n t  d ie t s .  Tiews et_ j d .  (1973) and 

Huisman et a l . (1979) rep ro ted  that m  t r ia ls  o v e r  a long p e r iod  of time,

a dec line  in the water content and an increase m  fa t  content w ith  minor 

changes m  prote in  and mineral contents might be expec ted  as weight 

increased w ith  age m  f i s h .  In the presen t s tudy , the moisture content 

of f i s h  fe d  on var ious  feeds  ranged from 72.52 (CM) to 78.26% (PHM) 

I t  seems to have an in v e rs e  re la t io n s h ip  w ith fa t  content of f i s h  (e x c e p t  

fo r  f i s h  fe d  on PHM ), as rep o r ted  b y  e a r l i e r  in ves t iga to rs  l i k e  Brandes 

and D ie t r ich  (1958 ), and Love  (197 0 ).  The increase  m  the moisture 

content o f f i s h  fed  on PHM, in sp ite  of the r e l a t i v e l y  h igh  fa t  content 

m  PHM may be due to the low e r  p rote in  syn thes is  in these f i s h e s .
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The prote in  synthesis  was m  the o rder  of CM > SQM > FM > S\M 

> PHM . A p o s i t iv e  corre la tion  of prote in  synthesis  to the amount of 

prote in  m  the feed has been repor ted  m common carp by Jayaram and 

Shetty (1980 b ) .  H ow ever ,  no such re la t ionsh ip  was observed  in the

present s tudy. The protein  deposit ion  values m the present study are 

m agreement with PER and protein d ig e s t ib i l i t y  co -e f f ic ien ls .

The fa t content of the carcass b as ica l ly  determine the quality  of 

f ish .  Decause of its  high energy va lue, i t  is also imoortant in the 

evaluation of nutrient u ti l iza t ion  of feed  At the same time, among the 

nutrients, fa t  a lways shows the grea test fluctuation. Increased d ie tary  

l i p id  l e v e l  enhances the deposit ion  of fat (Buck ley  and Groves 1979,

Rein itz  and H itze l ,  1980). Ih e  same pattern of re la t ionsh ip  has also

been observed  in the present study, the order of fat deposit ion  being 

CM > SQM >  PHM > TM >  SYM which almost agree with the crude fat le v e l  

in tho corresponding feeds . H owever , Uoi thakur (1983) lound no 

re la t ionsh ip  between body fat deposit ion  and fa t content m feed . 

Dabrowski (1977) and Jauncey (1981) reported  the fa t content of the 

muscle increasing w ith a decrease m  the protein  content of the d ie t  in 

common carp  and grass carp r e s p e c t i v e ly ,  w h ile  Luquet and Sabaut, 

(1973), and Ogmo et_ al_. (1976) noticed a re ve rs e  trend m g ilthead  bream

and common carp r e s p e c t i v e ly .  But the above type  of corre la tion  could 

not be observed  m  the present study and fa t content m  the body was

in agreement with l i p id  d ig e s t ib i l i t y  va lues.

Ash deposit ion  shows a p o s i t iv e  corre la t ion  with ash content 

present in the d ie ts .  The ash content observed  m the present study
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is w ith in  the range reported  by Hung et_ al_ (1900) m  C. chanos.

An in verse  re la t ionsh ip  between protein  and carbohydrate  content 

of the feed  was not found in the present study as reported  oy 

Khawaja (1966).

Varia tion  m the c a lo r i f ic  value of f ish  fed  on d i f fe ren t  d iets  were 

between 93.23 and 121.7 Kcal/100 g f i s h .  The energy content of the 

carcass va r ie d  mainly w ith the prote in  and fa t contents of the muscle.

Buckley and Groves (1979) also have reported  a s im ilar condition based

on data obtained fo r  various f ish  sp ec ie s .  In the present study, the 

maximum value of energy content (121.7 Kcal/100 gin of f i s h )  was found 

in f is h  fed  on CM due to tho high protein  and l ip id  content in them

F a ir ly  good amount of increase m the energy content , was observed  m

fish  fed  on SQM. C a lo r i f ic  value of f ish  fed  on PHM decreased by 

2.67% indicating the poor quality  of fe e d .  Th is  may be due to the lack

of true prote in  m prawnhead meal. I t  can also be due to the increase

m  the moisture content of muscle by 0.87% and hence the decrease m

NFE content by 1.7%.

5.3.3 Based on Oxygen consumption, Ammonia excretion and Q:N ra t io .

The increased oxygon consumption rate immediately a fte r  feeding 

is p r im a r i ly  due to the metabolism of amino ac ids. Th is increase is 

proport iona l to the percentage of prote in  m  the d ie t .  Ingestion of

carbohydrates  and l i p i d  w i l l  e l i c i t  only a less  oxygen consumption when
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compared to protoin (IovrvLl, 1009). I ho oxygon consumption in to  of

f is h  fed  on various d ie ts  shows the qua lity  of prote in  to be in the order 

CM > SQM > FM > SYM >  PHM .

Rato of ammonia pioduction is dupondont on the amount and quality 

(ammo acid  composition) o f prote in  fed .  I f  a protein  of poor ammo 

acid  balance is  fed ,  less  protein  synthesis per unit of ingested protein 

occur and the unused ammo acids are deaminated and excre ted  as nitrogen 

( L o v e l l ,  1989).

The com parat ive ly  lower rates of ammonia excre t ion  by f ish  fed 

on CM, SQM and FM indicate that animal protein  sources are superior 

m q u a l i t y / fo r  m i lk f ish  than plant source (SYM ). The h igher  ammonia

excre tion  ra te  of f is h  fed  on PHM, although not s ign if ican t ly  d if fe ren t

from f i s h  fed on SYM, indicate the poor quality  of prawnhead meal as

a protein  souce. Th is  may be because of its  h igher  non-protem-nitrogen

content. Ming (1985) and Kiron (1989) could observe  an inverse

re la t ionsh ip  between ammonia excre t ion  amd PER va lues. Such a re lation  

was also observed  m  the present study.

The h igher 0 N ra t ios  fo r  CM (12.566) SQM (10.769) and FM

(8.388) ind ica te  that the protein  from these sources are super ior  to 

C. chanos f r y .  The low er rate observed  in f is h  fed on PIIM (4.098) 

indicate increased amount of p rotcm  catabolism, which is also re f lec ted

m the low growth attained by the f i s h .
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5.3.4 Based on Growth Studies.

The evaluation of supplementary feeds , based on su rv iv a l  rate, 

gain in the length and weight, and sp e c i f ic  growth rate  also r e f l e c t  the

same o rd er  of performance of feeds as ob so ivcd  m  tho e f f ic ien cy  of

feeds . C. chan os f r y  fed  with CM show super ior performance fo llowed 

by SQM and I'M. Performance of f is h  fed on SIM was not sa t is fa c to ry ,

w h ile  PHM was the poorest feed fo r  C. chanos f r y .

Hence i t  may be presumed that £ .  chanos f r y  u t i l iz e s  feeds 

compounded from animal protein sources bettor than that from plant 

protein  source. Samsi (1979) a lso  reported  animal protein sources l ik e  

f ish  meal, meat and bone meal and shnmphcad meal to bo hotter 

u t i l ized  by £ .  chanos f in ger lm gs  than plant prote in  sources l ik e  soyabean 

meal, copra meal and l p i l - i p i l  loa f moal. Tho studios by kn on (1989)

on L iza  pars ia  f r y  a lso show a s im ila r  trend.

Reports  on the use of clam meal and squid meal m f in f ish  feeds 

are sca rce .  Borthakur (1983) has repor ted  clam meal (20°n o f d ie t )  along 

with s ilkworm  pupae y i e l d  best growth in mrigal and common carp . Among 

the d i f f e ren t  protein  sources used m  the present s tu d y , the protein 

of clam meal may be of superior qu a l i ty .  Surya Narayana and A lexander 

(1972) have  reported  clain meat ( V i l l o n t a  s p . )  as a good source of 

prote in , having maximum number of f r e e  ammo ac ids .  The 0 N ra t io  of 

the present study also indicate that clam meal protein  is best u t i l ized  

fo r  growth purposes than any other protein  used in the study. Besides, 

the prote in  and l ip id  d ig e s t ib i l i t i e s  of CM are the h ighest among the
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feeds . The h ighest s t a b i l i t y  of CM might also have contributed to the 

less leach ing out of the nutrients in the feeds . These factors  might have 

resulted in the better  u ti l iza t ion  of feed  which resulted m the highest 

growth.

Squid meal contains high protein  and ample amount of protein  amino 

acids (Deshimaru and Shigueno (1972 ). A survey of l i te ra tu re  based

on the study of Deshimaru and Shigueno (1972), L o v e l l  (1989) and

Seneriches and Chiu (1988) shows that a combination of squid meal and 

groundnut o i l  cake ( th e  ingredients used m the SOM feed )  can p rov id e ,  

ammo acids almost s im ila r  to that of m ilk f ish  f r y .  Squid meal also 

contains some natural feed attractors (Pau lra j ,  1989). Its  h igher

d ig e s t ib i l i t y  of protein  and l ip id  also have contributed to the better 

growth rate of C. chanos f r y  fed on SQM.

In the present study, performance of TM nas only next to CM or 

SQM. Although Timbol (1969), Santiago £t_ a)_. (1983), and Seneriches and

Chiu (1988) have reported  the su p er io r i ty  of f ish  meal in the feeds of

C . chanos ju v e n i le s , none of these workers had t r ied  ye t  another source, 

r ich  in protein  l ik e  c lan  meal or squid meal instead of f ish  meal, in

the d ie ts  they used. Kitamikado et_ cd. (1964) have shown that rainbow

trout of 10 or 100 g s ize  d igest white f ish  meal better than the f ish

of 6 g s ize  F e r ra n s  et al (1986) have also reported  the d ig e s t ib i l i t y  

of f i s h  meal in C . chanos increasing from 2 g to 240 g s iz e .  C . cnanos 

f r y ,  used In tho present study was only 0.017 g m s izo .  P iobn b lj  

subadults of m ilk f ish  can d igest f is h  meal better  than youngones. Further 

Steffens (1981) has mentioned that pi otein u t i l iza t ion  depends on the
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s ize  of f i s h ,  apart from spec ies ,  prote in  qu a l i ty ,  environmental factors 

e tc. H owever , there are also repor ts  of lower values of growth rate

and prote in  u ti l iza t ion  in rainbow trout ra ised  on Peruvian f is h  meal

(Nomura et a l ., 1973) ; and bates c a lc a n fe r  f r y  fed  w ith f ish  ineal from

Thailand and Norway (Cho, 1905). Hence i t  seems that, qua lity  of f ish  meal 

may also influence the growth performance in f is h  fed on them . Although

f is h  meals from d i f fe ren t  places may have the same EAA composition,

the b io lo g ica l  a v a i la b i l i t y  of these EAA are not known and the chemical

analysis of feed does not r e a l ly  ind icate  the qua lity  of f is h  meal The

Non-Protein  Nitrogen (NPN) fraction  and Total Amino Ac ids  ( TAA) may 

also v a r y  among the f is h  meal (Cho, 1985) In the present study too,

the b io log ica l  a v a i la b i l i t y  of EAA, or the NPN or TAA content of the

f ish  meal used are not known, as i t  was compounded from lo ca l ly  

ava i lab le  Nemipterus sp The qu a l ity  of the orig ina l raw f i s h ,  amount

of small f ish / f ish  head and ta i l  used, pi occssmg technique, o vc i  heating

during processing, method of s to rage , and l e v e l  of ash content in the

meal and o i l  also a f fec t  the quality  of f ish  meal (Tan and Lee , 1975 

Cho, 1985).

The growth performance of f i s h  fed  on SYM was 46.5% less  than

those fed  on FM S im ilar results have also been obtained fo r  common 

carp (V io la  et_ al_., 1982). Davie and Stickney (1978) repor ted  a 32%

reduction and Wu and Jan (1977) a 27% reduction in Oroochromis aureus.

while  Jackson et_ al_. (1982) reported  a 33% reduction in growth m

0 .mossamblcus, when soyabean meal was used as a protein  source instead

of f is h  meal in d ie ts ,  they used.
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SYM feed used in the present study, contained only plant proteins 

Plant proteins are defic ient m certain essential amino acids l ik e  lysine 

and nethionine (N .R .C  , 1983). Soyabean also contain trypsin  inhibitors

which contribute to poor utilization of protein (Smith, 1977). Although

the soyabean meal used m the present study was solvent extracted and 

autoclaved during cooking, it  is not known, to what extent the 

antmutritional factors have been removed from i t .  The h igher inclusion 

le v e l  (63%) of soyabean m the d ie t  used m the present study^ nay also 

have contributed to the unsatisfactory performance of soyabean meal.

According to Cho ed sd. (1985) h igher le v e ls  (73°„) of soyabean meal 

can influence the accep tab ility  of feed by reducing feed intake

sign if ican tly , despite i ts  h igh ly  d iges t ib le  nutrients. A low food intake 

(0.731 g /fish/42 days ) cf C chanos f r y ,  when compared to f ish  fed

on other feeds (0.783 to 1.138 g/fish/ 42 days ) used in the present

study, a high FCR and low protein and l ip id  d ig e s t ib i l i t y  a ll point

out that h igher l e v e l  of inclusion of soyabean neal has affected the 

growth of C. chanos f r y  fed on this d ie t .  It  was also observed that

the m ilk f ish  f r y  in the in it ia l  stages were found to feed poorly m SIM. 

V io la and A r i e l i  (1983) have also observed a s im ilar situation in t i lap ia  

when fed  with soyabean meal. They attributed this to the inab il ity

of juven ile  fishes to digest carbohydrate owing to the ir  lesser 

deve loped d iges t ive  system. This may be true with C . chanos f r y  also 

F e rra n s  al. (1986 ) have also reported that younger milkfish

(2 g s iz e )  d igest protein from soyabean meal less e f f ic ien t ly  than adult

f ish . The poor utilization  of plant protoins can also be attnbuted

to the high crude f ib r e  (mainly ce llu lose ), which i t s e l f  is hardly 

d igested, and may also envelop and protoct other, more d igest ib le
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nutrients such as protein  and carbohydrates  from d ig es t iv e  enzymes 

(Hepher, 1988).

PIIM is  not a good feed for  C chanos f r v  as revea led  by the poor

nrowth, TCR and biochemical composition of f is h .  This may bo because

of the low content o f true protein m prawnhead waste. Anil (1981),

Srikanth (1986), and Kiron (1989) have also observed  the poor

performance of shnm phead waste m  f ishes Prawnhead waste contains

high amount of ch it in  (contributing to about 10 to 15% of total n itrogen- 

i e . ,  NPN) ( L o v e l l ,  1989), which is intimate ly associated with Ca salts 

and pigments. (L indsay  et j d . , 1984) Prawnhead waste contains 78 7%

d ig e s t ib le  proteins, r i c h  m methionine and ly s in e .  But its  u ti l iza t ion  

may be hampered by the Ca and ch it in  present m i t  (M eyers  and

Rutledge, 1971, Simpson et_ j d . , 1981). Ch itm  is a non-soluble

particu late f ib r e ,  contributing to the greater part icu lar bulk of food 

(Nomani £t_ Ed , 1979), and majority of the monogastno animals including 

f ish  do not have the intestinal f lo ra  to d iges t  i t  (S tickne j and 

Shumway, 1974) Robinette and Deanng (1978) attr ibuted the lower

performance of shnm phead meal to the low e r  d ig e s t ib i l i t y  or

p a la tab i l i ty  or to the de f ic iency  of some unidentified growth factors .

In the present study too, tho d ig e s t ib i l i t y  of prote in  was lowest for 

PHM, although l ip id  d ig e s t ib i l i t y  was fa i r l y  good These factors  may 

also have hampered the giow th  of C.chanos f r y  fed on PIIM d ie t .

I low over , thorc arc lo p o i t s  of bottoi growth pciformance when

shnm phead meal is incorporated at lower l e v e ls  m f ish  feeds

Supplementing f ish  meal with shnm phead meal at 8% le v e l  of d ie ta rv



protein has promoted good growth and su rv iva l  of m ilk f ish  f r y  (A lava  

and L im , 1988). Shnmphead meal promotes f is h  growth when present 

in feed at 5% le v e l  and inh ib its  growth i f  incorporated at 20% le v e l  

m rainbow trout (F ow le r  and Banks, 1976). Accord ing to Kiron (1989) 

the qu a l ity  of shrimp waste meal determines , hon best i t  can be

included in the d iets  of L iza  pars ia  f r y .  So i t  seems, that both quality

and quantity of shnm phead meal are determinant factors regard ing its 

incorporation  m  the d iets  of f ish es .

5 .4  Optimum Food Ration

In the present study, the su rv iva l  ra te  of C. chanos f r y

(0.107 g/2.0 cms) fed at 3% or 12% of body weight was not s ign if ican tly  

d i f f e ren t .  However, s p e c i f ic  growth rates were s ign if ican t ly  low er  at 

lower l e v e ls  of feed ing . Chiu et_ aU (1987) have reported  s ignificant 

increase in growth when feeding l e v e l  was increased from 5 to 9% m

C.chanos ju ven i les .  In the present study, maximum gain m  weight was 

obtained when f ish  were fed  at 12% of body weigh t. But, feed ing beyond 

15% showed even a s l ig h t  reduction m  the weight gam. ro o d  conversion 

rate was how ever , best at lower l e v e ls  of feed ing . A s im ila r  trend 

was also observed  by Kiron and Paulraj (1988) in L iza  pars ia  f r y .

Graphical ex trapo lat ion  show's that feed ing the f r y  at 5.2% of body

weight to be optimum fo r  C. chanos f r y .  th e  maintenance ration  is at

1% of the body weight and tho maximum ration at 12% of the body

w e igh t .

113
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E ar l ie r  workers have indicated feeding f i s h  beyond a certain

l e v e l  is wasteful m terms of feed  cost and water qua lity  maintenance. 

Ghosh et_ a l.  (1984), and Kir on and Paulraj (1988) have reported  that

i t  is  b e tter  to feed  common carp and L iza  pars ia  f r y ,  re s p e c t iv e ly

at 4% of body v e igh t .  l n Cpinephelus sa lm o ides  the maintenance, 

optimum and maximum rations are repor ted  to be at 1.4%, 5% and 9%

of body weight r e s p e c t iv e ly  (Chua and Teng, 1982). In the present 

study, when su rv iva l  and FCR are a lso cons idered, i t  can be concluded 

that the optimum food ration of C . chanos f r y ,  fed  with clam meal d ie t  

containing 40% crude protein , is 5.2% of the body weight, at a feeding 

frequency o f two times a day (9  a .n .  and 4 p .m . )  and at a sa l in ity

of 4 to 6 ppt.
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The present study was conducted to eva luate  the e f f i c a c y  and

keeping q u a l i t y  o f supplementary fe ed s  compounded from f i v e  d i f f e ren t  

p rote in  sources v i z . ,  f i s h  meal, squid meal, clam meal, prawnhead waste 

meal, and soyabean meal, fo r  the nursery  rear ing  of Chanos chanos f r y .

The optimum food ra t ion  of the s e le c ted  food which  gave the best

performance of feed  e f f i c ie n c y  m  gro  vth and s u r v iv a l  among the f i v e

feeds  was a lso  s tud ied .

1. The prox im ate  ana lys is  of in gred ien ts  used m  the formulation of

feeds r e v e a le d ,  that squ id  meal and f i s h  meal had h igh er  crude protein  

content (80.48 and 70 221; r e s p e c t i v e l y )  than clem meal (50. G2 %),

prawnhead waste (50.15%) o r  soyabean meal ( 4 7 . 6%). Clam meal had

the h igh es t  crude fa t  content ( 1 1 . 1%) , w h i le  the crude fa t  content of 

prawnhead waste meal, squid meal and f i s h  meal were  6.9, 6.5 and 5.9%

r e s p e c t i v e l y .

2. The  crude p rote in  content of a l l  the f i v e  formulated feed s  were

around 40%, the range being 39.78 (CM) to 40.44% (SQM). The crude 

fa t  content wasthe h igh es t  fo r  CM (8.1%) and the low es t  fo r  SYM (5 .8% ).

The crude f i b r e  content of feeds ranged from 3.59% (CM) to 8 . 8% (SYM ).

The NFE content was the h igh est  m  FM (26.7%) and the low es t  in

PHM (20 .6% ). The ash content was the h ighest  fo r  PHM (17.04%). The 

foods woro almost l s o c a l o i i l i c  and thc ii  onoi gy canton’ innrac( f iam  3 13 

to 3.33 Kca l/g .

6 SUMMARY
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3. The moisture and NFC contents of the formulated feeds showed an

increase, w h ile  crude protein , fa t ,  crude f ib r e  and ash showed a

decrease in th e ir  contents a fter  four months of s torage. However, there

was not much var ia t ion  in th e ir  contents showing that the quality  of

foods f o n m i l n t n d  wns s n l i  Inrto iy  I l u i  l i i k l n j  i n t o  o l  l l u >  l o u d  ti l  c> 

increased a fte r  four months of s torage.

4. The most s tab le  feed  both be fore  and a fte r  storage was CM,

fo l low ed  by SYM, SQM, FM and PHM.

5. The varia t ions  observed  in the water qua lity  parameters were found

to be w e l l  within the tolerance l im its  of m ilk f ioh  f r y  indicating that

supplementary feeds had no adverse  e f fe c t  on the quality  of water.

6. The FCR of f i s h  fed  on various supplementary feeds fo r  42 days

showed that f ish  fed  on animal prote ins, as ch ie f  protein source had

better  food conversion ra t ios  than those fed on plant protein  source.

The FCR of CM, SQM, TM , SYM and PHM were 1.74, 2.94, 3.65, 5.32

and 10.9 r e s p e c t iv e ly .

7. The PER and prote in  d ig e s t ib i l i t y  c o -e f f ic ie n t  values have shown

that prote in  from clam meal is oe t te r  u t i l ized  fo r  growth purposes than

the protein  from squid meal, f i s h  meal, soyabean meal or prawnhead

waste meal. The PER and protein  d ig e s t ib i l i t y  values fo r  f is h  fed on

CM were 1.45 and 97 34°0 r e s p e c t iv e ly .

8 . L ip id  d ig e s t ib i l i t y  values indicate  that l i p id  from animal protein sou»c

es is b e tte r  u t i l ized  than that fr on  plant source. Thus f ish  fed  on CM

showed the h ighest l i p id  d ig e s t ib i l i t y  (98.08"0) ,  w h ile  f ish  fed on s iM
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showed the leas t  (47.49D0) .

9. The biochemical composition of f is h  showed maximum synthesis

of proto ln and doposit ion  of la t In l ish  led  on CM, fo l low ed  by SQM,

w hile  the leas t  protein  synthesis was in f is h  fod on PHM. Ash 

deposit ion  has shown a p os it ive  corre la tion  w ith the ash content of

the d ie t .

10 O N  ra t io  was found to be s ign if ican t ly  influenced by the ch ie f 

protein source used in the feed The O N ra t io  was maximum (10.769), 

oxygen consumption rate f a i r l y  high (0.5405 mg 0 2/g/hr) and the ammonia 

excre t ion  rate  minimum (0.043 mg NHg N/g/hr) in f is h  fed on CM.

11. The evaluation of supplementary feeds based on su rv iva l  ra te ,  gain

in length and weight and sp ec i f ic  growth la te  attained oy f is h  a fter 

42 days of rearing indicate the super ior  performance of animal protein 

sources (e x c e p t  prawnhead waste meal) compared to plant source. The 

h ighest gain m growth was obtained fo r  f ish  fed  on CM fo l low ed  by f ish  

fed  on SQM and FM. Performance of f ish  fed on SYM was not sa t is fa to ry ,

wh ile  PHM was found to be a poor feed  fo r  C chanos f r y .

12. The ootimum food ration of C. chanos f r y  fed  w ith clam meal 

d ie t ,  containing 40% crude protein  is  5.2% of the body weight, at a

feed ing frequency of two times (9 a .m . and 4 p .m . )  a day and at a

sa l in ity  of 4 -  6 ppt.
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ABSTRACT

The present study was conducted m  £ .  chanos f r y ,  to evaluate 

the e f f ic a c y  and keeping qua lity  of supplementary feeds  compounded from 

f j v o  r iif foront prntotn soui rns v i z . ,  f ish  i itml (1 M ) .  squid moal (SQM), 

clam meal (CM ), prawnhead waste meal (PHM) and soyabean meal (SYM). 

A l l  the feeds used m  the study were i s o c a lo i i f i c  (3 .13  -  3.33 kcal/g ) 

and isonitrogenous (39.78 -  40.44% crude p ro te in ) .

The qua l ity  of feed  a fter four months of storage was sa t is factory  

as there was not much va r ia t ion  in th e ir  nutrient contents.

The FCR o f f is h  fed on various supplementary feeds fo r  42 days 

were 1.74, 2.94, 3.65, 5.32 and 10.9 fo r  CM, SQM, FM, SYM and PHM,

r e s p e c t iv e ly .  The PER, protein  d ig e s t ib i l i t y  co -e f f ic ie n t  and 0 N rat io

indicate that protein  from clam meal is  b e tte r  u t i l ized  fo r  growth 

purposes than those from others. The PER value ranged fron  0.23 (PHM) 

to 1.45 (C M ).  The protein  d ig e s t ib i l i t y  c o -e f f ic ien t  fo r  CM, SQM, FM,

SYM and PHM were 97.24, 91.86, 86.56, 77.78 and 65.23%, r e s p e c t iv e ly .

The O'N ra t io  was h ighest (10.769-1) fo r  f is h  fed  on CM. I t  seems 

that C. chanos f r y  d igest l i p id  from animal protein  sources better 

( d i g e s t ib i l i t y  values ranging from 84.17% (PHM) to 98.8% (CM;) than that 

from plant source SYM (47.49%). 1 he b iochemical composition of f ish

showed maximum synthesis o f protein  and deposit ion  of fat in f is h  fed 

on CM, fo l low ed  by SQM, and the leas t  in f ish  fed  on PHM.



Ihn ovalualion o f supplementary iocds based on su rv iva l  rato, gam 

in length and weight, and sp e c i f ic  growth rate  ind icate  the superior 

performance of aninal protein  souices (oxcopt prawnhead waste n ea l )  

to plant source. The h ighest gain m  growth was attained by f ish  fed 

on CM, fo l low ed  by SQM and FM. Performance of f is  1 fed  on SIM was 

not sa t is fa c to ry ,  w h ile  PIIM was a poor feed fo r  C. chanos f r y .

The optimum food ration of f r y  is  at 5.2°„ of the body weight when 

fed  with CM, tw ice  a day, at 4-6 ppt sa l in ity .
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