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Abstract

A 30-day feed trial was conducted to examine the effects of two groups of
formu-lated pelleted feeds (beef waste + rice bran + groundnut oil cake; fish waste +
soybean seeds + Spirogyra maxima) on the growth and body composition of the
common carp Cyprinus carpio. Fish fed on beef-based feeds showed a slight increase
in the rates of feeding, absorption and metabolism. The highest feeding rate of 1,460
J-glday! and the highest conversion rate of 182 J-gl-day! were_ noticed in C.
carpio fed on these feeds. The absorption efficiency was higher in fish-based feeds
(77-89%) than in beef-based feeds (656-72%), but the food conversion efficiency
showed the reverse trend. Increase in protein content of the diets produced
elevated values in the rates and efliciencies of food conversion in all eight
experimental feeds. A positive linear relation-ship was obtained between energy density
of the diets and food conversion efficiency. The highest food conversion ratio of 1.7 was
noticed in C. earpio fed on 2:1:1 mixtures by dry weight of the above ingredients in
both groups.



Introduction

Artificial feeding is an integral part of managed fish culture
practices, where the focus is on maximizing fish production with
minimum feed costs (Jeyachandran and Raj 1976; De Silva 1988).
Previous experimental trials have proven that leguminous seeds
(dela Pefia et al. 1987), green algae (Singh and Bhanot 1970) and
leaves of Nymphoides cristatum (Patnaik and Das 1979) and
Eichhornia crassipes (Edwards et al. 1985) are highly nutritive
feeds for fishes. The present investigation attempts to examine the
utility of fish waste, beef waste, soybean seeds and Spirogyra
maxima in fish.feed formulations.
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Materials and Methods

Twao sets of diets were formulated using beef waste + rice bran
+ groundnut oil cake (Groups Ia-Id) and fish waste + soybean seeds
+ 8. maxima (Groups IIa-IId) (Table 1). The pellets were prepared
by mixing the required quantities of finely powdered material with
tapioca flour as the binder. Each feed mixture was then extruded
through a 3-mm die, broken into pellets of suitable size and sun-
dried for 12 hours. The dried pellets were stored in airtight poly-
thene bags at room temperature.

Juvenile Cyprinus carpio (0.75-1.25 g live weight) were pur-
chased from Manimutharu Fisheries Farm (Tirunelveli) and
acclimated to laboratory conditions. To test each diet, three groups
each comprising a minimum of three individuals were used. The
experiments were performed in round plastic 6-1 troughs for one
month. The test fish were fed thrice daily between 9 and 16 hours
and the diets were offered only as long as the fish were actively
feeding to avoid wastage (Cho et al. 1982). Leftover food was si-
phoned causing least disturbance. Feces were collected by filtering
the entire aquarium and dried at 65°C.

The energy budget followed here is the slightly modified IBP
formula (Petrusewicz and Macfadyen 1870) represented as
C=P+R+F, where C is the food energy consumed, P the growth (con-
version), R the energy lost as heat due to metabolism and F the
feces. Water content of the fish at the commencement and

Table 1. Proximate analysis of feed ingredients and experimental diets (% dry weight).

Feed Crude Carbo- Energy
group Ingredient Ratio Water protein hydrate Fat Ash  (J'mgl).
Beef waste (B) 50.9 8.4 12.7 49 19.7
Groundnut oil

cake (G) 43.9 6.7 10.9 11.5 17.2
Rice bran (R) 15.7 20.5 3.4 7.5 15.3
Ia B,Gand R 1:1:1 4.3 345 26.8 20.6 18.1 21.82
Ib B,Gand R 1:2:2 45 293 30.8 19.6 20.0 21.25
Ie B,Gand R 1:4:4 81 25.0 325 18.5 24.0 20.11
d B,Gand R 2:1:1 74 318 24.2 21.8 16.2 27.42
Fish waste () 56.5 1.4 15.3 26.3 (0.7
Soybean seeds (L) 45.6 8.7 9.6 5.3 16.3
Spirogyre maxima {3S) 17.3 21.6 1.1 21.2 10.4
Ila F, L and 8 1:111 8.8 28.1 29.4 20.9 21.6 19.87
Itb F, L and 8 1:2:2 8.6 247 311 19.8 24.4 19.42
IIc F,Land S 1:4:4 8.3 22.6 35.56 20.0 23.9 18.87

1Id F.Land 8 2:1:1 79 31.6 274 27.7 13.3 20,05
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termination of the experiment was estimated. Efficiencies of absorp-
tion and net conversion (k%) were calculated in percentage relating
absorption (C-F) to the respective amount of food absorbed. Protein
and fat contents were estimated following methods of Lowry et al.
(1951) and Folch et al. (1957), respectively. Ash content was esti-
mated by incinerating a known weight of dry substance in a muffle
furnace at 560°C for 8 hours (Paine 1964). Energy content of the
feeds and fish was estimated using a macrchomb calorimeter. Values
obtained for the weight gain, conversion efficiency and ash content
of the final fish were analyzed to test the level of significance of the
regression coefficient (Snedecor and Cochran 1967).
The following rates were also determined:

Final dry weight - initial dry weight (J)
Conversion rate =

Initial live weight of the fish (g) x duration (30 days)

Food absorbed - (final dry weight - initial dry weight) (J)
Metabolic rate

Initial live weight of the fish (g) x duration (30 days)

Results and Discussion

Data on feeding rates and absorption are given in Table 2.
Maximum feeding rate of 61 mggl-day! was noticed in Group Iec
followed by Ib (68 mggiday?), Id and Ia (53 mgg’day?). Conver-
sion rate was the highest (6.6 mgglday?!) for Ia and Id diets. In
the remaining combinations (Ib and Ic¢), conversion rate was more
or less same (5.8 mggl'day!). Metabolic rate of the test fish was
the highest (37 mggl-day?) in Ic feed and the least (29 mggl-day?)
in Id feed.

The highest feeding rate of 61 mggl-day! was reported for
Group IId. Metabolic rate was more or less same for all the Group
II feeds (37-39 mg-gl-day!). Conversion rate was highest for IId (7
mggl-dayl). Absorption efficiency (Absorption rate/feeding rate x
100) values ranged between 65 and 72% in Group I and 70 and
78% in Group II. But food conversion efficiency (conversion rate/
absorption rate x 100) of the fish was higher in Group I (13-18%)
than in Group II (11-16%).
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Table 2. Weight budget of Cyprinus carpio fed on formulated feeds at different ratios. Each val
represents the average performance of a minimum of three fish in triplicate and % indicates the stand

deviation.
Feeding Absorption Metabolic  Conversion Food conversion
rate rate rate rate ratio (consumptimljl
conversion in
Feed Ingredient Ratio (mg dry weight/g live fish/day) live weight)
_.{
Ia B, Gand R 1:1:1 5295 + 291 3830 + 3.91 31.76 6.56 + 1.02 1.76 :
Ib B,Gand R 1:2:2 56.40 + 4.86 36.19 + 4.82 30.39 5.80 + 0.96 2.05
Ie B, G and R 1:4:4 60.79 + 3.23 4345 £ 6.02 37.60 5.80 + 0.84 2.25 |
Id B, G and R 2:1:1 5326 + 6.44 36.11 + 711 29.47 664 + 1.12 1.73 _
i
Ila F,Land S 1:1:1 6665 + 2.84 4416 + 4.02 37.85 6.31 + 1.23 1.89 !
IIb F, L and S 1:2:2 56.35 + 4.26 42,61 + 3.22 37.34 528 + 0.62 217 |
Ile F,Land S 1:4:4 5891 + 3.31 4444 + 2.86 39.48 496 + 0.44 2.49
11d F,Land S 2:1:1 6145 + 251 45.70 + b5.26 38.60 709 + 088 1.76

Data on weight budgets (Table 1) were converted into energy
units (Table 3). Maximum feeding rate of 1,460 J-gl-day! was re-
ported in feed Id and a similar trend in feed IId. Correspondingly,
the rates of absorption (990 and 916 J-gi-day!) and conversion (182
and 142 J-g'-day!) also showed the highest values in IId.

In the present investigation, C. carpio fed on formulated pellets
showed a maximum feeding rate of 61 mggldayl. Pandian and
Raghuraman (1972), Vivekanandan (1976) and Haniffa and
Venkatachalam (1980) reported 58, 43 and 23 mg-g'-day! as the
for Oreochromis mossambicus,

maximum feeding rates

Table 3. Energy budget of C. carpio fed on formulated feeds at different ratios. Each value
represents the average performance of three fish in triplicate.

Feeding Absorption Metabolic Conversion

rate rate rate rate Absorption  Conversion

Feed Ingredient Ratio efficiency efficiency
(Jgt-day?, live fish) (%) (%)
Ia B, G and R 1:1:1 1,155.6 835.8 692.9 1429 72.3 17.0
Ib B, G and R 1:2:2 1,177.56 769.2 645.9 123.2 65.3 16.0
Ie B,Gand R 1:4:4 1,220.5 873.7 756.0 116.6 n.s 133
1d B, G and R 2:1:1 1,460.2 990.2 808.0 182.0 67.8 183
lia F,L and S 1:1:1 1,125.8 877.6 762.2 125.0 779 14.2
ITb F, L and 8 1:2:2 1,074.7 846.8 725.0 102.5 78.7 121
Ilc F,L and 8 1:4:4 1,181.3 838.5 744.9 93.3 70.9 111
Iid F,L and S 2:1:1 1,232.3 916.4 774.0 142.1 74.3 15.5
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Ophiocephalus striatus and Ctenopharyngodon idella, respectively.
Regarding the food consumption in calories, the highest feeding rate
in the present investigation was 349 cal'g'l-dayl. Marian et al.
(1982) reported 62 calgl:day! for the air-breathing fish
Heteropneustes fossilis fed on goat liver. Conversion rate of C.
carpio ranged from 5.0 to 7.1 mgglday' (93 and 182 J-glday!)
and the highest values were reported for Group II (Table 2). Com-
parative values of other culturable fishes are 7 mgg!lday?! for O.
striatus (Vivekanandan 1976), 5 mggl-day?! for Anabas scandens
(Pandian et al. 1976) and 4.9-7.7 mg-g'-day! for Labeo rohita
(Haniffa et al. 1987).

Crude protein of the whole fish carcass ranged between 11.1
and 12.3% and 11.7 and 13.0% for Groups I and II, respectively
(Table 4).

Table 4. Proximate composition and energy of whole fish carcass at the start and end
of the 30 days feeding trial. Each value represents the average performance of three
fish in triplicate and is expressed on a wet-weight basis.

Crude
Water protein Lipid Ash Energy
Ingredient Ratio (%) (%) (%) (G5} (calgt)
Initial fish
79.0 12.98 438 3.89 4,205

Final fish fed on

B, Gand R 1111 78.3 12.21 4.25 522 4,837
B,Gand R 1:2:2 78.6 1247 4.02 5.86 4,728
B,Gand R 1:4:4 78.5 1111 421 617 4,675
B, Gand R 211 784 12.29 4.66 2486 5,142
F,Land S 1:11 79.0 12.58 412 4.31 4,554
F,Land 8 1:2:2 793 11.711 3.76 519 4,401
F,Land 8 1:4:4 79.0 12,09 413 4.77 4,358
F,Land 8 211 T9.6 1297 410 3.32 4,597

De Silva et al. (1984) reported the protein content of the natu-
ral food of adult Oreochromis mossambicus as 24.5%. In the present
investigation, protein content of the formulated feeds ranged be-
tween 23 and 38%. According to Pandian and Vernberg (1987), the
feeding rates of several herbivores and carnivores decrease with
increasing protein content in the food. In this study, increase in
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dietary protein content produced elevated values of rate and effi-
ciency of conversion in all eight formulations. As suggested by
Jackson and Capper (1982), energy provided by protein catabolism
improved growth at higher protein levels. Statistical analysis com-
puted for significance test of simple regression (y=a+bx) coefficient
(Snedecor and Cochran 1967) confirmed that conversion efficiency
with regard to protein levels in the diet was statistically significant
(Conversion efficiency (%) = 1.3398 + 0.4572 x protein in feed (%);
P<0.05).

According to Cho et al. (1985), lipids play an important role as
an energy source in fish diets, especially for carnivorousg fish in
which the availability of dietary carbohydrates for enery flow is low.
In the present investigation, feeds were formulated in such a way
that the percentage of lipids in the feed caused an increase in en-
ergy value [Energy (J-g') = 19.31 + 0.085 x lipid (%), P>0.05]
whereas the percentage of carbohydrates in the ingredients showed
a reverse trend [Energy (J'gl) = 36.93 - 0.53 x Carbohydrate (%,
P>0.05]. Cho et al. (1985) also reported that fish given a high en-
ergy diet can ingest more nutrients and sustain a higher growth
rate. In the present study, high energy diets enhanced the conver-
sion rate [conversion rate (mggday?!) = - 2.14 x 0.39 x Energy
(J-g1), P>0.05) and efficiency of conversion [conversion efficiency (%)
= - 2429 + 0.009 x Energy (Jg1), P<0.05]. The best food conversion
ratio (growth in live weight/food consumption in dry) of 1.7 was
obtained in the 2:1:1 ratio in both the diets. This compares with the
conversion ratio of 1.67 for L. rokita and 2.20 for Cirrhinus mrigala
fed on artificial feeds made of rice bran, fish meal, groundnut oil
cake and silkworm pupae (Santhanam 1981). Values reported for
the conversion ratio by dela Pefta et al. (1987) ranged from 1.88 to
5.31 for the milkfish Chanos chanos fed on four different legumi-
nous diets.
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