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ABSTRACT: In two different experiments on lipid and carbohydrate requirement, H. longifilis was fed diets
containing 13.68% to 24.66% of lipid, 17.00% to 20.86% of carbohydrates for 56 days. There was positive
response in terms of growth of H. longifilis in the various diets fed in the experiments. There was significant
variation (P<0.05) in the specific growth rate (SGR), food conversion ratio (FCR), protein efficiency ratio (PER),
apparent net protein utilisation (ANPU) and percentage survival (PS) in the fish fed varying lipid levels. As for the
fish fed varying levels of carbohydrates, there was no significant variation (P>0.03) in the SGR and FCR but there
was significant variation (P<0.035) in the PER, ANPU and PS. The protein/lipid ratio was 1.58 while the
protein/carbohydrate ratio was 2.22. These ratios are very important in the formulation of H. longifilis feed for
optimal growth of fish in that protein is spared for growth while the lipid and carbohydrate portions of the diet are

used for energy production. @JASEM

In formulating diets for fish, it is pertinent to meet the
entire nutrient requirement for its optimal growth.
Inadequate protein in fish diet results in rapid
reduction or assertion of growth, or loss of weight
due to the withdrawing of protein from less vital
tissues to maintain the functions of more vital ones
(Wilson, 1984; Lovell, 1980a). On the other hand too
much protein in the diet is broken down to produce
energy (Wilson, 1984). There have been a few studies
on the protein requirement of H. longifilis (Eyo, 1995
and Ovie 2003), the hybrid of A. longifilis and
Cgaripinus (Olufeagba, 1999). Fagbenro, et al.
{1992) and Dada, et al. (2001) also reported the
protein requirement for H.bidorsalis. Where all other
nutrients are not provided in their appropriate levels,
protein in the diet becomes an alternative source of
energy. Protein is responsible for a large part of
artificial fish feed cost. The expensive protein
fraction should therefore be optimally utilised for
growth rather than for maintenance of fish (Shiau and
Lin 1993). NRC (1983), shows that diets formulated
for fisk are done considering the minimum protein
requirement for optimal growth. The combination of
other nutrients such as carbohydrates and lipid in the

- diet therefore spares protein for growth. According to

Ovie (2003), the lipid requirement of H. longifilis is
23.23% while the carbohydrate requirement is 19.5%.
Shimeno, et al. (1978) reported poor growth and food
efficienty in fish fed diets containing 10 to 20%
digestible carbohydrate when compared to the control
fish receiving no carbohydrate. According to
Erfrnullah and Jafri (1993), carbohydrates in fish
diets limit as far as possible the catabolism of other
dietary nutrients for energy. Khan (1991) reported
that common carp had the maximum gain of 65% in
live weight up to 30% dietary carbohydrate intake
and thereafter a significant (P= 0.01; t-test) fall in
weight was noted. Carbohydrates are the least
expensive forms of dietary energy for humans and
domestic animals but the utilisation by fish varies and
is lower than domestic animals. Lipids are known to
be vehicles for absorption of fat—soluble vitamins.
They also exhibit many hormonal activities (NRC
1983). Tilapia species utilise complex carbohydrates
such as dextrin or starch for growth more readily than
simple sugars such as glucose (Tung and Shiau, 1991;
Shiau and Lin 1993).

Knowledge of the optimal level of protein and the protein—sparing effects of non-protein nutrients such as lipids
or carbohydrates can be used effectively in reducing feed costs (Shiau and Lin 1993). Adequate energy in the
form of dietary lipid spares the protein to perform its function, i.e. build-up of tissues (Parazo 1990). According
to Page and Andrew (1973), a high level of energy may produce fatty fish and decrease food consumption. El-
Dahhar and Lovell (1995), stated that the optimum protein/digestible energy ratio is economically important for
fish producers to produce maximum amounts of fish at minimal cost.
This study reports on the ratios of protein/lipid and protein/carbohydrate in the formulation of A. longifilis diet
that spares protein for growth.
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MATERIALS AND METHODS

Experiment |

Six practical diets formulated from soyabean (Glycine
max), groundnut cake (4rachis hypogea), fish meal
(Pellonula af-eliusi) and guinea corn (Sorghum
species) containing 17.00%, 17.14%, 17.65%,
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18.13%, 20.29% and 20.86% carbohydrate levels
(Table 1) were fed to the fish in triplicate. The
experiment was conducted in a mini flow-through
system consisting of {8 plastic troughs supplied with
26.4 litres of biologically filtered water from an
impounded reservoir.

Table I: Ingredients and proximate composition of diets containing varying levels of carbohydrates

Diets (%) (%) 111(%) V(%) V(%) VI(%)
Ingredients

Soyabean 28.73 28.92 28.82 28.63 28.53 28.44
Groundnut cake 28.73 28.92 28.82 28.63 28.53 28.44
Fishmeal 28.73 28.92 28.82 28.63 28.53 28.44
Guinea corn 2.81 0.08 1.45 418 5.54 691
Premix (vitamin and mineral) 2.00 2.00 2.00 2.00 2.00 2.00
Binder (cassava starch) 9.00 11.16 11.54 7.93 6.87 5.77
Proximate composition of feed (% as fed)

Moisture 452 432 426 473 3.65 367
Crude protein (fixed as 4536 4536 45.36 45.36 45.36 45.36
formulated)

Crude lipid 27.92 26.32 26.32 27.92 25.00 25.00
Ash 5.60 6.86 6.41 6.16 5.70 5.11 '
Crude fibre 16.42 16.09 17.32 16.98 17.32 16.10
NFE 0.58 1.05 033 1.15 297 2,94
Protein/ carbohydrate ratio 2.73 2.65 2.57 2.87 2.24 2.18

Biomix Vitamin and Mineral Premix (mg)

Experiment 2

Six practical diets formulated from the same
ingredients as experiment 1 containing 13.68%,
19.66%, 23.15%, 23.81%, 24.02%, 24.66% of lipid
levels (Table 2) were also fed in triplicates at 5%
body weight for 56 days. They were fed thrice daily
(8.00, 12.00 and 17.00hrs) with a third of the day’s
ration at each, feeding time. The experiment was
conductecr in 18 plastic troughs in a mini flow-
through system described in experiment 1. The
experimental fish were acclimatised in hapas
immersed in 2m x 2m concrete tanks for 24hrs. The
fish were weighed individually and stocked 15
fingerlings per trough. Sampling was carried out in

each experiment biweekly and the amount of diet fed
was adjusted accordingly. At the end of the
experiment the fish were weighed. At the beginning
and end of the experiment carcass analysis of the fish
was measured according to AOAC (1990). Data
obtained during the experiment were subjected to
one-way analysis of variance.using Turkey’s test
(Steel and Torrie 1960). Multifactor analysis of
variance was utilised to check the significance of
factors and their interactions in experiment. A second
order polynomial relation (solid curve line) of weight
_gain and dietary requirement was done to determine
the requirement level.

Table 2: Ingredients and proximate composition of diets containing varying levels of lipids fed to H. Jongifilis

Diets 1 (%) (%) M%) V%) V%) V1 (%)
Ingredients :

Soyabean 17.70 21.31 34,52 2891 40.12 4573
Groundnut cake 17.70 21.34 34,52 2891 40.12 43,73
Fishmeal 38.95 32.06 18.30 25.18 11.41 453
Guinea com 21.65 17.32 8.67 13.00 4.34 0.01
Premix (vitamin and 200 2.00 2.00 2.00 2.00 2.00
mineral)

Binder (cassava starch) 4.00 6.00 599 2.00 2.01 2.00
Proximate composition of teed (% as fed)

Moisture 3.30 3.50 4.10 3.92 5.31 432
Protein (fixed as 4536 4536 4536 4536 45.36 4536
formulated)

Lipid 13.68 19.66 23.15 23.81 24.02 24.66
Ash 270 500 6.12 5.60 623 5.68
Crude fibre 11.42 14.09 14,91 15.49 16.38 15.11
Protein/ lipid ratio 3.32 2.31 1.96 1.96 1.74 1.84

Biomix Vitamin and Mineral Premix (mg)
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RESULTS |
There was significant variation (P <0.05) in the specific growth rate (SGR), food conversion ratio (FCR), protein
efficiency ratio (PER), and apparent net protein utilisation (ANPU) (Table 3).
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Table 3: Growth parameters fed varying levels of lipids for 56 days
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Diet MIW(2) MFW(g) MWG SGR FCR PER ANPU(%) PS

(g) ("o}
1(13.68%) 0.50% 0.01° 1.09% 0024 0.59= 0.06 142z007* 8.89% 0214 0.02=0,004* 4.7310.10" 100200
11 (19.66%) 0.4920.01° 2288 0.09° 1.79% 039 254z 0.19° 31051224 054=001* 3.4530.10° 53335 88°
111 (23.15%) 0.05 10.0t* 2.47£ 025" 1L97£0.74 309=0.13% 8.75 £2 4™ 0.067%0.004% 6.9720,02¢ 30.00£3.33 %
IV (23.81%) 0.512001° 2.34x0.21° 1.83£0.37 273z0.17" 3.44 0.24% 0.48:0.01° 7.9420.02° 40.00£0.0*
V (24.66%) 0.50£0.01° 257£0.12% 2,072 038 4.01 2055 0.083+0.01* 6.4720.10¢ 55:56£0.0"
VI 26.02%) 0.05% 6.01°* 238 £0.0° 187400 3.09£0.7¢* 0.043% 0.001* 5.600.20° 33.33:0.0%
+SEM 0.01£0.004 0.5 +0.09 0350235 0.72x0.07 0.21%0.004 1.4840.06 2343240

Figures in the same column having the same superscript are not significantly different (P >0.05)

The fish fed 24.66% lipid had a higher weight gain
than all others. In using the polynomial regression
second order curve of weight gain against
protein/lipid ratio the point at which dy/dx is equal to
zero 1.e. the protein/lipid ratio requirement was 1.38 -

(Fig. 1). There was no significant variation (P >0.05)
in the SGR and FCR of the fish fed the varying levels
of carbohydrates. The PER and ANPU showed
significant variation (P< 0.05) (Table 4).

Table 4: Growth parameters of H. longifilis fed varying levels of carbohydrates for 56 days

Diet% ;
lipid _ MIW(g) MFW(g) MWG( g) SGR(%) _ FCR PER ANPU(%) ___PS

[(17.00)  0.49%0.02° 3.17£049°  268% 3.55£023° . 16040.17°  0.053x001° 4431002 86.76£1.73°
1(17.14)  0.50£0.01° 260£0.17°  2.19£0.36 323£009°  24040.12°  0.049£0.004°  8.700.10'  68.89£(.16*
M(17.65) 047 £0.002° 320+£001° 273 2045 343£0.02% - L71£037° 0053 40.01° 5875001 68.89+4.51°
IV(I8.13)  0.48+002" 231£0.04° 183 132 2.80£0.04* 355+ 138  0.083+001° 3.42$002°  46.67£7.00°
V(2029)  049£0.02* 249£036°  2.00% 1.17 3.526041°  170£0.15*  0.043£0001°  2.390£02°  95.561.15°
VI(20.89)  0.49+0.02 329+0.08° 284026 335£0.10°  237£033%  0.048£0.01 5202020  80.0040.58"
+SEM 0.009 #0.004 0.38£0.17 0.38+0.44 0252044 0.68 $0.44 0.0130.004 2.01£0.07 15.60£2.31

Figures in the same column having the same superscript are not significantly different (P >0.05)

The body lipid of fish fed varying levels of lipid
increased over the initial and there was significant
variation (P< 0.05) in the body lipid (Table 5). There
was also an increase in body protein, with the fish fed
23.51% lipid having a higher body protein than
others. There was also significant variation (P<0.05)
in the body protein and the body lipid (Table 5). The
highest body protein was found in the fish that was

fed 17.00% carbohydrate. The fish fed 20.86%
carbohydrate (Table 6) had the highest body lipid. In
plotting weight gain of fish fed varying carbohydrate
fevel against protein/carbohydrate ratio in diet using
polynomial regression third order curve, the
protein/carbohydrate ratio requirement was found to
be 2.22 (Fig. 2).

Table 5: Carcass proximate composition of 4. longifilis fed varying dietary lipid levels for 56 days

Diet/%
lipid Percentage proximate composition :

Moisture Crude protein Lipid Ash
Initial 79.1040.058" 10.45+0.058° 7.80% 0.58" 2.10£0.058°
1(13.68) 78.06 0.006° 11.3 £0.058° 9.30 £0.058< 2.17 20.069*
11(19.66) 77.22+0.058* 11.45 +0.058° 9.17 £0.064° 2.34 20.055°
11 (23.15) 77.86 $0.032% 1332 $0.127°¢ 7.78 £0.12% 224 40.116°
IV (23.81) 7751 0.167% 12,70 £0.58° 7.81 £0.064¢ 2.94 £0.006°
V (24.66) 77.10 £0.058* 13.10 +0.058 8.61 +0.063¢ 1.47 £0.064*
VI(26.02)  77.99 +0.00° 12.97 +0.012% 7.02 £0.007* 1.64 10.42°*
1SEM 0.62+ 0.05 1.02 £0.03 0.77 20.03 0.45 $0.04

Figures in the same column with the same superscript are not significantly different (P> 0.05)

Table 6: Carcass proximate composition of H. longifilis fed varying dietary carbohydrates levels for 56 days

Diet/ %  Percentage proximate composition
carbohydrate

Moisture Crude protein Lipid Ash
Initial 79.10+£0.058° 10.45+ 0.061° 7.80% 0.00" 2.10£0.058"
1(17.00) 75.13% 0.058° 14.15 £0.035" 8.66 £ 0.064° 2.11£0.064*
(1714 75.94 = 0.00° 13.16 £0.052° 10.16 +0.058* 2.69 +£0.058°
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1 (17.65) 76.19 £ 0.058°
IV (18.13) 76.68 £0.17
V (20.29) 76.20 £0.058"
V1(20.86) 78.30 £ 0,058
+SEM 130 £0.05 .

12.37 £0.058" 11.00 £0.033" 2.14 £0.052°
11.92 £0.00° 710 £0.00* 3.27+£0.082°
1146 £0.122° 8.50 +0.058" 2.62+0.058"
11,75 £0.104% 9.20 £0.058° 2,79 £0.058°
1112004 124 £003 0.41 £0.004

Figures with the same superscript in the same column are not significantly
different (P> 0.05)

Polynomial regression equation for the second order
solid curve

Y = -245.82 +314.63x - 99.65x* r*= 0.96 developed
from microsoft excel was used in computing 1.38 as
the protein/lipid ratio requirement of H. longifilis.

Polynomial regression equation for the third order
curve

Y = 1246 — 1.48x + 901X ~ 1.59¢ 1 = 056
developed from microsoft excel was used in
computing 2.22 as the protein/carbohydrate ratio
requirement of H.longifilis.

DISCUSSION

Shiau and Lin (1993) stated that only a proper protein
to energy ratio could spare protein in feed. According
to Phillips (1972) and Prather and Lovell (1973)
when excess protein in relation to energy is fed, the
excess protein is used as an energy source. High
protein diets caused reduced growth rate of channel
catfish fed to satiation due to the low feed
consumption (Mangalik 1986; Li and Lovell 1992a).
According to Li (1989) and Reis, et al. (1989) low —
protein diets (24 to 26 %) provide channel catfish
with sufficient nutrient for maximum growth when
fed to satiation. However juvenile O. mossambicus
increased with dietary protein concentration up to 38
to 40% and thereafter decreased with higher
goncentration of protein in the diet (Jauncey 1982).
The inclusion of excess energy in diets is known to
produce fatty fish, reduce feed consumption and
inhibit proper utilisation of other feedstuffs (Nose and
Arai 1972; Takeda, et al. 1975). The protein/ lipid
ratio for A longifilis was 1.58 while the
protein/carbohydrate ratio was 2.22. These ratios
were

all obtained at optimum protein level. This however,
does not compare well with Fynn — Aikins, et al.
(1992) who observed protein-sparing effect when
sub-optimal level of protein was provided.
According to Shiau and Lin (1993) the optimum level
of dietary protein does not necessarily lead to the
most economical production of fish due to high cost
of the protein component of the diet. The fact that the
ratios were obtained at optimum protein level shows
that the fish will grow best when diets are prepared
with the ratios in consideration. In Penaeus monodon
culture, Shiau and Lin (1993) showed that the dietary
protein content can be decreased from the optimum
level of 40% to 30% and increasing the starch content
in the diet from 20%to 30%. Body lipid was highest
with H. longifilis fed the least lipid. All others did not
show any particular trend in relationship with the
lipid supplied. Body protein also did not have any
known relationship with the lipid supplied in the diet

Ovie, § O; Sadiku, S O E; Ovie, S [

although the fish fed diet I, 23.51% lipid had the
highest body protein. The fish fed the least quantity
of carbohydrates also had the highest body protein as
the level of carbohydrate increased. The body lipid
had no specific relationship with the level of
carbohydrate fed although the highest body lipid was
observed with fish fed 17.65% carbohydrate.
According to El-Dahhar and Lovell (1993) carcass
protein of Mozambique tilapia was not affected by
increasing level of dietary energy, dietary protein or
P/DE ratio of the diets. This compares well with the
relationship between body lipid level of P/L ratio
experiment in this study. This study has proved that
protein is spared for growth of H, longifilis when the
ratios of protein/lipid and protein/carbohydrates in its
diets are appropriately combined.
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