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ABSTRACT

TWENTY four dietary combinations of
metabolisable energy (ME) levels 2,6-3.2 Mcal/kg
and protein levels 14-22%, were fed to equal
numbers of 4 genotypes of local x exotic chickens in
2 experiments, to identify the optimum diet for
growth under tropical conditions. The diet with ME

¢, 3.0 Mcal/Kg and 18% protein proved the most ade-

quate in promoting maximum biological and
economic efficiency for growing pullets 8.20 weeks
old. Feed consumption was depressed by ME values
above 3.0 Mcal/kg (P£.005) but not by 2.6-3.0
Mocal/kg ME values. Body weights at 140 days wre
significantly correlated with protein levels but
negatively with age at first egg. High protein levels
accelerated sexual maturity but the correlation was
not significant. The local male x exotic female cross
exhibited high heterosis and was equal to or better
than the exotic, while its reciprocal cross was nearly
as poor as the local, in overall performance. Both
groups showed slight indications of dietary specifici-
ty but not enough evidence of separate dietary re-
quirements.

INTRODUCTION

The optimum levels of protein and
energy for egg type replacement pullets in
the growth stage has been investigated by
many workers (Kim, 1976; Quisenbury et
al 1962; Waldroup er a/ 1966; Akuland
and Fulton, 1973; Douglas et al, 1973;
Wright et al, (1968). Most of these wor-
kers had associated high protein diets
(15-17%) at grower stage with acelerated
sexual maturity, larger eggs and feed effi-
ciency, higher feed consumption and
larger body weight at 140 days when com-
pared with low protein diets
(9.27%-13%). On the other hand, reports
by McNaughton et a/ (1977), Orr et al
(1958), Sunde and Bird (1959), Hollands
and Gowe (1965), Lillie et a/ (1966) have
indicted that dietary protein or energy had

no influence on body weight at 20 weeks,
egg weight, egg number, hatchability, fer-
tility, feed requirements or egg quality.
Turk ef al (1961) also reported that high
energy and low protein diets caused a
delay in sexual maturity, but that any dif-
ferences in body weight as a result of
varying energy and protein levels were
usually neutralised around 20 weeks of
age.

Protein and energy requirements of the
egg type grower pullet have not been ex-
tensively investigated under tropical con-
ditions or in relation to various breeds
and genotypes which are imported into or
developed within the tropics. In a review,
Olomu (1979) suggested energy levels of
2400 Kcal/kg for pullets in the tropics. An
official panel by the Federal Government
of Nigeria also suggested 2.65 Mcal/kg
and 16-17% as energy and protein levels
respectively for 8-16 week old pullets or
2.65 Mcal/kg and 13-15% for 16-20 week
old pullets (Olomu, 1979). The re-
quirements of local chickens for protein
and energy also have not been widely stu-
died. Oluyemi (1974, 1979) suggested that
the Nigerian indigenous chicken might have
a different nutrient requirement from
adapted exotic breeds although he did not
find any significant diet x genotype in-
teraction.

The objectives of these studies were to
identify optimum protein and energy
levels for egg type grower pullets of 4
genotype involving the Gold Link exotic
strains and the Nigerian local fowl, and to
verify the view that low energy diets were
more efficacious in the tropics than high
energy diets.
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MATERIALS AND METHODS

Two experiments were conducted with
a total of 336 pullets comprising equal
numbers of Local Nigerian Stock, Gold
Link (B, male and B 72 female) stock and
their crosses. The Gold Link is an exotic
breed from California, U.S.A., which has
Rhode Island Red traits. The local
chicken pullets were a random F; progeny
of parent stock which were hatched from
fertile egg of local chickens raised in
remote villages in Anambra and Benue
State of Nigeria.

Experiment 1 involved 48 pullets of
each of the 4 genotypes: Gold Link Bl x
Gold Link B72 (GL x GL), Gold Link B72
x Local (GL x LC), Local x Gold Link
B72 (LX x GL) and local x local (LC x
LC). Two pullets from each genotype
were houseéd together in a battery cage
and two battery cages of each genotypes
were randomly alloted to each of the 12
experimental diets. The trial was a 4 x 3
factorial design in which genotype, pro-
tein and energy levels constituted the main
factors while their mutual interactions
constituted the subsidiary factors. The 3
— way interaction constituted the error
term. The analysis of variance was a com-
pletely randomised type as described by
Steel and Torrie (1960).

The experimental birds had been raised
on deep litter on a 20% protein 2.8
Mcal/kg metabolisable energy diet for 8
weeks. Prior to the experiment, the birds
were dewormed and their individual
weights taken. Data collection started one
week after the birds had been housed in
cages and allowed to adjust to the ex-
perimental diets.

Feed and water were provided ad
libitum; the excess water was measured at
the beginning of each day which excess
feed was measured at the end of every
week. Experiment 1 lasted until the birds
were 140 days, after which they were
weighed and then thinned to one per cage
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for total fecal plus urine collection which
lasted five days. '

The diets used in experiment 1 were
compounded by varying the proportions
of maize, groundnut cake; rice bran,
brewers dry grains and fish meal such that
there were four levels of protein viz, 14,
16, 18 and 20% and three ME levels, 2.6,
2.8, and 3.0 Mcal/kg within each protein
level, thus producing twelve different
diets. The proportions of oyster shell,
bone ash, common salt and vitamin-
mineral premix were the same in each
diet. The composition of experiment 1 is
shown in table la.

The materials and procedure used in ex-
periment 2 were similar to those described
in experiment 1 with these exceptions
that:

1. The diets of experiment 2 had different
ranges of energy and protein: 2. 8 — 3.2
MCal/kg and 16 — 22%, respectively.
The composition of the diet was also dif-
ferent from experiment 1 diets.

2. The genotypes were of a common
parent stock but represented a separate
hatch.

3. No fecal collection was undertaken in
experiment 2 and so no digestibility or
nitrogen retention was calculated.

4. The duration of experiment 2 was ex-
tended to measure age at first egg (point
of lay).

5. Experiment 2 birds were raised on their
respective diets (table 1b) from hatch,
through 8 weeks and until point of lay.

RESULTS

The performance of pullets in experi-
ment 1 is shown in table 2 while that of ex-
periment 2 is shown in table 3.

Of the nine production parameters
evaluated in table 2, six, namely, average
daily feed intake, average daily gain, feed-
gain efficiency, average daily water con-
sumption, nitrogen retention and body
weight at 140 days, were optimised in the
diet containing 18% protein and
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3.0MCal/’kg ME. (E; P,o). The other
parameters, protein efficiency ratio
(P.E.R.), dry matter digestibility and feed
cost per kg gain, optimised at diets
E; P14 By 6P and E; 6Py, respective-
ly, although the latter 2 comparisions
were not significant (p£ 0.05). The values
observed in diet E; ( P4 were significant-
ly superior to the corresponding values of
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the 16% or 14% protein levels with each
of the 3 energy levels 2.6, 2.8 or 3.0
MCal/kg ME. In particular, the 14% pro-
tein diets with the 2.6 or 2.8 MCal/kg
levels were conspiciously poorer than the -
14% protein diet with the 3.0 MCal/kg
energy level. At the other extreme and
20% diets were also generally inferior to
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TABLES

The Response of Grower Chickens to Varylng Protein and Energy Levels (Experiment 2)

Protein Levels (%)
16 18 20 22 Mean S.E.
Energy Mcal/kp 28 30 32 28 30 32 28 30 32 28 30 32 Men SWE
de de ] b abe cd 2 ab be be be be 5.
Average Daily 5595 5585 5360 6.7 6345 5965 6705 6543 6195 6133 6165 6225 6080  1.40
Feed (g)
f [ 3 13 ab od d a abe 3 abe e e
Average Daily 103 16§ el 119 1430 307 1260 14 0% ol 3% 1362 1215 02
Gain (g)
b a [ b & 2 b [y b 3 a o
Feed-Gain Ratio 548 485 468 530 456 488 537 448 478 528 453 asl  am o2
< a a d b b { £ [ de I3 R
Protein Efficien- 145 130 138 108 123 120 osd 113 16 o8 160 098 11t 0086
<y Ratio
Point of lay
(days) 16975 17725 17600 188.25 167.00 18650 17675 15825 17050 17375  169.00 177.00 17425  7.46
d b b b b b s
Body weightat  1272.56 1389.35 138260 139775 1608.56 1500.08 1465.76 1643.00 1566.98 139105 154538 155148 147626 1182
140 days (g)
Cost of Feed @ i
(¥/ton) 2369 2579 2616 2555 2728 2845 2845  30L8 3052 3159 3332 3447 28788 —
Feed Cost per kg
Gain () 130 125 122 135 126 138 153 135 146 167 1Sl 166 14l —
the 18% diets, although there were  timised in diet Ej g Py E3 2 P16, and

generally no significant difféerences bet-
ween the two sets of values.

There were significant differences bet-
ween the 12 diets in experiment 1 in
average daily gain (P£0.01), feed-gain
ratio (P£0.05), nitrogen retention
(P£0.01), protein efficiency ratio (P£0.01)
and body weight at 140 days (P£0.05).
Significant protein effects were observed
in average daily gain, feed-gain ratio,
nitrogen retention and body weight at 140
days. There were no significant energy or
interaction effects in any of the
parameters; significant genotype effects
were observed in nitrogen retention, pro-
tein efficiency ratio (PER) and body
weight at 140 days. The remaining
parameters — average daily feed con-
sumption, water consumption, dry matter
digestibility and feed cost per kg gain —
did not vary significant among the 12
diets (B*0.05).

In experiment 2 (table 3) 4 parameters
out of 7, namely, average daily gain, feed-
gain efficiency, point of lay and body
weight at 140 days, optimised at diet E3 o
P5g. The other parameters, average daily
feed, PER and feed cost per kg gain, op-
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E; P;¢ respectively, There were
however no significant differences bet-
ween the optimum values recorded in diet
E3 o P20 and the corresponding values of
diet E3 o P1g, which gave the best results
in experiment 1. But there were wide
significant differences between the
observed optimum diet E3 g Py and all
the 16% protein diets. The 22% protein
diets on the other hand were generally
close or inferior to the optimum diet.

Significant differences were observed in
experiment 2 among the 12 diets in
average daily feed intake, average daily
gain, feed-gain ratio, P.E.R. (P£0.05) and
body weight at 140 days (P£0.01). These
differences were due to significant energy,
protein and genotype effects in every case
except in average daily feed intake where
energy effect was not significant (P)0.05).
Energy X genotype effect was not
significant (P> 0.05). Significant energy
X genotype interactions were observed in
PER and average daily gain (P« 0.05).
Two parameters which did not show any
significant differences among the diets
were age at point of lay and feed cost per
kg gain.
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The responses of the four genotypes to
varying protein and energy levels are
shown in table 4 for experiment 1 and in
table 5 for experiment 2. In table 4 there
were three parameters which showed
significant differences due to genotype.
These were nitrogen retention, PER and
body weight at 140 days. The GL x GL
crosses had the highest gains, feed effi-
ciency, dry matter digestibility, and
significantly the highest nitrogen reten-
tion (PLD.01), PER (P{0.01) and body
weight at 140 days (P£0.05). The LCxGL
crosses had the highest feed and water in-
take, but these comparisons were not
significant (P> 0.05). The LC x LC
crosses trailed in feed intake and average
daily gains and in nitrogen retention,
PER and body weight at 140 days but
these values were only significantly lower
than the GLXGL values not with the other
crosses. The GL x LC crosses showed
relatively poor performance when com-
pared with their reciprocal counterparts in
most parameters.

The diets in which each genotype
manifested its best performance are also
shown in Table 4, alongside the mean diet
which gave the best overall value in each
parameter. It will be seen that there was
no consistency in genotype specificity for
optimum diets, except that the mean op-
timum diets appeared to agree in a ma-
jority of cases with the optimum diets of
the highest performing genotypes, namely
GL x GL and LC x GL.

In experiment 2 (Table 5), the 4
genotypes showed significant differences
in feed intake, gains, P.E.R., feed-gain
ratio and body weight at 140 days
(P£0.005), but not in age at point of lay
(P >0.05). The GL x GL genotype had the
highest feed efficiency, P.E.R., body
weight at 140 (P 0.05) but the latest
initiation of lay (P« 0.05). The LC x GL
genotype had the highest feed intake and
average daily gains (P 0.05) than its
reciprocal cross or the LC x LC. The GL x
LC and LC x LC genotypes had the
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poorest performances which were general-
Iy significantly lower than either of the
GL x GL or LC x GL genotypes.

The diets of optimum performance dif-
fered across genotypes and across
parameters such that there was no con-
sistency. However, the growth parameters

-appeared to optimise in diet E3 o Pg for

the GL x GL and LC x GL genotypes and
in diet Eg g Pyq for the LC x LC and GL
x LC genotypes. This segregation is also
apparent in the levels of significance bet-
ween the two groups. No genotype
specificity for optimum diets was observ-
ed.

DISCUSSION

Examination of Table 2 will show that
diet E3 o Pyg supported the best response
in 6 out of the 9 parameters measured in
experiment 1. In two of those parameters,
namely, average daily gain and body
weight at 140 days, the values obtained
from this diet was significantly higher
than any of the other 11 diets. In the three
cases where maximum values were observ-
ed in diets other than E3 o Py g, the values
were not significantly different from the
observed value in E3 g Pyg. It is therefore
clear that diet E3 g Pyg is the optimum
diet under the conditions of experiment 1.
In experiment 2, although diet E5 o Py
appeared to top the list in a different
range of protein and energy levels, its
values were not significantly different
from those of diet E5  Pyg of experiment
2. It is concluded therefore that in the two
experiments, diet E3 g Pyg gave the best
overall results; and is recommended as the
optimal diet, under the conditions of the
two experiments, for growing pullets 8-20
weeks.

The protein level of 18% is higher than
the levels of 15-16% recommended in
literature for replacement pullets 8-16
weeks or the 12-13% for 16-20 week old
pullets (Lillie ez af 1966; Sunde and Bird,
1959; Turk et al 1961, Olomum 1979).
Judging from the average daily gains of
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TABLE 4

The Response of Four Genotypes of Exotic and Local Grower Chickens to Varying Protein and Energy Levesl
(Experiment 1)

GENOTYPES

GL x GL LC x GL GL x LC LC x LC Mean P
Parameters:
Average Daily Feed
Intake (g) 67.84 (11.59)@ 74.25 (4.88) 69.58 (3.81) 67.08 (6.31) 69.69 n.s
Optimum Diet E;oPps EioPis Ey6 P EoPyp EyoPys
Average Daily Gain
® 10.87 (2.87)  9.66 (1.52) 9.61 (1.22) 9.07 (1.35) 9.80 s
Optimum Diet By Pyg E;oPlg Ejg Py E; 8P Eso P
Feed per Unit of
Gain 6.48 (1.45) 7.83 (0.98) 7.35 (0.98) 7.53(1.19) 7.30 n.s
Optimum Diet Eyo Py E;p Py E, 5P EjoPus E;oPi
Average Daily
Water Intake (ml) 134.22 (35.62) 140.44 (25.04)112.63 (10.92)  119.54 (19.54) 126.71 n.s
Optimum Diet E 6P E, 6Pl E 6P E 5 Py EjoPis
Dry Matter
Digestibility (%) 75.47 (5.45) 72.02 (7.26) 73.06 (5.47) 73.26 (3.76) 73.45 n.s
Optimum Diet E,6 P Eys Pl Ey 6Py Eyo Py Ey 6P
Nitrogen Retention
(e/day) 247%(0.73)  2.05 (0.52) 1.89°(0.32)  L71°(0.35)  2.03 P/0.01
Optimum Diet E;oPis EjoPis E, 5P E,s P EjoPs
Protein Efficiency
Ratio 0.932 (0.17) 0.75% (0.09) 0.80" (0.12) 0.78% (0.08) 0.82 P/0.01
Optimum Diet E,, Py E, P, Es.o Py; E,oPig Ea.o P, P/0.01
Body weight at 140 :
days (g) 1320.442 1218.80b 1214.60° 1169.24° 1230.77 P/0.05
Optimum Diet E;o P E;oPs Ey 5Pl E; 5Py EjoPis

@ Standard deviation in parenthesis

the 14% protein diets in Table 2, or the
16% diets in Tables 2 and 3, it would ap-
pear that these two levels were about
33%-24% respectively, inferior to the op-
timum diet E3 ¢ Pyg in each case. Energy
did not aifect feed intake in experiment 1
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where the highest energy level was 3.0
Mcal/kg, but did so in experiment 2
(P/0.005) where the highest level was 3.2
Mcal/kg. This indicates that energy levels
of 3.0 or below does not depress intake
under tropical conditions. also within
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TABLE §

The Response of Four Genotypes of Exotic and Local Grower Pullets to Varying Protein and Energy Levels

(Experiment 2)
Genotypes
GL x GL LC x GL GL x LC LC x LC Mean
Parameters:
Average Daily Feed
Intake (g) 66.00* (4.66) 68.60% (5.82) 55.38° (4.07) 53.2 3.57)° 60.80 P/0.005
Optimum Diet E,sPy E,sFis E, 8Py E; 0P Eys Py
Average Daily Gain
® 1478 (1.66) 1490 (1.62) 11.02 (1.18)  10.17(1.15) 1272 P/0.005
Optimum Diet EsoPis EjoPus Eyp Py ) E; 0P
Feed-Gain Ratio  4.522 (0.36) 4.622 (0.36) 5.03 (0.43) 5.26Y (0.39) 4.86 P/0.005
Optimum Diet Eyo P E;o P Ejo Py E;o Py E; 0Py
Feed-Gain Ratio 4.522 (0.36) 4.622 (0.36) 5.03 (0.43) 5.26% (0.39) 4.86 P/0.005
Optimum Diet Ea.o Pla Ew P18 Em P, E;, Py E,, Py
Protein Efficiency
Ratio 1.192 (0.15) 1.16% (0.16) 1.06° (0.14) 1.02% (0.12) 1.11 P/0.005
Optimum Diet E ;P E;, Py E;, P EioPs E 2Pl
Point of Lay (Days) 179.83 (12.48) 171.67 (14.00)169.42 (17.98) 176.08 (16.99) 174.25 n.s.
Optimum Diet Es_o on E;,"8 on ES‘Z l:'z2 ES.O on E3<0 PZD
Body weight at 140
days 1584232 1462.16° 1455.42° 1403.09° 1476.22 P/0.005
Optimum Diet Ejo P E;oPy E 0Py E;o Py Eyo Py

each protein level in experiments 1 and 2,
energy levels lower than 3.0 Mcal/kg gave
significantly poorer responses than the 3.0
Mcal/kg diet. These results therefore
disagree with the view that low energy
levels give better performance under
tropical conditions (Olomu 1979). The
general indications are that under high
ambient temperatures like Nigeria, pro-
tein levels should be stepped up to
counteract the depressing effect of
temperature on feed and nutrient intake
(Oluyemi 1979). It is also observed that
low dietary energy results in poor utiliza-
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tion of dietary protein, and any reduction
in dietary energy at high protein levels
would appear 'to be unnecessary and
wasteful (O’Neil et al, 1962).

Body weights and protein levels were
significantly and positively correlated in
experiments 1 and 2 (r = -0.97 and 0.89,
respectively, P/0.05). This supports the
findings of Kim, 1976; Quinsenbury ef al,
1962; Waldroup et al 1966; Doughlas et al
1973; Auckland and Fulton 1%73 and
Wright e al 1968, that high protein levels
result in larger body weights at 140 days.
The results are also consistent with the




OBIOHA ET AL

reports of those workers that larger body
weights result in earlier initiation of lay (r
= -0.43; P/0.05), and that high protein
levels also result in earlier sexual maturity
(r = -0.40, P 0.05). The absence of a
significant correlation between protein
level and age at first egg is in support of
Turk et al 1961, who suggested that dif-
ferences in dietary regimes tended to cori-
verge at the 20th week of growth. The
14% protein diets in this study could not
support a body weight of 1225 g at 140
days, which is considered necessary for in-
itiation of lay (McNaughton et a/ 1977).
The cost of diet per kg of body weight
gain showed no significant variation in ex-
periments 1 and 2, however, the least cost-
gain ratio in experiment 1 was N1.86 in
diet Ey g P14 and K1.90.in diet E3 o P1g.
In experiment 2, the least was N1.23 in diet
Ej o P16 and N1.34 in diet E3 g P1g. Thus
on the basis of least cost consideration,
the E3 o P1g diet was also economical.
In genotype comparisons, the GL x GL
and the LC x GL genotypes showed clear
superiority over the GL x LC or LCx LC
genotypes in all parameters of ex-
periments 1 and 2. The performance of
LC x GL was equal to in many cases and
in some cases superior to the GL x GL.
Omeje and Nwosu (1982) had reported
the hightest heterosis in the LC x GL us-
ing the same germ plasm and working'in
the same environment. This is of con-
siderable importance in breeding work in-
volving the local and exotic chickens.
Point of lay was reached earlier in the
local chicken and their crosses than the
exotic cross (Table 5). Though not signifi-
cant, this trend was first observed by
Obioha (1982) who obtained 10 days
earlier sexual maturity in the local chicken
than an exotic Starcross strain. Body
weight at 140 days was significantly
higher in the GL x GL than the other
genotypes in both experiments 1 and 2.
This is expected considering the small size
of the local chicken with reference to the
exotic chicken. It is of some interest that
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the LC x LC genotype failed to reach the
minimum body weight of 1225 g at 140
days which is considered important from
point of view of initiation of lay.
However, the lack of any significant dif-
ference in the ages at which the genotypes
initiated lay does not give any importance
to this observation.

From Tables 4 and 5, the optimal diets
in which the genotypes manifested their
highest response shows a division between
GL x GL and LC x GL on the one hand,
where diet E3 o Pyg was preponderant,
and GL x LC and LC x LC on the other,
where diet E3 g Ppg was preponderant.
This apparent segregation however, could
be based on the higher performance of the
former group, rather than an indication
of separate dietary rquirements per se.

The different starter dietary program-
mes were manifested in the higher sen-
sitivty of experiment 2 but did not
significantly affect the overall dietary re-
quirement in the grower period.
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