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Summary

In two experiments 640 starcross replacement pullets between 25 and 154 days of age were fed 
ad libitum on either of )6 diets formed by the combination of 4CP X 4ME levels to study the 
interaction of CP and ME on growth performances.

In both experiments, feed intake decreased, but protein intake, energy intake, live weight gain and 
feed conversion efficiency increased and sexual maturity hastened with the increase of dietary protein 
and/or energy level. The protein conversion efficiency decreased with the increase of dietary protein 
level. The energy conversion efficiency, however, did not show any relationship with dietary energy 
level. There was a greater improvement of growth performance due to simultaneous increase of dietary 
protein and energy leve) than that of increasing protein or energy alone.
(Key Words :Protein, Energy, Performance, Starcross, Pullets)

Introduction

Dietary requirements of protein and energy 
for the growing pullets according to genetic 
background, environment and production system 
are variable in advanced countries. Some research 
investigators (Cunningham and Morrison, 1977; 
McNaughton et al., 1977), concluded that 
the body weight at 20 week age was not affected 
either by dietary protein or energy concentrations. 
Jalaludeen and Ramkrishnan(1989) have shown 
that the dietary protein (14, 16, 18 or 20%) and 
metabolisable energy (2400, 2500, 2600 or 2700 
kcal/kg) levels had no effect on body weight gain 
where the 14% protein and 2400 kcal/kg diet were 
sufficient to maintain the mature body weight. 
On the other hand, several workers (Waldroup 
and Harms, 1962; Auckland and Fulton, 1973; 
Goan et al., 1973;' Quarles et al., 1981; Christ
mas et al., 1982; Douglas and Harms, 1982) 
employed the protein levels with a range from 
9 to 21.5% and observed that the increasing 
dietary protein levels increased the body weight 
gain of the growing pullets. Due to difference 
in environment, production system and feed
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ingredients, we are not in a position to follow 
those recommendations. Recommendations regar
ding the dietary concentrations of protein and/or 
energy for pullets in Bangladesh with reference 
to ingredients availability, environmental variability 
in different seasons and rearing system still needed 
to be investigated. The present study was, there
fore, aimed at observing the effects of 4 protein 
X 4 energy levels on feed consumption, live 
weight gain, protein intake, energy intake, feed 
conversion efficiency, protein conversion efficiency, 
energy conversion efficiency and sexual maturity 
of Starcross replacement puliets.

Materials and Methods

Birds
Two experiments were conducted with Star

cross replacement pullets. In each experiment.
700 day-old chicks were brooded up to 24-Cays 
of age and were fed ad. libitum on a starter mash 
containing 22% crude protein (CP) and 3000 kcal 
of metabolisable energy (ME)/kg. In each expe
riment, at 25 days of age, 640 chicks were ran
domly allocated on either of 16 diets; computed 
by the combination of 4 CP (13. 16, 19 or 22 
%) levels X 4 ME (2600, 2800, 3000 or 3200 
kcal/kg levels (table 1). There were two replica
tions having 20 birds in each for all allocated 
treatments.
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Rations
Sixteen different dietary rations used in these 

experiments were computed (table 1) by the 
combined concentrations of 4 different protein 
levels (13, 16, 19 or 22%) and 4 different meta
bolizable energy levels (2600, 2800、3000 or 
3100 kcal/kg). The individual ingredients. and 
rations were analysed (AOAC. 1980) for proxi
mate components. The gross energy (GE) values 
were also determind by using an Adiabatic Bomb 
Calorimeter. The amino acid percentages . were 
estimated using the values (Snyder et al., 1958; 
Bolton and Blair, 1977) and the calcium and 
phosphorus contents were estimated by using the 
values (NRC, 1977; Bolton and Blair, 1977) of 
individual ingredients.

Housing
The birds were housed in open-sided tin shed 

building with a floor space of 3150 sq cm/bi rd. 
The birds were exposed only to natural day light 
in their sand littered pens and no artificial ligh- 
tong was provided. Fresh sundried sand was 
added time to time to avoid litter dampness. 
Room Temperature (*O) and relative humidity 
(%) were recorded four times a day with a Wet 
and Dry buib hygrometer. The average temper
ature and relative humidity were 26.97(土 0.57) 
°C and 69.95(± J .41)% and 21.45( ± 0.25)°C and 
72.52(± 0.64)% for first and second experiment 
respectively. The respective air speed (m/sec.) were 
202.00(± 0.70) and 137.33(± 0.50) respectively. 
Two trough feeders (100.00 cm X 15.25 cm X 
18.00 cm) and one earthen drinker (2.5 litres) 
were provided for the birds in each pen.

Feeding and watering
Feed intake (g/bird/d) and water intake 

(ml/bird/d) were recorded replicationwise for each 
treatment. Feed conversion ratio and protein and 
energy conversion ratios were calculated as the 
units of feed, protein and energy were consumed 
for each unit of live weight gain. The live weight 
gain was calculated as the difference between the 
initial and final weight.

Sexual maturity
On the basis of first egg laid, the age at 

sexual maturity was noted down in days for each 
pen (Poggenpoel, 1986).

Statistical Analysis
Both the two experiments were for 4X4 

(protein X energy) factorial in a Completely 
Randomized Design. Analysis of variance parti
tioned variances of all recorded parameters into 
protein, energy levels and their interactions for 
comparis이】. The parameters were also regressed 
on either protein or energy levels to have the 
change in different parameters against unit change 
of protein or energy levels and then compared.

Results and Discussions

The effects of dietary protein and/or energy 
levels on growth performance are presented in 
tables 2 and 3. The regressions of growth perf
ormance parameters on protein or energy levels 
in the diets are shown in table '4.

In both experiments, feed intake decreased 
but live weight gain and feed conversion efficiency 
increased and sexual maturity hastened (p< 0.01) 
in a linear fashion with the increase of die
tary protein and/or energy levels.

The simultaneous increase of protein and 
energy levels had a greater effect on growth than 
that of increasing protein or energy alone. The 
protein and energy intake increased (p < 0.01) 
linearly with the increase of dietary protein and 
energy levels respectively. The increased protein 
or energy intake with increase of their dietary 
levels is supported by Leeson and Summers (1 
989). In both experiments, the protein conversion 
efficiency decreased (p < 0.01) linearly with the 
increase of dietary protein levels. In Experiment 
1, energy conversion efficiency improved up to 
3000 kcal ME/kg feed and then declined at 31 
00. But in experiment 2, energy conversion effi
ciency was almost similar with 2600, 2800 and 
3100 kcal ME levels but decreased with 3000 kcal 
ME. The effects of protein or energy on live 
weight gain and feed intake obtained is supported 
by Sengar (1987). Increase of dietary crude pro
tein or metabolisable energy had a beneficial effect 
on crude protein or metabolisable energy utilis
ation and viceversa.

In both experiments, the increased live weight 
gain and hastened sexual maturity at higher 
pi-otein ieveis are in agreement with Auckland 
and Fulton (1973), Goan et ak, (1973), Gous 
et al., (1973), Stockland a ad Blaylock (1974), 
Christmas et al., (1974), Balnave (1974, 1976) and
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Percent crude kcal Metabolizable Energy SED and significance

TABLE 2. 니VE WEIGHT GAIN, FEED INTAKE, FEED CONVERSION RATIO, PROT티N INTAKE, ENERGY INTAKE, 
PROTEIN CONVERSION RATIO, ENERGY CONVERSION RATIO AND AGE AT SEXUAL MATURITY OF 
THE BIRDS FED ON EITHER OF 4 LEVELS OF PROTEIN (CP) AND/OR 4 LEVELS OF ENERGY 
(ME) BETWEEN 25 AND 154 DAYS OF AGE(EXPERIENT 1)

Parameters protein (CP) 
in diet 2600

(ME)/kg diet Mean
CP

level
ME CPXME2800 3000 3100

Feed intake 13 82.50 80.38 79.01 77.20 79.77 0.541 0.541 1.083
(g/bird/d) 16 75.87 74.04 73.53 72.61 74.01 ** ** **

19 71.40 70.48 69.27 61.66 68.20
22 70.54 68.00 66.67 59.68 66.22

Mean 75.07 73.22 72.12 67.78 72.05

Live weight gain 13 9.23 10.06 8.41 7.87 8.89 0.164 0.164 0.329
(g/bird/d) 16 9.98 10.52 10.84 11.42 10.69 ** ** **

19 10.68 10.93 10.99 11.67 11.06
22 11.16 11.42 12.79 13.21 12.12

Mean 10.26 10.73 10.75 11.04 10.69

Feed conversion 13 8.95 7.99 9.39 9.79 9.03 0.142 0.147 0.294
ratio (feed 16 7.61 7.03 6.48 6.35 6.86 ** ** **

intake/live 19 6.68 6.45 6.29 5.28 6.17
weight gain) 22 6.31 5.95 5.21 4.51 5.49

Mean 7.38 6.85 6.84 6.48 6.88

Protein intake 13 10.72 10.44 10.27 10.03 10.36 0.093 0.093 0.187
(g/bird/d) 16 12.13 H.84 11.76 11.61 11.83 ** ** **

19 13.56 13.39 J3.16 11.71 12.95
22 15.51 14.96 14.66 13.12 14.56

Mean 12.98 12.65 12.46 11.61 12.42

Energy intake 13 214.52 225.06 237.04 239.33 228.98 1.575 1.575 3.151
(kcal ME/bird/d) 16 197.26 207.33 220.61 225.10 212.57 ** ** **

19 185.66 197.35 207.82 191.17 195.50
22 183.40 190.40 200.01 185.01 189.70

Mean 195.21 205.03 266.37 210.15 206.68

Protein conversion 13 1.16 1.03 1.22 1.27 1.17 0.007 0.007 0.047
ratio (protein 16 1.22 1.12 1.03 1.01 1.09 ** ** **

intake/live 19 1.26 1.22 1.19 1.00 1.16
weight gain) 22 1.39 1.30 1.14 0.99 1.20

Mean 1.25 1.16 1.14 1.06 1.15

Energy conversion 13 23.27 22.38 28.17 30.37 26.04 0.405 0.405 1.811
ratio (kcal ME 16 19.79 19.70 19.46 19.70 19.66 ** ** **

intake/live 19 17.37 18.08 18.89 16.37 17.67
weight gain) 22 16.42 16.67 15.63 14.00 15.68

Mean 19.21 19.20 20.53 20.11 19.76

Sexual maturity 13 186.00 185.50 175.00 166.00 178.12 1.665 1.665 3.330
(days) 16 182.00 168.50 161.00 160.50 168.00 ** ** NS

19 181.00 170.50 158.00 152.00 165.37
22 171.50 158.00 154.50 151.50 158.87

Mean 180.12 170.62 162.12 157.50 167.59

1 All SEDs are against 16 df; ** (P < 0.이); NS (p > 0.05).
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TABLE 3. 니VE WEIGHT GAIN, FEED INTAKE, FEED CONVERSION RATIO, PROTON INTAKE, ENERGY INTAKE, 
PROTEIN CONVERSION RATIO, ENERGY CONVERSION RATIO AND AGE AT SEXUAL MATURITY OF 
THE BIRDS FED ON EITHER OF 4 LEVELS OF PROTEIN (CP) AND/OR 4 LEVELS OF ENERGY 
(ME) BETWEEN 25 AND 154 DAYS OF AGE(EXPERIMENT 2)

Percent crude kcal Metabolizable Energy SED and significance
Parameters protein (CP) (ME)/kg diet Mean level .

in diet 2600 2800 3000 3100 CP ME CPxME

Feed intake 13 75.61 74.59 72.19 68.56 72.73 0.356 0.356 0.712
(g/bird/d) 16 71.99 70.58 68.61 68.37 69.88 **i ** **

19 71.37 68.61 67.47 66.42 68.45
22 67.72 67.01 66.19 65.75 66.66

Mean 71.67 70.19 68.60 67.27 69.43

Live weight gain 13
(g/bird/d) 16
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Mean
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Feed conversion 13 9.83 8.40 7.77 7.36 8.34 0.090 0.090 0.182
ratio (feed 16 9.27 7.61 7.30 6.98 7.79 ** ** **,

intake/live 19 8.18 7.26 7.07 6.64 7.28
weight gain) 22 7.37 7.03 6.72 6.37 6.87

Mean 8.66 7.57 7.21 6.83 7.57

Protein intake 13 9.82 9.69 9.38 8.94 9.45 0.056 0.056 0.113
(g/bird/d) 16 11.51 11.29 10.97 10.93 11.17 ** ** *

19 13.56 13.03 12.81 12.61 13.00
22 14.89 14.74 14.56 14.46 14.66

Mean 12.44 12.18 11.93 11.73 12.07

Energy intake 13 196.59 208.86 216.59 213.25 208.82 0.960 0.960 1.921
(kcal ME/bird/d) 16 187.19 197.64 205.84 211.95 200.65 ** ** **

19 187.58 192.12 202.31 205.90 196.97
22 176.07 187.63 J 98.59 203.83 191.53

Mean 186.85 196.56 205.83 208.73 199.49

Protein conversion 13 1.27 1.06 1.01 0.95 1.07 0.014 0.014 0.029
ratio (protein 16 1.48 1.21 1.16 1.11 1.24 ** ** *
intake/live 19 1.55 1.38 1.34 1.26 1.38
weight gain) 22 1.62 1.54 1.47 1.40 1.50

Mean 1.48 1.29 1.24 1.18 1.29

Energy conversion 13 25.56 22.97 23.31 28.83 25.16 0.245 0.245 0.491
ratio (kcal ME 16 24.12 21.32 21.91 21.65 22.25 ** ** *

intake/live 19 21.29 20.35 21.21 20.60 20.86
weight gain) 22 19.18 19.69 20.17 19.75 19.69

Mean 22.53 21.08 20.65 22.70 21.99

All SEDs are against 16 df; * (p < 0.05); ** (p < 0.01);

Sexual maturity 13 174.00 162.50 147.00 146.00 157.37 1.667 1.667 3.335
(days) 16 159.00 159.50 146.00 145.50 152.50 ** ** *

19 160.50 155.50 143.00 142.50 150.37
22 145.50 145.00 142.00 136.50 142.25

Mean 159.75 155.62 144.50 142.62 151.62
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PROTEIN AND ENERGY ON PERFORMANCE OF PULLETS

Kim and McGinnis (1976). In both experiments, 
the decrease of feed intake (p < 0.01) with the 
increase of dietary protein and/or energy levels 
is in agreement with Cunningham and Morrison 
(1977) and Singh et 시., (1980).

It is evident from the regressions of growth 
performances (table 4), that increased protein 
levels decreased (p < 0,01) feed intake nwre at 
higher temperature (26.97 士 0.57*0) in experiment 
1 than that at lower temperature (21.45 ±0.25 
t)) in experiment 2. However, ingested feed was 
more efficiently utilised for live weight gain in 
experiment 1 than in experiment 2. The detrim
ental effect of increased dietary protein on feed 
utilisation at elevated temperatures is supported 
by Dale (1985). The findings revealed that at 
optimum temperature, the birds may perform 
better on diets with increased protein and energy 
levels than that on diets with increased protein 
or energy alone. But at higher temperature the 
feed intake may be decreased linearly at a greater 
rate if the dietary protein level is increased.

The greater growth promotion with simulta
neous increase of protein and energy than incre
asing protein or energy in the diets alone obta
ined in the present study is consistent with 
Charles (1986).
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