EFFECT OF DIETARY PROTEIN AND ENERGY LEVELS ON THE
PERFORMANCES OF STARCROSS LAYERS!

M. Salah Uddin?,

A. M. M. Tareque,

M. Jasimuddin Khan,

M. A. R. Howlider?,
and S. Ahmed®

Department of Animal Nutrition, Bangladesh Agricultural University
Mymensingh, Bangladesh

Summary

Two similar experiments were designed to evaluate the interaction of dietary CP and ME levels
on the production performance parameters at the age between 155 and 300 days in Starcross layers.

In both experiments, the feed intake and mortality decreased but the egg weight, body weight gain
and feed conversion efficiency increased as the dietary CP and ME levels increased. The CP intake
was highest at the highest CP and lowest ME levels. With the increasing CP and decreasing ME
levels, the ME intake decrcased significantly (Experiments 1 & 2). The CP X ME interactions were
significant only on mean egg weight and egg production in Experiment 2. In both the experiments,
the CP levels were positively correlated with CP intake, egg weight, body weight gain and egg pro-
duction and negative correlation with feed intake, mortality percentage and ME intake. The ME levels
showed negative correlation with feed intake, protein intake, mortality percentages and positive cor-
relation with all other parameters in both experiments. The highest values were noted for all the
parameters (except mortality percentages) in Experiment | than that recorded in Experiment 2.
(Key Words : Protein, Energy, Performance, Starcross, Layers)

Introduction

The dietary protein and energy levels have
independent effect on the performance of the
chickens (Sell et al., 1985). Auckland and Fulton
(1973) and Pearson and Herron (1982) reported
the increased egg production at the increasing
dietary energy levels and Ameenuddin et al.
(1976) and Cave (1984) reported the increased
egg production at the highest protein levels.
Sadagopan et al. (1971) and Ameenuddin et al.
(1976) reported the beneficial effects of 12 to 209,
dietary CP levels on egg production. Contra-
dicting these findings, Smith and Lewis (1964)
claimed no advantage at higher levels of CP
above 13%. High ME laying rations were reported
to be more efficient with respect to egg produc-
tion compared to low ME diets (Sadagopan et
al., 1971).
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Scott et al. (1969) reported that the dietary
protein requirement of the laying hens decreased
throughout the laying cycle. Scott et al. (1976)
concluded that the protein requirement of the
laying hens remains constant. On the other hand,
some other investigators stated that the dietary
protein requirements increase throughout the
laying cycle (Jennings et al., 1972). However, the
dietary ingredients and production systems have
profound effects on the performances of chickens.
Starcross pullets are reared in Bangladesh very
recently. But their dietary crude protein (CP) and
metabolizable energy (ME) requirements have not
yet been assessed with respect to ingredients
availability and existing production systems.
Therefore, the present experiment was aimed at
the interactions of dietary CP (13, 16, 19 or
229%,) and ME (2600, 2800, 3000 or 3100 kcal/kg)
levels on the performances of Starcross pullets
under Bangladesh Condition.

Materials and Methods

Two similar experiments were conducted with
ready-to-lay Starcross pullets over a period of
two years. The first experiment was conducted
during June to November, 1987 and the second
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one was conducted during May to October,
1988 to confirm the obtained treatment effects
of the first experiment.

In Experiment 1, 155-day old 512 and in
Experiment 2, 416 pullets were randomly assigned
to either of the 16 diets, computed by the com-
bination of 4 crude protein (CP) and 4 metaboli-
zable energy (ME) levels (13, 16, 19 or 229 and
2600, 2800, 3000 or 3100 kcal/kg). Sixteen diffe-
rent diets used in these experiments were analy-
sed according to conventional method (A.Q.A.C,,
1980). The amino acids, calcium and phosphorus
percentages were  estimated using the values
(Snyder et al., 1985, Bolton and Blair, 1977)
of individual ingredients. The dietary amino
acids (critical) increased linearly with the increase
of dietary protein level. Thus, the critical amino
acid levels were the functions of increasing protein
and iso-critical-amino acid diet formulations were
not possible. The birds were reared on sand
littered floor in an open-sided tin-shed building.
Two trough feeders (100.0 X 1525 X 18 cm)
and one earthen drinker (2.5 litres) were provided
for the birds in each pen. The pullets were fed
ad [ibitum under identical care and managemental
practices. The feed intake was recorded weekly.
Mortality was recorded daily for adjustment of
feed intake and egg production rates. Records
on egg production and egg weight were kept daily
when the pullets reached approximately 45%
production. The first egg weight was recorded
at the time when laid for each replication and
treatment. The body weight gain was calculated
replication wise from the difference of the initial
and final body weight. The crude protein intake
was calculated by deducting the protein content
of the total supplied feed and the metabolizable
energy intake was calculated by multiplying the
unit metabolizable energy values of each diet by
total units of feed consumed. The feed utilization
efficiency was calculated as the units of feed
consumed for each unit of eggs produced by each
of the layers.

A completely randomized experimental design
with a 4 X 4 factorial arrangement of treatments
was used in both the experiments. Analysis of
variance were performed to compare the differ-
ently recorded parameters for dietary protein or
energy levels and their interactions. The para-
meters were also regressed on either protein or
energy levels to have the change in different
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parameters against unit change of protein or
energy levels and then compared.

Results

Experiment 1

Mean values of performance parameters and
their regression on dietary CP and ME levels
are summarized in table 2 and 4 respectively. The
dietary CP and ME levels had significant effect
on all those parameters recorded (except morta-
lity). There were no CP X ME interactions
(p > 0.05) on any of these parameters (table 2).
The feed intake (r = —0.66 for CP levels;

—0.71 for ME levels), feed conversion ratios
(r = —0.56 for CP levels; r = —0.64 for ME
levels) and mortality (r = —0.17 for CP levels;
r = —0.64 for ME levels) decreased but the body
weight gain (r = 0.26 for CP levels; r = 0.81
for ME levels), egg weight (r = 0.82 for CP
levels; r = 0.50 for ME levels) and egg produc-
tion (r = 0.59 for CP levels; r = 0.63 for ME
levels) increased linearly as the dietary CP and
ME level increased. The increasing ME level
showed more beneficial effect on live weight gain
as the dietary CP level increased. Simultancous
increase of dietary CP and ME level was more
effective in reducing mortality than increasing
either of them alone. Increase in CP and ME
in diet increased egg weight and egg production
in a similar way.

Table 2 shows that the layers fed on higher
CP diets consumed more protein (r = 0.93 for
CP levels) and less energy (r = —0.89 for CP
levels) compared to those fed on low CP diets.
On the other hand, the CP intake (r = —0.31
for ME levels) decreased but the ME intake
(r = 032 for ME levels) increased linearly as
the dietary ME level increased.

Fi o

Experiment 2

Mean values of performance parameters and
their regression on dietary CP and ME levels
are illustrated in table 3 and 4 respectively. The
layers fed on diets with different dietary CP and
ME levels revealed significant (p < 0.01) differences
in mean values of all the parameters measured
(except mortality). The mortality maintained the
decreasing tendency (p > 0.05) as the dietary CP
and ME levels increased.
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TABLE 2. EFFECT OF DIETARY PROTEIN AND ENERGY LEVELS ON THE PERFORMANCE OF STARCROSS

LAYERS (EXPERIMENT 1)

Crude Metabolizable energy SED and significance
Parameters protein (keal/kg) Mean level”
(%) 2600 2800 3000 3100 Cp ME CPXME
Feed intake 13 120.02 11556 109.79 104.84 112,55 0.831 0.831 1.663
(g/bird/d) 16 11627 11098 10523 102.92 108.85  ** ok NS
19 113.18 108.98 102.03 97.10 10532
22 104.84 101.09  96.57 96.02  99.63
Mean 113.57 109.15 103.40 100.22 106.58
Protein intake 13 15.56 1500 1425 1361 14.60 0.149 0.149 0.298
(g/bird/d) 16 18.57 17.68 16.86 1649 1740  ** e NS
19 21.56  20.66 19.32 18.50 20.01
22 23.04 2266 21.64 2044 2194
Mean 19.68 19.00 1800 17.26 1848
Energy intake 13 312.06 32358 329.38 325.01 322.50 2413 2413 4825
(kcal ME/ 16 30231 310.74 315.68 329.06 31194  ** w NS
bird/d) 19 29426 305.14 306.10 301.02 301.63
22 272,58 283.05 289.71 297.66 285.75
Mean 29530 305.62 310.21 310.66 30545
Feed conversion 13 7.71 4.09 5.27 4.04 527 0430 0430 0.860
ratio 16 6.36 375 2.96 2.61 392 i NS
(feed/cgg) 19 5.51 4.41 2.73 2.15 3.70
22 3.41 2.62 1.87 1.87 2.44
Mean 5.74 3.71 3.20 2.66 3.83
Body weight 13 5764 68.17 7642 9225 7362 1.606 1.606 3.212
gain (g/bird) 16 6496 70.02 7846 94.69 77.03 *x ** NS
19 7293 8272 84.84 100.60 8527
22 81.90 8229 86.25 102,11  88.13
Mean 69.35 75.80 8149 9741 81.01
Mortality (%) 13 16.51 17.17 6.51 1458 1369 2726 2726 5452
16 10.81 1298 11.26 13.59 12,16 NS NS NS
19 16.25 9.58 14.21 6.06 11.52
22 11.68 1145 16.04 513 11.07
Mean 13.81 1279 12,00 9.84 1211
Egg weight (g) 13 53.01 5445 5546 5557 5462 0318 0.318 0.637
16 5496 55.86 56.07 57.06 5598  ** o, NS
19 5678  57.03 5844 5854 57.69
22 57.30  S58.10 5892 59.94 58.56
Mean 55.51 56.36 5722 5778 56.71
Total eggs/bird 13 23.19  38.88 2826 3554 3146 3.092 3.092 6.184
(in 75 days) 16 2546 42,19 4767 5214 4186  ** ke NS
19 2726 31.97  50.56 5799 4194
22 40.60 4994 6594 6207 54.63
Mean 29.12  40.74 48.10 51.93 4247
* All SEDs are against 16 d.f.; NS: p > 0.05 * p <005 **: p <00l
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TABLE 3. EFFECT OF DIETARY PROTEIN AND ENERGY LEVELS ON THE PERFORMANCES OF STARCROSS
LAYERS (EXPERIMENT 2)

Crude Metabolizable energy SED and significance
Parameters protein (kcal/kg) Mean level®
(%) 2600, 2800 3000 3100 CP ME CPXME
Feed intake 13 109.55 102.52  98.67 9535 101.52 0.718 0.718 1.436
(g/bird/day) 16 101.65 9797 9383 91.53 9624  ** ¥ NS
19 97.71 9525 8990 87.67 92.64
22 92.52 9196 8844 8594 89.71
Mean 100,35 9693 9271 90.12 95.02
Protein intake 13 1441  13.34 1294 1239 13.27 0.110 0.110 0220
(g/bird/d) 16 1640 1572 1530 14.64 15.51 Lt ¥ NS
19 1874 18.16 1721 1696 17.76
22 2048  20.13 1979  18.86 19.81
Mean 17.50  16.83 1631 1571 16.58
Energy intake 13 284.83 287.07 296.03 295.61 290.88 1990 1990 3.990
(kcal/bird/d) 16 264.29 27431 281.51 283.75 275.96 rx wx NS
19 254.04 266.83 269.71 271.79 265.59
22 240.57 25749 26532 26643 25745
Mean 260.93 27142 278.14 279.39 27247
Feed concersion 13 10.59 6.72 6.80 5.70 7.45 0426 0426 0.852
ratio 16 7.46 5.91 5.29 4.27 5.73 ok ¥x NS
(feed/egg) 19 6.03 5.53 3.56 2.83 4.48
22 3.84 3.94 2.99 292 3.37
Mean 6.98 5.52 4.66 3.88 5.26
Body weight 13 47.69 5192 70.04 96.87 66.63 4334 4334 8.668
gain (g/bird) 16 53.87 5573 7385 100.83 71.07 * i NS
19 57.94 6099 7649 105.82 7531
22 65.11 7244 8127 10573 81.13
Mean 56.15  60.27 7541 10231 73.53
Mortality (%) 13 2333 16.04 22,12 2174 2080 2122 2,122 2244
16 19.04 19.37 1547 2029 1854 NS NS NS
19 18.19 2000 1741 1291 17.13
22 2071 2250 1507 1026 17.13
Mean 20.31 1947 17.51 1630  18.39
Egg weight (g) 13 4792 51.27  51.51 5180 50.62 0.248 0.248  0.497
16 50.59 5246 51.81 5301 5196  ** nE ki
19 5111 5177 52,12 5442 5235
22 5175 5295 5379 5635  53.71
Mean 50.34 5211 5230 5389  52.16
Total eggs/bird 13 13.10  17.96 17.17 1957 1695 1.159 1.159 2318
(in 60 days) 16 1622  19.05 20.73 2435 20.08 ¥ xy *
19 19.21  20.01 20.63 3413 2349
22 2791 2641 3315 3421 3042
Mean 19.11  20.85 2292 28.06 22.73

*All SEDs are against 16 d.f.; NS: p > 005 * p <0.05 **: p < 0.01.
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The feed intake (r = 0.71 for CP levels;
r= —0.64 for ME levels), feed conversion ratios
(r = —0.72 for CP levels; r = —0.54 for ME
levels) and mortality (r = —0.29 for CP levels;
r = —0.33 for ME levels) decreased whereas the
body weight gain (r = 0.59 for CP levels; r =
0.65 for ME levels) and egg production (r =
0.74 for CP levels; r = 046 for ME levels)
increased linearly as the dietary CP and ME levels
increased. The increasing ME levels reflected more
advantages on body weight gain as the dietary
CP level increased. However, the simultaneous
increase of dietary CP and ME was more effective
in reducing mortality than increasing either of
them alone. The layers receiving higher CP diets
consumed more protein (r = 0.96 for CP levels)
compared to those receiving the lower CP diets.
On the other hand, the CP intake declined
(r=—0.25 for ME levels) but the ME intake
improved (r = 0.48 for ME levels) as the dietary
ME levels increased.

The increased diet density obtained by increa-
sed CP and ME combination drastically reduced
feed intake. At all CP levels the increasing ME
levels significantly increased the egg weight and
egg production.

Discussion

In both experiments, data revealed the linear
decrease in feed consumption and increase in
body weight gain as the dietary CP and ME level
increased. Similar findings were reported by Doran
et al. (1980). In support of the present findings,
Nagabhushanam et al. (1979) reported that, most
probably due to increased nutrients (protein,
energy, mineral, amino acids, fats etc.) intakes,
the hens receiving high CP-ME diets gained more
weight compared to those receiving low CP-ME
diets. However, in present study (Experiments 1
& 2) the increased CP intake at increased CP
levels is supported by Leeson and Summers
(1989) and the increased ME intake with increas-
ing ME levels is in line with the results of Pestj
et al. (1986) and Gous et al. (1987).

The lack of effect of dietary CP and ME
levels on mortality percentages is supported by
McNaughton et al. (1977). The higher mortality
in both experiments might possible be due to
the interaction of nutrient dificiency ard canni-
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balism which inturn reduced egg production
severely.

The higher mortality might be attributed to
the lower critical amino acid levels of the low
CP low ME diets the effect of which was also
reflected on egg production. The egg production
counting started from levels is of first egg ob-
tained in any pen of all the treatments. The egg
production delayed with the decrease of dietary
CP and/or critical amino acids. That is why the
birds on lower CP diet did not reach peak pro-
duction in 75 days and the overall egg production
presented in tables 3 & 4 appears to be poorer.

The poorest feed conversion efficiency at the
lowest CP andfor ME levels found in both
experiments agrees with the observations of Baghel
and Pradhan (1989). Most probably, the high
CP-ME diets contained and supplied the higher
amount of other nutrients (mineral, amino acid,
fat etc.) despite of low feed intake leading to
higher body weight gain and improved feed
conversion efficiency with respect to egg production
and egg weight (Baghel and Pradhan, 1989).

Data in both experiments infer that the mean
egg weight might be improved with the increase
of dietary CP andfor ME level. Similarly, decreases
in egg weight due to decreasing CP or ME in
diets were reported by Oluyemiand Harms (1978)
and Khan and Baghel (1983). These authors
also concluded that the egg weight could be
increased or decreased by changing the dietary
ME concentration. Showing contradiction to the
current study, other researchers (Pearson and
Herron, 1982), however, reported that the egg
weight decreased with the high CP-low ME diets.
Moreover, other findings (Sadagopan et al,
1971; Saxena et al., 1986) revealed that
neither the dietary CP nor ME concentration
significantly (p < 0.05) affected the egg weight.
The results (Experiments 1 & 2) or increased egg
weight due to increased CP and ME levels might
be associated with higher CP and ME intakes
as supported by previous findings (Doran et al.,
1980; Pearson and Herron, 1982; Spratt and
Leeson, 1987).

Findings of both experiments exhibited better
egg production at the increasing dietarv CP-ME
combinations than at the decreasing CP-ME
combinations. These results are in concurrence
to the reports by other researchers (Reddy et
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al., 1980, Keshvarz, 1984; Ameenuddin et al.,
1976; Cave, 1984). Most of these researchers
evaluated 12 to 229 CP in the diets. But other
researchers concluded that the increasing dietary
CP levels up to 18% in the laying period increased
egg production, increasing beyond that upto 22%
had no beneficial effect  (Singh et al., 1980;
Onwudike, 1983; Jalaludeen and Ramkrish-
nan, 1989). In contravene to the present findings,
numerious workers failed to show significant
differences in egg production due to feeding birds
within a limited range of CP in the growing
period (Leeson and Summers, 1982; Keshavarz,
1984; Saxena et al., 1986; Reddy et al., 1989).

In contrast to the present results, some other
investigators have shown the absence of influence
of dietary ME concentrations (2600 to 3200
kcalfkg) on the rates of egg production (Sada-
gopan et al., 1971; Cunningham and Morrison,
1977, Jalaludeen and  Ramkrishnan, 1989).
However, the increased egg production at increa-
sed ME levels due to higher ME intake observed
in the present study is in line with the findings
of Pearson and Herron (1982). Reversively,
Gleaves et al. (1977) and Raddy et al. (1979)
reported the decreased rate of egg production
at the increasing ME levels.

Being in agreement with the conclusion of
Keshavarz (1984), possibly lower intakes of lysine
and other amino acids might have been the
reasons of the inferior performance of the birds
fed low CP compared to higher ones. He also
concluded that the addition of CP after 16%
(upto 18%) may not be beneficial in terms of
egg production. In addition, some other authors
(Ammeenuddin et al., 1976 and Douglas et al.,
1985), therefore, indicated that improvement in

~egg production on high CP diet than low CP
ones might be mainly due to better amino acid
make up.

However, the higher CP intake at the higher
CP-ME concentration during the prelaying period
in both experiments would possibly allow suffi-
cient CP or ME to be stored in the liver to
sustain the higher egg output in the laying period
(Bowmaker and Gous, 1989). Moreover, the
reduced egg production might also be associated
with the decreased dietary calcium. Luck and
Scanes (1979) reported reduction in ovulation and
plasma luteinizing hormone (LH) in hens fed
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clacium dificient ration. Because estrogen secretion
is dependent upon ovulatory activity and pro-
duction state in the bird (Bacon et al., 1980).
It is clear that the dietary calcium content may
affect the plasma levels of the hormone.

Higher feed intake, CP intake, ME intake,
feed conversion efficiency, egg production, egg
weight and lower mortality in Experiment 1 than
in Experiment 2 may be attributed to the heavier
live weight of the pullets in Experiment 1 at the
onset of production. However, the overall resulting
trends for most of the parameters found in
Experiment 2 are supported by the results of
Experiment .

Considering all the parameters of both the
two experiments, it could be concluded that the
recommended dietary CP and ME levels lie
between 19 to 229, and 3000 to 3100 kcal/kg
respectively for Starcross layers.
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