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ABSTRACT

Current theory holds that setting energy levels in feed formulation
is not necessary because birds eat to maintain a constant energy intake.
A large body of data suggests that although birds fed high energy diets
eat less than those fed low energy diets, they also grow better. Current
linear programming models do not consider differences in response from
different energy or protein levels. Iterative linear programming
techniques can be used to choose among alternative diets with various
protein and energy levels. A quadratic programming model can choose the
levels of protein and energy that maximize profits.

INTRODUCTION

The conventional wisdom among poultry nutritionists is that there is
no energy “requirement” per se. Many also believe that the protein
requirement should be expressed in terms of the energy level of the feed.
These theories led to the development of the concept of the energy to
protein ratio, and that there is some optimum energy to protein ratio
(Donaldson et al. 1956). The assumption is made that birds adjust their
feed intaketomaintain a constant energy intake regardless of energy
level. The constant intake leads to the same performance regardless of
energy levels as long as nutrient to energy ratios are maintained.

When this theory has been tested, the results have been negative.
Fisher and Wilson (1974) examined a number of experimental results from
the literature and found that birds fed higher energy levels showed
increased growth and used their feed more efficiently. These results were
confirmed by Pesti and Smith (1984) for experiments after 1974.

Experiments were conducted in th i s laboratory t o charact.erizc the
response of %broiler chickens to diets with various protein and energy
contents (Pesti, 1982; Pesti and Fletcht~r, 1083). 1 t was found t.hat .t.he
broiler chicken’s response was dependent. on the protein arul energy levels
of the diet per se, and not the energy t.o protein ratio. The growth curve
of broilers fed a particular diet may be described by a quadratic function
over time. Also, the’ response of broilers fed several combinations of
protein and energy were found to be described very well by a single
function relating body weight to protein and energy intakes (Miller,
Arraes and Pesti, 1986; Pesti, Arraes and Miller, 1987).

Two procedures are outlined here that may be used to estimate the
optimum protein and energy levels for broiler diets. Using linear
programming (LP) , the formulator chooses between protein and energy level
alternatives. With the quadratic programming (QP) method, the protein and
energy levels that maximize profits are chosen based on the growth
responses to protein and energy levels and the prices of ingredients
containing protein and energy.
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MATERIALS and METHODS

Three experiments were conducted with male commercial broiler
chickens in floor pens. All chicks were fed a standard corn and soybean
meal based starter diet for the first three weeks (23% protein and (14.18
MJ ME /kg). At three weeks of age four pens of 40 birds each were
allocaTed to each of the protein and energy combinations, except for the
central point which had eight replicates (Table 1). Diets for the three
to eight week period were based on corn, soybean meal, wheat middlings and
poultry oil. Amino acid .min,imums were kept constant as a percent of
protein. Birds were weighed bi-weekly from five to eight weeks of age.
Quadratic equations were fitted to weight and feed consumption data of
chicks fed each diet (Table 2). These equations were used to determine
the feed consumption and days to market of birds grown on each diet to a
standard weight (1.82 kg; Table 3). Least-cost formulas were then
calculated for each combination of protein and energy based on the follow-
ing prices per hundred pounds (cwt., 45.4 kg): corn, $5.25; soybean meal,
$8.35; wheat middlings, $4.50; and poultry oil, $14.75. From the formula
cost (Table 4) and feed consumed (Table 3), the feed cost was determined.
Since body weights were the same (1.82 kg) the protein and energy combina-
tion with the minimum cost is also the one that maximizes profit.

A single quadratic equation was also fitted to the data from all the
combinations of protein and energy: weight gain = f (protein intake,
energy intake). An additional equation was fitted relating protein and
energy intakes to age of the birds (Table 5). This equation was combined
with the ingredient composition, cost matrix and restrictions of one of
the United States’ leading broiler firms . The equation was then solved
for the combination of protein and energy yielding maximum profits. The
answer (output) was identical in form to that from linear programming
(Table 6).

RESULTS AND DISCUSSION

The theory of optimum energy to protein ratios holds that birds fed
the same ratio of energy to protein should exhibit the same performance.
This is what was observed for carcass fat but not for body weight or feed
conversion (Table 1). Note that among broilers fed approximately the same
energy to protein ratios, those fed the higher protein and energy levels
had the best growth and feed conversions. Body weight increased with
increasing levels of protein and energy. Carcass fat, however, increased
with increasing energy level, but decreased with increasing protein level.

The profitability of each protein and energy combination could be
calculated by subtracting the feed cost from the live bird weights times
the value per pound. However, the producer desires a bird of a certain
size. to make the comparison more valuable, the data need adjusted to the
same size bird. This can be done by fitting quadratic growth curves to
the data for broilers fed each diet combination (Table 2). The desired
weight is first substituted into the weight equation and it is solved for
t (time in days of age). Then this value for t is substituted into the
feed consumption equation. Once feed consumption is known, feed
conversion can be calculated. As protein or energy levels increase, feed
consumption and days to market to a given weight decrease (Table 3).

Since returns from birds of the same weight can be assumed to be
equal, profits can be maximized by multiplying feed consumption by the
cost of each diet and choosing the lowest one (Table 4).
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TABLE 1 How protein and energy levels of the growing diet affect
broiler performance at 49 days of age>t
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TABLE 2 Quadratic trends of weight and feed consumption as a function
of time for each level of protein and energy fedl?
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TABLE 3 How protein and energy levels of the growing diet affect
the performance of four pound broiler@

TABLE 4 How the protein and energy levels and ingredient costs
influence the diet that minimizes feed cost per bird*
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For the example prices used here, the diet with 13.18 MJ/kg and
19.8% protein would be the one to feed. Savings would be as much as $.016
per bird over the diet with the same energy level and 22.0% protein. This
is a considerable savings for a complex processing 1.2 million birds per
week. It suggests how critical it can be for a company to know the
technical relationships and exploit them by appropriate economic analysis.

If the prices of the high energy ingredients (corn and poultry oil)
were to double relative to the others, the maximum profit diet to feed
would be the one with 12.15 MJ/kg and 19.8% protein. If the cost of the
high protein ingredients were to double (soybean meal, poultry by-product
meal, L-Lysine and DL-Methionine), the best diet to feed would be the one
with 13.73MJ/kgand  18.6% protein.

An alternative approach is to fit a single equation relating body
weight to protein and energy intakes (Table 5) instead of the eighteen
equations of Table 2. This equation is also an excellent fit from a
statistical point of view. To this equation the matrix from any standard
LP feed formulation problem can be added. The constraints on protein and
energy levels are relaxed and the equation is solved to give the combina-
tion of protein and energy that maximizes bird weight to a given feed
cost. A second equation relating protein and energy intakes to age of the
bird is also necessary to calculate days to market. The output looks
indentical to the LP output with additions such as the feed consumption
and weights of the birds (Table 6).

TABLE 5 Estimates of the coefficients of regression for the
weight of male broilers fed on diets of various
protein and energy concentrationslt

* Significant at the 0.05 level
7kk Significant at the 0.01 level

lcoefficient of Determination (R*) = 0.99 Protein
and energy intakes include those during the first 3
weeks of the broilers lives (.206 kg and 11.70 MJ,
respectively). For example, predicted weight for chicks
fed 220 g protein/kg and 12.13 MJ ME/kg at 42 d = 0.042
+ 1.457695(0.531 + 0.206) - 1.758822(0.531 + 0.206)* +
0.02618(29.29 + 11.70) - 0.000423(29.29 + 11.7o)* +
0.039050(0.531 + 0.206) (29.29 + 11.70) = 1.703 kg;
(Observed = 1.751 2 0.008).

TFrom Pesti et al. 1986.- -
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Unlike current LP models, when the prices of ingredients change, the
QP solution will change. LP chooses the combination of ingredients
meeting minimum specifications at least cost. QP chooses the combination
of ingredients that maximizes the weight of the bird for a certain feed
cost.

TABLE 6 Outputs (diet formulations) and predicted performance
of 1.84 kilogram broilers from linear (LP) and
quadratic (QP) programming models*

lBased on Nati o al Research Council (1977) constraintsn
for 3 to 6 week old broilers.

'Antibiotics and anticoccidial drug.
3Based on 12 94 cents/kg for corn and 23.76 cents/kg

for soybean meal.'
*From Pesti et al. 1986.- -
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