DETERM NING PROTEIN AND ENERGY LEVELS IN BRO LER DI ETS
THAT MAXIM ZE PROFITS

G M PESTI*
ABSTRACT

Current theory holds that setting energy levels in feed fornulation
IS not necessary because birds eat to nmaintain a constant energy intake.
A large body of data suggests that although birds fed high energy diets
eat less than those fed |ow energy diets, they also grow better. Current
|inear programm ng nodel s do not consider differences in response from
different energy or protein |evels. Iterative |inear progranmm ng
techniques can be used to choose anmong alternative diets with various
protein and energy levels. A quadratic progranmng model can choose the
|l evel s of protein and energy that maximze profits.

| NTRCDUCTI ON

The conventional w sdom anong 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 devel opnent of the concept of the energy to
protein ratio, and that there is sonme optinum energy to protein ratio
(Donal dson et al. 1956). The assunption is made that birds adjust their
feed intake to maintain a constant energy intake regardl ess of energy
level. The constant intake |eads to the sanme performance regardl ess of
energy levels as long as nutrient to energy ratios are maintained

When this theory has been tested, the results have been negative
Fi sher and Wlson (1974) exam ned a nunber of experinmental results from
the literature and found that birds fed higher energy levels showed
increased growh and used their feed nore efficiently. These results were
confirmed by Pesti and Smith (1984) for experiments after 1974.

Experiments were conducted in this laboratory to characterize the
response of broiler chickens to diets with various protein and energy
contents (Pesti, 1982; Pesti and Fletcher, 1983). 1t was found that .the
broiler chicken's response was dependent. on the protein and energy |evels
of the diet per se, and not the energy to protein ratio. The growth curve
of broilers fed a particular diet may be described by a quadratic function
over time. Aso, the' response of broilers fed several conbinations of
protein and energy were found to be described very well by a single
function relating body weight to protein and energy intakes (Mller,
Arraes and Pesti, 1986; Pesti, Arraes and MIler, 1987).

Two procedures are outlined here that may be used to estimte the
optimum protein and energy levels for broiler diets. Using |inear
programming (LP) , the formulator chooses between protein and energy |eve
alternatives. Wth the quadratic programming (QP) nethod, the protein and
energy |levels that maximze profits are chosen based on the growh
responses to protein and energy levels and the prices of ingredients
containing protein and energy.

*Departnent of Poultry Science, University of Ceorgia, Athens, GA 30602 USA
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MATERI ALS and METHODS

Three experiments were conducted with male comercial broiler
chickens in floor pens. Al chicks were fed a standard corn and soybean
meal based starter diet for the first three weeks (23% protein and (14.18
M ME. /kg). At three weeks of age four pens of 40 birds each were
allocated to each of the protein and energy conbinations, except for the
central point which had eight replicates (Table 1). Diets for the three
to eight week period were based on corn, soybean neal, wheat mddlings and
poultry oil. Amno acid minimums were kept constant as a percent of
protein. Birds were weighed bi-weekly fromfive to eight weeks of age.
Quadratic equations were fitted to weight and feed consunption data of
chicks fed each diet (Table 2). These equations were used to deternine
the feed consunption and days to market of birds grown on each diet to a
standard weight (1.82 kg; Table 3). Least-cost formulas were then
cal cul ated for each conbination of protein and energy based on the fol | ow
ing prices per hundred pounds (cwt., 45.4 kg): corn, $5.25; soybean neal,
$8.35; wheat mddlings, $4.50; and poultry oil, $14.75. Fromthe formla
cost (Table 4) and feed consuned (Table 3), the feed cost was determ ned
Since body weights were the same (1.82 kg) the protein and energy conbina-
tion with the mninmum cost is also the one that maximzes profit

A single quadratic equation was also fitted to the data fromall the
combi nations 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 combi ned
with the ingredient conposition, cost matrix and restrictions of one of
the United States’ leading broiler firms . The equation was then sol ved
for the conbination of protein and energy yielding maximum profits. The
answer (output) was identical in formto that from |inear programmi ng
(Table 6).

RESULTS AND DI SCUSSI ON

The theory of optinmum energy to protein ratios holds that birds fed
the same ratio of energy to protein should exhibit the sane perfornance.
This is what was observed for carcass fat but not for body weight or feed
conversion (Table 1). Note that anong broilers fed approxi mately the sane
energy to protein ratios, those fed the higher protein and energy |evels
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 |evel

The profitability of each protein and energy conbination could be
cal cul ated by subtracting the feed cost fromthe live bird weights times
the value per pound. However, the producer desires a bird of a certain
size. to nmake the conparison nore valuable, the data need adjusted to the
same size bird. This can be done by fitting quadratic growh curves to
the data for broilers fed each diet conbination (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 consunption equation. Once feed consunption is known, feed
conversion can be calculated. As protein or energy levels increase, feed
consunption and days to market to a given weight decrease (Table 3).

Since returns frombirds of the same weight can be assuned to be

equal, profits can be maximzed by multiplying feed consunption by the
cost of each diet and choosing the |owest 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*

Protein Metabolizable energy (MJ/kg)
level 12.14 12.68 13.18 13.93 14.23
(%)
22.0 Body weight (kg) 1.88
Feed consumed (kg) 3.78
Feed conversion 2.01
Energy:Protein ratio 143
Carcass fat (g/100 g) 11.2
20.9 Body weight (kg) 1.84 1.91
Feed consumed (kg) 3.79 3.75
Feed conversion 2.05 1.96
Energy:Protein ratio 145 157
Carcass fat (g/100 g) 11.9 11.9
19.8 Body weight (kg) 1.83 1.88 1.92
Feed consumed (kg) 3.80 3.78 3.73
Feed conversion 2.08 2.02 1.95
Energy:Protein ratio 146 159 172
Carcass fat (g/100 g) 11.1 12.4 13.3
18.6 Body weight (kg) 1.79 1.88
Feed consumed (kg) 3.72 3.75
Feed conversion 2.08 1.99
Energy:Protein ratio 163 176
Carcass fat (g/100 g) 12.4 13.0
17.5 Body weight (kg) 1.80
Feed consumed (kg) 3.77
Feed conversion 2.09
Energy:Protein ratio 180
Carcass fat (g/100 g) 13.5

* From Pesti and Miller, 1987.
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TABLE 2

of time for each level of protein and energy fed!t

Quadratic trends of weight and feed consunption as a function

Protein Energy

level level bo by by R?
(%) MJ/kg)
Weight = b_+ bt + bot?
17.5 13.18 .59179%% .00694 .00130%%% .98
18.6 12.68 .55505%* .00979 .00124%* .98
18.6 13.72 .36369 .01997 .00121%%% .98
19.8 12.13 .31604 .02490% .00104%%*% .98
19.8 13.18 .25201 .02735%* .00109%*% .98
19.8 14,23 .00172 .04269%% .00091%%*% .98
20.9 12.68 .39047 .01933 .00117%%% .98
20.9 13.72 .00239 .04295%%% .00090%%* .98
22.0 13.18 .08094 .03834%* .00095%%% .98
Feed consumption = by + byt + byt2
17.5 13.18 1.02002%%* -.05222%% .00421%%% .99
18.6 12.68 1.45416%%% =.07999%%* .00453%%% .99
18.6 13.72 1.18298%%* ~.06249%%% .00433%%* .99
19.8 12.13 .74182% -.03441 .00394%%% .99
19.8 13.18 1.36557%%% -.076032%%*%* .00456%**% .99
19.8 14.23 .62627%* -.02400 .00372%%% .99
20.9 12.68 1.23256%%* -.06720%%% .00443%** .99
20.9 13.72 .94825% -.04681%% . 00409 .99
22.0 13.18 1.59502%%* -.09168%%* .00479%%% .99
1Using ordinary least squares. RZ = coefficient of determination;

t = time in days of age

¥ P<.1; *%F P<.05; *%% PP<.01.
TFrom Pesti and Miller, 1987.
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TABLE 3

How protein and energy levels of the growing diet affect

the performance of four pound broiler@

Protein Metabolizable energy (MJ/ky)
level 12.14 12.68 13.18 13.73 14.23
(%)
22.0 Body weight (kg 1.82
Feed consumed (kg) 3.60
Feed conversion (feed/gain) i.98
Days to market 47.2
20.9 Body weight (kg) 1.82 1.82
Feed consumed (kg) 3.72 3.50
Feed conversion 2.05 1.93
Days to market 48.0 46.8
19.8 Body weight (kg) 1.82 1.82 1.82
Feed consumed (kg) 3.80 3.62 3.48
Feed conversion 2.10 2.00 1.92
Days to market 48.6 47.3 46.8
18.6 Body weight (kg) 1.82 1.82
Feed consumed (kg) 3.82 3.58
Feed conversion 2.10 1.97
Days to market 49.0 47.2
17.5 Body weight (kg) 1.82
Feed consumed (kg) 3.83
Feed conversion 2.11
Days to Market 48.6

*From Pesti and Miller, 1987.

TABLE 4 How the protein and energy levels and ingredient costs
influence the diet that mnimzes feed cost per bird*
Protein Metabolizable energy (MJ/kg)
level 12.14 12.68 13.18 13.73 14.23
(%)
22.0 Formula cost ($/cwt) 7.285
Feed cost (§/bird) .582
20.9 Formula cost 6.875 7.421
Feed cost .575 .575
19.8 Formula cost 6.658 6.972 7.540
Feed cost .573 .566 .578
18.6 Formula cost 6.669 7.122
Feed cost .576 .569
17.5 Formula cost 6.702
Feed cost .580

Atlanta prices for January, 1986.
Formula cost includes 1.7 pounds of starter diet (23% protein and
13.39 MJ M.E./g; $7.561/cwt).
*From Pesti and Miller, 1987.
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For the exanple prices used here, the diet with 13.18 M/ 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 sane energy level and 22.0% protein. This
is a considerable savings for a conplex processing 1.2 mllion birds per
week. It suggests how critical it can be for a company to know the
technical relationships and exploit them by appropriate econonic analysis.

If the prices of the high energy ingredients (corn and poultry oil)
were to double relative to the others, the maxinumprofit diet to feed
woul d be the one with 12.15 M/ kg and 19.8% protein. |f the cost of the
high protein ingredients were to double (soybean neal, poultry by-product
meal, L-Lysine and DL-Methionine), the best diet to feed would be the one
Wi th 13.73 MJ/kgand 18. 6% protein.

An alternative approach is to fit a single equation relating body
wei ght toprotein and energy intakes (Table 5) instead of the eighteen
equations of Table 2. This equation is also an excellent fit froma
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 conbina-
tion of protein and energy that maximzes 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 |ooks
indentical to the LP output with additions such as the feed consunption
and wei ghts 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 concentrations!t

Source of Standard
variation Estimate error
Intercept .041988%** .0189
Cumulative protein intake
[kg] 1.457695%%* .0118
(Protein intake)? -1.758822%* .0027
Cumulative energy intake
[MJ] .026180%* .0016
(Energy intake)? - .000423%* .0002
Protein-energy interaction .039050%* .0200

* Significant at the 0.05 |evel
** Significant at the 0.01 |evel
1coefficient 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 M,
respectively). For exanple, predicted weight for chicks
fed 220 g protein/kg and 12.13 M ME kg at 42 d = 0.042
+ 1.457695(0.531 + 0.206) - 1.758822(0.531 + 0.206)2 +
0.02618(29.29 + 11.70) = 0.000423(29.29 + 11.70)2 +
0.039050(0.531 + 0.206) (29.29 + 11.70) = 1.703 Kkg;
(Observed = 1.751 + 0.008).
tFrom Pesti et al. 1986.
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Unlike current LP nodels,

when the prices of ingredients change,
QP solution will change. LP chooses the conbination of

meeting m nimum specifications at

cost.

TABLE 6 CQutputs (diet fornulations)

i ngredients

t he

least cost. QP chooses the combination
of ingredients that maximzes the weight of the bird for a certain feed

and predicted performance

of 1.84 kil ogram broilersfrom |inear (LP) and
quadratic (QP) programming nodel s*

Ingredient (g/kg) LP! QP
Corn 584 540
Soybean meal 144 185
Animal fat 18 10
Protein supplement 31 38
Blood meal 7 8
Ground limestone 7 8
Deflourinated phosphate 8 5
CholineCl (350 g/kg) 2 2
Methionine (MHA) 1 2
Feather meal 58 78
Dried whey 43 23
Wafer meal 92 97
Vitamin premix 1 1
Fixed ingredients? 4 4
Trace mineral premix 1 1

Nutrient
Protein (g/kg) 200 235
ME (MJ/kg)’ 13.37 13.13

Performance
Live weight (kg) 1.84 1.84
feed consumption (kg) 3.68 3.52
Technical feed converison 2.00 1.91
Days to market 44.0 44,2

Feed costs (cents)3
per bird 72.54 71.00
per kilogram bird 39.399 38.546

1Based on National Research Council

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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