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Comparison between Linear and Nonlinear
Systems of Feed Formulation for Broilers

ABSTRACT

Two experiments were simultaneously carried out to compare feed
formulation models: a linear model for minimum cost with a nonlinear
model for maximum profitability for one-to 42-d-old broilers. One-d-
old male or female Cobb 500 broilers (n=2368) were allocated to one
of the two trials according to sex. The experiments were performed
simultaneously in an experimental poultry farm. Two housing densities
were used: high density (HDH), with 14 birds/m?, and low density (LDH),
with 10 birds/m?. The following treatments were evaluated: linear feed
formulation and LDH (LF10); nonlinear formulation and LDH (NF10);
linear formulation and HDH (LF14); and nonlinear formulation and
HDH (NF14). A completely randomized design with four treatments
of eight replicates each was applied. Performance and cost per kg of
poultry were evaluated. Both formulation systems promoted similar
broiler performance. However, the high-density feed using linear
formulation reduced body weight in 42-d-old males, but not when
nonlinear formulation was used. The NF10 treatment yielded the worst
feed conversion ratio (p<0.05) and the lowest cost/kg broiler (p<0.05)
for both sexes. The results demonstrate that the nutritional program
that yields the best performance is not always the most economical
one.

INTRODUCTION

Broiler feeds were for a long time formulated based on linear models
that, although prioritize minimum feed costs, do not take into account
some important factors such as bird density, market weight, physical
space, and feed energy and protein levels (Afrouziyeh et al, 2011). On
the other hand, an increasing number of researchers understands that,
in order to work under the concept of precision feeding, nonlinear
models, which take into account the factors mentioned above, need to
be employed (Penz Jr. et al., 2009).

Nonlinear formulation models help breeders to determine the
best time to change diets, both from economic and environmental
perspectives, identifying optimal marketing strategy and determining
nutrient levels that maximize animal performance (Van Milgen et
al., 2008). As these models use a mechanistic approach, they have a
higher degree of complexity to describe live performance, enabling
more precise responses and preventing the inconvenience of linearly
representing the responses that follow the law of diminishing returns
(Oviedo-Ronddén, 2007). According to Afrouziyeh et al. (2010), the
economic interpretation of animal feeding has largely been ignored in
the context of nutrition and feed formulation programs.

There currently are several nonlinear modeling computer programs
available in the market. The advantages and disadvantages of the
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applicability of each model need to be evaluated to
provide the greatest cost-benefit to poultry breeders
(Oviedo-Ronddén, 2002).

This study aimed at comparing the results of two
nutrition programs for broilers: one based on minimum-
cost linear formulation (LF), and the other based on
maximume-profitability nonlinear formulation (NF).

MATERIAL AND METHODS

One-day-old male and female commercial
Cobb500broilers were distributed by sex (n=1,184per
sex) in two experiments simultaneously carried out in
an experimental broiler house. The facility was divided
into two rooms, one per sex, with 40 pens/room. Each

Comparison between Linear and Nonlinear Systems
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pen, housing 40 birds, made up one experimental
unit, and was equipped a feeder and nipple drinker. A
completely randomized design off our treatments with
eight replicates each. Birds were reared until 42 days
of age.

Animal care and use protocol was reviewed and
approved by the Ethics Committee on Animal Research
of the Federal University of Rio Grande do Sul, in
compliance with animal welfare requirements.

Diets were formulated using two systems: a linear
minimum cost system, according to the nutritional
recommendations proposed by Rostagno et al.
(2000) and the NRC (1994) (Model Company Feed
Management Systems, called Brill Formulation®), and
an online ar maximum profitability system (Model

Table 1 - Ingredient composition, calculated energy value, and nutrient content of pre-starter diets formulated according
to linear (LF) or nonlinear (NF) systems fed to male and female broilers.

Pre-starter phase - 1 to 7 d of age

Experiment | — males

Experiment Il — females

Treatments LF10° NF10 LF14 NF14 LF10 NF10 LF14 NF14
Ingredients (g/kg)
Corn 593.0 495.0 593.0 396.0 593.0 627.6 59.30 51.49
Wheat 45% 288.4 219.5 288.4 155.4 288.4 291.3 28.84 40.78
Meat meal 60.0 60.0 60.0 60.0 60.0 60.0 6.00 6.00
Full-fat soybeans 40.6 204.5 40.6 367.3 40.6 - 4.06 -
Salt 4.1 3.5 4.1 3.6 4.1 3.3 0.41 0.31
Limestone 4.2 5.6 4.2 5.7 4.2 53 0.42 0.41
Vitamin premix® 4.0 4.0 4.0 4.0 4.0 4.0 0.40 0.40
Mineral premixc 0.5 0.5 0.5 0.5 0.5 0.5 0.05 0.05
Choline 0.6 0.5 0.6 0.5 0.6 0.5 0.06 0.05
Dicalcium phosphate 1.1 - 1.1 - 1.1 0.6 0.11 -
Lys 0.9 2.8 0.9 2.6 0.9 3.1 0.09 0.18
Met 2.6 3.6 2.6 4.0 2.6 3.2 0.26 0.33
Thr - 0.5 - 0.4 - 0.6 - -
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Nutrients

ME (kcal/kg) 2.950 3.035 2.950 3.112 2.950 2.947 2.950 2.833
CP, g/kg 230.0 252.0 230.0 273.0 230.0 222.0 230.0 263.0
Ca, g/kg 9.5 10.0 9.5 10.2 9.5 9.7 9.5 9.4
Avail. P, g/kg 4.5 4.5 4.5 4.6 4.5 4.3 4.5 4.5
Sodium, g/kg 2.2 1.9 2.2 2.0 2.2 1.9 2.2 1.8
Dig. Lys, g/kg 11.2 13.9 11.2 15.0 11.2 12.3 11.2 14.1
Dig. Met+Cys, g/kg 8.4 9.8 8.4 10.5 8.4 8.8 8.4 9.8
Dig. Thr, g/kg 7.1 8.1 7.1 8.7 7.1 7.2 7.1 8.2

2 LF10, Linear formulation (10 birds/m?); NF10, Nonlinear formulation (10 birds/m?): LF14, Linear formulation (14 birds/m?); NF14, Nonlinear formulation (14 birds/m?).
® Supplied per kg of diet: vit. A, 8000 IU; vit. D3, 2000 IU; vit. E, 18 mg; vit. K3, 1.8 mg; vit. B1, 1.8 mg; vit. B2, 6 mg; vit. B6, 2.8 mg; vit. B12, 0.012 mg; pantothenic acid, 15 mg;

niacin, 40 mg; folic acid, 1 mg; biotin, 0.06 mg.

< Supplied per kg of diet: selenium 0.3 mg; iodine, 0.15 mg; iron, 100 mg; copper, 16 mg; zinc, 140 mg; manganese, 150 mg.
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Company Wala Group, called Camera®), which
determines feeding strategies for broilers aiming at a
pre-specified final weight at the lowest feed cost.

The nonlinear formulation program was calibrated
using data from previous broiler experiments carried
out at the same facility and under similar rearing
conditions. Factors related to the environment,
temperature, humidity, relative air velocity, genetic
strain, sex, bird density, number of feeding phases,
and broiler market weight and age were considered.
The model was adjusted by adapting the acceleration
of the growth rate coefficient of the birds (variation
of the growth rate over time), and by evaluating the
simulated results with previously obtained results
for the same climatic, genetic, and chronological
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variables. Based on these values, mean performance
was estimated for both sexes at 42 d of age, using
the expected performance of male, female, and
straight-run flocks provided in the Cobb500 manual
(Cobb, 2003).

Two population densities were used in each
experiment: high density, with 14 birds/m2, and low
density, with 10 birds/m2. The treatments, thereby,
consisted of linear feed formulation and low density
(LF10); nonlinear formulation and low density (NF10);
linear formulation and high density (LF14); and
nonlinear formulation and high density (NF14). The
composition of the experimental diets is presented in
Tables 1 to 4.

Table 2 - Ingredient composition, calculated energy value, and nutrient content of starter diets formulated according to
linear (LF) or nonlinear (NF) systems fed to male and female broilers.

Starter phase - 8 to 21 d of age

Experiment | - males

Experiment Il - females

Treatments LF102 NF10 LF14 NF14 LF10 NF10 LF14 NF14
Ingredients (g/kg)
Corn 638.6 683.6 638.6 591.8 638.6 707.8 638.6 594.0
Wheat 45% 201.1 236.7 2011 150.8 201.1 212.6 201.1 327.8
Meat meal 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Full-fat soybeans 81.7 - 81.7 177.0 81.7 - 81.7 -
Salt 34 3.1 34 3.3 34 3.2 3.4 3.0
Limestone 4.2 5.6 4.2 5.8 4.2 5.9 4.2 4.4
Vitamin premix® 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Mineral premix ¢ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Choline 0.7 0.5 0.7 0.5 0.7 0.5 0.7 0.5
Dicalcium phosphate 0.4 - 0.4 - 0.4 - 0.4 -
Lys 2.3 2.8 2.3 2.8 2.3 2.7 2.3 2.4
Met 3.1 2.7 3.1 3.0 3.1 2.4 3.1 3.1
Thr - 0.5 - 0.5 - 0.4 - 0.3
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Nutrients

ME (kcal/kg) 3.050 3.004 3.050 3.104 3.050 3.028 3.050 2.915
CP, g/kg 210.0 202.0 210.0 219.0 210.0 193.0 210.0 235.0
Ca, g/kg 9.3 9.6 9.3 9.9 9.3 9.7 9.3 9.3
Avail. P, g/kg 43 4.1 43 43 43 4.1 43 43
Sodium, g/kg 1.9 1.8 1.9 1.9 1.9 1.8 1.9 1.7
Dig. Lys, g/kg 10.9 10.8 10.9 11.8 10.9 10.1 10.9 12.6
Dig. Met+Cis, g/kg 8.4 7.8 8.4 85 8.4 7.4 8.4 9.0
Dig. Thr, g/kg 6.4 6.4 6.4 7.0 6.4 6.1 6.4 7.4

2 LF10, Linear formulation (10 birds/m?); NF10, Nonlinear formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF14, Nonlinear formulation (14 birds/m?).
® Supplied per kg of diet: vit. A, 7000 IU; vit. D3, 1500 IU; vit. E,15 mg; vit. K3, 1.6 mg; vit. B1, 1.6 mg; vit. B2, 5 mg; vit. B6, 2.6 mg; vit. B12, 0.010 mg; pantothenic acid, 13 mg;

niacin, 35 mg; folic acid, 0.7 mg; biotin, 0.06 mg.

< Supplied per kg of diet: selenium, 0.3 mg; iodine, 0.15 mg; iron, 100 mg; copper, 16 mg; zinc, 140 mg; manganese, 150 mg.



Dadalt JC, Butzen FN, Ribeiro AML,
Renz SV, Kessler A de M, Penz Junio AM

Comparison between Linear and Nonlinear Systems
of Feed Formulation for Broilers

Table 3 - Ingredient composition, calculated energy value, and nutrient content of grower diets formulated according to
linear (LF) or nonlinear (NF) systems fed to male and female broilers.

Growing phase - 22 to 36 d of age

Experiment | - males

Experiment Il — females

Treatments LF102 NF10 LF14 NF14 LF10 NF10 LF14 NF14
Ingredients (g/kg)
Corn 655.0 743.3 655.0 656.5 685.2 762.9 685.2 671.2
Wheat 45% 66.8 178.6 66.8 76.6 109.1 159.0 109.1 250.2
Meat meal 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Full-fat soybeans 200.3 - 200.3 187.6 128.6 - 128.6 -
Salt 3.4 3.1 3.4 3.3 3.4 3.2 3.4 3.0
Limestone 3.9 5.2 3.9 5.6 4.0 5.5 4.0 4.4
Vitamin premix® 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Mineral premixc 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Choline 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lys 2.6 2.4 2.6 2.5 2.1 2.2 2.1 2.8
Met 3.0 2.1 3.0 2.5 2.6 1.9 2.6 2.9
Thr - 0.3 - 0.4 - 0.3 - 05
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Nutrients

ME (kcal/kg) 3.200 3.065 3.200 3.181 3.150 3.084 3.150 2.995
CP, g/kg 195.0 180.0 195.0 195.0 190.0 173.0 190.0 201.0
Calcium, g/kg 9.0 9.3 9.0 9.6 9.0 9.4 9.0 9.1
Avail. P, g/kg 4.2 4.0 4.2 4.2 4.1 4.0 4.1 4.2
Sodium, g/kg 1.9 1.8 1.9 1.8 1.9 1.8 1.9 1.8
Dig. Lys, g/kg 10.1 9.1 10.1 10.0 9.4 8.5 9.4 1.1
Dig. Met+Cys, g/kg 8.0 6.8 8.0 7.4 7.4 6.5 7.4 8.1
Dig. Thr, g/kg 6.0 5.6 6.0 6.1 5.8 5.3 5.8 6.7

2 LF10, Linear formulation (10 birds/m2); NF10, Nonlinear formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF14, Nonlinear formulation (14 birds/m?).
® Supplied per kg of diet: vit. A, 2500 IU; vit. D3, 7001U; vit. E, 7 mg; vit. K3, 0.7 mg; vit. B1, 1.6mg; vit. B2, 2.5 mg; vit. B6, 2.6mg; vit. B12, 0.006 mg; pantothenic acid, 9 mg; niacin,

26 mg, folic acid, 0.7 mg; biotin, 0.06 mg.

< Supplied per kg of diet: selenium, 0.2 mg; iodine, 0.15mg; iron 100 mg; copper, 16mg; zinc, 140 mg; manganese, 150 mg.

Feed intake and body weight were weekly measured
and evaluated cumulatively for the periods of1 to 21d
and1 to 42d of age. At the end of the experiment, two
birds per experimental unit, with weight representative
of the average weight of the experimental unit, were
sacrificed. Average feed intake (Fl), feed conversion
ratio (FCR), body weight (BW), feed cost per kg of
broiler (R$/kg), and carcass yield, without feathers,
viscera or head, were calculated.

Data were analyzed using the GLM procedure of
SAS statistical package (1998). AsNF10 and NF14 were
different diets, treatments were not analyzed according
to a factorial arrangement. Data were submitted to
analysis of variance, and means were compared by the
t-test.
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RESULTS AND DISCUSSION

During the period of1 to 21 d of age, males fed the
NF14 diet presented lower food intake than the other
treatments (Table 5). However, as their average body
weight was similar to the other groups, this treatment
promoted the best FCR (p<0.05). The high protein
(273 g/kg) and energy contents (3,112 kcal/kg) of the
NF14 diet up to 7 d was noteworthy in this phase.
On the other hand, diet NF10 resulted in the worst
FCR and the lowest BW in this period, also with high
protein (252 g/kg), but lower energy (3,035 kcal/kg)
levels as NF14 during the same period. This diet had
very narrow CP:ME ratio, and after this phase, had less
protein and energy than all the others. Reginatto et al.
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Table 4 - Ingredient composition, calculated energy value, and nutrient content of finisher diets formulated according to
linear (LF) or nonlinear (NF) systems fed to male and female broilers.

Finishing phase - 37 to 42 d of age

Experiment | - males Experiment Il — females
Treatments LF10° NF10 LF14 NF14 LF10 NF10 LF14 NF14
Ingredients (g/kg)
Corn 675.4 780.5 675.4 673.8 705.6 795.5 705.6 752.2
Wheat 45% 10.9 142.3 10.9 2.2 52.3 127.4 52.3 170.6
Meat meal 58.7 60.0 58.7 60.0 59.7 60.0 59.7 60.0
Full-fat soybeans 239.7 - 239.7 245.6 168.5 - 168.5 -
Salt 3.2 3.2 3.2 3.4 3.2 3.3 3.2 03.2
Limestone 2.0 4.8 2.0 5.3 1.9 5.0 1.9 4.4
Vitamin premix® 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05
Choline 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5
Lys 2.6 2.1 2.6 2.2 1.9 2.0 1.9 2.2
Met 2.7 1.8 2.7 2.2 2.1 1.6 2.1 2.1
Thr - 0.3 - 0.3 - 0.2 - 0.3
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Nutrients

ME (kcal/kg) 3.270 3.104 3.270 3.262 3.220 3.118 3.220 3.076
CP, g/kg 185.0 167.0 185.0 183.0 180.0 161.0 180.0 177.0
Calcium, g/kg 8.2 9.1 8.2 9.6 8.2 9.2 8.2 9.1
Avail. P, g’/kg 4.1 4.0 4.1 4.2 4.1 4.0 4.1 4.0
Sodium, g/kg 1.8 1.8 1.8 1.9 1.8 1.8 1.8 1.8
Dig. Lys, g/kg 9.4 8.0 9.4 9.0 8.6 7.5 8.6 8.8
Dig. Met+Cys, g/kg 7.4 6.2 7.4 6.8 6.8 5.9 6.8 6.7
Dig. Thr, g/kg 5.7 5.0 5.7 5.6 5.5 4.8 5.5 5.5

2 LF10, Linear formulation (10 birds/m?); NF10, Nonlinear formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF14, Nonlinear formulation (14 birds/m?).

® Supplied per kg of diet: vit. A, 2500 IU; vit. D3, 700 IU; vit. E, 7 mg; vit. K3, 0.7 mg; vit. B1,1.6 mg; vit. B2, 2.5 mg; vit. B6, 2.6mg; vit. B12, 0.006 mg; pantothenic acid, 9 mg;
niacin, 26 mg; folic acid, 0.7 mg; biotin, 0.06 mg.

< Supplied per kg of diet: selenium,0.2mg; iodine,0.15mg; iron, 100mg; copper, 16mg; zinc, 140 mg; manganese, 150 mg.

(2000) observed that low energy diets fed to broilers diet yielded the worst FCR (p<0.05). The observed
between1to 21 d of age impaired their performance. changes in feed intake from1 to 21 d were due to
Considering the entire experimental period, theNF10  the nutritional profile of diets, since the NF14 diet had

Table 5 - Average feed intake (AFC), feed conversion ratio (FCR), and body weight (BW) of male broilers housed at two
different densities from 1 to 21 d and from 1to 42 d of age, and fed linear(LF) or nonlinear formulation (NF) diets

Period 11021 dof age 1to 42 d of age
Treatment AFI! FCR BW' AFI! FCR BW'
LF10* 11862 1.280° 9228 44242 1.696° 2590°
LF14 11652 1.276° 9132 4268° 1.706° 2502°
NF10 11782 1.333¢ 881° 44752 1.801° 2486°
NF14 1102° 1.2232 902 4278° 1.687° 2546
p2 0.0001 0.0001 0.0007 0.0001 0.0001 0.0006
CV3 (%) 2.1 1.3 1.8 1.7 1.0 1.9

2b.< Means in the same column with different superscripts are significantly different byTukey's test (p>0.05). ' Values expressed in g/kg; ? Statistical probability; * Coefficient of
variation; * LF10, Linear formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF10, Nonlinear formulation (10 birds/m?); NF14, Nonlinear formulation (14 birds/m?).
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Table 6 — Average feed intake (AFl), feed conversion ratio (FCR), and body weight (BW) of female broilers housed at two
different densities from 1 to 21 d and from 1to 42 d of age, and fed linear(LF) or nonlinear formulation (NF) diets

Period 11021 dof age 11042 d of age
Treatment AFI" FCR BW! AFI' FCR BW!
LF10* 1067 1.308%® 8162 3766% 1.749° 21572
LF14 1038 1.286° 8072 3706° 1.739° 21252
NF10 1067 1.358¢ 779° 3833¢ 1.833¢ 2079°
NF14 1066 1.316° 8142 38472 1.805° 2117%®
p2 0.053 0.0001 0.0002 0.0003 0.0001 0.0002
CV3 (%) 2.2 1.3 1.8 1.5 0.7 1.4

25¢Means in the same column with different superscripts are significantly different byTukey's test(p>0.05). ' Values expressed in g/kg; 2 Statistical probability; > Coefficient of
variation; ¢ LF10, Linear formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF10, Nonlinear formulation (10 birds/m?); NF14, Nonlinear formulation (14 birds/m?).

the greatest nutrient density, decreasing feed intake.  density, there were no differences in the performance
Between1 to 42 d, the lowest feed intake continued to at 42 d of age of females fed the linear formulation
be observed in the NF14 group, along with the LF14,  diet, despite the 40% higher bird density. These results
due to the high nutrient density. The latter may have  are different from the findings of Zuowei et al. (2011),
caused reduced feed intake due to the competition  who showed that females housed at high density had
among birds, since the LF10 diet was exactly the same  poorer FCR and lower BW at 42 d of age. The lower BW
in terms of nutritional composition, but led to greater  of females (Kolling et al. 2005) compared with males
feed intake (p<0.05). According to Leeson (1996),  may explain why, in the case of females, increasing bird
high CPand energy dietary levels reduce feed intake in  density and maintaining the same nutritional density
broilers, as occurred with the NF14 diet. On the other  did not affect performance.
hand, Kamran et al. (2008), observed that BW and The cost per kg of male and female chickens
FCR linearly worsed and feed intake increased when produced (R$/kg) is shown in Table7. The cost of
dietary energy and protein were reduced. These results ~ 21-d-old males fed LF diets was lower cost compared
are in agreement with those of Nguyen et al. (2012),  with those fed NF diets at both densities. This result was
who showed that high energy and protein levels  not observed at 42 d of age, when the cost of males
resulted in better FCR; and with results by Hernandez ~ fed the NF10diet was lower than the cost of the other
et al. (2012), who verified that low protein levels led  treatments. The high energy and protein concentration
to worse FCR. of the pre-starter diets may be the cause of the high
In the present experiment, the BW of male broilers ~ cost observed in the nonlinear formulation. According
fed LF and housed at high density was reduced, toMack etal. (2000), although linear programs may be
consistently with the results of Tong et al. (2012). These  effective to lower the cost of the feeds with increasing
results suggest that maintaining nutritional densityand ~ energy, the response is curvilinear, decreasing as
increasing housing density prevent obtaining good nutrient density increases.

performance. On the other hand, when diets with In the present study, the good performance of
higher protein and energy levels were fed up to 21 d  males fed the NF14 diet reduced the cost from 1to 42
(NF14), high bird density did not reduce BW. d, which was similar to the cost obtained with the LF

Females showed no feed intake differences at 21 d diet. Moreover, the low nutrient density observed in
of age (p>0.005). It was observed that the NF14 diet ~ the NF10 diet in almost all phases led to the lowest
fed to females was also high in protein, similarly to the cost from1 to 42 d, although resulted in the worst
male diet, but contained less energy. This may have  FCR during the entire period. This is an interesting
prevented females from reducing their feed intake. The  result, since companies put much emphasis on FCR,
NF10 diet resulted in the worst female performance at ~ not considering that if the feed is cheaper, higher
this as shown by the worst FCR and the lowest BW  feed intake and worse FCR do not necessarily lead
(p<0.05), similarly to the results obtained with males. ~ to bad economic outcomes. Guevara et al. (2004)
This diet had the lowest nutrient density. At 42 d of  had previously emphasized that reduced feed costs
age, the females in this treatment continued to show  may seem to be attractive, but the consequent loss in
worse FCR and lower BW. Independently of housing  performance may have negative effects on profitability.
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The lowest cost was obtained at 21and 42 d with
females fed the NF10 diet; the highest cost was
obtained with NF14-fed females. It is observed that
the NF determined very low nutritional levels for
females reared at low density compared with males.
The optimization of the results and the accuracy rate
of nonlinear models is dependent on the calibration of
these models.

The lack of fit may explain some of the results found
in this study. According Lovatto & Sauvant (2001),
modeling is primarily an attempt to integrate different
phenomena, being limited human resources and
materials available and/or to those used to build it. At
the high-density housing condition, formulation greatly
increased the concentration of diets; however, there
was no remarkable improvement in the performance
enabling cost reduction in female broiler production.
Similarly, in males, although NF10 showed worse FCR
and lower WB, it also had lower costs. Different from
our results, Verspecht et al. (2011) suggested that
higher density ensured greater profitability in broiler
production, which is in agreement with Skrbi¢ et al.
(2009), who found that the stocking density directly
influenced the economic efficiency of the poultry
sector.

Table 7 - Cost per live weight kg of male and female
broilers (R$/kg),reared at two densities from 1to 21 d
and from 1to 42 d of age, and fed linear(LF) or nonlinear
formulation (NF) diets

Period Males Females
Treatment 1-21d 1-42d 1-21d 1-42d
LF10° 0.6182 0.822° 0.632° 0.813°
LF14 0.616° 0.826° 0.622%  0.808°
NF10 0.634° 0.787¢ 0.620° 0.778¢°
NF14 0.645° 0.830° 0.658¢ 0.842¢
p' 0.0001 0.0001 0.0001 0.0001
CV (%)? 1.2 1.0 1.3 0.7

2<Means in the same column with different superscripts are significantly different by
Tukey's test (p>0.05). ' Statistical probability; 2 Coefficient of variation; * LF10, Linear
formulation (10 birds/m?); LF14, Linear formulation (14 birds/m2); NF10, Nonlinear
formulation (10 birds/m?); NF14, Nonlinear formulation (14 birds/m?).

The results of male and female carcass vyield,
presented in Table 8, show that male carcasses were
not significantly different (p>0.05) among treatments.
The results presented here are consistent with those
reported by Tong et al. (2012). As for the females, those
fed the LF10diet had lower carcass yield compared
with those fed the NF14 diet. These results are difficult
to explain, because birds of both treatments did not
present different BW at 42 d.

Comparison between Linear and Nonlinear Systems
of Feed Formulation for Broilers

Table 8 — Carcass yield of male and female broilers reared
at two densities and fed linear (LF) or nonlinear formulation
(NF) diets

Carcass yield (g/kg)

Treatment/variable Males Females
LF10° 787.0 776.0°
LF14 785.0 779.0%®
NF10 781.0 781.0%
NF14 785.0 788.02
P 0.69 0.04

CV (%)? 1.7 1.5
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2> Means in the same column with different superscripts are significantly different by
Tukey's test (p>0.05). ' Statistical probability; 2 Coefficient of variation; > LF10, Linear
formulation (10 birds/m?); LF14, Linear formulation (14 birds/m?); NF10, Nonlinear
formulation (10 birds/m?); NF14, Nonlinear formulation (14 birds/m?).

CONCLUSIONS

Neither model applied was clearly better than the
other for formulating male and female diets for broilers
reared at high or in low stocking density.

The nonlinear formulation of diets for males at high
stocking density seems to be better adjusted than that
for females reared under the same conditions.

Better FCR does not necessarily mean lower
production costs.
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