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Abstract

In order to evaluate performance of broiler chickens, two experiments with Ross 308 broiler chicks from 1 to 49 days of age
were conducted. In both experiments six treatments and three replicates with 30 birds each, with factorial arrangement 2 x
3 were evaluated; diets with and without reduction of 2 percentile units of crude protein was one factor and the other factor
was three-phase feeding programs: two phases (0-21 and 22-49 days of age), three phases (0-21, 22-42 and 43-49 days of
age) and four phases (0-7, 8-21, 22-35 and 36-49 days of age). In Experiment 1, sorghum + soybean meal diets were used,
and in Experiment 2, sorghum + soybean + meat meal + corn yellow gluten meal were used. In both experiments, the diets
included the synthetic amino acids; in Experiment 1, lysine, methionine and threonine were administered, and in Experiment
2, lysine, methionine, tryptophan, threonine and arginine. In Experiment 1, results indicated that growth was similar (P > 0.05)
between diets and feeding phases. The results of feed conversion were better in the four-phase program (P < 0.05). Carcass,
breast and leg with thigh yields, as well as carcass protein and fat did not show differences (P > 0.05) between factors or
interaction effect. In Experiment 2, the results on weight gain, feed conversion, carcass, breast, leg with thigh and total fat
yields were similar (P > 0.05) between factors. These results indicated that broilers fed diets with and without reduction of
two percentile units of crude protein in 2, 3, and 4-phase feeding obtained similar performance. The formulation of protein
reduced diets, supplemented with synthetic amino acids in each phase, were efficient for performance and carcass yield.
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Resumen

Para evaluar el comportamiento productivo de los pollos de engorda se realizaron dos experimentos con pollos Ross 308
de 1-49 dias de edad. En ambos se evaluaron 6 tratamientos con 3 réplicas de 30 aves cada una, en un arreglo fac-
torial 2 x 3; un factor dietas con y sin reduccion, de 2 unidades porcentuales de proteina y el otro, tres programas de
alimentacion; dos fases (0-21 y 22-49 dias de edad), tres fases (0-21, 22-42 y 43-49 dias de edad) y cuatro fases (0-7,
8-21, 22-35 y 36-49 dias de edad). En el Experimento 1 se emplearon dietas sorgo-soya y en el Experimento 2, sorgo +
soya + harina de carne + gluten de maiz. Las dietas fueron adicionadas con los aminoacidos lisina, metionina y treonina
en el Experimento 1, y los anteriores mas triptéfano y arginina en el Experimento 2. Los resultados del Experimento 1
indicaron que el crecimiento fue similar (P > 0.05) para dietas y fases de alimentacién. La conversién resulté ser mejor
en el programa de 4 fases (P < 0.05). Los rendimientos de la canal, pechuga y pierna con muslo; asi como la protei-
na y grasa en la canal, no mostraron diferencias (P > 0.05) entre factores ni efecto de interaccién. En el Experimento
2, los resultados de ganancia de peso, conversion, rendimientos de canal, pechuga y pierna con muslo y grasa total,
fueron similares (P > 0.05) para dietas y fases de alimentaciéon. Se concluye que los pollos alimentados bajo 2, 3 y 4
fases de alimentacién tuvieron comportamientos similares. La formulacién de dietas reducidas en proteina mediante el
uso de aminodacidos sintéticos en cada fase, resulté ser eficiente en las variables productivas y rendimiento de la canal.

Palabras clave: POLLOS DE ENGORDA, PROGRAMAS DE ALIMENTACION, REDUCCION DE PRO-
TEINA, AMINOACIDOS.
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Introduction

urrent broiler growth rate is partly the result

of an intense genetic selection;' therefore,

feeding is important to achieve the maximum
productive expression. Success attained until now in
this practice has been due to better knowledge of the
functions that different nutriments carry out, which
in turn allows higher precision when establishing
nutrimental needs.? To be able to feed chickens, a
knowledge of the feeding phases or stages is required
to be able to cover nutrimental requirements.’
Conversely, the need for nutriments in broiler feeding
is changing due to genetic advances that are constantly
been promoted by the different genetic companies
that have achieved bird lines that increase standard
weight by 50 g per year, which represents one less day
in the rearing cycle.*

Feeding stages or phases are the different divisions
that are established in order to obtain maximum uti-
lization of feed and nutriments. These divisions are
based on physiological and metabolic processes in the
animal; their objective being to provide the bird with
the amount of necessary nutriments at a certain age, in
order to avoid over-feeding and waste.””

Formulation based on the concept of ideal protein,
has as objective the optimization of amino acids levels
in farm feeding. With this formulation method, bal-
anced feed must be prepared using digestible amino
acids values that provide the ingredients and nutri-
mental requirements of the animal.®?

Protein in the diet is used by the chickens for many
functions, and the most important one is muscle syn-
thesis.’ It is known that chickens require in the diet
a specific amount of essential amino acids and a suf-
ficient amount of nitrogen for the synthesis of non-
essential amino acids and not just crude protein per
se.'' A lower concentration of protein may be used in
diets through the use of crystalline amino acids that
are found in the market, such as methionine, lysine,
threonine and tryptophan, benefiting the environ-
ment where the animals are confined, since excreta
are generated that have a lower nitrogen concentra-
tion and lower ammonia production, which in turn
causes an economic benefit by reducing the protein
content of rations."

Likewise, most of the studies carried out in this
matter have been carried out in chickens fed corn-soy-
bean diets, when in Mexico a large portion of poultry
balanced feeds are sorghum-soybean meal, with the
inclusion of synthetic amino acids to be able to use
alternative ingredients such as meat with bone meal
and corn gluten meal and therefore, it is required that
more information related to this be generated.
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Introduccion

avelocidad de crecimiento del pollo de engorda

actual es resultado, en parte, de una intensa

seleccion genética;! por ello, la alimentacion es
importante paralograrlamaximaexpresion productiva.
El éxito logrado hasta ahora con esta practica es por el
mejor conocimiento de las funciones que desempenan
los distintos nutrimentos, lo que permite cubrir con
mayor precision las necesidades nutrimentales.? En la
alimentacién del pollo se requiere el conocimiento
de las etapas o fases de alimentaciéon para cubrir
los requerimientos nutrimentales.”> Por otro lado,
la necesidad de nutrimentos en la alimentacion de
pollos de engorda es cambiante debido a los avances
genéticos que realizan constantemente las diferentes
companias genéticas, las cuales han logrado que las
aves incrementen el peso estaindar a razén de 50 g por
ano, lo que representa un dia menos en su ciclo de
crianza.!

Las etapas o fases de alimentacion son las diferen-
tes divisiones que se realizan para la mdxima utiliza-
ciéon de los alimentos y nutrimentos. Estas divisiones
estan basadas en los procesos fisiol6gicos y metaboli-
cos del animal; su objetivo, es proporcionar al ave la
cantidad necesaria de nutrimentos necesarios en una
determinada edad, para evitar desperdicios o sobreali-
mentacion.>’

La formulacién sustentada en el concepto de pro-
teina ideal, tiene como objetivo optimizar los niveles
de aminoacidos en la alimentacién practica. Con este
método de formulacién, la elaboraciéon de alimentos
balanceados debe hacerse utilizando los valores de
aminoacidos digestibles que aportan los ingredientes y
los requerimientos nutrimentales del animal.®?

La proteina de la dieta se emplea en los pollos para
muchas funciones, la mas importante es para la sin-
tesis de musculo.”” Se sabe que los pollos requieren
en la dieta, una cantidad especifica de aminoacidos
esenciales y suficiente cantidad de nitrégeno, para
la sintesis de aminodcidos no esenciales, en lugar de
proteina cruda per se.'' Se puede emplear en las die-
tas una menor concentracion de proteina mediante
el uso de aminodacidos cristalinos que se ofrecen en el
mercado, como metionina, lisina, treonina y triptofa-
no, que beneficia al ambiente en donde los animales
estan confinados, ya que se generan excretas con me-
nor concentracion de nitrégeno y menor produccion
de amoniaco, lo que significa un beneficio econémico
al reducir el contenido de proteina en las raciones.'?

Por otra parte, la mayoria de los estudios realizados
al respecto, se han llevado a cabo en pollos alimenta-
dos con dietas maiz-soya, cuando en México gran par-
te de la formulacion de alimentos balanceados para



Taking this background into consideration, this
study was carried out in order to evaluate productive
yield in broilers fed with three different programs (2,
3 or 4 feeds), and diets with different protein percent-
ages in each feeding stage, but with similar amounts
in the most limiting amino acids content (lysine, me-
thionine, threonine, tryptophan and arginine), in
sorghum-soybean meal diets with or without meat with
bone meal and corn gluten meal inclusion.

Material and methods

Research was carried out at the Centro de Ensenan-
za, Investigacion y Extension en Produccion Avicola
(CEIEPAv) of the Facultad de Medicina Veterinaria y
Zootecnia of the Universidad Nacional Autonoma de
Mexico, located on Salvador Diaz Miron number 89,
in Colonia Santiago Zapotitlan, Delegacion Tlahuac,
Distrito Federal, at an altitude of 2240 masl, 19°15”
North latitude and meridian 99° 02> 30” West longitu-
de; under sub-humid (Cw) temperate climate condi-
tions; January is the coldest month and May the war-
mest, with an annual average temperature of 16°C and
747 mm annual rainfall.'?

In both experiments, six treatments with three
replicates of 30 birds each were evaluated; using 1 to
49 days of age Ross 308 chickens from a commercial
hatchery. The vaccination schedule consisted in the
application of the combined emulsion Newcastle-
Avian Influenza vaccine (0.5 ml/bird) and another of
modified live virus against Newcastle (1 drop in eye
per bird) at 10 days of age.

Rearing was carried out on floor with wood shav-
ings, in a natural environment house and feeding by
free access to meal. In Experiment 1, diets were used
based on sorghum-soybean with and without reduc-
tion of 2 percentile units of protein and in Experiment
2, meat meal and maize gluten were included. In both
experiments the diets had synthetic amino acids add-
ed: in Experiment 1, lysine, methionine and threo-
nine; in Experiment 2, lysine, methionine, threonine,
tryptophan and arginine. A protein and amino acid
analysis of the ingredients to be used in the diets was
carried out before their formulation, '* as indicated by
the National Research Council (NRC).*> Digestibility
coefficients published by Mariscal et al'® were used to
estimate the digestible amino acids of the diets.

Birds were randomly assigned in each experiment
in six treatments with three replicates of 30 chickens
each, in the following manner:

¢ Treatment 1. Two-phase feeding with high protein
diets.

¢ Treatment 2. Two-phase feeding with low protein
diets.

aves es con base en el sorgo-soya, con la inclusiéon de
aminoacidos sintéticos, para hacer uso de ingredien-
tes alternativos como la harina de carne y gluten de
maiz, por lo que se requiere generar mas informacién
al respecto.

A partir de estos antecedentes, se realizo el presen-
te estudio con la finalidad de evaluar el rendimiento
productivo en pollos de engorda alimentados con
tres programas distintos (2, 3 o 4 alimentos), y dietas
con distintos porcentajes de proteina en cada etapa
de alimentacién, pero con cantidades similares en el
contenido de los aminoacidos mas limitantes (lisina,
metionina, treonina, triptéfano y arginina), en dietas
sorgo-soya con y sin inclusion de harina de carne y glu-
ten de maiz.

Material y métodos

La investigacion se realizé en el Centro de Ensenan-
za, Investigacion y Extensiéon en Produccién Avicola
(CEIEPAv) de la Facultad de Medicina Veterinaria y
Zootecnia de la Universidad Nacional Autonoma de
México, ubicado en la calle Salvador Diaz Mirén nam.
89, en la colonia Santiago Zapotitldn, delegacion Tla-
huac, Distrito Federal, a una altura de 2240 msnm,
19°157 latitud norte y el meridiano 99° 02’ 30” longi-
tud oeste. Bajo condiciones de clima templado sub-
himedo (Cw), enero es el mes mds frio y mayo el mads
caluroso, la temperatura promedio anual es de 16°C'y
la precipitacién pluvial anual media, de 747 mm."

En ambos experimentos se evaluaron seis tratamien-
tos con tres réplicas de 30 aves cada una. Se emplearon
pollos Ross 308 de 1 a 49 dias de edad, provenientes de
una incubadora comercial. Se aplic6 un calendario de
vacunacion que consistié en la aplicacion de una vacu-
na emulsionada combinada Newcastle-Influenza aviar
(0.5 ml/ave), y otra con virus vivo modificado contra la
enfermedad de Newcastle (via ocular 1 gota por ave) a
los 10 dias de edad.

La crianza se realiz6 en pisos con cama de viruta,
en una caseta de ambiente natural, y la alimentacion
en harina se proporcioné a libre acceso. En el Experi-
mento 1 se emplearon dietas a base de sorgo-soya con
y sin reduccion de 2 unidades porcentuales de protei-
na, y en el Experimento 2 se incluy6, ademads, harina
de carne y gluten de maiz. En los dos experimentos,
las dietas fueron adicionadas con aminoacidos sinté-
ticos: lisina, metionina y treonina en el Experimento
1, y lisina, metionina, treonina, triptéfano y arginina
en el Experimento 2. Antes de la formulaciéon de las
dietas se realiz6 un andlisis de proteina y aminodcidos
a los ingredientes empleados en ellas," segtin lo sena-
lado en el National Research Council (NRC).? Para el
calculo de los aminodcidos digestibles de las dietas, se
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e Treatment 3. Two-phase feeding with high protein
diets.

e Treatment 4. Three-phase feeding with low protein
diets.

¢ Treatment 5. Four-phase feeding with high protein
diets.

e Treatment 6. Four-phase feeding with low protein
diets.

For the two phase feeding program starting feed
was used from 0 to 21 days and another finishing feed
from 22 to 49 days of age. The three-phase program
had starting feed from 0 to 21 days, growth feed from
22 to 42 days and finishing feed from 43 to 49 days of
age. In the four-phase program pre-initiation feed was
used from 0 to 7 days, starting feed from 8 to 21 days,
growth feed from 22 to 35 days and finishing feed from
36 to 49 days of age.

In Table 1, used protein and metabolizable energy
(ME) levels are shown for each feeding phase of the
six treatments and in Table 2, the digestible amino
acid profiles in ideal protein base are shown.

In Experiment 1, diets were based on sorghum and
soybean paste, and in Experiment 2, besides sorghum
and soybean meal, 4% meat with bone meal and 0.7 to
3.7% corn gluten meal were added.

Access to feed and water was ad libitum. Records
were kept of weight gain, feed consumption and feed
conversion. At the end of the study, 15 birds of each
treatment were subjected to fasting and were slaugh-

emplearon los coeficientes de digestibilidad publica-
dos por Mariscal et al.”®

Las aves se asignaron en cada experimento de ma-
nera aleatoria en seis tratamientos con tres repeticio-
nes de 30 pollos cada una, de la siguiente manera:

¢ Tratamiento 1. Alimentacién con 2 fases y dietas al-
tas en proteina.

¢ Tratamiento 2. Alimentacién con 2 fases y dietas
bajas en proteina.

¢ Tratamiento 3. Alimentacién con 3 fases y dietas al-
tas en proteina.

* Tratamiento 4. Alimentaciéon con 3 fases y dietas
bajas en proteina.

¢ Tratamiento 5. Alimentacion con 4 fases y dietas al-
tas en proteina.

* Tratamiento 6. Alimentaciéon con 4 fases y dietas
bajas en proteina.

Para el programa de 2 fases se emple6 un alimento
iniciador 0 a 21 dias y otro de finalizacién de 22 a 49
dias de edad. El programa de 3 fases el iniciador fue de
0 a 21 dias, crecimiento de 22 a 42 dias y finalizacion
de 43 a 49 dias de edad. En el programa de 4 fases se
utiliz6 un alimento pre-iniciador 0 a 7 dias, iniciador
de 8 a 21 dias, crecimiento de 22 a 35 dias y finaliza-
cion de 36 a 49 dias de edad.

En el Cuadro 1 se muestran los niveles de proteina
y energia metabolizable (EM) empleados para cada
fase de alimentacién en los seis tratamientos, y en el

CUADRO 1

Programas de alimentacién con diferentes porcentajes de proteina y energia metabolizable
empleados en pollos de engorda (experimentos 1y 2)

Feeding programs with different percentages of protein and metabolizable energy
used for broiler chickens (experiments 1 and 2)

Treatment Preinitiation Starting Growth Finishing
1 Protein — 22 — 20
ME (kcal/kg) — 2950 — 3050
2 Protein — 20 — 18
ME (kcal/kg) — 2950 — 3050
3 Protein — 22 20 18
ME (kcal/kg) — 2950 3050 3150
4 Protein — 20 18 16
ME (kcal/kg) — 2950 3050 3150
5 Protein 23 22 21 19
ME (kcal/kg) 2950 2950 3100 3150
6 Protein 21 20 19 17
ME (kcal/kg) 2950 2950 3100 3150

ME = Metabolizable energy.
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tered in a commercial slaughterhouse (5 from each
replicate). Birds were weighed before slaughter and
carcasses were weighed without head, legs and vis-
cera. Also, the breast with bone, leg and thigh were
weighed to estimate yield. Likewise, 300 g ground car-
cass samples were randomly taken from each replicate
for analysis by the method indicated in the Association
of Official Analytical Chemists method (AOAC),' by
Kjieldahl method for total protein and fat with diethyl
ether as solvent.

In both experiments, a completely random design
with factorial arrangement 2 x 3 was used, where one
factor were the diets with or without 2% protein reduc-
tion and the other factor the three feeding programs
with 2, 3 and 4-phases that were used to analyze body
weight, feed conversion, weight gain, body fat depos-
its, abdominal fat deposits, carcass yield, breast yield,
and leg and thigh yield. Since there was not interac-
tion between both factors, comparisons between treat-

Cuadro 2, los perfiles de aminoacidos digestibles con
base en la proteina ideal.

En el Experimento 1, las dietas fueron con base en
el sorgo y pasta de soya, y en el Experimento 2, inclu-
yeron ademas de sorgo y pasta de soya, 4% de harina
de carne y 0.7 a 3.7% de gluten de maiz.

La alimentacién y el agua se ofrecieron a libre ac-
ceso. Se llevaron registros de ganancia de peso, consu-
mo de alimento y conversion alimenticia. Al final del
estudio se sacrificaron en un rastro comercial 15 aves
de cada tratamiento (b de cada repeticiéon), fueron so-
metidas a 6 horas de ayuno. Las aves se pesaron antes
del sacrificio y las canales obtenidas se pesaron sin la
cabeza, visceras y patas. Ademas, se peso la pechuga
con hueso, la pierna y el muslo para calcular el ren-
dimiento. Por otro lado, se tomaron aleatoriamente
de cada repeticion, 300 g de muestras de canal mo-
lida para analisis mediante el método senalado en la
Association of Official Analytical Chemists (AOAC),'

CUADRO 2

Perfil de aminoacidos digestibles con base en proteina ideal (experimentos 1y 2)

Digestible amino acid profile based on ideal protein (experiments 1 and 2)

Digestible amino acid profile of 2-phase feeding

Treatments 1 and 2 Starting Growth
% %
Lysine Dig. % 1.03 (100)* 0.90 (100)
Arginine Dig. % 1.09 (106) 0.95 (106)
Tryptophan Dig. % 0.18 (17) 0.16 (18)
Threonine Dig. % 0.72 (70) 0.67 (74)
Met + Cis Dig % 0.85 (82) 0.65 (72)
Digestible amino acid profile of 3-phase feeding
Treatments 3 and 4 Starting Growth Finishing
% % %
Lysine Dig. % 1.03 (100) 0.90 (100) 0.75 (100)
Arginine Dig. % 1.09 (106) 0.95 (106) 0.81 (108)
Tryptophan Dig. % 0.18 (17) 0.16 (18) 0.15 (20)
Threonine Dig. % 0.72 (70) 0.67 (74) 0.52 (69)
Met + Cis Dig % 0.85 (82) 0.65 (72) 0.56 (75)
Digestible amino acid profile of 4-phase feeding
Treatments 5 and 6 Preinitiation Starting Growth Finishing
% % % %
Lysine Dig. % 1.08 (100) 1.03 (100) 0.99 (100) 0.90 (100)
Arginine Dig. % 1.18 (109) 1.09 (106) 1.04 (105) 0.95 (105)
Tryptophan Dig. % 0.25 (23) 0.22 (21) 0.22 (22) 0.20 (22)
Threonine Dig. % 0.72 (67) 0.68 (66) 0.65 (66) 0.60 (67)
Met + Cis Dig % 0.85 (79) 0.83 (81) 0.74 (75) 0.65 (72)

*Numbers in parentheses indicate the percentage of digestible lysine used in the diets as 100% reference in relation to other amino acid content.
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ments of main effects were made by Tukey’s test; for
statistical analysis the SPSS version 17 was used.!”

Results
Experiment 1

In Table 3 it can be observed that weight gain at 49
days of age was similar (P > 0.05) for the diet factor
and for the feeding phase factor. Accumulated feed
conversion was similar (P > 0.05) between high and
low protein diets; nevertheless, feed conversion was di-
fferent (P < 0.05) for the feeding phase factor, since it
was better when the chickens were fed in four feeding
phases.

In relation to carcass yields: breast, leg with thigh,
as well as amount of protein and fat deposited in the
carcass, there were no statistically significant differenc-
es between factors and there was no interaction effect
(Table 3).

Experiment 2

In Table 4 it can be observed that weight gain and feed
conversion at 49 days of age were similar (P < 0.05)
for both factors. No statistical differences were found
in any of the factors and there was not an interaction
effect for carcass, breast, leg and thigh yield, as well as
the amount of deposited protein and total fat.

Discussion

The results obtained in experiments 1 and 2 for pro-
ductive behavior did not show differences in the use of
high and low protein diets, indicating that the use of
synthetic amino acids allows the reduction of protein
levels in diets.*!? Results of this study partly coincide
with those obtained by some authors'? that found that
the addition of synthetic amino acids (methionine, ly-
sine, threonine, arginine, tryptophan, isoleucine and
valine) in reduced protein diets for broilers, did not
affect productive and carcass yields, as was observed
in this research, with the exception of the addition of
isoleucine and valine amino acids. Likewise, in rela-
tion to feeding systems, the use of four feeds for broi-
lers allowed an optimum coverage of the nutriments
necessary at specific ages, in order to avoid waste and
overfeeding; in other words, nutriment consumption
is reduced and excretion is lower.>!81

Productive behaviors were similar according to the
data obtained in productive response, carcass yield,
protein content and fat in chickens fed during the two,
three and four feeding phases, with high protein diets
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por el método Kjieldahl para proteina total y grasa con
éter dietilico como disolvente.

En los dos experimentos se emple6 un diseno com-
pletamente al azar con arreglo factorial 2 x 3; donde
un factor fueron las dietas con y sin reduccién de 2%
de proteina y, el otro, los tres programas de alimen-
tacion de 2, 3 y 4 fases, el cual se utilizé para analizar
el peso corporal, conversion alimenticia, ganancia de
peso, deposicion de grasa corporal, deposicion de gra-
sa abdominal, rendimiento en canal, rendimiento de
pechuga y rendimiento de piernay muslo. Al no haber
interaccion entre ambos factores, se hicieron compa-
raciones de los efectos principales entre tratamientos,
mediante la prueba de Tukey; para el analisis estadisti-
co se utilizé SPSS versién 17."7

Resultados
Experimento 1

En el Cuadro 3 se aprecia que la ganancia de peso a
los 49 dias de edad fue similar (P > 0.05) para el factor
dietas y para el factor fases de alimentacién. La conver-
sion alimenticia acumulada resulté semejante (P> 0.05)
entre dietas altas y bajas en proteina; sin embargo, la
conversion alimenticia fue diferente (P < 0.05) para el
factor fases de alimentacion, ya que fue mejor cuando
los pollos fueron alimentados en cuatro fases de alimen-
tacion.

En cuanto a los rendimientos de la canal: pechu-
ga, pierna y muslo, asi como la cantidad de proteinay
grasa depositada en la canal, no se encontraron dife-
rencias estadisticas entre factores, ni existio efecto de
interaccion (Cuadro 3).

Experimento 2

En el Cuadro 4 se aprecia que la ganancia de pesoy
la conversion alimenticia a los 49 dias de edad fueron
similares (P < 0.05) para ambos factores. Para el rendi-
miento en la canal pechuga, pierna y muslo, asi como
la cantidad de proteina depositada y la grasa total, no
se encontraron diferencias estadisticas en ninguno de
los factores y tampoco existié efecto de interaccion.

Discusion

Los resultados obtenidos en los experimentos 1y 2
para el comportamiento productivo, no mostraron
diferencias al emplear dietas altas y bajas en proteina,
indicando que el empleo de aminodacidos sintéticos
permite reducir los niveles de proteina en las die-
tas.*!? Los resultados del presente estudio coinciden,



CUADRO §

Resultados de ganancia de peso, indice de conversion, rendimiento de la canal
y contenido de grasa total en pollos de 0-49 dias (Experimento 1)

Weight gain, conversion index, carcass yield and total fat content
results in 0-49 days of age chickens (Experiment 1)

2 phases 3 phases 4 phases
Feeds Average
Weight gain (g)
High protein 2440 2360 2474 2424
Low protein 2385 2379 2427 2397
Average 2412 2369 2450
Feeds Feed Conversion Average
High protein 2.25 2.19 2.09 2.17
Low protein 2.18 2.16 2.05 2.13
Average 2.21a 2.17ab 2.07b
Feeds Carcass yield (%) Average
High protein 79.1 76.8 77.1 77.7
Low protein 77.6 76.6 78.7 77.6
Average 78.4 76.7 77.9
Feeds Breast yield (%) Average
High protein 23.8 23.9 24.0 23.9
Low protein 23.6 23.3 24.0 23.6
Average 23.7 23.6 24.0
Feeds Leg and thigh yield (%) Average
High protein 28.0 28.3 28.0 28.1
Low protein 27.0 27.4 28.6 27.6
Average 27.5 27.8 28.3
Feeds Carcass protein (%) Average
High protein 20.6 20.3 21.0 20.6
Low protein 20.7 20.3 21.6 20.9
Average 20.6 20.3 21.3
Feeds Total fat (%) Average
High protein 5.2 6.8 4.7 5.6
Low protein 6.5 6.2 5.2 5.9
Average 5.8 6.5 5.0

Values with different letters are statistically different (P < 0.05).

Mean standard error (MSE), for weight gain (76.6), feed conversion (0.081), carcass yield (3.02), breast yield (1.24), leg and thigh yield

(1.40), carcass protein (1.39) and total fat (0.99).

and diets reduced by 2 percenile units of protein for
each phase, with the most limiting amino acids added.
Baker? and Terrazas et al® indicated that ideal protein
formulation allows the use of various ingredients for
poultry without detriment to productive variables.
Formulation with digestible amino acids based
on ideal protein and the inclusion of crystalline food
grade amino acids, allows the reduction of protein in-
gredient use while covering the nutrimental needs of

en parte, con los obtenidos por algunos autores,"?
quienes encontraron que la adicién de aminoacidos
sintéticos (metionina, lisina, treonina, arginina, trip-
tofano, isoleucina y valina) en dietas reducidas en
proteina para pollos de engorda, no afect6 los rendi-
mientos productivo y de la canal, como lo observado
en esta investigacion, a excepcion de la adicion de
los aminoacidos isoleucina y valina. Por otra parte,
en cuanto a los sistemas de alimentacién, el empleo
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CUADRO 4

Resultados de ganancia de peso, indice de conversion, consumo de alimento, rendimiento de la canal
y contenido de grasa abdominal en pollos de 0-49 dias (Experimento 2)

Weight gain, conversion index, feed intake, carcass yield and abdominal fat content
results in 0-49 days of age chickens (Experiment 2)

2 phases 3 phases 4 phases
Feeds - - Average
Weight gain (g)
High protein 2607 2576 2604 2596
Low protein 2711 2563 2651 2642
Average 2659 2570 2627
Feeds Feed Conversion Average
High protein 2.09 2.08 2.08 2.08
Low protein 2.02 2.07 2.06 2.05
Average 2.06 2.07 2.07
Feeds Carcass yield (%) Average
High protein 79.2 76.3 76.5 77.3
Low protein 77.3 77.4 77.2 77.3
Average 78.3 76.8 76.8
Feeds Breast yield (%) Average
High protein 23.9 24.2 24.2 24.1
Low protein 23.8 23.6 234 23.6
Average 23.9 23.9 23.8
Feeds Leg yield (%) Average
High protein 13.0 13.3 13.9 13.4
Low protein 14.3 13.3 14.1 13.9
Average 13.6 13.3 14.0
Feeds Thigh yield (%) Average
High protein 14.7 14.7 14.5 14.6
Low protein 14.8 14.7 15.2 14.9
Average 14.7 14.7 14.8
Feeds Total fat (%) Average
High protein 6.10 5.87 5.37 5.78
Low protein 6.12 5.25 5.18 5.52
Average 6.11 5.56 5.28
Feeds Carcass protein (%) Average
High protein 20.0 19.9 21.2 20.3
Low protein 20.4 19.9 21.2 20.5
Average 20.2 19.9 21.2

Mean standard error (MSE) for weight gain (59.9), feed conversion (0.04), carcass yield (2.47), breast yield (1.69), leg yield (1.45), thigh

yield (0.78), total fat (0.69) and carcass protein (1.53).

the birds."? Likewise, Delezie et af' indicated that if the
use of protein in the diet is optimized with better es-
sential amino acids balance, lodging conditions of the
animals is improved due to lower ammonia produc-
tion. In high population density farms, the environ-
mental impact is reduced by the production of excreta
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de cuatro alimentos en la engorda de los pollos per-
miti6 cubrir de manera 6ptima la cantidad necesa-
ria de nutrimentos en una determinada edad, para
evitar desperdicios o sobrealimentacion; es decir, se
disminuye el consumo de nutrimentos y la excrecién
es menor.>'81



with lower nitrogen content, and also there is a reduc-
tion in the cost of feeding.>!*#

The four feeding phase system gave a better cov-
erage of nutrient needs of chickens when compared
to chickens fed with two or three feeding phases, as is
mentioned by some researchers.?"#%

The favorable results obtained in the productive
cycle of the chicken in both experiments indicate that
the reduction of protein concentration in feeding pro-
grams with the use of synthetic amino acids is benefi-
cial. Experiments with broilers have shown that it is
feasible to reduce from the diet four percentile points
of the level suggested by the NRC? in birds that are 0
to 3 and 3 to 6 weeks of age. Likewise, the low protein
diet has as limiting amino acids methionine and ly-
sine, and at a lesser degree, arginine, valine and threo-
nine, demonstrating that the productive response of
chickens was similar with both experimental diets.>!*#?
In relation to the growth stage, the level of protein
(20%) recommended by the NRC,? was evaluated com-
paring with the response of other birds that received a
diet with 16% of this nutriment, at the end there were
no differences in productivity of chickens between
treatments. Data from this study coincide with those of
other researchers that have found that the use of me-
thionine, lysine, threonine, arginine and tryptophan
in low protein diets and formulated under the ideal
protein concept, does not have a negative effect on
growth and that the diet cost can be reduced.'®**2°

According to the information generated in this ex-
perimental study with sorghum-soybean meal based
diets and using the criteria of ideal protein, formulat-
ing a digestible amino acid profile allows the use of in-
gredients such as meat with bone meal (4%) and corn
gluten meal (0.7 to 3.7%), with a uniform productive
yield in the chickens; there is already available reliable
information on the digestibility value of amino acids
of an important number of raw materials."

It is important to underline that even though there
was no statistical difference in final weight and yield of
the carcasses of chickens fed with 2, 3 and 4 feeding
phases programs in experiments 1 and 2, in Experi-
ment 1, feed conversion was statistically better when
birds were fed in 4 phases, either with high or low pro-
tein diets. Some studies, indicate that 4 feeding phases
are closer to covering nutrimental needs according
to the age of the chicken and their performance is
higher.?* This is probably due to the fact that as more
phases are used for finishing broilers, the better the
required nutritional profile is covered achieving eco-
nomic balance, that may optimize costs for the broiler
industry enterprises and allow the use of alternative
ingredients without causing nutrimental deficiencies
in the birds."*

With the results obtained in this study, it can be

Los datos obtenidos en la respuesta productiva,
rendimiento de la canal, contenido de proteinay grasa
en pollos alimentados durante 2, 3y 4 fases de alimen-
tacion, con dietas altas en proteina y dietas reducidas
en 2 unidades porcentuales de proteina para cada
fase, adicionadas con los aminoacidos mas limitantes,
condujo a comportamientos productivos similares.
Baker? y Terrazas et al.* indicaron que la formulacién
con proteina ideal permite emplear ingredientes varia-
bles en dietas para aves, sin detrimento en sus variables
productivas.

La formulaciéon con aminoacidos digestibles con
base en proteina ideal y la inclusién de aminoacidos
cristalinos grado alimenticio, permiten reducir el uso
de ingredientes proteinicos y cubrir las necesidades
nutrimentales de las aves."? Por otro lado, si se opti-
miza el uso de la proteina de la dieta con un mejor
balance de aminodcidos esenciales, se mejoran las con-
diciones de alojamiento de los animales por una me-
nor produccién de amoniaco como lo senalan Delezie
et al* En granjas con alta densidad de poblacién, se
disminuye el impacto ambiental por la produccién de
excretas con menor contenido de nitrégeno ademas
de reducir el costo de alimentacion.>*#

El sistema de cuatro fases de alimentacion permitio
satisfacer mejor las necesidades de nutrientes de los
pollos, en comparacién con los pollos alimentados en
dos o tres fases de alimentacion, tal como lo mencio-
nan algunos investigadores.?-?*2*

Los resultados favorables obtenidos en el ciclo pro-
ductivo del pollo en ambos experimentos, indican que
reducir la concentracion de proteina en los programas
de alimentacion con el uso de aminoacidos sintéticos es
benéfico. Se ha demostrado en experimentos con po-
llos de engorda de 0 a 3y de 3 a 6 semanas de edad que
es factible reducir en la dieta, cuatro puntos porcentua-
les el nivel sugerido por el NRC.? Por otro lado, la dieta
baja en proteina ubic6é como aminodcidos limitantes la
metionina y la lisina, en menor grado, la arginina, va-
lina y treonina, con ello demostraron que la respuesta
productiva de los pollos fue similar con ambas dietas
experimentales.>'*?? En lo que corresponde a la etapa
de crecimiento, se evalué el nivel de proteina (20%)
recomendado por el NRC,? contra la respuesta de otras
aves que recibieron una dieta con 16% del nutrimento,
al final no se encontraron diferencias en la productivi-
dad de los pollos entre tratamientos. Los datos de este
trabajo coinciden con los de otros investigadores, quie-
nes encontraron que el uso de metionina, lisina, treo-
nina, arginina y triptéfano en dietas bajas en proteina
y formuladas bajo el concepto de proteina ideal, no
observaron efecto negativo en el crecimiento y demos-
traron que se puede reducir el costo de la dieta.'**

De acuerdo con la informaciéon generada en este
trabajo experimental en dietas con base en sorgo-soya
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concluded that the formulation based on ideal protein
allows the use of lower quality ingredients in diet for-
mulas for poultry, without detriment to their produc-
tive variables. The productive response, carcass yield,
protein content and fat in chickens fed in two, three
and four phases were similar with reduced protein di-
ets (2%). The use of synthetic amino acids (methio-
nine, lysine, threonine and tryptophan), in diets in
each phase allows the reduction of protein percentage
in 2, 3 and 4 feeding phases programs while reducing
formulation costs.
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