Articulos cientificos
Efecto de la fuente energética y el nivel de energia sobre
la longitud de vellosidades intestinales, la respuesta
inmune y el rendimiento productivo en pollos
de engorda

Effect of energy source and level on the length of
intestinal villi, immune response and the production
performance in broilers

Mateo Fabian Itza-Ortiz*  Carlos Lopez-Coello**  Ernesto Avila-Gonzalez***
Sergio GoOmez-Rosalest  José Arce-Menocalt  Pablo Alfonso Veldsquez-Madrazo®

Abstract

The objective of this study was to evaluate, during the whole productive cycle, the use of three energy sources with different
unsaturated (UFA) and saturated (SFA) fatty acid profiles with two levels of metabolizable energy (ME), in diets for broilers, vac-
cinated or not against infectious bursal disease (IBD). Two experiments were conducted evaluating the three energy sources with
different UFA and SFA profiles corresponding to soybean crude oil (SCO), a mixture of 46.8% pig fat with 53.2% bovine fat (PBF),
and a mixture of 39.2% animal fat with 60.8% of vegetable oil (AVF). In the first Trial, diets contained two levels of ME (3 000 and
3200 kcal/kg) for vaccinated and non vaccinated broilers against IBD. The second Trial used SCO, PBF, AVF, SCO/PBF and SCO/AVF
in the diets, substituting SCO with PBF and AVF in the last two treatments on day 22. In Trial 1, SCO group showed higher growth
and IgA concentration than PBF and AVF (P < 0.05), the broilers fed with 3 200 Kcal/kg ME (P < 0.05) were heavier and had higher
titers of antibodies against IBD. At 21 days of age, vaccinated birds had a higher productive performance along with highest IgA
and IgG concentrations, and larger length of villi in duodenum and jejunum (P < 0.05). In Trial 2, higher concentration of unsatu-
rated fatty acids in SCO enhanced feed conversion the first 21 days of age (P > 0.05); later on, during growing and finishing there
were no differences among energy sources. As a conclusion, it can be said that in broilers, during the growing stage, there is a
positive effect on performance and immune protection according to the source and concentration of energy.
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Resumen

El objetivo del trabajo fue evaluar el uso de tres fuentes energéticas con diferente perfil de acidos grasos insaturados (AGl) y satu-
rados (AGS) en dietas para pollos de engorda con dos niveles de energia metabolizable (EM), vacunados o no contra la infeccién
de labolsa de Fabricio (IBF) y el uso durante todo el ciclo productivo. Se realizaron dos experimentos evaluando la inclusion de las
tres fuentes energéticas con distinto perfil de AGly AGS que correspondieron al aceite crudo de soya (ACS), combinacion de grasa
de cerdo (46.8%) y bovino (53.2%) (GCB), combinacién de grasa animal (39.2%) y aceite vegetal (60.8%) (GAV). En el Experimento
1 seincluyeron en las dietas a dos niveles de EM (3 000 y 3 200 kcal/kg) en pollos vacunados o no contra IBF. Para el Experimento
2 se utilizaron en las dietas ACS, GCB, GAV, ACS/GCB y ACS/GAV, sustituyendo ACS con GCB y GAV en los ultimos dos tratamientos
el dia 22. En el Experimento 1 el grupo con ACS presenté mayor crecimiento y concentracion de IgA en comparacién con los de
GCB y GAV (P < 0.05), los pollos alimentados con 3 200 kcal/kg de EM (P < 0.05) fueron mas pesados y tuvieron titulos mas ele-
vados de anticuerpos contra la IBF. Las aves vacunadas tuvieron un mayor rendimiento productivo, concentracién de IgG e IgA,
asi como mayor longitud de vellosidades en duodeno y yeyuno a los 21 dias (P < 0.05). En el Experimento 2 la inclusion de acidos
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grasos insaturados en ACS mejoré la conversién alimenticia en los primeros 21 dias de edad (P > 0.05); posteriormente, durante
el crecimiento y finalizacién no existié diferencia entre las fuentes concentradas de energia. Se concluye que, por la fuente en la
etapa de iniciacidn, concentracion energética y vacunacion, existe un efecto sobre la productividad y proteccién inmunitaria de

los pollos.

Palabras clave: ACIDOS GRASOS, DESEMPENO PRODUCTIVO, VELLOSIDADES, ANTICUERPOS, RENDIMIENTO

DE CANAL.

Introduction

arbohydrates are the main energy source

in broiler rations, and these mainly come

from cereals, such as maize and sorghum;
nevertheless, in the current production systems
concentrated energy sources (CES) such as fat,
vegetable oil, or combinations thereof are inclu-
ded, to be able to cover metabolizable energy
(ME) needs, as well as linoleic acid requirements
of poultry, with the purpose of being able to
manifest their genetic productive potential at six
or seven weeks of age.'

During the first days of the chicks, there are phy-
siological, biochemical and anatomical limitations for
them to have complete digestion of CES, as well as the
subsequent absorption of fatty acids (such as lower
production and concentration of pancreatic lipases),
this happens together with a deficient entero-hepatic
circulation of bile salts that emulsify fats and form
mycels, physical and chemical pre-requisites that are
indispensable for a greater absorption of fatty acids
and all this is independent of intestinal villi level
of maturity.” Emulsification and digestion of these
energy rich ingredients, increase whenever the lipids
contain a higher proportion of unsaturated fatty acids
(UFA), when compared to saturated ones (SFA),” as it
also happens with age;* in such a manner that by the
second week the broiler chick has full capacity of lipid
digestion and absoption of those fatty acids.”

From the immunological point of view, the main
source of maternal antibodies in the embryo is found
in the residual protein of the vitellin and albumen;
IgG are found in the yolk, IgM and IgA in albumen.
Considerable amounts of maternal origin IgM and
IgA are present in the vitellin sac, as well as in albu-
men; one day after hatching, 75% of the immune cells
of the bird are found in the small intestine, associated
to the lymphoid tissue;® in this context, it has been
shown that the development of the immune system
is related to the growth of the digestive system, and
such aspects are favorably stimulated by the presence
of lipids in the diet.”

Currently, researchers’ interest is directed towards
the benefit that is provided by CES as related to the
development of the digestive and immune systems,
and its main focuse is on the preparation of diets with
polyunsaturated fatty acids (PUFA).®
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Introduccién

a principal fuente de energia en la racion para

pollos de engorda son los carbohidratos, que

se aportan via cereales, como el maizy el sorgo;
sin embargo, en los actuales sistemas de produccion
se incluyen fuentes concentradas de energia (FCE)
como grasas, aceites vegetales o combinaciéon de ellas,
para cubrir sus necesidades de energia metabolizable
(EM) y el requerimiento de acido linoleico que nece-
sitan esas aves, con el propésito de que manifiesten
en seis o siete semanas su potencial genético produc-
tivo.'

Durante los primeros dias de los pollos existen
limitaciones fisiolégicas, bioquimicas y anatomicas
para su completa digestiéon de la FCE, asi como de
su posterior absorciéon de los dcidos grasos (como
la menor produccién y concentraciéon de lipasas
pancreaticas), al igual que una deficiente circula-
cion enterohepatica de las sales biliares que llevan
a mala emulsificacion de grasas y a la formacién de
micelas, prerrequisitos fisicoquimicos indispensables
para la mayor absorcién de sus dacidos grasos, inde-
pendientemente de la inmadurez de las vellosidades
intestinales.” La emulsificacion y digestion de estos
ingredientes, ricos en energia, aumentan cuando los
lipidos contienen mayor proporcién de dcidos grasos
insaturados (AGI), en comparacién con los saturados
(AGS),’ al igual que con la edad;* de tal manera que
ala segunda semana de vida el pollo de engorda tiene
plena capacidad de digestion de lipidos y absorcién de
estos acidos grasos.”

Desde el punto inmunolégico, la principal fuente
de anticuerpos maternos en el embrién se localiza en
la proteina residual del vitelo y albiimina; las IgG se
encuentran en la yema, las IgM e IgA en la albumina.
Cantidades considerables de IgM e IgA de origen
materno estan presentes en el saco vitelino, asi como
en la albumina; un dia después de la eclosion, aproxi-
madamente 75% de las células inmunitarias del ave se
hallan en el intestino delgado, asociadas con el tejido
linfoide;® en este contexto, se ha demostrado que el
desarrollo del sistema inmune tiene relaciéon con el
crecimiento del sistema digestivo, tales aspectos son
estimulados de manera favorable por la presencia de
lipidos en la dieta.”

En la actualidad, el interés de los investigado-
res sobre el beneficio que proporcionan las FCE en



Main PUFA with immunomodulatory activity,
according to the number of carbons, amount and type
oflinks are linoleic (18:2n-6) and o-linolenic (18:3n-3)
acids.” UFAs n-6 and n-3 in the diet promote intesti-
nal villi growth in number and length,m and induce
immunomodulatory activity after their incorporation
to the lymphoid tissue, mainly in organs (Fabricius
bursa, thymus and bone marrow) that have a relation-
ship with immunoglobulin production.”

In the last few years, genetic selection directed
towards faster growth has had a negative impact on
the development of the immune system,12 leaving
broilers more vulnerable to infectious agents; the-
refore, having the possibility of reducing productive
performance. In light of the foregoing, the objective
of this study was to evaluate the use of three different
energy sources, with different UFA and SFA profile in
initiation broiler chick diets (0 to 21 days of age) with
two levels of ME (higher or lower amount in the CES
diets), vaccinated or not against infectious Fabricius
bursa disease (IBD) in order to determine its effect at
21 days of age on intestinal villi length (duodenum,
jejunum and ileum), relationship of Fabricius bursa
with body weight, antibody titers against IBD, and
total IgG concentration in blood serum and IgA from
intestinal lavage. Also, in a second experiment of com-
plete cycle up to 49 days of age, productive parameters,
flock uniformity, carcass yield and skin pigmentation
were evaluated.

Material and methods
Experiment 1

This research was carried out in the farm of Veteri-
nary Medicine and Animal Husbandry Faculty of the
Autonomous University of Yucatan (FMVZ-UADY),
in what was the hacienda of X"matkuil, municipality
of Merida, Yucatan, located at 20°58’N and 89°36’W,
at 9 masl; climate is Awo type that is characterized as
being the most dry one of the sub-humid warm cli-
mates, according to Koppen classification, as modi-
fied by Garcia,” with annual temperature between 21
and 33.8°C. The experimental poultry house is han-
dled under natural environment with cement floor,
divided into 48, 1 x 1 m lots; equipped with 45 cm in
diameter hopper feeders, 25 cm in diameter initiation
drinking system and val type nipple.

Four-hundred and eighty Hubbard line male
chicks, from the same breeder lot and same hatcher
were used, from day 0 until 21 days of age; birds were
randomly assigned into 12 treatments with four rep-
etitions of ten chicks each, with an initial population
density of 10 birds/m?*. Each experimental lot was
handled with artificial heating.*

relacion con el desarrollo de los sistemas digestivo e
inmune, ha sido enfocado principalmente en la ela-
boracion de dietas con acidos grasos poliinsaturados
(AGPI).®

Los principales AGPI con accion inmunomodulato-
ria, de acuerdo con el numero de carbonos, cantidad
y tipos de enlace, son los acidos linoleico (18:2n-6) y
a-linolénico (18:3n-3).” Los AGI n-6 y n-3 de la dieta
promueven el crecimiento de las vellosidades del
intestino en cuanto a namero y longitud,10 e inducen
acciones inmunomodulatorias después de su incorpo-
racion al tejido linfoide, principalmente en 6rganos
(bolsa de Fabricio, timo y médula 6sea), que tienen
relacion con la produccion de inmunoglobulinas.11

En los ultimos anos la seleccion genética hacia
mayor velocidad de crecimiento, ha tenido impacto
negativo en el desarrollo del sistema inmunitario,?
dejando mds vulnerables a los pollos de engorda
contra agentes infecciosos; por ende, puede haber
decremento del rendimiento productivo. Como con-
secuencia de lo anterior, el objetivo del presente estu-
dio fue evaluar el uso de tres fuentes energéticas con
diferente perfil de AGI y AGS en dietas de iniciacion
de pollos de engorda (0 a 21 dias de edad) con dos
niveles de EM (mayor o menor cantidad en las dietas
de las FCE), vacunados o no contra la infeccion de la
bolsa de Fabricio (IBF) con el fin de determinar su
efecto a los 21 dias de edad sobre la longitud de las
vellosidades del intestino (duodeno, yeyuno e ileon),
relacion bolsa de Fabricio: peso corporal, titulos de
anticuerpo contra la IBF, y la concentracion total de
IgG a partir del suero sanguineo e IgA de lavado intes-
tinal. Asimismo, en un segundo experimento de ciclo
completo hasta los 49 dias de edad se evaluaron los
parametros productivos, uniformidad de la parvada,
rendimiento de canal y pigmentacion de la piel.

Material y métodos
Experimento 1

La presente investigacion se realizé en la granja de
la Facultad de Medicina Veterinaria y Zootecnia de
la Universidad Autonoma de Yucatan (FMVZ-UADY),
en la ex-hacienda X'matkuil, municipio de Mérida,
Yucatdn, a 20°58’ N y 89°36” O, a 9 msnm; el clima
es del tipo Awo que se caracteriza por ser el mas seco
de los climas calidos-subhuimedos, de acuerdo con la
clasificacion de Koppen, modificada por Garcia," con
temperatura anual entre 21 y 33.8°C. La caseta avi-
cola experimental es de ambiente natural con piso de
cemento, con 48 lotes de 1 x 1 m; estan equipadas con
comedero de tolva de 45 cm de diametro, bebedero
iniciador de 25 cm de diametro y bebedero de niple
tipo val.
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Three different energy sources were evaluated in
diets with two different levels of ME (3 000 and 3 200
kcal/kg). Energy sources were: a) soybean crude oil
(SCO), formed by 84.1% UFA, 16.2% SFA and 0.7%
free fatty acids (FFA); with 8 370 kcal/kg ME;" b)
combination of pork (46.8%) and bovine (53.2%) fat
(PBF) less saturated than fat per se, obtaining the fol-
lowing profiles: 56.4% UFA, 40.17% SFA and 3.43%
FFA, with a value of 7 997 kcal/kg ME;" ¢) combina-
tion of animal fat (39.2%) and vegetable oil (60.8%)
(AVF) from refined kitchen fat and oils with 74.83%
UFA, 23.76% SFA and 1.41% FFA, less saturated than
PBF, but more saturated than SCO, with an energy
value of 8 495 kcal/kg ME."® Fatty acid profiles were
determined in a chromatograph** by AOAC'™ gas
chromatography technique (Table 1).

Experimental diets were prepared with a soy paste
and yellow maize meal (Table 2), and it was seen that
higher ME levels required a higher amount of CES.
Feed and water were provided ad libitum. Lighting pro-
gram was 24 hours/day during the first four days of
life, continuing with 20 hours/day until the end of the
experiment. In the farm, chicks received orally only
IBD*** vaccine or distilled water at 12 days of age.

Taking, processing and
evaluation of samples

At 21 days of age the following production indicators
were observed: body weight (BW) (g), feed consump-
tion (g) and corrected feed conversion taking into
account the feed consumed by mortality (g/g).

At 11 and 21 days of age blood samples were taken
from the radial vein from two birds per replica com-
plying with NOM-062-ZO0-1999, using a 3 mL syringe
and 23 G x 25 mm needle. In order to obtain IBD anti-
bodies titer, ELISA method was used according to the
specifications of the equipment manufacturer,* and
also the total concentration of IgG and IgA was meas-
ured using the ELISA method."""® The blood sample
was placed in a 6.5 mL test tube and allowed to rest
during an hour at 32°C. The serum was separated
from the clot by centrifugation at 250 g for 10 min
and frozen at —20°C until it was analyzed.17

Sampled chicks were weighed and slaughtered by
cervical dislocation according to NOM-033-ZOO-
1995. Fabricius bursa (FB) was dissected at necropsy to
measure its diameter with a Vernier in order to obtain
a relationship between FB diameter to body weight
(FB:BW) according to the equation (FBD/BW)*1 000
(modified by Ismail et al."?).

Samples of approximately 1.5 cm in length were
taken from a transverse segment of the intestine, from
the duodenum of the middle part of the descending
loop; a second same length segment, from the jeju-
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Se utilizaron 480 pollitos, machos, de la estirpe
Hubbard, desde el dia 0 hasta los 21 dias de edad, pro-
venientes de un mismo lote de reproductora y de la
misma maquina incubadora; las aves fueron distribui-
das de forma aleatoria en 12 tratamientos con cuatro
repeticiones de diez pollos cada uno, con densidad de
poblacion inicial de 10 aves,/m?. Cada lote experimen-
tal recibio calor artificial.*

Se evaluaron tres diferentes fuentes energéticas
bajo dietas con dos distintos niveles de EM (3 000
y 3 200 kcal/kg). Las fuentes energéticas fueron: a)
aceite crudo de soya (ACS), compuesto por 84.1%
de AGI, 16.2% de AGS y 0.7% de acidos grasos libres
(AGL); con 8 370 kcal/kg de EM;" b) combinacién
de grasa de cerdo (46.8%) y bovino (53.2%) (GCB)
menos saturada que la grasa per se, para obtener los
siguientes perfiles: 56.4% de AGI, 40.17% de AGS y
3.43% de AGL, con valor de 7 997 kcal/kg de EM;" ¢)
combinacién de grasa animal (39.2%) y aceite vegetal
(60.8%) (GAV) proveniente de refinado de grasasy
aceites de cocina con 74.83% de AGI, 23.76% de AGS'y
1.41% de AGL, menos saturada que la GCB, pero mas
saturada que el ACS, con valor energético de 8 495
kcal/kg de EM."” El perfil de los dcidos grasos de las
fuentes energéticas )y ¢) se determinaron mediante
la técnica de la AOAC,' por medio de cromatografia
de gases con un cromatografo** (Cuadro 1).

Las dietas experimentales fueron elaboradas con
base en pasta de soya y maiz amarillo en presentacion
de harina (Cuadro 2), apreciandose que el nivel mas
alto de EM requiri6é mayor cantidad de las FCE. El ali-
mento y el agua fueron proporcionados ad lLibitum. El
programa de iluminacién fue de 24 horas/dia durante
los primeros cuatro dias de vida, continuando con 20
horas/dia hasta el final del experimento. Los pollitos
recibieron, via oral en granja, sélo la vacuna contra la
IBF*** o0 agua destilada a los 12 dias de edad.

Toma, procesamiento y
evaluacién de muestras

A los 21 dias de edad se obtuvieron los siguientes
indicadores productivos: peso corporal (PC) (g), con-
sumo de alimento (g) y conversion alimenticia corre-
gida tomando en cuenta el alimento consumido por la
mortalidad (g/g).

A los 11 y 21 dias de edad se tomaron muestras
de sangre, de la vena radial, a dos aves por réplica
de acuerdo con la NOM-062-ZO0-1999, usando una
jeringa de 3 mL yaguja de 23 G x 25 mm. Para obtener
titulos de anticuerpos contra la IBF, se determinaron
segun las especificaciones del fabricante del equipo

*Criadora de gas Dyc, Estados Unidos de América.
**Hewlett Packard, Estados Unidos de América.
***Eort Dodge, Estados Unidos de América.



Cuadro 1

CONTENIDO DE ACIDOS GRASOS INSATURADOS Y SATURADOS DE
CADENA LARGA (C18) EN LAS FUENTES ENERGETICAS (g/100 mL)
LONG CHAIN (C18) SATURATED AND UNSATURATED FATTY ACID

CONTENT IN ENERGY SOURCES (g/100 mL)

Fatty acids (%)
C18:0 c18:1 C18:2 C18:3
SCO? 4.90 28.20 50.20 5.60
PBF " 24.03 40.32 10.13 1.05
AVF”® 3.50 38.76 24.89 2.60
*NRC, 1994.

® Analyzed by FMVZ-UADY
SCO: soybean crude oil.

PBF: Combination of pig (46.8%) and bovine fat (53.2%).
AVF: Combination of animal fat (39.2%) and vegetable oil (60.8%).

Cuadro 2

DIETAS EXPERIMENTALES Y ANALISIS CALCULADO (Experimento 1)
EXPERIMENTAL DIETS AND ANALYSIS ESTIMATE (Experiment 1)

Low ME 3 000 kcal/kg

High ME 3 200 kcal/kg

Ingredient

0 to 21 days 0 to 21 days
Yellow maize (8.5%) 492.47 483.30 491.23 44511 429.36 442.96
Soy paste (46%) 405.35 406.73 405.00 41414 41641 413.56
sco” 53.31 - - 9191 - -
PBF™ - 61.10 - - 105.35 -
AVF™ - - 54.90 - - 94.66
Calcium carbonate (36%) 18.40 18.39 18.40 18.33 18.31  18.33
Calcium ortophosphate (21% /18%) 17.51 17.53 17.50 17.62 1765 17.61
DL-Methionin (99%) 3.51 3.52 3.51 3.54 3.55 3.54
Salt with iodine 3.35 3.35 3.35 3.36 3.36 3.36
Sodium bicarbonate 2.00 2.00 2.00 2.00 2.00 2.00
Flavomicin (4%) 1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix™™™" 0.75 0.75 0.75 0.75 0.75 0.75
Choline chloride (60%) 0.70 0.70 0.70 0.70 0.70 0.70
Robenidin (13.2%), Etopabate (0.10%) 0.50 0.50 0.50 0.50 0.50 0.50
ETQ (20%) 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin premix” 0.25 0.25 0.25 0.25 0.25 0.25
L-Threonine (98%) 0.23 0.24 0.23 0.29 0.31 0.28
HCI-Lysine (78.5%) 0.17 0.14 0.18 0.00 0.00 0.00
Totals 1000 1000 1000 1000 1000 1000

*****

Vitamin A, 12 000 000 1U; D3, 3 000 000; vitamin E, 50 g; vitamin K3, 5 g; vitamin By, 3 g; vitamin B,, 6 g; vitamin B, 6 g;
vitamin B;,, 50 mg; biotin, 300 mg; folic acid 2 g; niacin, 50 g; pantothenic acid, 25 g; excipient sfp, 250 g

The percentage of estimated nutriment for the experimental diets was: crude protein, 23; lysine, 1.3; methionine, 0.65’
methionine + cystine, 0.97; threonine, 0.82; tryptophan, 0.27; calcium, 1.0; available phosphorus, 0.48 and sodium, 0.18%;
establishing 3 000 and 3 200 kcal/kg ME for treatments with low and high energy density.

“SCO: soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).
(39.2%) and vegetable oil (60.8%).

-

AVF: Combination of animal fat

“""Manganese, 80 g; zinc, 100 g; iron, 90 g; copper, 10 g; iodine, 0.70 g; selenium, 0.20 g; cobalt, 0.2 g; excipient sfp, 750 g.
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num 1 cm after the Meckel diverticulum; and a third
same length segment from the ileum, having as a ref-
erence the zone immediately before the beginning of
the cecum. Samples were set and preserved in neutral
10% formalin; they were processed by conventional
paraffin inclusion method to obtain samples of 4
micrometers thick, then stained with hematoxylin and
eosin for histological study that consisted in obtain-
ing the average length of ten villi selected randomly
from each bird-intestinal section observed with the
4X panoramic objective,** measured from the limit of
the internal lamina propria mucosa up to the border
of the epithelium in the apical part of the villi.

Data Analysis and statistical model

The following mixed SAS? model was applied in the
treatments to explain total variation and it is repre-
sented as:

Yijeim = 1 + Fi+ Nj + I + Di + FNyj + Eijiim

where:
Yijrin = m-th random observation of the independ-
ent variable associated with the I-th sampling day,
subjected to the k-th immunization, consuming the
j-th level of energy from the i-th energy source.
P = general mean.
Fi = set effect of the i-th energy source. (i=1,2,3)
N;j = set effect of the j-th level of energy. (j = 1,2)
Ik = set effect of the k-th immunization. (k = 1,2)
D: = set effect of the I-th sample taking day of the
m-th chick. (1=1,2)
FNj and Nljk = interactions between the four previ-
ous effects
and Eim = random error NID (0, 6%).

Comparison between means was carried out with
the multiple range test according to SNK,?! taking as a
minimum significant difference P < 0.05.

Experiment 2

Research was carried out in the experimental farm, in
Charo municipality of Michoacan, Mexico, at 19° 41’
N and 101°11” W, 1 941 masl, with Cbwl type climate,
characterized by being temperate-humid according
to Koppen classification, modified by Garcia,' with
annual temperature between -2.4 and 37.5°C. The
experiment house has natural environment, cement
floor, with 28 lots of 4 x 2.5 m, equipped with four
hopper feeders of 45 cm in diameter and a bell type
Plasson watering system.

Three energy source diets (SCO, PBF and AVF) of
Experiment 1 that were given to three thousand Ross
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por el método de ELISA* y también se midi6 la con-
centracion total de IgG e IgA, la cual se realizé utili-
zando el método de ELISA."'® La muestra de sangre
fue colocada en un tubo de ensayo de 6.5 mL, dejan-
dola reposar una hora a 32°C. El suero fue separado
del coagulo por centrifugacién a 250 g por 10 min y
congelado a —20°C hasta su andlisis."”

Los pollitos muestreados fueron pesados y sacrifi-
cados por dislocacién cervical con base en la NOM-
033-Z00-1995. A la necropsia se diseccion6 la BF para
medir el didmetro con un Vernier y con ello obtener la
relacion diametro BF:PC de acuerdo con la ecuacion
(DBF/PC)*1 000 (modificado de Ismail et al.").

Se tomaron muestras del intestino de un segmento
transversal, aproximadamente 1.5 centimetros de
largo, del duodeno de la parte media del asa descen-
dente; un segundo segmento de la misma longitud
en el yeyuno a 1 cm posterior al diverticulo Meckel; y
un tercer segmento de la misma longitud en el ileon,
teniendo como referencia la zona inmediata anterior
del inicio de los ciegos. Las muestras fueron fijadas y
conservadas en formalina neutra al 10%; se procesa-
ron mediante el método convencional de inclusién en
parafina para obtener muestras de 4 micrémetros de
espesor, tinéndose con hematoxilina y eosina para su
estudio histologico, que consistié en obtener el prome-
dio de la longitud de diez vellosidades de forma alea-
toria de cada seccion del intestino-ave con el objetivo
panoramico 4X,** desde el limite de la capa muscular
interna de la mucosa y la lamina propia hasta el borde
del epitelio en la parte apical de la vellosidad.

Analisis de datos y modelo estadistico

Se aplicé en los tratamientos el siguiente modelo
mixto SAS?’ que explico el total de la variacion, y es
representado como:

Yijtim = 1 + Fi+ Nj+ I + Di + FNyj + Eijiim

donde:
Yijkim = m-ésima observacion aleatoria de la variable
independiente asociada al I-ésimo dia de muestreo,
sometido a la k-ésima inmunizacion, consumiendo
el j-ésimo nivel de energia a partir de la i-ésima
fuente energética.
p = media general.
Fi = efecto fijo de la i-ésima fuente energética.
(i=1,2,3)
Nj = efecto fijo del j-ésimo nivel de energia.
(=12
Ir = efecto fijo del k-ésimo manejo de inmuniza-
cion. (k=1,2)

*IDEXX, Inc., Estados Unidos de América.
**Carl Zeiss, Alemania.




line not selected for gender chicks from day 0 to day 49
of age were evaluated. The chicks came from one lot
of breeders and born in the same hatching machine.
The chicks were randomly distributed into five treat-
ments with five repetitions of 120 chicks each; the ini-
tial population density was 12 birds per m?. During
the first four weeks of age artificial heat was provided
with catalytic rearing machines that were used one
per each two repetitions.

Experimental feed was prepared in a commercial
manner, based on soy paste and yellow maize meal
during the three phases (initiation 0 to 21 days, grow-
ing 22 to 35 days and finishing 36 to 49 days) (Table
3), diets were isonitrogenated and isoenergetic, amply
complying thus with recommended nutrimental
requirements for broilers.'

In treatments 1, 2 and 3, each one of the three
energy sources (SCO, PBF and AVF) were included
during all of the experimental period; in the case
of treatments 4 and 5, during the first 21 days of age
SCO was used in the diets, and from day 22 on it was
changed for PBF (SCO/PBF) and AVF (SCO/AVF),
respectively until the end of the experimental period.

Feed and water were offered ad libitum. Illumina-
tion program consisted of a natural light photo-pe-
riod of 11.5 hours. Sanitary and handling programs
were similar for all the birds: in the hatchery Marek
disease vaccine was applied and in the farm the chicks
were vaccinated for Newcastle (LaSota strain), by eye
and mouth at eight and 25 days of age, respectively,
and against IBD at 14 days of age.

Taking, processing and evaluation of samples

On days 21, 35 and 49 of age the following were evalu-
ated as variables BW (g), feed consumption (g) and
feed conversion adjusted to mortality (feed consump-
tion/weight gain of live and dead birds) (g/g), gen-
eral mortality (%) identifying that which was caused
by ascitic syndrome (AS). Efficacy index (EI) was
established with the following equation:*

Viability% x Body Weight (kg)
IE = x 100
Age days x Conversion feed

At 49 days of age eight females and eight males
were randomly selected to weigh them per each repeti-
tion (40 chicks/treatment) to obtain the percentage
of flock uniformity based on the variation coefficient.
At the end of the experiment two males and two
females per repetition were randomly selected (20
birds/treatment), that had an average weight similar
to the experimental lot, they were identified on the
right tarsus and were subjected to eight hour fast and

D: = efecto fijo del I-ésimo dia de toma de Ia mues-
tra en el m-ésimo pollito. (1 =1,2)

FNij y NI = interacciones entre los cuatro efectos
anteriores

y Eijkim = error aleatorio NID (0, 6°).

La comparacién entre medias se realizé con la
prueba de rango multiple segin SNK,*' tomando
como diferencia minima significativa P < 0.05.

Experimento 2

La investigacion se llev6 a cabo en una granja expe-
rimental, en el municipio de Charo, Michoacdn,
México, a 19°41'N y 101°11’O, a 1 941 msnm, con
clima tipo Cbwi, que se caracteriza por ser templado-
himedo de acuerdo con la clasificaciéon de Koéppen,
modificada por Garcia,'” con temperatura anual entre
—2.4 y 37.5°C. La caseta experimental es de piso de
cemento de ambiente natural, con 28 lotes de 4 x 2.5
m, equipados con cuatro comederos de tolva de 45 cm
de diametro y un bebedero de campana tipo Plasson
de 65 cm de didmetro.

Se evaluaron las tres fuentes energéticas del Expe-
rimento 1 en dietas (ACS, GCB y GAV), en tres mil
pollitos no sexados de la estirpe Ross, desde el dia
0 hasta los 49 dias de edad, provenientes de un solo
lote de reproductoras y nacidos en la misma maquina
incubadora. Los pollos fueron distribuidos de forma
aleatoria en cinco tratamientos con cinco repeticiones
de 120 pollos cada una, con densidad de poblacién
inicial de 12 aves/m®. Durante las primeras cuatro
semanas de vida se proporcioné calor artificial con
criadoras cataliticas, que se utilizaron una por cada
dos repeticiones.

Los alimentos experimentales se elaboraron de
manera comercial, con base en pasta de soya y maiz
amarillo en presentaciéon de harina en las tres fases
(iniciacion 0 a 21 dias, crecimiento 22 a 35 dias y fina-
lizacion 36 a 49 dias) (Cuadro 3), las dietas fueron
isoenergéticas e isonitrogenadas, con ello se cum-
plié6 ampliamente con las recomendaciones respecto
de los requerimientos nutrimentales para pollos de
engorda."

En los tratamientos 1, 2y 3 se incluyeron cada una
de las tres fuentes energéticas (ACS, GCB y GAV)
durante todo el periodo experimental; para el caso
de los tratamientos 4y 5, durante los primeros 21 dias
de edad se utiliz6 ACS en las dietas, a partir del dia 22
se cambié por GCB (ACS/GCB) y GAV (ACS/GAV),
respectivamente, hasta el final del periodo experi-
mental.

El alimento y agua fueron ofrecidos ad libitum. El
programa de iluminacién consistié en un fotoperiodo
de luz natural de 11.5 horas. El programa sanitario y
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Cuadro 3
COMPOSICION DE LAS DIETAS DE INICIACION, CRECIMIENTO Y FINALIZACION (Experimento 2)
COMPOSITION OF INITIATION, GROWTH AND FINISHING DIETS (Experiment 2)

Ingredient Initiation (0 a 21 a days) Growth (22 a 35 days) Finishing (36 a 49 days)
Yellow maize (8.5%) 570.45 568.85 57040 577.05 576.05 578.05 634.90 63155 633.40
Soy paste (46%) 353.00 35240 353.95 322.0 319.40 322.15 269.00 268.05 271.40
sco” 31.00 - - 58.00 - - 56.00 - -
PBF™ - 3310 - - 6150 - - 6020 -
AVF™ - - 3010 - - 56.90 - - 55.10
Calcium ortophosphate (21/18) 17.00 17.00 17.00 14.0 1400 1400 13.00 13.00 13.00
Calcium carbonate (36%) 14.00 1400 14.00 13.0 13.00 1300 12.00 1200 12.00
DL-Methionine (99%) 3.50 3.60 350 310 315 3.10 2.60 2.65 2.60
Salt with iodine 3.10 3.10 310 290 290 2.90 2.60 2.60 2.60
HCI-Lysine (78%) 2.10 2.10 210  1.20 1.25 1.15 1.00 1.05 1.00
Sodium bicarbonate 2.00 2.00 200 200 200 2.00 2.00 2.00 2.00
Vitamin premix ™" 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride (60%) 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix "~ 0.50 0.50 050 050 050 050 050 0.50 0.50
Nicarbazine (25%) 0.50 0.50 0.50 - - - - - -
Salinomycin (12%) - - - 0.50 0.50 0.50 0.50 0.50 0.50
E.T.Q. (20%) 0.50 0.50 050 050 050 050 050 0.50 0.50
L-Threonine (98%) 0.30 0.30 030 020 020 0.20 0.10 0.10 0.10
Flavomycin (8%) 0.05 0.05 005 005 005  0.05 0.05 0.05 0.05
Yellow xanthophylls (20 g/kg) - - 3.00 3.00 3.00 3.25 3.25 3.25
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000

ANALYSIS ESTIMATE

ME kcal/kg. 3000 2998 2998 3174 3166 3171 3213 3208 3210
Lysine (%) 131 1.31 1.31 1.16 1.15 1.16 1.00 1.01 1.01
Methionine (%) 0.65 0.66 0.66 0.59 0.60 0.60 0.52 0.53 0.52
Methionine + Cystine (%) 1.00 1.01 1.00 0.92 0.93 0.93 0.82 0.83 0.83
Threonine (%) 0.82 0.82 0.82 0.75 0.75 0.76 0.66 0.66 0.67
Tryptophan (%) 0.27 0.28 0.28 0.25 0.26 0.26 0.22 0.23 0.23
Calcium (%) 1.00 1.00 1.00 0.89 0.90 0.90 0.83 0.83 0.83
Available phosphorus (%) 0.50 0.50 0.50 0.45 0.45 0.45 0.45 0.45 0.45
Sodium (%) 0.19 0.19 0.19 0.18 0.18 0.18 0.16 0.16 0.16

“SCO: soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%). ““AVF: Combination of animal fat (39.2%) and
vegetable oil (60.8%).

“"Vitamin A, 12 000 000 IU; D3, 3 000 000; vitamin E, 50 g; vitamin K, 5 g; vitamin B,, 3 g; vitamin By, 6 g; vitamin Bg, 6 g; vitamin
B1,, 50 mg; biotin, 300 mg; folic acid, 2 g; niacin, 50 g; pantothenic acid, 25 g; excipient sfp, 1000 g.

***** Manganese, 80 g; zinc, 100 g; iron, 90 g; copper, 10 g; iodine, 0.70 g; selenium, 0.20 g; cobalt, 0.2 g; excipient sfp, 500 g.
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then weighed and sent to slaughter to determine car-
cass yield. Carcass weight (g), carcass yield (%), intes-
tine (g), liver (g), abdominal fat (g), breast (g), thigh
and leg weights (g) were determined. The carcass was
placed in 4°C water during 120 minutes and skin pig-
mentation of left breast pteril region was established
with a reflectance colorimeter,* using the CIELab
scale.

Data analysis and statistical model

The used design was completely random for each
sample day as represented:

Yi=p+ti+ L

Where:
Yjj = j-th observation associated to i-th treatment.
i=12,.... t)
p = population mean. (j =1, 2,........ r)
ti = effect of bad-treatment.
Ejj = random error NID (0,67%).

Analysis was carried out by the minimum squares
method (GLM, SAS?). Difference between treatment
means was analyzed by multiple range test (SNK?!
taking as a minimum significant difference P<0.05.
Results expressed in percentages were transformed
into the arc-sine square root function for analysis.

Results
Experiment 1

Fatty acid concentration determined in the three eval-
uated energy sources is presented in Table 1; and it is
observed that SCO has a higher proportion of UFA, in
PBF a higher amount of SFA was found; in the case of
AVF concentration of SFA and UFA were at an inter-
mediate level as related to the other two sources.

In Table 4 productive response of the broilers at
21 days of age was observed; when SCO was used a
higher body weight was obtained with less feed con-
sumption, said effect favorably influenced feed con-
version (P < 0.05), when compared with AVF and PBF
(P <0.05), this last one recorded lower BW and higher
feed consumption, affecting thus the feed conversion
(P < 0.05). A positive effect was observed in chickens
fed with the ME 3 200 kcal/kg diet as compared to
the 3 000 kcal/kg one, on BW, consumption of feed
and feed conversion (P < 0.05). BW, feed consump-
tion and feed conversion were different (P < 0.05) in
the non-vaccinated birds when they consumed 3 200
kcal/kg of ME. There was an interaction effect on
the ME level by vaccination in relation to BW, feed

de manejo fue similar para todas las aves; en la planta
incubadora se aplic6 la vacuna contra la enfermedad
de Marek y en la granja se vacuné contra la enferme-
dad de Newcastle mediante vias ocular y oral (cepa
LaSota) alos ocho y 25 dias de edad, respectivamente,
y contra la IBF a los 14 dias de edad.

Toma, procesamiento y
evaluacién de muestras

Alos dias 21, 35y 49 de edad se evaluaron como varia-
bles de respuesta el PC (g), consumo de alimento (g)
y conversion alimenticia ajustada a mortalidad (con-
sumo de alimento/ganancia de peso de las aves vivas
y muertas) (g/g), mortalidad general (%) y se iden-
tific6 la ocasionada por el sindrome ascitico (SA). El
indice de eficiencia (IE) se determiné mediante la
ecuacién:*?

Viabilidad (%) x Peso corporal (kg)
IE = x 100
Edad dias x Conversion alimento

A los 49 dias de edad se pesaron aleatoriamente
ocho hembras y ocho machos/repeticién (40 pollos/
tratamiento) para obtener el porcentaje de la uni-
formidad de la parvada con base en el coeficiente de
variacion. Al final del experimento se seleccionaron
de forma aleatoria dos machos y dos hembras por
repeticion (20 aves/tratamiento), que tuvieran el peso
promedio similar al del lote experimental, se identifi-
caron en el tarso derecho y se sometieron a un ayuno
de alimento de ocho horas, posteriormente se pesa-
ron y fueron enviadas al rastro para su sacrificio para
determinar el rendimiento de canal. Se determino el
peso de la canal (g), rendimiento de la canal (%), peso
del paquete intestinal (g), higado (g), grasa abdomi-
nal (g), pechuga (g), muslos y piernas (g). La canal
fue introducida en agua a 4°C durante 120 minutos
y se evalué la pigmentacion en la piel de la region de
pterilos izquierda de la pechuga con un colorimetro
de reflectancia,* utilizando la escala de CIELab.

Andlisis de datos y modelo estadistico

El diseno utilizado fue completamente al azar para
cada dia de muestreo representado como:

Yi=pn+ti+ Ej
Donde:

Yijj = j-ésima observacion asociada al i-ésimo

*Minolta CR-300, Estados Unidos de América.
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consumption and feed conversion, with a higher BW,
lower feed consumption and feed conversion in chick-
ens that received the 3 200 kcal/kg ME in the diet (P
< 0.05); interaction was due to the fact that vaccinated
chickens that received 3 000 kcal/kg when consuming
SCO and AVF had a comparable BW with those that
ingested 3 200 kcal/kg and were vaccinated.

In Table 5 differences can be seen (P <0.05) in BW
and FBD/BW by source and level of energy, only for
the first variable, with a difference at ten days of age.
In relation to FBD and its index with BW at 21 days
(Table 4), an adverse effect was observed for FBD by
vaccination (P < 0.05) when ME was 3 000 kcal/kg.

Results on the length of villi in duodenum, jeju-
num and ileum, are presented in Table 6; differences
(P < 0.05) were found in the ileum between SCO and
AVF at 11 days, as well as in length in duodenum and
jejunum at 21 days (P < 0.05) in vaccinated chicks.

Reported values, in relation to IBD antibodies
and IgG and IgA concentration are found in Table
7; at 11 days of age there was a difference (P < 0.05)
in IBD antibody titers; and IgA concentration at 21
days, according to the source of energy that was used
obtaining higher values with SCO, lower ones with
PBF. ME level of 3 200 kcal/kg in the diet, at 11 as well
as at 21 days, had higher titers against IBD (P < 0.05).
Vaccinated birds reached a higher concentration of
IgG and IgA with both levels of energy (P < 0.05).

Experiment 2

Productive yield is presented in Table 8. At 21 days of
age chicken weight was numerically better with SCO,
but differences (P < 0.05) existed only in feed con-
version, being that in the treatments they received
SCO in lower amounts as compared to PBF, that had a
higher index in both conversions (P > 0.05).

Variables evaluated at 35 days of age (14 days after
the change of SCO for PBF and AVF) did not show
differences (P > 0.05) in the study variables between
treatments (Table 8).

At the end of the biological test (49 days of age),
the only observed difference was for feed consump-
tion (P < 0.05) between the treatment that received
SCO/AVF, with higher consumption of feed and treat-
ments PBF and AVF (Table 8).

For the efficacy index (224, 220, 214, 226 and 222)
and the variation coefficient of BW (13.3%, 13.1%,
14.2%, 15.4% and 13.7%) there were no differences
between treatments (P > 0.05).

In relation to the variables obtained in carcass
yield, differences were found (P < 0.05) in the weight
of the intestinal package, and this was higher in
birds that consumed SCO as compared to those that
received AVF and SCO/AVF; liver weight was higher in
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tratamiento. (i=1, 2, ....... t)

1 = media poblacional. (j=1, 2,........ r)
ti = efecto del pésimo tratamiento.

Ejj = error aleatorio NID (0,67%).

El analisis se realizé6 mediante el método de mini-
mos cuadrados (GLM, SAS?). La diferencia entre las
medias de los tratamientos se analizé por medio de la
prueba de rango multiple (SNK*') tomandose como
diferencia minima significativa P < 0.05. Los resulta-
dos expresados en porcentajes fueron transformados
a la funcioén arco-seno raiz cuadrada para su analisis.

Resultados
Experimento 1

La concentracion de los acidos grasos determinada en
las tres fuentes energéticas evaluadas se presenta en el
Cuadro 1, se observa que la ACS tiene mayor propor-
cion de AGI, en la GCB se informa una cantidad mas
elevada de AGS, y en el caso de la GAV la concentra-
cion de AGS y AGI estan en un nivel intermedio con
respecto a las otras dos fuentes.

En el Cuadro 4 se observa la respuesta productiva
del pollo de engorda a los 21 dias de edad; al utili-
zar ACS se obtuvo un peso corporal superior y menor
consumo de alimento, dicho efecto influy6 favorable-
mente en la conversion alimenticia (P < 0.05), en com-
paracion con la GAVyla GCB (P < 0.05), esta ultima
registré el menor PC y mayor consumo de alimento,
con ello afect6 la conversion alimenticia (P < 0.05).
Se observo efecto positivo en el peso de los pollos ali-
mentados con la dieta de 3 200 kcal/kg en compa-
racion con 3 000 kcal/kg de EM en PC, consumo de
alimento y conversiéon alimenticia (P < 0.05). El PC,
consumo de alimento y conversion alimenticia fueron
diferentes (P < 0.05) en las aves no vacunadas cuando
consumieron 3 200 kcal/kg de EM. En el PC, consumo
de alimento y conversion alimenticia existi6 efecto de
interaccion del nivel de EM por la vacunacion, con
mayor PC, menor consumo de alimento y conversion
alimenticia en los pollos que recibieron 3 200 kcal/kg
de EM en la dieta (P < 0.05), la interaccion se debi6 a
que los pollos vacunados y que recibieron 3 000 kcal/
kg al consumir el ACS yla GAV tuvieron PC compara-
ble con los que ingirieron 3 200 kcal/kg y se les aplico
la vacuna.

En el Cuadro 5 se aprecia que hubo diferencias
(P < 0.05) en el PC y DBF/PC por fuente y nivel de
energia solamente para la primera variable, con una
diferencia a los diez dias de edad. Con respecto al
DBF y su indice con el PC a los 21 dias (Cuadro 4), se
observo efecto adverso para el DBF por la vacunacién
(P < 0.05) cuando se utiliz6 3 000 kcal/kg de EM.



Cuadro 4
RESPUESTA PRODUCTIVA A LOS 21 DIAS DE EDAD (Experimento 1)
PRODUCTIVE RESPONSE AT 21 DAYS OF AGE (Experiment 1)

Variables Body weight (g) Feed consumption (g) Feed conversion (g/g)
sco” 666.8 + 47.1% 1014.1 + 46.4° 1.53+0.2°
PBF™ 623.8 +53.1° 1109.9 + 42,12 1.79+0.2°
AVF™ 644.1 + 66.6° 1077.5+77.2° 1.69 +0.2°
3000 624.8 +51.9° 1095.9 + 64.52 1.76 £ 0.2°
3200 665.0 + 57.42 1038.4 +62.2° 158+0.2°
3000 Non- vaccinated 611.2 +42.72 1079.0 + 39.1° 1.77 £0.12
Vaccinated 638.3 + 58.4° 1112.8 +80.9° 1.76 £ 0.2%
3200 Non- vaccinated 689.0 + 58.0° 1011.7 +50.7° 1.48 +0.2°
Vaccinated 641.0 + 47.5° 1 065.0 + 63.1° 1.67 £0.2°
SCo 619.2 + 43.12 1041.4 +38.5° 1.69 +0.1%
Non-
) PBF 602.0 + 26.8° 1092.2 + 25.22 1.82 +0.1°
vaccinated
AVF 612.5 + 62.6° 1103.4 + 23.6° 1.81+0.2°
3000
SCo 663.8 + 31.3° 10415+ 48.2° 157+0.1°
Vaccinated PBF 610.5 + 57.3° 1163.0 + 35.12 1.94 +0.1°
AVF 640.6 + 79.6° 1134.0 + 98.52 1.78 £ 0.2%
Sco 718.8 + 38.5 979.4 + 16.2° 1.38+0.0°
Non-
) PBF 668.1 + 76.0° 1074.1 +31.22 1.62 £ 0.2%
vaccinated
AVF 678.0 + 56.6° 981.8 + 20.3° 1.45+0.2°
3200
SCo 665.2 + 11.8° 994.0 + 50.4° 1.49+0.1°
Vaccinated PBF 614.5 + 27.0° 1110.2 + 10.5 1.81+0.17%
AVF 643.4 + 75.4° 1090.9 + 39.3 1.71+0.2°

*Body weight, feed consumption and feed conversion: energy level interaction according to immunization status (non- vaccinated

vaccinated) (P < 0.05).

®Same letters between columns according to the source and level of energy are not different (P > 0.05).
“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%). ““AVF: Combination of animal fat (39.2%) ¢

vegetable oil (60.8%). Mean + SD

the case of SCO/AVF and SCO/PBF in the treatment
with PBF; abdominal fat showed difference between
PBF with SCO/PBF and SCO, with the first one being
higher (Table 9).

In reference to skin pigmentation for yellowing
and reddening, there were no differences between
treatments (P < 0.05), in relation to luminosity a
lower amount was observed (P < 0.05) when SCO was
included (Table 10).

Discussion
Utilization of concentrated energy sources is incom-

plete before the second week of life of the broiler, due
mainly to immaturity of intestinal villi and limited

Los resultados sobre la longitud de las vellosida-
des del duodeno, yeyuno e ileon, se presentan en
el Cuadro 6; se encontré diferencia (P < 0.05) en el
ileon a los 11 dias entre ACS y GAV, asi como mayor
longitud en duodeno y yeyuno a los 21 dias (P < 0.05)
en los pollos vacunados.

Los valores notificados, referentes a los titulos de
anticuerpos contra la IBF y la concentracion de IgG e
IgA se observan en el Cuadro 7; a los 11 dias de edad
se encontr6 diferencia (P < 0.05) para los titulos de
anticuerpo contra la IBF; y en la concentracion de
IgA alos 21 dias, de acuerdo con la fuente de energia,
obteniendo valores superiores con el ACS y menores
con la GCB. El nivel de 3 200 kcal/kg de EM de la
dieta, tanto a los 11 como a los 21 dias, presenté titu-
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Cuadro 5
EFECTO DE LA FUENTE ENERGETICA, CANTIDAD DE ENERGIA METABOLIZABLE (kcal/kg) Y
VACUNACION, SOBRE EL PESO CORPORAL (g), DIAMETRO DE LA BOLSA DE FABRICIO (mm)
Y RELACION BOLSA DE FABRICIO/PESO CORPORAL (Experimento 1)
EFFECT OF THE ENERGY SOURCE, AMOUNT OF METABOLIZABLE ENERGY (kcal/kg)
AND VACCINATION, ON BODY WEIGHT (g), FABRICIUS BURSA DIAMETER (mm) AND
RELATIONSHIP BETWEEN FABRICIUS BURSA DIAMETER/BODY WEIGHT (Experiment 1)

Sampling at 11 days

Sampling at 21 days

Variable Body weight (g) FBD (mm) FBD/BW FBD (mm) FBD/BW
sco” 265.2 £ 82.42 0.90 £ 0.28 359+1.1° 127 +0.12 1.83+0.22
PBF™ 228.0 + 62.1° 0.95+0.22 4.25+0.8? 1.29+0.18 2.01+0.28
AVF™ 248.3 + 68.9° 0.86 + 0.22 3.64+08" 1.30 +0.12 1.92 +0.22
3000 237.9 +69.8° 0.91+0.22 4.02+1.0° 127 +0.12 1.93+0.22
3200 256.5+73.8 0.90+0.22 3.63+0.8 1.30+£0.12 1.91+0.22
3000 Non- vaccinated, 21 days 1.24+0.1° 1.92+0.2%
Vaccinated, 21 days 1.31+£0.12 1.94+0.2°
Non- vaccinated, 21 days 1.30 +0.2% 1.92 +0.2%
3200 _
Vaccinated, 21 days 1304 0.1° 190403
Sampling at 21 days
SCo 1.29+0.1° 1.93+0.28"
Non- vaccinated ~ PBF 1.22 £0.6* 1.98 +0.2*
2000 AVF 1.21+0.1° 1.85+0.3°
SCO 1.24 +0.1% 1.77£0.2°
Vaccinated PBF 1.33+0.1° 2.02+0.2°
AVF 1.35+0.1° 204+02°
SCO 1.28 +0.12 1.86 +0.2°
Non- vaccinated PBF 1.25+£0.12 1.87 £0.12
3200 AVF 1.37+0.28 2.03 % 0.22
SCO 1.28 £0.18 1.77+£0.1
Vaccinated PBF 1.37+0.12 214 +0.42
AVF 1.25+0.12 1.78 +0.2°

“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).

and vegetable oil (60.8%).

-

AVF: Combination of animal fat (39.2%)

Same letters between columns according to the source and level of energy are not different (P > 0.05).
FBD: Fabricius bursa diameter. FBD/BW: Relationship Fabricius bursa diameter and body weight.

Mean + SD

pancreatic lipase activity, as well as deficient entero-
hepatic circulation of bile salts which causes a lower
emulsification of fatty acids.*** Pancreatic lipase
activity is proportional to live weight and intestinal
weight, which indicates that feed consumption favors
an increase of pancreatic enzyme secretion at a con-
stant rate according to feed and body growth.*
Analysis results of UFA and SFA of the three energy
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los mayores contra la IBF (P < 0.05). Las aves vacuna-
das alcanzaron mayor concentracion de IgG e IgA en
ambos niveles de energia (P < 0.05).

Experimento 2

En el Cuadro 8 se presenta el rendimiento produc-
tivo. A los 21 dias de edad fue mejor numéricamente



Cuadro 6

EFECTO DE LA FUENTE ENERGETICA, CANTIDAD DE ENERGIA METABOLIZABLE (kcal/kg) Y

VACUNACION , SOBRE LA LONGITUD (u) DE LAS VELLOSIDADES DEL INTESTINO DELGADO

(Experimento 1)

EFFECT OF ENERGY SOURCE, METABOLIZABLE ENERGY AMOUNT (kcal/kg) AND
VACCINATION, ON SMALL INTESTINE VILLI LENGTH () (Experiment 1)

Sampling
11 days 21 days
Variable Duodenum Jejunum lleum Duodenum Jejunum lleum
sSco” 1772 + 126.2% 864 +131.7°® 746 +148.6®® 1991 + 201.6** 1153 + 155.5* 881 +186.3*
PBF™ 1771 + 138.8% 814 +152.7® 708 +135.1%% 1943 +179.1% 1097 + 190.6* 841+ 115.9*
AVF™ 1712 +125.7%® 852 +180.5° 632+65.0°® 1934 +248.1% 1121 +264.0 809 + 101.0%
3000 1745 + 129.72 860 +178.3*  725+130.18 1949 +241.8° 1115 + 247.22 836 + 120.42
3200 1760 + 133.92 827 £128.0° 667 +122.7% 1965 + 206.42 1133 + 157.42 851 + 158.8°
5000 Non- vaccinated 21 days 1805 + 98.3° 1023+139.1° 836 +110.4%
Vaccinated 21 days 2092 + 205.22 1208 + 299.82 837 + 134.72
3200 Non- vaccinated 21 days 1870 + 127.9° 1117 +154.8° 904 +176.1°
Vaccinated 21 days 2059 +230.3% 1149 + 160.22 799 + 125.0°
Sampling at 21 days
SCo 1823 + 60° 1091 + 145° 851 + 1497
Non- vaccinated PBF 1897 + 40° 1102 + 80° 891 + 100°
3000 AVF 1696 + 116° 877 + 96° 765 + 63°
SCO 2065 + 301° 1255 + 240° 832 +118°
Vaccinated PBF 2017 + 183° 946 + 236 813+ 171°
AVF 2194 + 144° 1421 + 1897 866 + 33°
SCO 1935 + 126° 1142 + 1257 1003 + 264°
Non- vaccinated PBF 1917 + 482 1160 + 2312 885+ 106°
3200 AVF 1757 + 126° 1048 + 120° 825 +102°
SCO 2144 +111° 1124 + 75° 839 +201°
Vaccinated PBF 1942 + 334° 1182 + 142° 774 + 57
AVF 2092 + 202° 1141 +256° 782 + 100°

“SCO: soybean crude oil.
“PBF: Combination of pig (46.8%) and bovine fat (53.2%).

“AVF: Combination of animal fat (39.2%) and vegetable oil (60.8%).
Small same literals between columns according to the source and level of energy are not different (P > 0.05).

Capital same literals between lines mayusculas according to the day of sampling and intestinal section are not different (P < 0.05).

Mean + SD
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Cuadro 7

EFECTO DE LA FUENTE ENERGETICA, CANTIDAD DE ENERGIA METABOLIZABLE (kcal/kg) Y
VACUNACION, SOBRE LOS TiTULOS DE ANTICUERPOS CONTRA LA IBF (MG) Y
CONCENTRACION DE INMUNOGLOBULINAS (ng/mL) (Experimento 1)

EFFECT OF ENERGY SOURCE, METABOLIZABLE ENERGY AMOUNT (kcal/kg) AND
VACCINATION, ON IBD ANTIBODY TITERS (GM) AND IMMUNOGLOBULIN CONCENTRATION

(ng/mL) (Experiment 1)

Sampling
11 days 21 days
Titers 19G IgA Titers [o]€] 1gA

Variable (GM)* (ng/mL) (ng/mL) (GM)* (ng/mL) (ng/mL)
sco” 1706 +5202 631 + 162 376 £ 213.192 250 + 912 667 + 1452 773 + 252
PBF™ 1432 + 436" 635 + 272 356 + 226.73? 304 + 1278 659 + 1802 649 + 27°
AVF™" 1 626 + 634® 622 + 232 377 £190.922 265 + 942 657 + 1562 732 + 22
3000 1469 + 528" 359 + 201° 634 + 26° 243 + 84° 732 + 1542 667 + 262
3200 1708 +5322 383 +215° 626 + 19° 304 + 1182 705 + 1812 656 + 232
3000  Non- vaccinated, 21 days 250 + 106° 677 +92° 657 + 17°
Vaccinated, 21 days 236 + 592 787 + 185° 678 + 29°
3200  Non- vaccinated, 21 days 338 + 140° 675 + 130° 650 + 14
Vaccinated, 21 days 269 + 842 735 + 2228 661 + 29°

Sampling at 21 days

SCO 239 +972 659 + 152 709 + 1042
Non- vaccinated PBF 321 +1392 644 + 18° 639 £ 1212

3000 AVF 191 + 322 667 + 102 681 + 482
SCO 200 + 462 686 + 142 806 + 2122
Vaccinated PBF 275 £ 528 686 + 332 787 1182
AVF 231 + 652 660 + 342 765 + 2552

SCO 317 + 1392 661+ 72 754 + 722
Non- vaccinated PBF 354 + 2042 645 £ 182 571+ 1728

3200 AVF 344 + 962 644 + 92 699 + 612
SCO 244 + 392 661 £ 442 822 £ 185%
Vaccinated PBF 266 + 1032 663 + 182 599 + 2612
AVF 296 + 108? 657 £ 282 783 £ 2028
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“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).

vegetable oil (60.8%).

ko

AVF: Combination of animal fat (39.2%) and

Same letters between columns according to the source and level of energy are not different (P > 0.05).
*GM: Geometric mean in IBD antibody titers by ELISA method.

Mean + SD



Cuadro 8
PARAMETROS PRODUCTIVOS A LOS 21, 35 y 49 DIAS DE EDAD (Experimento 2)
PRODUCTIVE PARAMETERS AT 21, 35 AND 49 DAYS OF AGE (Experiment 2)

Treatment Body Feed Feed General (%)

weight (g) consumption (g) conversion (g/g) mortality Ascitic syndrome
21 days of age
sco” 674+ 29 957% + 42 1.49%+0.03 3.00°+3.3 0
PBF” 642° + 38 954° + 24 1.58"+0.11 2.40°+2.3 0
AVF™" 647° + 26 935° + 37 153" +0.04 2.80°+2.1 0
SCO/PBF 671°% + 27 9582 + 38 1.50%+0.03 2.202+£0.8 0
SCO/AVF 683+ 19 958 + 30 1.48%+0.01 3.208+1.3 0
35 days of age
SCO 1539% + 44 2457+ 93 1.60%+0.07 4.60°+ 4.2 0.40°+£0.5
PBF 1479% + 46 2397°+ 71 1.64*+0.03 3.40°+2.9 0.60°+ 1.3
AVF 15142+ 43 2378*+ 81 1.56% + 0.05 6.80%+5.0 2.20°+34
SCO/PBF 15192+ 29 2448% + 64 1.622+ 0.05 4.80°+ 25 1.200+2.1
SCO/AVF 15542 + 24 24852 + 92 1.592+ 0.05 7.002+£5.1 1402+ 2.6
49 days of age
SCO 2377% + 57 4526% + 75 1.84%+0.02 14.8°+ 6.4 6.40*+2.3
PBF 2310%+ 25 4406° + 98 1.88%+0.03 11.82+ 3.8 5.408+ 2.6
AVF 23192+ 36 44142+ 90 1.892+0.05 1442+ 7.8 7.80* + 4.0
SCO/PBF 23443+ 72 4505® + 64 1.902+ 0.06 9.8+ 4.3 4200+2.3
SCO/AVF 23652+ 78 4573° + 81 1.882+0.02 13.22+ 45 5.608+ 3.2

“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).

vegetable oil (60.8%).

Same letters between columns do not show differences (P > 0.05).
AS: Ascitic syndrome.

Mean + SD

sources are found within the ranges reported in litera-
ture." UFAs have higher digestibility than SFAs. %20 In
SCO response was higher in relation to BW (P < 0.05)
as compared to PBF due to a higher proportion of
UFA in SCO, as well as in feed consumption and con-
version in relation to AVF and PBF; on the other hand
AVF shows differences (P < 0.05) in feed consumption
and better feed conversion when compared with PBF;
such results are related with the proportion of UFA,
SFA and FFA in the diet.

-

AVF: Combination of animal fat (39.2%) and

el peso de los pollos con el ACS, pero s6lo existieron
diferencias (P < 0.05) para la conversion alimenticia,
siendo que en los tratamientos recibieron el ACS en
cantidades inferiores en comparaciéon con GCB, que
tuvo mayor indice en ambas conversiones (P > 0.05).

Las variables evaluadas a los 35 dias de edad (14
dias después de que se realizaron los cambios de
ACS por GCB y GAV) no mostraron diferencias (P >
0.05) entre tratamientos en las variables en estudio
(Cuadro 8).
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Lower response observed in PBF was probably due
to the amount of SFA and FFA in relation to UFA; a
higher degree of non-saturation and lower amount
of FFA improve the emulsification capacity of the bile
salts, therefore, the fatty acids absorption.27 When
combining an animal fat with vegetable oil there is an
increase in nutrimental value, as was the case of the
AVF; such concepts coincide with the studies of Lewis
and Payne.3

FBD has been used as indirect reference to bursa
integrity; the estimate of FBD/BW relationship,
reported by Nelson et al.,”® had a 0.60 to 0.90 correla-
tion reliability of harm to this organ. This relationship
was ample although a higher relationship is found in
a healthy Fabricius bursa. With the difference among
treatments in relation to weight, a higher FBD/BW
was expected in chickens with higher BW, yet such an
effect was not observed (P > 0.05) at 21 days in this
study. Another important factor is that when applying
a live virus vaccine a vaccine virus replication is gen-
erated in the FB, originating larger size of the tissue,
which should be reflected in a higher FBD/BW index,
but that was not observed (P > 0.05).

During the adaptation process from embryo feed-
ing to the first two weeks of age of the birds, there are
important anatomical and physiological developments
until maturity of the digestive system is completed and
with that the possibility of taking advantage of exog-

Al final de la prueba biologica (49 dias de edad),
solo se observo diferencia (P < 0.05) para consumo de
alimento, entre el tratamiento que recibié ACS/GAV,
con mayor consumo de alimento que los tratamientos
GCB y GAV (Cuadro 8).

Para el indice de eficiencia (224, 220, 214, 226 y
222) y el coeficiente de variacién de PC (13.3%, 13.1%,
14.2%, 15.4% y 13.7%) no hubo diferencias entre tra-
tamientos (P > 0.05).

Respecto de las variables obtenidas del rendimiento
de canal, se encontraron diferencias (P < 0.05) en el
peso de intestino, éste fue mayor en las aves que con-
sumieron ACS en comparacion con las que recibieron
GAV y ACS/GAV; el peso del higado resulté superior
en el caso de ACS/GAV y ACS/GCB con respecto al
tratamiento con GCB; el contenido de grasa abdo-
minal mostré diferencia entre GCB con ACS/GCB y
ACS, siendo mayor en el primer caso (Cuadro 9).

En referencia a la pigmentacion de la piel para
el amarillamiento y el enrojecimiento, no existieron
diferencias entre tratamientos (P < 0.05), en cuanto a
la luminosidad, se aprecié menor cantidad (P < 0.05)
cuando se incluy6 el ACS (Cuadro 10).

Discusion

El aprovechamiento de las fuentes concentradas de
energia en el pollo de engorda antes de la segunda

Cuadro 9
PESO DE CANAL, INTESTINOS, GRASA ABDOMINAL, PECHUGA, PIERNAS Y MUSLOS (g) ALOS
49 DIAS DE EDAD DE ACUERDO CON LAS FUENTES ENERGETICAS (Experimento 2)
CARCASS, INTESTINES, ABDOMINAL FAT, BREAST, LEGS AND THIGHS WEIGHT (g) AT 49 DAYS
OF AGE ACCORDING TO ENERGY SOURCES (Experiment 2)

Treatment/

Parameter (g) sco” PBF™ AVF™" SCO/PBF SCO/AVF
Live weight 2370° + 183 23632+ 196 23258 + 128 23312+ 114 23122+ 104
Carcass weight 18427 + 150 18392 + 143 17872 + 130 17982 + 65 17762 + 78
Carcass yield (%) 77.7+6.1 77.8+6.3 76.9+4.8 77.1+33 76.8+3.4
Intestines 116+ 24 107% + 12 97"+ 21 100% + 17 96" + 10
Liver 57+ 7 54°+ 4 55% + 4 59° + 6 60° + 8
Abdominal fat 32°+ 4 41°+ 9 36®+ 9 34°+ 9 39%+ 7
Breast 347°+ 21 3542 + 19 3442+ 26 3472+ 34 3587 + 29
Legs 206°+ 17 200% + 22 1982 + 20 1952 + 17 1922 + 14
Thighs 207°+ 26 2022 + 28 2012+ 28 1982 + 12 2022+ 13

“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).

" AVF: Combination of animal fat (39.2%) and vegetable oil (60.8%).

Different letters between rows are different (P < 0.05).
Mean + SD
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Cuadro 10

LUMINOSIDAD (L*), ENROJECIMIENTO (a*) Y AMARILLAMIENTO (b*) EN LA PIEL
DE POLLOS A LOS 49 DIAS DE EDAD (Experimento 2)
LUMINOSITY (L*), REDDENING (a*) AND YELLOWING (b*) OF CHICKEN SKIN AT
49 DAYS OF AGE (Experiment 2)

Treatment Luminosity Reddening Yellowing

sco” 68.26° + 1.1 1.30°+ 1.6 37.85%+ 3.7
PBF™ 69.758 + 1.7 1.612+£2.2 36.842£3.7
AVF™ 70.322+2.3 0.872+2.8 34.900+ 3.7
SCO/PBF 69.682+ 2.1 1.598+ 1.4 35.958+ 4.6
SCO/AVF 69.55% + 2.7 0.582+2.8 36.692 + 4.5

“SCO: Soybean crude oil. “PBF: Combination of pig (46.8%) and bovine fat (53.2%).

ke

Mean + SD

enous nutriments. Villi height and depth of the crypt
are modified favorably after birth; in the duodenum
there is complete development between four and
six days after hatching, on the other hand, ten days
are required for the same to happen in the jejunum
and ileum. This increase in villi surface, enzymatic
changes and beginning of the active transportation of
nutriments increase absorption capacity of the same
by the bird.” Diets that include vegetable oils have
n-6 and n-3 present, and this has a positive influence
on the number and length of villi, 10 having a propor-
tional effect on the nutriment absorption capacity.’
This response was observed (P > 0.05) when diets with
SCO were offered; at 11 days the greatest increase of
villi length was recorded, with the exception of in the
ileum (P < 0.05).

The UFA n-6 and n-3 induce immuno-modulator
actions after its incorporation into the lymphoid tis-
sue'' and have a significant impact on the immune
response.'”” Antibody titers against IBD, obtained at
11 days, reflect a protecting level of maternal antibod-
ies close to the value that is conferring an adequate
protection (antibody titers by the ELISA method of
approximately 2 000).*® It has been reported that with
viral challenges carried out at ten days of age IBD anti-
body titers are reduced, to less than 150, in vaccinated
as well as in non-vaccinated birds.” Birds with high
IBD antibody titers are better protected against the
disease, as is the case of 11 day old chickens fed SCO
and AVF, or with 3 200 kcal/kg ME levels in their diet
that were maintained until 21 days of age (P < 0.05).
In relation to IgG and IgA concentration difference
was only observed at 21 days of age (P < 0.05), being
more favorable in diets with SCO and AVF. Takahashi

AVF: Combination of animal fat (39.2%) and vegetable oil (60.8%).
Different letters in the column are different (P < 0.05).

semana de vida es incompleto, debido, en gran parte,
a la inmadurez de las vellosidades intestinales y a la
limitada actividad de la lipasa pancredtica, asi como a
circulaciéon enterohepdtica deficiente de las sales bilia-
res, lo que lleva a menor emulsificacion de los dcidos
grasos.”** La actividad de las lipasas pancredticas es
proporcional al peso vivo y del intestino, lo cual indica
que el consumo de alimento favorece que se incre-
mente la secrecién de enzimas pancredticas a tasa
constante de acuerdo con el consumo de alimento y
crecimiento corporal.”!

Los resultados de los andlisis de los AGI y AGS en
las tres fuentes de energia, se hallan dentro de los
rangos notificados en la literatura." Los AGI tienen
mayor digestibilidad que los AGS.*** En el ACS se
obtuvo mayor respuesta (P < 0.05) en el PC con res-
pecto a la GCB debido a la mayor proporcion de AGI
en el ACS, asi como en el consumo de alimento y con-
version alimenticia con respecto a la GAV y GCB; por
su parte, la GAV presenta diferencias (P < 0.05) en el
consumo de alimento y mejor conversion alimenticia
al compararla con la GCB; tales resultados estan rela-
cionados con la proporcién de AGI, AGS y AGL en la
dieta.

La respuesta inferior observada en la GCB se debi6
quiza ala cantidad de AGS y AGL en relacién con los
AGI; el mayor grado de insaturacién y menor canti-
dad de AGL mejoran la capacidad de emulsificacion
por sales biliares y con ello la absorcién de los dcidos
grasos.”” Al combinar una grasa animal con un aceite
vegetal se incrementa su valor nutrimental, como fue
el caso de la GAV; tales conceptos coinciden con el
trabajo de Lewis y Payne.”

E1 DBF se ha usado como referencia indirecta de la
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et al* found differences (P < 0.05) in IgG concentra-
tion when in an experimental diet 10 g of C18:2/kg
was offered, amount that is very much higher than the
C18:2 concentration obtained with the energy sources
included here.

Prevention of enzootic diseases by vaccination,
such as in the case of IBD, is recommended since it
protects birds against infection and secondary compli-
cations maintaining a good health status; this aspect is
reflected on the productive behavior of infected birds
that have not been previously protected. In this exper-
iment, there was an interaction between vaccination
and the level of energy (P < 0.05); there was a higher
BW response, less feed consumption and conversion
in vaccinated chickens that consumed diets with 3 200
kcal/kg de ME (higher CES levels in the diet).

An efficacious feeding program includes in the dif-
ferent production phases the use of nutriments with
the highest digestibility ingredients according to the
anatomical and physiological conditions of the bird.?
In the second experiment, at the end of the initiation
period (21 days of age), a lower feed conversion was
obtained in diets with SCO (P < 0.05), resulting in a
higher concentration of UFA,? situation that did not
continue during the growing and finishing periods,
where there is full capacity to digest fat and absorb
fatty acids in the diet with a higher proportion of
SFA.>% Even though the diets had isoenergy levels and
there were no differences (P > 0.05) for feed conver-
sion, the efficacy index (EI) or flock uniformity, when
using SCO diets, showed difference in abdominal fat
(P <0.05) in relation to PBF due perhaps to the propor-
tion of UFA.® Xanthophylls or pigments were equally
offered in rations of the five treatments, observing no
difference (P > 0.05) for skin yellowing or reddening,
which indicates there was no effect by the evaluated
energy source.

In conclusion, the higher proportion of UFA with
lower amount of SFA and FFA present in diets during
the first 21 days of age, increased productive yield and
antibody titers concentration against IBD and IgA,
without finding difference in length of intestinal villi
in duodenum and jejunum or IgG concentration.

When evaluating CES in chicken diets for all the
productive cycle, the data obtained during the initia-
tion stage suggest that to obtain the highest genetic
potential in chickens, SCO should be used, and in
the later stages, AVF or PBF as concentrated energy
sources, since they are more efficaciously used after 21
days of age, underlining that there were no differences
found in relation to growth, breast, leg and thigh yield
and skin pigmentation with the sources used in this
study.
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integridad de la bursa; el calculo de la relacién DBF/
PC, notificado por Nelson et al.,”® tuvo correlacién de
0.60 0 0.90 de exactitud sobre el dano en este 6rgano;
esta relacion fue muy amplia aunque se indica mayor
relacion en una bolsa de Fabricio saludable. Al existir
diferencia entre los tratamientos para el peso, se espe-
raba que los pollos con PC mayores tuviesen mayor
DBEF/PC, pero tal efecto no se observé (P > 0.05) a los
21 dias en este estudio. Otro factor importante es que
al aplicar la vacuna de virus vivo se genera replicaciéon
del virus vacunal en la BF, originando mayor tamano
del tejido, ello deberia reflejarse en mayor indice
DBF/PC, que no se observé (P > 0.05).

En el proceso de adaptacion de una alimentacion
embrionaria hasta las dos primeras semanas de vida
del ave, ocurren importantes desarrollos anatémicos
y fisiolégicos para completar la madurez del sistema
digestivo y con ello el mejor aprovechamiento de los
nutrimentos exégenos. La altura de la vellosidad y la
profundidad de la cripta se modifican favorablemente
después del nacimiento; en el duodeno se tiene un
desarrollo completo entre los cuatro a seis dias pos-
eclosion; en cambio, para el yeyuno e ileon se requie-
ren diez dias. Este aumento en la superficie de las
vellosidades, los cambios enzimaticos y el inicio de los
sistemas de transporte activo de nutrimentos, incre-
mentan la capacidad de absorcién.?’ Los n-6 y n-3 pre-
sentes en las dietas que incluyeron aceites vegetales,
influyeron positivamente en el numero y longitud de
las vellosidades,'” teniendo un efecto proporcional
sobre la capacidad de absorcion de los nutrimentos,’
esta respuesta se observo (P >0.05) cuando se ofrecie-
ron dietas con ACS al registrar las vellosidades mayor
extension, con excepcion del ileon (P < 0.05) alos 11
dias.

Los AGI n-6 y n-3 inducen acciones inmunomo-
dulatorias después de su incorporaciéon al tejido lin-
foide" y tienen impacto significativo sobre la respuesta
inmune.'”? Los titulos de anticuerpos contra la IBF
obtenidos a los 11 dias, reflejan un nivel protector de
anticuerpos maternos cercanos al valor que confiere
una adecuada proteccion (titulo de anticuerpos por el
método de ELISA de aproximadamente 2 000).*® En
desafios virales realizados a los diez dias de edad, se
ha informado que los titulos de anticuerpos contra la
IBF descienden, incluso en los no vacunados, a menos
de 150.%" Las aves con titulos elevados de anticuerpos
contra IBF estaran mejor protegidas contra la enfer-
medad, como es el caso de los pollos de 11 dias ali-
mentados con el ACS y GAV, o con los niveles de
3 200 kcal/kg de EM en su dieta que se mantuvieron
hasta los 21 dias (P < 0.05). Sobre la concentracion de
IgG e IgA solamente se observo diferencia (P < 0.05) a
los 21 dias de edad, siendo favorable para esta tltima
en dietas con ACS y GAV. Takahashi et al®' encon-
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