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Abstract

The nitrogen and energy utilization of finishing pigs allocated individually or in groups of two was evaluated. Thirty two cas-
trated males were used with an initial weight of 68.6 + 1.0 kg that were assigned in a randomized complete block design with a
split-plot arrangement in three treatments: a pig allocated individually with free access to feed and 0.81 m? of floor space (D1AL);
two pigs allocated in group with free access to feed and 0.405 m? of floor space/pig (D2AL); a pig allocated individually paired-
fed to the average consumption of pigs in D2AL and floor space similar to D1AL (D1P). The experiment was divided in two periods
of excreta collection: days 1-4 and 18-21, respectively. There were eight repetitions per treatment. The nutrient consumption in
period 1 was higher in D1AL compared to D2AL and D1P (density x period, P < 0.01); in period 2, the nutrient consumption was
higher in D1AL, intermediate in D1P and lower in D2AL. The nitrogen (P < 0.05) and energy (P < 0.10) retained in period 1 was
similar among densities (density x period interaction); in period 2 it was higher in D1AL compared to D2AL. The pigs housed in
groups of two with free access to feed had lower nutrient consumption and retention at the end of the trial, probably as a conse-
quence of chronic stress due to the competition for the feed, complicated by the restriction of available floor space.
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Resumen

Se evaluo la utilizacion de nitrégeno y energia en cerdos en finalizacion, alojados individualmente y en grupos de dos. Se usaron
32 machos castrados con un peso inicial de 68.6 + 1.0 kg que fueron asignados al azar, en un disefo de bloques completos con
arreglo en parcelas divididas en tres tratamientos: un cerdo alojado individualmente con libre acceso al alimento y 0.81 m? de
espacio de piso (D1AL); dos cerdos alojados en grupo con libre acceso al alimento y 0.405 m? de espacio de piso/cerdo (D2AL);
un cerdo alojado individualmente con consumo pareado con base en el consumo de los cerdos en D2AL y espacio de piso similar
a D1AL (D1P). El experimento se dividié en dos periodos de recoleccidn de excretas: dias 1-4 (periodo 1) y 18-21 (periodo 2). Se
tuvieron ocho repeticiones por tratamiento. El consumo de nutrimentos en el periodo 1 fue mayor en D1AL con respecto a D2AL
y D1P (densidad x periodo, P < 0.01); en el periodo 2, el consumo de nutrimentos fue mayor en D1AL, intermedio en D1P y menor
en D2AL. La retencion de nitrégeno (P < 0.05) y de energia (P < 0.10) en el periodo 1 fue similar entre densidades (interaccién
densidad x periodo); en el periodo 2 fue mayor en D1AL comparado con D2AL. Los cerdos alojados en grupos de dos con ali-
mentacion a libertad tuvieron menor consumo y retencion de nutrimentos en la fase final de la prueba, probablemente como
consecuencia del estrés crénico debido a la competencia por el alimento, complicado por la restriccion de espacio disponible
de piso.

Palabras clave: CERDOS EN FINALIZACION, ESPACIO DISPONIBLE/TAMANO DE GRUPO, BALANCE DE NUTRI-
MENTOS.

Recibido el 14 de agosto de 2007 y aceptado el 29 de abril de 2008.

*Trabajo parcialmente financiado por el Consejo Nacional de Ciencia y Tecnologia, de México, nimero de referencia: 31682-B.
**Programa de Maestria y Doctorado en Ciencias de la Produccién y de la Salud Animal, Facultad de Estudios Superiores-Cuautitlan, Uni-
versidad Nacional Autbnoma de México, km 2.5, carretera Cuautitlan-Teoloyucan, Cuautitlan-lzcalli, Estado de México, 54714, México.
***Centro Nacional de Investigacion en Fisiologia Animal, Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias, km 1,
carretera a Colon, 76280, Ajuchitlan-Col6n, Querétaro, Tel. 01 (419) 2920036, correspondencia y separatas: gomez.sergio@inifap.gob.

mXx

Vet. Méx., 39 (4) 2008

411


http://www.medigraphic.com/espanol/e1-indic.htm

Introduction

igs raised under commercial conditions are

faced to different environmental factors in

simultaneous and concurrent way which pro-
voke a decrease in feed consumption and growth
delay."”” Within these factors, overcrowding, associated
with competence for available resources (feed, water,
space), contribute to create a chronic stress situation.
It has been suggested that pigs which suffer chronic
stress present increases in cortisol secretion, indu-
cing changes in the utilization of protein and energy,
which reduces the efficiency of nutrient use, retention
of protein and growth.”” Nevertheless, in pigs allo-
cated in group there have been few studies trying to
diagnose chronic type stress since there has been no
method development, or appropriate physiological
variables have not been determined.”

Several studies have recorded growth delays in pigs
raised in group with adequate or restricted space."
Nevertheless, in some studies where cortisol concen-
trations and other stress indicators have been compa-
red with individually or group allocated pigs, results
have been variable. In piglets allocated individually or
in group, with restricted space, no difference in cor-
tisol or corticoids concentrations have been observed
nor in the weight of adrenals.®” In growing pigs there
have been recorded effects on adrenal weight by space
restriction.® These results coincide with the ones obtai-
ned in a recent work where no differences were found
in cortisol, glucose, urea or glycerol concentrations
among individually or group allocated pigs, provided
with adequate or restricted space during the growing
and finishing stages.”

In contrast with the aforementioned, in other
study greater steroid activity was observed in pigs
allocated in groups of 10 per pen, compared with the
ones grouped in five.” In another one, it was reported
that pigs raised in pairs since weaning until adult age,
submissive pigs had greater cortisol concentrations."
Along with these discrepancies, several authors have
suggested that the observed differences in the growth
of pigs allocated individually or in group can be attri-
buted to less feed consumption mainly in submissive
pigs or to the increase in energy expenditure due to

the increase in physical activity in pigs allocate in
11-13

group.

From a nutrimental point of view, it is important to
define if there are changes in the utilization of nutri-
ments in the metabolism of pigs allocated in group,
especially those allocated in restricted space, in order
to decide and evaluate appropriate feeding strategies.
Also, in pigs allocated in group it is important to eva-
luate different methods or chronic stress indicators,
which in indirect way indicate alterations in biolo-
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Introduccion

os cerdos criados bajo condiciones comerciales
se enfrentan a diferentes factores ambientales
en forma concurrente y simultanea que provo-
can disminucion en el consumo de alimento y retrasos
en el crecimiento.”? Dentro de estos factores, el haci-
namiento, asociado con la competencia por los recur-
sos disponibles (alimento, agua, espacio), contribuyen
a crear una situacion de estrés de tipo cronico. Se ha
sugerido que los cerdos que sufren estrés créonico pre-
sentan incrementos en la secrecion de cortisol, indu-
ciendo cambios en la utilizacion de proteinay energia,
por lo que se reduce la eficiencia del uso de nutrimen-
tos, la retencion de proteina y el crecimiento.®® Sin
embargo, en cerdos alojados en grupo se han reali-
zado pocos estudios para tratar de diagnosticar estrés
de tipo cronico debido a que no se han desarrollado
métodos, o no se han determinado las variables fisio-
l6gicas apropiadas.5
En varios estudios se han registrado retrasos en el
crecimiento en cerdos criados en grupo con espacio
adecuado o restringido;l'4 sin embargo, en algunos
trabajos donde se han comparado las concentraciones
de cortisol y otros indicadores de estrés en cerdos alo-
jados individualmente y en grupo, los resultados han
sido variables. En lechones alojados individualmente
0 en grupo, con espacio restringido, no se han obser-
vado diferencias en las concentraciones de cortisol o
corticosteroides ni en el peso de las adrenales.®” En
cerdos en crecimiento no se han registrado efectos
sobre el peso de las adrenales por la restriccion de
espacio.8 Estos resultados coinciden con los obtenidos
en un trabajo reciente en donde no se encontraron
diferencias en las concentraciones de cortisol, glucosa,
urea o glicerol entre cerdos alojados individualmente
0 en grupo, provistos con espacio adecuado o restrin-
gido en las etapas de crecimiento y finalizacién.®
Contrario a lo anterior, en otro estudio se observo
mayor actividad esteroide en cerdos alojados en
grupos de diez por corral, comparados con los grupos
de cinco.” En otro se informé que en cerdos cria-
dos en par desde el destete hasta la edad adulta, los
cerdos sumisos tuvieron mayores concentraciones de
cortisol.'” Aunado a estas discrepancias, varios auto-
res han sugerido que las diferencias observadas en el
crecimiento de cerdos alojados individualmente y en
grupo son atribuibles al menor consumo de alimento,
principalmente en los cerdos sumisos, o al aumento
en el gasto de energia debido al incremento en la acti-
vidad fisica en los cerdos alojados en grupo.”'13
Desde el punto de vista nutrimental, es importante
definir si existen cambios en la utilizacion de nutri-
mentos en el metabolismo de cerdos alojados en grupo,
en especial los alojados con espacio restringido, para



gic responses at digestive level or in the metabolism
with the objective to develop alternatives to prevent
or minimize the negative stress effects. Therefore,
the aim of this research was to evaluate nitrogen and
energy utilization in pigs allocated individually or in
groups of two during the finishing stage.

Material and methods

The work was done at the Center of Disciplinary
Research in Physiology and Animal Improvement,
of the National Research Institute in Forestry, Agri-
culture and Animal Production, located in km 1 of
the Ajuchitlan-Colon road, in Queretaro. Thirty two
pigs were utilized, product of crossbreeding Duroc x
Landrace, finished castrated males with an initial ave-
rage weight 68.6 + 1.0 kg. Ten days before starting the
experiment, the pigs were allocated in individual pens
where they were subjected to a period of adaptation to
the feeding system, which consisted in the provision
of two rations a day during half an hour. During this
period, feed was given ad libitum and daily consump-
tion was recorded.

Since the number of pigs and the available floor
space are confunded within a treatment, this factor
will subsequently be referred as density. Densities were
created increasing the number of animals per pen, in
order to generate different available floor spaces per
pig, combined with different nutrition criteria. Pigs
were assigned in a randomized complete block design
to six treatments given by the combination of three
densities and two periods of excreta collection. The
evaluated densities were the following: DIAL, one pig
individually allocated with free access to feed and 0.81
m® of floor space; D2AL, two pigs allocated in group,
with free access to feed and 0.405 m? of floor space/
pig; and DI1P, a pig allocated individually paired-fed to
the average consumption of pigs in D2AL and floor
space similar to DIAL.

Pigs stayed 21 days in the experiment and were
subjected to two collection periods of feces and urine.
The first sampling was done on day 2 to 5, and the
second one from day 18 to 21. Animals were allocated
in metabolic crates provided by a removable feeder,
which was used to offer feed and water between rations.
Each crate had a mesh and a tray which allowed to
collect feces and separate urine. The available space
of the floor per crate was 0.81 m?, excluding the space
occupied by the feeder. Feed was formulated to cover
or exceed nutrimental requirement in finishing pigs14
(Table 1), and was administered in two rations during
30 minutes each one, at 8 and 16 h, respectively.

In order to evaluate apparent digestibility and
nutrient balance, total collection methodology was
used, using ferric oxide (25 mg/kg of feed ) as inert

decidir y evaluar estrategias alimentarias apropiadas.
Ademis, en cerdos alojados en grupo es importante
evaluar diferentes métodos o indicadores de estrés
crénico, que de manera indirecta indiquen alteracio-
nes en las respuestas biologicas, a nivel digestivo o en
el metabolismo, con el fin de desarrollar alternativas
para prevenir o minimizar los efectos negativos del
estrés. Por tanto, el objetivo de esta investigacion fue
evaluar la utilizacion de nitrégeno y energia en cerdos
alojados en forma individual y en grupos de dos en la
etapa de finalizacion.

Material y métodos

El trabajo se realiz6 en el Centro Nacional de Inves-
tigacion Disciplinaria en Fisiologia Animal, del Insti-
tuto Nacional de Investigaciones Forestales, Agricolas
y Pecuarias, localizado en el km 1 de la carretera Aju-
chitlan-Colon, en Querétaro, México. Se utilizaron 32
cerdos, productos de un cruzamiento alterno Duroc x
Landrace, machos castrados en finalizacion, con peso
promedio inicial de 68.6 + 1.0 kg. Diez dias antes de
iniciar el experimento, los cerdos se alojaron en jaulas
individuales donde se sometieron a un periodo de
adaptacion al sistema de alimentacion, que consistio
en la provision de dos comidas al dia durante media
hora. Durante este periodo, el alimento se propor-
ciono a libre acceso y se llevo un registro del consumo
diario.

Debido a que el nimero de cerdos y el espacio dis-
ponible de piso estan confundidos dentro de un tra-
tamiento, este factor en lo sucesivo se expresa como
densidad. Las densidades se crearon incrementando
el namero de animales por jaula, para generar dife-
rentes espacios disponibles de piso por cerdo, com-
binados con diferente criterio de alimentacion. Los
cerdos fueron asignados al azar en un diseno de
bloques completos a seis tratamientos dados por la
combinacion de tres densidades y dos periodos de
recoleccion de excretas. Las densidades evaluadas
fueron las siguientes: DIAL, un cerdo alojado indivi-
dualmente con libre acceso al alimento y 0.81 m? de
espacio de piso; D2AL, dos cerdos alojados en grupo,
con libre acceso al alimento y 0.405 m? de espacio de
piso/cerdo; y D1P, un cerdo alojado en forma indivi-
dual con consumo pareado con base en el gasto pro-
medio de los cerdos en D2AL y espacio de piso igual
a DIAL.

Los cerdos permanecieron 21 dias en el experi-
mento y se sometieron a dos periodos de recolecciéon
de heces y orina. El primer muestreo se realiz6 los
dias2 al b, y el segundo los dias 18 al 21. Los anima-
les se alojaron en jaulas metabdlicas provistas de un
comedero removible, que se us6 para ofrecer el ali-
mento y el agua entre comidas. Cada jaula tenia una
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marker of the diet, to determine the start and finish
of each collection period. The collection of feces and
urine was done each 24 h. The feces were weighed
and stored frozen at a temperature of —70°C. Later,
the feces samples from the four days of collection were
mixed; a sub-sample was taken and dehydrated using
a dry stove at 55°C. They were ground using a 1 mm
mesh. A daily aliquot of 5% was taken from urine and
saved in amber colored bottle, after filtration, through
a glass fiber, and weighed.

Nitrogen content in feed, feces and urine was deter-
mined using a Kjeldahl kit,* and gross energy, using
a calorimetric pump;** besides, dry matter at 100°C
was determined in feces and feed. All determinations
were done following the AOAC procedures."

The procedures to estimate the variables of res-
ponse and their relation with the treatments were the
following: Consumption of DM (kg/d), N (g/d) and
E (Mcal/d): daily feed consumption was recorded,
which was multiplied by nutrient concentration in
feed. Previous studies have suggested'” that the only
explanation of growth differences between pigs indi-
vidually allocated and in group is less consumption of
nutrients in group of pigs. Consequently, consump-
tion of nutrients was a variable of confirmation in this
study. Besides, the consumption of nutrients is neces-
sary to estimate its digestibility and retention.

Excretion of DM (kg/d), N (g/d) and E (Mcal/d)
in feces: was estimated multiplying the quantity of
feces produced (in dry base) by the nutrient concen-
tration in feces. Normally this variable has a direct
relation with feed consumption. It has also been sug-
gested that under stress situations, the rate of intesti-
nal transit may be incremented and the excretion of
nutrients in feces can be increased." This variable is
required to estimate the digestibility and retention of
nutrients.

Excretion of N (g/d) and E (Mcal/d) in urine:
the total volume of urine produced was multiplied by
nutrient concentration in urine. Some authors have
indicated that pigs who suffer chronic stress present
increments in cortisol secretion, which increases pro-
tein degradation and energy reserves, this means
greater nitrogen excretion and urine energy.”” This
variable is required for the estimation of nutrient
retention.

DM, N and E digestibility (%): was determined
by subtracting the quantity of excreted nutrients in
feces from the quantity of consumed nutrients; the
result was divided between the quantity of consumed
nutrients. In a previous study decreases were recor-
ded in the nutrients digestibility in pigs allocated in
group, maybe due to changes in the digestive physio-
logy caused by stress situations."'

Retention of N (g) and E (Mcal/d): was obtained
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malla y una charola que permitieron recolectar las
heces y separar la orina. El espacio disponible de piso
por jaula fue de 0.81 m? excluyendo el espacio ocu-
pado por el comedero. El alimento se formul6 para
cubrir o exceder el requerimiento de nutrimentos de
cerdos en finalizacién' (Cuadro 1), y se suministré en
dos comidas con duracion de 30 min cada una, a las 8
y 16 h, respectivamente.

Para evaluar la digestibilidad aparente y el balance
de nutrimentos, se usé la metodologia de recoleccion
total, usando 6xido férrico (25 mg/kg de alimento)
como marcador inerte de la dieta, para delimitar el
principio y el final de cada periodo de recoleccion.
La recoleccion de heces y orina se realizé cada 24 h.
Las heces se pesaron y almacenaron en congelaciéon
a =70°C. Posteriormente las muestras de heces de los
cuatro dias de coleccion se mezclaron, se tomo6 una
submuestra y se deshidrat6 empleando estufa de
secado a 55°C. Se molieron utilizando una malla de
1 mm. De orina se tomé una alicuota de 5% a diario
y se guard6 en una botella color ambar, después de
filtrarse, a través de fibra de vidrio, y pesarse .

En alimento, heces y orina se determiné el con-
tenido de nitrégeno usando un equipo Kjeldahl* y
energia bruta, utilizando una bomba calorimétrica;**
ademas, en las heces y alimento se determin6 materia
seca a 100°C. Todas las determinaciones se hicieron
siguiendo los procedimientos del AOAC."”

Los procedimientos para estimar las variables de
respuesta y su relacion con los tratamientos fueron
las siguientes: Consumo de MS (kg/d), N (g/d) y E
(Mcal/d): se registr6 diariamente el consumo de ali-
mento, el cual se multiplicé por la concentracion del
nutrimento en el alimento. En trabajos previos se ha
sugeridol'3 que la tnica explicacién de las diferencias
en el crecimiento entre cerdos alojados individual-
mente y en grupo es el menor consumo de nutri-
mentos en los cerdos en grupo. En consecuencia, en
el presente estudio el consumo de nutrimentos fue
una variable de constataciéon. Ademas, el consumo de
nutrimentos es necesario para estimar su digestibili-
dad y retencion.

Excrecion de MS (kg/d), N (g/d) y E (Mcal/d) en
heces: se estimé multiplicando la cantidad de heces
producidas (en base seca) por la concentracion de
nutrimentos en las heces. Normalmente esta varia-
ble tiene una relaciéon directa con el consumo de
alimento. También se ha sugerido que bajo situacio-
nes de estrés puede incrementarse la tasa de pasaje
intestinal y aumentar la excreciéon de nutrimentos en
las heces.!! Esta variable es requerida para estimar la
digestibilidad y retencién de nutrimentos.

*Foss Kjeltec™ 2300, Dinamarca.
**PARR 1266, Estados Unidos de América.



Cuadro 1
FORMULACION Y ANALISIS CALCULADO DE LA DIETA USADA
CALCULATED ANALYSIS AND FORMULATION OF THE DIET USED

Ingredients

Sorghum 247.2
Soy paste 50.0
Canola paste 30.0
Barley, grain 11% 615.2
Fat 40.0
Phosphate 15
Calcium carbonate 9.3
Sodium, - NaCl - 1 3.6
L-Lysine-HCL 14
L-Threonine 0.3
DL-Methionine 0.1
Vitamins® 1.0
Minerals? 0.4

Calculated analysis

Metabolizable energy, Mcal/kg 3.2
Digestible protein, % 111
Digestible lysine, % 0.7

Digestible threonine, % 0.5
Calcium, % 0.6
Total phosphorus, % 0.2

'Vitamins, each kg provided 250 mg of biotine, 1 200 mg of folic acid, 3 375 000 Ul of vitamin A, 1 200 mg of vitamin
B,, 500 mg of vitamin B 17.50 mg of vitamin B, 675 000 Ul of vitamin D3, 20 000 Ul of vitamin E, 6.8 g of calcium

D-pantothenate, 26.95 g of niacine, 198 g of coline chloride and 75 g of antioxidant.
*Minerals, each kg provided 268 g of Na, 34 g of Ca, 29 g of Zn, 26 g of Fe, 2 700 mg of Mg, 6 140 mg of Mn, 2 200

mg of Cu, 216 mg of Cb, 100 of | and 27 mg of Se.

subtracting the quantity of excreted nutrients in feces
and urine from the quantity of consumed nutrients.
Increments in the concentration of excreted nutrients
in the feces and urine, by the causes already mentio-
ned, reduce the quantity of nutrients retained.

Percentage retention of N and E over consumed
N and E: was estimated dividing the retention of
nutrients between the consumed nutrients. It cons-
titutes a measure of the digestive and metabolic use
efficiency of the nutrients, since it indicates the pro-
portion of retained nutrients in function with the
nutrients consumed. This variable can be reduced by
changes in the digestive assimilation of nutrients, as
well as by changes in the metabolic use of nutrients
due to stress situations.

Percentage retention of N and E over digested
N and E: was estimated dividing the retention of
nutrients between the quantity of digested nutrients.
It constitutes a measure of metabolic efficiency use of
the nutrients, since it indicates the proportion of retai-
ned nutrients in function with digested nutrients; that
is, the ones which were absorbed. This variable may be
reduced only by changes in the metabolic utilization
of nutrients due to stress situations.

Excrecion de N (g/d) y E (Mcal/d) en orina: se
multiplic6 el volumen total de orina producida por la
concentracién de nutrimentos en la orina. Algunos
autores han indicado que los cerdos que sufren estrés
crénico presentan incrementos en la secrecion de
cortisol, lo que aumenta la degradacion de proteina
y reservas de energia, ello significa mayor excrecion
de nitrégeno y energia en la orina.” Esta variable es
requerida para estimar la retencién de nutrimentos.

Digestibilidad de MS, Ny E (%): se estimé sus-
trayendo la cantidad de nutrimentos excretados en
heces de la cantidad de nutrimentos consumidos; el
resultado se dividi6 entre la cantidad de nutrimen-
tos consumidos. En un estudio previo se registraron
disminuciones en la digestibilidad de nutrimentos en
cerdos alojados en grupo, quiza debido a los cambios
en la fisiologia digestiva causados por situaciones de
estrés."

Retencion de N (g) y E (Mcal/d): se obtuvo sus-
trayendo la cantidad de nutrimentos excretados en
heces y orina de la cantidad de nutrimentos consumi-
dos. Incrementos en la concentracion de nutrimentos
excretados en las heces y orina, por las causas ya men-
cionadas, reducen la cantidad de nutrimentos reteni-
dos.
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Statistical analysis

In order to analyze data, the pen was considered as
experimental unit, using the procedures of the gene-
ral lineal model of the SAS statistic kit."® A split-plot
model with two factors was used: density and collec-
tion period."” The major plot was the pen, being defi-
ned by density; the error term was density within the
block; the minor plot was the collection period and its
density interaction. In its case, the differences between
means were analyzed using the least significant diffe-
rence method. Means shown in the result tables are
the ones of the minimum squares. For DIAL and DIP
results represent the average of one pig, and for D2AL
results correspond to the average of two pigs. Results
of nutrient excretion in feces and urine correspond to
the average of four days of collection of each period.

Results

Results of utilization of dry matter are shown in Table
2. In consumption of dry matter, the density by period
interaction resulted significant (P < .01), since in
period 1 it was greater in DIAL with respect to D2AL
and DI1P; between D2AL and D1P there were no diffe-
rences and in period 2, the consumption of dry matter
was greater in DIAL, intermediate in DIP and lower
in D2AL. The excretion of dry matter in DIAL was
greater than D2AL and DIP (245.5, 144.4 and 169.2
g/d, EEM = 10.67; (P < 0.01). In relation to the period,
the excretion of dry matter was lower in period 1 than
in period 2 (157.9 and 214.8 g/d, EEM = 8,70; P < 0.01).
The digestibility of dry matter was greater in period 1
than in period 2 (90.4% and 89.0%, EEM = 0.48; P <
0.01).

The results of the nitrogen utilization are shown
in Table 3. In the nitrogen consumption and retained
nitrogen in grams, the interaction density x period
resulted significant (P < 0.01) since in period 1 they
were greater in DIAL, compared to D2AL and DIP,
there were no statistical differences between both; in
period 2, these two variables were different between
densities: greater in DIAL, intermediate in DIP and
lower in D2AL. In the percentage of retained nitrogen
over the digested nitrogen density interaction x period
resulted significant (P < 0.05), since in period 1 it was
not statistically different between densities; while in
period two it was greater in DIAL, compared with
D2AL and D1P, and between these last densities there
were no significant differences. Nitrogen excretion in
feces was greater in DIAL and statistically similar bet-
ween D2AL and DIP (9.8, 6.6 and 5.6 g/d, EEM = 0.42;
P <0.01). In relation to the period, nitrogen excretion
in urine was lower in period 1 than in period 2 (13.7
and 164 g/d, EEM = 0.81; P < 0.01). Nitrogen excre-
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Porcentaje de retencion en Ny E sobre el Ny E con-
sumidos: se estim6 dividiendo la retenciéon de nutri-
mentos sobre la cantidad de nutrimentos consumidos.
Constituye una medida de la eficiencia de uso diges-
tivo y metabolico de los nutrimentos ya que indica
la proporcion de nutrimentos retenidos en funciéon
de los nutrimentos consumidos. Esta variable puede
reducirse por cambios en la asimilacién digestiva de
nutrimentos, asi como por cambios en la utilizaciéon
metabolica de nutrimentos debido a situaciones de
estrés.

Analisis estadisticos

Para analizar los datos, la jaula se consider6 como
unidad experimental, usando los procedimientos de
los modelos lineales generales del paquete estadistico
SAS." Se us6é un modelo de parcelas divididas con
dos factores: densidad y periodo de recoleccién.'” La
parcela mayor fue la jaula, quedando definida por la
densidad; el término de error fue la densidad dentro
del bloque; la parcela menor fue el periodo de reco-
leccién y su interaccion con la densidad. En su caso,
las diferencias entre medias se analizaron usando
el método de la diferencia minima significativa. Las
medias que se presentan en los cuadros de resultados
son las de los minimos cuadrados. Para DIAL y D1P
los resultados representan el promedio de un cerdo, y
para D2AL los resultados corresponden al promedio
de dos cerdos. Los resultados de excrecion de nutri-
mentos en heces y orina corresponden al promedio de
los cuatro dias de recoleccion de cada periodo.

Resultados

Los resultados de utilizacion de materia seca se pre-
sentan en el Cuadro 2. En el consumo de materia seca
la interaccion densidad por periodo result6 significa-
tiva (P < .01), ya que en el periodo 1 fue mayor en
DIAL con respecto a D2AL y DIP; entre D2AL y D1P
no hubo diferencias y en el periodo 2, el consumo de
materia seca fue mayor en DIAL, intermedio en D1P
y menor en D2AL. La excrecion de materia seca en
DIAL fue mayor que en D2AL y DIP (245.5, 144.4 y
169.2 g/d, EEM = 10.67; P < 0.01). En relacién con el
periodo, la excreciéon de materia seca fue menor en el
periodo 1 que en el periodo 2 (157.9y 214.8 g/d, EEM
=8.70; P < 0.01). La digestibilidad de materia seca fue
mayor en el periodo 1 que en el periodo 2 (90.4% y
89.0%, EEM = 0.48; P < 0.01).

Los resultados de la utilizacion de nitrégeno se
muestran en el Cuadro 3. En el consumo de nitrégeno
y el nitrégeno retenido en gramos la interaccion densi-
dad x periodo result6 significativa (P < 0.01) debido a
que en el periodo 1 fueron mayores en D1IAL, compa-



Cuadro 2

EFECTO DE LA DENSIDAD Y DEL PERIODO SOBRE LA UTILIZACION DE LA MATERIA SECA
DENSITY AND PERIOD EFFECT ON DRY MATTER UTILIZATION

Density® D1AL D2AL D1P

Period® 1 2 2 1 2 SEM®
Consumption, kg/d® 1.98 242 1.64 1.55 1.92 0.059
Excretion, g/d*f 200.1 290.85 124.2 164.58 149.4 189.0 14.91
Digestibility, %' 89.7 88.1 88.9 89.8 90.0 0.807

*D1AL = an individually allocated pig with ad libitum consumption and 0.81 m? of floor; D2AL = two pigs allocated in group with ad

libitum consumption and 0.40 m? of floor/pig; D1P = a paired-fed pig individually allocated based on average consumption of the pigs in

density 2, with 0.81 m?of floor.

PPeriod 1 = days 2-5; period 2 = days 18-21.
“Standard error of the mean.

“Density x period interaction effect, P < 0.01.
*Density effect, P < 0.01.

*Period effect, P < 0.01.

tion in feces was lower in period 1 than in 2 (6.1 and
8.5 g/d, EEM = 0.35; P < 0.01). Nitrogen digestibility
was greater in period 1 than in 2 ( 86.4% and 84.2%,
EEM = 0.66; P < 0.05).

The results of energy utilization are shown in Table
4. In the energy consumption and energy retained in
megacalories, the interaction density x period resulted
significant (P < 0.01) since in period 1 they were grea-
ter in DIAL with respect to D2AL and DIP, with no
differences between D2AL and DI1P; while in period
2, these two variables were different between densi-
ties being greater in DIAL, intermediate in D1P and
lower D2AL. In the retained energy percentage over
the consumed and the percentage of retained energy
over the digested, the interaction density x period
resulted significant (P < 0.10), since in period 1 they
were statistically similar between densities; in period 2
these two variables were greater in DIAL with respect
to D2AL, while in D1P they were not statistically diffe-
rent to DIAL and neither to D2AL. The energy excre-
tion in feces was greater in DIAL and similar between
D2AL and DIP (1.1, 0.7 and 0.7 Mcal/d, EEM = 0.05;
P <0.01). In period 1, the excretion of energy in feces
was lower than in period 2 (0.7 and 1.0 Mcal, EEM =
0.04; P = 0.01). The energy digestibility was greater in
period 1 than in 2 (90.7 and 89.3%, EEM = 0.46; P <
0.05).

Discussion

Pigs allocated in group were uncapable of increa-
sing the consumption of dry matter, nitrogen and
energy in the second period of collection, in contrast
with the pigs allocated individually with free access

rados con D2AL y DIP, entre ambos no hubo diferen-
cias estadisticas; en el periodo 2, estas dos variables
fueron diferentes entre densidades: mayores en
DIAL, intermedias en D1P y menores en D2AL. En el
porcentaje de nitrégeno retenido sobre el nitrégeno
digerido la interaccién densidad por periodo resulté
significativa (P < 0.05), ya que en el periodo 1 no fue
diferente estadisticamente entre densidades; mientras
que en el periodo 2 fue mayor en DIAL, comparado
con D2AL y DIP, y entre estas ultimas densidades no
se observaron diferencias significativas. La excrecion
de nitrégeno en heces fue mayor en DIAL y similar
estadisticamente entre D2AL y DIP (9.8, 6.6 y 5.6
g/d, EEM = 0.42; P < 0.01). Con respecto al periodo,
la excrecién de nitrégeno en orina fue menor en el
periodo 1 que en el periodo 2 (13.7y 16.4 g/d, EEM
=0.81; P < 0.01). La excreciéon de nitrégeno en heces
fue menor en el periodo 1 que en el 2 (6.1 y 8.5 g/d,
EEM = 0.35; P < 0.01). La digestibilidad de nitrégeno
fue mayor en el periodo 1 que en el 2 (86.4% y 84.2%,
EEM = 0.66; P < 0.05).

Los resultados de utilizacion de energia se presen-
tan en el Cuadro 4. En el consumo de energiayla ener-
gia retenida en megacalorias la interaccion densidad
x periodo result6 significativa (P < 0.01) debido a que
en el periodo 1 fueron mayores en DIAL con respecto
a D2AL y DIP, no habiendo diferencias entre D2ALy
DIP; mientras que en el periodo 2, estas dos variables
fueron diferentes entre densidades siendo mayores en
DIAL, intermedias en D1P y menores en D2AL. En el
porcentaje de energia retenida sobre la consumida y
el porcentaje de energia retenida sobre la digerida la
interaccién densidad x periodo result6 significativa (P
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Cuadro 3
EFECTO DE LA DENSIDAD Y DEL PERIODO SOBRE LA UTILIZACION DEL NITROGENO

DENSITY AND PERIOD EFFECT ON NITROGEN UTILIZATION

Density® D1AL D2AL D1P

Period” 1 2 1 2 1 2 SEMS
Consumed, g/dd 60.9 73.1 45.2 46.9 45.8 56.6 1.849
In urine, g/d® 8.3 12.3 4.8 6.6 5.2 6.8 0.610
In feces, g/def 16.3 17.8 11.0 15.6 13.6 15.7 1.433
Digestibility, %9 85.3 82.7 88.0 84.3 87.1 86.8 1.160
Retained, g/d d 36.1 44.4 29.5 2.4 26.3 33.9 2.379
Retained/consumed, % 58.4 60.4 60.0 51.0 54.8 58.4 3.032
Retained/digested, %" 68.3 715 67.6 59.8 62.0 67.0 3.198
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3D1AL = an individually allocated pig and with ad libitum consumption with 0.81 m? of floor; D2AL = two pigs allocated in group with ad
libitum consumption with 0.40 m? of floor/pig; D1P = a paired-fed individually allocated pig based on the average consumption of the pigs in
density 2, with 0.81 m?of floor.

®Period 1 = days 2-5; period 2 = days 18-21.

“Mean standard error.

Density x period interaction effect, P < 0.01.

“Period effect, P < 0.01.

"Density effect, P < 0.01.

9Period effect, P < 0.05.

"Density x period interaction effect, P < 0.05.

Cuadro 4
EFECTO DE LA DENSIDAD Y DEL PERIODO SOBRE LA UTILIZACION DE LA ENERGIA
DENSITY AND PERIOD EFFECT ON ENERGY UTILIZATION

Density® D1AL D2AL D1P

Period® 1 2 1 2 1 2 SEM®
Consumed, Mcal/d® 9.7 11.6 7.3 7.6 7.4 9.1 0.30
In urine, Mcal/d 2.0 19 13 17 15 1.8 0.18
In feces, Mcal/d®f 0.9 1.4 0.6 0.8 0.6 0.8 0.07
Digestibility, %° 90.1 88.5 91.8 89.1 91.1 91.1 0.81
Retained, Mcal/d® 6.7 8.6 5.5 5.2 5.2 6.6 0.35
Retained/consumed, %" 70.0 74.1 72.8 66.4 69.1 70.7 2.46
Retained/digested, %" 777 83.0 79.2 73.8 75.4 775 2.51

*D1AL = an individually allocated pig and with ad libitum consumption with 0.81 m?of floor; D2AL = two pigs allocated in group
with ad libitum consumption with 0.40 m? of floor/pig; D1P = a paired-fed individually allocated pig based on the average
consumption of the pigs in density 2, with 0.81 m?of floor.

®Period 1 = days 2-5; period 2 = days 18-21.

“Mean standard error.

“Density x period interaction effect, P < 0.01.

*Density effect, P < 0.01.

fPeriod effect, P < 0.01.

9Period effect, P < 0.05.

"Density x period interaction effect, P < 0.10.



to feed. This uncapacity of pigs allocated in group
to increase the consumption of feed could be due to
the continuous fighting and aggressive conduct of the
dominant pigs in the group, maybe that caused the
activation of different biological responses to counte-
ractstress within the ones that have behavioral changes
and activation of the autonomous nervous system and
neuroendocrine.'® The changes in conduct response
can include the reduction in the number of visits to
the feeder, in order to avoid confrontation for feed.*!"
Besides, it is possible that within endocrine responses
a greater secretion of cytokines and other factors may
be present at cellular level inhibiting protein synthe-
sis, thus reducing the requirement of nutrients and,
consequently, feed Consumption.l’“”%

The incapacity of pigs in group for increasing feed
consumption during the second collection period,
suggests that these could have suffered chronic type
stress. The aforementioned is sustained in works where
it has been observed that pigs experimenting chronic
type stress show greater neuroendocrine susceptibi-
lity, manifested in cortisol increase after an ACTH
challenge,?"** or after subjecting pigs to a new stress
source.'™ This hypothesis coincides with the models
for long duration stress study suggested by several
authors,”" in which stress suffered by pigs allocated
in groups has been classified as intermittent chronic
stress. These suggestions coincide with the lower effi-
cacy of nitrogen retention (Table 3) and energy (Table
4) observed in pigs in group during the second period
of excreta collection.

The greater excretion of dry matter, nitrogen and
energy in feces observed in pigs individually alloca-
ted with ad libitum feed consumption can be associa-
ted with greater consumption of these nutrients, since
in previous studies, a positive lineal relation between
consumption and excretion has been found, which
means that the greater nutrient consumption, the
greater excretion will be.?*? When feed consumption
is continuous, an increase in peristaltic movements
can be provoked, which are controlled by distension
reflexes in the digestive tract walls, so that at greater
wall distension, the greater the stimulus to move food
towards the posterior portions of the tract. This grea-
ter peristalsis can cause food not to stay in the intes-
tine enough time to be completely digested; therefore,
excretion of nutrients increase."

According to the last, in several previous studies
it has been demonstrated that there is also an inverse
relation between feed consumption and nutrient
digestibility.%'25 Probably, this could also explain the
greater excretion and the lower digestibility of dry
matter, nitrogen and energy observed in period 2, in
respect with period 1, given the greater feed consump-
tion in pigs during period 2.

< 0.10), ya que en el periiodo 1 fueron similares esta-
disticamente entre densidades; en el periodo 2 estas
dos variables fueron mayores en DIAL con respecto
a D2AL, mientras que con DIP no fueron estadistica-
mente diferentes a DIALy tampoco a D2AL. La excre-
cion de energia en heces fue mayor en DIAL y similar
entre D2AL y DIP (1.1, 0.7 y 0.7 Mcal/d, EEM = 0.05;
P < 0.01). En el periodo 1, la excrecion de energia en
heces fue menor que en el periodo 2 (0.7 y 1.0 Mcal,
EEM = 0.04; P < 0.01). La digestibilidad de la energia
fue mayor en el periodo 1 que en el 2 (90.7% y 89.3%,
EEM = 0.46; P < 0.05).

Discusion

Los cerdos alojados en grupo fueron incapaces de
aumentar el consumo de materia seca, nitrégeno
y energia en el segundo periodo de recoleccion, a
diferencia de lo observado en cerdos alojados indivi-
dualmente con libre acceso al alimento. Esta incapa-
cidad de los cerdos alojados en grupo por aumentar
el consumo de alimento pudo deberse a los continuos
enfrentamientos y conducta agresiva de los cerdos
dominantes en el grupo, ello quiza ocasiono la activa-
cion de diferentes respuestas biolégicas para contra-
rrestar el estrés dentro de los que se tienen cambios
conductuales y la activacion del sistema nervioso
auténomo y neuroendocrino.” Los cambios en las
respuestas conductuales pueden incluir la reduccion
del nimero de visitas al comedero, para asi evitar la
confrontaciéon por el alimento.®!" Ademas, es posible
que dentro de las respuestas endocrinas se presente
una mayor secrecion de citocinas y otros factores que
a nivel celular inhiban la sintesis de proteina, redu-
ciendo asi el requerimiento de nutrimentos y, conse-
cuentemente, el consumo de alimento."%?

La incapacidad de los cerdos en grupo por aumen-
tar el consumo de alimento en el segundo periodo
de recolecciéon sugiere que éstos podrian haber
sufrido estrés de tipo crénico. Lo anterior se sustenta
en trabajos donde se ha observado que los cerdos
que experimentan estrés de tipo cronico presentan
mayor susceptibilidad neuroendocrina, manifestada
en incremento de cortisol después de un desafio con
ACTH,*"*? o bien, después de someter a los cerdos a
nueva fuente de estrés.'™!” Esta hipotesis coincide con
los modelos para el estudio de estrés de larga duraciéon
sugeridos por varios autores,” en los que el estrés
que sufren los cerdos alojados en grupo se ha catalo-
gado como estrés cronico intermitente. Estas sugeren-
cias coinciden con la menor eficiencia de retencion de
nitrégeno (Cuadro 3) y energia (Cuadro 4) observada
en los cerdos en grupo en el segundo periodo de reco-
leccion de excretas.

La mayor excrecion de materia seca, nitrogeno y
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Paired-fed pigs individually allocated were inclu-
ded in the study with the objective of trying to diffe-
rentiate the response originated by stress factors and
the ones originated by lower consumption of feed
expected in the pigs allocated in group. The pigs that
are subjected to restricted consumption show greater
efficacy in the utilization of nutrients, compared with
the pigs which have free access to feed.?** Neverthe-
less, this response is not present in pigs allocated in
group, even though they have less feed consumption
their feeding efficacy is generally similar®!"" or infe-
rior to the one in individually allocated pigs,Q'4 per-
haps because the use of nutrients in pigs allocated in
groups is less efficacious due to the competence and
presence of different stress factors. In order to isolate
this effect, it was found that paired-fed pigs individua-
Ily allocated, in theory, without the competence stress,
showed greater efficacy in nutrient utilization than
the pigs in groups, although their feed consumption
was similar (paired).

The absence of nutrient digestibility differences
among the pigs individually allocated, with free access
to feed, and group allocated pigs, contrasts with the
result of a previous study where greater digestibility in
individually allocated pigs was observed,* but coinci-
des with the recorded by Gomez et al.,'' who found that
finishing pigs individually allocated and in groups of
four presented no difference in nutrient digestibility.
Nevertheless, it must be highlighted that in the pre-
sent work, pigs individually allocated, fed ad libitum,
showed greater feed consumption; therefore, greater
fecal excretion of nutrients; nevertheless, in spite of
this, they did not have less nutrient digestibility in res-
pect to the pigs allocated in groups, which suggests
that maybe the pigs in group really had less digestibi-
lity, but this response could not be detected due to the
effect of feed consumption. Other factors that could
have influence in nutrient digestibility in the present
study with respect to previous studies, are the diffe-
rence in the type of used allocation, the number of
pigs allocated by pen, and probably due to the excreta
collection method and method of nutrient digestibi-
lity estimation.*

In some previous studies it had been suggested
that the growth differences among pigs individually
allocated and in group could be attributed to the infe-
rior feed consumption of the firsts.”*'" Nevertheless,
in this study it was found that, besides the reduction
in feed consumption, pigs allocated in group had less
retention of nitrogen and energy, that is, that a group
formed by two pigs the efficacy in nutrient retention
was reduced. It has been reported that within the
endocrine responses that are present in pigs subjected
to stress, there is a cortisol increase, which stimulates
hepatic gluconeogenesis, mobilizing simultaneously
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energia en heces observada en cerdos alojados indi-
vidualmente con consumo a libertad puede asociarse
COMn mayor consumao de estos nutrimentos, pues en tra-
bajos previos se ha encontrado unarelacion lineal posi-
tiva entre el consumo y la excrecion, lo cual significa
que entre mayor es el consumo de nutrimentos, mayor
serd su excrecion.”* Esto ultimo puede deberse a que
cuando el consumo de alimento es continuo, se puede
provocar un incremento de los movimientos peristal-
ticos que son controlados por reflejos de distension
en las paredes del tracto digestivo, de manera que a
mayor distension de las paredes, mayor es el estimulo
para mover el alimento a las porciones posteriores del
tracto. Este mayor peristaltismo puede provocar que
el alimento no permanezca en el intestino el tiempo
suficiente para que se digiera completamente, por lo
que la excrecion de nutrimentos aumenta.'!

En concordancia con lo anterior, en varios estudios
previos se ha demostrado que también existe relaciéon
inversa entre el consumo de alimento y la digestibili-
dad de nutrimentos.?*?° Probablemente esto también
podria explicar la mayor excrecion y la menor digesti-
bilidad de materia seca, nitrégeno y energia observa-
das en el periodo 2, con respecto al periodo 1, dado
el mayor consumo de alimento en los cerdos durante
el periodo 2.

Los cerdos alojados individualmente con consumo
pareado fueron incluidos en el trabajo con el fin de
tratar de diferenciar las respuestas originadas por los
factores de estrés y las originadas por los menores con-
sumos de alimento esperados en los cerdos alojados
en grupo. Los cerdos que son sometidos a consumo
restringido presentan mayor eficiencia en la utiliza-
ciéon de nutrimentos, a diferencia de los cerdos que
tienen libre acceso al alimento.??® Sin embargo, esta
respuesta no se presenta en cerdos alojados en grupo,
ya que aunque tengan menores consumos de alimento
generalmente su eficiencia alimentaria es similar®!! o
inferior a la de los cerdos alojados individualmente,**
quiza debido a que el uso de los nutrimentos en cerdos
alojados en grupo es menos eficiente por la competen-
cia y presencia de diferentes factores de estrés. Para
aislar este efecto, se encontré que los cerdos alojados
individualmente con consumo pareado, en teoria, sin
el estrés de la competencia, mostraron mayor eficien-
cia en la utilizacién de los nutrimentos que los cerdos
en grupo, aunque su consumo de alimento fue similar
(pareado).

La falta de diferencias en la digestibilidad de nutri-
mentos entre cerdos alojados individualmente, con
libre acceso al alimento, y cerdos alojados en grupo,
contrasta con el resultado de un estudio previo donde
se observé mayor digestibilidad en cerdos alojados
individualmente,?’ pero concuerda con lo registrado
por Gémez et al.,"" quienes encontraron que los cerdos



fat reserves and muscular proteins to provide substra-
tes for glucose synthesis.sl'?’2 The resultant nitrogen of
the muscular protein degradation is removed and dis-
missed from the organism throughout urea synthesis
and urine excretion. Urea synthesis is a high cost pro-
cess for the animal, in an energy point of view, since
the global process requires three ATP moles and the
participation of five enzymes,” besides some of the
energy is excreted in the same urea.”’ Maybe this was
the cause of the reductions in the nutrient retention
efficacy in pigs allocated in group.

Finishing pigs allocated in group showed lower
efficiency in nitrogen and energy use in the meta-
bolism, in contrast to pigs individually allocated and
with free access to feed during the final experimental
stage. This lower efficiency could indicate increase in
fat and protein reserve degradation, as consequence
of chronic stress, due to competence for feed, aggra-
vated by available floor restriction.
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