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Abstract

The dietary crude protein (CP) can be reduced by four percentage units when corn-soybean meal (SBM) and crystalline amino
acids (AA) are used to formulate diets for growing pigs. With sorghum the results have not been conclusive. Therefore, two
experiments were conducted to determine the lowest CP value in sorghum-SBM, AA supplemented diets, using plasma urea
nitrogen (PUN), growth performance, and carcass characteristics as the response criteria. In Experiment 1, the percentage of CP
in the treatments was as follows: T1) 16.0, control diet; T2) 14.5; T3) 13.0; and T4) 11.5. Eight gilts were used in a cross-over design
with four periods of 7 days each. Blood samples were collected the last day of the period to determine PUN. Several regression
models were used to obtain the best prediction of PUN. The lowest PUN indicated that CP can be reduced from 16 to 11.5%. The
best regression model was the nonlineal exponential, which can predict that the minimum plasma urea concentration is obtained
with 10.48% of CP. In Experiment 2, the percentage of CP and metabolizable energy Mcal kg-1) were as follows: T1) 16, 3.265, con-
trol; T2) 16, 3.165; T3) 14.5, 3.265; T4) 14.5, 3.165; T5) 11.5, 3.265; and T6) 11.5, 3.165. Thirty barrows were assigned in a completely
randomized design with a 3x2 factorial arrangement, six treatments and five replicates of one barrow (individually penned) for
each treatment. The lowest CP reduced the average daily gain, feed gain ratio, and PUN. The lowest ME reduced the feed gain
ratio. These results indicate that reducing CP diminishes PUN, although some productive variables are affected.

Key words: GROWING PIGS, SORGHUM-SOYBEAN MEAL DIETS, LOW-PROTEIN DIETS, CRYSTALLINE AMINO
ACIDS, PLASMA UREA NITROGEN.

Resumen

La proteina cruda (PC) puede reducirse cuatro unidades porcentuales cuando se utiliza maiz-pasta de soya y aminoacidos (AA)
para cerdos en crecimiento. Con sorgo no se han obtenido resultados concluyentes. Por ello se realizaron dos experimentos para
determinar el porcentaje minimo de PC en dietas sorgo-pasta de soya adicionadas con AA, con base en la concentracién de urea
en plasma de cerdos en crecimiento, y su respuesta productiva. En el Experimento 1, el porcentaje de PC en los tratamientos fue:
T1) testigo, 16.0; T2) 14.5; T3) 13.0; y T4) 11.5. Se utilizaron ocho cerdas en un disefio cruzado (cross-over), con cuatro periodos de
siete dias. El ultimo dia de cada periodo se obtuvo sangre para determinar la concentracién de urea. Se utilizaron varios modelos
de regresion para obtener el que mejor predijera la concentracién de urea. El menor nivel de urea indicé que la proteina puede
reducirse de 16% hasta 11.5%. El mejor modelo de regresion fue el no lineal exponencial, con el que se puede predecir que la
minima concentracién de urea se obtiene con 10.48% de PC. En el Experimento 2, los porcentajes de PCy las Mcal EM kg’1 fueron:
T1) testigo, 16, 3.265; T2) 16, 3.165; T3) 14.5, 3.265; T4) 14.5, 3.165; T5) 11.5, 3.265; y T6) 11.5, 3.165, que se proporcionaron a 30
cerdos machos castrados (cinco repeticiones por tratamiento), alojados individualmente, en un disefio completamente al azar
con arreglo factorial 3 X 2, con seis tratamientos y cinco repeticiones por tratamiento. La menor PC redujo la GDP, la conversién
alimenticia y la urea en plasma. La menor EM redujo la conversién alimenticia. Lo anterior indica que disminuir la proteina reduce
la urea en plasma, aunque se afectan algunas variables productivas.

Palabras clave: CERDOS EN CRECIMIENTO, DIETAS SORGO-PASTA DE SOYA, DIETAS CON BAJA PROTEINA,
AMINOACIDOS SINTETICOS, UREA EN PLASMA.
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Introduction

he low-protein, corn-soybean meal, amino acid-

supplemented diets reduce nitrogen excretion

in feces and urine of growing pigs, lowering the
crude protein (CP) up to four percentage units when
lysine, threonine, methionine and tryptophan are
added,' and up to five percentage units when, besides
the above mentioned amino acids (AA), also valine,
isoleucine or histidine are supplemented.” However,
when sorghum grain replaces corn, the results are
inconsistent and not conclusive, that is the reason why
there has not been determined the lowest level of CP
using sorghum grain as the basis of feeding.

A negative issue of low-protein diets is the increase
of pigs adiposity, showed in a thicker backfat. This is
due to a higher availability of net energy because of the
reduction of energy needed to metabolize the excess
of AA in the standard diet;? therefore, it is retained as
adipose tissue.” This result reduces the carcass quality
because nowadays a leaner meat is required.

Likewise, the plasma urea nitrogen concentration
is a reliable indicator of fast response to changes in
the level of dietary CP and AA.” This blood metabolite
is very sensitive to these changes, detecting the effects
of diet since the third day, constituting an excellent
tool to determine the requirement of these nutrients,
or the adequacy of the diet.’

The objectives of this research were: a) to deter-
mine the lowest level of crude protein for growing
pigs, using the plasma urea nitrogen concentration
as a rapid response criterion; b) to obtain the regres-
sion equation that gives the best estimation of lowest
plasma urea nitrogen concentration in pigs fed sor-
ghum-soybean, AA (lysine, threonine, methionine,
and tryptophan)-supplemented diets; and ¢) to evalu-
ate the growth performance, carcass characteristics
and plasma urea nitrogen concentration of growing
pigs fed sorghum-soybean meal, AA-supplemented,
low-protein diets.

Material and methods
Experiment 1

Eight crossbred (Landrace x Hampshire x Duroc)
growing (27.66 x 2.18 kg) gilts were used and randomly
allotted in a 4 x 4 cross-over design,7 with four treat-
ments and four seven-day periods, and two groups of
four gilts each. The gilts of the first group received a
sequence of treatments randomly assigned, and gilts
of the second group had the inverse sequence of treat-
ments to counteract the probable residual effects.
Each gilt was placed in a single 1.5 x 1.2 m pen
equipped with a single feeder* and a drinker nipple **
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Introduccion

a utilizacion de dietas con baja proteina cruda

(PC) formuladas con base en maiz-pasta de

soya, adicionadas con aminoacidos (AA) sin-
téticos, reduce la excrecion de nitrégeno en heces y
orina de cerdos en crecimiento, disminuye la PC hasta
en cuatro unidades porcentuales cuando se agrega
lisina, treonina, metionina y triptofano,' y hasta en
cinco puntos cuando ademas se agrega valina e isoleu-
cina o histidina.” Sin embargo, cuando se utiliza sorgo
en lugar de maiz, los resultados no son consistentes ni
concluyentes, por lo que no se ha determinado hasta
qué nivel se puede reducir la proteina en la dieta utili-
zando el sorgo como base de la alimentacion.

Un aspecto negativo del uso de dietas con baja pro-
teina es el aumento en la adiposidad corporal de los
cerdos, ello se manifiesta en mayor grasa dorsal. Lo
anterior se debe a mayor disponibilidad de energia
neta al disminuir la necesidad de metabolizar los exce-
sos de AA que se encuentran en una dieta estandar,’
por lo que se retiene en forma de grasa.’ Este resul-
tado disminuye la calidad de la canal, ya que ahora se
requiere carne con menor contenido de grasa.

Asimismo, la concentracion de urea en plasma es
un indicador confiable de rapida respuesta a los cam-
bios en los niveles de PC y de AA en la dieta.” Este
metabolito sanguineo es muy sensible a estos cambios,
ya que los efectos de la dieta se detectan desde el tercer
dia, por lo que constituye una excelente herramienta
para determinar las necesidades de estos nutrimen-
tos, o lo adecuado de la dieta.’

En esta investigacion se plante6 como objetivos:
a) Determinar el menor nivel de proteina cruda que
se da a cerdos en crecimiento, utilizando la concen-
tracion de urea en plasma como indicador de rapida
respuesta; b) obtener la ecuacion de regresion que
mejor estime esta variable cuando los cerdos son ali-
mentados con dietas sorgo-pasta de soya adicionadas
con lisina, treonina, metionina y triptéfano sintéticos;
y ¢) evaluar la respuesta productiva, las caracteristicas
de la canal y la concentracién de urea en plasma de
cerdos en crecimiento alimentados con dietas sorgo-
pasta de soya con baja proteina, adicionadas con AA
sintéticos.

Material y métodos
Experimento 1

Se utilizaron ocho cerdas hibridas (Landrace X
Hampshire X Duroc) en crecimiento (27.66 + 2.18
kg) distribuidas al azar en un diseno cruzado (cross-
over design)” 4 X 4, con cuatro tratamientos y cuatro
periodos de siete dias, en dos grupos de cuatro cerdas



The pens were in a room with a capacity of 20 pens.
The experiment was conducted in the Experimental
Farm of the Postgraduate College in Tecamac, Mexico
State, during the summer (July-August), with an aver-
age environmental temperature of 21.2°C (17.5°C min-
imum, 24.9°C maximum), and a duration of 28 days.
The treatments (diets) had a sorghum-soybean meal
basis, changing the concentration of crude protein
(CP) accordingly with the experimental design as fol-
lows: T1) control diet® with 16%; T2) 14.5%; T3) 13%;
and T4) 11.5% (Table 1). All diets were formulated at
the same metabolizable energy (ME; 3.265 Mcal/kg),
adding corn oil to reach the CP concentration prede-
termined. The low-protein diets were supplemented
with crystalline AA (L-lysine-HCI, L-threonine, DL-
methionine and L-tryptophan) to the same concen-
tration as in control diet. Water and feed were offered
ad libitum. Each week the assigned treatment was
changed for each gilt accordingly to the experimental
design.

The blood samples were collected the last day of
each period, with heparinized Vacutainer®** tubes;
the samples were maintained on ice until they were
centrifuged at 1 286 g during 20 min, to separate
plasma from blood cells. The supernatant was col-
lected in polyuretane tubes and samples were kept
at —20°C until the determination of urea (UREA)® in
the laboratory. Feed was analyzed to determine gross
energy (GE) in an adiabatic calorimetric bomb” and
crude protein (CP) with the Kjeldahl method."

Each gilt was considered an experimental unit.
Data were analyzed with the statistical design above
mentioned using the MIXED procedure of SAS" for
analysis of variance, using the initial body weight as a
covariate when this factor had a significant effect. The
averages of treatments were obtained with the Ismeans
procedure. With the MIXED procedure the fixed
effects of period, gilt, crude protein, and initial body
weight were determined. The data were also analyzed
with the REG procedure for linear regression (linear,
quadratic and cubic models) and polynomial (with
the initial body weight as a cofactor), as well as the
NLIN (non-linear regression) using the exponential
model with the Gauss-Newton method,'? as follows:

y=Pe" +¢

where:
y = plasma urea concentration,
Be™ + € = non-lineal function of plasma urea.

This model is named “exponential model of growth
or reduction”, where B represents the initial value of
response when CP is not reduced (control diet), and
the y parameter is the growth rate or reduction: when
this value is positive indicates increase in the response,

cada uno. Las cerdas del primer grupo recibieron una
secuencia de tratamientos asignada al azar, mientras
que los animales del segundo grupo recibieron la
secuencia inversa para contrarrestar los posibles efec-
tos residuales.

Cada cerda se aloj6 en corral individual de 1.5
X 1.2 m, equipado con comedero tipo tolva* de una
boca y bebedero de chupén.** Los corrales estuvie-
ron dentro de una sala con capacidad de 20 corrales.
El experimento se realizé en la Granja Experimental
del Colegio de Postgraduados, en Tecamac, Estado de
México, México, durante el verano (julio-agosto) de
2004, con temperatura promedio de 21.2°C (17.5°C
minima, 24.9°C méaxima), y con duracién de 28 dias.
Los tratamientos (dietas) tuvieron como base sorgo-
pasta de soya, variando la concentracion de proteina
cruda (PC) de acuerdo con el diseno experimental,
como sigue: T1) dieta testigo® con 16%; T2) 14.5%;
T3) 13%; y T4) 11.5% (Cuadro 1). Todas las dietas
se formularon al mismo nivel de energia metaboliza-
ble (EM; 3 265 Kcal/kg), agregando aceite de maiz
al variar las cantidades de sorgo y de pasta de soya
en la dieta para alcanzar la concentracién de proteina
predeterminada. Las dietas con baja proteina fueron
adicionadas con AA (L-lisina-HCI, L-treonina, DL-
metionina y L-triptofano) sintéticos para igualar su
concentracién en la dieta testigo. Elaguay el alimento
se ofrecieron a libre acceso. Cada semana se cambi6 el
tratamiento asignado a las cerdas de acuerdo con el
diseno experimental.

El altimo dia de cada periodo se tomaron muestras
de sangre con tubos Vacutainer®** con heparina; las
muestras se colocaron en hielo hasta centrifugarse a
1 286 g durante 20 min, para separar el plasma y las
células sanguineas. El plasma se colocé en tubos de
poliuretano y se congel6 a —20°C hasta que se deter-
miné urea en plasma (UREA).® Las dietas experimen-
tales se analizaron para determinar la energia bruta
(EB) utilizando una bomba calorimétrica adiabatica’
y la proteina cruda (PC) mediante el método de Kjel-
dahl."

Cada cerda se consider6 como unidad experimen-
tal. Los datos se analizaron de acuerdo con el diseno
indicado con el procedimiento MIXED de SAS" para
analisis de varianza, utilizando el peso inicial como
covariable cuando este factor fue significativo. Los
promedios de tratamiento se obtuvieron con el pro-
cedimiento Ismeans. Mediante MIXED se obtuvie-
ron los efectos fijos de los factores: periodo, animal,
proteina cruda y peso inicial. Los datos también se
analizaron con el procedimiento REG para regresion

*Colegio de Postgraduados, México.

**SYRVET, Estados Unidos de América.

***BD Vacutainer, Franklin Lakes, Estados Unidos de Amé-
rica.
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Cuadro 1
DIETAS EXPERIMENTALES PARA CERDAS EN CRECIMIENTO (EXPERIMENTO 1)*
EXPERIMENTAL DIETS FOR GROWING GILTS (EXPERIMENT 1)*

Treatment T1 T2 T3 T4 (NRC,
Crude Protein (%) 16.0 145 13.0 115 1998)**

Ingredient, %:

Sorghum grain 76.565 80.600 84.920 88.945
Soybean meal (44.5%) 19.750  15.250 10.500  6.000
Dicalcium phosphate 0.700  0.725  0.760  0.800
Calcium carbonate 1.025 1.050 1.065 1.080
Salt 0.350 0.350 0.350 0.350
L-Lysine-HC1 0.260 0.415 0.580 0.735
L-Tryptophan 0.025  0.055 0.075  0.105
L-Threonine 0.075  0.155  0.230  0.310
DL-Methionine 0.050  0.100  0.154  0.200
Vitamins-minerals premix” 0.250  0.250  0.250  0.250
Corn oil 0950 1.050 1.125  1.225

Calculated analysis (%):
Metabolizable energy, Mcal kg'  3.265 3265 3265  3.265 3.265

Crude protein 16.0 14.5 13.0 11.5 18.0
Calcium 0.60 0.60 0.60 0.60 0.60
Total phosphorus 0.50 0.50 0.50 0.50 0.50
Arginine 0.95 0.82 0.68 0.54 0.37
Histidine 0.42 0.37 0.32 0.28 0.30
Isoleucine 0.69 0.62 0.53 0.45 0.51
Leucine 1.63 1.52 1.40 1.29 0.90
Lysine 0.95 0.95 0.95 0.95 0.95
Methionine + Cystine 0.63 0.63 0.63 0.63 0.54
Phenylalanine + Tyrosine 1.44 1.29 1.14 0.99 0.87
Threonine 0.70 0.70 0.70 0.70 0.61
Tryptophan 0.23 0.23 0.23 0.23 0.17
Valine 0.78 0.70 0.62 0.54 0.64
Determined analysis (%):

Gross energy Mcal kg™! 4.040  4.127  4.067  4.042

Crude protein 17.94 14.61 12.14 11.45

Cost of diet, $ kg™ ¥ 2.46 2.51 2.54 2.58

“As feed.

“"Requirements suggested for growing pigs.’

“"Each kg of feed supplied: 8,000 IU vit. A; 1,500 IU vit. D; 40 IU vit. E; 1.5 mg vit. K; 15 mg panthotenic acid; 20
niacin; 0.6 mg folic acid; 200 mg choline; 0.15 mg biotin; 1 mg thiamine; 180 mg Fe; 140 mg Zn; 50 mg Mn; 10 mg
0.15 mg Se; 0.9 mg I; 200 pg Cr.

TCost of feed estimated with the price of ingredients in March of 2006



but when it is negative means reduction. The € param-
eter represents the error term.

The experiment was conducted accordingly to the
guideline for the use of animals in research both of
the International Guiding Principles for Biomedical
Research Involving Animals,*"® and the NOM-062-
7Z00-1999."

Experiment 2

Thirty crossbred (Yorkshire X Duroc x Pietrain) grow-
ing (27 + 0.974 kg initial body weight) barrows were
used during 28 days, allotted in single 1.5 X 1.2 m pens
equipped with a feeder and a drinker nipple. Pigs
were distributed in a completely randomized design
with a factorial 3 X 2 arrangement, with six treatments
and five replicates per treatment.” The analyzed fac-
tors were: crude protein and metabolizable energy.
Three levels were evaluated for protein, selected from
the Experiment 1: 16% CP, control diet; the level of
CP where pigs showed a similar growth performance
as in the control diet,” that was 14.5%; and the diet
that had the lowest plasma urea nitrogen concentra-
tion, 11.5%. For metabolizable energy (ME) two levels
were considered: the standard concentration,® 3.265
Mcal EM kg‘l; and 100 kcal kg’1 lower. The experimen-
tal diets (Table 2) had a sorghum-soybean meal basis,
changing the CP and ME as follows: T1) 16% CP and
3.265 Mcal EM kg‘l, control diet; T2) 16% CP and 3.165
Mcal ME kg‘l; T3) 14.5% CP and 3.265 Mcal ME kg’l;
T4) 14.5% CP and 3.165 Mcal ME kg'; T5) 11.5% CP
and 3.265 Mcal ME kg'; T6) 11.5% CP and 3.165 Mcal
ME kg‘l. The low-protein diets were supplemented
with L-lysine-HC], DL-methionine, L-threonine and
L-tryptophan to the same concentrations as in the
control (T1) diet. The levels of ME were obtained
adding corn oil or sterilized sand in each treatment.
Water and feed were offered ad libitum.

The average daily gain (ADG), average daily feed
intake (ADFI) and feed:gain ratio (FGR) were deter-
mined for the whole experiment and weekly. The last
day of the experiment, blood samples were collected
from the vena cava using a heparinized Vacutainer®
tube; then, the samples were put on ice until they
were centrifuged at 1 286 g during 20 min, to separate
plasma from the blood cells. The plasma was collected
in polyuretane tubes and samples were kept at —20 °C
until the determination of plasma urea (UREA) nitro-
gen concentration by atomic absorption spectrometry
was performed.8

The backfat thickness (BT) and the longissimus
muscle area (LMA) at the tenth rib were measured
the first and the last days of the experiment with a
real time ultrasound.** These data, as well as the ini-
tial and final body weight were used to determine the

lineal (modelos: lineal, cuadratico y cabico) y poli-
nomial (con el peso inicial como cofactor), asi como
con NLIN (regresion no lineal), utilizando un modelo
exponencial con el método de Gauss-Newton,'? como
sigue:

y=PBe™ +¢€

donde:
y = concentracioén de urea en plasma,
Be™ + & = funcién no lineal de la urea en plasma.

Este modelo se denomina modelo exponencial de
crecimiento o de reduccién, donde B representa el
valor inicial de respuesta cuando no se reduce la pro-
teina cruda (dieta testigo), y el parametro yes el ritmo
de crecimiento o reduccién: cuando este valor es posi-
tivo indica aumento de la respuesta, pero cuando es
negativo indica reduccion. El parametro € representa
el término del error.

Este experimento se realiz6 segun las normas esta-
blecidas para el uso de animales en experimentacion
tanto en la International Guiding Principles for Bio-
medical Research Involving Animals,*" como en la

NOM-062-Z00-1999."*
Experimento 2

Se utilizaron 30 cerdos (machos castrados) hibridos
(Yorkshire x Duroc x Pietrain) con 27 + 0.974 kg de
peso inicial, en un periodo de 28 dias, fueron aloja-
dos en corrales individuales de 1.5 X 1.2 m, equipados
con comedero tipo tolva de una boca y bebedero de
chupoén. Los animales se distribuyeron en un diseno
completamente al azar, con arreglo factorial 3 X 2, con
seis tratamientosy cinco repeticiones por tratamiento.’
Los factores analizados fueron: para proteina cruda se
evaluaron tres niveles, seleccionados del Experimento
1 (la dieta testigo, 16%; el nivel de proteina donde
los cerdos presentaron respuesta productiva similar
que con la dieta testigo,15 que fue 14.5%; y la dieta
en la que se observé menor concentraciéon de urea en
plasma, 11.5%. El otro factor fue la energia metaboli-
zable (EM), con dos niveles: concentracién estandar,’
3.265 Mcal EM kg’l, y 100 kcal kg'1 menos. Las dietas
experimentales (Cuadro 2) tuvieron como base sorgo-
pasta de soya, variando la PC y la EM de la siguiente
manera: T1) dieta testigo, 16% PC y 3.265 Mcal EM
kg'; T2) 16% PCy 3.165 Mcal EM kg'; T3) 14.5% PC
y 3.265 Mcal EM kg']; T4) 14.5% PCy 3.165 Mcal EM
kg'; T5) 11.5 y 3.265 Mcal EM kg'; T6) 11.5 y 3.165
Mcal EM kg‘l. Las dietas se adicionaron con L-lisina,
DL-metionina, L-treonina y L-tript6fano hasta igua-
lar las concentraciones del tratamiento testigo (T1).
Los niveles de EM se obtuvieron agregando aceite de

*National Research Council, 1998.
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Cuadro 2
COMPOSICION (%) DE LAS DIETAS EXPERIMENTALES (EXPERIMENTO 2)*
COMPOSITION (%) OF EXPERIMENTAL DIETS (EXPERIMENT 2)*

Treatment T1 T2 T3 T4 T5 T6  NRC (1998)**
Sorghum grain 76.058 75.087 81.145 80.490 87.502 87.244
Soybean meal 20.461 20.664 14.851 14.988 7.841 7.894
Corn oil 0.880 0.000 0.981 0.000 1.107 0.000
L-Lysine.HCI 0.261 0256 0.450 0.447 0.687 0.685
DL-Methionine 0.014 0.014 0.070 0.071 0.141 0.141
L-Tryptophan 0.000 0.000 0.029 0.029 0.066 0.066
L-Threonine 0.021 0.020 0.104 0.103 0.207 0.207
Vitamins-Minerals Premix *** 0.250 0.250 0.250 0.250 0.250 0.250
Salt 0.350 0.350 0.350 0.350 0.350 0.350
Sterilized sand 0.000 1.653 0.000 1.502 0.000 1.312
Calcium carbonate 1.023  1.022 1.048 1.047 1.079 1.078
Dicalcium phosphate 0.683 0.684 0.722 0.723 0.771 0.771
Calculated analysis, %:
Metabolizable energy, Mcal kg”!  3.265 3.165 3.265 3.165 3.265 3.165 3.265
Crude protein 16.00 16.00 14.50 14.50 11.50 11.50 18
Calcium 0.60 0.60 0.60 0.60 0.60 0.60 0.6
Available phosphorus 0.23 023 023 023 023 023 0.23
Arginine 095 095 079 079 059  0.59 0.37
Histidine 0.41 0.41 036 036 029 029 0.3
Isoleucine 069 069 0.60 0.60 048 048 0.51
Leucine 1.62 1.62 1.49 1.49 1.33 1.33 0.9
Lysine 095 095 095 095 095 095 0.95
Methionine + Cystine 054 054 054 054 054 054 0.54
Phenylalanine + Tyrosine 1.43 1.43 1.25 1.25 1.03 1.03 0.87
Threonine 0.61 0.61 0.61 0.61 0.61 0.61 0.61
Tryptophan 020 020 020 020 020 0.20 0.17
Valine 077 077 0.68 0.68 0.56 0.56 0.64
Determined analysis, %:
Gross energy, Mcal kg 3979 3.896 4.022 3844 3902 3.851
Crude protein 172 1596 1389 14.11 11.85 1191
Cost of feed, $ kg™ *** 240 232 243 233 246 235

* Requirements for growing pigs.’

** Each kg of feed supplied: 8,000 IU Vit. A; 1,500 IU Vit. D; 40 IU vit. E; 1.5 mg Vit. K; 4 mg riboflavin; 20 pg Vit. Bj»; 2 mg
piridoxin; 15 mg panthotenic acid; 20 mg niacin; 0.6 mg folic acid; 200 mg choline; 0.15 mg biotin; 1 mg tiamine; 180 mg Fe; 140 mg
Zn; 50 mg Mn; 10 mg Cu; 0.15 mg Se; 0.9 mg I; 0.2 mg Cr.

*** Cost of feed estimated with the price of ingredients in May-July of 2005.



fat free lean gain (FFLG) and the percentage of lean
meat (PLM) with the NPPC'® equation. In addition,
CP with the Kjeldahlm method, and gross energy in
an adiabatic calorimetric bomb*** were determined
for each diet.’

The global data were statistically analyzed using
the mentioned (completely randomized) design with
PROC GLM," and the means comparison was per-
formed with the Tukey procedure.7 The initial body
weight was used as a covariate, obtaining averages with
Ismeans procedure. For ADG, ADFI, and FGR data,
because they were repeated measures in time in the
same experimental units, the PROC MIXED" was
used to analyze the fixed effect of the factors under
study, including time (week).

This experiment was also conducted follow-
ing the specific guidelines for the use of animals in
research.®™

Results
Experiment 1
Plasma urea concentration

The plasma urea concentration showed a linear trend
(P £0.07) to reduce as dietary crude protein was low-
ered from 16% to 11.5% (Table 3). This result indi-
cates that the level of dietary crude protein can still be
reduced to a lower level than the one used, when this
metabolite is utilized to do that determination.

Regression equations

The linear models used showed an R? too low; in the
quadratic model the highestvalue (0.10) was observed.
However, the cubic model showed the lowest standard
error of the mean (SEM; 0.103) between the linear
models.

In the polynomial model 2, the highest R* (0.26)
among these group of models is observed, although is
still considered low; this model also showed the lowest
SEM (0.314) among the three models of this kind used.
Utilizing the non-linear exponential model increased
the R* (0.92), indicating that this equation is the most
appropriated to predict the plasma urea concentra-
tion in growing pigs. The test for fixed effects indi-
cated that only the level of crude protein had a trend
(P £0.07) to affect the animal response. The other
analyzed factors (period, animal, initial body weight)
did not show significant fixed effects.

Experiment 2

The ADG was reduced (P <0.01) when the dietary pro-

maiz o arena esterilizada en cada tratamiento. El agua
y el alimento se proporcionaron ad libitum.

La ganancia diaria de peso (GDP), el consumo
de alimento (CAL) y la conversion alimenticia (CA)
se determinaron para todo el experimento y sema-
nalmente. El dia final del experimento se tomaron
muestras de sangre mediante puncién en la vena
cava, utilizando un tubo Vacutainer* con heparina;
las muestras se colocaron en hielo hasta centrifugarse
a1 286 g durante 20 min, para separar el plasmay las
células sanguineas. El plasma se coloc6 en tubos de
poliuretano y se congel6 a —20°C hasta que se hicieron
las determinaciones de urea en plasma (UREA) por
espectrometria de absorcion atémica.®

El primero y el ultimo dias del experimento se
midi6 la grasa dorsal (GD) y el area del musculo lon-
gissimus (AML), utilizando ultrasonido** de tiempo
real a nivel de la décima costilla. Estos datos, junto
con los de peso inicial y final se utilizaron para calcu-
lar la ganancia diaria de carne magra (GCM) y el por-
centaje de carne magra (%CM) mediante la ecuacién
de NPPC.!®* También se determiné PC por el método
de Kjeldahlm y energia bruta en bomba calorimétrica
adiabatica*** en cada dieta.’

Los datos globales de cada variable se analizaron
estadisticamente utilizando el diseno mencionado
con el PROC GLM" y la comparacion de medias se
realizé con el procedimiento Tukey.” Se usé el peso
inicial como covariable, obteniendo medias con el
procedimiento Ismeans. Para los datos de GDP, CALy
CA, en virtud de que fueron mediciones repetidas en
el tiempo en las mismas unidades experimentales, se
utiliz6 PROC MIXED" para analizar el efecto fijo de
los factores en estudio, incluyendo tiempo (semana).

En este experimento se siguieron las normas especi-
ficas para el uso de animales en experirnentacién.13’14

Resultados
Experimento 1
Concentracion de urea en plasma

La concentracion de urea en plasma mostro tendencia
lineal (P < 0.07) a disminuir en la medida en que se
redujo la proteina en la dieta, desde 16% hasta 11.5%
(Cuadro 3). Este resultado indica que el nivel de pro-
teina en la dieta ain podria ser menor que el nivel
mas bajo utilizado aqui, cuando se usa este metabolito
sanguineo para hacer tal determinacion.

*BD Vacutainer, Franklin Lakes, Estados Unidos de Amé-
rica.

**Sonovet 600, Medison, Inc., CYPRESS, Estados Unidos de
América.

***Bomba Parr 1242, Moline, Estados Unidos de América
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Cuadro 3

CONCENTRACION DE UREA EN PLASMA (mg/100 mL) Y ECUACIONES DE PREDICCION DE CERDAS EN
CRECIMIENTO, ALIMENTADAS CON DIFERENTES NIVELES DE PROTEINA CRUDA
PLASMA UREA CONCENTRATION (mg/100 mL) AND PREDICTION EQUATIONS OF GROWING GILTS,

FED DIFFERENT LEVELS OF CRUDE PROTEIN

Treatment* T1 T2 T3 T4 SEM**
Analized CP, % 17.94 14.61 12.14 11.45
Urea, mg/100 mL 10.08 9.78 8.34 7.70 0.529

Model
Linear
Quadratic
Cubic
Polynomial 1

Polynomial 2

Polynomial 3

Regression equation, R?, Squared error of the mean and Probability of factor
Urea = 3.513592 + 0.387354 (CP), R*>= 0.09, SEM = 0.348, P < 0.05
Urea = —22.885928 + 4.100275 (CP) — 0.126174 (CP?) , R*= 0.10, SEM = 0.347, P < 0.25, P < 0.29
Urea = —46.98554 + 9.194037 (PC) — 0.479622 (CP?) + 0.008049 (CP*), R*=0.06, SEM = 0.103
P<091,P<093, P<0.95
Urea =—1.840535 + 0.411003 (CP) + 0.152259 (initial body weight, kg), R*= 0.25, SEM = 0.317,
P <0.03,P<0.01
Urea = —30.214091 + 4.390929 (CP, %) — 0.135236 (CP?) + 0.154478 (initial body weight, kg),
R?=0.26, SEM =0.314, P <0.17, P <0.22, P < 0.01
Urea =—66.856244 + 12.135054 (CP)—0.672583 (CP%) + 0.012237 (CP*) + 0.15456 (initial body weight

kg), R”>=0.23, SEM =0.319, P < 0.87, P < 0.89, P < 0.92, P < 0.01

No-Linear Urea = 5.025917705%¢" 7 4*7"CF R? = 0.92, SMResidual = 0.972 P < 0.05
Exponential
Fixed effects test Source NDF DDF F type I1I P>F
Period 3 17 2.04 0.15
Protein 3 17 2.86 0.07
Gilt 7 17 1.80 0.15
Initial weight 1 17 1.28 0.27
*n=3§.

**SEM = Standard error of the mean; CP = Crude protein; SEM = Standard error of the mean; SMR = Squared mean residual; NDF = Numerator

degree of freedom; DDF = Denominator degree of freedom.

tein level waslowered (Table 4): itwas higherwith 14.5%
CP, and lower with 11.5% .The ADFI was not affected (P
> 0.05) by dietary CP or ME, nor by their interaction.
On the other hand, the FGR increased when CP (P <
0.01) or ME (P £ 0.01) levels were reduced. The FFLG
was reduced (P <0.01) up to 40 g/d when dietary pro-
tein concentration was lowered; although there was no
effect of the interaction between CP and ME (P > 0.05)
on this variable.

The BT, LMA, and PLM did not show significant
differences (P > 0.05) between treatments, although a
trend (P < 0.09) to have higher LMA in pigs fed con-
trol (T1 and T4) diets and lower in T3 was observed,
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Ecuaciones de predicciéon

Los modelos lineales utilizados presentaron una R*
muy baja; en el modelo cuadrdtico se observé el mayor
valor (0.10). Sin embargo, en el modelo ctbico se vio
el menor CME (0.103) entre los modelos lineales.

En el modelo polinomial 2 se mira la mayor R*
(0.26) dentro de este grupo de modelos, aunque toda-
via se considera baja; también este modelo presenta
el menor CME (0.314) dentro de los tres modelos de
este tipo que se utilizaron. El uso del modelo no lineal
exponencial aumenté la R* (0.92), ello indica que
esta ecuacion es la idonea para predecir la concen-



when initial body weight was used as a covariate in the
statistical analysis of data.

The urea was lower (P < 0.01) when the level of
dietary CP was reduced, but an interaction of the ana-
lyzed factors (CP and ME) was not observed in this
variable. However, the means comparison with Tukey
showed that the highest value of urea corresponded to
pigs fed T2, and the lowest with T6.

Discussion
Experiment 1

The linear reduction of plasma urea nitrogen concen-
tration observed here in gilts fed sorghum-soybean
meal diets supplemented with crystalline amino acids,
agrees with that obtained with sorghum-soybean
meal'” and corn-soybean meal diets, although it does
not agree with the results of other researches." This
may be because, when crude protein is reduced and
the first four essential AA are supplemented, the
excess of nitrogen is also reduced and, with that, the
need of its excretion. This also may mean that the
dietary protein can still be reduced up to 11.5% (T4)
when sorghum-soybean meal diets are supplemented
with the four crystalline amino acids available in the
market, because the plasma urea was reduced without
breaking the straight line, that can be confirmed with
the estimation of the lowest plasma urea with the use
of the non-linear regression equation, indicating that
the protein can be reduced up to 10.48% to diminish
this blood metabolite.

Experiment 2

The observed response in the productive variables
of growing pigs indicates that it can be maintained
reducing the protein by just 1.5 percentage units in
sorghum-soybean meal diets, because the reduction of
4.5 percentage units negatively affected the above men-
tioned variables (Tables 2 and 4). This result indicates
that with 14.5% of protein and the adequate addition
of crystalline AA, productive results similar to the ones
observed in pigs from 20 to 50 kg fed standard diet
can be obtained."” That response suggests that higher
reduction in dietary protein increases the number of
limiting AA,*" so, other essential (valine, isoleucine,
histidine) and non-essential AA must be considered,
even other nutriments.” The last contrasts with other
researches indicating that the productive response is
not affected when CP is reduced up to four percentage
units in corn-soybean meal®"* or sorghum-soybean
meal diet,” being the opposite to the observed in this
experiment, in which it was not possible to reduce
more than two percentage units to maintain the FGR

tracién de urea en plasma en cerdos en crecimiento.
La prueba de efectos fijos indicé que s6lo el nivel de
proteina presenté tendencia (P <0.07) a afectar la res-
puesta de los animales. Los demas factores analizados
(periodo, animal, peso inicial) no mostraron efectos
fijos de manera significativa.

Experimento 2

La GDP se redujo (P < 0.01) al disminuir el nivel de
proteina en la dieta (Cuadro 4): fue mayor con 14.5%
PC, y menor con 11.5%. El CAL no se alteré (P > 0.05)
por la PCyla EM, ni por la interaccién entre ellas. En
cambio, la CA aumento6 al reducir el nivel de PC (P <
0.01) o de EM (P <0.01). La GCM se redujo (P <0.01)
hasta en 40 g/d al disminuir la concentracién de pro-
teina en la dieta; aunque no hubo efecto de la interac-
cion de PCy EM (P > 0.05) para esta variable.

La grasa dorsal, el AMLy el %CM no presentaron
diferencias (P > 0.05) entre tratamientos, aunque se
observo tendencia (P <0.09) a presentar mayor AML
con las dietas testigo (T1 y T4), y menor con T3,
cuando se us6 el peso inicial de los cerdos como cova-
riable en el analisis estadistico.

Laurease redujo (P <0.01) al disminuir el nivel de
PC en la dieta, aunque no se observo interacciéon de
los factores analizados (P > 0.05) para esta variable,
pero la comparaciéon de medias por Tukey mostr6 que
el valor mas elevado corresponde a los cerdos alimen-
tados con T2, y la menor concentraciéon de este meta-
bolito se observé con T6.

Discusion
Experimento 1

La reduccién lineal en la concentracion de urea
en plasma obtenida aqui en cerdas en crecimiento
alimentadas con dietas sorgo-pasta de soyaadicionadas
con aminoacidos sintéticos, coincide con la obtenida
con dietas sorgo-pasta de soya'’ y maiz-pasta de soya,'
aunque no con lo observado en otros trabajos.'”
Lo anterior se debe a que al disminuir la proteina
y adicionar los primeros cuatro AA esenciales, se
reduce el exceso de nitrégeno y con ello la necesidad
de eliminarlo. Esto también podria indicar que la
proteina puede reducirse masde 11.5% (T4) cuandolas
dietas sorgo-pasta de soya se adicionan con los cuatro
aminoacidos sintéticos disponibles en el mercado, ya
que la urea se redujo sin alcanzar a romperse la linea
recta, lo que puede comprobarse con la estimacion de
menor urea en plasma mediante el uso de la ecuaciéon
de regresion no lineal exponencial, indicio de que la
proteina puede reducirse hasta 10.48% para disminuir
este metabolito sanguineo.
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Cuadro 4
COMPORTAMIENTO PRODUCTIVO, CARACTERISTICAS DE LA CANAL Y CONCENTRACION
DE UREA EN PLASMA EN CERDOS MACHOS CASTRADOS EN CRECIMIENTO, ALIMENTADOS
CON DIETAS CON TRES NIVELES DE PROTEINA Y DOS DE ENERGIA*
GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND PLASMA UREA
CONCENTRATION OF GROWING BARROWS FED DIETS WITH THREE LEVELS OF
PROTEIN AND TWO LEVELS OF ENERGY*

ADG ADFI FFLG BT LMA Urea
TRT CP ME g/d kg/d FGR g/d cm cm? LM% mg/100 mL
1 160 3265 796 1.812 2.30 271 0.65 1344 378 16.965®
2 16.0 3.165 740 1.983 2.65 251 0.63 1283  37.5 19.431*
3 145 3265 819 1.951 2.38 259 0.65 1255 369 13.004™
4 145 3.165 812 1.991 2.49 274 0.68 13.86 37.7  16.107®
5 115 3265 679 1.821 2.65 213 0.68 1289 375 11771
6 115 3.165 676 1.838 2.73 228 0.60 1292 382 8.406°
SEM 35.7554  0.0808  0.0797 14.5513 0.0295 0.7476 0.4682 2.1910
Main effects:
16.0 768 1.898 248 261" 0.64 13.13 37.6 18.1982
14.5 815" 1.971 2.43° 266" 0.66 1321 373  14.555®
115 677° 1.829 2.69° 220" 0.64 1290 379  10.089
3.265 764 1.861 2.44% 248 0.66 12.96 374 13.913
3.165 743 1.938 2.62b 251 0.63 13.20 37.8 14.648
Probability:
Cp 0.0039  0.2481  0.0132  0.0105 0.6265 0.9116 0.5125 0.0061
ME 0.4675 0.2646  0.0138  0.7930 0.3125 0.6896 0.2719 0.6862
CP xME 0.7177  0.6372  0.2460  0.4207 0.2630 0.4378 0.4628 0.2910
w 0.0023** 0.0050** 0.009**

n=>5.

¢ Means of treatments or main factors with different superscript indicate differences (P < 0.05).

* TRT = Treatment, CP = Crude protein, ME = Metabolizable energy, SEM = Standard error of the mean, IW = Initial weight, ADG =

Average daily gain, ADFI = Average daily feed intake, FGR = Feed:gain ratio, FFLG = Fat free lean gain, BT = Backfat thickness,

LMA = Longissimus muscle area, LM% = Lean meat percentage, UREA = Plasma urea concentration.

** Means of treatment adjusted by initial weight as a covariate (P < 0.01).

at the same level considered adequate for this stage of
growth. The effect of higher FGR when reducing 100
Kcal ME kg in the diet was different to other reports
where this variable was not affected when reducing up
to 200 Kcal ME kg in low-protein diets for barrows,
or when lowering from 3.30 to 3.19 Mcal kg" of ME in
diets for 30-54 kg pigs, that also did not change the
productive response.** However, changing the level of
dietary energy, the ADG and FGR were affected, with-
outinteraction with the level of protein (21% to 17.5%)
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Experimento 2

La respuesta observada en las variables productivas
de los cerdos en crecimiento indica que ésta puede
mantenerse s6lo al reducir la proteina en 1.5 puntos
porcentuales en dietas sorgo-pasta de soya, ya que
la reduccion en 4.5 puntos porcentuales afecto
negativamente dichas variables (Cuadros 2 y 4).
Este resultado indica que con 14.5% de proteina y
la adecuada adicion de AA sintéticos se obtienen



in pigs from 25 to 41 kg fed corn-wheat-soybean meal
diet.”

There are data where FFLG and the lipid accretion
in pigs do not change when crude protein is reduced
by four percentage units*in corn-soybean meal diets;
however, this effect is different when ME is lowered
in low-protein diets formulated with sorghum-soy-
bean meal, where the FFLG trends to increase;? that
is different that the value found in this experiment,
in which the lower level of protein (11.5%) had the
lowest value of FFLG compared to higher levels of
protein, the same when CP is reduced by four or five
percentage units,” besides that the level of energy had
no influence on that variable or on the PLM. Like-
wise, the CP and ME did not affect the adiposity of
pigs when those factors were reduced, although it has
been reported that there is a higher energy accretion
in lipid form with low-protein diets.**’

Itis known that when reducing dietary protein the
plasma urea is lowered.?**?! The reduction of urea
found in this experiment indicates that the efficiency
of nitrogen utilization increases when reducing die-
tary protein, provided the addition of crystalline
amino acids to avoid the amino acid imbalances. In
addition, the excretion of nitrogen in urine has a
linear and positive relationship with the plasma urea
nitrogen concentration in pigs fed ad lLbitum, and
the reduction of dietary protein is an effective way to
reduce the total excretion of urinary nitrogen; so, this
is an indirect way of measuring the nitrogen utiliza-
tion, as well as the amount of nitrogen wasted.?”

The above results indicate that, for growing pigs,
the dietary protein can be reduced from 16% up to
11.5%, using sorghum-soybean meal and crystalline
amino acids, if the plasma urea nitrogen concentra-
tion is used as a biological indicator of the nutrimen-
tal status of the pigs; and up to 10.48% using the
non-linear regression equation to predict the lowest
value of urea. If the productive variables and the car-
cass characteristics are taken into account, the dietary
crude protein can be reduced just from 16% to 14.5%
without negatively affecting those variables. Likewise,
the reduction of protein in diets based on sorghum-
soybean meal does not produce higher adiposity in
pigs. Reducing the protein more than 1.5 percentage
units in growing pigs increases the FGR; reducing by
100 Kcal kg'1 the metabolizable energy increases this
variable in growing pigs, although it does not affect
the carcass characteristics.
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