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RESUMEN

Durante el proceso de produccion de los granos secos de destileria con
solubles (DDGS), la fraccidén proteina, minerales, grasa y fibra se concentran
tres veces en los co-productos comparandolos con el maiz; por lo tanto, los
DDGS contienen aproximadamente 30% de PC (73% de proteina no
degradable en rumen, UIP), 40% de FDN y 11% de grasa (NRC, 2007) y
generalmente su precio en el mercado es menor al del maiz (USDA, 2012).

La creciente oferta de DDGS probablemente disminuira su costo como
ingrediente para la alimentacion, haciéndolo favorable para el uso como
proteina y fuente energética en la industria de produccion ganadera. El alto
potencial del valor nutricional de los DDGS puede ser utilizado para remplazar
a los granos (Klopfenstein et al., 2008) o a los granos mas una fuente proteica
(Depenbusch et al., 2008) en dietas de finalizaciéon para ganado de engorda.
Sin embargo, aparentemente el valor nutricional del DDGS varia dependiendo
del nivel de inclusién (Uwituze et al., 2010) o de la fraccion del ingrediente que
este remplazando. (Dicostanzo y Wright, 2012). Histéricamente los DDGS han
sido utilizados en la alimentacion de ganado, cerdos y aves (Rosentrater,
2012). Aun y cuando los DDGS son un ingrediente apropiado para la
alimentacién de corderos, el valor nutricional de este co-producto en dietas de
finalizacion no ha sido bien definido. Por lo anterior se realizaron dos
experimentos con la finalidad de determinar el valor alimenticio de los DDGS
incluidos como sustituto de maiz o de maiz y soya en dietas de finalizacion
para ovinos. En el primer experimento se evalué en ovinos canulados el efecto
de la utilizacién de niveles crecientes de DDGS (0, 10, 20 y 30%) en sustituciéon
del maiz sobre las caracteristicas de digestion de nutrimentos y la energia
digestible de la dieta, mientras que en el segundo experimento se evaluaron
niveles crecientes de DDGS (0, 15, 30 y 45%) en sustitucion parcial en
diferentes proporciones de maiz y pasta de soya sobre el comportamiento
productivo, la eficiencia en la utilizacion de la energia de la dieta y las

caracteristicas de la canal y masa visceral. El sustituir DDGS por maiz hasta un



nivel de 30% aumento el flujo de lipidos, FDN y de N a duodeno. La sustitucion
del maiz con DDGS incrementd (componente cuadratico) la digestion ruminal
de la FDN pero disminuyé linealmente la digestibilidad de la MO. A nivel de
tracto total, la digestion del N se incrementd linealmente a medida que se
incremento la participacion de los DDGS en la dieta, pero tendio (efecto lineal,
P=0.08) a disminuir la digestibilidad de la MO y la energia bruta. Sin embargo,
la concentracion de la ED (Mcal’lkg) no fue afectada. En el segundo
experimento, la sustitucion del maiz y soya por DDGS incrementd (componente
lineal, P=0.04) el peso final, la ganancia diaria pero la eficiencia alimenticia, la
energia de la dieta o el coeficiente de consumo observado/esperado no fue
afectado (P=0.33). La inclusion de DDGS no afecté el rendimiento de la canal o
la grasa de cobertura, pero disminuyé el area del ojo de la costilla e incremento
la grasa pélvica-renal-cardiaca. El efecto de sustituir el maiz y la soya por
niveles crecientes de DDGS no afectd el rendimiento al corte o la masa
visceral. La energia neta (MJ/kg) estimada de los DDGS resulté en 9.79, 9.62 y
9.50 para la sustitucién de 15, 30 y 45% respectivamente. Para ovinos en
finalizacion, los DDGS son un sustituto adecuado tanto para el maiz como en la
sustituciéon de maiz y soya. Sin embargo, a un nivel alto de inclusion (>30%)
tiende a disminuir el &rea del ojo de la costilla y a aumentar la grasa visceral. El
valor energético de los DDGS puede ser considerado similar al valor energético
del maiz cuando se sustituye hasta un 30% en las dietas de finalizacion para

ovinos.



ABSTRACT

During the production process of dry distillers grain with solubles
(DDGS), protein, minerals, fat and fiber are concentrated three-fold as co-
products when compared with corn. Therefore, DDGS contains approximately
30% CP (73% ruminal undegradable intake protein, UIP), 40% NDF and 11%
fat (NRC, 2007), and often costs less than corn (USDA, 2012). The growing
supply of DDGS is likely to lower the cost of the feed ingredient, making it more
favorable for use as a protein and energy source in the livestock industry. The
high potential of the nutritional value of DDGS can be useful for replacing grains
(Klopfenstein et al., 2008) or grains plus proteins sources (Depenbusch et al.,
2008) in growing-finishing diets of beef cattle. However, it appeared that the
feed value of DDGS may vary by level of inclusion (Uwituze et al., 2010) as well
as the strategy of ingredients that replaces (Dicostanzo and Wright, 2012).
Historically, DDGS has primarily been feed to beef and dairy cattle, swine and
poultry (Rosentrater, 2012). Even though DDGS should be appropriate as a
feed ingredient for lambs, the feeding value of DDGS in finishing diets fed to
lambs is well not defined. For the above, two experiments were conducted to
evaluate the feeding value of DDGS as substitute of corn or corn plus soybean
meal in finishing diet to lambs. In the first experiment, a cannulated lambs were
used to evaluate increasing levels (0, 10, 20 and 30%) of DDGS in substitution
of dry-rolled corn grain on digestive function and dietary energy, while in the
second experiment increasing levels (0, 15, 30 and 45%) of DDGS as substitute
of corn plus soybean meal was evaluated on growth-performance, dietary
energetic and carcass characteristics. Replacing corn with DDGS increased
(linear) duodenal flow of lipids, neutral detergent fiber (NDF) and N. Substitution
of DR corn with DDGS increased ruminal NDF digestion (quadratic effect), but
decreased ruminal OM digestion (linear effect). Total tract digestion of N
increased (linear) as the DDGS level increase, but DDGS substitution tended (P
= 0.08) to decrease total tract digestion of OM and digestion of gross energy.

However, it did not affect the dietary digestible energy (Mcal/kg). In the second

Vi



experiment, DDGS substitution improved (linear P= 0.04) final weight and
average daily gain, but as a consequence of a tendency (P =0.06) to increase
dry matter intake (DMI) with DDGS substitution, there were no advantages (P =
0.33) on gain efficiency, dietary energetic or observed-to-expected DMI. DDGS
substitution did not affect dressing percentage and backfat thickness, but
increased (linear, P < 0.03) hot carcass weight (HCW) and kidney, pelvic and
heart fat (KPH) and decreased (linear, P = 0.05) longissimus muscle area (LM).
There were no effects of substitution with DDGS on wholesale cuts or visceral
mass. The estimated net energy of maintenance (MJ/kg) of DDGS was 9.79,
9.62 and 9.50 to DDGS substitution of 15, 30 and 45%, respectively. DDGS is
suitable substitute for corn and for a portion of the corn and SBM in a finishing
diet, however at high inclusion level tended to decrease LM area and increase
KPH. The comparative DE value of DDGS may be considered similar to the DE

value of the DR corn it replaced up to 30% in the finishing diets fed to lambs.
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INTRODUCCION

Durante el proceso de produccién de los granos secos de destileria con
solubles (DDGS), la fraccién proteina, minerales, grasa y fibra se concentran
tres veces en los co-productos comparandolos con el valor maiz. Por lo tanto,
DDGS contienen aproximadamente 30% de PC (73% de proteina no
degradable en rumen, UIP), 40% de FDN y 11% de grasa (NRC, 2007), y
comunmente su valor en el mercado es menor al del maiz (USDA, 2012).

La creciente oferta de DDGS probablemente disminuira su costo como
ingrediente para la alimentacion, haciéndolo favorable para el uso como
proteina y fuente energética en la produccion ganadera. El alto potencial
del valor nutricional de los DDGS puede ser utilizado para remplazar a los
granos (Klopfenstein et al., 2008) o a los granos mas una fuente proteica
(Depenbusch, 2008) en dietas de finalizacion para ganado de engorda.
Sin embargo, aparentemente, el valor nutricional del DDGS varia dependiendo
del nivel de inclusion (Uwituze et al., 2010) o de la proporcion de los
ingrediente  que esta remplazando. (Dicostanzo y Wright,  2012).
Histéricamente los DDGS han sido utilizados en la alimentacién de ganado de
engorda y lechero, asi como en cerdos y aves (Rosentrater, 2012). Aun y
cuando los DDGS son un ingrediente apropiado para la alimentacion de ovinos,
el valor nutricional de este co-producto en dietas de finalizacion de esta
especie no ha sido bien definido.

Huls et al. (2006), reportaron que el valor nutricional de los DDGS era
similar a una mezcla compuesta por un 56% de maiz y 44% de pasta de soya,
cuando el 17,3% de maiz y 100% de pasta de soya fueron reemplazados por el
22,9% de DDGS en la dieta de finalizacion que contenia 72,2 % y el 10,2% de
maiz y pasta de soya, respectivamente. Sin embargo, se sabe que los niveles
de inclusion superiores a 25% puede afectar el valor nutricional de los DDGS
(Vander Pol et al., 2005). Félix et al. (2012), informaron un efecto cuadrético en
la ganancia diaria de peso en ovinos de engorda cuando la harina de maiz y

de soya se sustituye por DDGS, siendo maxima en 20% del nivel de inclusion.



Estos investigadores argumentan que la composicion quimica de los
DDGS (alto contenido de FDN y grasas) son los responsables de la
disminucion en el valor alimenticio a altos niveles de inclusion. Leupp et al.
(2009), han reportado que sustituir maiz rolado en seco hasta en un 60% de
DDGS en dietas con 70% de concentrado, no encontraron efecto negativo en
la digestion de MO del tracto total; aun y cuando la digestiéon de MO disminuy6
y la eficiencia de produccion microbiana aumentd con niveles mayores de
inclusion de DDGS. En comparacion con los novillos, los ovinos tienen una
mayor capacidad para utilizar eficazmente el maiz rolado en seco (Theurer,
1986), por lo que los efectos asociativos, como resultado de la sustitucion del
maiz con DDGS pueden tener un impacto diferente en la digestion de
nutrientes en ovinos de engorda. Sin embargo, hay muy poca informacion
disponible sobre los efectos de la sustitucion de los DDGS de maiz en el sitio y
la extension de la digestién de los nutrientes y la energia digestible en los
ovinos alimentados con una dieta alta en energia.

Contrario al estudio de Félix y et al., (2012), Schauer et al. (2008),
informaron que los ovinos se podrian alimentar hasta un 60% de DDGS (en
base seca), en sustitucion de 55% de cebada y 5% de harina de soya, sin
afectar la calidad de la canal, lo que indica que el valor nutricional de los DDGS
fue similar a la proporcion de harina de cebada y soya sustituido en estas
dietas. Debido a que en la mayoria de los tratamientos la pasta de soya fue
reemplazada totalmente en los tratamientos de DDGS, la diferencia relativa en
la concentracion de proteinas entre las dietas testigo frente a las dietas
suplementadas con alto nivel de DDGS fue hasta un 30%.

De la misma forma, las dietas generalmente no eran isoenergéticas
cuando los DDGS reemplazaron parcialmente al maiz y totalmente a la pasta
de soya en las dietas. Ambas situaciones hacen que sea dificil de determinar
con precision el valor nutricional de los DDGS incluidos en altos niveles en

estos experimentos.



OBJETIVO

El propdsito de estos experimentos fue evaluar el valor nutricional de los
DDGS incluidos en niveles altos como sustitucion parcial del maiz o del maiz y

pasta de soya en dietas de finalizacion para ovinos de pelo.

HIPOTESIS

Los DDGS pueden sustituir parcialmente al maiz o al maiz y pasta de
soya en las dietas de finalizacion para ovinos de pelo, sin afectar a la funcion
digestiva, comportamiento productivo, caracteristicas de la canal y desarrollo

de la masa 6rgano visceral.



REVISION DE LITERATURA

Proceso de produccién del etanol

Todas las actividades referentes a la obtencion de etanol se describen a
continuacién paso a paso pero estas se concentran en cinco aspectos
fundamentales, los cuales son la clave para la obtencion de los granos secos

de destileria con solubles (DDGS), los cuales se describen en la Figura 1.

Seleccion Grano

Molido y Procesado

Ceo-
> productos
(DDGS-
Fermentucion WDDG)

Produccidn Coccién y Sucarificacion
de ETANOL

Destilacion del ETANOL

Figura 1. Proceso de produccion de etanol.

Reduccién del tamafio de particulas de los granos: El paso inicial en
las plantas de molienda en seco para produccion de etanol, es reducir el
tamafio de particula del maiz con la molienda de molinos de matrtillo. La fineza
del maiz molido estd determinada principalmente por el volumen del rotor, la
velocidad de la punta del martillo, el nUmero de martillos y el tamafio de la
abertura de la malla (Dupin et al., 1997). Las mallas que se usan en el martillo
normalmente estan en un intervalo de 1/8 a 3/16 de pulgada de diametro. El
tamafno de particula del grano puede afectar el rendimiento de etanol, y por lo
tanto, los productores tienden a usar maiz molido muy fino para maximizar el
rendimiento del etanol. Es decir se puede producir un extra de 0.85 litros (0.20
galones) de etanol si el maiz se muele para que pase por una malla de 3/16, en

comparacion con una de 5/16 de pulgada (Kelsall y Lyons, 1999).



Coccion y sacarificacion: El agua y el destilado reciclado se afiaden al
maiz molido, los cuales actian como acondicionadores para empezar la
extraccion de la proteina soluble, los azucares y los lipidos ligados no
almidonosos (Chen et al., 1999). La mezcla de lodos se cocina para hidrolizar
el almidén y convertirlo a glucosa junto con las enzimas amiloliticas, para que
las levaduras (Saccharomyces cerevisiae) conviertan la glucosa a etanol. Las
temperaturas que tipicamente se usan durante el proceso de coccién son de
40° a 60°C en el tanque de premezcla, 90° a 165°C para la coccion y 60°C
para la licuacion (Kelsall y Lyons, 1999).

La gelatinizacion del almidon comienza entre los 50° y 70°C. Un paso
critico en la conversion del almidén a la glucosa involucra la terminacién de la
gelatinizacion del almidén (Lin y Tanaka, 2006). Durante la gelatinizacion, se
extrae casi toda la amilasa en los granulos de almidén (Han y Hamaker, 2001),
lo que incrementa la viscosidad debido a los granulos hinchados y geles que
consisten de amilasa solubilizada (Hermansson y Kidman, 1995).

Fermentacion: La fermentacion es el proceso en el que la levadura
convierte a los azlcares en etanol. La levadura que mas comunmente se usa
es la Saccharomyces cerevisiae por que puede producir etanol a una
concentracion de hasta 18% en el caldo de fermentacion (Pretorius, 2000).
Saccharomyces también esta generalmente reconocida como segura (GRAS,
por sus siglas en inglés) como aditivo para alimentos de consumo humano (Lin
y Tanaka, 2006). En la fermentacion modelo, alrededor de 95% de la azucar se
convierte a etanol y dioxido de carbono, 1% en materia celular de las levaduras
y 4% en otros productos como el glicerol (Boulton et al., 1996). La levadura
representa alrededor del 10% del costo econémico de la produccion de etanol
(Wingren et al.,, 2003). La pre-fermentacién se hace para lograr el nimero
deseado de levaduras en la fermentacion, proceso que implica la agitacion
durante 10 y 12 horas para lograr de 300 a 500 millones de levaduras/mililitro.
La fermentacién sucede a una temperatura de alrededor de 33° C, a un pH de
alrededor de 4.0, y dura entre 48 y 72 horas (Thomas et al., 1996).



Ademas del etanol, se produce dioxido de carbono, el cual puede
recolectarse o liberarse en el aire. El control del crecimiento normal de las
levaduras es un factor importante en la produccién eficiente del etanol. La
actividad de las levaduras es altamente dependiente de la temperatura del

sistema de fermentacion (Ingledew, 1998).

Destilacidon de etanol: Después de la fermentacion, durante el proceso,
el etanol se recolecta con columnas de destilacion. El etanol recolectado de los
fermentadores se contamina con agua y se purifica con un sistema de tamices
moleculares para eliminar el agua y producir etanol puro (Erickson et al., 2005).

Co-productos de la molienda seca: El agua y los sdlidos que resultan
después de la destilacion del etanol se les conocen como destilado completo,
gue constituye principalmente de agua, fibra, proteina y grasa. Esta mezcla se
centrifuga para separar los solidos gruesos del liquido. Los sélidos gruesos
también se les llaman pasta humeda, la cual contiene alrededor del 35% de
materia seca. La pasta humeda se puede vender a los engordadores de
ganado locales sin secarse, 0 se puede secar para producir los granos de
destileria secos (DDG) (Erickson et al., 2005).

Caracteristicas fisicas y quimicas de los granos secos de destileria con
solubles de EUA

En lo que se refiere a las caracteristicas fisicas y quimicas de los granos
secos de destileria con solubles (DDGS) varian entre fuentes y pueden influir
sobre su valor alimenticio y caracteristicas de manejo. Entre estas
caracteristicas se incluye el color, olor, tamafio de particula, densidad de masa
y pH.

Color: El color de los DDGS puede variar desde ligeramente dorado a
marron oscuro. Las diferencias se deben al color inicial del grano, la cantidad
de solubles afadidos a él para preparar DDGS y el tiempo y la temperatura de

secado utilizados (Noll et al., 2006).



Olor: Los DDGS de alta calidad tienen un olor dulce, tipo fermentado.
Los DDGS que tienen un olor a quemado o a humo estan sobrecalentados
(Noll et al., 2006).

Tamafio de particula: El tamafio medio de particula para los DDGS es
aproximadamente 700 pum, pero el rango de este parametro es
extremadamente grande: varia de 73 a 1.217 um entre diversos origenes es
decir dependiendo de la empresa que estos procedan. El tamafio de particula
es muy importante dado que afecta: la digestibilidad de los nutrientes, la
eficiencia en el mezclado, cantidad de segregacion, calidad del pellet,
palatabilidad, densidad de masa e incidencia de ulceras gastricas (Pederson et
al., 2005).

Densidad de masa: La densidad de masa es un factor importante a
considerar cuando se determina el volumen de almacenamiento de los
vehiculos de transporte, barcos, contenedores, tambores y sacos. La densidad
de masa afecta los costos de transporte y de almacenamiento. También afecta
la cantidad de segregacion del ingrediente que pueda haber durante el manejo
de alimentos completos. Las particulas de densidad de masa mayores se van
al fondo de una carga durante el transporte mientras que las particulas de
densidad menores suben a la parte superior de la carga (Urriola et al., 2007).

pH: El pH medio es de 4.1; pero puede estar entre 3.6 y 5.0. Estos
rangos se dan debido al efecto de variabilidad entre procesos de produccién

entre empresas o plantas productoras de etanol (Pederson et al., 2005).

Contenido de nutrientes de los granos secos de destileria con solubles
Los nutridlogos precisan de consistencia y predictibilidad en los

ingredientes para alimentos balanceados que compran y utilizan. El contenido

de nutrientes de los DDGS puede variar entre las fuentes (Cuadro 1), los

cuales se ha mostrado que varian con el tiempo entre plantas.



Cuadro 1. Contenido nutricional de los granos secos de destileria con solubles
(DDGS)

Nutrient  Maiz Rango DDGS NRC DDGS DDGS DDGS
es (%) grano! DDGS maiz®? 3 maiz*  maiz® maiz °

Materia o909 g873-24 920 902 889  88-90 89.1
seca

Proteina  gg 597 29 309 2907 302  25-32 30.1
cruda

Grasa 43 88-124 107 100 109 8-10 10.7
cruda

EDN 3.3 ; . 388 421  39-45 41.5
FDA 41 ; ; 19.7 162 ; 16.1
Fibra 24 54-104 85 ; - ; ;
cruda

Cenizas 4.1 3.0-98 6.0 52 5.8 - 52
Fosforo 0.3 064929_ 08 08 09 0.78-.08 0.8
Azufre - - - 04 0.5 - 04
1, 3 NRC (2000

y2001)

2FEEDSTUFFS

(2009)

4 Spiehs (2002)

5 Tjardes y Wrignt
(2002)

6 Schingoethe (2004)

Variabilidad en el contenido de nutrientes de los DDGS

La composicion nutricional de los DDGS varia de acuerdo con la fuente
y calidad del grano utilizado durante la produccion de etanol, ademés de las
variaciones que pueden existir durante el proceso de obtencion del
biocombustible dentro de una misma planta o en plantas diferentes (Whitney,
2004). Los tres factores mas importantes que afectan la variabilidad en el

contenido de nutrientes son:

Contenido de nutrientes del grano: Se debe a la variacion normal
entre las variedades de granos y a las ubicaciones geograficas en donde se

cultivan.



Relacion de mezcla de solubles afiadidos: Los DDGS se producen al
mezclar solubles condensados con granos humedos de destileria (CDS +
WDG). La definicion oficial de los DDGS publicada por la Asociacion de
Oficiales Americanos de Control de Alimentos (AAFCO) requiere que se
mezcle al menos el 75% de los soélidos en el destilado completo con la pasta
himeda. Las plantas de etanol pueden variar la cantidad de solubles en la
mezcla por arriba del 75% minimo, sin embargo la variacion de planta a planta
en la relacion de mezcla de los dos componentes de los DDGS va a afectar la

composicion de nutrientes (Ergul et al., 2003).

Temperatura de secado: Es probable que mucha de la diferencia en la
composicion nutricional de los DDGS y su digestibilidad se deba al tiempo y
temperatura de secado que se usa para producirlos. Las temperaturas de la
secadora pueden estar entre 126.5° - 620.5°C (260° - 1150° F), dependiendo
de la planta (Stein et al., 2005).

Uso de los co-productos de destileria de EUA en las dietas para ganado

bovino u ovino de engorda

Durante varias décadas se han publicado muchos trabajos y resimenes
de investigacion los cuales han sido dirigidos al estudio de las caracteristicas
nutrimentales de los co-productos de destileria y su utilizacibn en la
alimentaciéon de bovinos, dichos trabajos se han enfocado mas en lo que se

refiere a engorda de bovinos en finalizacion.

Los DDGS hoy en dia representan una fuente de alimentacién muy
importante para los rumiantes debido a su alto contenido nutricional, su
disponibilidad en el mercado y un precio competitivo en comparacion con los
granos tradicionales, basado en esto durante los ultimos afios se han realizado

investigaciones para confirmar la eficiencia nutricional de los DDGS y su uso



en dietas para bovinos y ovinos combinandose ademas con otros granos
(Schingoethe et al., 2004).

El uso de los DDGS toma dos funciones segun el nivel de inclusién en la
dieta. Leupp et al. (2009), reportaron que en niveles de 6 a 15% base MS, su
objetivo es servir como fuente de proteina, por lo cual, cuando son incluidas en
niveles superiores los DDGS se convierten en una fuente de energia en

sustitucion del maiz (Klopfenstein et al., 2008).

Bovinos en finalizacion: Los DDGS son muy palatables y facilmente
consumibles por el ganado de engorda. Ademas, la alimentacion de esta
materia prima no cambia la calidad o rendimiento de los canales de las reses y
no tiene efectos sobre las caracteristicas sensoriales de su carne (Erickson et
al., 2005). Usualmente los DDGS son utilizados como fuente de energia en
dietas de finalizacion para bovinos (Erickson et al., 2006; May et al., 2009). Al
comparar los DDGS con otros granos encontraron que el nivel de energia fue
120 a 150% superior en comparaciéon con el maiz rolado y de 100 a 110%
mayor que el gluten de maiz, dependiendo de la calidad de este ultimo
(Erickson et al., 2006).

La sustitucion del maiz con granos humedos de destileria ha resultado
consistentemente en un mejoramiento del 15 al 25% de la conversion
alimenticia, cuando se reemplaza del 30 al 40% del maiz con WDGS en la
dieta. Este mejoramiento a la conversion alimenticia se debe principalmente a
gue los WDGS tienen de 120 a 150% del valor de la energia del maiz (Cuadro
2). El secado parece reducir el valor energético a 102 y 127% del valor
energético del maiz rolado en seco en las dietas altas en forrajes. Parece que
los altos valores energéticos de los WDGS y DDGS son el resultado del control
de la acidosis (Larson et al., 1993; Trenkle, 1997; Fanning et al., 1999).
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Vander Pol et al. (2005), mostraron que cuando se alimenta el ganado
en finalizacion con dietas que contienen 10 al 20% de DDGS de la materia
seca de la dieta, no hubo beneficio de suplementar las dietas con urea, lo que
indica que hubo un reciclaje de nitrégeno.

Considerando las respuestas observadas en bovinos alimentados con
dietas de finalizacioén en corral, cuando se utilizan los DDGS como fuente de
energia, Schingoethe et al. (2004), recomiendan niveles de inclusién del 10 al
40% base MS. Estos resultados son comparables con investigaciones
realizadas por Gunn et al. (2009), Klopfenstein et al. (2008), y May et al.
(2009), en las que demuestran que la inclusion de hasta 35% de DDGS no es
perjudicial para el rendimiento de los animales, sin embargo, observaron que la

eficiencia alimenticia se maximiza entre el 20% y 25% de inclusion.

Cuadro 2. Efecto de los co-productos humedos o secos sobre el
comportamiento del ganado en finalizacion. *

Co-productos de destileria y nivel

DDGS

Variable T WDB Bajo Med Alto SEM
GDP 34 1.46 1.69 1.66 1.68 1.72 0.12
CMS 6 10.9 10.6 11.4 11.4 11.7 0.55
G:F 346 0.13 0.15 0.14 0.15 0.14 0.004

! Adaptado de Ham et al. (1994).

> DDGS = Granos secos de destilerfa con solubles y WDB = Co-productos
himedos de destileria.

ADIN = Nitrogeno insoluble acido detergente.

% Testigo vs. WDB (P < 0.05).

* Testigo vs el promedio de los DDGS compuestos (P < 0.05).

> Testigo vs el promedio de los DDGS compuestos (P < 0.10).

® WDB vs el promedio de los DDGS compuestos (P < 0.05).
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Ovinos en finalizacion: En ovinos existe poca documentacion cientifica
disponible que evalué niveles maximos de inclusion de DDGS en las dietas. En
un estudio realizado por Schauer et al. (2008) evaluaron el efecto de la
alimentacién con distintos niveles (0, 20, 40, y 60% base MS) de inclusién en
dietas de finalizacién llegando a la conclusion de que los DDGS mantuvieron el
rendimiento y no presentaron efectos negativos sobre las caracteristicas de la
canal. Schauer et al. (2006) incorporando DDGS en niveles de hasta 15%, Huls
et al. (2006) sustituyendo hasta 23% y Zelinsky (2006) incluyendo hasta 17%
base MS en dietas para ovinos en finalizacion no observaron diferencias en el
comportamiento. Sin embargo, Schauer et al. (2006) reportaron un incremento
en el rendimiento a medida que se incrementaba los niveles de DDGS hasta un
22.5% en la dieta. En lo referente al peso final (PF) de los ovinos Felix et al.
(2011) reportaron un incremento de 8% (55.9 vs. 60.2 Kg) en el PF al incluir
20% de DDGS (base MS) en comparacion con la dieta testigo (0% DDGS), sin
embargo al incrementar los niveles de DDGS no observaron diferencias al igual
gue Hiils et al. (2006) al incluir 23% de DDGS. Para la ganancia diaria de peso
(GDP), Félix et al. (2011) reportaron un incremento de 13% al incluir 20% de
DDGS en comparacion con la dieta testigo. Sin embargo al incluir niveles de 40
y 60% de DDGS reporté una reduccion (4 y 5%, respectivamente) en la GDP
en dietas de finalizacion para ovinos. En contraste, Schauer et al. (2008),

guienes no observaron ningun efecto al incluir hasta 60% DDGS en la dieta.

Diferentes estudios realizados con DDGS y WDGS

El primer estudio disefiado para incluir granos destileria como una
fuente de energia fue llevada a cabo por Farlin (1981). Este investigador utilizd
para la prueba granos de destileria himedos sin solubles (WDG) en distintos
niveles de sustitucién de 25, 50, y el 75% del maiz en una dieta de finalizacién.

Aun y cuando la principal fuente energia (almidon) fue removida del maiz, el
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co-producto (WDG) resultd con mayor concentracion de energia por kilogramo
de materia meca con respecto del maiz.

Por otra parte, Firkins et al. (1985) y Trenkle (1996, 1997) observaron
resultados similares cuando sustituyeron maiz quebrado u hojuleado con
vapor por distintos niveles de WDGS.

De la misma forma, Ham et al. (1994) compararon los valores
alimenticios de DDGS y WDGS en las dietas de finalizacion para ganado de
engorda. Se sustituyé maiz rolado en seco (DRC) por granos humedos de
destileria (WDGS) y granos secos de destileria con solubles (DDGS) en
combinacion con solubles condensados (CDS). Los DDGS se obtuvieron de 11
destiladoras comerciales; posteriormente se determind la cantidad de ADIN
(Nitrégeno insoluble en &cido detergente, por sus siglas en inglés) como
marcador de dafio por coccidon. Los animales alimentados con 40% DDGS,
15% CDS o DRC aumentaron el CMS en comparacion con los tratamientos
que contenian WDG+CDS y DDGS+Agua (27% y 13%, respectivamente).
Adicionalmente, el tratamiento que DDGS+Agua, obtuvo un 14% menos de
concentracion de AGV (mM) en comparacion con los demas tratamientos,
sugiriendo esto, que los DDGS y MRS con o sin CDS tienen un valor nutricional
similar.

Diferentes estudios conducidos en lowa y la Universidad de Nebraska
concluyen que los DG (humedos o secos; con o sin solubles), pueden ser
incluidos desde un 10 a 15% de la dieta (base MS) como fuente suplementaria
de proteina en las etapas de desarrollo y finalizacién. Cuando son afiadidos a
niveles mayores del 15% de la dieta, los DG también son una fuente energética
en la dieta, reemplazando al maiz u otros cereales. Los DG pueden ser
ofrecidos a niveles de hasta 20% de la dieta en base MS. Los WDGS pueden
ser incluidos en las dietas de desarrollo y finalizacion a niveles de hasta 40%
de la dieta en base a MS. Sin embargo, a estos niveles, las dietas contienen
exceso de proteina y fosforo, lo que puede ocasionar complicaciones con

respecto al manejo del estiércol para el productor. La mayoria de los datos de
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investigacion indican que el nivel 6ptimo de los WDGS es 25% de la dieta en

base a MS o0 menos.

Cuadro 3. Resumen de resultados encontrados por diferentes autores

Variables
Autor Nivel optcllrgoD(IjDeGlnclusmn CMS GDP
Hicks et al., (2008) D-0 10.32 1.78
Buckner et,al., (2007) D-20 9.52 1.68
Benson et al., (2005) D-30 10.56 1.71
Ham et al., (1994) D-40 11.73 1.72

CMS: Consumo de materia seca kg /dia.
GDP: Ganancia de peso diaria kg /dia.

El metabolismo y la digestion de los granos de destileria

Trenkle (1997) estima que la concentracién de proteina no-degradable
en Rumen (PNDR, o proteina de sobrepaso) y grasa contenido en los WDGS
hace aun mas atractivo su uso como ingrediente proteico 0 energético;
especialmente en dietas con forraje de mala calidad. Debido al bajo contenido
de almidén en los WDGS, estas dietas tienen menos efectos negativos en la
digestiéon de la fibra que las que tienen un alto nivel de almidén. En dietas con
forrajes que contengan bajos niveles de fésforo, el contenido de este mineral
en los WDGS podria ser de mucho beneficio.

Posteriormente, Vander Pol et al. (2007) llevaron a cabo un experimento
con ganado de engorda en finalizacién para evaluar el efecto de los lipidos en
DDGS. Se tuvieron cinco dietas: Una con WDGS; y las cuatro restantes fueron
combinaciones de DRC, fibra de maiz y gluten de maiz, todo esto con o sin
aceite de maiz. La dieta con WDGS obtuvo mayor digestibilidad de tracto total
de la MO, FDN y grasa. La digestibilidad de la grasa en los WDGS fue mayor

(81%) en comparacion con los tratamientos adicionados con aceite de maiz
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(71%), sugiriendo que ocurrié alguna proteccion de dicha grasa. Los animales
gue recibieron WDGS vy dieta testigo (con o sin aceite de maiz) tuvieron
mayores (P<0.10) proporciones de AGCL 16:0 (palmitico) llegando a duodeno
en comparacion con las otras dietas. En cuanto a las acidos grasos de cadena
larga, los animales que recibieron dietas suplementadas con aceite de maiz
tuvieron mayores (P<.10) proporciones de AGCL 18:0 (esteérico) llegando a
duodeno; mientras que los que recibieron dietas con WDGS tuvieron la menor
(P<0.10) cantidad de 18:0 llegando a duodeno. Estos datos, indican que los
acidos grasos en WDGS no son hidrogenados en rumen al mismo grado que
los acidos grasos del aceite de maiz suplementado. Esto a su vez, coincide con
otros estudios (Zinn et al., 2000; Plascencia et al., 2003) que sugieren que los
acidos grasos insaturados tienen mayor digestibilidad que los acidos grasos
saturados.

Lo anterior es de importancia ya que una de las caracteristicas quimicas
de los DDGS es su alto contenido de grasa (9-12%). Y las grasas son
importantes desde un punto de vista energético. Zinn (1989) sefala que el

nutriente con mayor densidad energética para los rumiantes son los lipidos.

Efecto de los DDGS sobre la digestibilidad de nutrientes: MS, FDN, N

Tal vez el desafio mas grande de usar los granos secos de destileria con
solubles (DDGS) como alimento para animales es conocer el contenido y
digestibilidad de los nutrientes, basado en esto se han desarrollado diferentes
investigaciones en la busqueda de resultados que permitan comprender la
respuesta fisioldgica que implica la utilizacion de estos subproductos en las

dietas para rumiantes.

Materia Seca: En ovinos en crecimiento Felix et al. (2011) al incluir 20%
de DDGS observaron un incremento de 2% en la digestibilidad en comparacion

con el control. De igual manera Li et al. (2011) en vaquillas Angus reportaron
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un incremento de 2% al incluir el mismo nivel. En contraste, Gibb et al. (2008)
habian informado que la digestibilidad de la MS fue 9.8% al incluir hasta 60%
de DDGS. Sin embargo, Walter et al. (2011) no observaron diferencias en la
digestibilidad.

Fibras: En un estudio de Leupp et al. (2009) alimentando con grandes
cantidades de DDGS (60% MS) en raciones con 70% de concentrado no
observaron efectos sobre la digestibilidad de FDN, pero si una tendencia a
disminuir la digestibilidad de la FDA. Walter et al. (2011) incluyeron DDGS en
niveles de 20 y 40% en dietas de finalizacion para vaquillas y observaron un
incremento en la digestibilidad de la FDA de 42 y 30%, respectivamente, de
igual manera sucedié con la FDN con valores de 23 y 32% a medida que

incremento el nivel de DDGS en la dieta.

Nitrogeno: La inclusion de DDGS en dietas y suplementos para ovinos
ha mejorado la digestibilidad de N en comparacién con las dietas testigo.
Archibeque et al. (2007) al incluir 93.4% de DDGS en un suplemento para
ovinos reportaron un aumento en la digestibilidad de 18%, estos resultados
guardan relacién con Felix et al. (2011), quienes al incluir hasta 60% de DDGS
en dietas de crecimiento para ovinos observaron un incremento de 8% en la
digestibilidad de N.
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CONCLUSIONES

La disponibilidad de los granos de destileria como alimento para los
rumiantes se incrementara a medida que la industria del etanol se expande.
Actualmente se utilizan como una alternativa alimenticia por su alto valor nutricional

en comparacion con los granos tradicionales utilizados en la alimentacion animal.

Los granos de destileria son altos en fibra, proteina y grasa y gracias a esto
se ha podido utilizar como fuente de proteina cuando han sido incluidos en niveles
inferiores al 15% base MS o bien como fuente de energia cuando se incluyen a

niveles mayores del 20%.

Los efectos de los granos de destileria sobre el comportamiento productivo
del animal no son influenciados por el tipo de grano fermentado. Con respecto a la
forma fisica (humedos vs secos) de los subproductos, los estudios indican que los
hamedos tienen mejores respuestas productivas, sin embargo el principal problema

de este tipo de co-producto es el almacenaje.

Pudiera existir un efecto entre el nivel de los DDGS en la dieta y el tipo de
procesamiento de granos utilizados. Esto significa que el desempefio se puede
influenciado por el método de procesamiento de los granos que son incluidos en las

dietas basales.

Los efectos de los granos de destileria sobre el desempefio y metabolismo
animal en bovinos de engorda estan hasta cierto punto estudiados y definidos, sin
embargo en ovinos en finalizacion no se cuenta con la suficiente informacion al

respecto.
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ABSTRACT

Four cannulated lambs were used to evaluate the effect of levels of dry distillers grain
with solubles (DDGS) supplementation (0, 10, 20 and 30%, dry matter basis) as a
replacement for dry-rolled (DR) corn in finishing diets on digestive function. Treatments did
not influence ruminal pH, flow to the small intestine of microbial nitrogen (MN) and MN
efficiency. Postruminal digestion of organic matter (OM), starch, lipids and nitrogen (N)
were not affected by treatments. However, the replacing corn with DDGS increased (linear)
duodenal flow of lipids, neutral detergent fiber (NDF) and N. Substitution of DR corn with
DDGS increased ruminal NDF digestion (quadratic effect), but decreased ruminal OM
digestion (linear effect). Total tract digestion of N increased (linear) as the DDGS level
increase, but DDGS substitution tended to decrease total tract digestion of OM (P = 0.06) and
digestion of gross energy (P = 0.08). However, it did not affect the dietary digestible energy
(Mcal/kg), reflecting the greater gross energy content of DDGS versus DR corn in the
replacements. The comparative DE value of DDGS may be considered similar to the DE

value of the DR corn it replaced up to 30% in the finishing diets fed to lambs.

Key words: corn, DDGS, digestion, finishing diets, lambs.

INTRODUCTION

During the production process of corn dry distillers grain with solubles (DDGS), protein,
minerals, fat and fiber are concentrated three-fold as co-products when compared with corn.
Therefore, corn DDGS contains approximately 30% crude protein (CP, 73% ruminal
undegradable intake protein, UIP) and 11% fat (NRC 2000), and often costs less than corn
(USDA 2010). Historically DDGS has primarily been fed to beef cattle, dairy animals include
dairy sheep, swine and poultry (Rosentrater 2012). Even though DDGS should be appropriate

as a feed ingredient for sheep, there are limited reports in terms of the effects on digestive
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function and the energy value of DDGS for this species. The high potential of the nutritional
value of DDGS can be useful for replacing dry-rolled (DR) or steam-flaked corn in growing-
finishing diets of beef cattle (Klopfenstein 2008). However, it appeared that the feed value of
distillers grains may vary by level of inclusion (Uwituze et al. 2010) and by the type of
processing (dry rolled or steam-flaked) of the corn grain that is replaced (May et al. 2009;
Luebbe et al. 2012). The optimal responses (daily weight gain and feed efficiency) in feedlot
cattle when DDGS has replaced corn grain in finishing diets have been observed with
moderate levels (i.e. 20%) of DDGS inclusion as a replacement of steam-flaked grain (May et
al. 2009; Uwituze et al. 2010; Luebbe et al. 2012). Leupp et al. (2009) have reported that
replacing DR corn with up to 60% DDGS in 70% concentrate diets resulted in no adverse
effects on total tract OM digestion in steers, although ruminal OM digestion decreased and
microbial production efficiency increased with increasing DDGS. Compared to steers, lambs
has a greater ability to effectively utilize DR corn (Theurer 1986); thus, the associative
effects as a result of the replacement of DR corn with DDGS can have a different impact on
nutrient digestion in fattening lambs. However, very little information is available on the
effects of DDGS replacing DR corn on site and the extent of digestion of nutrients and
digestible energy in lambs fed a high-energy diet.

Consequently, the objective of this study was to determine the effects of DDGS
supplementation levels replacing DR corn on digestive function in lambs fed a high-energy

DR corn-based diet.

MATERIAL AND METHODS
Animals, diets and sampling
The trial was conducted at the Ruminant Metabolism Experimental Unit of the

Instituto de Investigaciones en Ciencias Veterinarias of the Universidad Autonoma de Baja
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California, located 10 km south of Mexicali City in northwestern México (32° 40' 7°N and
115° 28' 6”W). The area is about 10 m above sea level, and has Sonoran desert conditions
(BWh classification according Koppen). All procedures involving live animals were
conducted within the guidelines of the approved local official techniques of animal care.

Four male lambs (Katahdin; average live weight 25.9 + 2.9kg) with “T” type cannulas
in the rumen and proximal duodenum (4 cm from the phyloric sphincter) were used ina 4 x 4
Latin square experiment to evaluate the influence of supplemental DDGS levels in the
substitution of DR corn on characteristics of digestive function. Four dietary treatments were
compared: 1) Control (0% DDGS); 2) 10% DDGS; 3) 20% DDGS; and 4) 30% DDGS. Diets
were formulated to be isocaloric but not isonitrogenous, because the protein level increases as
the level of DDGS replacing corn in the diet increased (Table 1). Chromic oxide (used as a
source of chromium to estimate nutrient flow and coefficient of digestion) was added to the
diets. Chromic oxide (4 g/kg of diet air dry basis) was premixed with minor ingredients (urea
and mineral supplement composed of limestone and trace mineral salts) before incorporation
into complete mixed diets. White corn was used as source of grain in the form of a
commercial blend obtained from Mexico. Corn was prepared by passing whole corn through
rollers (46 x 61cm rolls, 5.5corrugations/cm; Memco, Mills Rolls, Mill Engineering &
Machinery Co., Oklahoma, CA) and machinery that had been adjusted so that the kernels
were broken into a bulk density of 0.70 kg/L. The forage source of diet (sudangrass hay) was
ground in a hammer mill (Bear Cat #1A-S, Westerns Land and Roller Co., Hastings, NE) with a
3.81cm screen, before incorporation into complete mixed diets. The source of DDGS used was a
corn DDGS named for its appearance (color) as “Golden” and was obtained in an ethanol
production facility with a 0.8% maximal content of sulfur (Pinal Energy LLC, Maricopa,
AZ). All lambs received ad libitum access to the corn-basal diet (0% DDGS) for 14 days

before the initiation of the trial. To avoid refusals, feed intake (as feed basis) was restricted to
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750 g/d (90% of ad libitum intake of lambs during the 14-d preliminary period). As result to
their intake level, the crude protein intake and energy intake (Table 2) meet the requirements
for a lamb of 26 kg BW has a weight gain of 100 g/d (NRC 2007). Lambs were maintained in
individual metabolism crates (1.2 x 1.6 x 0.7m) in an indoor facility with access to water at
all times. Diets were fed in two equal proportions at 0800 and 2000 hours daily.
Experimental periods consisted of a 17-d diet adjustment period followed by a 4-d collection
period. During the collection period, duodenal and fecal samples were taken from all lambs
twice daily as follows: d 1, 0750 and 1350 h; d 2, 0900 and 1500 h; d 3, 1050 and 1650 h;
and d 4, 1200 and 1800 h. Individual samples consisted of 150 mL duodenal chyme and total
fecal material. Samples from each lamb and within each collection period were composited
for analysis. During the final day of each collection period, a ruminal sample was obtained
from each lamb 4 h after feeding via the ruminal cannula. Ruminal fluid was taken from the
ruminal ventral sac using tygon tubing (i.d. 0.95 cm; USP Lima, Ohio) adapted to a 100 mL
syringe (Medical plastic appliance, Jiangzu, China), and the pH was determined (Orion 2618,
Fisher Scientific, Pittsburgh, PA) on fresh samples. Upon completion of the trial,
approximately 4 h after feeding a total of 2 L of ruminal fluid was obtained from all lambs.
Total ruminal fluid was composited and poured in a closed jar protected from light and was
mixed (1:1) with a saline solution warmed up to 40-45°C and immediately taken to the
laboratory for the isolation of ruminal bacteria via differential centrifugation (Bergen et al.
1968). The microbial isolate served as the purine:N reference for the estimation of microbial
nitrogen (MN) contribution to chyme entering the small intestine (Zinn & Owens 1986).
Sample analysis and calculations

The bulk density of DR corn and DDGS was measured using a standard bushel tester
(OHAUS grain scale Model 8324915, Parssipani, NJ, USA) following the method prescribed

by the USDA (1999).
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Ingredients (DDGS and DR corn), feed, and duodenal and fecal samples were
subjected to the following analysis: Dry matter (DM, oven drying at 105°C until no further
weight loss; method 930.15, AOAC 2000); ash (method 942.05, AOAC 2000), Kjeldahl
nitrogen (method 984.13, AOAC 2000); neutral detergent fiber (NDF, Van Soest et al. 1991,
corrected for NDF-ash) incorporating heat stable a-amylase (Ankom Technology, Macedon,
NY) at ImL per 100mL of NDF solution (Midland Scientific, Omaha, NE); lipids (acid
chloroform-methanol extraction; Zinn 1994); chromic oxide (Hill & Anderson, 1958); and
starch (Zinn 1990). In addition, gross energy (GE, using the adiabatic bomb model 1271;
Parr Instrument Co., Moline, IL. USA) was determined for feed and fecal samples. Ammonia
N (method 941.04, AOAC 2000) and purines (Zinn & Owens 1986) were determined in
duodenal samples. OM of feed, duodenal, and fecal samples was determined by difference
between DM and ash content. Microbial OM and N leaving the abomasum were calculated
using purines as a microbial marker (Zinn & Owens 1986). Organic matter that had
fermented in the rumen was considered equal to OM intake minus the difference between the
amount of total OM reaching the duodenum and the microbial OM reaching the duodenum.
Feed N escape into the small intestine was considered equal to total N leaving the abomasum
minus ammonia-N and MN and, thus, included any endogenous contributions.

Statistical design and analysis

The experimental design for this study was a 4 x 4 Latin square. Statistical data were
analyzed using the MIXED procedure of SAS (2004). Fixed effects consisted of treatments,
and random effects consisted of lambs and period. The statistical model for the trial was as
follows:

Yix=p+ Li + Pj + T + Ei,
where: Yy is the response variable, p is the common experimental effect, L; is the lamb

effect, P; is the period effect, Ty is the treatment effect and E;j is the residual error.
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Treatment effects were tested for the following orthogonal components: 1) linear effect of
DDGS level; 2) quadratic effect of DDGS level; and 3) cubic effect of DDGS level.
Coefficients for polynomial contrasts (linear, quadratic and cubic effects of DDGS level)
with equal spacing (0, 10, 20 and 30%) were determined according to SAS (2004). Contrasts
were considered significant when the P-value was < 0.05, and as a tendency approaching

significance with a P-value of <0.10.

RESULTS AND DISCUSSIONS

During experimental phase there were no obvious health problems or feed refusals.
Physical and chemical characteristics of DDGS and replaced corn

The physicochemical composition of DDGS and corn used in the trial and their
relative values according to the NRC (2007) are shown in Table 2. The bulk density of
DDGS obtained here corresponds closely to the average bulk density (bulk density varied
between 0.389 and 0.502 kg/L) reported previously by Rosentrater (2006). While that bulk
density of DR white corn was 40% greater than that reported by Plascencia et al. (2011);
thus, there was greater coarse-processing of the corn used in the current study. The nutrient
composition of white corn used in the present experiment was consistent with previous
reports (Sanchez et al. 2007; Plascencia et al. 2011). Compared to the values assigned to
DDGS by the NRC (2007), the relative values of CP, NDF, lipids and ash were 0.90, 0.99,
0.85, and 0.93, respectively. According to the NRC (2007), the main constituent is the NDF,
followed by the CP, although this proportion can be changed by the quantity of solubles
added during the process (Kim et al. 2008). As a result, much of the variation in the
composition of DDGS can be attributed to plant-to-plant differences in the proportions of
distillers solubles added during processing (Spiehs et al. 2002; Kim et al. 2008). Due to the

greater lipids content of DDGS than that of the DR corn, and compared to the control diet,
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increasing the DDGS level in the diet increased (linear component; P < 0.01, Table 3) the
lipid intake by 7.0, 11.7 and 15.8 g/d to 10, 20 and 30% DDGS levels, respectively. These
values represent a concentration of 8.8% of the total lipids in DDGS and correspond closely
to the total lipids determined by analysis (Table 2) and those reported in DDGS previously
(NRC 2000; Srinivasan et al. 2005; Leupp et al. 2009; Berger & Singh 2010). The average
ash content was very similar compared to the results obtained by Spiehs et al. (2002) and
Belyea et al. (2004) but was nearly 50% lower than the average obtained by Bhadra et al.

(2007).

Characteristics of ruminal pH and site and extent of digestion

The treatment effects on ruminal pH and site and extent of digestion are shown in
Table 3. The ruminal pH (sampling 4 hour postpandrium) averaged 6.20 + 0.29, and was not
affected (P > 0.15) by treatment, even though the starch intake decreased (Table 3; linear
component, P < 0.01) with greater dietary DDGS levels. This could be due to the potential
acidity of DDGS, which came from H,SO,, a standard treatment in the ethanol production
industry (McAloon et al. 2000). In this sense, Felix and Loerch (2011) reported that feeding
DDGS (with S content of 0.74%) at greater inclusions (60%) reduced ruminal pH in cattle.
Likewise, previous studies reported no differences in ruminal pH when 20% (Peter et al.
2000) or 40% (Ham et al. 1994) DDGS was included in finishing diets to steers. In contrast,
Leupp et al. (2009) observed an increase (linear, P < 0.004) in ruminal pH as DDGS level
increased from 15 to 60% in the substitution of DR corn.

Although DM intake was restricted to the same level across treatments, replacing DR
corn with DDGS increased (linear, P < 0.01) NDF, lipids and N intakes and decreased

(linear, P < 0.01) the starch intake for DDGS vs. DRC treatments. The previously mentioned
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resulted from differences in the chemical composition between DDGS and the replaced corn
(Table 2).

Substitution of DR corn with DDGS did not influence ruminal, post-ruminal or the
apparent total tract digestion of starch averaging 87.2 + 2.8, 90.4 £ 3.9 and 98.7 + 0.6% to
ruminal, post-ruminal and total tract digestion, respectively. Those digestion values are in
closely agreement with those observed to lambs fed a finishing diet (Green et al. 1987,
Larson et al. 1993; Ortega-Cerrilla & Mendoza 2003). Previous studies (May et al. 2008;
Corrigan et al. 2009) which were conducted with steers, reported that the substitution of DR
corn with DDGS did not influence site or extent digestion of starch. The absence of effects
with DDGS substitution on starch disappearance is expected. Starch digestion in steers is not
greatly affected by starch intake over a range of 1 to 5 kg/d (approximately 2.5 to 12.5 g of
starch /kg of BW, Huntington et al. 2006). In the present study, the range of starch intake was
9.1t012 2 g of starch /kg BW.

Ruminal NDF digestion increased (quadratic effect, P < 0.01) with DDGS
substitution. DDGS is a source of readily digestible non-forage fiber (Ham et al. 1994) and its fiber
particles are very small. Therefore, rumen microbes could degrade easily (Bhadra et al. 2007). However, the
replacement of DR corn with increasing levels of DDGS decreased (linear effect, P < 0.01)
the ruminal digestion of OM. This reduction is expected, and is attributable to the relative
differences in the ruminal digestion of NDF (48.3%) vs. starch (88.2%), and the ruminal
indigestibility of dietary fat itself (Zinn 1988). Moreover, it is well known that fat has
negative effect on ruminal digestion. Dose-dependent decrease in NDF digestion among the
DDGS treatments (10, 20 and 30%) seems to show negative effect of fat.

There were no treatment effects on the flow of MN into the small intestine (P > 0.56)
and ruminal microbial efficiency (flow of MN to the small intestine as a proportion of OM

fermented; P > 0.17). The substitution of DR corn with DDGS tended to increase (linear
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effect, P = 0.07) the flow of N to the small intestine. However, the ruminal N efficiency (flow
of non-endogenous N to the small intestine as a proportion of N intake) decreased (linear
effect, P = 0.02) with increasing DDGS supplementation. Decreased N efficiency with
increasing DDGS-N intake is expected due to the proportional decrease in MN contribution
as a function of N intake (whereas MN flow to the small intestine was similar across
treatments, its contribution to intestinal N supply decreased inversely with N intake). The
ruminal digestion of feed N was not affected (P > 0.20) by DDGS substitution. Considering
the rumen undegradable intake protein (UIP) for DR corn as 55% (NRC 1985b), then the
value of UIP for DDGS averaged 44%. This value is less than the current tabular value (73%;
NRC 2000). Prior estimates of UIP for DDGS have ranged from 40 to 70% (NRC 2000; Cao
et al. 2009; Leupp et al. 2009; Brake et al. 2010; Islas & Soto-Navarro 2011). High variation
in UIP values may be due to the source and method of processing (Gunn et al. 2009; Hersom
et al. 2010), and the proportion of solubles returned to grain solid residues in the DDGS
mixture (Cao et al. 2009). Gilbery et al. (2006) observed that at least 87% of the N in corn
distiller solubles was degraded in the rumen.

There were no treatment effects (P > 0.22) on post-ruminal digestion of OM and N.
However, the post-ruminal digestion of NDF increased (quadratic effect, P = 0.01), with a
maximal level of 30% of DDGS. This effect may occur as a compensation of NDF digestion,
which generally occurred in the hindgut when ruminal NDF digestion was low (Gressley et
al. 2011). Compared to 10 and 20% DDGS levels, a 30% DDGS level showed a decrease
(15.2%, Table 3) in the value of NDF ruminal digestion.

Post-ruminal lipids digestion was similar (P > 0.56) across treatments, averaging 78.8%.
Post-ruminal lipids digestion (LD, %) is largely a function of total lipid intake expressed as
grams of lipids/kg BW (LD, % = 83.18 - 4.52L1 - 0.68LI°, Plascencia et al. 2003). In the

present study, the lipids content of DDGS diets were 4.7, 5.4 and 5.9% for 10, 20 and 30%
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DDGS levels, respectively. According to dry matter intakes for DDGS diets (Table 3) and the
average BW of lambs (25.9 kg), the lipid consumptions of the DDGS treatments would
equate to 1.24, 1.42, and 1.58 g/kg BW, for the 10, 20 and 30% DDGS diets, respectively.
Thus, dietary lipid intake was below of the 1.6 g/kg of BW suggested by Plascencia et al.
(2003) as being the optimum digestion of lipids.

DDGS levels tended to increase (linear effect, P = 0.06) the total tract NDF digestion.
This tendency in the digestion of NDF reflects the increased intake of highly digestible NDF
from diets containing DDGS. However, consistent with the results of Corrigan et al. (2009),
the level of DDGS substitution for DR corn decreased (linear effect, P < 0.01) the total tract
OM digestion. As with ruminal digestion, the reduction in total tract OM digestion was
expected, and was largely attributable to relative differences in the total tract digestion of
NDF (58%) versus starch (99%). Similar to previous reports in which the consumption of
lipids was moderate (i.e. < 6%) (Zinn & Plascencia, 1993, Plascencia et al. 1999; Uwituze et
al. 2010) increases on lipid intake increase fecal excretion of lipids (P = 0.02) with no
differences in lipids total tract digestion. Consistent with Leupp et al. (2009) and Brake et al.
(2010), the total tract apparent N digestion increased (linear effect, P = 0.04) with the level of
DDGS substitution. However, this effect may be more of a function of the increased N
content of the diet brought about by the replacements (Holter & Reid 1959). Adjusting for
metabolic protein fecal loss (NRC 1985a), the true digestion of protein in the present study
averaged 91.8% that was similar to the average of previous measurements summarized by the
NRC (1985a).

Consistent with effects on total tract OM digestion, the level of DDGS substitution for
DR corn tended to decrease (linear effect, P = 0.08) the digestibility of GE, however this did
not affect (P > 0.25) the dietary DE (MJ/kg), reflecting the greater gross energy content of

DDGS versus DR corn in the replacements (Table 2).
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CONCLUSION

Under the conditions of the current experiment, it was concluded that DDGS is
appropriate for use as a feed ingredient, and can be included up to 30% in the finishing diets
of lambs. As a result of differences in the proportion of starch:NDF content between DDGS
and replaced corn, the lower ruminal and total tract digestion of OM was mainly attributable
to relative differences in the total tract digestion of NDF versus starch. However, it did not
affect dietary DE (Mcal/kg), reflecting the greater gross energy content of DDGS versus corn
in the replacements. Accordingly, the comparative DE value of DDGS may be considered

similar to the DE value of the DR corn it replaced in the finishing diets fed to lambs.
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Table 1 Ingredients and composition of experimental diets fed to lambs (% of dry matter)

Dried distillers grains plus solubles

level, %

Item 0 10 20 30
Ingredient composition (%)
Dry-rolled corn 74.50 64.50 54.50 44.50
Dried distillers grains with solubles 0.00 10.00 20.00 30.00
Soybean meal 5.00 5.00 5.00 5.00
Sudan grass hay 10.00 10.00 10.00 10.00
Tallow 1.50 1.50 1.50 1.50
Molasses 6.10 6.10 6.10 6.10
Chromium oxide 0.40 0.40 0.40 0.40
Mineral premix 2.50 2.50 2.50 2.50
Chemical composition, (DM basis)

Crude protein (%) 10.95 12.61 13.98 15.51

Lipids (%) 3.70 4.68 5.38 5.95

NDF (%) 16.04 1975 2255  26.12

Gross energy (MJ/kg) 17.45 17.74 18.32 18.41
Calculated net energy (MJ/kg)

Maintenance 8.66 8.66 8.66 8.66

Gain 5.90 5.90 5.90 5.90

Mineral premix was composed by 64% limestone, 20% NaCl enriched with trace mineral and 16%
urea. Mineral premix contained CP, 50%; Calcium, 28%; Phosphorous, 0.55%; Magnesium, 0.58%;
Potassium, 0.65%; NaCl, 15%; vitamin A, 1,100 1U/kg; vitamin E, 11 Ul/kg; Dietary composition
was determined by analyzing subsamples collected and composited throughout the
experiment. Accuracy was ensured by adequate replication with acceptance of mean values
that were within 5% of each other; Based on tabular net energy (NE) values for individual feed
ingredients (NRC, 1985) with the exception of supplemental fat, which was assigned NE,, and NE,

values of 25.1 and 19.87, respectively (Zinn, 1988).
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Table 2 Composition and density of DDGS and dry-rolled corn (DRC) used and

corresponding tabular values (NRC 2007)

DDGS DRC
DDGS DRC

ltem (NRC, 2007)  (NRC, 2007)
DM (%) 942 914 90.0 88.0
CP (%) 263 9.1 29.0 9.0
NDF (%) 427 103 43.0 9.0
Starch (%) 4.3 69.4 -- --
Lipids (%) 9.0 3.6 10.6 4.3
Ash (%) 5.6 1.7 6.0 2.0
Gross energy (Mcal/kg)  4.87 4.16 -- --
Density (g/L) 454 702

DDGS, dry distillers grain with soluble; DRC, dry-rolled corn; DM, dry matter, CP, crude

protein; NDF, neutral detergent fiber.
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Table 3 Influence of supplementation level of dried distillers grains plus solubles on

characteristics of ruminal and total tract digestion in cannulated lambs

DDGS in diet Contrast P-value
ltem 0% 10% 20% 30% SEM Linear Quadratic Cubic
Ruminal pH 6.08 6.15 6.25 6.33 011 0.15 0.99 0.92
Intake (g/d
DM 679 685 684 689 23 0.79 0.98 0.91
oM 634 641 639 646 21 0.74 0.99 0.87
NDF 109a 135b 154c 180d 4 <0.01 0.95 0.49
Starch 319 272b  250bc  236¢ 9.9 <0.01 0.15 0.75
N 11.9a 138ab 153b 17.1c 044 <0.01 0.83 0.72
Lipids 244a 356b 38.7bc 409c 1.1 <0.01 0.06 0.19
GE (MJ/d) 11.8 12.1 12.5 12.7 040 0.17 0.87 0.86
Flow to duodenum (g/d)
oM 351 379 382 393 16 0.13 0.64 0.68
NDF 67a 64a T7a 102b 4.5 <0.01 0.02 0.83
Starch 38 36 32 31 5.2 0.30 0.93 0.93
N 14.6 15.6 16.2 17.3 0.92 0.07 0.93 0.83
Nonammonia N 13.9 14.8 15.4 16.4 0.86 0.08 0.99 0.86
MN 8.26 8.67 8.41 7.63 096 0.63 0.56 0.97
Feed N 5.6la 6.15a 7.00a 8.73b 047 <0.01 0.25 0.79
Lipids 298a 37.2b 445b 46.6b 3.3 0.02 0.18 0.55
Ruminal digestion (%)
oM 575a 544ab 53.4bc 50.8c 0.9 <0.01 0.83 0.41
NDF 385a 522b 49.7b 43.2ab 2.7 0.38 <0.01 0.37
Starch 88.2 86.9 87.1 87.0 1.7 0.66 0.75 0.83
Feed N 52.8 55.7 54.3 48.7 2.9 0.36 0.20 0.98
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Microbial efficiency
N efficiency

Postruminal  digestion

(%) leaving abomasum

oM
NDF
Starch
N
Lipids

Fecal excretion (g/d)

DM

oM

NDF

Starch

N

Lipids
GE (MJ/d)

Total-tract digestion

(%)
DM
oM
NDF
Starch
N

Lipids

DE (%)

DE diet (MJ/kg)

23.3

1.16

66.6

19.2ab

90.7

77.0

80.5

142a

117a

53a

3.4

3.3

5.8a

2.45a

78.8a

81.5

51.1a

98.9

72.0

76.2

79.3

13.8

22.9

1.08

65.7

9.7a

90.7

77.2

78.7

154ab

130ab

58ab

3.3

3.5

7.9b

2.66a

77.5ab

79.7

57.2ab

98.8

74.4

77.8

78.0

13.8

21.6

1.00

65.3

14.3a

90.8

76.1

79.9

130ab

133ab

67bc

3.1

3.8

8.9b

2.75a

76.7ab

79.3

57.1ab

98.8

75.4

77.0

78.0

14.3

19.4

0.96

62.6

27.8b

89.8

77.1

79.2

173b

147b

T4c

3.3

3.9

9.7b

3.04b

74.9b

77.3

59.2b

98.6

76.9

76.4

76.1

13.9

1.9

0.05

21

2.9

1.7

1.2

2.7

7.6

8.3

3.7

0.57

0.21

1.29

0.15

11

1.2

2.3

0.2

13

0.9

1.0

0.21

0.17

0.02

0.22

0.06

0.74

0.86

0.88

0.03

0.04

<0.01

0.83

0.07

0.02

0.04

0.04

0.06

0.06

0.36

0.04

0.61

0.08

0.37

0.65

0.58

0.68

0.01

0.88

0.69

0.32

0.90

0.95

0.72

0.77

0.96

0.64

0.81

0.88

0.94

0.42

0.89

0.74

0.47

0.79

0.53

0.98

0.92

0.77

0.69

0.79

0.56

0.72

0.71

0.60

0.71

0.85

0.84

0.77

0.67

0.75

0.60

0.44

0.81

0.79

0.66

0.55

0.25
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pH was measured at 4-h posprandium (morning meal); Microbial efficiency is estimated as duodenal
MN, g kg™ OM fermented in the rumen; N efficiency is estimated as duodenal non-ammonia N, g g*
N intake; Within rows, means followed by different letters are significantly different at P <
0.05
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Abstract

The objective of this experiment was to determine the effects of replacing partially dry-rolled
corn (DRC) and soybean meal (SBM) with different levels (0, 15, 30 and 45%) of dried
distillers grains with solubles (DDGS) on growth performance, dietary energetics, carcass
characteristics, and visceral mass in hairy lambs fed during 112-d a finishing diet. Lambs (n=
40, average lamb initial weight = 17.27 + 1.36 kg) were blocked by weight and allotted in 20
pen. The basal diet contained 62 and 18% of DRC and SBM respectively. Dietary treatments
consisted of the replacement of the total DRC and SBM in basal diet by DDGS using the
following proportions: 1) 0% DDGS for basal diet (DDGS0); 2) 15% DDGS level replacing
15% of DRC and 30% of SBM (DDGS15); 3) 30% DDGS level replacing 30% of DRC and
60% of SBM (DDGS30), and 4) 45% DDGS level replacing 45% of DRC and 90% of SBM
(DDGS45). DDGS substitution improved (linear P= 0.04) final weight and average daily
gain, but as a consequence of a tendency (P =0.06) to increase dry matter intake (DMI) with
DDGS substitution, there were no advantages (P > 0.33) on gain efficiency, dietary energetic
or observed-to-expected DMI. DDGS substitution did not affect dressing percentage and
backfat thickness, but increased (linear, P < 0.03) hot carcass weight and kidney, pelvic and
heart fat (KPH) and decreased (linear, P = 0.05) longissimus muscle area (LM). There were
not treatments effects on carcass composition, but increased DDGS level in substitution
tended to linearly decrease as a percentage of cold carcass weight, muscle (P =0.08) and
increase carcass fat (linear, P =0.10). There were no effects of substitution with DDGS on
wholesale cuts. Replacing corn and SBM with DDGS increased (linear P = 0.03) empty body
weight (EBW, as percentage of full weight) but influence on organ weights as a proportion of
EBW (g/kg EBW) were small. The estimated net energy of maintenance (MJ/kg) of DDGS

was 9.79, 9.62 and 9.50 to DDGS15, DDGS30 and DDGS45, respectively. DDGS is suitable
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substitute for a portion of the corn and SBM in a finishing diet, however at high inclusion
level tended to decrease LM area and increase KPH.

Keywords: DDGS; Corn; Soybean meal, Finishing diet, Lambs, Performance, Visceral mass.
1. Introduction

During the production process of distillers dry grain with solubles (DDGS), protein, minerals,
fat and fiber are concentrated three-fold as co-products when compared with corn. Therefore,
DDGS contains approximately 30% CP (73% ruminal undegradable intake protein, UIP),
40% NDF and 11% fat (NRC, 2007), and often costs less than corn (USDA, 2012). The
growing supply of DDGS is likely to lower the cost of the feed ingredient, making it more
favorable for use as a protein and energy source in the livestock industry. The high potential
of the nutritional value of DDGS can be useful for replacing grains (Klopfenstein et al., 2008)
or grains plus proteins sources (Depenbusch et al., 2008) in growing-finishing diets of beef
cattle. However, it appeared that the feed value of DDGS may vary by level of inclusion
(Uwituze et al., 2010) as well as the strategy of ingredients that replaces (Dicostanzo and
Wright, 2012). Historically, DDGS has primarily been feed to beef and dairy cattle, swine
and poultry (Rosentrater, 2012). Even though DDGS should be appropriate as a feed
ingredient for lambs, the feeding value of DDGS in finishing diets fed to lambs is well not
defined because only a limited amount of research has evaluated the use of DDG in lamb
diets (Huls et al., 2006, Schauer et al., 2008). Huls et al. (2006) reported that feed value of
DDGS was similar to a mixture composed by 56% of corn and 44% of SBM, when 17.3% of
corn and 100% of SBM were replaced by 22.9% of DDGS in the finishing diet which
contained 72.2% and 10.2% corn and SBM, respectively. However, it is known that inclusion
levels above 25% may affect the nutritional value of DDGS (Vander Pol et al., 2005). Felix et
al. (2012) reported a quadratic effect on ADG in feedlot lambs when corn and soybean meal

were replaced by DDGS, being maximal at 20% of inclusion. These researchers argue that
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chemical composition of DDGS (high content of NDF and fat) are the responsible of the
decreases on it feeding value at high levels of inclusion. In opposite, Schauer et al. (2008)
reported that lambs could be fed up to 60% DDGS (DM basis), to replace 55% of barley and
5% of soybean meal, without affecting performance and carcass quality, which indicates that
the feeding value of DDGS was similar to the proportion of barley and soybean meal
replaced in these diets. Because in the most of experiment SBM were totally replaced in
DDGS treatments, the relative difference in protein concentration between control diets vs.
diets supplemented with high level of DDGS was up to 30%. In the same way, the diets
generally were not isoenergetic when DDGS partially replace grain and totally replace SBM
in diets. Both situations make it difficult to accurately determine the feeding value of DDGS
included at high levels in these experiments. Therefore, the purpose of this study was to
evaluate, in isoenergetic diets, the feeding value of DDGS included at high levels as partial
substitute of corn and SBM, and to test the hypothesis that this DDGS can partially replace
corn and SBM in high concentrate diets for finishing hair lambs without affecting growth
performance, carcass characteristics and visceral organ mass. Dry distillers grain with
solubles is commonly used in feedlot lambs because of its availability throughout Mexico.
The USA exports of DDGs to Mexico surged to a record $444 million in 2011 as Mexico

became the top market, surpassing China by more than $100 million (USDA, 2012).

2. Materials and methods
2.1. Diets, animals and experimental design

This experiment was conducted at the Universidad Autonoma de Sinaloa Feedlot
Lamb Research Unit, located in the Culiacan, México (24° 46> 13” N and 107° 21 14”W).
Culiacan is about 55 m above sea level, and has a tropical climate. All animal management

procedures were conducted within the guidelines of locally-approved techniques for animal
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use and care (NOM-051-Z0O0-1995: Humanitarian care of animals during mobilization of
animals; NOM-062-Z0O0-1995: Technical specifications for the care and use of laboratory
animals. Livestock farms, farms, centers of production, reproduction and breeding, zoos and
exhibition hall, must meet the basic principles of animal welfare; NOM-024-ZO0-1995:
Animal health stipulations and characteristics during transportation of animals, and NOM-
033-Z00-1995, Humanitarian care and animal protection during slaughter process.

Forty Pelibuey x Katahdin (17.27 £ 1.36 kg) crossbred intact male lambs were used in
a growth-performance experiment to evaluate the effects of replacing partially soybean meal
(SBM) and dry-rolled corn (DR) with different levels (0, 15, 30 and 45%) of dried distillers
grains with solubles (DDGS) on growth performance, dietary energetics, carcass
characteristics, and visceral organ mass. Three wk before the experiment started, lambs were
treated for endoparasites (Tasasel 5%®, Fort Dodge, Animal Health, México), and injected
with 1x10 ° 1U vitamin A (Synt-ADE®, Fort Dodge, Animal Health, México). Upon
initiation of the experiment, lambs were weighed individually (electronic scale; TORREY
TIL/S: 107 2691, TOR REY electronics Inc, Houston TX, USA), before the morning meal
and were equally grouped by weight into five uniform weight group and assigned to 5-pen
blocks (two lambs per pen). The 16 pens used in the study were 6 m? with overhead shade,
automatic waterers and 1 m fence-line feed bunks. During a 21-d adaptation period all lambs
received the basal diet (no DDGS supplementation, Table 1). Dietary treatments consisted of
the replacement of the total of DRC and SBM in basal diet by DDGS using the following
proportions: 1) 0% for basal diet (DDGS0); 2) 15% DDGS level replacing 15% of corn and
30% of SBM (DDGS15); 3) 30% DDGS level replacing 30% corn and 60% SBM
(DDGS30), and 4) 45% DDGS level replacing 45% corn and 90% SBM (DDGS45).
Experimental diets and its chemical composition are shown in Table 1. To maintain the

proportion (> 1.5) of Ca:P in diet, limestone was added, replacing molasses cane, at levels of
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0.25, 0.50, and 0.75% in diet DDGS15, DDGS30 and DDGSA45, respectively. Diets were
formulated to be isocaloric but not isonitrogenous, because the protein level increases as the
level of DDGS replacing corn and SBM in the diet increased. However, the relative
differences between control diet and high level DDGS diet was only 12.6% (17.1 vs. 19.6%
CP). White corn was used as source of grain in the form of a commercial blend obtained from
Mexico. Corn was prepared by passing whole corn through rollers (46 x 61cm rolls,
5.5corrugations/cm; Memco, Mills Rolls, Mill Engineering & Machinery Co., Oklahoma,
CA) and machinery that had been adjusted so that the kernels were broken into a
approximately bulk density of 0.52 kg/L. The source of DDGS used was a corn DDGS
named for its appearance (color) as “Golden” and was obtained in an ethanol production
facility with a 0.8% maximal content of sulfur (Pinal Energy LLC, Maricopa, AZ). Soybean
meal used was a standard US soybean meal obtained by solvent extraction (Ceres
Commodities LCC, Newport, KY). The forage source of diet (sudangrass hay) was ground in
a hammer mill (Bear Cat #1A-S, Westerns Land and Roller Co., Hastings, NE) with a 3.81cm
screen, before incorporation into complete mixed diets. Dietary treatments were randomly
assigned to pens within blocks. The experiment lasted 112 days. Lambs were weighed at the
beginning of the trial and every 28 days thereafter. Initial BW was reduced 4% to adjust the
gastrointestinal fill, and all lambs were fasted (food but not drinking water was withdrawing)
during 18 h before recording the final BW. Lambs were allowed ad libitum access to dietary
treatments. Daily feed allotments to each pen were adjusted to allow minimal (< 5%) feed
refusals in the feed bunk. The amounts of feed offered and of feed refused were weighed
daily. Lambs were provided fresh feed twice daily at 0800 and 1400 h in a 40:60 proportion
(as feed basis). Feed bunks were visually assessed between 0740 and 0750 h each morning,
refusals were collected and weighed and feed intake was determined. Adjustments to, either

increase or decrease daily feed delivery, were provided at the afternoon feeding.
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2.2 Sample analysis

The ingredients (DDGS, corn and soybean meal) and complete diets were subjected to the
following analyses: DM (oven drying at 105°C until no further weight loss; method 930.15;
AOAC, 2000); CP (Nx 6.25, method 984.13; AOAC, 2000); ash (method 942.05; AOAC,
2000); NDF [Van Soest et al., 1991, corrected for NDF-ash, incorporating heat stable a-
amylase (Ankom Technology, Macedon, NY) at ImL per 100mL of NDF solution (Midland
Scientific, Omaha, NE)]; ether extract (method 920.39; AOAC, 2000); starch (Zinn, 1990);
calcium, (method 927.02; AOAC, 2000) and phosphorus, (method 964.06; AOAC, 2000).
Feed and refusal samples were collected daily for DM analysis, which involved oven drying the
samples at 105°C until no further weight loss occurred (method 930.15; AOAC, 2000).

2.3. Calculations

The estimations of dietary energetic and expected DMI were performed based on the
estimated initial shrunk body weight (SBW), to convert to a SBW basis is assuming that SBW is
96% of full weight (CSIRO, 1990; Cannas et al., 2004), and final body weight. Average daily
gains were computed by subtracting the initial BW from the final BW and dividing the result
by the number of days on feed. The efficiency of BW gain was computed by dividing ADG
by the daily DMI.

The estimation of expected DMI was performed based on observed ADG and average
shrunk weight (SBW) according to the following equation: expected DMI, kg/d = (EM/NE,)
+ (EG/ENy), where EM (energy required for maintenance, MJ/d) = [4.184 x (0.056xSBW"
)] (NRC, 1985), EG (energy gain, MJ/d) = [4.184 x (0.276x ADGx SBW %' )] (NRC, 1985),
NEn and NEg are 8.58 and 5.86 MJ/Kkg, respectively (derived from tabular values based on
the ingredient composition of the experimental diet; NRC, 1985), and SBW represent full

body weight x 0.96, CSIRO, 1990; Cannas et al., 2004]. The coefficient (0.276) was
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estimated assuming a mature weight of 113 kg for Pelibuey x Kathdin male lambs (Canton

and Quintal, 2007). Dietary NE was estimated by means of the quadratic formula:

_ -b+./p*-4ac

B 2c 1
where x = NEn,, a =-0.41EM, b = 0.877 EM + 0.41 DMI + EG, and ¢ = -0.877 DMI (Zinn et
al., 2008) and, the results obtained were multiplied by 4.184 to convert to units of MJ.
The estimated net energy of DDGS was performed given that the NE, values of DR
corn and soybean meal are 2.24 and 2.06 Mcal/kg, respectively (NRC, 1985), then the

comparative NE, values for the DDGS may be estimated as follows:

ENy Mcallkgy DDGS15 = (((0.775x2.24) + (0.225x2.06)) - ((1.97 - 2.00)/0.8) -
((0.65625x2.24) + (0.15625x2.06)))/0.1875

ENn Mcallkg DDGS30 = (((0.775x2.24) + (0.225x2.06)) - ((1.97 — 2.01)/0.8) -
((0.5375x2.24) + (0.0875x2.06)))/0.375

ENm Mcallkg DDGS45 = (((0.775x2.24) + (0.225x2.06)) - ((1.97- 2.01)/0.8) -
((0.4125x2.24) + (0.025x2.06)))/0.5625

The constants 0.775 and 0.225 represent the proportion of DR corn and SBM on the
total participation in basal diet, while the constants 2.24 and 2.06 represent de NE,, of corn
and SBM replaced by DDGS. The constant 1.97 represent the ENp, observed to basal diet.
The constant 0.80 represent the total percentage of corn and SBM in basal diet. The constants
0.1875, 0.375, and 0.5625 correspond to the proportion of DDGS which replaced corn and
SBM in the basal diet. Finally, the constants 0.65625 and 0.15625; 0.5375 and 0.0875, and
0.4125 and 0.025 represent the proportion of corn and SBM in the DDGS replaced diets. The
results obtained were multiplied by 4.184 to convert to units of MJ.

2.4. Carcass and visceral mass data

All lambs were harvest on the same day. After sacrifice, lambs were skinned, and the

gastrointestinal organs were separated and weighed. After carcasses (with kidneys and

internal fat included) were chilled in a cooler at -2 to 1°C for 48 h, the following
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measurements were obtained: 1) carcass length (maximum distance between the edge of the
ischio-pubic symphysis and anterior border of the first rib at its midpoint); 2) carcass depth
(maximum distance between the sternum and the back of carcass, at level of sixth thoracic
vertebra); 3) leg length (distance from the symphysis pubis to the tarsal-metatarsal joint); 4)
body wall thickness (distance between the 12" and 13" ribs beyond the ribeye, five inches
from the midline of the carcass); 5) fat thickness perpendicular to the m. longissimus thoracis
(LM), measured over the center of the ribeye between the 12th and 13th rib; 6) LM surface
area, measure using a grid reading of the cross sectional area of the ribeye between 12th and
13th rib, and 7) kidney, pelvic and heart fat (KPH). The KPH was removed manually from
the carcass, and then weighed and reported as a percentage of the cold carcass weight
(USDA, 1982). Each carcass was split along the vertebrae into two halves. The left side of
each carcass was fabricated into wholesale cuts, without trimming, according to the North
American Meat Processors Association guidelines (NAMP, 1997). Rack, breast, shoulder and
foreshank were obtained from the foresaddle, and the loins, flank and leg from the
hindsaddle. The weights of each cut were subsequently recorded. The Carcass composition
was assessed using physical dissection by the procedure described by Luaces et al. (2008).

All tissue weights were reported on a fresh tissue basis. Previous data suggests that
there is very little variation among fresh and dry weights for visceral organs (Neville et al.,
2008). Organ mass was expressed as grams of fresh tissue per kilogram of final empty BW.
Final EBW represents the final full BW minus the total digesta weight. Full visceral mass was
calculated by the summation of all visceral components (stomach complex + small intestine +
large intestine + liver + lungs + heart), including digesta. The stomach complex was
calculated as the digesta-free sum of the weights of the rumen, reticulum, omasum and
abomasum.

2.5, Statistical analysis
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Performance (gain, gain efficiency, and dietary energetics) and carcass data were
analyzed as a randomized complete block design. The experimental unit was pen. The
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) was used to analyze the variables. The
fixed effect consisted of treatment, and pen as the random component. Whole cuts data and
carcass composition were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC),
in a model with treatment and pen as fixed effects and interaction treatment x pen and
individual carcasses within pen by treatment subclasses as random effects, with the final
CCW as a covariate when it represented a significant (P < 0.05) source of variation.

Visceral organ mass data were analyzed using the MIXED procedure (SAS Inst. Inc.,
Cary, NC), in a model with treatment and pen as fixed effects and interaction treatment x pen
and individual carcasses within pen by treatment subclasses as random effects. Treatment
effects were tested for linear, quadratic and cubic components of the DDGS supplementation
level. Contrasts were considered significant when the P-value was < 0.05, and tendencies
were identified when the P -value was > 0.05 and < 0.10.

3. Results

As a result of chemical composition of DDGS, DR corn and SBM (Table 2), and
given that the proportions of the mixtures of DRC and SBM in control and DDGS
supplemented diets contributed with 14.23, 13.58, 12.56 and 10.93% of CP for DDGSO,
DDGS15, DDGS30 and DDGS45, respectively. Thus, as DDGS increased and corn grain
plus SBM decreased in the diets, crude protein, NDF, and ether extract increased and starch
declined (Table 1). Growth performance, dietary energetic, carcass traits and visceral organ
mass are shown in Tables 3-6. The DDGS substitution improved (linear P = 0.04) final
weight and average daily gain, but as a consequence of a tendency (P =0.06) to increase dry
matter intake (DMI) with DDGS substitution, there were no advantages (P > 0.33) on gain

efficiency, dietary energetic or observed-to-expected DMI. DDGS substitution did not affect
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dressing percentage and backfat thickness, but increased hot carcass weight (HCW) and
kidney, pelvic and heart fat (KPH) and decreased longissimus muscle area (LM). There were
not treatments effects on carcass composition, but increased DDGS level in substitution
tended to decrease as a percentage of cold carcass weigth, muscle (P =0.08) and increase
carcass fat (P =0.10). There were no effects of substitution with DDGS on wholesale cuts.
Replacing corn and SBM with DDGS increased (linear P = 0.03) empty body weight (EBW,
as percentage of full weight) but influence on organ weights as a proportion of EBW (g/kg
EBW) were small. The estimated net energy of maintenance (MJ/kg) of DDGS was 9.79,
9.62 and 9.50 to DDGS15, DDGS30 and DDGSA45, respectively.
4. Discussions
4.1 Physical and chemical characteristics of DDGS and replaced corn and soybean meal

The physicochemical composition of DDGS, corn and SBM used in the trial are
shown in Table 2. The bulk density of DDGS obtained here corresponds closely to the
average bulk density (bulk density varied between 0.389 and 0.502 kg/L) reported previously
by Rosentrater (2006). While that bulk density of DR white corn was in close agreement with
the targeted 0.57 kg/L. The density of DR corn in the present study was 24% greater than that
reported by Plascencia et al. (2011); thus, there was greater coarse-processing of the corn
used in the current study. The bulk density of SBM registered here was 0.602 Kg/L.
Accordingly to the standards quality of NOPA (The National Oil Processors Association,
USA), to soybean meal, bulk density must be in range of 0.57 to 0.64 kg/L, this range may
vary by proportion of particle size and soyhulls presents in final product (Molenda et al.,
2002).

The nutrient composition of white corn and SBM used in the present experiment was
consistent with previous reports (Karr-Lilienthal et al., 2004; Sanchez et al., 2007; Foster et

al., 2009; Plascencia et al., 2011). Compared to the values assigned to DDGS by the NRC
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(2007), the relative values of CP, NDF, and ash (as 100% of DM) were 0.98, 0.72, and 1.10,
respectively. According to the NRC (2007), the main constituent is the NDF, followed by the
CP, although this proportion can be changed by the quantity of solubles added during the
process (Kim et al., 2008). As a result, much of the variation in the composition of DDGS
can be attributed to plant-to-plant differences in the proportions of distillers solubles added
during processing (Spiehs et al., 2002; Kim et al., 2008). The average ash content was very
similar compared to the results obtained by Spiehs et al. (2002) and Belyea et al. (2004) but
was nearly 50% lower than the average obtained by Bhadra et al. (2007).
4.2 Growth performance and dietary energetic

Previous studies evaluating DDGS substitution for corn and SBM did not report effect
on feed intake when DDGS was included from levels of 20% (Huls et al., 2006) to 60%
(Felix et al., 2012) in finishing diets with soybean hulls as forage source. Similarly, feeding
40% DDGS to lambs that received 10% alfalfa hay did not affect DMI in growing lambs
when compared with a corn-based diet (Lodge et al., 1997). But in barley-based diets, Shauer
et al. (2006) noted increases on DMI as DDGS increased on diet. The DMI of finishing diets varies
with NDF (Galyean and Defoor, 2003) and net energy (NE) content of the diet (NRC, 2007). DDGS is a

source of readily digestible non-forage fiber (Ham et al., 1994) and its fiber particles are very small.

Therefore, rumen microbes could degrade easily (Bhadra et al., 2007). Thus, in the most of cases, the

differences in NDF content of the control diet and DDGS diets have not an important impact on DMI in both,

lambs (Lodge et al., 1997, Huls et al., 2006, Zelinsky et al., 2006; Felix et al., 2012) and in feedlot cattle (Al-
Suwaiegh et al., 2002; May et al., 2007; Depenbusch et al., 2008; Uwituze et al., 2010).

In prior studies involving lambs (Lodge et al., 1997; Huls et al., 2006; Schauer et al.,
2008), substitution of DDGS for DRC and SBM, at levels from 20 to 60% of diet DM did not
affect overall ADG or gain efficiency. Huls et al. (2006) reported that feed value of DDGS
was similar to a mixture composed by 56% of corn and 44% of SBM, when 17.3% of corn

and 100% of SBM were replaced by 22.9% of DDGS in the finishing diet which contained
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72.2% and 10.2% corn and SBM, respectively. However, it is known that inclusion levels
above 25% may affect the nutritional value of DDGS (Vander Pol et al., 2005). Felix et al.
(2012) reported a quadratic effect on ADG in feedlot lambs when corn and soybean meal
were replaced by DDGS, being maximal at 20% of inclusion. These researchers argue that
chemical composition of DDGS (high content of NDF and fat) are the responsible of the
decreases on it feeding value at high levels of inclusion. In opposite, Schauer et al. (2008)
reported that lambs could be fed up to 60% DDGS (DM basis), to replace barley and SBM,
without affecting performance and carcass quality, which indicates that the feeding value of
DDGS was similar to the proportion of barley and SBM replaced in these diets. In the present
experiment, the NE content of the DDGS was estimated based on performance. The NE of
DDGS (for 15, 30 and 45% level) contained 105, 103 and 101% of the relative NE value of
corn. The average NE, and NEy values of DDGS were slightly higher (5.6%) with tabular
(NRC, 2007) NEy, and NEq values of 2.18 and 1.50. Similar or superior NE values for DDGS
compared to corn is in agreement whit previous reports in lambs (Lodge et al., 1997) and in
feedlot cattle (Al-Suwaiegh et al., 2002; Depenbusch et al., 2008; Uwituze et al., 2010).
Lodge et al. (2007) determined a 12% greater NE value for DDGS than DR corn when 40%
DDGS replace 37% of total corn (control diet contained 78.9% of DRC) and 3% of SBM in
finishing diet for lambs. Because lipids contains three times more energy than corn grain
(Zinn, 1989), DDGS have greater gross energy content of DDGS versus DRC and SBM in
the replacements. Mathematically, based on fat content, DDGS could account for 9% more
energy than corn (Larson et al., 1993); however, NE value of fat is dynamic, largely
depending on the level of supplementation (Zinn and Plascencia, 2007); thus, the comparative
feeding value of DDGS can be affected by level of inclusion. Vander Pol et al. (2005)
summarized feeding trials that evaluated performance of cattle fed corn distillers grains and

concluded that the energy content of wet distillers grains was higher than that of DRC, but
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that this difference declined with increasing levels of distillers grains in the diet. In the
present experiment, the estimated NE value for DDGS in DDGS15 treatment was 2.34 and
declined to 2.27 in DDGS45 treatment. According Plascencia et al. (2003), the NE value of
fat is 100% of the tabular value (NRC, 2007) when fat intake not exceeded 1.2 g of fat/kg of
BW and declined 1.5% percentage units for each 0.1 g of fat intake/kg of BW under the limit
of 1.2 g/lkg BW. Another factor is that, at high levels of inclusion (i.e. > 30%), the excess
protein of DDGS might decreases the available energy for growth by increasing the energy
cost of certain organs that are responsible for dealing with excess protein (Gunn et al., 2009;
Salim, 2011). Even though it's necessary consider the effects of removing the starch and
replacing it with digestible fiber on animal performance. It is well recognized that subacute
acidosis affect negatively growth performance in cattle (Owens et al., 1998). The DDGS
contain 94% less starch than DR corn (Table 2); therefore, replacing corn with DDGS may
help control subacute acidosis (Lodge et al., 1997; Huls et al., 2006), this can result in better
performance and feed efficiency in some experiments in which DDGS replace, at moderated
levels, to corn in finishing diets.
4.3 Carcass traits and visceral organ mass

The effects of inclusion of DDGS in diets fed to lambs are contradictory. Similar to
our results, Increases on HCW without effect on dressing percentage was reported when
DDGS was included up to 60% in finishing diet (Schauer et al., 2008).While, Felix et al.
(2012) noted an increase (quadratic effect) of HCW and dressing percentage being maximal
at 20% level of inclusion. Back fat thickness (BFT) was increased only in one (Huls et al.,
2006) of four reports, the rest of reports, similar to our results, BFT was unaffected by DDGS
supplementation. Generally, the LM area remain unchanged when lambs are feeding with
diets that contained DDGS (Schauer et al., 2008; Felix et al., 2012), however, a numerical

decrease of 4.6% was observed in lambs when 22.9% of DDGS replaced DR corn and SBM
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(Huls te al,. 2006). In contrast, no effects on carcass characteristics in Rambouillet wethers
were noted with inclusion up to 20% of DDGS in substitution of cottonseed meal in a
sorghum-based finishing diet (Whitney and Braden, 2010). Similar, in feedlot cattle, Leupp et
al. (2009) did not observed differences on carcass characteristics when they replaced 30% of
DRC with DDGS in finishing ration. In the same manner, Ham et al. (1994) and Lodge et al.
(1997) reported no differences in 12th-rib fat thickness, quality grade, or yield grade in steers
fed corn or sorghum DDGS, respectively, compared with DRC. Typically, increases on
intake of dietary fat has increased KPH (Zinn, 1988; Brand and Anderson, 1990; Plascencia
et al., 1999); thus, increases on KPH in cattle fed diets with high levels of DDGS is expected.
In agreement with the above, in the present experiment a positive linear effect was observed
to KPH amount in relationship to DDGS level. However, Felix et al. (2012) reported a
quadratic effect (P = 0.03) of dietary DDGS inclusion on KPH. Lambs fed 20% DDGS had
the greatest amount of KPH, while lambs fed 60% DDGS shown lower values KPH than
controls (2.62 vs. 3.07). Excluding the present experiment and the report of Felix et al.
(2012), no data of KPH in lambs fed diets supplemented with DDGS are available. In heifers
fed a stem-flaked corn based diets a linear increase in the KPH value was observed from the
level of inclusion of 30% of DDGS (Gordon et al., 2002). While, Corrigan et al. (2009)
observed that KPH increased quadratically on steers fed a steam-flaked corn diets as WDGS
level increased, greater responses observed when 15 and 25.7% WGDS was fed. However, in
feedlot cattle, inclusion up to 40% of DDGS has not shown an impact on KPH (Depenbusch
et al., 2008; Leupp et al., 2009; Uwituze et al., 2010).

Although Whitney and Braden (2010) did not measure carcass protein, similarly to
our results, total percentage of fat in carcass linearly increased as DDG increased in the diet
when lambs were fed a finishing sorghum-based diet. In contrast, in lambs fed a DRC-based

diet the LM fat decreased linearly with increasing DDGS inclusion in the diet (Felix et al.,
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2012). The reason for the inconsistent responses in carcass composition is not clear but
appears to be related with energy and protein level among the control and DDGS diets. The
diets were isoenergetic and isoproteic in the experiment of Whitney and Braden (2010), while
in the experiment of Felix et al (2012) were not. Apparently, calories from DDGS differently
affected the energy partitioning and site of fat deposition, as result of level of inclusion as
well as the strategy of ingredients that replaces. Until recently, the effect of DDGS in
finishing lambs on yield of wholesale cuts has been limited and published research in this
area scarce. Even thought, similar to our results, Felix et al. (2012) did not observed effect on
the trimmed cuts in lambs when compared control diet with other DDGS diets.

In relation to the organ weights of GIT as response to DDGS suplemenattion, the liver
weight (gram and gram per kilogram of BW) of steers, did not differ when DDGS was
included up to 50% in finishing diet contained whole corn (Salim, 2011). According to Sainz
et al (1997), it seems that liver weight responds mainly to energy-yielding nutrients and
amino acids. While, the total mass of the forestomachs responded to diet type rather than
intake, increasing with dietary fiber content (Sun et al., 1994) and the main factor that
influencing intestinal weight seemed to be dietary fiber (Sainz et al., 1997) and protein intake
(Jhonson et al., 1990). As mentioned previously, DDGS is a source of readily digestible non-
forage fiber (Ham et al., 1994) and its fiber particles are very small which favors a rapid passage rate.
Additionally the diets of the present experiment were formulated to be isoenergetic and the
differences on protein concentration among diets were small (Table 1).

5. Conclusions

In finishing diets to lambs, the feeding value of DDGS is similar than the dry-rolled
corn (~2.30 Mcal/kg ENm), thus the NE of DDGS is slightly greater (~6%) than reported in
current standards (NRC, 2007). This feeding value decreases as inclusion level of DDGS

increases beyond 30%. DDGS is suitable substitute for a portion of the dry-rolled corn and
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SBM in a finishing diet; however, at high levels of inclusion, tends to decrease LM area and
increase KPH. An additional consideration is that the use of DDGS as an alternative feed for

fattening lambs depends on the relative price of DDGS, corn and protein supplements.
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Table 1 Ingredients and composition of experimental diets fed to lambs (% of dry matter)

Dried distillers grains plus solubles level, %

Item 0 15 30 45
Ingredient composition (%)
Dry-rolled corn 62.00 52.50 43.00 33.00
Dried distillers grains with solubles 0.00 15.00 30.00 45.00
Soybean meal 18.00 12.50 7.00 2.00
Sudan grass hay 10.00 10.00 10.00 10.00
Molasses cane 7.50 7.25 7.00 6.75
Limestone 0.00 0.25 0.50 0.75
Trace mineral salt 2.50 2.50 2.50 2.50
Chemical composition, (DM basis)
Crude protein (%) 17.10 17.74 18.70 19.56
Ether extract (%) 2.98 3.90 4.79 5.77
NDF (%) 15.98 19.90 23.76 27.22
Starch 44.02 39.46 32.44 26.68
Ca 0.79 0.89 1.01 112
P 0.38 0.50 0.62 0.72
Calculated net energy (Mcal/kg)
Maintenance 2.00 2.00 2.00 1.99
Gain 1.35 1.35 1.35 1.35

Mineral premix contained: CP, 50%; Calcium, 28%; Phosphorous, 0.55%; Magnesium, 0.58%; Potassium,

0.65%; NaCl, 15%; vitamin A, 1,100 IU/kg; vitamin E, 11 Ul/kg; Dietary composition was determined by

analyzing subsamples collected and composited throughout the experiment. Accuracy was ensured by adequate
replication with acceptance of mean values that were within 5% of each other; Based on tabular net energy (NE)
values for individual feed ingredients (NRC, 1985) with the exception of supplemental fat, which was assigned

NEr, and NE4 values of 6.00 and 4.75, respectively (Zinn, 1988).
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Table 2 Composition of DDGS, dry-rolled corn (DRC) and soybean meal used

Item DDGS DRC Soybean meal
DM (%) 94.2 91.4 91.7

CP (%) 29.7 9.1 49.4

NDF (%) 33.2 10.3 12.1

Starch (%) 4.3 69.4 2.7

Ether extract (%) 9.8 3.6 2.8

Ash (%) 5.7 17 75

Ca 0.17 0.03 0.32

p 0.88 0.26 0.62

Density (g/L) 491 598 602

DDGS, dry distillers grain with soluble; DRC, dry-rolled corn; DM, dry matter, CP, crude protein; NDF,

neutral detergent fiber

Table 3. Treatment effects on growth performance and dietary energy in drylot hairy lambs
fed different levels of DDGS.

DDGS level, % P value

Item 0 15 30 45 SEM Linear  Quadratic Cubic
Days on test 112 112 112 112
Pen replicates 5 5 5 S
Live weight, Kg ©

Initial 17.29 17.26 17.25  17.29 0.04 0.95 0.43 0.84

Final 44.28 44.31 46.47 4747 1.09 0.03 0.57 0.61
Total gain, kg 26.99 27.05 29.22 30.18 1.09 0.04 0.69 0.51
ADG, kg 0.241 0.242 0.261 0.270 0.009 0.04 0.69 0.51
DM, g/d 1.017 1.008 1.074 1112 0.031 0.06 0.26 0.44
DMI, g/kg %" 79.06 77.29 80.24  81.92 1.69 0.08 0.36 0.45
G:F, kag/kg 0.237 0.240 0.243 0.243 0.004 0.33 0.76 0.88
Dietary NE, MJ/kg

Maintenance 8.24 8.37 8.41 8.41 0.12 0.34 0.71 0.97

Gain 5.52 5.61 5.65 5.69 0.11 0.34 0.71 0.97

71



Observe to expected dietary NE ratio®

Maintenance 0.99 1.00 1.00 1.01 0.015 0.91 0.25 0.73

Gain 0.98 0.99 1.00 1.00 0.019 0.84 0.22 0.63
Observe to expected
daily DM intake 1.01 0.99 0.98 0.98 0.018 0.92 0.15 0.50
Table 4. Treatment effects on dressing percentage and carcass characteristics.

DDGS level, % P value

Item 0 15 30 45 SEM  Linear Quadratic ~ Cubic
HCW, kg 2659 2713 2848 2884 053 <0.01 0.86 0.47
Dressing percentage 60.12 6123 6031 60.75 056 0.71 0.56 0.21
CCW, kg 26.05 26.53 28.08 28.31 052 <0.01 0.81 0.42
LM area, cm? 12.32 12.37 11.30 11.14 0.45 0.05 0.82 0.34
Fat tickness, cm 0.24 0.21 022 022 0.015 0.50 0.33 0.64
KPH, % 2.17 2.04 248 3.0 029  0.03 0.22 0.76
Carcass composition, kg

Muscle 5g7 625 601 611 016 051 0.41 0.21

Fat 2.46 2.27 242 244 0.14  0.90 0.40 0.39

Bone + scraps 1.93 1.96 207  2.02 0.06  0.17 0.51 0.38
Carcass composition, %
CCw

Muscle 2255 2354 2142 2161 060 0.08 0.51 0.07

Fat 8.51 8.00 9.23 9.33 0.47 0.10 0.55 0.22

Bone + scraps 7.43 7.40 7.40 7.15 0.22 0.40 0.63 0.77
Muscle to bone ratio 3.03 3.18 2.92 3.02 0.09 0.46 0.83 0.08
Muscle to fat ratio 2.45 2.83 249 258 018  0.97 0.42 0.17
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Table 5. Treatment effects on yield of wholesale cuts.

DDGS level, % P value
Item 0 15 30 45 SEM  Linear Quadratic ~ Cubic
Wholesale cuts weight,
kg
Loin 0.992 0.991 1.081 0.964 0.054 0.96 0.27 0.21
Rack 1.010 0.966 0.947 1.006 0.028 0.81 0.09 0.68
Leg 3.221 3.383 3.373 3.310 0.077 0.49 0.16 0.73
Breast 1.197 1.097 1.135 1.106 0.049 0.32 0.46 0.35
Shoulder 1.861 1.995 1.839 1.940 0.061 0.79 0.79 0.07
Flank 0.794 0.758 0.779 0.766 0.026 0.62 0.67 0.43
Foreshank 1.499 1.502 1.463 1.420 0.066 0.24 0.63 0.86
Wholesale cuts, % of
HCW
Loin 8.84 8.74 9.73 8.79 0.43 0.67 0.35 0.14
Rack 9.12 8.63 852 9.16 0.27  0.99 0.06 0.77
Leg 29.04 30.08 30.26 29.99 053 0.26 0.23 0.85
Breast 10.67 9.63 10.27 10.03 0.36 0.45 0.28 0.14
Shoulder 16.97 17.79 16.43 17.38 051 0.94 0.88 0.08
Flank 7.14 6.70 6.98  6.87 0.26 0.66 0.55 0.36
Foreshank 13.53 13.33 13.13  12.74 037 0.16 0.80 0.91
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Table 6. Treatment effects on visceral organ weight.

DDGS level, % P value
Item 0 15 30 45 SEM Linear  Quadratic Cubic
Full final weight, kg 46.12 46.16  49.19 49.45 1.20 0.03 0.93 0.30
GIT fill, kg 4.28 4.44 379 383 0.29 0.16 0.84 0.24
Empty body weight, kg 43.45 4329 4394 43.90 0.29 0.16 0.84 0.26
Empty body weight, % of
full weight 90.95 90.65  92.06 92.01 0.44 0.03 0.78 0.12
Full viscera, kg 10.08 10.08 955 975 0.27 0.26 0.70 0.33
Organs, g/kg EBW
Stomach complex 33.69 32.69 3192 31.73 0.82 0.09 0.62 0.92
Small intestine 18.80 19.69 1835 18.62 0.45 0.37 0.51 0.08
Large intestine 34.49 33.05 36.00 36.66 1.37 0.12 0.43 0.29
Liver 20.40 19.05 1952 20.11 0.51 0.62 0.09 0.64
Heart/lungs 23.49 2274 23.00 24.01 0.69 0.50 0.19 0.95
visceral fat 22.01 19.96  22.83 2457 1.99 0.25 0.34 0.50
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