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Estudio comparativo sobre el sitio y la tasa de digestion
de lafraccion nitrogenaday del almidon
de cuatro cereales procesados con vapor utilizados
en dietas para bovinos de engorda*

Comparative study on the site and digestion rate of N and
starch fractions of four steam-flaked cereals in finishing
diets for feedlot steers*

Alejandro Plascencia Jorquera**
Eduardo Arellano Gonzalez**
Maria Alejandra Lopez Soto**

Richard Avery Zinn***

Abstract

Four Holstein steers (157 kg) with cannulas in the rumen and proximal duodenum were used to compare
characteristics of digestion of steam-flaked corn, wheat, barley and sorghum. The basal diet contained (DM
basis) 81% of grain. Ruminal organic matter (OM) digestibility was lower (P <0.05) for sorghum than for wheat,
and barley (57% vs. 71% and 67%, respectively). Greater (P < 0.05) ruminal starch digestibility was observed
forwheatand barley (92%) than for corn and sorghum (83%). Even if there were no differences in postruminal
digestion of starch (P > 0.10), postruminal digestibility of OM was lower (P < 0.05) for barley (61%) than for
wheat (67%). Ruminal digestion of N was greater (P < 0.05) for wheat (80%) and barley (72%) than for corn
(60%) and sorghum (46%). Postruminal digestion of N was greater (P <0.05) for wheat (79%) than for barley
(76%), corn (74%) and sorghum (71%). Total tract digestion of OM was greater (P <0. 05) for wheat (85%) than
for corn (82%), barley (80%), and sorghum (79%). Total tract digestion of starch for all grain was greater than
98%. Dietary digestible energy (DE,Mcal/kg) was greater (P <0.05) with corn (3.52) and wheat (3.59) than with
barley (3.35)and sorghum (3.34). Given that the DE and ruminal undegradable intake protein (UIP) values that
the NRC assigns to steam-flaked cornare 4.10 Mcal/kg and 57%, then the corresponding replacement DE and
UIP values for steam-flaked wheat, barley, and sorghum obtained in the present study were 4.19 and 21.5
Mcal/kg, 3.89 and 34.8 Mcal/kg, and 3.88 Mcal/kg and 63.4%, respectively. It is concluded that current
standards of the NRC significantly underestimate the netenergy and ruminal escape protein values of steam-
flaked barley, wheat and sorghum.

Keywords: STEAM-FLAKED PROCESS, CORN,BARLEY, WHEAT,SORGHUM, STEER, METABOLISM.
Resumen

Se utilizaron cuatro novillos Holstein (157 kg PV) habilitados con cAnulasen el rumeny duodeno proximal para
comparar las caracteristicas de la digestion del maiz, trigo, cebada y sorgo en hojuelas en dietas con 81% de
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grano. La digestion ruminal de la materia organica (MO) fue menor (P < 0.05) para el sorgo comparado con
el trigo y la cebada (19.7% y 14.9%, respectivamente). A nivel ruminal se obtuvo una mayor (P < 0.05)
digestibilidad del almidén para trigo y cebada (92%) con respecto a maiz y sorgo (83%). Aun cuando no
existieron diferencias significativas (P > 0.10) en la digestibilidad posruminal del almidon, la digestibilidad
posruminal de laMO fue menor (P <0.05) paracebadacomparadacon el trigo (61% vs. 67%, respectivamente).
La digestibilidad ruminal de nitrégeno (N) fue mayor (P < 0.05) para trigo (80%) y cebada (72%), sequido de
maiz (60%) y sorgo (46%).La digestibilidad posruminal del N fue diferente (P < 0.05) para todos los
tratamientos, de menor a mayor: sorgo (71%), maiz (74%), cebada (76%) y trigo (79%). En tracto total, la
digestibilidad de MO fue mayor (P < 0.05) para el trigo (85%), seguido de maiz (82%), cebada (80%) y sorgo
(79%), mientras que ladigestibilidad de N fue mayor parael trigo (80%), seguido de cebada (76%), y por ultimo
sorgo y maiz (69% y 68%, respectivamente). En tracto total, todos los granos obtuvieron digestibilidades del
almidon por encima del 98%. La energia digestible (ED, Mcal/kg) fue mayor (P < 0.05) para las dietas que
contenian maizy trigo (3.52y 3.59 Mcal/kg) comparado conaquellas que contenian cebaday sorgo (3.35y 3.34
Mcal/kg, respectivamente). Dado que los valores que asigna el NRC para el contenido de ED y proteina de
escape para el maiz en hojuelas son de 4.10 Mcal/kg y 57%, respectivamente, los valores calculados por
remplazo paraeltrigo, cebaday sorgo correspondierona4.19 Mcal/kgy 21.5%, 3.89 Mcal/kgy 34.8% Yy de 3.88
Mcal/kgy 63.4%,respectivamente. Se concluye que los actuales estandares del NRC subestiman el contenido
de ED y de la proteina de escape de estos cereales.

Palabras clave: PROCESAMIENTO CON VAPOR, MAIZz, TRIGO, CEBADA, SORGO, NOVILLOS,
METABOLISMO.

Introduction Introduccion
F N northeastern Mexico processing of cereals for
their use in beef production commonly includes
& . makingsteam-flaked cereals.Whengrainsare steam-
flaked one sees anincrease in netenergy (NE)*-®as well
as changes in protein solubility inthe rumen.*¢Given
that steer finishing diets can contain up to 80% of
steam-flaked cereals, itis extremely important to know
the precise values to be assigned to these products
during ration formulation. Inthe case of steam-flaked
corn, values for both undegradable intake protein
and NE registered in various studies'? have been
consistent with the most recent NRC publication,’
however, thereisstill controversy concerning values
for sorghum, wheat and barley.

The undegradable intake protein value obtained
for steam-flaked sorghum does not indicate how
many observations were carried out, while for barley
and wheat there are no specific values which
correspond to the steam-flaked process for these

% | prensado posterior al tratamiento con vapor en
los cereales es una préctica generalizada en las
&..«f engordas en el noroeste de México. Cuando los
granos son procesadosen hojuelasse observaunaumen-
to en la energia neta (EN),*® asi como cambios en la
solubilidad desu proteinaanivel ruminal.*® Dadoquelas
dietas de finalizacion para novillos contienen hasta 80%
de cereales en hojuelas, es de sumaimportancia la preci-
sién con que estos valores son asignados durante la
formulacién de lasdietas. Con respectoal maizenhojue-
las, los valores registrados para proteina de escape y de
EN de diversos estudios*? han sido consistentes con los
indicados en la publicacién més actual de la NRC;’ sin
embargo, existe controversia parael sorgo, trigoy cebada.
Conrespecto al valor de proteina de escape asignado

al sorgo en hojuelas, no se indica el nimero de observa-
cionesconel cual fuecalculado, mientras que paracebada
y trigo no se especifican los valores correspondientes

cereals, rather, there is an assumption that the
nutrient values remain the same regardless of the
processing method. As a result of this, when
comparing NE®%®12 and undegradable intake
protein®*1¢from different steam-flaked cereals, there
is very little relation between the recommended
NRC results and those obtained in various studies.

The aim of this study was to compare, in steer
finishing diets, the digestion rate of N and starch
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cuando estos cereales se procesan en hojuelas; se asume
gue no existen cambios de sus componentes como res-
puesta al procesado con vapor. Como resultado de lo
anterior, existe poca coincidenciaentre lo recomendado
por el NRC"y los resultados obtenidos en diversos estu-
dios, cuando se comparan la EN**5%12 y |a proteina de
escape*1 de distintos cereales procesados en hojuelas.
El objetivodeeste trabajo fue comparar,endietasde
finalizacion paranovillos, lautilizacion del nitrégenoy



Cuadro 1
COMPOSICION DE LAS DIETAS EXPERIMENTALES CONSUMIDAS POR LOS NOVILLOS.
COMPOSITION OF THE EXPERIMENTAL DIET CONSUMED BY STEERS.
Steam-flaked cereal*
Description Corn Wheat Barley Sorghum
Ingredients, % (Dry base)
Corn (0.26 kg/L) 81.00 -- -- --
Wheat (0.32 kg/L) -- 81.00 -- --
Barley (0.19 kg/L) -- -- 81.00 --
Sorghum (0.28 kg/L) -- -- -- 81.00
Sudan, hay 8.00 8.00 8.00 8.00
Molasses, sugarcane 4.00 4.00 4.00 4.00
Yellow fat 3.00 3.00 3.00 3.00
Urea 1.20 1.20 1.20 1.20
Mineralized salt' 0.50 0.50 0.50 0.50
Chromic oxide 0.40 0.40 0.40 0.40
Magnesium oxide 0.20 0.20 0.20 0.20
Nutritional composition (Dry base)*
NE, Mcal/kg
Maintenance 2.27 2.08 2.16 211
Gain 1.60 1.43 1.49 1.45
Crude protein, % 11.95 15.76 14.95 13.98
Ether extract, % 6.60 4.74 4.90 5.63
FDA, % 5.55 5.72 7.98 8.54
*Pressed after cooking to a constant chamber temperature (cap 0.6 m®) of 120°C during 30 min for corn and sorghum and during 20 min
approximately for barley and wheat.
"Mineral salt content: COSO, , 0.068%; CuSO,, 1.04; FeSO, , 3.57%; ZnO,1.24%; MnSO, , 1.07%; KI, 0.052% y NaCl, 92.96%.
*Calculated based upon values for each ingredient contemplated in the NRC.”

rations in steam-flaked barley, sorghum and wheat,
using steam-flaked corn as a reference.

Material and methods

Four Holstein steers (157 kg) with ruminal and
duodenal cannulas, ina4 x 4 Latin squares design,
were used to evaluate the treatmenteffecton ruminal
digestion and function. The treatments consisted of
a basal diet containing 81% grain (Table 1). The
steam-flaked cereals were prepared in the following
manner: achamber with 0.60 m?capacity, which was
suspended above two corrugated rolls (46 cm x 61
cm), was filled with the cereal, then the temperature
in the chamber was raised to 102°C using steam,
while maintaining atmospheric pressure, for
approximately 20 minutes, finally the cereal was
rolled through the rolls.

To ensure uniform heating in the rolls throughout
therolling process, the first 450 kg of flaked cereal were

delalmidonde lacebada, sorgoy trigo procesados con
vapor, utilizando al maiz en hojuelas como referencia.

Materiales y métodos

Se utilizaron cuatronovillos Holstein (157 kg) habilitados
con canulas en el rumen y duodeno proximal'’ en un
disefio de cuadrado Latino 4 x 4, con la finalidad de
evaluarel efectode lostratamientos sobre las caracteristi-
cas de digestion y funcién del rumen. Los tratamientos
consistieron en una dieta basal que contenia 81% de
grano (Cuadro1). Los cerealesen hojuelas fueron prepa-
rados de la siguiente manera: Se llen6 con cereal una
camara (capacidad =0.60 m?) situada por encimade dos
rodillos corrugados (46 cmx 61 cm), y apresion atmosfé-
rica fue llevada a una temperatura constante de 102°C,
utilizando vapor de agua durante aproximadamente 20
minutos previo al paso del cereal através de los rodillos.

Para asegurar un calentamiento uniforme de los
rodillos durante el prensado, los primeros 450 kg de
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discarded and were thus not used in the treatment
diets. Roll tension was adjusted for all cereals to give
the flakes a density which approximated 0.32kg/1. The
cereals remained in the steam chamber for 30 minutes,
inthe case of the corn and sorghum, and for 20 minutes,
in the case of the barley and wheat. Once the steam-
flake was obtained, the cereal was dried at room
temperature for five days before being used in the
experimental diets.

The experiment was carried out at the Ruminant
Digestionand Metabolism Test Unit of the Veterinary
Science Research Institute of the Autonomous
University of Baja California, located in Mexicali, in
the state of Baja California, Mexico. The diets
contained 0.4% chromic acid as a digestion marker.
Steerswere supplied with 3.0 kg/steer/day (DM base)
of the experimental diet, as well as receiving fresh
food onadaily basisin two portions, one distributed
at 0800 and the second at 2000 h. The experiment
consisted of four experimental periods, each lasting
for 14 days, divided into ten days for adaptation and
four for sample collection. During the collection
period, the duodenal (500 ml) and fecal (200 g)
samples were taken from each steer twice daily,
using the following schedule: day 1,0750 and 1350 h;
day 2, 0900 and 1500 h; day 3, 1050 and 1650 h; and
on day 4, 1200 and 1800 h.

The samples for each steer were mixed in order to
form compound samples, after which they were
frozen at —20°C prior to analysis. On the last day of
the last experimental period, ruminal fluid was
obtained from each steer, this was used to obtain
ruminal bacterial counts by differential centrifuge.*®
The samples collected were all subjected to the
following analyses: dry matter (DM, stove dried at
105°Cto constant weight), ash, kjeldahl N,ammonia
N as stimulated by the AOAC,* starch,? purines,
chromic oxide? and gross energy (GE, usinga 1 271
adiabaticbomb calorimeter *).

The quantity of organic microbial matter (OMM)
and microbial nitrogen (MN) that flowed to the
duodenum were calculated based upon the analysis of
the bacteria isolated in the ruminal fluid, as were the
samples obtained from the duodenum, using purines
are markers.?! The fermented organic matter (FOM) in
the rumen was calculated by subtracting the organic
microbial matter (OMM) that flowed to the duodenum
from the total quantity of organic matter (OM), and
then subtracting this result from the consumed organic
matter (COM) [FOM = COM - (OM - OMM)]. The N
consumed that escaped ruminal digestion
(undegradable intake protein) was considered to be
the equivalent of the total N thatentered the duodenum
minus the quantity ofammonia N and microbial N that
flowed to the duodenum. The comparative value of
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cereal en hojuelas fueron descartados parasu usoenla
prueba. La tension de los rodillos se ajusté para pro-
veer unahojuelaconunadensidad aproximadade 0.32
kg/l paratodosloscereales. Eltiempo de retencidon de
los cereales en la camara de vapor fue de 30 minutos
paramaizysorgo,yde 20 minutos paracebaday trigo.
Una vez obtenida la hojuela, el cereal fue secado al
ambiente durante cinco dias antes de ser usado en la
preparacion de las dietas experimentales.

El experimento se llevd a cabo en la Unidad para
Pruebasde Digestiony Metabolismo de Rumiantes, del
Instituto de Investigacionesen Ciencias Veterinariasde
laUniversidad Autonomade Baja California, en Mexicali,
Baja California, México. El suministro de las dietas, las
cuales contenian 0.4% de 6xido cromico como marcador
dedigesta, serestringiéa3.0kg/novillo/d (base seca),y
seofrecid alimento frescoen formadiariaendos porcio-
nes iguales a las 0800 y a las 2000 h. El experimento
consistid en cuatro periodos experimentales de 14 dias
(diez dias paraadaptacion de dietay cuatro paracolec-
cién de muestras). Durante el periodo de coleccion de
muestras, las muestras duodenales y fecales fueron
tomadas a cada novillo dos veces al dia durante los
ultimos dias de cada periodo en los siguientes horarios:
dial,0750y 1350 h; dia2,alas 0900y las 1500 h; dia 3, a
las 1050y las 1650 h; y dia 4, alas 1200y las 1800 h.

Se tomaron muestras duodenales (500 ml) y fecales
(200g) decadanovillodosvecesal dia. Las muestrasde
cadanovilloen cada periodo de coleccion se mezclaron
con el propdsito de formar muestras compuestos que
se congelaron a —20°C para andlisis posteriores. El
ultimodiadel altimo periodo experimental se obtuvie-
ron muestras de fluido ruminal que se mezclaron (por
novillo) para aislamiento de bacterias ruminales por
centrifugacion diferencial.®® Las muestras generadas
fueronsujetasatodos o parte de los siguientes analisis:
Materiaseca (MS, estufadesecandoa 105EC hasta peso
constante), ceniza, N kjeldhal y N amoniacal de acuer-
doconloestipulado porla AOAC,¥almidén,® purinas,?
oxido cromico? y energia bruta (EB) (utilizando una
bomba calorimétricaadiabatical 271%*).

La cantidad de materia organica microbiana(MOM)y
elnitrégeno microbiano (NM) que fluyeronal duodenose
calcularon con base en losanalisis de las bacterias aisladas
enelfluidoruminal,asicomoen lasmuestrasobtenidasde
duodeno, usando purinascomo marcadores.? Lamateria
organicafermentada(MOF)enrumensecalculd mediante
la resta a la materia organica (MO) consumida (MOC)
menos ladiferenciacuantitativaobservadaanivelduodenal
delacantidad total de laMO, menos laMOM que ingresé
aduodeno [MOF=MOC—(MO-MOM)].EIN consumido
gueescapodeladigestionruminal (proteinadeescape) fue

* Parr Instrument Company, Moline IL.
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Cuadro 2
CARACTERISTICAS FISICOQUIMICAS DE LOS CEREALES PROCESADOS UTILIZADOS
PHYSIOCHEMICAL CHARACTERISTICS OF THE PROCESSED CEREALS USED

Steam-flaked cereals*

Corn Wheat Barley Sorghum
Dry matter, % 87.47 87.47 85.60 86.20
Nutrient content, % of DM
oM 98.5 97.9 97.5 98.0
Starch 721 67.9 61.3 69.6
N 1.37 2.03 2.04 1.73
Density, kg/L 0.32 0.32 0.32 0.32

for 20 minutes in the case of barley and wheat.

*The steam-flaked cereals were prepared in the following way: a 0.60 n¥ capacity chamber, placed above corrugated rolls (46 cm x 61 cm) was
filled with cereal, temperature was elevated to 102°C while maintaining atmospheric pressure, by using steam for approximately 20 minutes
prior to the cereal being passed through the rolls. Cereals were kept in the stream chamber for 30 minutes in the case of corn and sorghum, and

digestible energy (DE, Mcal/kg) for the tested cereals
was determined viaareplacementtechnique,’ inwhich
the following were considered: a) Steam-flaked corn,
asthestandard reference, containing4.10 Mcal DE/kg,’
b) all experimental diets containing identical nutrient
composition, except for the cereal that replaced the
corninanequal proportion, c) differences observedin
the DE contentwere therefore the result of the different
guantity of DE in the cereals that replaced the corn in
the experimental diet. Given that the replaced steam-
flaked corn contains4.10 Mcal DE/kg, the value for DE
for the tested cereals could be calculated inthe following
way: DE, Mcal/kg of test cereal = [(DE observed for
eachdietcontaining atest cereal - DE observed for the
dietcontaining steam-flaked corn)/0.81] + 4.10.

Where DE of test cereal = DE of the diets observed
containing wheat, barley and sorghum, 4.10 =value of
DE (Mcal/kg) given for steam-flaked corn.’

The data were analyzed using a 4 x 4 Latin squares
design as in the following model:

Yijkl = p + Bi + Aj(i) + Pk +<  + EijkI

Where Bi = block,

Aj(i) = steer within the block,
Pk = period,
<, = treatment,

Eijkl = residualerror.

The effects of the treatments, in all cases, were
separated usingaminimum significant difference test,
as specified by Hicks.®

considerado comoel equivalente al total de N que ingresa
alduodenomenoslasumade lascantidadesde Namoniacal
y N microbiano que fluyeronal duodeno. El valor compa-
rativode laenergiadigestible (ED, Mcal/kg) deloscereales
probados fue determinado mediante la técnica de
remplazo,” la cual considero para este estudio: a) Al maiz
enhojuelascomoel cereal estandar que contiene4.10Mcal/
kgde ED,”b)que lasdietasexperimentalessonidénticasen
composicidn, salvo por el cereal, prueba que remplaza al
maiz en una proporcién igual, y ¢) que las diferencias
observadas en el contenido de la ED de las dietas son, por
tanto, unresultadodirectode lasdiferenciasdel contenido
delaEDdeloscerealesque remplazanal maizenlasdietas
experimentales. Dado que el maizen hojuelasremplazado
contiene4.10Mcal/kgdeED,elvalordeED deloscereales
probados se puede calcular de la siguiente manera: ED,
Mcal/kgdelcereal prueba=[(ED observadaparacadauna
de las dietas con el cereal prueba— ED observada para la
dietaconmaiz)/0.81] +4.10.

Donde ED del cereal prueba = ED de las dietas
observadas paratrigo, cebaday sorgo, 4.10 = valor de
ED (Mcal/kg) indicado parael maiz.’

Los datos se analizaron como un disefio de cuadra-
do latino 4 x 4 de acuerdo al siguiente modelo:

Yijkl = m + Bi + Aj(i) + Pk +<  + EijkI

DondeBi = bloque,

Aj(i) = novillodentro del bloque,
Pk = periodo,
<, = tratamiento,

Eijkl = errorresidual.
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Results

The DM and OM content was very similar between
cerealsand, aswas expected, the densities (kg/1) of the
processed cereal were identical. Corn, wheat and
sorghumhad, onaverage, 14% more starch than barley,
while the concentration on N was 2.03%, on average,
for wheat and barley (17% and 48% more N with
respect to that of sorghum and corn, respectively)
(Table 2). Ruminal digestion of OM was lower (P <
0.05) for sorghum (57.3%) compared to wheat and
barley (70.8% and 66.5%, respectively). Both corn and
sorghum had less (P < 0.05) starch digestibility (84.0%
and 80.9%, respectively) ataruminal level, than wheat
and barley (92.8% and 93.5%, respectively).

Evenwhen the postruminal digestibility of OM was
lower (P <0.05) for barley, compared to wheat (60.7%
Vvs. 66.5%, respectively), there were no significant (P >
0.10) differences in the postruminal digestibility of
starchinthe cerealsevaluated in thisstudy. The flow of
microbial nitrogen (MN, g/d) to the duodenum was
relatively lowforsorghum (35.6), intermediate for corn
(41.4) and highest for wheat and barley (47.4), though
there were no differences (P > 0.10) for microbial
efficiency (microbial N/kg of OM fermented in the
rumen) between treatments.

The ruminal digestibility of N was greater (P <
0.05) for wheat (80%) and barley (72%), followed by
corn (60%) and sorghum (46%), even when the flow
of non-ammonia N (NAN) was lowest (P < 0.05) for
corn (62.1%) and wheat (61.1%), intermediate for
barley (65.2%) and greatest for sorghum (73.2%). The
corn-containing diet showed, at a ruminal level,
greater (P <0.05) efficiency for N (NAN induodenum/
N consumed), followed by sorghum, and lastly, by
barley and wheat (1.20, 1.06, 1.00 and 0.86,
respectively); probably due, in part, to the quantity of
N consumed and, in part, to the rate of degradability
if ruminal N observed for each of the cereals.
Postruminal digestion for N was different (P < 0.05)
foralltreatments, in order of digestibility from least to
greatest: sorghum (71.3%), corn (73.9%), barley (75.5%)
and wheat (78.5%) (Table 3).

Organic matter digestibility for the total tract was
greatest (P <0.05) for wheat (84.6%), followed by corn
(81.9%), barley (80.2%) and sorghum (78.9%). In the
case of N digestibility, this was greatest for wheat
(79.9%), followed by barley (75.5%), and, lastly, by
sorghum and corn (68.5 and 67.8%, respectively). All
the cereals here evaluated obtained total tract starch
digestibility greater than 98%. The DE (Mcal/kg) was
greater (P < 0.05) for diets containing corn and wheat
(3.52 and 3.59 Mcal/kg, respectively), than for those
containing barley and sorghum (3.35and 3.34 Mcal/kg,
respectively).
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Los efectos de los tratamientos fueron separados uti-
lizandola pruebadediferenciaminimasignificativa; todo
loanterior de acuerdo con lo especificado por Hicks.?

Resultados

El contenido de MSy de MO fue muy similar entre los
cerealesy, tal comose esperaba, ladensidad (kg/1) del
cereal procesado fue idéntica. El maiz, trigo y sorgo
contuvieron, en promedio, 14% mas de almidon res-
pecto de lacebada, mientrasque laconcentraciénde N
fue de 2.03% promedio, paratrigoy cebada (17%Yy 48%
maés cantidad de N con respecto al contenido en el
sorgoy el maiz, respectivamente) (Cuadro 2). Ladiges-
tién ruminal de MO fue menor (P < 0.05) parael sorgo
(57.3%) comparado con el trigo y cebada (70.8% y
66.5%, respectivamente). Tanto el maiz como el sorgo
tuvieron unamenor (P <0.05) digestibilidad del almi-
ddn (84.0%y 80.9%, respectivamente)a nivel ruminal,
comparadacon ladel trigoy lacebada (92.8%Yy 93.5%,
respectivamente).

Auncuando ladigestibilidad posruminal de laMO
fue menor (P < 0.05) para cebada, comparada con el
trigo (60.7%Vvs. 66.5%, respectivamente) no hubo dife-
rencias significativas (P > 0.10) en la digestibilidad
posruminal del almidénentre los cereales aquievalua-
dos. El flujo del nitrégeno microbiano (NM, g/d) a
duodeno fue relativamente menor para sorgo (35.6),
intermedio paramaiz (41.4) y alto paratrigo y cebada
(47.4), perono se observarondiferencias (P >0.10) para
laeficienciamicrobiana (N microbiano/kg de MO fer-
mentada en rumen) entre los tratamientos.

Ladigestibilidad ruminal del N fue mayor (P <0.05)
para trigo (80%) y cebada (72%), seguido por maiz
(60%) y sorgo (46%). Aun y cuando el flujo de N no
amoniacal (NNA) fue menor (P < 0.05) para maiz
(62.1%) y trigo (61.1%), intermedio para cebada (65.2%)
y mayor parasorgo (73.2%). Ladietaque conteniamaiz
mostro, anivel ruminal, mayor (P <0.05) eficienciade
N (NNA en duodeno/N consumido) seguido por sorgo
y, por ultimo, por cebaday trigo (1.20, 1.06, 1.00y 0.86,
respectivamente), como resultado, en parte, por la
cantidad de N consumido y en parte por la tasa de
degradabilidad ruminal de N observado paracadauno
de ellos. La digestibilidad posruminal del N fue dife-
rente (P <0.05) paratodos los tratamientos, enel orden
de menor amayor digestibilidad: Sorgo (71.3%), maiz
(73.9%), cebada (75.5%) y trigo (78.5%) (Cuadro 3).

Entracto total, ladigestibilidad de MO fue mayor (P
< 0.05) para trigo (84.6%), seguido de maiz (81.9%),
cebada (80.2%) y sorgo (78.9%), mientras que la
digestibilidad de N fue mayor paratrigo(79.9%), segui-
do porcebada(75.5%)y, por Gltimo, sorgoy maiz (68.5y
67.8%, respectivamente). Todos los cereales aqui eva-
luados obtuvieron digestibilidades del almidén poren-



Cuadro 3
EFECTOS DE LOS TRATAMIENTOS SOBRE LAS CARACTERISTICAS DE LA DIGESTION RUMINAL, POSRUMINAL Y DE TRACTO TOTAL
EN BECERROS (157 KG)
EFFECT OF TREATMENTS ON RUMINAL, POSTRUMINAL AND TOTAL TRACT DIGESTION CHARACTERISTICS IN STEERS (157 KG)

Steam-flaked cereals
Description Corn Wheat Barley Sorghum EEM

Consumption, g/d

DM 3040 3020 2920 3040
oM 2894 2849 2746 2883
Starch 1873 1786 1590 1456
N 51.7 68.9 65.1 68.6
GE, Mcal/d 13.4 13.1 12.6 13.4
Duodenal flow, g/d
oM 1483 1306° 1393 15852 59.6
Starch 2992 129 103° 2772 15.6
N 64.22 64.22 68.0% 75.0° 24
Ammonia N 2.08? 3.08° 2.77° 2.63° 0.15
Non-ammonia N 2112 61.112 65.24% 73.28° 2.39
Microbial N 41.4® 4752 47.3 35.6° 25
N consumed 20.8° 13.6 17.92 36.7° 3.3
Ruminal digestion (%)
oM 63.0® 70.8° 66.5° 57.3° 23
Starch 84.0° 92.8° 93.5° 80.9% 1.0
N consumed 59.7%¢ 80.3° T2.4% 46.0° 5.0
Microbial efficiency* 22.78 2352 25.92 21.6° 1.3
Nitrogen efficiency® 1.202 0.89° 1.00% 1.06° 0.03
Undegradable intake protein (%) 2152 34.8 63.6°
Observed/expected* 0.932 1.052 1.462
Fecal excretion, g/d
DM 6092 515° 635% 690° 21
oM 522% 438> 5432 6092 18
Starch 28.0° 11.0° 6.3 2.3 4.7
N 16.6° 13.8° 15.9% 21.4° 0.66
GE, Mcal/d 2742 227° 283 3.21° 0.10
Postruminal digestion (%)
oM 64.5% 66.5° 60.72 61.5% 1.6
Starch 90.72 91.42 93.0° 92.7 21
N 73.92 78.5° 76.3° 71.3 0.6
Total tract digestion (%)
DM 79.92 82.9° 78.2% 77.3° 0.7
oM 81.9° 84.6° 80.2 78.9¢ 0.6
Starch 98.5 99.4 99.6 98.4 0.3
N 67.8 79.9° 75.5 68.5°% 0.9
DE (%) 79.62 82.7° 77.5% 75.9¢ 0.8
DE, Mcal/kg 3522 3592 3.35° 3.34° 0.3
DE adjusted to level of consumption adjusted
for maintenance, Mcal/kg 3.94 401 3.75 3.74 0.3
EN, for cereal, Mcal/kg® 1.62 171 151 1.50
Observed/expectedss — 1.14 1.08 1.00

abed Means with different superscripts in the same row vary significantly (P < 0.05).

*Grams of microbial N /kg fermented OM.

TNon-ammonia N that flows to the abomasum / N consumed.

* Expected values of undegradable intake protein according to that reported by the NRC”: wheat, 23.0; barley, 33 and sorghum 43.6%.

§ EN, calculated from observed DE for maintenance consumption level as follows: NE,_= 0.736, DE= -0.661, NE, =0.877, NE_ -0.41 [NRC, 1984].5
8 Expected values of EN, according to that reported by the NRC”: wheat, 1.50; barley, 1.40 and sorghum 1.50 Mcal/kg.
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Cuadro 4
VALORES DE PROTEINA DE ESCAPE PARA TRIGO, CEBADA Y SORGO INFORMADOS EN DISTINTAS FUENTES*
UNDEGRADABLE INTAKE PROTEIN VALUES FOR WHEAT, BARLEY AND SORGHUM AS REPORTED IN DIFFERENT SOURCES*
Undegradable intake protein, % *
Description Observed NRC 1985% NRC 1996"
Wheat
Rodriguez et al.*® 38.0 — 23.0
Zinn® 37.6
Average 37.8+ 0.2
Present study 215
Barley
Rodriguez et al.*® 39.0 28 33
Zinn® 36.6
Zinn et al.® 32.8
Spicer et al. 13 376
Average 365 + 2.7
Present study 34.8
Sorghum
Zinn? 84.0 47 43.6
Spicer et al.: 79.0
Rhanema et al.4 72.7
Theurer et al.2¢ 56.7
Hibberd et al.*® 66.0
Streeter et al.¥ 64.7
Potter et al.%® 62.2
Average 69.3 + 9.7
Present study 63.6
* All values shown, except those of the NRC”3 were extrapolated from data in different sources, assuming undegradable intake protein values
of 55% and 57% for cracked corn and steam-flaked corn, respectively.”
T As a percentage of the total N content in cereal.

Discussion

Nitrogen and OM content concur with that specified
by the NRC’ for each of the cereals studied here.
Similarly, starch content (DM basis) determined
here goes along with the average content specified
by Huntington? for these cereals. Given that the
purpose of this study was to compare digestion of
nitrogen-containing elements and starch, taking
steam-flaked corn as a reference, it was very
important for the corn in this study to behave as
expected in both the site and rate of digestion; the
digestion behavior of corn in the present study
corresponded greatly to that found in previous
studiesunder similar dietand rate of consumption
conditions.2?52
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cimadel 98%entractototal. LaED (Mcal/kg) fue mayor
(P<0.05) paralasdietas que contenian maiz y trigo (3.52
y 3.59 Mcal/kg),comparadas con las que contenian ceba-
daysorgo (3.35y3.34 Mcal/kg, respectivamente).

Discusién

Elcontenido de Ny de MO concuerdacon loespecifica-
do porel NRC’ paracadaunode losgranosaquiestudia-
dos. De igual forma, la cantidad de almidon (BS) deter-
minada resulto acorde al contenido promedio especifi-
cado por Huntington? paraestos cereales. Envirtud de
que el proposito de este estudio fue comparar la diges-
tién de los componentes nitrogenados y del almidon,
tomando como referencia al maiz en hojuelas, fue im-
portante que el comportamiento en el sitio y tasa de
digestién de los componentes del maiz aqui evaluado




Cuadro 5
VALORES DE ENG PARA TRIGO, CEBADA Y SORGO INFORMADOS EN DISTINTAS FUENTES
VALUES FOR WHEAT, BARLEY AND SORGHUM AS REPORTED IN DIFFERENT SOURCES

NE of gain, Mcal/kg

Description Observed NRC 19845 NRC 1996”
Wheat 1.52 1.50
Rodriguez et al.* 1.58
Zinn* 1.59
Zinn*34 154
Martin et al. 52 1.62
Average 158 + .03
Present study 171
Barley 1.43 1.40
Rodriguez et al.**® 1.48
Zinn*3% 1.49
Zinn et al.*® 155
Average 151 + .04
Present study 151
Sorghum 1.60 1.50
Xiong et al. 13 1.59
Brandt et al.t5 1.62
Huck et al.** 155
Salinas et al. **° 154
Average 157 + .04
Present study 1.50

* Recalculated considering corn NE, as 1.62 Mcal/kg.”

T Calculated via the iteration* process through observed NE in the diet via productive behavior, using the ZAP computer program.

The ruminal digestion behavior of OM in diets
containing high percentages of grain varies directly
with the quantity of starch and, to a lesser extent, with
the quantity of N contained in the cereal to be digested
in the rumen. Diets that contained sorghum and corn
had lower OM ruminal digestion than the diets
containing wheat and barley, due to the lower N and
starch digestibility that is observed in the first cereals.

Previous studies have reported a greater rate of
fermentation for starch content in wheat and barley
than in corn and sorghum,? which has been put down
to the properties of the protein that surrounds the
starch grains and the type of starch contained in the
cereals.? Thus, ruminal digestibility values for starch of
88% and 94% have been found for flakes of wheat*®
and barley,>%-%2ywhile for sorghum, values of 78% and
83%151633 have been found. The latter concurs with the
results obtained for each of the cereals tested in this
study. The average postruminal starch digestion was
91.9%.

resultara dentro de los valores esperados; al respecto,
las caracteristicas de digestion del maiz en hojuelas
obtenidos en el presente estudio correspondieron am-
pliamentealasinformadasen estudios previos efectua-
doscon dietasy consumos similares. 1222

Elcomportamientode ladigestién ruminalde MOen
dietas con altas cantidades de grano esta en funcién
directadelaproporciéndelalmidényenmenorgradode
lacantidad del Nl contenidoenel cereal queesdigeridoen
elrumen. Lasdietas que conteniansorgoy maiz tuvieron
unamenordigestion ruminal de MO comparadascon las
detrigoylasdecebada, debidoalamenordigestibilidad
del almidény N que se observaron con ellas.

Se ha informado de una mayor tasa de fermentacion
paraelalmidéncontenidoeneltrigoy lacebada, compa-
radocon ladel maizysorgo,? esto Ultimose haatribuido
a las caracteristicas de la proteina que envuelve a los
granulos de almiddn y al tipo de almiddn contenido en
loscereales.ZEnese sentido, se hanregistradovaloresde
digestibilidad ruminal del almidon de 88% a 94% para
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Owvens et al.,** when analyzing the results of 28
studiescarried outonsteers, determined thatthe intes-
tinal digestion capability for starch could be as high as
89%. On the other hand, the postruminal digestion of
starch observed in this study represented 11.2% of
intestinal absorption with respect to total starch
consumed (a 6.0% to 17.6% range). Huntington?
indicated that,onaverage, 12.5% of the starch consumed
is digested postruminally. This concurs with that
indicated by Owenset al.,* who specify that for steam-
flaked cereals the digestion capacity of starch is
comparatively higher at a postruminal level than at a
ruminal level.

Given that the test cereals (wheat, barley and
sorghum) substituted corn in equal proportions in
the diets (Table 1) and that the rest of the diet was
identical, the differences detected for N digestibility
at a ruminal level, with respect to the corn-based
diet, are directly related to the digestibility
characteristics of N in each of the test cereals.
Considering the undegradable intake protein for
steam-flaked corn as 57%,” then the values for
undegradable intake protein for wheat, barley and
sorghum are 21.5%, 34.8% and 63.6%, respectively.
Table 4 shows the values obtained in this study, as
compared to those published by the NRC,"*% as
well as the results of other studies that have
determined undegradable intake protein for wheat,
barley and sorghum. The studies included
correspond to experiments which used a minimum
of 70% cereal in the diet. In all cases, they used
comparisonswith steam-flaked or cracked corn, and
inorder tostandardize the results and decrease bias
as much as possible, in those cases where different
references for undegradable intake protein for corn
than that published by the NRC in 1996 (such as
those using NRC values from 1985 or others) were
used, the data were recalculated using the
undegradable intake protein value for corn (57% for
steam-flaked and 55% for cracked corn) as stated in
the 1996 publication of the NRC. In those studies
were no undegradable intake protein was reported,
the corresponding value was calculated using a
substitution method, comparing them with the
values for corn,” and using as minimum data:
consumption of DM and N (g/d), amount of cereal in
the ration (%), N flow to the duodenum (g/d) and
protein content of the cereal (g/d); in those cases
where the protein content was not given, values of
9.8%, 14.2%, 13.2% and 12% of CP were used for
corn, wheat, barley and sorghum, respectively.”

The lower undegradable intake protein content
seen in wheat, as opposed to that in other cereals, is
due, primordially, to the type of protein it contains
(glutelin), given that this is highly soluble in acids
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trigo*® y cebada>***%2 en hojuelas, mientras que para
sorgo se han determinado valores de 78% a 83%;%%% |g
anterior coincide con los resultados obtenidos para cada
uno de los cereales aqui probados. La digestibilidad
posruminal del almid6n promedié 91.9%.

Owens et al.,* al analizar resultados de 28 estudios
realizados con novillos, determinaron una capacidad
de digestion intestinal del almidén hasta de 89%. Por
otra parte, la digestibilidad posruminal del almidén
observadaaquirepresentd 11.2% de absorcion intesti-
nal conrespectoal total dealmiddn consumido (rango
de 6.0% a 17.6%). Hungtinton? indica que, en prome-
dio, 12.5% del almidon consumido es digerido posru-
minalmente. Lo anterior coincide con lo indicado por
Owens et al.,** que especifica que para cereales en
hojuelas la capacidad de la digestion del almidon es
comparativamente mas alta a nivel posruminal con
respecto su digestion a nivel ruminal.

A partir de que los cereales en prueba (trigo, cebada
y sorgo) sustituyeron al maiz en igual proporcionen las
dietas(Cuadro 1)y queel restode ladietaesde idéntica
composicidn, las diferencias detectadas en la
digestibilidad del N a nivel ruminal con respecto a la
dieta que contiene maiz, estan directamente relaciona-
das con las caracteristicas de la digestibilidad del N de
cadauno de los granos probados. Considerando que la
proteina de escape en rumen parael maiz en hojuelases
de 57%;” entonces, los valores de proteina de escape
paratrigo, cebaday sorgo resultaron en 21.5%, 34.8%y
en 63.6%, respectivamente. El Cuadro 4 muestra los
valores obtenidos aqui con respecto a las publicaciones
del NRC,*3 asi como los resultados de otros estudios
en los que se ha determinado la proteina de escape del
trigo, cebaday sorgo. Losestudiosincluidos correspon-
den a experimentos realizados para la evaluacion
nutrimental de cereales con participacién minima de
70% del cereal en la dieta. En todos los casos incluidos,
las comparaciones fueron contra maiz en hojuelas o
maiz quebradoy paraefecto de estandarizar los resulta-
dos con la finalidad de disminuir el sesgo, en aquellos
estudiosdondeel calculo de proteinade escape registra-
doparaloscerealesen pruebaestababasadoenreferen-
ciasdistintasdel valor de proteinade escape parael maiz
considerado por el National Research Council (NRC)de
1996, talescomo lade laNRC de 1985 u otras fuentes, los
datos fueron recalculadosalareferenciade proteinade
escape del maiz (57% para maiz en hojuelas 0 55% para
maiz quebrado) contempladoenlaNRC de 1996. Enlos
estudios donde no se informala proteina de escape, ésta
fue calculada por el método de sustitucion, teniendo
como comparacional maiz,”los datos minimos requeri-
dospararealizarel calculo fueron: Consumode MSy de
N (g/d), cantidad de cereal en laracion (%), flujode Na
duodeno (g/d)y contenido de proteinadel cereal, cuan-
do esto ultimo no se informé se tomaron los valores de



and dilute bases,* both of which are found in the
rumen, an essential prerequisite for proper
digestion.®* There are very few studies which include
the undegradable intake protein content for steam-
flaked wheat; the 1985 NRC has no information on
this, while the 1996 NRC only includes data for
cracked wheat. The 43% difference in the
undegradable intake protein value observed in this
study, as opposed to other studies®® (Table 4), is
doubtful, though Zinn*observed a 19% difference in
the undegradable intake protein value when
comparing steam-flaked wheat with different
pressing intensities (flake densities). Even so, the
general conceptisthatwheat hasa22% undegradable
intake protein value, independent of the processing
it undergoes.® However, this must be viewed with
some precaution if one considers that the 22% value
isvery close to that obtained in this study (21.5%) for
steam-flaked wheat, but that in the past values
ranging from 20% to 35% of ruminal degradability of
N in steam-flaked wheat with respect to cracked
wheat* have been obtained, and that this has been
attributed mainly to the effects the processing has
on ruminal retention of the wheat, such that it is
quite possible for cracked wheat to have a ruminal
degradability of N close to 90%.

With respect to barley, neither the 1985 nor the
1996 NRC report values of undegradable intake
protein for steam-flaked barley, though they indicate
values of 28% and 33%, respectively, for cracked
barley (Table 4). This represents 80% and 95% of the
value determined in thisstudy. In previous studies,>*
where cracked barley has been compared to steam-
flaked barley, an average of 20% greater ruminal
degradability of N hasbeen observed in cracked barley.
Thus undegradable intake protein values of 37.6%,
36.6%,% 32.8%,° and 39%,* have been obtained. This
corroborates the fact the steam-flaked process affects
ruminal protein solubility inthese cereals, in contrast
to what occurs with corn.24

As regards sorghum, the two previous NRC"%®
publications give undegradable intake protein values
for steam-flaked sorghum of 47% and 43.6%,
respectively (Table 4). These values are 26% and 31%
lower than those obtained in the present study.
Undegradable intake protein values ranging from
56.7% to 84%,% have been obtained for steam-flaked
sorghum in finishing diets. The great variation in
results could be due, in great part, to the varieties of
sorghumused in the studies, given that sorghum can
contain differing amounts of tannins which can have
a negative effect on the ruminal digestibility of N in
the grains.” On the other hand, for cracked sorghum,
undegradable intake values ranging from 51.2% to
93% (average = 69.9%),%:%4-4> have been determined.

9.8%, 14.2%, 13.2%Yy 12% de PC paramaiz, trigo, cebada
ysorgo, respectivamente.”

La menor cantidad de proteina de escape que mos-
tréeltrigoconrespectoal restode loscereales, se debid,
primordialmente, al tipo de proteina que contiene
(glutelina), ya que ésta es altamente soluble en acidos
y bases diluidas,® condiciones dadas en el medio
ruminaly requisito primordial paraque se lleve acabo
su digestion.* Existen muy pocos estudios donde se
informalaproteinade escape parael trigo en hojuelas;
el NRC de 1985 no ofrece informacién al respecto,
mientras que el NRC de1996 s6lotiene informacién de
proteina de escape paratrigo quebrado. La diferencia
de 43% en el valor de proteina de escape observado
aqui en relacién con otros estudios®?® (Cuadro 4) es
incierta, aunque Zinn*observé una diferencia de 19%
enelvalorde proteinade escape cuando compardtrigo
en hojuelas con distintas intensidades de prensado
(densidad de hojuela). Aunasi, el concepto generaliza-
doesde queel trigo tiene un valor de 22% de proteina
de escape, independientemente del procesamiento a
gue esté sometido.*’ Sin embargo, esto Ultimo hay que
tomarlo con precaucién si se considera que la cifra
indicada de 22% es muy cercana al valor obtenido en
esteestudio (21.5%) parael trigoen hojuelas, en virtud
de que se han observado reducciones que van de 20%
hasta 35% de ladegradabilidad ruminal del N en trigo
en hojuelas con respecto al quebrado*y esto se atribuye
principalmente a los efectos que tiene el procesamien-
todel grano sobre sutiempo de retencion ruminal, por
lo que es posible que el trigo quebrado tenga una
degradabilidad ruminal de N cercana a 90%.

Respecto de la cebada ni en el NRC de 1985 ni en el
del1996, se informan valores de proteina de escape para
cebadaen hojuelas,aunque indican valoresde 28%Yy de
33%, respectivamente, para cebada quebrada (Cuadro
4). Lo anterior representa 80% Yy 95% del valor determi-
nado aqui. Enestudios previos,>**donde se hancompa-
rado cebada quebrada con cebada hojueleada, se ha
observado, en promedio, 20% de mayor degradabilidad
ruminal del N en lacebada quebrada; de estamanerase
han determinado valores de 37.6%," 36.6%,% 32.8%° y
de 39%* de proteinade escape paracebadaen hojuelas.
Lo anterior corrobora que el procesamiento con vapor
afecta a la solubilidad ruminal de la proteina de estos
cereales, a diferencia de lo que sucede con el maiz.2114

En cuanto al sorgo, ambas publicaciones del NRC"
informan que el contenido de proteina de escape para
estecerealenhojuelasesde47%Yy 43.6%, respectivamen-
te (Cuadro 4), cifras que son 26% y 31% menores a las
obtenidas en el presente estudio. Se han registrado valo-
res de proteina de escape desde 56.7% hasta 84% para
sorgo en hojuelas en dietas de finalizacién. La variacion
delosresultados puedeestar determinada, engran medi-
da, porlavariedad del sorgo utilizadaenesosestudios, ya
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In as regards ruminal solubility, sorghum protein
seems to behave in much the same way as does corn
protein. In any case, on average, the NRC"*®
underestimatesthe undegradable intake protein value
of steam-flaked sorghum by at least 20%; an
underestimate of this magnitude could have an
important economic impact when trying to fill
metabolizable protein and amino acids requirements
in ration formulation.

The behavior of MN (g/d) flow, which was low for
sorghum, intermediate for corn, and high for wheat
and barley, has been observed in previous studies
wherethese cereals have been compared.*1625%4 Spicer
etal.® observed a consistent increase in MN duodenal
flow in steers fed on sorghum, barley or wheat steam-
flaked diets, in response to the increase in ruminal
digestibility of N and starch, aswas seen in the present
study. Microbial growth isdependent upon the rate of
ruminal carbohydrate fermentation and the availability
of nitrogen-containing compounds.*” Russell*® observed
thatamylolytic bacteria are more efficient when using
amino acid N than when using ammonia, and that
peptide and amino acid availability in the rumen can
cause increases of up to 20% in the efficiency of microbial
growth.

The lower use of N by sorghum, at a postruminal
level, with respect to corn, has been well
documented,®*3*#°and, as was mentioned previously,
could be due to the tannin content in sorghum.“> On
the other hand, though numerical differences in favor
of wheat over steam-flaked corn, inasregards N absor-
bed at an intestinal level,’*® have been determined,
they have not always been significant, and when
comparedtobarley, have beenvery variable.®***¥*|nas
regards wheat and barley, the differences detected
could be caused by differencesin N contentin the diet,
rather than by the physiochemical characteristics of
the protein in the cereal per se.

Total tract starch digestibility greater than 98%, in
cereals that are steam-processed prior to rolling, has
been documented on numerous occasions.’®2+% |n
similar fashion, the greater digestible energy (Mcal
DE/kg) for diets containing corn and wheat, with
respect to those that contain equal proportions of
barley and sorghum, has also produced consistent
results.®?* By using the DE value observed for the
grainsstudied here, itis possible to determine, based
upon their the energetic correlations, the net energy
of gain (NEg) for each cereal (Table 5).5-% Applying
this, the resultant values are 1.71, 1.51 and 1.50 Mcal
NEg/kg for wheat, barley and sorghum, respectively.
Table 5 compares the NEg values determined in the
present study with those specified in the 1984 and
1996 NRC publications, those registered in other stud-
ies, aswell asthose obtained through extrapolation of
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gue contienen distintas proporciones de taninos, que
pueden afectar negativamente la digestibilidad ruminal
del N de los granos.“2 Por otra parte, se han determinado
valoresde proteinade escape que van de 51.2% hasta 93%
(promedio = 69.9%)%384-4 para sorgo quebrado; respec-
to de su solubilidad ruminal, la proteina del sorgo, al
procesamiento con vapor, se comporta, aparentemente,
de la misma manera que la proteina del maiz. De cual-
quier manera, en promedio, el NRC"* subestimael valor
de proteinade escape parasorgo en hojuelasal menosen
20%, y el subestimar en esta proporcion puede represen-
tar un impacto econémico significativo para llenar los
requerimientos de la proteina metabolizable y de
aminodcidos en laformulacién de las dietas.

Elcomportamientodeunflujode NM (g/d) bajo para
sorgo, intermedio para maiz y alto paratrigo y cebada,
ha sido previamente observado en multiples estudios
dondese hancomparado estos cereales.*162346 Spjcer et
al.®® observaron un aumento consistente en el flujo a
duodenode NM en novillosalimentados condietascon
sorgo, cebada o maiz en hojuelas, como respuesta al
aumento en la digestibilidad ruminal del N y del almi-
dén, como en el presente estudio. El crecimiento
microbiano esta supeditado a la tasa de fermentacion
ruminal de carbohidratosy disponibilidad de compues-
tos nitrogenados.” Russell*® observé que las bacterias
amiloliticas crecen mas eficientemente cuando utilizan
N deaminoécidos que cuando utilizanamoniaco, y que
ladisponibilidad de péptidosy aminoacidosenel medio
ruminal puede causar incrementos hasta de 20% en la
eficienciade crecimientomicrobiano.

Lamenor utilizacion de N a nivel posruminal parael
sorgo con respecto al maiz ha sido bien documenta-
do,®%4 y tal como se menciond antes, esto puede ser un
reflejo del contenido de taninos en el sorgo.” Por otro
lado, aunque se han determinado diferencias numéricas
en favor del trigo en cuanto alacantidad de N absorbido
a nivel intestinal, comparado con maiz en hojuelas,’>*
éstas no siempre han sido significativas, mientras que
para cebada los resultados han sido variables.®***® Con
respecto al trigo y la cebada, las diferencias detectadas
pueden ser causadas maés por las diferencias del conteni-
dode Ndeladieta, que porlascaracteristicasfisicoquimicas
de la proteina de los cereales per se.

Lasdigestibilidadesdelalmidénsuperioresa98%a
nivel de tracto total cuando los cereales son sometidos
a procesamiento con vapor previo al prensado han
sido extensamente documentadas.¢?** De igual for-
ma, una mayor concentracién de energia digestible
(ED, Mcal/kg) para las dietas que contienen maiz o
trigo con respecto aaquellas que contienen proporcio-
nes similares de cebada o sorgo han tenido resultados
consistentes.®*? De acuerdo conel valor de ED observa-
doparalosgranosaquiestudiados, es posible determi-
nar con base en sus correlaciones energéticas, la ENg



data generated by other researchers. In those studies
in which the reference values used were net energy
(NE) values different from those mentioned for corn
in the 1996 NRC tables, data were recalculated at a
1.62 Mcal/kg NEg concentration, and the resulting NE
was determined using a replacement technique as
stipulated in the materials and methods section.

In those studies where the cereal NEg is not
specified, this was calculated from the NE observed
for the diet, using the ZAP* computer program, for
which the following production information was
needed: type of animal, initial weight (kg), final weight
(kg), consumption (DM base), using daily gain as a
variable. Once the observed NE was calculated for
each diet, the NEg for the tested grains was obtained,
considering that NE for each ingredient, except that
of the cereal, was equivalent to that indicated in the
1996 NRC tables. The corresponding NE value for the
cereal was then determined by an iteration process,
such that the NE value in the diet based upon its
composition would be equivalent to the NE value in
the dietbased upon its productive behavior.* The NEg
values here determined corresponded to 1.13, 1.06
and 0.94 of the values considered by 1984 NRC %' and
1.14,1.08 and 1.00 of those values considered by the
1996 NRC.”

These results concur with those found by Owens et
al.,* who determined, through an analysis of 605
studies, the energy values for barley, wheat and
sorghum, to be higher that those mentioned in the
NRC7(24%, 9% and 1%, respectively). The value for
wheat, in the present study, represents an 8% greater
value in NE content than for corn. Keeping this in
mind, for steam-flaked wheat a 0.96 proportion of NE
content has been determined, when compared to
corn,? though in other studies NE values for wheat
have been determined to be equivalent,® or even
higher that those for steam-flaked corn.® Onthe other
hand, the similarity in NE values obtained for barley
and sorghum (1.51vs. 1.50 Mcal NE/kg) isindicative of
the fact that when both cereals are steam-flaked, they
tend to have similar energy values. Regarding the
results for barley, the NE values are very similar to
those recalculated from other studies, given that, on
average, the NE_value for steam-flaked barley was
1.51 Mcal/kg (Table 5), while the value observed for
sorghum was 4% lower (1.50vs. 1.57).

The replacementtechnique has certain limitations
duetothe factthatthe NE values determined in this
manner are only accurate if the NE values of the
replaced ingredientare correct,and if the interactions
between the ingredients that make up the diet are
not important (the value of NE in the diet is the
equivalent of the average when considering the NE
content of each ingredient that is in the diet). In this

para cada uno de ellos (Cuadro 5).5% Aplicando lo
anterior, resultanvaloresde 1.71,1.51y 1.50 Mcal/kg de
ENgparatrigo, cebaday sorgo, respectivamente. Enel
Cuadro 5 se comparan los valores de ENg determina-
dosenel presente estudio con los especificados por las
publicaciones del NRC de 1984 y de 1996; los registra-
dosenotrosestudios, asi como los valores obtenidos a
través de célculos realizados mediante extrapolacion
dedatos generados por otros investigadores. Enaque-
llos estudios, en los cuales se utilizaron referencias de
contenidode energianeta (EN) distintasalasestipula-
das para el maiz por laNRC de 1996, los datos fueron
recalculadosalaconcentracionde 1.62 Mcal/kg de ENg,
y laEN resultante se determiné por medio de latécnica
deremplazodeacuerdoconloestipuladoen laseccion
de material y métodos.

En aquellos estudios donde no se especifica la ENg
del cereal en prueba, éstafue calculadamediante laEN
observadade ladieta, utilizando paratal finel progra-
ma de cédmputo ZAP,% para lo cual se baso en la
informacidn de comportamiento productivo que in-
cluyéeltipodeanimal, pesoinicial (kg), pesofinal (kg),
consumo (BMS), asi como la ganancia diaria de peso,
como variables. Unavez obtenidala EN observadade
cadaunade lasdietas, se calcul6 laENgde losgranosen
prueba, considerando que la EN de cada ingrediente,
conexcepcion de ladel cereal incluido, son equivalen-
tes al valor tabular indicado por la NRC de 1996. El
valor correspondiente de EN del cereal fue determina-
do entonces por el proceso de iteracion, de tal forma
gueelvalorde EN de ladietabasadaensucomposicion
fueraequivalentealaEN de ladietaobservadaa partir
del comportamiento productivo.* Los valores de ENg
aqui determinados correspondenal.13,1.06 y 0.94 de
losvaloresconsiderados porel NRC de 19845 yal 1.14,
1.08 y al 1.00 a los estipulados por el NRC de 1996."

Estos resultados concuerdan con los informados por
Owvens et al.,® quienes determinaron, a través de un
andlisisde 605 estudios, valoresenergéticos paracebada,
trigoy sorgo por encima de los estipulados por la NRC’
(24%,9%Y 1%, respectivamente). El valor parael trigoen
el presente estudio representa 8% mas del valor del
contenido de EN del maiz; en ese sentido, se ha determi-
nado paratrigo en hojuelas unarelacion de contenido de
EN de 0.96 cuando se compara con el maiz,® aunque de
igual formase han determinado valoresde EN paratrigo
en hojuelas equivalentes®™ e inclusive mayores que el
maiz en hojuelas.® Por otra parte, la similitud de los
valoresde EN obtenidos paracebadaysorgo(1.51vs.1.50
Mcal/kg de ENg) es un indicativo de que cuando ambos
cerealesse procesanen hojuelastiendenaposeer unvalor
energético similar. Respecto de los resultados para ceba-
da, losvaloresde EN'sonmuysimilaresalosrecalculados
apartirdeotrosestudios, yaque,enpromedio, el valorde
ENg para cebada en hojuelas resultd en 1.51 Mcal/kg
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case, the value of NE in steam-flaked corn, as specified
inthe most recent publication of nutrient composition
and requirements for beef cattle,” isbeing used as the
reference value for the calculation of the NE content
in the test cereals. Therefore, there are certain
conditions, taken into account by the NRC,” which
must be considered. One of these is that the NRC
considers only a 4% difference in energy value for
steam-flaked corn and cracked corn, aswell as that it
considers cracked corn to have an NEg value of 1.55
Mcal/kg. This last point has caused controversy
because in certain studies steam-flaked corn has
been found to improve NE content from 14% to 21%
(on average, 17%).%%%11 On the other hand,
overestimates for cracked corn NE value have been
found, ranging from 6% to 8%.22These results make
one think that the more precise values are around
1.45and 1.73 Mcal/kg NEg, for cracked and steam-
flaked corn, respectively (6% greater than the values
considered by the NRC in 1996, in the case of steam-
flaked corn). Ifthe 1.73 Mcal NEg/kg value is used as
the reference and applied to the results observed,
then the corresponding NEgVvalues for wheat, barley
and sorghum near 1.79, 1.60 and 1.59 Mcal/kg,
respectively.

We conclude thatthe current standardsemployed
by the NRC’ considerably underestimate the NE
content for undegradable intake protein in these
cereals. The magnitude of this error could cause
significant impact upon the estimated projections
for weight gain and efficiency, as well as a serious
economic impact, resulting form the need to cover
the metabolizable protein and amino acid
requirements in the formulation of diets for the
growth and finishing of steers.
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