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Use of the gas production technique to predict the relation between the
intake level and indicators of in vifrro ruminal fermentation.
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nivel de consumo e indicadores de la fermentacion ruminal in vitro.
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The potentialities of the in vitro gas production technique were
evaluated as a method to predict the relations between the simulated
intake level and fermentation indicators. The in vitro simulated
intake levels were 1.9, 2.1, 2.2 and 2.5% live weight. The diets
were made with fixed amounts of maize meal and grass, while the
amount of sugarcane meal varied (equivalent to 0; 6.0, 10.0 and
20.0 g kg' LW). At 24 h, the degradability of dry matter and
nitrogen, the gas production and short chain fatty acids (total and
individual), synthesis efficiency of microbial biomass and NH,
concentration were determined. An experimental randomized
block design was used, the Pearson correlation indexes were
determined among the studied variables and multiple linear
regressions were performed to study the functional relation
between the simulated intake level (response variable) and the
variables of the degradability of dry matter, gas production, total
short chain fatty acids and synthesis efficiency of microbial
biomass (predictor variables). The Pearson correlation between
the simulated intake level and fermentation indicators showed
a high positive correlation for gas production, short chain
fatty acids (acetic, butyric and totals) and synthesis efficiency
of microbial biomass (P <0.05). There was high negative
correlation with the degradability of dry matter and nitrogen
(P <0.01). The multiple linear regression equations showed that
R? improved when the predictor variables increased from 2 to
3. The dry matter degradability showed the highest values of
partial R?, although when excluding the gas production at 24 h
explained 65.7% of the variability. The obtained results suggest
that the voluntary intake levels that were simulated in vitro from
the data of dry matter degradability and gas production can be
predicted, while the inclusion of total short chain fatty acids and
the synthesis efficiency of microbial biomass as predictor variables
increased the determination coefficient of the obtained models.
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Grasses are the natural food of ruminants and
represent the most abundant and least expensive food
source. However, when the animals are stabulated at
night, grazing intake is limited and there is a need to
provide an alternative source of food that compensates
the non-intake grass during the hours of stabulation, as it
is known that variations in the intake and modifications
in the feeding patterns determine the productive
efficiency and affect the individual gain of the animals
(Iraola et al. 2013).

There are numerous prediction models of voluntary
intake in ruminants from indicators measured in
vivo (Pulina et al. 2013). However, the study of the

Se evaluaron las potencialidades de la técnica de produccion de gas in
vitro como método para predecir las relaciones que existen entre el nivel
de consumo simulado e indicadores de la fermentacion. Los niveles de
consumo simulados in vitro fueron de 1.9, 2.1, 2.2 y 2.5 % peso vivo.
Las dietas se conformaron con cantidades fijas de harina de maiz y pasto,
mientras vario la cantidad de harina de cafia de azucar (equivalente a 0;
6.0,10.0y 20.0 gkg' PV). Alas 24 h se determin¢ la degradabilidad de
la materia seca y el nitrogeno, la produccion de gas y acidos grasos de
cadena corta (totales e individuales), eficiencia de sintesis de biomasa
microbiana y concentracion de NH,. Se empleo un disefio experimental
de bloques al azar, se determinaron los indices de correlacion de Pearson
entre las variables estudiadas y se realizaron regresiones lineales
multiples para estudiar la relacion funcional entre el nivel de consumo
simulado (variable respuesta) y las variables de la degradabilidad de la
materia seca, produccion de gas, acidos grasos de cadena corta totales y
eficiencia de sintesis de biomasa microbiana (variables predictoras). La
correlacion de Pearson entre el nivel de consumo simulado e indicadores
de la fermentacién mostraron alta correlacion positiva para produccion de
gas, acidos grasos de cadena corta (acético, butirico y totales) y eficiencia
de sintesis de biomasa microbiana (P < 0.05). Hubo alta correlacion
negativa con la degradabilidad de la materia seca y el nitrégeno
(P < 0.01). Las ecuaciones de regresion lineal multiple mostraron
que mejord R? al incrementar de 2 a 3 las variables predictoras. La
degradabilidad de la materia seca mostr6 los mayores valores de R?
parcial, aunque al excluirla la produccion de gas a las 24 h explico
65.7 % de la variabilidad. Los resultados obtenidos permiten sugerir
que se pueden predecir los niveles de consumo voluntario que se
simularon in vitro a partir de los datos de degradabilidad de la materia
seca y la produccion de gas, mientras que la inclusion de los acidos
grasos de cadena corta totales y la eficiencia de sintesis de biomasa
microbiana como variables predictoras incrementaron el coeficiente de
determinacion de los modelos obtenidos.
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prediccion, modelos

Los pastos constituyen el alimento natural de los
rumiantes y representan la fuente alimentaria de mayor
abundancia y de menor costo. Sin embargo, cuando se
estabulan los animales en la noche se limita el consumo
en pastoreo y se impone la necesidad de brindar una
fuente de alimento alternativo que compense el pasto
no consumido durante las horas de estabulacion,
pues se conoce que las variaciones en el consumo
y modificaciones en los patrones de alimentacion
determinan la eficiencia productiva y afectan la ganancia
individual de los animales (Iraola ef al. 2013).

Existen numerosos modelos de prediccion del
consumo voluntario en rumiantes a partir de indicadores
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relation between the voluntary intake level of food
and physiological or productive indicators, under
production conditions, has the limitation that treatments
with lower intake levels would cause economic
effects. This does not make recommendable the use
of experimental designs in vivo as a routine method
for these researches. This problem explains the
challenge of designing in vitro experiments, in which
intake levels can be simulated and determined their
effects on physiological and biochemical indicators of
fermentation and eventually infer possible productive
effects.

The gas production technique is a procedure that is
applied routinely for the food evaluation. It has also been
used to predict in vivo food voluntary intake (Bliimmel
and Becker 1997 and Bliimmel ez al. 1997, 2005).

The gas production technique is an in vitro batch
system, in which the fermentation products gradually
accumulate. Normally, for the implementation of
this technique, equal amounts of dry matter (DM) or
organic matter (OM) of the treatments to be compared
are incubated. The indicators that are measured are
expressed per unit of DM or OM incubated.

However, it has never been attempted to simulate
different intake levels from the incubation of different
amounts of substrates, in addition to evaluating their
effect on the in vitro fermentation indicators that are
normally measured. To simulate different intake levels
in this in vitro system, the different amounts of the diets
to be evaluated should be incubated, so that the amounts
of substrate to be fermented are a reflection of the intake
levels to be simulated.

Subsequently, the indicators measured in absolute
units are expressed, and not per DM or OM unit
incubated, as is normally done.

To achieve new advances in researches, studies
that use multiple research methodologies to deal with
complex systems and measure multiple variables are
needed (McNamara et al. 2016). Therefore, the objective
of this study was to evaluate the in vitro gas production
technique, as a method to predict the relations that
exist between the simulated intake level (SIL) and
fermentation indicators, when several practical situations
of animals feeding were represented in a nocturnal
stabulation system.

Materials and Methods

Experimental procedure. To design the SIL to
be evaluated in vitro, it was started from a group of
assumptions. It was established that the control treatment
was the diet that covered the DM requirements of male
animals in the pre-fattening phase, with an average
live weight of 270 kg (LW), which make a voluntary
intake of 5.9 kg of DM, 2.2 % of its LW (Martin 1981).
The control diet would be constitute of three elements:
1.0 kg of maize meal (25% of the total DM requirement),
10 g of sugarcane meal per kg of live weight of the
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medidos in vivo (Pulina et al. 2013). Sin embargo, el
estudio de larelacion entre el nivel de consumo voluntario
de alimento e indicadores fisiologicos o productivos, en
condiciones de produccion, tiene la limitacion de que los
tratamientos con menores niveles de consumo provocarian
afectaciones econdmicas. Esto no hace recomendable el
uso de disefios experimentales in vivo como método de
rutina para estas investigaciones. Este problema plantea el
reto de disefar experimentos in vitro, en los que se puedan
simular niveles de consumo y determinar sus efectos en
indicadores fisiologicos y bioquimicos de la fermentacion
e inferir a la postre posibles efectos productivos.

La técnica de produccion de gas es un procedimiento
que se aplica de forma rutinaria para la evaluacion de
alimentos. También se ha empleado para predecir el
consumo voluntario de alimentos in vivo (Bliimmel y
Becker 1997 y Bliimmel et al. 1997, 2005). La técnica
de produccion de gas es un sistema in vitro en lote
batch, en el cual se van acumulando los productos de
la fermentacion. Normalmente, para la implementacion
de esta técnica se incuban cantidades iguales de materia
seca (MS) o materia organica (MO) de los tratamientos
a comparar. Los indicadores que se miden se expresan
por unidad de MS o MO incubada.

Sin embargo, nunca se ha intentado simular diferentes
niveles de consumo a partir de la incubacion de diferentes
cantidades de sustratos, ademas de evaluar su efecto en los
indicadores de la fermentacion in vitro que normalmente
se miden. Para simular diferentes niveles de consumo
en este sistema in vitro habria que incubar las diferentes
cantidades de las dietas que se quieren evaluar, de forma que
las cantidades de sustrato a fermentar sean un reflejo de los
niveles de consumo a simular. Posteriormente se expresan
los indicadores medidos en unidades absolutas, y no por
unidad de MS 0 MO incubada, como se hace normalmente.

Para alcanzar nuevos avances en las investigaciones son
necesarios estudios que utilicen multiples metodologias
de investigacion para abordar sistemas complejos y
medir multiples variables (McNamara et al. 2016). Por
ello, el objetivo de este trabajo fue evaluar la técnica de
produccion de gas in vitro, como método para predecir las
relaciones que existen entre el nivel de consumo simulado
(NCS) e indicadores de la fermentacion, cuando se
representaron varias situaciones practicas de alimentacion
de animales en un sistema de estabulacion nocturna.

Materiales y Métodos

Procedimiento experimental. Para disefiar los NCS
a evaluar in vitro, se partido de un grupo de supuestos.
Se establecid que el tratamiento control era la dieta que
cubria los requerimientos de MS de animales machos en
fase de preceba, con peso vivo promedio de 270 kg (PV),
que hacen un consumo voluntario de 5.9 kg de MS, el
2.2 % de su PV (Martin 1981). La dieta control estaria
conformada por tres elementos: 1.0 kg de harina de maiz
(25 % del total del requerimiento de MS), 10 g de harina
de cana de aztcar por kg de peso vivo de los animales
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animals (40 % of the total DM requirement) and the
rest grasses from a mixture of grasses and herbaceous
legumes (45 % of the total DM requirement). Maintaining
the proportions obtained from each element of the diet,
the mixture was constituted to evaluate in vitro for the
control treatment. These elements were mixed on dry
basis, after drying and grinding. In the same way, three
other diets were formed, with the difference that in these
the amount of DM provided by the maize meal and the
grasses mixture was maintained in absolute quantities,
while the amount of sugarcane meal included in the diet
varied (the equivalent to 0; 6.0 and 20.0 g kg' LW).

Table 1 shows the final composition of the diets
and the different simulated intake levels in the in vitro
system.

The amounts referred for each food are those that
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(40 % del total del requerimiento de MS) y el resto pastos
deuna mezcla de gramineas y leguminosas herbaceas (45
% del total del requerimiento de MS). Manteniendo las
proporciones obtenidas de cada elemento de la dieta, se
conformé la mezcla a evaluar in vitro para el tratamiento
control. Estos elementos se mezclaron en base seca,
después de secados y molidos. De la misma forma, se
conformaron otras tres dietas, con la diferencia que en
estas se mantuvo en cantidades absolutas la cantidad
de MS que aportaba la harina de maiz y la mezcla de
pastos, mientras vario la cantidad de harina de cana de
azucar incluida en la dieta (el equivalente a 0; 6.0 y
20.0 gkg!' PV).

En la tabla 1 se muestra la composicion final de las
dietas y los diferentes niveles de consumo simulados en
el sistema in vitro.

Tablel. Treatments evaluated to generate in vitro different intake levels

Indicator SIL

1.9 %LW 2.1 % LW 2.2 % LW+ 2.5% LW
Grass (mg DM) 710.0 710.0 710.0 710.0
Maize (mg DM) 155.0 155.0 155.0 155.0
Cane meal (mg DM) 0 80.0 135.0 270.0
Cane meal (g DM kg' LW) 0 6.0 10.0 20.0
Total DM incubated 865.0 945.0 1000.0 1135.0

in vitro (mg bottle™")

FControl treatment that corresponds with requirements proposed by Martin (1981)

were incubated in each glass bottle. The treatments
without sugarcane meal and with 6 g kg' LW simulated
practical situations, in which the animals when being
stabulated could not intake the amount of DM they
demanded to cover their requirements, according to
Martin (1981), when only consume 1.9 and 2.1 % of
their live weight. The treatment with 20 g kg'! LW of
sugarcane simulates a situation in which the animals
are stabulated with quantities of sugarcane that enable
them to intake above their requirements, if their
ingestion capacity allows it, which it represents 2.5 %
of its live weight.

All the plant material was collected at the end
of the dry season, in the experimental areas of the
cattle grazing farm "Cebadero Ayala" of the Instituto
de Ciencia Animal, with brown soil with carbonate
(Hernandez et al. 2015). The grass was collected
from a paddock of 0.75 ha, with mixture of grasses
(Cynodon nlemfuensis and natural grasses) and
several herbaceous legumes with Neonotonia wightii
and Pueraria phaseoloides as predominant species,
according to 50 x 50 cm grassland sampling procedure.
Sugarcane was collected in forage area and ground
fresh in forage mill. In both cases, a single sampling
was carried out and approximately 5 kg of each plant
material was collected. The grass and fresh ground cane
were dried at 60 °C for 72 h. Then, they were milled
in hammer mill to 1 mm particle size.

Las cantidades referidas para cada alimento son
las que se incubaron en cada botella de vidrio. Los
tratamientos sin harina de cafia de azucar y con
6 g kg'' PV simularon situaciones practicas, en las que
los animales al ser estabulados no podian consumir
la cantidad de MS que demandaban para cubrir sus
requerimientos, segin Martin (1981), al solo consumir
1.9 y 2.1 % de su peso vivo. El tratamiento con
20 g kg!' PV de cana de azlcar simula una situacion en
la que los animales se estabulan con cantidades de cafa
de azucar que les posibilitan consumir por encima de
sus requerimientos, si su capacidad de ingestion se lo
permite, lo que representa 2.5 % de su peso vivo.

Todo el material vegetal se recolectd a finales del
periodo poco lluvioso, en las areas experimentales de
la finca de ceba bovina en pastoreo “Cebadero Ayala”
del Instituto de Ciencia Animal, con suelo pardo con
carbonato (Hernandez et al. 2015). El pasto se recolectd
de un cuartéon de 0.75 ha, con mezcla de gramineas
(Cynodon nlemfuensis y pastos naturales) y varias
leguminosas herbaceas con Neonotonia wightii 'y
Pueraria phaseoloides como especies predominantes,
segun procedimiento de muestreo de pastizales con
marco de 50 x 50 cm. La cafia de azucar se recolectd en
area de forraje y se molio fresca en molino forrajero.
En ambos casos, se realizd un inico muestreo y se
recolectaron aproximadamente 5 kg de cada material
vegetal. El pasto y la cafia fresca molida se secaron a
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For the study of ruminal fermentation, the in vitro gas
production technique was used (Theodorou et al. 1994).
Four incubations were carried out (replications in time),
four glass bottles per treatment and four control bottles
without substrate were used. The gas production was
measured every 3 h until the 24 hour.

Chemical analysis. For estimating the effect of
SIL on nitrogen metabolism indicators, the nitrogen
degradability was estimated according to the procedure
proposed by Rodriguez et al. (2014), which is based
on the determination of N-NH, and gas production. In
this procedure, the in vitro degradability of nitrogen
was estimated as the quotient between the solubilized
nitrogen and the total nitrogen content of the treatments.
In addition, the slope of the models generated by this
method was taken as an index related to the synthesis
efficiency of microbial biomass (SEMB, mg mL™"). The
NH, analyzes were carried out according to Chaney and
Marbach (1962).

The DM and nitrogen content were determined to
the substrates that constituted the experimental diet
and to the wastes of the in vitro fermentation (AOAC
2016).

The neutral detergent fiber (NDF) was obtained by
the procedure described by Van Soest et al. (1991).
The DM degradability (DMDeg) was determined by
gravimetry, as the difference between the incubated
DM and the NDF content in the solid waste of the
fermentation, divided by the DM incubated in each
bottle (Bliimmel et al.1997).

To determine the concentration of the individual
short chain fatty acids (SCFA) in the preserved samples,
the vials were centrifuged at 14 200 x g (Centrifuge
ECEN-205, MRC Ltd., Hagsvish, Israel) for 8 min.
Later, they were analyzed by gas chromatography,
according to the analytical conditions described by
Rodriguez et al. (2014). The total SCFA were obtained
by algebraic sum of the individual SCFA. The quotient
of the concentration of acetic and propionic acid
(Ac / Pp ratio) was calculated.

Experimental and statistical design. An experimental
randomized block design was used. Four incubations
or replications (blocks) were carried out. As an
experimental unit, the average gas production of the
bottles used per treatment was taken in each replication.
The Pearson correlation index was used to determine
the linear relation between SIL and indicators measured
or estimated in the study. In addition, multiple linear
regressions were performed to study the functional
relation between the SIL (response variable) and
the variables DMDeg, gas production, total SCFA
and SEMB (predictor variables), and thus evaluate
the possibilities of predicting the SIL from in vitro
fermentation indicators.

To study the relative importance of the fermentation
indicators in the prediction of the SIL, the partial
determination coefficients (R?) were determined,
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60 °C durante 72 h. Luego, se molieron en molino de
martillo a tamafio de particula de 1 mm.

Para el estudio de la fermentacion ruminal se utilizo
la técnica in vitro de produccion de gas (Theodorou et
al. 1994). Se realizaron cuatro incubaciones (réplicas
en el tiempo), se utilizaron cuatro botellas de vidrio
por tratamiento y 4 botellas blancos, sin sustrato. La
produccion de gas se midio cada 3 h hasta la hora 24.

Andlisis quimico. Para la estimacion del efecto
del NCS en los indicadores del metabolismo del
nitrogeno se estim6 la degradabilidad del nitrégeno
segun el procedimiento propuesto por Rodriguez et
al. (2014), que se basa en la determinacion del N-NH,
y la produccion de gas. En este procedimiento, la
degradabilidad in vitro del nitrogeno se estim6 como el
cociente entre el nitrogeno solubilizado y el contenido
de nitrogeno total de los tratamientos. Ademas, se tomo
la pendiente de los modelos generados por este método,
como un indice relacionado con la eficiencia de sintesis
de biomasa microbiana (ESBM, mg mL™"). Los analisis
de NH, se realizaron segun Chaney y Marbach (1962).

A los sustratos que conformaron la dieta experimental
y a los residuos de la fermentacion in vitro, se les
determind la MS y contenido de nitrogeno (AOAC
2016). La fibra detergente neutro (FDN) se obtuvo
mediante el procedimiento descrito por Van Soest et
al. (1991). La degradabilidad de la MS (DegMS) se
determiné por gravimetria, como la diferencia entre la
MS incubada y el contenido de FDN en el residuo sélido
de la fermentacion, dividido por la MS incubada en cada
botella (Bliimmel ef al. 1997).

Para determinar la concentracién de los acidos
grasos de cadena corta (AGCC) individuales en las
muestras preservadas, se centrifugaron los viales a
14200 x g (Centrifuga ECEN-205, MRC Ltd., Hagsvish,
Israel) durante 8 min. Posteriormente se analizaron por
cromatografia de gases, de acuerdo con las condiciones
analiticas descritas por Rodriguez et al. (2014). Los AGCC
totales se obtuvieron por suma algebraica de los AGCC
individuales. Se calcul6 el cociente de la concentracion
de acido acético y propionico (Relacion Ac/Pp).

Diserio experimental y estadistico. Se emple6 un
diseno experimental de bloques al azar. Se realizaron
cuatro incubaciones o réplicas (bloques). Como unidad
experimental se tomd la media de produccion de gas de
las botellas empleadas por tratamiento en cada réplica.
Se utilizo el indice de correlaciéon de Pearson para
determinar la relacion lineal entre NCS e indicadores
medidos o estimados en el estudio. Ademas, se realizaron
regresiones lineales multiples para estudiar la relacion
funcional entre el NCS (variable respuesta) y las
variables DegMS, produccion de gas, AGCC total y
ESBM (variables predictoras), y de esa forma evaluar las
posibilidades de predecir los NCS a partir de indicadores
de la fermentacion in vitro.

Para estudiar la importancia relativa de los indicadores
de la fermentacion en la prediccion de los NCS, se
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given that R? is a measure of the predictive capacity
of the obtained model and partial R? is a measure of
the predictive capacity of each variable included in
the model. For this, from the analysis of variance
of squares sum Type I (sum of sequential squares)
the partial R? were estimated, as the quotient of the
squared sum of each predictive variable and the sum
of total squares.

In all cases, the statistical package InfoStat (Di
Rienzo et al. 2010) was used.

Results and Discussion

The results for the variables under study were
previously published (Rodriguez ¢et al.2016). These
were corroborated with those of an in vivo study, in
which the effect of the voluntary intake level on the
average daily weight gain of animals was evaluated,
with weights at the beginning of the experiment
similar to those assumed in this study (Iraola et al.
2016).

Table 2 shows the results of the Pearson correlation
analysis between SIL and fermentation indicators.
There was a high positive correlation between SIL and
gas production (r = 0.811, P <0.001). When simulating
the increase in SIL from an increase in the amount of
substrate incubated in the in vitro system, it was expected
to increase the gas production expressed in mL, and not
in mL per unit of incubated substrate. Similarly, high
positive correlation was observed between SIL and acetic
acid production (r = 0.833), butyric acid (r = 0.810)
and total SCFA (r = 0.761) (P <0.05). In an incubation
time of 24 h, all the soluble cellular substrate must have
been fermented, the increase in gas production and total
SCFA could be associated to the increasing amounts of
incubated cane meal, which increased the availability of
sugars of easy fermentation for microorganisms.

The positive correlation of the SIL with the gas
production and SCFA corresponds to the directly
proportional relation that exists between the in vitro gas
production and that of SCFA production (Getachew et al.
2002, 2004). However, the increase in the SIL was not
correlated with the acetic / propionic ratio (r = -0.308,
P> 0.05), because all the treatments were fitted to an
acetic fermentation pattern and the substrate used to
simulate the intake (sugarcane) is also a fibrous food
with this type of fermentation pattern.

There was a high negative correlation between SIL
and the DM degradability (r = -0.732) and nitrogen
(r =-0.921) (P <0.001). However, Van Soest et al.
(1978), when determining the in vitro degradability of
187 forages of known voluntary intake, they observed
that the intake and in vitro digestibility showed a positive
correlation and its highest correlation coefficient was
recorded at 6 h of incubation, while the degradability at
48 h, it was only able to explain 20 % of the variability
of voluntary dry matter intake.

In this study, the decrease in the degradability by
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determinaron los coeficientes de determinacion (R?)
parcial, dado que R? es una medida de la capacidad
predictora del modelo obtenido y R? parcial es una
medida de la capacidad predictora de cada variable
incluida en el modelo. Para ello, a partir del analisis
de varianza de suma de cuadrados Tipo I (suma de
cuadrados secuenciales) se estimaron los R? parcial,
como el cociente de la suma de cuadrado de cada variable
predictora y la suma de cuadrados total.

En todos los casos se utilizo el paquete estadistico
InfoStat (Di Rienzo et al. 2010).

Resultados y Discusion

Los resultados para las variables en estudio se
publicaron previamente (Rodriguez et al. 2016). Estos
fueron corroborados con los de un estudio in vivo, en el
que se evaluo el efecto del nivel de consumo voluntario
en la ganancia de peso media diaria de animales, con
pesos al inicio del experimento similares a los asumidos
en este trabajo (Iraola et al. 2016).

En la tabla 2 se muestran los resultados del analisis
de correlacion de Pearson entre NCS e indicadores de la
fermentacion. Hubo correlacion positiva alta entre NCS
y produccion de gas (r=0.811, P< 0.001). Al simular el
incremento en NCS a partir de un aumento en la cantidad
de sustrato incubado en el sistema in vitro, era de esperar
que aumentara la produccion de gas expresada en mL,
y no en mL por unidad de sustrato incubado. De igual
forma, se observd correlacion positiva alta entre NCS
y produccion de acido acético (r=0.833), acido butirico
(r=0.810) y AGCC totales (r=0.761) (P < 0.05). En un
tiempo de incubacion de 24 h, todo el sustrato celular
soluble se debe haber fermentado, el incremento en
produccion de gas y AGCC totales se podria asociar a
las cantidades crecientes de harina de cafa incubadas,
lo que aument6 la disponibilidad de azicares de facil
fermentacion para los microorganismos.

La correlacion positiva de los NCS con las
producciones de gas y AGCC se corresponde con la
relacion directamente proporcional que existe entre la
produccion de gas in vitro y la de AGCC (Getachew et al.
2002, 2004). Sin embargo, el incremento en el NCS no
estuvo correlacionado con la relacion acético/propionico
(r=-0.308, P>0.05), debido a que todos los tratamientos
se ajustaron a un patron de fermentacion de tipo acético
y el sustrato utilizado para simular el consumo (cafa de
azucar) es también un alimento fibroso con este tipo de
patrén de fermentacion.

Hubo correlacion negativa alta entre NCS y la
degradabilidad de la MS (r=-0.732) y del nitrégeno
(r=-0.921) (P < 0.001). Sin embargo, Van Soest et al.
(1978), al determinar la degradabilidad in vitro de 187
forrajes de consumo voluntario conocido, observaron
que el consumo y la digestibilidad in vitro mostraba
una correlacidon positiva y su mayor coeficiente de
correlacion se registrd a las 6 h de incubacion, mientras
que la degradabilidad a las 48 h solo era capaz de



[

Cuban Journal of Agricultural Science, Volume 51, Number 3, 2017.

explicar 20 % de la variabilidad del consumo voluntario

de materia seca.

En este estudio, la disminucion de la degradabilidad al

incrementar el NCS se debi6 a que se utiliz6 la harina de

cafia de azucar para incrementar la cantidad de sustrato
a fermentar. Este alimento es de menor degradabilidad

que los otros dos sustratos utilizados (pastos y harina
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increasing the SIL was due to the fact that the sugarcane
meal was used to increase the amount of substrate to be
fermented.

This food is of lower degradability than the other
two substrates used (grasses and maize meal), so
that the degradability of the total diet decreased as
the inclusion level of cane meal increased. However,
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if a supplement with better digestibility than the
base diet had been used to simulate an increase in
the intake level, the correlation between the SIL and
degradability could have been expected to be positive
(Reis et al.2016).

The SIL also showed a high positive correlation
with SEMB (r = 0.938, P <0.001), estimated as
the slope (mg mL") of the used model, when the
treatments were incubated, alone or with 500 mg of
maize starch. The increase of this indicator with the
SIL increase does not correspond with that observed
by Bliimmel and Lebzien (2001), who did not report
a significant relation between the in vivo voluntary
intake of DM and the in vitro synthesis efficiency.
However, these authors also recognize that there is
much variation in the estimation of the efficiency of
microbial synthesis, due, to the lack of laboratory
techniques that allow measuring the microbial
efficiency in a simple and exact way.

In this regard, it is known that the in vivo synthesis
efficiency of microbial biomass is higher for diets with
more available nitrogen content per unit of fermented
organic matter (Bliimmel and Lebzien 2001). However,
when using the sugarcane meal to increase the SIL, its
low protein contribution decreases the nitrogen content
of the total diet, but the obtained results show that
the efficiency of microbial synthesis showed positive
correlation.

There was low negative correlation between the
SIL and the NH, concentration (r = -0.115, P> 0.05).
This low correlation could be due to the characteristics
of the incubation solution used, which was designed
to guarantee the N presence in the medium, so that it
was not a limiting factor. This suggests that in future
studies should also be evaluated incubation media poor
in nitrogen, to avoid this problem.

Regarding the Pearson correlation coefficients
between the different fermentation indicators, the
high correlation between the gas production and
DM degradability coincides with that obtained by
Getachew et al. (1998) for these variables. However,
these authors found that this correlation was positive.
The fact that this relation was negative was due to the
use of sugarcane to increase intake levels. Therefore,
as the SIL increased, the degradability decreased,
but the gas production also increased because the
proportion of easily fermentable carbohydrates
increased. In this regard, Getachew et al. (2004)
observed that there was a positive correlation
between the level of non-fibrous carbohydrates and
the indicators of gas production at 6, 24 and 48 h
of incubation, as well as with the potential kinetic
parameter of in vitro gas production. The correlation
coefficient between gas production and total SCFA
was much lower than that reported by Getachew et
al. (2002, 2004).

Table 3 shows multiple linear regression equations,
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de maiz), por lo que la degradabilidad de la dieta total
disminuy6 en la medida que el nivel de inclusion de
la harina de cafa se incrementd. Sin embargo, si para
simular incremento del nivel de consumo se hubiera
empleado un suplemento de mejor digestibilidad que la
dieta base, se podria haber esperado que la correlacion
entre el NCS y la degradabilidad fuera positiva (Reis
et al. 2016).

EINCS también mostr6 alta correlacion positiva con
ESBM (r=0.938; P<0.001), estimada como la pendiente
(mg mL") del modelo utilizado, cuando se incubaron los
tratamientos, solos o con 500 mg de almidon de maiz.
El incremento de este indicador con el incremento del
NCS no se corresponde con lo observado por Bliimmel
y Lebzien (2001), quienes no informaron relacion
significativa entre el consumo voluntario in vivo de MS
y la eficiencia de sintesis in vitro. Sin embargo, estos
autores también reconocen que existe mucha variacion
en la estimacion de la eficiencia de sintesis microbiana,
debido, en gran medida, a la falta de técnicas de
laboratorio que permitan medir la eficiencia microbiana
de una forma sencilla y exacta.

Al respecto, se conoce que la eficiencia de sintesis de
biomasa microbiana in vivo es mayor para las dietas con
mas contenido de nitrégeno disponible por unidad de
materia organica fermentada (Bliimmel y Lebzien 2001).
Sin embargo, al utilizar la harina de cafia de azucar para
incrementar los NCS, su baja contribucion en proteinas hace
que disminuya el contenido de nitrégeno de la dieta total,
pero los resultados obtenidos evidencian que la eficiencia
de sintesis microbiana demostr6 correlacion positiva.

Hubo baja correlacion negativa entre el NCS y la
concentracion de NH, (r=-0.115, P >0.05). Esta baja
correlacion pudo estar dada por las propias caracteristicas
de la solucion de incubacion utilizada, que se disefi6 para
garantizar la presencia de N en el medio, de manera que
no fuera un factor limitante. Esto sugiere que en futuros
estudios se debe de evaluar también medios de incubacion
pobres en nitrégeno, que permitan evitar este inconveniente.

En cuanto a los coeficientes de correlacion de Pearson
entre los diferentes indicadores de la fermentacion, la alta
correlacion entre la produccion de gas y la degradabilidad
de la MS coincide con lo obtenido por Getachew et al.
(1998) para estas variables. Sin embargo, estos autores
obtuvieron que dicha correlacion fue positiva. El hecho
de que dicha relacion fuera negativa, se debid al uso de la
cafa de azlcar para incrementar los niveles de consumo.
Por tanto, en la medida que aument6 el NCS disminuy¢ la
degradabilidad, pero también se incremento la produccion
de gas porque aumento la proporcion de carbohidratos
facilmente fermentables. Al respecto, Getachew et al.
(2004) observaron que hubo correlacion positiva entre
el nivel de carbohidratos no fibrosos y los indicadores de
produccion de gas a las 6, 24 y 48 h de incubacion, asi
como con el parametro cinético potencial de produccion
de gas in vitro. El coeficiente de correlacion entre la
produccion de gas y los AGCC totales fue mucho menor
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in which some of the fermentation indicators were used
[DM degradability (%), gas production (mL), total
SCFA (mmol L") and SEMB (mg mL")] as predictor
variables of the SIL. These predictor variables were
selected among those that showed the highest Pearson
correlation with the SIL.

The determination coefficients improved when
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al informado por Getachew et al. (2002, 2004).

En la tabla 3 se muestran ecuaciones de regresion
lineal multiple, en las que se utilizaron algunos de los
indicadores de la fermentacion [degradabilidad de la MS
(%), produccion de gas (mL), AGCC total (mmol L) y
ESBM (mg mL™")] como variables predictoras del NCS.
Estas variables predictoras se seleccionaron entre las que

Table 3. Multiple linear regressions between the SIL (% LW) and indicators of in vitro fermentation [DM degradability (%),
gas production (mL), total SCFA (mmol L) and SEMB (mg mL™")].

Modelt Predictor variables R? P
SIL= 0.773 (1.0511) -0.022 (0.0149)*DMDeg+ 0.016 DM Deg+GasP 0.7074 0.0003
(0.0058)*GASP DM Deg* 0.5356 0.0003
GasP* 0.1718 0.0161
SIL=-1.445 (0.8700)- 0.033 (0.0102)*DMDeg+ 0.005 DM Deg+GasP+ total SCFA 0.8823 <0.0001
(0.0047)*GASP+ 0.037 (0.0087)* total SCFA DM Deg* 0.5356 <0.0001
GasP* 0.1718 0.0013
Total SCFA* 0.1749 0.0012
SIL=0.727 (0.1356)- 0.0018 (0.0017)* DM Deg+ 0.027 DM Deg+ total SCFA+SEMB 0.9978 <0.0001
(0.0011)*SCFA+ 0.238 (0.0090)*SEMB DM Deg* 0.5356 <0.0001
Total SCFA* 0.3377 <0.0001
SEMB* 0.1245 <0.0001
SIL=-2.9217 (0.9724)+ 0.015 (0.0044)*GASP+ 0.030 GASP+ total SCFA 0.7798 0.0001
(0.0111)* total SCFA GasP* 0.6573 <0.0001
Total SCFA* 0.1225 0.0185
SIL=0.753 (0.1524)+ 0.0001 (0.0007)*GASP+ 0.027 GasP+ total SCFA +SEMB 0.9976 <0.0001
(0.0012)* total SCFA+ 0.2450 (0,0074)* SEMB GasP* 0.6573 <0.0001
Total SCFA* 0.1225 <0.0001
SEMB* 0.2177 <0.0001

tthe standard error of the variables is shown in parentheses
*Partial R?

increasing from two to three predictor variables included
in the model. When including the DM degradability as a
predictor variable, it showed the highest values of partial
R? and, therefore, it was the variable that explained the
higher proportion of the total variability of the SIL data.
When excluding it, the gas production contributed the
highest partial R?, explaining 65.7 % of the variability.
Although gas production reflects the amount of substrate
used for the SCFA production, it is also known that it
is positively related to intake (Bliimmel and Orskov
1993).

When performing multiple linear regressions,
Bliimmel and Becker (1997) observed a close relation
between the parameters of in vitro gas production and
the in vivo voluntary intake of food. Likewise, liimmel
et al. (2005) stated that data of gas production when
complemented with determinations of substratum
degradability, improved the possibilities of predicting
voluntary intake of food.

On the other hand, when other predictor variables
were included, the R? of the SIL prediction model
improved, although its partial R* depended on whether
they were associated with the DM degradability

mostraron mayor correlacion de Pearson con el NCS.

Los coeficientes de determinacion mejoraron al
incrementar de dos a tres variables predictoras incluidas
en el modelo. Al incluir la degradabilidad de la M'S como
variable predictora, esta mostr6é los mayores valores
de R? parcial y por tanto, fue la variable que explico la
mayor proporcion de la variabilidad total de los datos
de NCS. Al excluirla, la produccion de gas aportd la
mayor R? parcial, al explicar 65.7 % de la variabilidad.
Aunque la produccion de gas refleja la cantidad de
sustrato utilizado para la produccion de AGCC, también
se conoce que se relaciona también positivamente con
el consumo (Bliimmel y @rskov 1993).

Al realizar regresiones lineales multiples, Bliimmel
y Becker (1997) observaron estrecha relacion entre los
parametros de la produccion de gas in vitro y el consumo
voluntario in vivo de alimentos. A su vez, Blimmel et al.
(2005) plantearon que los datos de produccion de gas al
complementarse con determinaciones de degradabilidad
del sustrato mejoraban las posibilidades de prediccion
del consumo voluntario de alimentos.

Por su parte, al incluir otras variables predictoras
mejoro6 la R? del modelo de prediccion del NCS, aunque
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variable or not. The predictor variables total
SCFA and SEMB, when associated with the DM
degradability variable, explained 17.2 and 12.5 %
of the total variability; while associating them with
gas production at 24 h explained 33.8 and 21.8 %,
respectively.

The gas production technique has been used as
a measure of rumen degradation of food and as an
indicator of digestible DM intake. In fact, the fractional
degradation rate has been a means to predict the
voluntary intake of ruminants (Lopez ef al. 1998).
However, in the efforts made to relate the rates of in
vitro digestion with DM intake, the correlations have
been low, because the variables clearly important in
regulating the intake such as the physiological state, the
production level and environmental conditions are not
taken into account (Pell ez al. 1997). Probably this same
thing happens in the case of the predictor variables total
SCFA and SEMB.

This is a preliminary study where it was tried to
simulate different voluntary intake levels by in vitro
incubation of different amounts of substrates of a diet
based on grasses and a supplementation with maize
meal.

Although the Pearson correlation indexes and
the multiple linear regression models show that the
measured variables could be used to predict the intake
levels, other in vitro studies are required in which
the intake levels are simulated with the inclusion
of supplements equal or more degradable than the
base diet, and in vivo studies to establish correlations
between these and in vitro results.

It is concluded that the Pearson correlations and the
multiple linear regressions allow suggesting that can
be predicted the SIL which simulated in vitro, from
DM degradability data and gas production, at 24 h
of incubation, while the inclusion of total SCFA and
ESBM as predictor variables increased the determination
coefficient of the linear models obtained.
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su R? parcial dependié de si se asociaron con la variable
degradabilidad de la MS o no. Las variables predictoras
AGCC totales y ESBM, al asociarse con la variable
degradabilidad de la MS, explicaron el 17.2 y 12.5 %
de la variabilidad total; mientras que al asociarlas con
la produccion de gas a las 24 h explicaron el 33.8 y
21.8 %, respectivamente.

La técnica de produccion de gas se ha usado como
una medida de la degradacion ruminal de los alimentos y
como indicador del consumo de MS digestible. De hecho,
la tasa fraccional de degradacion ha sido un medio para
predecir el consumo voluntario de rumiantes (Lopez et
al. 1998). No obstante, en los intentos realizados para
relacionar las tasas de digestion in vitro con el consumo
de MS, las correlaciones han sido bajas, porque las
variables claramente importantes en regular el consumo
tales como el estado fisioldgico, el nivel de produccion
y las condiciones ambientales no son tenidas en cuenta
(Pell et al. 1997). Probablemente esto mismo suceda en el
caso de las variables predictoras AGCC totales y ESBM.

Este es un estudio preliminar donde se pretendio
simular diferentes niveles de consumo voluntario
mediante la incubacién in vitro de diferentes cantidades
de sustratos de una dieta basada en base de pastos y una
suplementacion con harina de maiz. Aunque los indices
de correlacion de Pearson y los modelos de regresion
lineal multiple indican que las variables medidas se
podrian utilizar para predecir los niveles de consumo,
se requieren otros estudios in vitro en los que los niveles
de consumo se simulen con la inclusién de suplementos
igual o mas degradables que la dieta base, y estudios in
vivo para poder establecer correlaciones entre estos y los
resultados in vitro.

Se concluye que las correlaciones de Pearson y las
regresiones lineales multiples permiten sugerir que se
pueden predecir los NCS que se simularon in vitro,
a partir de los datos de degradabilidad de la MS y
produccion de gas, a las 24 h de incubacion, mientras que
la inclusion de AGCC totales y ESBM como variables
predictoras increment6 el coeficiente de determinacion
de los modelos lineales obtenidos.
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