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RESUMEN

EFICIENCIA DEL USO DE ENZIMAS EXOGENAS Y SUS IMPACTOS SOBRE
EL METABOLISMO RUMINAL, LA DIGESTIBILIDAD Y RESPUESTA
PRODUCTIVA EN RUMIANTES

Laura Haydée Vallejo Hernandez

Para aumentar la biodisponibilidad de los nutrientes contenidos en ingredientes
fibrosos se han desarrollado diversas técnicas, entre las que destacan la adicién
de enzimas fibroliticas y levaduras de Saccharomyces cerevisiae (SC) en dietas
para rumiantes. El objetivo del presente fue evaluar el efecto de la adicion de
aditivos fibroliticos en dietas para rumiantes sobre las variables de degradacion y

fermentacion in vitro e in situ, asi como la digestibilidad de nutrientes in vivo.

Para la prueba in vivo se utilizaron cuatro borregos machos Rambouillet (39 + 1.8
kg de PV), con canulas permanentes en rumen y duodeno distribuidos en un
disefio cuadrado latino 4x4. Los borregos fueron alimentados con una dieta con
30% rastrojo de maiz sin adicion de enzimas (control, XY0), o con la adicion de
xilanasa en 1 (XY1), 3 (XY3), y 6 (XY6) pl/g MS. Los tratamientos XY1 y XY3
aumentaron el consumo de alimento, mientras que la digestibilidad aumentd con
XY6. La digestibilidad de FDN ruminal, el pH ruminal, el nitrdgeno amoniacal y el
acido acético aumentaron con las dietas tratadas con xilanasa. La adicion de
xilanasa a 6 pl/g de MS en una dieta para ovinos Rambouillet mejor6 la

digestibilidad de la dieta y la fermentacién ruminal sin afectar las variables.

En una prueba in vitro se evalud el efecto de diferentes dosis (0, 10, 20, 40 y 80
Mg/g MS) de enzima xilanasa (XY) o celulasa (CEL). La produccion de gas fue
medida a las 2, 4, 6, 8, 10, 12, 24, 36 y 48 h de incubacién. Después de las 72 h,
la fermentacion fue detenida y se registré el pH del medio, el residuo fue filtrado y

secado para determinar la degradacion materia seca (DIVMS), fibra detergente
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neutro (DFDN) y fibra detergente acido (DFDA). El tipo de enzima afectd (p<0.05)
la produccion de gas, la DIVMS, degradacion de materia organica (DIVMO), la
concentracion de AGV vy la proteina cruda microbiana. Las dosis de CEL y XL que
tuvo mayor efecto (p<0.05) en la produccion de gas en los diferentes horarios fue
la de 40 pg/g MS. La adicion de CEL o XL disminuy6 (p=0.04) el pH del medio.
Los resultados sugieren que la dosis de 40 ug/g MS de enzima obtuvo los mejores
niveles de produccion de gas, lo cual puede mejorar eficazmente la fermentacion

ruminal.

Por ultimo, en una prueba in vitro se determiné el efecto de la adicién de XY, SC o
XY-SC, sobre las variables de fermentacion ruminal en una dieta con 30% rastrojo
de maiz. Se evaluaron T1= 0 XY 0 SC, T2= XY (2 yl/g MS), T3= SC (2 mg/g MS) y
T4= XY-SC (2 pl/g MS +2 mg/g MS). Se utilizé el inoculo ruminal de 2 bovinos
Holstein (600 kg PV), 2 ovinos Rambouiillet (65 kg PV) y 2 caprinos criollos (40 kg
PV). No se observaron interacciones tipo in6culo x tipo de aditivo (p>0.05) en este
estudio. Los aditivos aumentaron (p=0.045) la PG asint6tica con indculo de ovino,
sin efecto en los inéculos de caprino y bovino. Los concentraciones de AGV y
energia metabolizable aumentaron (p<0.05) cuando los aditivos fueron
suplementados a inéculo de caprinos y ovinos. Los aditivos aumentaron (p<0,05)
la degradabilidad de MS con in6culo de ovinos y bovinos (p=0.037), y aumentaron
(p=0.048) la degradabilidad de la materia organica con inoculo de caprinos. La
adiciéon de XY, SC o XY-SC no afectaron a la PG total.
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ABSTRACT

EFFICIENCY OF THE USE EXOGENOUS ENZYMES AND THEIR IMPACTS ON
RUMINAL METABOLISM, DIGESTIBILITY AND PRODUCTIVE PERFORMANCE
IN RUMINANTS

Laura Haydée Vallejo Hernandez

To increase the bioavailability of the nutrients contained in fibrous ingredients,
several techniques have been developed, including the addition of fibrolytic
enzymes and Saccharomyces cerevisiae yeasts (SC) in diets for ruminants. The
objective of the present study was to evaluate the effect of the addition of fibrolytic
additives in diets for ruminants on the in vitro and in situ degradation and

fermentation variables, as well as in vivo nutrient digestibility.

For the in vivo test, four male Rambouillet lambs (39 + 1.8 kg of PV) with
permanent cannulas in rumen and duodenum were used, distributed in a 4 x 4
Latin square design. The lambs were fed a diet containing 30% corn starch without
addition of enzymes (control, XY0), or with addition of xylanase in 1 (XY1), 3
(XY3), and 6 (XY6) pl/g MS. Treatments XY1 and XY3 increased feed intake, while
digestibility increased with XY6. The digestibility of ruminal NDF, rumen pH,
ammoniacal nitrogen and acetic acid increased with diets treated with xylanase.
Addition of xylanase to 6 pl/g MS in a Rambouillet sheep diet improved dietary
digestibility and ruminal fermentation without affecting blood variables.

In an in vitro test the effect of different doses (0, 10, 20, 40 and 80 pg/g MS) of
enzyme Xxylanase (XY) or cellulase (CEL) was evaluated. Gas production was
measured at 2, 4, 6, 8, 10, 12, 24, 36 and 48 h of incubation. After 72 h,
fermentation was stopped and the pH of the medium was recorded, the residue
was filtered and dried to determine dry matter degradation (DIVDM), neutral
detergent fiber (DFDN) and acid detergent fiber (DFDA). The type of enzyme
affected (p<0.05) gas production, IVDMD, organic matter degradation (IVOMD),
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VFA concentration and crude microbial protein. The doses of CEL and XL that had
the greatest effect (p<0.05) on gas production at different times were 40 ug/g DM.
The addition of CEL or XL decreased (p=0.04) the pH of the medium. The results
suggest that the dose of 40 ug/g DM of enzyme obtained the best levels of gas

production, which can effectively improve ruminal fermentation.

Finally, in an in vitro test the effect of the addition of XY, SC or XY-SC on ruminal
fermentation variables in a diet with 30% corn stover was determined. The values
T1 =0 XY 0 SC, T2 = XY (2 pl/g MS), T3 = SC (2 mg/g MS) and T4 = XY-SC (2
ul/g MS + 2mg/g MS) were evaluated. The ruminal inoculum of 2 Holstein steers
(600 kg PV), 2 Rambouillet sheep (65 kg PV) and 2 creole goats (40 kg PV) were
used. There was no interactions type inoculum x additive type (p>0.05) in this
study. The additives increased (p=0.045) asymptotic GP with ovine inoculum, with
no effect on goat and bovine inoculum. Concentrations of VFA and metabolizable
energy increased (p<0.05) when the additives were supplemented with inoculum of
goats and sheep. Additives increased (p<0.05) the degradability of DM with sheep
and cattle inoculum (p=0.037), and increased the degradability of organic matter
with goat inoculum (p=0.048). The addition of XY, SC or XY-SC did not affect the
total GP.
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I. INTRODUCCION

En México las gramineas, como el rastrojo, la paja de trigo y arroz y el bagazo de
cafa que representan importantes residuos agricolas (Vermerris, 2011) que
pueden ser utilizados como una fuente de energia abundante y de bajo costo para
los rumiantes (Yescas et al., 2004), representan el 24% de la materia seca
disponible para el consumo animal. La utilizacion de estos en dietas para
rumiantes se ve limitada por el alto contenido lignoceluldsico, bajo contenido de
proteina cruda (<6%), una mala palatabilidad y baja digestibilidad de los nutrientes
(Abdel-Aziz et al., 2015, Togtokhbayar et al., 2015). La digestion de los alimentos
fibrosos por los rumiantes es posible, principalmente debido a las enzimas
endogenas en el rumen producidas por las bacterias, protozoos y hongos
ruminales. Sin embargo, un elevado contenido de fibras impide el acceso de las
enzimas ruminales a la pared celular de la planta y reduce la digestibilidad de
nutrientes (Kholif et al., 2014).

En investigaciones recientes se sugiere el uso de modificadores del metabolismo
ruminal con el fin de mejorar la degradacion de las fracciones de fibra y aumentar
la biodisponibilidad de algunos compuestos, principalmente carbohidratos simples.
Entre estos se encuentran las enzimas fibroliticas tales como celulasas y xilanasas
(Valdes et al., 2015), levaduras vivas (Elghandour et al., 2014) y, en algunos

casos, extractos fitogénicos (Bodas et al., 2012; Salem et al., 2014).

El uso de enzimas exdgenas en la alimentacién de rumiantes mejora la utilizacion
del forraje y reduce la excrecién de nutrientes (Mao et al., 2013), incrementa el
valor de la alimentacion y el rendimiento animal mejorando la degradacion de las
fibras, aumentando la ingesta y la digestion del alimento (Salem et al., 2015). En el
rumen se incrementa la degradacion de la proteina de la dieta, que a su vez
incrementa la sintesis de proteina microbiana (Yang et al., 1999), se estimula el

crecimiento de otros microorganismos proporcionando metabolitos esenciales



como propionato, aminoacidos y vitaminas (Jespersen, 2003) y se mejora la
degradacion del alimento (Pinos-Rodriguez et al., 2002).

En cuanto a produccién animal, se ha demostrado que la adicidon de enzimas
fibroliticas mejora el estatus energético; en vacas, reducen las concentraciones
plasmaticas de B-hidroxibutirato, indicando que la movilizacion de grasa del tejido
adiposo se reduce en lactancia temprana y media (Mendoza et al., 2014). Ademas
de un incremento en la sintesis de proteina microbiana. Se ha reportado
incremento en el consumo y digestibilidad de forraje (Pinos-Rodriguez et al., 2002)
e incluso aumento en la produccion de leche de ovejas alimentadas con la adicion
de xilanasa (Carro et al., 2006). En vacas lecheras, el incremento en la tasa de
digestion en la fibra detergente neutra (FDN) equivalente al 10%, permite
aumentos de 30% en la energia neta para lactacién y de 20% en la produccion de
leche (Yang et al., 2010), en ovinos aumento la ganancia diaria de peso, el
consumo de materia seca (Salem et al., 2011) la digestibilidad y la conversion
alimenticia (Tirado-Estrada et al., 2011).

Sin embargo, la adicion de enzimas fibroliticas no tiene un efecto claro o
consistente en cuanto a respuesta productiva (Pinos-Rodriguez et al., 2008),
algunos estudios han concluido que la adicion de enzimas fibroliticas no sugieren
ningun efecto sobre el consumo de alimento ni la digestibilidad de nutrientes en
rumiantes (Elwakeel et al., 2007, Dean et al., 2013), aun se desconoce el porqué
de la variabilidad en la respuesta, no obstante, se han formulado algunas hipétesis
que contemplan la actividad enzimatica, la forma de aplicacién de la enzima, la

interaccidn enzima-sustrato, la estabilidad de la enzima (Dean et al., 2013).

Por otro lado, la adicién en dietas para rumiantes de levaduras vivas provenientes,
principalmente, de Saccharomyces cerevisae han demostrado efectos benéficos
en las variables de fermentacién ruminal e incrementar la digestion del forraje,
esto debido a que las levaduras son una fuente natural de enzimas digestivas,

acidos grasos, vitaminas del complejo B, factores de crecimiento y aminoacidos



(Vazquez et al., 2013). Ademas, cuando son empleadas en dietas con alto
contenido de almidones, incrementan la produccion de acidos grasos volatiles y
estabiliza el pH al reducir la produccion de acido lactico (Moloney y Drennan,
1994). Se ha propuesto que la adicion de levaduras y enzimas aumenta la
digestion del alimento, pero los resultados no son claros en cuanto a la eficacia de

estos en dietas altas en grano (Baumann et al., 2004).

Por lo anterior, el presente estudio estda enfocado a determinar el efecto de la
adicién de enzimas exdgenas a diferentes dosis y su asociacion con una levadura,

sobre las variables de fermentacion ruminal y la digestibilidad del rastrojo de maiz.



Il. REVISION DE LITERATURA

2.1 Pared celular vegetal

Las plantas comprenden paredes celulares primarias y secundarias fortificadas por
microfibrillas de celulosa y compuestas por polisacaridos, proteinas, lignina,
grupos acetilos, componentes fendlicos. Entre los polisacaridos se encuentran
hexosas (glucosa, galactosa y manosa), pentosas (arabinosa y xilosa), 6-deoxi
hexosas (ramanosa y fucosa) y acidos urdnicos (galacturonico, glucorénico y 4-O-

metil glucoronico (Aman, 1993).

Las paredes celulares primarias contienen celulosa, hemicelulosa (xiloglucanos),
pectina (en gramineas es sustituida por glucoronoarabinoxilano) y proteinas
(Vogel, 2008), estos componentes son hidrolizados por enzimas catabolicas
especificas (Cuadro 1) (Madigan et al., 2004). Las paredes celulares secundarias
estan compuestas por celulosa (35-50 %), hemicelulosa (20-35 %) y lignina (10-15
%) (Mendoza et al., 2014) que constituyen la mayoria de la masa de la pared
celular; la variacion depende siempre de la especie vegetal y del estado de

desarrollo del forraje (Wyman et al., 2005).

Cuadro 1. Componentes de la pared celular y enzimas que los hidrolizan

Componente Composicion Enzima catabdlica
] Celulasa ( 1,4
Celulosa Polimero de glucosa (§ 1,4)
glucanasas)
Almidon Polimero de glucosa (a 1,4) Amilasa
_ ] o o Pectinasa
Pectina Polimero de acido galacturdnico

(poligalacturonasa)
Heteropolimero de xilosa y otros azucares
Xilano Xilanasa
(B 1,4 y grupos laterales o 1,2 0 o 1,3)

Sacarosa Disacarido glucosa-fructuosa Invertasa

Adaptado de Madigan et al, ( 2004)



La celulosa es el biopolimero mas abundante en la tierra (Vermerris, 2011), esta
formado por unidades repetitivas de glucosa unidas entre los carbonos 1y 4 en
orientacion f (Madigan, 2003). La hemicelulosa es el segundo polimero mas
abundante en la biomasa vegetal, consta de un conjunto de biopolimeros que se
caracterizan por una estructura quimica heterogénea formado de pentosas (xilosa,
arabinosa), hexosas (manosa, glucosa, galactosa) y azucares acidos (Saha,
2003). La lignina es el polimero natural mas complejo en relacion a su estructura y
heterogeneidad, es un polimero ramificado formado por la unién de cuatro
alcoholes (Coniferilo, hidroxiconiferilo, cumarilico y sinapilico) (Moore y Jung,
2001).

La hemicelulosa se encuentra asociada a la celulosa y la lignina que contribuyen a
la rigidez y flexibilidad de la pared celular vegetal (Cosgrove, 1977). La proporcion
de estos componentes puede ser el principal factor limitante del consumo, la
digestibilidad y la biodisponibilidad de nutrientes para rumiantes; los rastrojos de
maiz y pajas de gramineas contienen paredes celulares secundarias que son
rigidas y resistentes a la adhesion y degradacion microbiana (Aman, 1993). Li, et
al. (2015) reporta una correlaciéon negativa entre la proporcidn y composicion de
lignina con la degradabilidad biologica de la pared celular ya sea por la microbiota
ruminal in vitro (Jung et al., 2000) in vivo (Jung et al., 1997), asi como la hidrdlisis

por enzimas fibroliticas exdégenas (Oakley et al., 1999).

2.2 Actividad enzimatica por microorganismos ruminales

Los rumiantes son una de las especies domésticas mejor adaptadas para una
mayor utilizacion de las paredes celulares vegetales, esto debido a la simbiosis
que existe entre el animal y los microorganismos ruminales (Hungate, 1984) los
cuales colonizan y digieren las particulas del alimento; la hidrélisis de los
componentes de la pared celular mediante proceso de fermentacion tiene como
producto final a los acidos grasos volatiles (AGV), que representan la principal

fuente de energia para el rumiante (Krause et al., 2003).



Se ha identificado que las bacterias que tienen un papel activo en la degradacion
de fibra en el rumen son: Ruminococcus albus, Ruminococcus flavefaciens,
Fibrobacter succinogenes 'y Butyrivibrio fibrosolvens, bacterias altamente
xilanoliticas; Prevotella, que produce altas cantidades de xilanasa (Stewart et al.,
1997). Ademas, se ha demostrado actividad fibrolitica en hongos, principalmente
en Neocallimastix sp., (Orpin et al., 1997) y protozoarios (Williams et al., 1997),
aunque no se han comprendido bien las rutas metabdlicas que utilizan éstos
(Devillard et al., 2003).

La actividad enzimatica dada por los microorganismos ruminales depende de las
condiciones del rumen, principalmente el pH. Fibrobacter succinogenes no tolera
pH por debajo de 5.9, mientras que Butyrivibrio fibrosolvens tolera pH de 5.7
(Montafiez et al., 2013). Asi, la degradacion de fibra en rumen depende del tipo de
forraje ofrecido, y de los componentes de su pared celular, pues la rapida
fermentacidn de estos puede dar como resultado un ambiente acido que afecte a

los microorganismos ruminales.

Por lo anterior, en rumen, la digestibilidad total de la pared celular vegetal solo
llega a 65% (Van Soest, 1982), la supuesta incapacidad de los microorganismos
ruminales para expresar la combinacion apropiada de enzimas para maximizar la
digestion del alimento (Krause et al., 2003), es una razon para la investigacion de

alternativas tales como el uso de enzimas fibroliticas exdégenas.

2.3 Enzimas fibroliticas exégenas

Las enzimas fibroliticas exogenas (EFE) son aditivos modificadores del
metabolismo ruminal que pueden mejorar la digestibilidad de los componentes
fibrosos de la dieta, y de esta manera incrementar la energia digestible para
rumiantes (Beauchemin y Holtshausen, 2010). Las EFE generalmente son
obtenidas de organismos celuloliticos (Cuadro 2), los mas comunes son los

cultivos de hongos (Aspergillus oryzae y Saccharomyces cerevisiae) y de algunos



tipos de bacterias que tienen la capacidad de producir cantidad suficiente de
enzimas celulasas y hemicelulasas (Gado y Salem, 2013a), capaces de degradar
la pared celular vegetal.

Cuadro 2. Organismos celuloliticos utilizados en dietas para rumiantes

Actividad enzimatica Organismo celulolitico

Celulasa Aspergillus niger
Trichoderma longibrachiatum (T. reesei, T. viride)
Humicola insolens
B-glucanasa Aspergillus niger
Aspergillus aculeatus
Bacillus lentus
Bacillus subtilis
Humicola insolens
Penicillum funiculosum
Trichoderma longibrachiatum (T. reesei, T. viride)
Hemicelulasa Aspergillus niger
Trichoderma longibrachiatum (T. reesei, T. viride)
Bacillus lentus
Bacillus subtillis
Humicola insolens
Aspergillus aculeatus
Xilanasa Aspergillus niger
Bacillus lentus
Bacillus subtilis
Trichoderma longibrachiatum (T. reesei, T. viride)
Penicillum funiculosum

Humicola insolens

Adaptado de Beauchemin et al, (2003)



La respuesta enzimatica dependera de la actividad, cantidad o proporcion,

especificidad de la enzima, la estructura de la pared celular y del método de

administracion de la enzima (McCallister et al., 2001).

2.3.1 Mecanismos de accion

Montafiez et al. (2013) sefialan que conocer el exacto mecanismo de accion de las

EFE es complicado debido a tres factores principales:

Los forrajes utilizados tienen estructuras complejas.

Los productos enzimaticos contienen varios tipos de enzimas (mezclas)
que tienen diferentes especificaciones y condiciones Optimas para su
actividad enzimatica.

El liquido ruminal es un ecosistema con cientos de microorganismos, que

tienen actividad enzimatica propia.

Sin embargo, Beauchemin et al, (2004) proponen tres momentos en los que la

respuesta favorable de las enzimas puede ser explicada:

Previo a la ingesta: las enzimas aplicadas al alimento comienzan la
hidrolisis de las paredes vegetales para facilitar la adhesion bacteriana;
ademas se puede facilitar la unién enzima sustrato.

En rumen: la hidrolisis del sustrato tiene como resultado metabolitos
secundarios que pueden ser aprovechados por las bacterias ruminales para
su crecimiento (Morgavi et al., 2000) y actividad fibrolitica, actuando en
sinergia (Salem et al., 2012) para aumentar la  hidrolisis de los
componentes de la pared celular vegetal (Rode et al., 1999).

En intestino delgado: las enzimas pueden permanecer viables en el
intestino y tener un efecto hidrolitico, sucede cuando hay una alta tasa de
pasaje en rumen y las enzimas adheridas al bolo llegan a intestino
(Beauchemin et al., 2004).

La mayoria de las enzimas implicadas en la degradacion de la celulosa y

hemicelulosa son glicosil hidrolasas (Krause et al., 2003). Para la hidrolisis de la

8



celulosa se requiere de la sinergia enzimatica de endoglucanasas, exoglucanasas
y B-glucosidasas (Forsberg et al., 1997). La hemicelulosa es hidrolizada por las
xilanasas, que actuan sobre el xilano a través de las endo-p-1,4-xilanasas y B-
xilosidasas producidas por las endoxilanasas; las estereasas eliminan los grupos
acetilo de la estructura principal del xilano (Poutanen et al., 1991) (Cuadro 3).

2.4 Uso de enzimas fibroliticas exdégenas en la alimentacion de rumiantes

Inicialmente, el uso de EFE era aplicado unicamente en dietas para no rumiantes,
se argumentaba que las enzimas podrian ser degradadas por las proteasas
secretadas por las bacterias del rumen (Mendoza et al., 2014); aunado a esto el
pH en el que las enzimas tienen mayor actividad va de 3 a 7 para p-glucanasa y
de 6 a 7 para xilanasa (Montafiez et al., 2013), mientras que las condiciones
normales del rumen de un animal alimentado con ingredientes fibrosos son de un
pH cercano a neutro: 6.8 — 7 (Church, 1993).

Sin embargo, la digestibilidad ruminal de la FDN raramente supera el 50%, sobre
todo cuando las condiciones del rumen no son favorables para una adecuada
actividad fibrolitica, como lo es cuando el rumiante es alimentado con dietas con
alto contenido de granos. Por lo cual, en muchos estudios se implementd la
adicion de EFE en dietas para rumiantes, principalmente en ganado lechero
alimentado con dietas con forrajes de alta calidad (alfalfa y ensilado de maiz),
observando resultados positivos (Pinos-Rodriguez et al., 2003), como una
alternativa potencial para reducir los costos de alimentacion, al reducir el nivel de
inclusion de grano en la racion y afectando las variables productivas (Vargas et al.,
2013). Sin embargo, resultados inconsistentes y el costo de las EFE han impedido
que se establezca una relacion clara entre la dosis y método de aplicacion de las
enzimas y el efecto en las variables productivas (Mendoza et al., 2014).
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2.5 Uso de levaduras en la alimentacion de rumiantes

Las levaduras son uno de los probidticos mas utilizados en la alimentacion de
rumiantes, se han observado efectos benéficos, los cuales son atribuibles al
aumento en la hidrolisis de la celulosa en rumen, del aumento en el crecimiento
bacteriano y por tanto incremento en el flujo de proteina microbiana hacia el
intestino (Newbold, 2006).

En cuanto al ecosistema ruminal, se ha demostrado que la adicidn de levaduras
tiene un efecto de regulacion del pH del rumen (Moloney y Drennan, 1994),
captando metabolitos intermedios, de esta manera también afecta la
metanogénesis, al disminuirla (Reynoso et al., 2010), ademas de ser una fuente
de vitaminas y acidos organicos (acido malico) (Vazquez et al., 2013), lo anterior
favorece a la actividad optima de la microbiota ruminal, incrementado la energia
disponible para el rumiante (Fonty y Chaucheyras, 2006) ya que la concentracion
de AGV totales aumenta (Lila et al., 2004, Garcia et al., 2000). Sin embargo, la
respuesta ruminal depende de la dosis de levadura, tipo de cepa utilizada y la
interaccidon de estas con la dieta (Sales, 2011).

15



lll. JUSTIFICACION

Actualmente, el uso de granos de cereales y semillas de oleaginosas en dietas
para rumiantes se ve limitada por factores como disponibilidad, precio y
competencia de los ingredientes para la alimentacién de no rumiantes. Ante esto,
surge la necesidad del uso de subproductos y esquilmos agricolas, los cuales, a
pesar de ser economicamente viables, tienen como desventaja mala palatabilidad
y un perfil nutricional bajo debido a que los nutrientes estan ligados a las
estructuras de la pared celular vegetal, lo que limita su biodisponibilidad y
digestibilidad. En la alimentacion de rumiantes con dietas que incluyan forrajes de
baja calidad, la adicion de enzimas fibroliticas y levaduras puede significar una
alternativa para el mejor aprovechamiento de estos productos. Las enzimas
fibroliticas actuarian hidrolizando los enlaces de la pared celular vegetal,
aumentando asi la biodisponibilidad y la digestibilidad de los nutrientes contenidos,
mientras que las levaduras, coadyuvarian en este proceso con su propio sistema
enzimatico. Un incremento en la disponibilidad de los nutrientes permite, en un
primer momento, una mayor actividad de los microorganismos ruminales,
traducido como incremento en las variables de la fermentacion ruminal,
especificamente, la concentracion de acidos grasos volatiles, nitrdgeno amoniacal
y proteina microbiana; esto, a su vez repercute directamente con las variables de
produccion animal, entendiendo que a mayor absorcidn de acidos grasos volatiles
y nitrogeno amoniacal, aumenta la disponibilidad de energia y compuestos
nitrogenados para la sintesis de musculo o leche. Por otro lado, una mayor
digestibilidad de los nutrientes, disminuye el contenido de estos en heces y la
deposicion de compuestos contaminantes en el suelo, mitigando asi su potencial

contaminante.
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IV. HIPOTESIS

La adicién de enzimas fibroliticas en dietas para rumiantes incrementa la hidrolisis
de las paredes vegetales, incrementando asi los valores de las variables de
degradacion, fermentacion y microbioldgicas ruminales, y aumenta la digestibilidad

de nutrientes.

17



V. OBJETIVOS

5.1 Objetivo general

Evaluar el efecto de la adicion de enzimas fibroliticas en dietas para rumiantes

sobre las variables de degradacion y fermentacién in vitro e in situ, asi como la

digestibilidad de nutrientes in vivo.

5.2 Objetivos especificos

Determinar el efecto de la adicion de xilanasa a una dieta con 30% de
rastrojo de maiz sobre las variables de fermentacién (concentracion de
AGV y N-NH3) y degradacion de materia seca in situ en borregos
Rambouillet.

Determinar el efecto de la adicion de enzimas celulasa o xilanasa sobre la
produccion de gas, las variables de fermentacion (concentracion de AGV y
N-NHs;) y degradacion in vitro de rastrojo de maiz.

Determinar el efecto de la adicion de xilanasa y su asociacion con levadura
de Saccharomyces cerevisiae sobre la produccion de gas, las variables de
fermentaciéon (concentracion de AGV y N-NHs3), degradacion vy
microbiolégicas ruminales in vitro, utilizando inoculo ruminal de bovino,

ovino y caprino.
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VI. MATERIAL Y METODOS

Todos los procedimientos involucrados en el manejo de los animales con canula
en rumen y duodeno fueron realizados bajo las condiciones estipuladas en la
Norma Oficial Mexicana de especificaciones técnicas para la produccién, cuidado
y uso de los animales de laboratorio (NOM-062-Z00-1999).

Para el desarrollo de este estudio, se llevaron a cabo 3 pruebas, de las cuales se
realiz6 un articulo cientifico por cada una de ellas, y cuya metodologia se describe

a continuacion:

6.1 Efecto de la suplementaciéon con xilanasa sobre el consumo de alimento,
digestibilidad y fermentacion ruminal de borregos Rambouillet.

Localizacion

Los analisis quimicos fueron realizados en el laboratorio de Nutricion Animal y la
prueba con ovinos, en la Unidad Metabdlica del Programa de Ganaderia en el
Colegio de Postgraduados, carretera Los Reyes-Texcoco, km 36.5, Montecillo,
Estado de México. La altitud es 2240 m; el clima (Garcia, 1981) es (Cwo) (w) b (i')
(g9); clima templado subhumedo con lluvias en verano, época seca en invierno, una
temperatura promedio anual de 15.2 °C y 650 mm de precipitacién promedio

anual. El experimento se llevo a cabo durante la época de otono de 2014.

Animales

Se utilizaron 4 borregos machos raza Rambouillet, con peso de 39.2 + 1.8 kg, con
canula en rumen (2.5 cm de diametro interno) y en duodeno (0.8 cm de diametro
interno). Los animales fueron alojados en jaulas elevadas individuales equipadas
con bebedero automatico con valvula de acero. Se ofrecio el alimento
experimental (Cuadro 8) ad libitum, para ello se consideré6 como libre acceso si el
rechazo representaba el 10% de lo ofrecido. Al inicio del experimento se aplic a
los borregos Ivermectina (Ivomec®-F 1mL 50 kg”' de PV subcutanea), Bacterina
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(Covexin® 10 1mL animal™ intramuscular) y vitaminas A, D y E (Vigantol® ADE, 1

mL animal™ intramuscular).
Dieta
La dieta tenia como base el 30% de rastrojo de maiz, los componentes se

muestran a continuacién (Cuadro 8).

Cuadro 8. Composicion (%) de las dietas experimentales en base seca.

Ingredientes %
Rastrojo de maiz 30
Grano de sorgo molido 52
Pasta de soya 6
Melaza 8

Urea 4

Diseino experimental
Los animales fueron distribuidos en un modelo de Cuadrado Latino 4 x 4, donde

se evaluaron dosis de 0, 1, 3, 6 pl de xilanasa /g MS en una dieta experimental
Periodos experimentales

Los periodos experimentales fueron de 21 dias. Del dia 1 a 15 se llevo a cabo la
adaptacion a la dieta experimental y del dia 16 al 21 coleccion de muestras.

Toma de muestras y variables evaluadas

Consumo de materia seca, a partir del dia 16 de cada periodo se registro el peso

del alimento ofrecido y rechazado, determinando por diferencia de estos el

consumo de alimento.

Digestibilidad aparente in vivo: Se recolectd y pesé el total de heces durante 24

horas, de los dias 16 al 21 de cada periodo. El peso total de las heces fue
registrado, una muestra del 10% del total se secé a 55 °C durante 48 h para

20



determinar el contenido de materia seca. La digestibilidad aparente se calcul6 de
acuerdo a la ecuacion de Merchen (1988).

Nutrientes en liquido de duodeno: Los dias 16 y 17 se tomaron 500 g de fluido

duodenal a las 4 h postprandial. La muestra se obtuvo destapando la canula
duodenal y dirigiéndola a un frasco ambar de 100 mL, la muestra obtenida fue

conservada en congelacion hasta su analisis.
Posteriormente la muestra fue secada a 55 °C durante 48 h, una vez seca se
homogeneizo y se determind % de proteina, fibra detergente neutro (FDN) y fibra

detergente acida (FDA)

Fermentacion ruminal: el dia 18 del periodo, se colectaron muestras de rumen, a

las 0 h antes de la alimentacién, y 3, 6 y 9 h postprandial, para determinar pH,
AGV, NH3-N.

Las muestras recolectadas directamente de rumen con sonda, fueron filtradas
usando una capa triple de manta cielo, y el pH se midié con un potenciometro
portatil (ORION, modelo SA 210). Posteriormente se colocaron 4 mL de liquido
ruminal en un tubo de ensaye con 1 mL de acido metafosforico al 25% (v/v), para

lograr una concentracion de 4:1; las muestras se congelaron hasta su analisis.

Para determinar la concentracion de AGV, las muestras se descongelaron y una
alicuota de 1.5 mL se centrifugd a 12 000 rpm durante 10 minutos, el
sobrenadante se colocé en viales de vidrio para cromatografia, se midid la
concentracion de AGV de acuerdo a lo propuesto por Erwin et al. (1961), utilizando
1 L inyectado a un cromatografo de gases Perkin Elmer, modelo Claurus 500,
con auto muestreador y equipado con una columna capilar FFAP con longitud de
15 m, temperatura del inyector de 240 °C, detector de ionizacion de flama (FID) de
250 Cy de horno 140 °C con flujo de gases (H: y aire) de 40 mL min™ para el aire
y 400 mL min™ para el hidrégeno.

21



La concentracion de N-NH3; se determind de acuerdo a McCollough (1967). Una
muestra del liquido ruminal descongelada de 2 mL se centrifugd a 3,000 rpm por
10 min, del sobrenadante se colectaron 20 pL y se depositaron en tubos de
ensaye de 10 mL adicionando 1 mL de fenol y 1 mL de hipoclorito de sodio. Las
muestras se incubaron en bafio maria a 37 °C por 30 min y se adicionaron 5 mL
de agua destilada para diluir las muestras, se agitaron en un vortex (Genie 2,
modelo G-560) y se realizd la lectura en un espectrofotometro de luz ultravioleta
visible CARY 1-E VARIAN a una A de 630 nm.

Degradacion de MS in situ: Se incubaron en rumen 0.5 g de muestras del alimento

en bolsas de nylon para digestibilidad in situ durante 0, 4, 8, 24, 48, 72 y 96 h en
los dias 19, 20 y 21 del periodo. La degradacién de materia seca se tomé como
porcentaje del peso de la muestra incubada en relacion a la muestra degradada al

finalizar los tiempos de incubacion.

Componentes sanguineos: el dia 21 de cada periodo se tomaron muestras de

sangre por puncién de vena yugular, en tubos vacutainer® sin anticoagulante, las
muestras fueron centrifugadas a 5000 rpm por 10 min a 4 °C. Se separd y
conservo el sobrenadante en congelacion hasta su analisis.

Los metabolitos sanguineos: urea, glucosa vy triglicéridos, fueron determinados
utilizando los kits comerciales: Urea FS, Glucose Gluc-DH FS y Triglycerides FS

5’; en un analizador quimico Selectra Junior® Vital Scientific.

Analisis de laboratorio

En muestras de la dieta y heces fue determinada la materia seca (MS), materia
organica (MO), nitrégeno (N) y cenizas (AOAC, 2003), fibra detergente neutro
(FDN) y &cida; (FDA) se determinaron con el analizador de fiboras ANKOM?°%?% de

acuerdo al método descrito por Van Soest et al., (1991).
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Analisis estadistico

Se utilizé el disefio de cuadro latino 4 x 4, donde se evaluo el efecto de la dosis de
enzima. Los datos fueron analizados con el procedimiento GLM (SAS, 2002) y
comparacion de medias con la prueba de Tukey (P<0.05) (Steel y Torrie, 1996). El
modelo estadistico fue el siguiente;
Yik =H + Hi+ Cj+ t o+ € i=1,2...t =1,2,tk=1, 2, t
Donde,
Yik = variable de respuesta en el periodo ;, animal ;, tratamiento .
M = media general
S; = efecto del periodo ;
H; = efecto del animal ;
Tk = efecto del tratamiento

&ijk = error aleatorio
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6.2 Influencia de celulasa o xilanasa en la produccion de gas in vitro rumeny
la fermentacion ruminal del rastrojo de maiz

Animales

Como donador de inoculo ruminal se utilizé una vaca Pardo Suizo de 450 kg de
PV, con fistula y canula en rumen, alojada en un corral con agua y alimento ad
libitum, que consistio en una dieta formulada para cubrir sus requerimientos (NRC,
2001), contenia heno de alfalfa y concentrado comercial (Purina®, Toluca, México)

en una relacion 1:1.

Sustrato

En el Estado de México se seleccionaron, al azar, tres lotes de rastrojo de maiz,
de donde se recolectaron manualmente muestras de forraje. Las muestras fueron
secadas a 65 °C durante 48 h en una estufa de aire forzado, posteriormente
homogenizadas y molidas (Molino Wiley®) a criba de 1 mm.

Tratamientos

Se evaluaron dosis crecientes (0, 10, 20, 40 y 80 pg/g MS) de enzimas exdgenas
celulasa (Cellulase® PLUS, Dyadic®) y xilanasa (Xylanase® PLUS, Dyadic®) en
presentacion liquida.

Recoleccién de inoculo ruminal

El inoculo ruminal se obtuvo, prepandial, directamente por extraccion manual con
un vaso de precipitados, el contenido ruminal se filtré a través de cuatro gasas y
un colador de plastico, colocandose en un termo de plastico precalentado a 39 °C
para su transporte al laboratorio. En el laboratorio, el inoculo ruminal se mantuvo a

una temperatura constante de 39 °C y bajo flujo de CO..
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Preparacion de los viales de incubaciéon

En viales de vidrio para antibiotico de 120 mL que contenian 0.5 g del sustrato,
con la dosis y tipo de enzima, se afiadieron 10 mL de liquido ruminal y 40 mL de
solucion buffer (Goering y Van Soest, 1970), sin adicion de tripticasa, se mantuvo
con flujo constante de CO, durante 30 seg., se colocaron tapones de neopreno y
se sellaron con arillos de aluminio. Los viales fueron colocados en una incubadora
(Riossa®) a 39 °C durante 48 h.

Se incubaron 3 repeticiones por tratamiento (dosis de enzima). El experimento se

repitié 3 veces (una corrida por semana).

Medicion de gas

Las lecturas de produccion de gas se realizaron a las 2, 4, 6, 8, 10, 12, 24, 36, 48
y 72 h de incubacion. Para ello se utilizd la técnica del transductor de presion
(Extech instruments, Waltham, USA) Theodorou et al., (1994).

Detencion de la fermentacion

Transcurridas las 48 h de incubacién, después de leer la produccion de gas, los
viales fueron sometidos a un shock térmico, para lo cual se colocaron en un
congelador (-4 °C) durante 5 min, esto con el fin de provocar la muerte de los

microorganismos ruminales y detener el proceso de fermentacion.

Medicién de pH

Después de detener el proceso de fermentacion, se destaparon los viales y fue
medido y registrado el pH del medio.
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Obtencion del residuo

El contenido de los viales fue filtrado en crisoles de vidrio con filtro sinterizado
(porosidad no.1, tamafio de poro de 100-160 um, Pirex, Sotone, UK). Los crisoles
con residuo fueron colocados en una estufa de aire forzado a 105 °C durante una

noche para estimar la desaparicién de materia seca.

Analisis quimicos

A una muestra de sustrato y a los residuos de la fermentacién se les determino el
porcentaje de Materia Seca (% MS), Cenizas y Proteina total (%PC) (AOAC,
2003), Fibra Detergente Neutro (% FDN) y Fibra Detergente Acido (FDA) (Van
Soest et al.,, 1991), usando una unidad de analizador de fibra ANKOMZ200
(ANKOM Technology Corp., Macedon, NY, EE.UU.) sin usar alfa amilasa pero con
sodio sulfito. Fue calculada la degradabilidad de la MS, DFDN y DFDA.

Calculos

Para estimar la cinética de produccion de gas (PG), se ajustaron los volumenes de
gas registrados (mL/g de MS) utilizando la opcion NLIN de SAS (2002) segun el

modelo propuesto por France et al., (2000):
y=bx(1-e™ b

Dénde: y es el volumen de PG en el tiempo t; b es la PG asintética (ml/g de MS); ¢
es la velocidad fraccionaria de fermentacion (/h), y L (h) es el tiempo de retardo

antes de que se libere cualquier gas.

La energia metabolizable (EM, MJ/kg MS) y la digestibilidad in vitro de la materia

organica (MO) fueron calculadas segun Menke et al. (1979) como:
ME =2.20 + 0.136 GP (mL/0.5 g de MS) + 0.057 PC (g/kg de MS)

OMD = 148.8 + 8.89 PG + 4.5 PC (g/kg MS) + 0.651 cenizas (g/kg MS)
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Dénde PG es la PG neta en mL de 200 mg de muestra seca después de 24 h de

incubacion.

Las concentraciones de acidos grasos de cadena corta (AGV) se calcularon de

acuerdo con Getachew et al. (2002) como:
AGV (mmol/200 mg de MS) = 0.0222 PG - 0.00425
Dénde PG es la PG neta de 24 h (mL / 200 mg de MS).

Se calculd la produccién de biomasa microbiana (PMC, por sus siglas en inglés)

(Getachew et al., 2002) como:
Produccion de PMC (mg/g de MS) = mg MSD - (mL de gas x 2.2 mg/mL)

Dénde, el 2.2 mg/mL es un factor estequiométrico que expresalosmgde C,Hy O
requeridos para la produccion de AGV asociado a la produccion de un mL de gas
(Getachew et al., 2002).

Diseino experimental

Para la PG in vitro, la degradabilidad y las variables de fermentacién se utilizé un
disefio completamente al azar considerando el tipo de enzima como factor fijo en
el modelo lineal (Steel et al., 1997) dentro de cada dosis enzimatica. Los datos de
cada una de las tres series dentro de la misma muestra se promediaron antes del
analisis estadistico. Se utilizaron los valores medios de cada muestra individual

como unidad experimental. El modelo estadistico fue:

Yijk = p + Zi + Dj + (Z x D) ij + Eijk;

Donde Yijk es cada observacion de la i-ésima enzima cuando se incuba en la j-
ésima dosis; u es la media general; Zi (i = 1-2) es el efecto enzimatico; Dj es el
efecto de la dosis enzimatica (j = 1-5); (Z * D) ij es la interaccidén entre el tipo de
enzima y la dosis de la enzima; Eijk es error experimental. Se utilizaron contrastes
polindbmicos lineales y cuadraticos para examinar las respuestas a los niveles

crecientes de adicidon de las enzimas.
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6.3 Produccién de gas, metano, dioxido de carbono in vitro y cinética de
fermentacién de una racién mixta concentrada suplementada con xilanasa y
S. cerevisiae incubada con liquido ruminal de cabras, borregos y novillos

Localizacion

La prueba se realizd en el Laboratorio de Nutricibn Animal perteneciente al
Programa de Ganaderia del Colegio de Postgraduados Campus Montecillo,
ubicado en el Km 36.5 de la carretera Los Reyes-Texcoco, Montecillo, Texcoco,
Estado de México, a una altitud de 2250 msnm, el clima de la regién es templado
subhumedo con lluvias en verano, época seca en invierno y una temperatura
promedio anual de 15.2 °C. El experimento se realiz6 en los meses de junio a
septiembre 2015.

Animales

Como donadores de inoculo ruminal se utilizaron 2 bovinos Holstein machos de
950 £ 20 kg de PV; 2 ovinos machos Rambouillet de 60 + 2 kg de PV y 2 caprinos
machos criollos de 50 = 2 kg de PV; con fistula y canula en rumen. Los animales
fueron alojados en corrales por especie, con agua y alimento ad libitum, que
consistié en raciones de heno de avena y concentrado en una relacion 60:40, a las
08:00 y 16:00 h.

Sustrato

Se elabor6 1kg de una dieta que contenia: Grano de Sorgo Molido (52 %),
Rastrojo de Maiz (30 %), Pasta de Soya (6 %), Melaza (8 %) y Urea (4 %). La
dieta fue secada a 55 °C durante 48 h, y posteriormente molida a criba de 1 mm.

A una muestra de sustrato se le determiné el porcentaje de Materia Seca (% MS),
Cenizas y Proteina total (%PC) (AOAC, 2003), Fibra Detergente Neutro (% FDN)y
Fibra Detergente Acido (FDA) (Van Soest et al., 1991).
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Solucion stock

Se prepararon 4 soluciones stock que contenian: T1: agua destilada (100 mL); T2:
200 uL de Xylanase PLUS (Dyadic® proveniente de Trichoderma reesei) aforados
a 100 mL; T3: 400 mg de Saccharomyces cerevisae (BIOCEL-F53) aforados a 100
mL y T4: 200 uL de Xylanase PLUS + 400 mg de Saccharomyces cerevisae

aforados a 100 mL.
Recoleccién de inoculo ruminal

En bovinos, el inoculo ruminal se obtuvo directamente por extraccidn manual con
un vaso de precipitados, el contenido ruminal se filtré a través de cuatro gasas y
un colador de plastico, colocandose en un termo de plastico precalentado a 39 °C
para su transporte al laboratorio.

En ovinos y caprinos, el inoculo ruminal se obtuvo utilizando una sonda ruminal,
conectada a un sistema de vacio, el inoculo ruminal se recuperé en un matraz
Erlenmeyer de 500 mL, el contenido ruminal se filtré a través de cuatro gasas y un
colador de plastico, colocandose en un termo de plastico precalentado a 39 °C
para su transporte al laboratorio. En el laboratorio, el inoculo ruminal se mantuvo a

una temperatura constante de 39 °C y bajo flujo de CO..
Preparacién de soluciones para el medio de incubacién

El medio de incubacion consistio en una mezcla de solucién buffer (Cuadro 9),
solucion macromineral (Cuadro 10), solucion micromineral (Cuadro 11), solucién

reductora (Cuadro 12), resarzurina (Cuadro 13), liquido ruminal y agua destilada.

Cuadro 9. Solucién Buffer

Bicarbonato de amonio (g)  NH4HCO3 4.0209

Bicarbonato de sodio (Q) NaHCO; 35.1836

* Para preparar 1 L de solucién
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Cuadro 10. Soluciéon Macromineral

Fosfato de sodio dibasico (g) NaxHPO4 5.7299
Fosfato de potasio monobasico (g) KH2PO4 6.2325
Sulfato de magnesio heptahidratado (g) MgSO4-7H,0 0.6032
* Para preparar 1 L de solucién

Cuadro 11. Solucion Micromineral

Cloruro de calcio dihidratado (g) CaCly-2H,0 13.2
Cloruro de manganeso tetrahidratado 10.0
(9) MnCl-4H,0

Cloruro de cobalto hexahidratado (g) CoCI-6H20 1.0
Cloruro férrico (g) FeCls; 8.0
* Para preparar 100 mL de solucion

Cuadro 12. Solucion Reductora

Sulfato de sodio anhidro (g) Na2S04 0.57
Hidréxido de sodio 0.1 N (mL) NaOH 4.00

* Para preparar 100 mL de solucion
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Cuadro 13. Resarzurina 1 %

Resarzurina (g)

* Para preparar 100 mL de solucion

La solucion buffer, solucidn macro y micro mineral, solucién reductora y

resarzurina, se prepararon un dia antes de la incubacion y se mantuvieron a 39 °C

dentro de una incubadora.

Preparacién del medio de incubacion

Previo a la incubacién, fueron mezcladas las soluciones Buffer, macromineral,

micromineral, resarzurina y agua destilada (Cuadro 14) en un matraz volumétrico,

utilizando una platina y agitador magnético para mantener la temperatura y

homogenizar la solucidn, cuando se estabilizé la temperatura en 39 °C, se aplicé

un flujo constante de CO,, para posteriormente agregar el inoculo ruminal y la

solucion reductora (Cuadro 15).

Cuadro 14. Buffer para inoculo

S. Buffer

S. Macro mineral
S. Micro mineral
Resarzurina

Agua

mL

252.98

252.98

0.13

1.30

505.95

*Para preparar 1013.33 mL de buffer
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Cuadro 15. Medio de incubacién

mL
Buffer 666.67
Inoculo ruminal 333.33
S. Reductora 33.33

*Para preparar 1033.33 mL de medio

Preparacién de viales con solucion salina saturada

Se prepard una solucion salina saturada con 400 g de NaCl en 1 L de agua
destilada, con pH=2, se agregdé como indicador 5 mL de naranja de metilo al 20%.
La solucién se depositod en viales seroldgicos de 60 mL, sin dejar espacio, se les
colocaron tapones de neopreno y fueron sellados con arillos de aluminio. Se

almacenaron protegidos de la luz, hasta su utilizacion.

Preparacién de los viales de incubacién

En viales de vidrio para antibiotico de 120 mL que contenian 0.5 g del sustrato, se
les agregd 1 mL de solucion stock y 40 mL del medio de incubacién, se mantuvo
con flujo constante de CO, durante 30 seg., se colocaron tapones de neopreno y
se sellaron con arillos de aluminio. Los viales fueron colocados en una incubadora
(Riossa®) a 39 °C durante 48 h. Se incubaron 3 repeticiones por tratamiento (dosis
de aditivo) en cada tipo de inoculo ruminal.

Medicion de gas

Las lecturas de produccion de gas se realizaron a las 2, 4, 6, 8, 10, 12, 24 y 48 h
de incubacion. Para ello se utilizé un aparato de desplazamiento de agua (Fedorak
y Hrudey, 1983), el cual se diseid con un soporte universal, un embudo conico,
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una bureta de 100 mL y dos mangueras de latex de 0.5 y 1 m de longitud y 3/8 de
pulgada de diametro. Los viales fueron punzados con una aguja de calibre 16
colocada en el extremo de la manguera. Se midio la produccion de gas (mL) por el
desplazamiento de agua en la bureta.

En la hora 48, se tomaron 5 ml de gas y se almacenaron en los viales con solucién

salina saturada (pH <2).
Detencion de la fermentacion

Transcurridas las 48 h de incubacién, después de leer la produccion de gas, los
viales fueron sometidos a un shock térmico, para lo cual se colocaron en un
congelador (-4 °C) durante 5 min, esto con el fin de provocar la muerte de los

microorganismos ruminales y detener el proceso de fermentacion.
Toma de muestra
Fueron colectados:

* 4 mL del medio, el cual fue mezclado con 1 mL acido metafosférico al 25%,
se agito levemente y la muestra se coloco en congelacidon hasta su analisis.
e 4 mL del medio, el cual fue mezclado con 1 mL formaldehido al 10% se

agité levemente y la muestra se colocé en refrigeracidn hasta su analisis.

Medicién de pH

Después de detener el proceso de fermentacion, se destaparon los viales y fue
medido y registrado el pH del medio.

Obtencion del residuo

El contenido de los viales fue filtrado en bolsas Ankom® Technologies F57 (a peso
constante), con la ayuda de un sistema de filtrado conectado a una bomba de

vacio, los viales fueron enjuagados con agua caliente en 3 ocasiones para
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asegurar recuperar todo el residuo de la fermentaciéon. Las bolsas fueron
colocadas en una estufa de aire forzado a 55 °C durante 48 h. La degradacion de
materia seca fue calculada considerando el peso inicial del sustrato y el peso del

residuo.
Concentracion de nitrogeno amoniacal

La concentracion de nitrogeno amoniacal se realiz6 segun lo estipulado por
Broderick y Kang (1980). La muestra del medio acidificada se centrifugé a 3000 g
x 10 min; 20 uL del sobrenadante mezclaron con 1 mL de fenol y 1mL de
hipoclorito, la mezcla se incub6 a 39 °C por 30 min, posteriormente diluida con 5
mL de agua destilada. Las muestras fueron leidas en un espectrofotdmetro de luz
ultravioleta visible a 630 nm. La concentracién en mg/dL resultante fue dividido
entre 0.8 que es el factor de dilucion del acido metafosférico al 25%.

Determinacion de concentracion de bacterias totales

La concentracion de bacterias totales se determind a las 48h de incubacién, para
ello se utiliz6 una camara de Petroff-Hausser y un microscopio de contraste de
fases (Carl Zeiss®) a una magnificacion de 100x. Se tomaron 0.5 mL de la muestra
del medio fijado con formaldehido al 10% y fueron diluidos en 4.5 mL de agua
destilada. La concentracién de bacterias por mL se determiné como el promedio
de bacterias observado en cada cuadricula, multiplicado por el factor de dilucion y
el factor de la camara (2x107), de acuerdo con la siguiente férmula:

Bacterias mL™! = X * FD1 x FD2 % 27
Dénde:
x = promedio de bacterias en cada cuadricula por tratamiento
FD1= primer factor de dilucion (1.25)

FD2= segundo factor de dilucion (10)
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Determinacién de concentracién de protozoarios

Se obtuvieron 1 mL de la muestra fijada con formaldehido al 10% y fueron diluidos
en 1 mL de agua destilada, se mezclaron y, con una pipeta de Pasteur fueron
tomados 0.5 mL de la mezcla, los cuales fueron depositados en una camara de
Neubauer, posteriormente se observd en un microscopio de contraste Axiostar
(Carl Zeiss®) a 400x magnificaciones. El conteo de protozoarios se realizé en ocho
cuadrantes (4 de cada cuadricula), tomandose como protozoarios viables aquellos
que mantuvieron su integridad morfolégica. La concentracién de protozoarios por
mL de medio de cultivo se estimd como el promedio de protozoarios observado en
cada cuadricula, multiplicado por el factor de dilucion y el factor de la camara
(1x10%), de acuerdo con la siguiente férmula:

Protozoarios mL™' = X *x FD1 x FD2 * 10*
Dénde:
x = promedio de protozoarios en ocho cuadrantes de la camara de Neubauer
FD1= valor inverso de la dilucion utilizada (5)

FD2= segundo valor inverso de la dilucion utilizada (3)

Determinaciéon de metano y CO;

De los viales con solucion salina saturada se tomd6 una muestra de 10 uL de la
fase gaseosa y se inyecté en un cromatografo de gases PerkinElmer, Claurus 500.
Se uso6 un detector de conductividad térmica (TCD), las temperaturas del horno,
columna y TCD fueron de 80, 170 y 130°C respectivamente. El gas helio fue
usado como gas acarreador. Los tiempos de retencion fueron 1.74 y 2.04 min para
CH4 y CO,, respectivamente.
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Calculos

Para estimar la cinética de produccion de gas (PG), se ajustaron los volumenes de
gas registrados (mL/g de MS) utilizando la opcion NLIN de SAS (2002) segun el
modelo propuesto por France et al., (2000):

y=bx(1-e“"h)

Dénde: y es el volumen de PG en el tiempo t; b es la PG asintética (ml/g de MS); ¢
es la velocidad fraccionaria de fermentacion (/h), y L (h) es el tiempo de retardo
antes de que se libere cualquier gas.

La energia metabolizable (EM, MJ/kg MS) y la digestibilidad in vitro de la materia
organica (MO) fueron calculadas segun Menke et al. (1979) como:

ME =2.20 + 0.136 GP (mL/0.5 g de MS) + 0.057 PC (g/kg de MS)
OMD = 148.8 + 8.89 PG + 4.5 PC (g/kg MS) + 0.651 cenizas (g/kg MS)

Dénde PG es la PG neta en mL de 200 mg de muestra seca después de 24 h de

incubacion.

Las concentraciones de acidos grasos de cadena corta (AGV) se calcularon de
acuerdo con Getachew et al. (2002) como:

AGV (mmol/200 mg de MS) = 0.0222 PG — 0.00425
Donde PG es la PG neta de 24 h (mL / 200 mg de MS).

Se calculé la produccién de biomasa microbiana (PMC, por sus siglas en inglés)
(Getachew et al., 2002) como:

Produccion de PMC (mg/g de MS) = mg MSD - (mL de gas x 2.2 mg/mL)

Ddnde, el 2.2 mg/mL es un factor estequiométrico que expresa los mgde C, Hy O
requeridos para la produccion de AGV asociado a la produccion de un mL de gas
(Getachew et al., 2002).
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Diseino experimental

Se usoé un disefo factorial 3 x 4 con 3 repeticiones. Los datos fueron analizados
con el procedimiento GLM (SAS, 2002) y comparacion de medias con la prueba de
Tukey (P<0.05) (Steel y Torrie, 1996). El modelo estadistico fue el siguiente;

Yi =Y+ Ai + B+ (AR + €i i=1,2...t j=1,2, .., t
Donde,
Yix = es cada observacion x del aditivo; cuando se incuba en el inoculo ;
M = media general
A, = efecto del aditivo
f3; = efecto del inoculo ;
Ty = efecto del tratamiento

&ijk = error aleatorio
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VII. RESULTADOS

7.1 Efecto de la suplementacién con xilanasa sobre el consumo de alimento,

digestibilidad y fermentacion ruminal de borregos Rambouillet.
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SUMMARY

The present study aimed to investigate the effects of adding xylanase enzyme (XY) to a basal diet containing 300 g
maize stover and 700 g concentrate/kg dry matter (DM) on feed intake, ruminal fermentation, total tract and
ruminal digestibility, as well as some blood parameters. Four male Rambouillet sheep (39 + 1-8 kg body weight),
with permanent rumen and duodenum cannulae were used in a 4 x 4 Latin square design. Sheep were fed a basal
diet without xylanase addition (control, XY0), or with the addition of xylanase at 1 (XY1), 3 (XY3) or 6 (XY6) ul/g
of diet DM for 84 days, with four 21-day experimental periods. Feed intake, digestibility and rumen fermentation
parameters were determined on days 16-21 in each experimental period, and the apparent ruminal neutral detergent
fibre (NDF) digestibility was determined on days 16 and 17. Treatments XY1 and XY3 increased feed intake, whereas
digestibility was increased with XY6. Ruminal NDF digestibility increased when sheep were fed diets treated with
xylanase. Ruminal pH, ammonia-N and acetic acid increased with xylanase treated diets. Propionic acid concentra-
tion increased with diet XY1 at 3 h post-feeding, but after 9 h post-feeding its concentration decreased in the rumen of
sheep fed xylanase treated diets. Xylanase had no effect on blood urea, phosphorus and triglycerides. Addition of
xylanase at 6 pl/g DM in a diet containing 300 g maize stover and 700 g concentrate/kg DM and fed to
Rambouillet sheep improved feed digestibility and ruminal fermentation without affecting blood parameters.

INTRODUCTION specific controlled enzyme activities, have been
used in livestock feeding (Dean et al. 2013; Abdel-
Aziz et al. 2015). Feeding fibre-degrading enzymes
seems to improve feed utilization as well as animal per-
formance (Khattab et al. 2011; Alsersy et al. 2015), but
the mode of action remains unclear. Some possible
modes of action have been postulated including hy-
drolysis of dietary fibre before ingestion, synergistic
interaction with endogenous microbial enzymes
within the rumen (Morgavi et al. 2004), favoured

Improving feed utilization in ruminant nutrition is one
of the most important features that determine farming
profitability. Many strategies have been considered to
improve feed utilization; including, for example, the
use of live yeast (Elghandour et al. 2014), phytogenic
extracts (Salem et al. 2014) or fibrolytic enzymes
(Valdes et al. 2015).

A large number of commercial enzyme products,
either from fungal or bacterial sources, in relatively

concentrated and purified forms and containing

* To whom all correspondence should be addressed. Email:
asalem70@yahoo.com

ruminal fermentation (Salem et al. 2013; Rojo et al.
2015), and enhanced ruminal microorganisms attach-
ment and colonization to the plant cell wall (Wang
et al. 2001).
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Although some of the reported results on supple-
menting animal rations with fibrolytic enzymes are en-
couraging, they are also inconsistent. In some studies,
exogenous enzymes improved feeding value and
animal performance by enhancing fibre degradation,
increasing intake and feed digestion in vitro (Salem
et al. 2015a), in situ (Togtokhbayar et al. 2015) and
in vivo (Salem et al. 2015b; Morsy et al. 2016).
However, in other studies no effects of exogenous
enzymes on feed intake and digestion were observed
(Elwakeel et al. 2007; Dean et al. 2013). Although the
reasons for this discrepancy are unknown, it could be
due to differences in enzyme activity, application rate
and composition, type of diet fed to the animals,
physiological stage of the animal, time of enzyme de-
livery, ruminal activity and enzyme stability, enzyme-
feed specificity and the portion of the diet to which
enzymes are applied (Dean et al. 2013).

Exogenous enzyme may affect some serum metabo-
lites that reflect the nutritional and health status of
animals (Morsy et al. 2016). Xylanase is an exogenous
enzyme that may alter ruminal degradation of feeds and
change concentrations of fermentation end-products
(Linetal. 1995). Moreover, it may also cause an indirect
glucose sparing effect through the pentose-phosphate
pathway (Jackson & Nicolson 2002).

The objective of the present study was to investigate
effects of adding an exogenous xylanase enzyme at dif-
ferent application rates on feed intake, ruminal fermen-
tation, total tract and ruminal digestibility, and blood
urea, phosphorus and triglyceride concentrations in
Rambouillet sheep fed a basal diet with 300 g maize
stover and 700 g concentrate/kg dry matter (DM).

MATERIALS AND METHODS

All procedures involved in handling animals during
the experimental period were conducted according
to the official Mexican standard of animal care
(NOM-051-ZO0O-1995).

Study location

The experiment was conducted at the animal meta-
bolic unit and the laboratory of animal nutrition of
the Colegio de Postgraduados, Texcoco, Montecillo,
Estado de México, México (2240 m a.s.l.). The
climate is moderately humid with an average tempera-
ture of 15-18 °C and annual rainfall of 650 mm. The
experiment was conducted during the autumn.
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Table 1. Ingredients and chemical composition of the
basal diet fed to Rambouillet sheep (g/kg dry matter
(DM), unless otherwise stated)

g/kg DM
Ingredients
Ground sorghum grain 520
Maize stover 300
Molasses 80
Soybean meal 60
Urea 40
Chemical composition
Dry matter (g/kg fresh matter) 870
Organic matter 950
Crude protein 154
Ether extract 57
Neutral detergent fibre 448
Acid detergent fibre 252
Phosphorus 43
Calcium 25

Enzyme activity

The enzyme product (Xylanase® plus, Dyadic® PLUS,
Dyadic International, Inc., Jupiter, FL, USA) was
assessed for endoglucanase and xylanase activities
as described by Robyt & Whelan (1972) by catalytic
hydrolysis of xylan from oat spelt and determining
the released reducing groups using alkaline copper
reagent. The product contained 34 000-41 000 units
of xylanase/g, 12 000-15 000 units of B-glucanase/g
and 45 000-55 000 units of cellulase/g.

Animals, housing and feeding

Four Rambouillet rams, weighing 39 +1-8 kg body
weight (BW) and fitted with permanent cannulae in
the rumen (2-5 cm internal diameter (i.d.)) and duode-
num (T-type 0-8 cm i.d.) were used. The sheep were
housed in individual cages equipped with high flow
valve steel water bowls and fed a basal diet composed
of 300 g maize stover and 700 g concentrate’kg DM
(Table 1) ad libitum for 84 days. The basal diet was
balanced for minerals and vitamins and formulated
to match the nutrient requirements of sheep according
to NRC (1985) recommendations plus a margin of
0-10. The ingredients and chemical composition of
the basal diet are shown in Table 1. At the beginning
of the experiment, sheep were treated with Ivermectin
(Ivomec®-F-1 1 ml/50 kg BW, subcutaneous), Bacterin
(Covexin® 10 ml/animal; intramuscular) and vitamins
A, DandE (Vigan'(ol® ADE 1 ml/animal, intramuscular).
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The experiment was laid outaccording to a 4 x 4 Latin
square design with four treatments, i.e. four application
rates of xylanase (XY), namely O (control, XY0), 1 (XY1),
3 (XY3) and 6 (XY6) pl/g DM of the basal diet. In the
first experimental period, treatments were assigned ran-
domly to the experimental units (sheep). Experimental
periods consisted of 21 days with days 1-15 considered
as the adaptation period to the experimental diets and
days 16-21 as the measurement and sample collection
period. Sheep were fed twice daily in two equal meals
at07-00 and 19-00 h. The enzyme was added at the cor-
responding application rate, mixed with the diet indi-
vidually and fed at 07-00 h. During the collection
period, i.e. days 16-21, the amount of feed offered was
recorded and orts collected and weighed for determin-
ation of daily feed intake. Additionally, feeds were
sampled daily, composited weekly, dried at 60 °C to con-
stant weight and stored for later chemical analysis.

Feed digestibility

Total tract digestibility was determined by total faecal col-
lection during days 16-21 of each period. Faeces were
collected daily before the morning feeding and stored
at —10 °C for later analysis. A sub-sample of about 100
g/kg of the total faeces collected from each sheep was
taken daily and composited for chemical analysis.

Apparent ruminal fibre digestibility was determined
on days 16 and 17 following the procedure of
Kozloski et al. (2014). Duodenal digesta samples (ap-
proximately 50 ml) were collected from each sheep 4
h after morning feeding and then at 4 h intervals over a
period of 48 h. Samples were obtained from the duo-
denal cannula, collected in a 100 ml amber vial and
immediately frozen until analysis. Samples were sub-
sequently thawed and dried at 55 °C for 48 h, homo-
genized and analysed for neutral detergent fibre
(NDF) and acid detergent fibre (ADF).

Dried feed, feed orts and faecal samples were
ground through a Wiley mill (Arthur H. Thomas,
Philadelphia, PA, USA) using a 1 mm screen and ana-
lysed according to AOAC (1997) for DM (#930-15),
ash (#942-05), ether extract (EE; #920-39), nitrogen
(N; #954-01) and ADF (#973-18), while NDF was ana-
lysed according to Van Soest et al. (1991). Organic
matter (OM, g/kg DM) content was calculated by
difference (1000-g ash/kg DM).

Rumen and blood sampling and analysis

Rumen fluid was collected on day 18 of each experi-
mental period, directly through the rumen cannula

from the ventral sac of each sheep at 3, 6 and 9h
after morning feeding. The rumen samples (approxi-
mately 50 ml/sheep) were filtered immediately
through four layers of cheesecloth, strained and stored
in 45 ml glass bottles. Ruminal fluid pH was then deter-
mined using a portable pH meter (Orion, model SA 210,
USA). Subsequently, 4 ml of rumen fluid was mixed with
1 ml of a solution of metaphosphoric acid (250 g/l) in a
test tube and stored at —18 °C for subsequent volatile
fatty acid (VFA) analysis. A sub-sample of 5ml of
rumen fluid was acidified with 5 ml of 0-2m hydro-
chloric acid (HCI) for ammonia-N analysis.

Concentrations of acetic, propionic and butyric
acids in rumen fluid were measured by gas-liquid
chromatography (Hewlett Packard, Little Falls, DE,
USA) using a capillary column (30 m length, 0-32
mm i.d., 0-25 mm film thickness; Elite-FFAP, Perkin
Elmer Instruments, Shelton, WA, USA) according to
the method of Erwin et al. (1961). The injector tem-
perature was set at 240 °C, flame ionization detector
at 250 °C and oven at 140 °C with hydrogen gas
(H,) and air flows at 40 and 400 ml/min, respectively.

Concentrations of ammonia-N were determined
photometrically in an ultraviolet light spectrophotom-
eter (VARIAN CARY 1-E, CA, USA) set ata wavelength
of 630 nm according to McCullough (1967).

On day 21 of each experimental period and 4 h after
morning feeding, a sample of 10 ml of blood was col-
lected via jugular vein of each sheep into clean dry test
tubes, without anticoagulant. Blood samples were centri-
fuged at 5000 g at 4 °C for 20 min. Serum was separated
into 2 ml Eppendorftubes and frozen at—20 °C until ana-
lysis. Blood serum samples were analysed for concentra-
tions of urea, phosphorus and triglycerides using specific
kits (Stanbio Laboratory, Boerne, TX, USA) according to
the manufacturer’s specifications.

Statistical analysis

Data on feed intake, digestibility, ruminal fermenta-
tion parameters (at each time post-feeding) and
blood parameters were examined by analysis of vari-
ance according to a 4 x4 Latin square design with
four periods and four experimental diets (XYO, XY1,
XY3, XY6) using PROC MIXED of SAS (SAS Institute
2006). One ram was used within each period and
treatment. The statistical model was:

Yl[kI=m+Af+Pj+Tk+£fjkl

where Yj; is the observation for a given response vari-
able, u is the overall mean, A; is the random effect of
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Table 2. Feed intake, digestibility and blood metabolites in Rambouillet sheep fed a diet treated with increasing

concentrations of xylanase (XY)

Diets* P value
Treatment Control v.
XY0 XY1 XY3 XY6 siem (n=4) effect enzyme  Linear Quadratic Cubic

Feed intake (g DM/d) 1146 1211 1180 1004 56-2 0-043 0-034 0-066 0-508 0-684
Total tract digestibility (g digested/g ingested)

Dry matter 0-58 060 057 075 0-041 0-047 0-027 0-021 0-014 0-901

Organic matter 0-59 062 059 077 0-039 0-032 0-019 0-018 0-014 1-000

Crude protein 0-54 056 051 0-71 0-053 0-036 0-044 0-069 0-015 0-702

Neutral detergent fibre 0-56 0-59 0-61 0-76 0-039 0-037 0-077 0-008 0-078 0-078

Acid detergent fibre 0-46 050 053 0-70 0-051 0-006 0-020 0-031 0-243 0-305
Apparent ruminal digestibility (g digested/g ingested)

Neutral detergent fibre 036 0:39 0-42 0-46 0-024 0-045 0-036 0-122  0-078 0-078

Acid detergent fibre 0-29 031 033 034 0-022 0-055 0-584 0-294 0-050 0-305
Blood metabolites (mg/dl)

Urea 44 49 50 49 4-4 0-358 0-643 0-346 0-147 0-355

Phosphorus 0-23 029 027 022 0-098 0-574 0-431 0-233  0-699 0-808

Triglycerides 8 10 6 9 2:0 0-511 0-945 0917 0-339 0-:369

DM, dry matter. *Diet (Table 1) without addition of xylanase (XY0) or with addition of xylanase at 1 (XY1), 3 (XY3) and 6 (XY6)

ul/g DM.

ram, P; is the fixed effect of period, Ty is the fixed effect
of rate of addition of enzyme (XYO, XY1, XY3, XY6)
and g is the residual error. Tukey’s test was used
for multiple comparisons of means. Polynomial con-
trasts (linear, quadratic and cubic effects) were fitted
to the four rates of addition of the enzyme. A treatment
(average of all treatments receiving XY) v. control con-
trast was also performed. Significance was declared at
a level of P<0-05 and P<0-10 was considered as a
tendency approaching significance.

RESULTS
Feed intake, digestibility and blood parameters

Sheep fed XY1 and XY3 had greater (P=0-035) feed
DM intake than the control sheep (increases of 6
and 3% with XY1 and XY3, respectively). However,
at the greatest application rate (XY6) feed intake was
decreased slightly when compared with the control.

Sheep fed XY1 and XY6 had greater (P <0-05) total
tract DM, OM and crude protein (CP) digestibility than
the control sheep. Dry matter digestibility increased by
30% with XY6 when compared with the control diet.
Digestibility of ADF increased linearly (P =0-008) with
increasing enzyme application rates. The NDF digestibil-
ity of the enzyme treated diets tended (P =0-077) to be
greater than that of the control sheep (Table 2).

Sheep fed enzyme had greater (P <0-036) ruminal
NDF digestibility than control sheep. With XY6,
ruminal NDF digestibility was increased by 28%
when compared with the control diet. There was no
difference in ruminal ADF digestibility between
sheep fed the enzyme and the control diet (Table 2).

There were no differences in the blood concentra-
tions of urea, phosphorus or triglycerides due to the
different levels of xylanase addition (Table 2).

Ruminal fermentation

Ruminal pH of sheep fed with the enzyme was greater
at all sampling times (P values were 0-050, 0-020 and
0-033 at 3, 6 and 9 h post-feeding, respectively) com-
pared with control sheep. Within enzyme treatment,
at the 3 h sampling, increasing enzyme application
rate had no effect on pH. Sheep fed XY1 had
maximum pH at the 6 h sampling and minimum pH
at the 9 h sampling.

At the 6 h sampling, the ruminal ammonia-N con-
centration of sheep fed enzyme-treated diets was
greater (P=0-048) than the control sheep. Within
enzyme treatment, XY6 showed the maximum
ammonia concentrations (linear effect, P=0-028),
with an increase of 90% over the control value. At
the 3 and 9 h sampling, there were no differences.
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Table 3. Rumen fermentation at different times post-feeding of a diet treated with increasing concentrations of
xylanase (XY) in Rambouillet sheep

Diets* P value
Treatment  Control v.
XY0O  XY1  XY3  XY6  sem (n=4) effect enzyme Linear  Quadratic

pH

3h 6-0 6-3 6-2 5-8 0-17 0-031 0-050 0-198 0-385

6h 5-8 6-1 6-0 6-1 0-13 0-057 0-020 0-041 0-051

9h 5-8 59 6-0 6-0 0-06 0-116 0-033 0-039 0-236
Ammonia-N (mmol/l)

3h 17-3 159 15-5 16-6 3-11 0-976 0-730 0-933 0-690

6h 77 9-0 12-7 14-6 1-86 0-012 0-048 0-028 0-929

9h 8:6 83 8-2 8-2 0-43 0-906 0-517 0-604 0-650
Acetic acid (mmol/l)

3h 44-7 475 519 480 3-32 0-054 0-029 0-889 0-058

6h 46:0 452 51-3 59-3 4-39 0-019 0-029 0-105 0-330

9h 460 453 459 452 1-45 0967 0-740 0-763 0-948
Propionic acid (mmol/l)

3h 43-2 47-3 45-0 423 191 0-035 0-047 0-379 0-026

6h 42-7 429 391 457 2-75 0-047 0-046 0-530 0-213

9h 47-5 457 44-2 45-9 2-19 0-047 0-041 0-672 0-037
Butyric acid (mmol/l)

3h 13-3 13-7 13-2 133 0-19 0-340 0-631 0-584 0-871

6h 126 129 13-1 1341 0-41 0-078 0-374 0-426 0-571

9h 133 12-0 129 129 0-40 0-228 0-175 0-842 0-372

*Diet (Table 1) without addition of xylanase (XY0) or with addition of xylanase at 1 (XY1), 3 (XY3) and 6 (XY6) ul/g DM.

Acetic acid concentrations (mmol/l) were greater
(quadratic effect, P=0-029) in enzyme treatments
compared with the control at 3 and 6 h post-feeding.
With XY6 these concentrations were increased by 7
and 28% compared with the control at 3 and 6 h
post-feeding, respectively. At 9 h, there were no sig-
nificant differences. Propionic acid concentrations
(mmol/l) at 3 h post-feeding were greatest in XY1
(quadratic effect, P=0-026); however, at the 9 h sam-
pling, all enzyme treatments had lower (P=0-041)
propionic acid concentrations compared with the
control. Among enzyme application rates, XY3 had
the lowest propionic acid concentration (quadratic
effect, P=0-037). No effects were observed on
ruminal butyric acid concentrations between different
treatments at all sampling times (Table 3).

DISCUSSION
Feed intake

Addition of xylanase to diets at low (i.e. XY1) and
moderate (i.e. XY3) rates increased feed intake by

about 6 and 3%, respectively, compared with XYO;
however, intake decreased by 9% when xylanase
was applied at a greater concentration (i.e. XY6) com-
pared with XYO. Therefore, addition of fibrolytic
enzymes at certain concentrations may increase the
intake of fibrous feeds. Beauchemin et al. (2003) con-
cluded that high rates of enzyme application could be
less effective than low rates of application in increas-
ing feed intake, indicating the importance of determin-
ing the optimal rate of enzyme addition. The current
results are in agreement with Gado et al. (2009),
who observed about 13% greater DM intake in dairy
cows due to enzyme supplementation at 40 g/day.

Digestibility

When xylanase was applied to the diet at the highest
concentration (i.e. XY6), whole tract digestibility was
increased (by 28-42%) compared with other xylanase
concentrations. Improving digestibility, in particular,
that of the fibre fractions is the main purpose of
adding fibrolytic enzymes to ruminant feeds.
Improved digestibility with xylanase at some
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application rates supports the hypothesis that a suit-
able enzyme concentration could improve fermenta-
tion efficiency during the initial stages of digestion
(Jalilvand et al. 2008).

The greater digestibility observed with the XY6 diet
may be related, as previously mentioned, to improved
rate of ruminal digestion of the potentially digestible
NDF fraction (Yang et al. 1999) and to changes in
gut viscosity (Hristov et al. 2000); although these fea-
tures were not determined in the present study.
Altered ruminal fermentation (Kholif & Aziz 2014;
Rojo et al. 2015), enhanced microbial attachment
and colonization to the plant cell wall (Wang et al.
2001) and complementary interactions with ruminal
microbial enzymes (Morgavi et al. 2004) are different
possible reasons for the improved rate of ruminal
digestion.

In most reports, addition of fibrolytic enzymes to the
ruminant feedstuffs increased the numbers of non-
fibrolytic and fibrolytic bacteria in rumen fluid and
provided more total polysaccharidase activity to
digest feedstuffs (Giraldo et al. 2008). Mao et al.
(2013) found that addition of cellulase and xylanase
increased the numbers of total bacteria and
Fibrobacter succinogenes in in vitro incubation
medium resulting in enhanced fermentation. Results
in the present study are consistent with Khattab et al.
(2011) and Salem et al. (2013; 2015b), who observed
greater feed digestibility in response to exogenous
enzyme addition.

Ruminal NDF digestibility was increased by 7-5, 17
and 28% (compared with the control diet), respectively,
with increasing xylanase application rates. Thus, the
increased total tract fibre digestibility seems to be
due, in part, to enhance fibre digestion in the rumen.
Fibrolytic enzymes not only improve fibrolytic activity
in the rumen, but also raise xylanase activity in the
small intestine (Hristov et al. 1998, 2000). Hristov
etal. (1998) reported that addition of enzymes elevated
duodenal xylanase activity by 30% and cellulase activ-
ity by 2-5%. Hristov et al. (2000) showed that xylanase
activity in the faeces was increased with enzyme sup-
plementation, suggesting that xylanase and probably
other exogenous fibrolytic enzymes, may work syner-
gistically with the microbes within the large intestine.

Blood metabolites

None of the measured blood metabolites (urea, phos-
phorus and triglycerides) was affected by xylanase
addition to feed and all were found within the
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reference ranges (Boyd 1984). Serum urea concentra-
tion is an indicator of the nutritional status of sheep
(Kumar et al. 1981), in particular regarding the provi-
sion of total and degradable protein in the feed.
Normal serum urea values indicate that protein catab-
olism was not increased in the muscles and that
kidney function was not adversely affected by diet.

Ruminal fermentation

Sheep fed xylanase had greater ruminal pH values
compared with the control. One of the most important
factors affecting fibre digestion is ruminal pH. For
xylanase treatments, rumen pH ranged from 5-98 to
6-15, which was within the range considered accept-
able for fibre digestion (Qrskov & Ryle 1990).
Fibrolytic bacteria are very sensitive to ruminal pH
changes (Sung et al. 2007). Greater ruminal pH
values are more favourable for fibrolytic microbial ac-
tivity than low ruminal pH (Sung et al. 2007).

Ruminal ammonia-N concentrations ranged from 7-7
to 17-3 mmol/l which were above the range that Satter
& Slyter (1974) considered as sufficient for microbial
protein synthesis. Greater ruminal ammonia-N concen-
trations in sheep fed the enzyme treated diets (XY6 and
XY3) compared with the un-supplemented control
support the possibility that xylanase enhances rumen
protein degradation, probably in response to a shift in
ruminal microbiota (Salem et al. 2013). Kholif & Aziz
(2014) found that feeding goats on diets treated with a
fibrolytic enzyme elevated ruminal ammonia-N con-
centration compared with un-supplemented control
diets. The observed dose-effects reinforce the import-
ance of defining the optimum application rate of
enzyme for better feed utilization.

Greater acetic acid concentrations were obtained
with xylanase-treated diets (especially with XY6) com-
pared with the control. Improving fibre digestion
usually alters rumen fermentation and affects the pro-
duction of individual VFA. The greater acetic acid
concentrations with xylanase addition could be asso-
ciated with improved digestion of structural carbohy-
drates (Soltan et al. 2013). Changes in individual
VFA  concentrations observed when fibrolytic
enzymes were added to feed suggest that these ex-
ogenous enzymes could affect microbial growth and
activity, causing a shift in the metabolic pathways by
which specific microbes utilize substrates (Almaraz
et al. 2010). Shifts in ruminal fermentation may be
the result of altered fibre structure, which could stimu-
late microbial colonization (Giraldo et al. 2008), or a
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shift in the species profile of fibre-colonizing bacteria
in response to enzyme addition (Wang et al. 2001).
Gado et al. (2009) and Salem et al. (2013) also
observed greater acetic acid concentrations in the
rumen when animals were fed diets supplemented
with exogenous enzymes.

Among the tested xylanase application rates, con-
centrations of 3 and 6 pl xylanase/g DM of the basal
diet resulted in enhanced digestibility and ruminal fer-
mentation in Rambouillet sheep. However, with 6 pl
xylanase/g DM of the basal diet feed intake decreased,
whereas ruminal ammonia-N and individual VFA
increased compared with the other rates of enzyme
addition. Generally, addition of xylanase had no
effects on blood serum concentrations of urea, phos-
phorus and triglycerides.
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ABSTRACT

In vitro gas production (GP) technique was used to investigate effect of exogenous enzymes cellulase (CEL) or
xylanase (XYL) at different doses on in vitro fermentation characteristics of corn stover. Enzymes were supplemented
at 0 (control), 10, 20, 40 and 80 pg/g DM. Gas production was determined at 2, 4, 6, 8, 10, 12, 24, 36,48 and 72 h
of incubation. After 72 h, the incubation was stopped and supernatant pH was determined, and filtered to determine
dry matter (DMD), neutral detergent fiber (NDFD) and acid detergent fiber (ADFD) degradabilities. Interaction
effects occurred for enzyme type and dose for all measured gas parameters with exception of the lag time, DMD,
organic matter degradability (OMD), NDFD, metabolizable energy (ME), short chain fatty acids (SCFA) and
microbial crude protein (MCP) production. Cellulase and XYL increased GP (P<0.05) at different incubation hours
with better results at the dose of 40 pg/g DM. The dose 80 pug XYL/g DM had the lowest GP compared to other
doses. In addition, CEL and XYL decreased pH with increasing OMD, ME, SCFA and MCP production at 40 pg/
g DM of corn stover. The present results suggested that the level of CEL and XYL at 40 pg/g DM have higher GP
than other levels of enzymes, imply this level can be more effectively to improve rumen fermentation; however, the
difference of XYL between treatments and control was less than that of CEL.

Key words: Cellulase, Corn straw, Fibrolytic enzyme, In vitro fermentation, Xylanase

Roughages are the main sources of feed for ruminants
(Kholif ez al. 2014). Fibrous feeds are characterized by low
nutritive value. High fiber of fibrous feeds prevents the
access of ruminal enzymes to the plant cell wall and reduce
nutrient digestibility (Abdel-Aziz et al. 2015, Elghandour
et al. 2015, Togtokhbayaret al. 2015). High fiber content
and plant epidermal surface with a high concentration of
silica prevents the access of ruminal enzymes to the plant
cell wall and reduce nutrient digestibility (Khattab et al.
2013, Kholif et al. 2014). Corn stover is one of the agro-
byproducts and can be used in ruminant feeding after
upgrading its nutritive value (Elghandour ez al. 2014).
Hence, there is a need to develop feeding strategies that
improve the nutritive value of such fibrous feeds. Using
fibrolytic enzymes (e.g. cellulase, xylanase) for this purpose
will prove effective.

Exogenous fibrolytic enzymes are used to improve
carbohydrate and cell wall degradation of low quality feeds
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Medicina Veterinaria y Zootecnia. Dairy Science Department,
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(Alsersy et al. 2015, Salem et al. 2015a,Valdes et al. 2015).
The modes of actions proposed to explain the improved
nutritive value of low quality feeds with high fiber contents
are: enhanced attachment by rumen microorganisms
(Nsereko et al. 2002), improving ruminal fermentation
working synergetically with endogenous rumen microbial
enzymes (Khattab er al. 2011), creation of a stable
complexes between enzymes and feeds (Kung et al. 2000),
and possible alteration in the fiber structure stimulating
microbial colonization (Giraldo et al. 2004). The aim of
the current experiment is to investigate the effect of adding
increasing doses of cellulase (CEL) or xylanase (XYL) on
in vitro fermentation kinetics and gas production (GP) of
corn stover.

MATERIALS AND METHODS

Corn stover and enzyme products: Corn stover with
chemical composition (g/kg DM): 959.7 organic matter
(OM), 62.9 crude protein (CP), 476.7 neutral detergent fiber
(NDF) and 274.4 acid detergent fiber (ADF) was used as
incubation substrate. Corn stover samples were dried at 65
°C for 48 h in a forced air oven until constant weight and
then ground in a Wiley mill to pass a 1 mm sieve and stored
in plastic bags for subsequent determination of chemical
composition and in vitro GP. Cellulase (CEL) and xylanase
(XYL) enzymes in liquid form were tested at 0, 10, 20, 40
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and 80 pg/g DM corn stover. A stock solution of each
enzyme was prepared for each treatment (10, 20, 40 and 80
mg/L), so that the intended concentration in the fermentation
cultures was achieved by dispensing 1 ml of each stock
solution in each serum bottle topping the sample of feed.
Activities of the CEL product were 30,000 to 36,000 units
of cellulase/g and 7500 to 10,000 units of B-glucanase/g
while activities of XYL were 34,000 to 41,000 units of
xylanase/g, from 12,000 to 15,000 units of beta-glucanase/
g and 45,000 to 55,000 units of cellulase/g. Enzyme
activities were provided by manufacturer.

In vitro incubations: Rumen inoculum was collected
before morning feeding from a Brown Swiss cow (450 kg
body weight) fitted with permanent rumen cannula and fed
ad lib. a total mixed ration made up of 1:1 concentrate and
alfalfa hay, formulated to cover its nutrient requirements
(NRC 2001) with a full access to fresh water.

Obtained ruminal contents were flushed with CO,, mixed
and strained through 4 layers of cheese cloth into a flask
with O,-free headspace. Corn stover (1 g) was weighed
into 120 ml serum bottles with appropriate addition of
enzyme doses/g DM, applied immediately before incubation
with rumen buffered solution. Consequently, 10 ml of
particle free ruminal fluid was added to each bottle followed
by 40 ml of the buffer solution of Goering and Van Soest
(1970), with no trypticase added, in a 1:4 (v/v) proportion.

Bottles (90) were used during the incubation runs (2
enzymes x 5 doses x 3 replicates x 3 runs) plus 3 bottles as
blanks (i.e., buffered rumen fluid only), were incubated for
72 h. After filling all bottles with substrates and inoculum
medium, bottles were immediately closed with rubber
stoppers, shaken and placed in the water-bath at 39 °C. The
volumes of GP were recorded at times of 2, 4, 6, 8, 10, 12,
14,24, 36, 48 and 72 h of incubation. The GP was recorded
using the pressure transducer technique of Theodorou et
al. (1994).

Nutrient degradability: At the end of incubation after
72 h, the fermentation process was stopped by swirling the
bottles in ice, and the contents of each serum bottle were
filtered under vacuum through glass crucibles with a
sintered filter. The obtained fermentation residues were
dried at 105°C overnight to estimate DM disappearance.
Both of NDF and ADF were determined in the residues
after DM determinations and DM (DMD), NDF (NDFD)
and ADF (ADFD) degradability were calculated. Blanks
were used to correct for substrate contamination from
enzyme or ruminal fluid.

Chemical analysis: Samples of the corn stover were
analyzed for DM, ash and N according to AOAC (1997).
The NDF and ADF content (Van Soest ef al. 1991) of both
feed and fermentation residues were determined using an
fiber analyzer unit without use of an alpha amylase but with
sodium sulphite. Both NDF and ADF are expressed without
residual ash.

Calculations and statistical analysis: To estimate kinetic
parameters of GP, gas volumes recorded (ml/g DM) were
fitted using the NLIN option of SAS (2002) according to
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France et al. (2000) model as:
y=bx (l-e <L)

where, y, volume of GP at time t; b, asymptotic GP (ml/g
DM); ¢, fractional rate of fermentation (/h); and L (h),
discrete lag time prior to any gas is released. Metabolizable
energy (ME; MJ/kg DM) and in vitro OM digestibility
(OMD; g/kg OM) were estimated according to Menke et
al. (1979).

Short chain fatty acid concentrations (SCFA) and
microbial crude protein (MCP) productions were calculated
according to Getachew et al. (2002).

The experimental design for the in vitro ruminal GP,
degradability and fermentation parameters analysis was a
completely random design considering enzyme type as fixed
factors in the linear model within each enzyme dose using
the PROC GLM option of SAS (2002). Data of each of the
3 runs within the same sample were averaged prior to
statistical analysis. Mean values of each individual sample
were used as the experimental unit. The statistical model
was: Yy = p+ Zi+D+(ZxD)+Ey;; where Yy every
observation of the /th enzyme when incubated in the jth
dose; u, general mean; Z; (i=1-2), enzyme effect; Dj_
enzyme dose effect (j=1-5); (Z x D)ij, interaction between
enzyme type and enzyme dose; and Ejy, experimental error.
Linear and quadratic polynomial contrasts were used to
examine responses to increasing addition levels of the
enzymes.

RESULTS AND DISCUSSION

In vitro gas production: With exception of the fraction
L, interaction effects occurred (P<0.05) for enzyme type x
enzyme dose, revealing that GP is enzyme preparation and
enzyme dose dependent. Enzyme dose had linear effect
(P<0.05) on GP at different incubation hours with quadratic
effect (P=0.041) on the fraction ¢ (Table 1). Addition of
CEL or XYL to corn stover increased GP (P<0.05) with
greater (P<0.05) effect at the dose 40 ug/g DM. The
effectiveness of enzymes depends upon substrate, enzyme
specificity and enzyme dose causing variable responses with
different enzyme preparations and doses (Salem et al.
2015b). This supports the hypothesis that a suitable enzyme
dose could improve fermentation efficiency. Increased GP
indicated the increased fermentable material with enzyme
addition (Elghandour ef al. 2015). Increased GP without
affecting lag time could be due to release of
polysaccharidase from corn stover, which provided
fermentable carbohydrate to stimulate microbial growth.
Another possible reason is the increased numbers of
fibrolytic and nonfibrolytic bacteria in the rumen, which is
very clear in the current study as the MCP production
increased with enzyme addition (Nsereko ez al. 2002). Mao
et al. (2013) observed that addition of CEL and XYL
increased numbers of total bacteria and Fibrobacte
rsuccinogens in the incubation medium with improving in
vitro fermentation.

The dose 80 ug XYL/g DM had the lowest GP (P<0.05)
compared to other doses (Table 1); however, the higher dose
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Table 1. Impact of cellulase (CEL) and xylanase (XYL) at different doses on in vitro gas production of
corn stover at different hours of incubation

Enzyme Dose GP parameters In vitro GP, ml/g DM at:
(hg’g pml/ ¢/h Lh 2h  4h 6h 8h 10h 12h 24 h 36h 48 h 72h
DM) gDM
CEL 0 2132 0.074 3.69a 11.3c 23.8c 42.4c 65.0c 91.5¢c 117.9b 175.9b 203.9b 218.0b 225.7b
10 231.5 0.070 3.28ab 15.3b 30.4b 51.2bc 74.7bc 102.1bc 129.5ab 190.7ab 221.1ab 236.8ab 246ab
20 227.2 0.073 3.23ab 16.0b 31.9b 53.6ab 77.8ab 104.9abc 131.6ab 191.7ab 220.3ab 234.9ab 242.8ab
40 231.1 0.080 3.13ab 19.4a 37.9a 62.3a 88.7a 117.5a 144.9a 203.9a 230.7a 244.5a 251.5a
80 230.7 0.074 2.61b  19.4a 37.6a 60.7ab 85.3ab 112.1ab 138.1a 196.4a 223.lab 237.4ab 245.2ab
Pvalue  Linear 0.067 0.939 0.055 0.001 0.001 0.003 0.005 0.013 0.022 0.030 0.029 0.030 0.034
Quadratic 0.087 0.242 0.508 0.079 0.129 0.248 0.351 0.359 0316  0.240 0.143  0.111  0.085
XYL 0 222.2b 0.091 3.12  17.0c 36.9b 63.4c 92.5¢ 121.8bc 148.3bc 202.4bc 224.7bc 235.3ab 242.4ab
10 215.0b 0.087 297 19.5b 39.7b 65.2c¢ 92.1c 118.9c 143.7¢ 195.7cd 219.4c 230.3b 237.0b
20 218.8b 0.091 2.89 224a 45.2a 72.4b 99.9b 127.1b 152.3ab 205.0ab 227.5ab 237.6ab 243.6ab
40 216.3b 0.096 3.15  22.6a 48.2a 77.5a 106.8a 133.9a 159.3a 211.4a 233.1a 242.8a 248.7a
80 240.5a 0.069 2.50  14.5d 29.2c¢ 51.4d 77.1d 104.3d 131.1d 192.8d 222.2bc 236.6ab 245.7ab
Pvalue  Linear 0.563 0.836 0.528 <0.001<0.001<0.001 0.001  0.028  0.110 0.266 0.273  0.447 0.724
Quadratic 0.294 0.071 0.910 0.707 0.125 0.060 0.024 0.010  0.006  0.001 0.007  0.031 0.063
SEM pooled 14.57 0.0020 0.235 1.60 1.05 6.72 2.17 2.60 1292 1347 13.61 13.82  14.06
P value
Enzyme 0.161 <0.001 0.089 <0.001<0.001<0.001 <0.001 <0.001 <0.001 0.001 0.021 0364  0.632
Dose:
Linear 0.258 0.852 0.153 <0.001<0.001<0.001 <0.001 0.001  0.005 0.013 0.013 0.017 0.031
Quadratic 0.472 0.041 0.600 0.191 0.519 0.852 0.824 0.717 0.725 0.872 0.713  0.529 0417
Enzyme x 0.012 <0.001 0.773 <0.001<0.001<0.001 <0.001 <0.001 <0.001 0.003 0.024  0.044 0.047

Dose

b, the asymptotic gas production; ¢, the rate of gas production; DM, dry matter; L, the initial delay before gas production begins. Means
within in the same column with different superscripts differ significantly among treatments (P<0.05).

of CEL (i.e., 80 pug/g DM) increased GP compared to
control. This result showed the difference between both
enzymes, and importance to determine optimal doses of
each enzyme. Increasing level of XYL (i.e., 80 pg/g DM)
affected negatively on fermentation, which may be due to
the fact that excessive levels of XYL prevented binding of
enzymes to substrate receptors causing reduced
microorganisms attachment to feeds (Treacher and Hunt
1996). Beauchemin et al. (2003) concluded that high levels
of enzyme addition can be less effective than low levels,
indicating the need to determine the optimal application
rate of enzyme.

In vitro fermentation kinetics: Interaction effects were
observed between enzyme type and enzyme dose for DMD
(P=0.003), OMD (P=0.003), NDFD (P=0.031), ME
(P=0.003), SCFA (P=0.003) and MCP production
(P=0.003), which clearly showed the main factors affecting
fermentation kinetic of corn stover with fibrolytic enzyme
addition.

Addition of CEL and XYL linearly decreased (P=0.041)
pH compared to control (Table 2). This may be due to greater
enzymatic hydrolysis of feeds into readily fermentable
substrates that depress pH when fermented. Elghandour et
al. (2013) obtained decreased ruminal pH values when
incubated 4 fibrous feeds, including corn stover, with
different levels of exogenous fibrolytic enzyme. Linearly

increased OMD (P=0.030), ME (P=0.030), SCFA (P=0.030)
and MCP production (P=0.030) were obtained with CEL
addition at 40 and 80 pg/g DM of corn stover. The dose of
40 ug XYL/g DM corn stover quadratically increased OMD
(P=0.001), ME (P=0.024), SCFA production (P=0.001) and
MCP production (P=0.001) compared to other doses (Table
2). Several studies showed that adding exogenous enzyme
to ruminant diets increased feed digestion in situ
(Togtokhbayar et al. 2015), in vitro (Salem et al. 2015b) or
in vivo (Alsersy et al. 2015, Salem et al. 2015a, Valdes et
al. 2015). Increased in vitro GP with enzyme is mainly due
to increased OMD as GP is closely correlated with the
amount of OM fermented (Elghandour et al. 2014).
Increased OMD with enzyme addition may allow higher
voluntary feed intake and overcome the problem of low
intakes and slow digestion rates of low quality forages
because long retention times of digesta in the rumen (Leng
1990). This can allow decreasing the physical rumen fill
and stimulating MCP production (Oba and Allen 2000).
The increase of OMD, ME and SCFA production of corn
stover with the addition of CEL and XYL may be due to
increased digestion and improved ruminal fermentation
(Nsereko et al. 2002, Khattab ez al. 2011), enhanced
attachment and colonization between enzymes and the plant
cell wall material (Morgavi et al. 2001). Our results also
agree with Elghandour et al. (2013), who concluded that
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Table 2. Impact of cellulase (CEL) and xylanase (XYL) at different doses on pH, digestion and fermentation of corn stover

Enzyme Dose pH DMD, DM OMD, DM  NDFD, ADFD, ME, MJ/kg SCFA, MCP,
(ug/g DM) mg/g mg/g DM mg/g  mg/g DM DM mmol/g DM mg/g DM

CEL 0 5.62a 525.0 492.4b 431.1 268.3 7.34b 3.88b 604.9b
10 5.57b 501.8 518.9ab 431.8 271.2 7.75ab 4.21ab 632.7ab
20 5.57b 504.5 520.5ab 435.4 270.7 7.77ab 4.23ab 634.4ab

40 5.60ab 495.0 542.3a 4325 270.6 8.10a 4.51a 657.3a

80 5.56¢ 508.9 528.9a 438.5 266.5 7.90a 4.34a 643.3a

P value Linear 0.041 0.160 0.030 0.574 0.539 0.030 0.030 0.030

Quadratic 0.266 0.137 0.240 0.828 0.593 0.240 0.240 0.241

XYL 0 5.70a 548.2 539.6bc 445.1 275.8 8.06bc 4.47bc 654.5bc
10 5.64ab 557.4 527.8cd 431.6 270.9 7.88cd 4.32cd 642.0cd
20 5.64ab 563.4 544.2ab 440 273.7 8.13ab 4.53ab 659.3ab

40 5.63ab 556.7 555.7a 434.1 271.9 8.31a 4.67a 671.4a

80 5.62b 577.1 522.6d 421.6 264 7.80d 4.26d 636.6d

P value Linear 0.022 0.140 0.266 0.330 0.616 0.269 0.267 0.269

Quadratic 0.132 0.850 0.001 0.237 0.292 0.001 0.001 0.001

SEM pooled 0.016 15.56 16.18 14.52 12.75 1.10 0.077 16.50

P value
Enzyme <0.001 0.306 0.001 0.835 0.306 0.001 0.001 0.001
Dose:

Linear 0.002 0.629 0.013 0.934 0.968 0.013 0.013 0.013

Quadratic 0.059 0.250 0.872 0.123 0.659 0.872 0.874 0.872

Enzyme x Dose 0.455 0.003 0.003 0.031 0.459 0.003 0.003 0.003

ADFD, in vitro acid detergent fiber degradability; DM, dry matter; DMD, in vitro dry matter degradability; MCP, microbial crude
protein production; ME, metabolizable energy; NDFD, in vitro neutral detergent fiber degradability; OMD, in vitro organic matter
degradability; SCFA, short chain fatty acids. Means within in the same column with different superscripts differ significantly among

treatments (P<0.05).

supplementation of enzymes to fibrous feeds increased in
vitro OMD, ME and SCFA production.

It could be concluded that addition of exogenous
fibrolytic enzymes cellulase or xylanase increased in vitro
gas production and fermentation kinetics of corn stover.
The optimum dose of both cellulase and xylanase is 40 ug/
g DM; however, the difference of xylanase between
treatments and control was less than that of cellulase.
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Highlights

* Yeast and xylanase did not affect gas production
* Yeast and xylanase decreased methane production
* Yeast and xylanase increased ruminal bacteria without affecting ruminal protozoa

* Fermentation patterns differed between goat, sheep, and steers

Abstract

The aim of this study was to study the effect of S. cerevisiae yeast, xylanase, and their
mixture on ruminal fermentation of a high concentrate ration (basal ration) using inoculum
from different sources. Rumen liquor from two cannulated Holstein steers, two cannulated
Creole goat and two cannulated Rambouillet sheep. The basal ration was supplemented (per g
dry matter (DM)) with xylanase at 2 mL, S. cerevisiae at 4 mg, or their mixture at 2 mL
xylanase + 4 mg S. cerevisiae. No inoculum source X additive type interactions were
observed (P>0.05) in this study. Most of determined parameters were affected (P<0.05) by
the inoculum source and additive type. Additives increased (P=0.045) the asymptotic GP with
sheep, with no effect on goat and steer inoculums. Besides, additives increased (P<0.05) the
rate of GP with goat and sheep inoculums. S. cerevisiae or/and xylanase decreased (P<0.05)
the proportional CH4 with all inoculum sources, while increased (P<0.05) CO, production.
Increased (P<0.05) bacterial numbers were observed with the inclusion of the additives. Short
chain fatty acids and metabolizable energy concentrations were increased (P<0.05) when the
additives were supplemented to goat and sheep inoculums. Moreover, additives increased
(P<0.05) DM degradability with sheep and steers (P=0.037), and increased (P=0.048) organic

matter degradability with goat inoculum. It is concluded that S. cerevisiae, xylanase and their
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mixture did not affect total GP while made a desirable qualifying changes in the produced
biogases. Additives decreased CH4 production, thus, can be used as a sustainable strategy to

reduce greenhouse gases from livestock.

Keywords: Feed additives, greenhouse gases, in vitro fermentation, xylanase exogenous

enzyme, yeast.
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1. Introduction

Recently, earth became more wormer due to the large production of greenhouse gases.
Livestock production is responsible for about 18% of methane (CH4) emission, and 9% of
carbon dioxide (CO,) production (FAO, 2006). Methane and CO, are the result of ruminal
fermentation of feeds, causing losing of 2 to 12% of gross dietary energy (Hristov et al.,
2015). Attempts including the inclusion of S. cerevisiae (Elghandour et al., 2017), organic
acids salt (Elghandour et al., 2016), exogenous enzymes (Kholif et al., 2017), and essential
oils (Hernandez et al., 2017), have been used to address the sustainable ruminal CH4 and CO,
emissions from ruminant feeds. Based on the energy balances reported by Bruinenberg et al.
(2002) and Nkrumah et al. (2006), reducing CH4 emission could potentially increase body
weight gain of growing cattle by 75 g/d and milk production in dairy cows by approximately

1L/d.

Because the European Union banned the inclusion of antibiotics and ionophores as feed
additive in animal feeding, exploring alternative natural feed additives to modify ruminal
fermentation and enhance feed utilization (Salem et al., 2014), and reducing the emission of
GHG (Elghandour et al., 2017; Kholif et al., 2017). Studies have shown that the inclusion of
exogenous enzymes in ruminants feeding improved productive performance of animal due to
improving nutrient digestibility, and ruminal fermentation (Valdes et al., 2015). Researcher
proposed some modes of actions of improved feed utilization including solubilization of
dietary fiber, supplementing ruminal microorganisms with readily fermentable substrate,
enhancing of microbial enzyme activity in the rumen (McAllister et al. 2001), and enhancing
the attachment and colonization of ruminal microorganisms to the plant cell wall (Chung et
al. 2012). However, Lewis et al. (1999) observed weak effects of feeding exogenous enzymes
to enhance forage quality and utilization by ruminants. The inconsistency is a result of

different sources of the enzyme (Khattab et al., 2011), different doses and activities of the
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enzyme (Morsy et al., 2016), different physical properties of diets (Elghandour et al., 2015),
and enzyme application method (Elghandour et al., 2016) as well as level of animal

productivity (Beauchemin et al., 2003).

The inclusion of S. cerevisiae yeast offers a great potential for manipulating ruminal
fermentation in vitro (Elghandour et al., 2014) and in vivo (Ahmed et al., 2015). S. cerevisiae
inclusion in diet of animals enhanced nutritional value of poor quality forages (Ahmed et al.,
2015), nutrient digestibility (Hassan et al., 2016), and animal carcass characteristics
(Velazquez-Gardufio et al., 2015). Rodriguez et al. (2015) observed an increased in vitro
rumen degradability and gas production (GP) of feed with S. cerevisiae addition. Few studies
investigated the using of natural feed additives such as S. cerevisiae and xylanase on GHG
productions; therefore, the effect of S. cerevisiae, xylanase and their mixture on biogases
production, ruminal microbial population, and rumen fermentation of a high concentrate

ration using rumen inoculum from goats, sheep, and steers.

2. Materials and methods

2.1. Substrate and treatments

A total mixed ration (TMR) was prepared as a substrate to contain (per kg DM) 520 g
ground sorghum grain, 300 g corn stover, 60 g soybean meal, 80 g molasses, and 40 g urea.
The chemical composition of the TMR was as (per kg DM): 880 g DM (wet weight basis),
963 g organic matter (OM), 183 g crude protein (CP), 304 g neutral detergent fiber (NDF),
and 261 g acid detergent fiber (ADF). The TMR without additive was considered as a control
treatment. The basal TMR was supplemented (per g DM substrate) with xylanase at 2 mL, S.

cerevisiae at 4 mg, or their mixture at 2 mL xylanase + 4 mg S. cerevisiae.
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2.2. In vitro fermentation and biodegradation

Rumen inoculum was collected from two cannulated Holstein steers (450 + 20 kg body
weight (BW)), two cannulated Rambouillet sheep (60 = 2 kg BW), and two cannulated
Creole goat (50 = 2 kg BW), housed in individual pens and fed ad libitum on a diet consisting
of oat hay and concentrate (PURINA®, Toluca, Mexico) at 60:40 ratio, with free access to
water. Animals were fed twice daily at 08:00 and 16:00 h, and managed under the conditions
stipulated in the Official Mexican Standard of technical specifications for the production,
care and use of laboratory animals (NOM-062-ZO0-1999). Rumen contents were placed in a
plastic thermo preheated at 39°C, and transport to the laboratory where flushed with CO,,
mixed and strained through four layers of cheesecloth into a flask with oxygen-free

headspace, and maintained at a constant temperature of 39°C and continuous flow of CO,.

Before the incubation process, incubation medium containing buffer, macromineral,
micromineral and resarzurin solutions, and distilled water were prepared according to
Goering and Van Soest (1970), mixed in a volumetric flask, using a platen and magnetic
stirrer at 39°C to maintain the temperature and homogenize the solution. After, the ruminal

inoculum and the reducing solution were added at 1:4 vol/vol, respectively.

Samples (0.5 g) of the substrate were weighed into 120 mL serum bottles with
appropriate addition of the additives (i.e., xylanase or/and S. cerevisiae). Consequently, 50
mL of previously prepared rumen liquor and the buffer were added. Bottles were maintained
at constant CO; flow for 30 sec, and then capped with neoprene plugs and then sealed with
aluminum rings. The vials were placed in an incubator (Riossa®, F-51 D, Mexico State,
Mexico) at 39°C for 48 h. Moreover, three bottles as blanks (rumen fluid only) were

incubated for 48 h. Three incubation runs were performed in three weeks.
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Gas production readings were performed at 2, 4, 6, 8, 10, 12, 24 and 48 h of incubation
using water displacement apparatus according to Fedorak and Hrudey (1983). The apparatus
was designed with a universal support, with a conical funnel, a 100 mL burette and two latex
hoses of 0.5 and 1 m in length and 3/8 inch diameter. The vials were punctured with a 16
gauge needle placed at the end of the hose. Gas production (mL) was measured by the

displacement of water in the burette.

After 48 h of incubation, 5 ml of gas were taken and stored in the vials with saturated
saline solution prepared with 400 g of NaCl in 1 L of distilled water, pH adjusted at 2 and 5
mL of 20% methyl orange was added as indicator, for CHs and CO, concentrations
determination. The saturated saline solution was previously prepared and stored in 60 mL
serological vials, leaving no space; and neoprene plugs were placed and sealed with
aluminum rings, and stored away from light. For the determination of CH4 and CO,, from the
vials with saturated saline a sample of 10 pL of the gas phase was taken and injected into a
PerkinElmer, Claurus 500 gas chromatograph (Mexico City, Mexico) with a flame ionization
detection, and helium was the carrier gas. A thermal conductivity detector was used, the
oven, column and TCD temperatures were 80°C, 170°C and 130°C respectively. Retention

times were 0.73 min and 1.05 min for CH4 and CO; respectively.

At the end of incubation at 48 h, the fermentation process was stopped by swirling the
bottles in ice for 5 minutes, then the bottles were uncapped and the pH was measured using a
pH meter (Thermo Scientific, Orion Star™ A121, Beverly, MA, USA). The contents of the
bottles were filtered in Ankom® Technologies F57 bags (at constant weight), with the aid of a
filtration system connected to a vacuum pump. The bottles were rinsed with a hot water 3
times to ensure recovery of all the residue of the fermentation. The bags were placed in a
forced air oven at 55 °C for 48 h. Dry matter degradability (DMD) was calculated by

considering the initial weight of the substrate and the weight of the residue.
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After pH measure and filtration, 4 mL of the medium were obtained with a syringe and
mixed with 1 mL of 25% metaphosphoric acid, shaken slightly and placed under freezing
until analysis of NH3-N concentration. Other 4 mL of the medium were mixed with 1 mL
10% formaldehyde and shaken slightly then placed in refrigeration until analysis of bacterial

and protozoal counting.

2.3. Total bacteria and protozoa counting

The concentration of total bacteria was determined at 48 h of incubation using a count
chamber bacterium Petroff-Hausser (Hausser Scientiﬁc®, 3900, Horsham, PA) and a phase
contrast microscope (Olympus®, BX51, Mexico City, Mexico) at a magnification of 100x.
Exactly, 0.5 mL of the 10% formaldehyde fixed medium sample was taken and diluted in 4.5
mL of distilled water. The concentration of bacteria per mL was determined as the average of
bacteria observed in each grid, multiplied by the dilution factor and the chamber factor

(2x107), according to the following formula: Bacterial number/mL = pxFD1xFD2x2’

Where: p is the average of bacteria in each grid per treatment, FD1 is the first dilution factor

(1.25), and FD2 is the second dilution factor (10)

For the protozoal number determination, 1 mL of the 10% formaldehyde fixed sample
was obtained and diluted in 1 mL of distilled water, then 0.5 mL of the mixture was taken
with a Pasteur pipette (BRAND, 7712, Wertheim, Germany), which were deposited in a
Neubauer chamber (BRAND, 7178-10, Wertheim, Germany), subsequently observed on a
contrast microscope (Carl Zeiss®, Axiostar, Mexico City, Mexico) at 400x magnifications.
The count of protozoa was made in eight quadrants (4 of each grid), taking as viable
protozoans those that maintained their morphological integrity. The concentration of protozoa

per mL of culture medium was estimated as the average of protozoa observed in each grid,
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multiplied by the dilution factor and the chamber factor (1x10%), according to the following

formula: Protozoal number = pu XFD1xFD2x10*

Where: = p is the average of protozoa in each grid per treatment, FD1 is the first dilution

factor (5), and FD2 is the second dilution factor (3).

2.4. Chemical analyses

Samples of the TMR were analyzed for DM (#934.01), ash (#942.05), N (#954.01) and
ether extract (EE; #920.39) according to AOAC (1997), while TMR’s contents for NDF
content (Van Soest et al., 1991), ADF and lignin (AOAC, 1997; #973.18) analyses were
carried out using an ANKOM?* Fiber Analyzer Unit (ANKOM Technology Corp., Macedon,

NY, USA) with the use of an alpha amylase and sodium sulfite.

The concentration of ruminal NH3-N was determined according to Broderick and Kang
(1980) method. Sample of the incubation medium were centrifuged at 3000xg for 10 min,
and 20 pl of the supernatant was mixed with 1 mL of phenol and 1 mL of hypochlorite, then
mixture and incubated at 39 °C for 30 min, after were diluted with 5 mL of distilled water.
Samples were read on a visible ultraviolet light spectrophotometer (Varian, model Cary 1E,
California, USA) at 630 nm. The resulting mg/dL concentration was divided by 0.8 which is

the 25% metaphosphoric acid dilution factor.

2.4. Calculations and statistical analyses

For estimation of GP kinetic, recorded gas volumes (mL/g DM) were fitted using the

NLIN procedure of SAS (2002) according to France et al. (2000) model as:

(Dy=bx[1-e*“Y]
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where y is the volume of GP at time t (h); b is the asymptotic GP (mL/g DM); c is the
fractional rate of fermentation (/h), and L (h) is the discrete lag time prior to any gas is

released.

Metabolizable energy (ME, MJ/kg DM) and in vitro organic matter digestibility (OMD,

g/kg DM) were estimated according to Menke et al. (1979) as:

(2) ME =2.20 + 0.136 GP (mL/0.5 g DM) + 0.057 CP (g/kg DM)

(3) OMD = 148.8 + 8.89 GP + 4.5 CP (g/kg DM) + 0.651 ash (g/kg DM)

where: GP is net GP in mL from 200 mg of dry sample after 24 h of incubation.

The partitioning factor at 24 h of incubation (PF»s; a measure of fermentation
efficiency) was calculated as the ratio of DM degradability in vitro (mg) to the volume (mL)
of GP at 24 h (i.e., DMD/total GP (GP24)) according to Bliimmel et al. (1997). Gas yield
(GY24) was calculated as the volume of gas (mL gas/g DM) produced after 24 h of incubation

divided by the amount of DMD (g) as:

(4) GY24 = mL gas/g DM/g DMD

Short chain fatty acid concentrations (SCFA) were calculated according to Getachew et

al. (2002) as:

(5) SCFA (mmol/200 mg DM) = 0.0222 GP — 0.00425

where: GP is the 24 h net GP (mL/200 mg DM).

Microbial biomass production (MCP) was calculated (Bliimmel et al., 1997) as:

(6) MCP (mg/g DM) = Milligrams DMD — (Milliliter gas x 2.2 mg/mL)

where the 2.2 mg/mL is a stoichiometric factor that expresses mg of C, H and O required for

the SCFA gas associated with production of 1 mL of gas (Blimmel et al., 1997).
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2.5. Statistical analyses

Data of each of the three runs within the same sample of each of the three individual
samples of rations were averaged prior to statistical analysis, then mean values of each
individual sample were used as the experimental unit. The experimental design was a
factorial design with 3 replicates in a randomized complete block design. Data were analyzed
using the GLM procedure (SAS, 2002) with the model: Yijx = p + R; + A; + (R x A);; + sk
where: Yijj is the observation, p is the population mean, R; is the inoculum source effect, A; is
the type of feed additives, (R x A)j; is the interaction between feed additive type and

inoculum source, and g is the residual error. Tukey test was used to compare means.

3. Results

3.1. Gases production

No inoculum source x additive type interactions were observed for all parameters of
GP, CHy4 and CO; productions (Table 1). Gas production, CHy4, and CO, productions were
differed (P<0.05) between goats, sheep, and steers. The type of feed additives affected

(P<0.05) GP and CH4 production.

Fig 1 shows GP at different incubation hours and affected with different inoculum
sources and the different feed additives. The inclusion of S. cerevisiae, enzyme or their
mixture did not affect (P>0.05) the asymptotic GP with goat and steer rumen inoculum;
however, increased (P=0.045) the asymptotic GP with sheep (Table 1). Increased rate of GP
were obtained with the addition of S. cerevisiae, enzyme and their mixture to the ration with

goat (P=0.48) and sheep (P=0.046) inoculums. Without affecting the lag time of GP with goat
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and sheep inoculums (P>0.05), the used additives decreased (P=0.029) the lag time of GP of

steers.

The used additives did not affect CH4 production (mL/g DM); however, the same
additives decreased the proportional CH4 from goat (P=0.046), sheep (P=0.04), and steers
(P=0.041), as well as CH4 production as mL/g DM from goats (P=0.041) and sheep
(P=0.024) (Table 1). At the same time, the inclusion of S. cerevisiae or/and xylanase
increased (P<0.05) CO, production as mL/g incubated and degraded DM, and as a percent of

total GP.

3.2. Microbial population

An interaction between inoculum source and additive type was observed (P<0.001) for
total protozoal number; however, the interaction was absent (P>0.05) for total bacterial
number (Table 2). Additive type did not affect (P>0.05) both of total bacterial and protozoal
numbers; however, protozoal number differed (P=0.002) between inoculum sources. For all
inoculum sources, total bacterial numbers were increased (P<0.05), while total protozoal
numbers were not affected (P>0.05) with the addition of S. cerevisiae, xylanase and their

mixture.

3.3. Fermentation kinetics

No interactions were observed (P>0.05) between rumen liquor donor and additive type
for all determined parameters of fermentation kinetics (Table 2). Most of determined
fermentation parameters differed (P<0.05) between goat, sheep and steer inoculums, and also

between feed additive types. No effect was observed (P>0.05) with the addition of S.
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cerevisiae or/and xylanase on ruminal pH, NH3-N concentration, PF,4, and GY»4. Increased
SCFA concentrations were observed with the inclusion of the additives with goat (P=0.041)
and sheep (P=0.45) inoculums. The used additives increased DMD with sheep (P=0.009) and
steers (P=0.037), while increased (P=0.048) OMD with goat inoculum. S. cerevisiae or/and
xylanase increased ME concentration with goats (P=0.019) and sheep (P=0.046), and also

increased MCP (P=0.042) with goat inoculum.

4. Discussion

4.1. Gas production

The absent of inoculum type and type of feed additives reveals that the effect of each
additive will not be inoculum dependent. Besides, parameters of GP differed between goat,
sheep, and steers revealing that using rumen fluid from different ruminant species for the in
vitro evaluation of feed is strongly recommended. Aderinboye et al. (2016) observed different
fermentation parameters among cows, sheep and goats inoculums due to differed bacterial
and protozoal populations and microbial activity between goats, sheep and steers
(Aderinboye et al., 2016). Based on the fact that ruminal microbial population depends
mainly on the type of diet fed, and since all of goats, sheep and steers were maintained on the
same diet, microbial species were not expected to vary (Mould et al., 2005). At the same
time, Mould et al. (2005) reported some factors which might cause some variations in
inoculum including host animal effects, and preparation of sample and inoculation.
Moreover, Ammar et al. (2004) reported other factor which may cause some variations
between inoculums from different animal species, including chewing/eating behavior, gut

physiology, compartment dimensions and retention time will influence gut microflora.
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Gas production differed between the tested feed additives. This was expected because each of
them has a different mode of action to affect ruminal fermentation (Hernandez et al., 2017).
However, many reports observed that inclusion of S. cerevisiae (Elghandour et al., 2014) and
enzymes (Vallejo et al., 2016) was paralleled with increased GP, S. cerevisiae and xylanase
had a weak effect on GP from goat and steer, while increased it from sheep. In same line of
the present results, Hernandez et al. (2017) showed negligible effects with exogenous
xylanase and S. cerevisiae on GP kinetics. The differed response between rumen liquor
donors can be explained based on differed ruminal microflora between species, as previously
explained.

The tested additives increased rate of GP and decreased the lag time of GP revealing
better nutrients utilization. Recent studies showed that exogenous enzymes inclusion in diets
of ruminants improved feed utilization, digestion of DM, and animal performance by
improving DM degradation (Morsy et al., 2016). Rodriguez et al. (2015) observed that S.
cerevisiae addition decreased rate of GP. The inconstancy may be due to the composition of
the substrates (Elghandour et al., 2014). The decreased lag time of GP may be due to
increased degradation of feed nutrients especially fibers (Kholif et al., 2016; Elghandour et
al., 2017). Exogenous enzymes have the ability to stimulate the initial phases of microbial
colonization in the rumen and facilitate the bacterial attachment to feed particles (Giraldo et
al., 2007). S. cerevisiae was reported to effectively consume O, molecules from the rumen
making the ruminal environment more commensurate for optimum activity of various
microorganisms (Newbold et al., 1996). In addition, Callaway and Martin (1997) reported
that S. cerevisiae contains small peptides and many important nutrients required for the
growth and activity of ruminal microorganisms especially ruminal cellulolytic bacteria to
initiate the fermentation process (Paya et al. 2007). Williams et al. (1991) reported a

stimulation effect of S. cerevisiae on cellulose degradation, which was associated with a
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decreased lag time and increased initial rates of digestion, without affecting the extent of
ruminal digestion. Decreasing the lag time of GP with xylanase and S. cerevisiae reveals the
ability of these additives to overcoming the problem of low intakes and slow digestion of low

quality forages (Salem et al., 2015).
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4.2. Greenhouse gases

The production of CHy, and CO, differed between goats, sheep, and steers, which may
be due differed ruminal microflora population. Hook et al. (2010) observed differed CH,4
production from different ruminant species. Boeckaert et al. (2007) reported that ruminal
protozoal population is animal-to-animal varies, despite the feeding of the same diets. The
varied CHy4 production between ruminal species indicates the fact that one species could not
be used to predict CHs production (Bueno et al., 2005). As previously shown, enteric CHy
emission contributes to a loss of net feed energy (Hristov et al., 2015). Therefore, intensive
research efforts are recently directed towards ruminant animals CHy4 mitigation (Elghandour
et al., 2016b), and any strategy to mitigate CH, production from livestock sector is always
desirable. During ruminal fermentation process within the rumen, gases consisting of mainly
CHa4, CO; and H; are produced. Therefore, the unaffected GP and decreased the proportional
CH, production reveals that the additives were effective to reduce CH4 production, and may
serve as efficient methods to reduce CH4 emission from ruminant production. Polyorach et al.
(2014) observed that S. cerevisiae supplementation decrease in in vitro CHs production,
which supports our findings. Moreover, Salem et al. (2015) and Kholif et al. (2016) observed
that the addition of enzymes decreased CH4 production in equine diets. In ruminant nutrition,
xylanase was not expected to reduce CH4 production because is supposed that xylanase will
increase the availability of hemicellulose and CHy4 production (Elghandour et al., 2016b); the
reason is not clear. The declined CH4 production can be explained based on the ability of
xylanase to stimulate the reductive acetogens in the rumen that alters H, metabolism and its
utilization by methanogens in a manner that reduces CH4 formation and emissions (Stewart et

al., 1997).
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S. cerevisiae reduced CH4 production because the ability of S. cerevisiae to stimulate
the acetogens through competing and co-metabolizing H, with methanogens (Hristov et al.,
2013). Moreover, the inclusion of S. cerevisiae in the diets of ruminants proved to enhance
nutrient digestibility (Hassan et al., 2016) and altering SCFA production in the rumen by
elevating populations of cellulolytic and amylolytic bacteria in the rumen (Kumar et al.,
1997). The full mode of action of reducing CH4 production is not clear, because some studies
reported increases in CHy production with S. cerevisiae supplementation (Elghandour et al.,
2017). Newbold and Rode (2006) reported a decreased CH4 production with feeding live S.

cerevisiae products.

From the previous explanations, it is clear that both of S. cerevisiae and xylanase act on
the metabolization of H, in the rumen because a copious quantity of H, is produced and
together with CO, from the ruminal degradation of organic matter and be used to synthesize

CH4 by methanogenic Archaea (Hernandez et al., 2017).

4.3. Microbial population

Additives did not affect total protozoal numbers. Corona et al. (1999) and Chung et al.
(2012) reported unaffected protozoa population with S. cerevisiae and fibrolytic enzyme
supplementation administration in rams and cows. S. cerevisiae and xylanase increased total
bacterial numbers. Newbold et al. (1996) observed that S. cerevisiae supplementation caused
increases in the number of total anaerobic and cellulolytic bacteria. The increase bacterial
number with S. cerevisiae is a result of providing the incubation medium with important
nutrients, nutritional cofactors, and vitamins such as biotin and thiamine, which are required
for enhancing microbial growth and activity (Callaway and Martin, 1997). Besides, S.

cerevisiae provides conducive anaerobic conditions to microbial growth (Mosoni et al. 2007),
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making the ruminal environment more suitable for microbial growth. On the other hand,
exogenous enzyme, like xylanase, can stimulate ruminal fibrolytic and non-fibrolytic bacteria
through releasing of carbohydrates that are readily utilized by the bacteria (Nsereko et al.
2002). Increased bacterial numbers with the inclusion of cellulase and xylanase in the

incubation medium in vitro was observed by Mao et al. (2013).

4.4. Fermentation kinetics

Fermentation parameters differed between goat, sheep and steer inoculums, and we
already explained the varied response between goats, sheep and steers. Greater SCFA
concentrations were observed with the inclusion of the additives to goat and sheep inoculums.
Mao et al. (2013) reported that the inclusion of S. cerevisiae in the diet of ruminant increased
total SCFA and propionic acid production. Greater SCFA production and ME concentrations
are associated with enhanced activities of ruminal microflora. As previously shown, the
increased ruminal bacterial number with the used additives is a reason for enhanced ruminal
fermentation. At the same time, the improved DMD with sheep and steers, and increased
OMD with goat inoculum might be a result of enhanced fungal colonization on plant cell
walls resulting in enhanced DM and fiber digestion (Patra, 2012). The greater degradability is
related to ability of xylanase to enhance the attachment and colonization of ruminal microbes
to plant cell wall particles (Nsereko et al. 2002). Moreover, the inclusion of exogenous
enzyme enhances the synergism interaction between endogenous ruminal enzymes and the
exogenous enzyme resulting in enhanced nutrient degradability. The enhanced degradability
with the inclusion of S. cerevisiae may be a result of enhanced ruminal environment with S.

cerevisiae supplementation (Newbold et al., 1996; Callaway and Martin, 1997). Hernandez et
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al. (2017) reported that the inclusion of S. cerevisiae and xylanase did not affect on DMD,

while decreased fermentation.

5. Conclusion

S. cerevisiae and fibrolytic enzyme xylanase did not affect gas production of the tested
ration; however, made a qualitative changes in produced gases. S. cerevisiae and xylanase
decreased CH, production, which is very important from an environmental view, and
therefore, these feed additives can be used as a sustainable strategy to reduce greenhouse
gases from livestock. Further research is needed to test more doses of the additives in both in

vitro and in vivo scales to validate or negate the present results.
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Fig. 1

Gas production (mL/g DM) as affected by the inclusion of S. cerevisiae, xylanase, and their

mixture, and with the using of rumen inoculum from goats, sheep, and steers
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VIIl. DISCUSION GENERAL

Se estudio el uso de aditivos fibroliticos en dietas para rumiantes, en especifico
celulasa, xilanasa y levadura de Saccharomyces cerevisiae, y su efecto sobre
algunas variables de la cinética fermentacidn ruminal, produccion de gas y
degradabilidad de un sustrato fibroso in vitro, asi como la digestibilidad de

nutrientes in vivo.

En la prueba in situ la adicion de la dosis alta de xilanasa (XY6) disminuyo el
consumo de alimento, ademas la digestibilidad total en el tracto se increment6 (28-
42%). Esto sugiere que la capacidad enzimatica fue la optima, lo que podria
mejorar la eficiencia de fermentacién durante las etapas iniciales de la digestion
(Jalilvand et al., 2008), considerando que un descenso en el pH indica mayor
hidrdlisis del sustrato, el tratamiento de XY6 mostré6 menor valor de pH a la hora 3
postprandial, aunado a esto se observa mayor concentracién de acido acético, lo
cual puede asociarse con una mejor digestion de carbohidratos estructurales
(Soltan et al., 2013) modificando la estructura de las fibras, lo que puede estimular
la adhesion y colonizacion bacteriana (Giraldo et al., 2008), asi como las
interacciones complementarias con las enzimas microbianas ruminales. Las
mayores concentraciones de amoniaco ruminal en las ovejas alimentadas con
dietas tratadas con enzimas (XY6 y XY3) en comparacion con el control sin
suplementar apoyan la posibilidad de que la xilanasa realce la degradacion de la
proteina ruminal, probablemente en respuesta a un cambio en la microbiota

ruminal (Salem et al., 2013).

En la segunda prueba, se evaluaron, in vitro, dosis crecientes de enzimas
celulasas y xilanasas adicionadas a rastrojo de maiz, el cual fue incubado con
liquido ruminal, se evalud la produccidén de gas, la cinética de fermentacion y la
degradabilidad de la parte fibrosa del sustrato. La tasa de produccion de gas no
fue afectada por el tipo o dosis de enzima, sin embargo, se observan diferencias
en la fraccion L (fase lag) cuando se adiciono celulasa, lo cual puede ser atribuible
a que la celulosa es un biopolimero con enlaces que son degradados

rapidamente, lo que se traduce en mayor produccion de gas a menor tiempo, en
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contraste, cuando se adiciond xilanasa, el efecto fue a la fraccion b (produccién de
gas asintodtica), esto puede deberse a que la accion enzimatica sigue degradando
las paredes celulares, cuando se aplico la dosis de 80 pg/g MS, la curva de
produccion de gas alcanz6 su punto b a los 240.5 mL/g MS de gas producido,
mientras que las demas dosis se mantuvieron aproximadamente en 218 mL/g MS;
sin embargo la produccion de gas total con este nivel de inclusion afecto
negativamente la fermentacion, es probable que los niveles de XYL impidieran la
unioén de la enzimas a los receptores del sustrato, limitando también la adhesion
bacteriana las particulas de alimento (Treacher y Hunt, 1996). La adicion de
ambas enzimas disminuyo el pH del medio, lo cual concuerda con la hipétesis de
que existe una mayor hidrdlisis enzimatica del sustrato fermentado y los
metabolitos resultantes disminuyen el pH del medio, este supuesto es reforzado
con lo observado con AGV y proteina microbiana, ya que se observa una relacion
positiva entre la dosis de enzima y la concentracion final de AGV y PMC. Es por
ello que la cantidad de materia organica degradada que es mayor cuando se

adiciond las enzimas.

En la ultima prueba donde se evalué el efecto de xilanasa y S. cerevisiae in vitro
los aditivos probados aumentaron la tasa de PG y disminuyeron el tiempo de
retraso de PG lo que revel6 una mejor utilizacién de nutrientes. Estudios recientes
mostraron que la inclusion de enzimas exdgenas en dietas de rumiantes mejoro la
utilizacién del alimento, la digestion de la MS y el rendimiento animal mejorando la
degradacion de la MS (Morsy et al., 2016). Rodriguez et al. (2015) observaron que
la adicion de S. cerevisiae disminuy6 la tasa de PG. La inconstancia puede
deberse a la composicion del sustrato (Elghandour et al., 2014). El menor tiempo
de retardo de PG puede deberse a una mayor degradacién de los nutrientes del
alimento, especialmente las fibras (Kholif et al., 2016, Elghandour et al., 2017). Las
enzimas exogenas tienen la capacidad de estimular las fases iniciales de
colonizacion microbiana en el rumen y de facilitar la fijacion bacteriana a las
particulas de alimento (Giraldo et al., 2007). Ademas, Callaway y Martin (1997)
informaron que S. cerevisiae contiene pequefios péptidos y nutrientes importantes

requeridos para el crecimiento y la actividad de los microorganismos ruminales,
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especialmente las bacterias celuloliticas ruminales para iniciar el proceso de
fermentacidn. La inclusibn de S. cerevisiae en las dietas de los rumiantes
demostré aumentar la digestibilidad de nutrientes (Hassan et al., 2016) y alterar la
produccion de AGV en el rumen elevando las poblaciones de bacterias
celuloliticas y amiloliticas (Kumar et al. 1997).

Una de las limitantes en el uso de aditivos fibroliticos en dietas para rumiantes es
el costo final por inclusion de enzimas o levaduras, el argumento radica en que el
costo de alimentacion no se ve compensado con mejoras constantes en las
variables de produccién animal, principalmente en GDP, CA, peso final o
rendimiento de la canal y produccién de leche, Ortiz-Rodea et al (2013) realizaron
un meta-analisis para evaluar el efecto de la adicion de enzimas exdgenas en la
alimentacion de vacas lecheras, reportan que los parametros de produccién de
leche (P>0.16) y sus componentes, grasa (P=0.88), proteina (P=0.39) o lactosa
(P=0.95), no fueron afectados por la administracion de enzimas exogenas;
ademas de bajos coeficientes de determinacion entre la administracion de la
enzima (g/KgPV®"®) y la produccién de leche (g/KgPV®™®) (R? 0.001), el contenido
de grasa (g/100g leche) (R? 0.007), lactosa (g/100g leche) (R® 0.120 ) y proteina
(9/100g leche) (R? 0.172), aunado a esto, la respuesta a las enzimas puede
modificarse en funcién del sustrato (Yescas et al, 2004). En la presente
investigacion, no fue posible realizar un analisis de costo-beneficio, pues no se
llevé a cabo una prueba de comportamiento productivo. Sin embargo, se observan
incrementos en algunas variables de fermentacion ruminal y degradacion del
sustrato, lo cual indica una mejora visible de la funcion ruminal y podria esperarse,
en dado caso, incremento en la energia disponible para el rumiante y por lo tanto,

incremento en los valores de los parametros productivos.
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IX. CONCLUSIONES

La adicién de enzimas fibroliticas en dietas con rastrojo de maiz para rumiantes
disminuyo el pH, aumento las concentraciones de N-NH3; y AGV in vitro e in situ,

ademas aumento la digestibilidad aparente de nutrientes in vivo.

Con las dosis de 3 y 6 pL de xilanasa/g de MS aplicadas a una dieta con 30% de
rastrojo de maiz para ovinos, se observdo mayor digestibilidad aparente y un
impacto positivo en la fermentacion ruminal, sin afectar las concentraciones

séricas de urea, fosforo y triglicéridos de borregos Rambouillet.

La adicion de enzimas exdgenas: celulasa y xilanasa, aumento la produccion de
gas in vitro y la cinética de fermentacion del rastrojo de maiz. Siendo la dosis de

40 ug/gMS la que mayor efecto reflejo.

La combinacion de enzima xilanasa con levadura de S. cerevisiae no afecto la
produccion de gas in vitro, la degradabilidad, ni la concentracion de
microorganismos ruminales. Sin embargo, se observdé una disminucién en la
produccion de CHj4. Las variables de fermentacion ruminal in vitro fueron

diferentes entre bovinos, ovinos y caprinos.
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