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Prefacio

Partiendo que la poblacion humana estad en constante crecimiento y como
consecuencia el aumento de la demanda de los alimentos, se forja la idea de
sostenibilidad como las acciones correctivas y preventivas para para
satisfacer las necesidades de la poblacidon sin comprometer las capacidades
futuras

Por el lado de las implicaciones en la sostenibilidad de la industria de la
carne, se estan desarrollando sistemas en los cuales se produzca un
alimento que no tenga consecuencias ambientales, que sea sano, seguro,
eficiente y econédmicamente accesible.

De esta forma nace la idea de esta investigacién, en la cual se plantea una
opcion para mejorar la degradabilidad de los forrajes ya que las condiciones
para la digestion de la fibra son a menudo subdptimas en el rumen, dando
como alternativa el uso de enzimas exogenas fibroliticas, las cuales son cada
vez mas consideradas en los sistemas de produccion animal (Meale et al.,
2014).

Con base en lo anterior en el presente trabajo, se propuso utilizar desechos
agroindustriales a los cuales se les dé un pre- tratamiento biolégico
novedoso, incorporando un hongo productor de enzimas fibroliticas a un
bloque nutricional con objetivo de mejorar la digestibilidad y por ende se
traduzca en un incremento de la productividad.
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Resumen

Se elaboroé un bloque multinutricional para rumiantes al cual se le adicion6 un hongo
filamentoso del género Trichoderma, productor de enzimas fibroliticas. Se
compararon las actividades enzimaticas de dos cepas de Trichoderma viride
(CINVESTAV, México; UAM-Xochimilco Phytopathology, México), una de
Trichoderma reesei (T. reesei CDBB356,CINVESTAV, México) y una de
Trichoderma harzianum (T. harzianum Rifai, BUAP Centro de agroecologia,
México) cultivadas en cuatro diferentes substratos: rastrojo de maiz (CS), bagazo
de cafa de azucar (SCB), fibra de Yuca schidigera (YS) y composta, elaborada a
partir de residuos solidos de la cafeteria universitaria (CSW). T. reesei mostré la
actividad fibrolitica mas alta en la mayoria de los sustratos, por lo que se eligio para
ser adicionada al bloque multinutricional y se estudié su efectividad a los 7 y 49 dias
de almacenamiento. Como resultado se obtuvo una mayor digestibilidad in vitro en
el bloque que contenia al microrganismo su efecto positivo permanecié hasta 49

dias después de elaborar el bloque.
Abstract

A multi-nutritional block for ruminants was developed, in which a filamentous fungus
of the genus Trichoderma, producer of fibrolytic enzymes was added. The enzymatic
activities of two strains of Trichoderma viride (CINVESTAV, Mexico; UAM-
Xochimilco Phytopathology, Mexico), one of Trichoderma reesei (T. reesei
CDBB356, CINVESTAYV, Mexico) and one of Trichoderma harzianum (T. harzianum
Rifai, BUAP Agroecology Center, Mexico) grown on four different substrates: corn
stubble (CS), sugarcane bagasse (SCB ), Yuca schidigera (YS) fiber and compost,
made from solid waste from the university cafeteria (CSW). T. reesei showed the
highest fibrolytic activity in most substrates, so it was chosen to be added to the
multi-nutritional block and its effectiveness was studied at 7 and 49 days of storage.
As a result, greater in vitro digestibility was obtained in the block containing the
microorganism, its positive effect remained up to 49 days after the block was

prepared.
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Justificacion

Los microorganismos del tracto gastrointestinal de los rumiantes son los
responsables de la digestion del 60% al 90% de la celulosa y hemicelulosa (Moreira
et al., 2013), sin embargo el contenido de fibra de los forrajes no es aprovechado al
cien por ciento (Adesogan et al., 2014), ya que las fracciones de su pared celular
presentan enlaces complejos que limitan la degradacién de los nutrientes en el
rumen, por lo que no se alcanza la digestion potencial ni el consumo maximo de
energia disponible para el animal, lo cual también aumenta la excrecion de residuos
no digeridos (Mendoza et al., 2014). Una forma de mejorar la digestibilidad de los
forrajes es el uso de enzimas exdgenas producidas por microorganismos,
generalmente hongos y/o bacterias. En la actualidad el uso de enzimas fibroliticas
comerciales en nuestro pais es limitado, debido a que la mayoria son importadas,
lo que eleva su precio y las hace poco atractivas para los productores. Por esta

razon es necesario el estudio y desarrollo de enzimas.

Hipoétesis
La adicion de Trichoderma y su sustrato de cultivo a un bloque multinutricional para

rumiantes, mejoraran la digestibilidad in vitro del alimento.

Objetivo general
Evaluar la viabilidad de las enzimas exdgenas de Trichoderma adicionadas a un

bloque multinutricional.

Objetivos particulares

1) Comparar la actividad de enzimas fibroliticas ( celulolitica y xilanolitica) de cuatro

cepas de Trichoderma crecidas en cuatro sustratos.

2) Evaluar la actividad enzimatica fibrolitica ( celulolitica y xilanolitica) de cultivos de

Trichoderma antes de incorporarse en bloques multinutricionales.



4) Evaluar in vitro con microorganismos ruminales la digestibilidad de bloques

multinutricionales con Trichoderma y su sustrato de cultivo.

Marco teodrico

El consumo de productos agropecuarios como la carne y leche de bovino en México
es de gran importancia, en el afio 2015, la produccion de carne de bovino aumento
el 16.03% y de leche el 10.77% (SIAP-SAGARPA, 2015). Se estima que la demanda
de alimentos de origen animal para el afio 2050 crecera 70% comparado con el afio
2010, para alimentar una poblacién de 9,000 millones (Friedrich, 2014), esto implica
que deben de buscarse alternativas para mejorar los sistemas de produccion en la
industria de los alimentos. La nutricion juega un papel fundamental para mejorar la
productividad de los animales, por lo que se han explorado diferentes alternativas
para mejorarla.

El uso de enzimas exdgenas ha mostrado tener un efecto favorable en el
rendimiento de los rumiantes, debido a la mejora en la digestibilidad de los forrajes
ofrecidos, puesto que actuan sobre los complejos enlaces de sus paredes celulares
(Beauchemin et al., 2003). Se ha mostrado la accion de éstas sobre la ganancia en
peso y los rangos de conversion del alimento (Beauchemin et al., 2003; Salem et

al., 2013; Arce-Cervantes et al., 2013).

Estructura de los forrajes
Los forrajes estan constituidos por esquilmos agricolas con diversas estructuras

como:
e Hemicelulosas, que son polisacaridos formados por una cadena principal de
residuos de xilosa (Figura 1a), unidos por uniones glicosidicas B (1-4)
(xilanos, glucanos, galactanos, mananos, fructanos, xiloglucanos,
arabinoxilanos) que revisten las fibrillas de celulosa y cristalizan con ella
uniéndolas, representan del 20 al 35% del peso seco de la pared celular de

tallos y de las hojas de los pastos (Mendoza et al., 2014).
e Celulosa, que es el componente mayoritario formado por fibrillas de (3-(1,4)-
glucano), son monodmeros de glucosa formados por enlaces de hidrégeno

ligados a enlaces glucosidicos p(1-4), unido a otra glucosa y asi



sucesivamente formando los D-glucanos (Selinger et al., 1996; Mendoza,
2014) (Figura 1b). La celulosa representa del 35 al 50% del peso seco de la
mayoria de las paredes celulares primarias de las plantas (Mendoza et al.,
2014). Cuando se encuentra en cadenas muy bien acomodadas, se le da el
nombre de cristalina, cuando esta en cadenas no organizadas, se les da el

nombre de cadenas amorfas, esto acurre en menor porcentaje (Juturu y Wu,
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Figura 1. a) Estructura quimica del xilano con diferentes cadenas laterales unidas
(Adaptado de Juturu y Wu, 2012).

e Lignina (Figura 2), representa del 10 al 15% del peso seco de la pared celular
(Mendoza et al., 2014), es un polimero fendlico sintetizado por precursores
fenilpropanoides y brindan soporte estructural, impermeabilidad y resistencia

contra ataques microbianos (Druzhinina y Kubicek, 2017).
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Figura 2. Bloques de construccion de lignina y enlaces comunes entre unidades de

fenilpropano.



Enzimas fibroliticas exégenas
La hidrélisis de estos polimeros constituidos en su mayoria por diversos
carbohidratos a productos solubles requiere de la accién diversos tipos de enzimas,

denominadas glucosilhidrolasas. (Cooper-Bribiesca, 2013).

Celulasas

Las celulasas, consisten en tres grandes grupos que tienen una accién sinérgica
para hidrolizar la celulosa y son las endoglucanasas (EC 3. 2. 1. 4; figura 3a) que
hidrolizan las uniones glicosidicas en las regiones amorfas de la celulosa,
generando oligbmeros de cadenas largas sin extremos reductores, las
exoglucanasas y celobiohidrolasas (EC 3. 2. 1. 91, figura 3b) que actuan sobre las
partes cristalinas de la celulosa y producen celo-oligosacaridos de cadenas cortas
liberando celobiosa que posteriormente es hidrolizada a glucosa por las f-
glucosidasas o celobiasas (EC 3.2.1.21; figura 3c ; Juturu y Wu, 2014; Bedford y
Gary, 2001).
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Figura 3. Estructura quimica del polimero de celulosa y el sitio de accion de las enzimas:

a) endoglucanasa, b) exoglucanasa y c) beta- glucosidasa.

Xilanasas
Debido a la heterogeneidad del xilano, componente menor a las celulosas, requiere
de la accién de un sistema complejo de enzimas, denominadas generalmente

xilanasas, cuya accidén consiste en hidrolizar la cadena principal con las que



desprenden los grupos laterales unidos a los residuos de xilosa, las enzimas que
actuan sobre la cadena principal son las endo-p-1,4-xilanasas (EC 3.2.1.8), que se
adhieren aleatoriamente a la cadena principal del xilano, resultando en
xilooligosacaridos ramificados. Las 1,4- B -D- xilosidasa (EC 3.2.1.37), enzimas que
hidrolizan las cadenas laterales produciendo mondmeros de xilosa, ademas de
otras enzimas accesorias para la hidroisis total, que incluyen la a-L-
arabinofuranosidasa (EC 3.2.1.55), acetilxilanestearasa y feruroilestearasa (EC
3.1.1.72 y EC 3.1.1.73, respectivamente) y alfa-D- glucuronidasa (EC 3.2.1.139),
(figura 4).

Endo- B, 4 xilopiranoso

l

%

Acetilxilanestearasa
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; a- Glucuronidasa

Figura 4. Principales enzimas xilanoliticas. (adaptado de Adesogan et al., 2014)

Ligninasas

La lignina, generalmente se degrada por una familia de peroxidasas ligninoliticas que
incluyen lignina peroxidasa (LiP), peroxidasa de manganeso (MnP) y, mas recientemente,
peroxidasas versatiles (VP) (Mansour et al., 2016).

Valor en el mercado

La produccion mundial de enzimas excede los 600 millones de toneladas por afio
con un volumen de ventas mayor a los 50 mil millones de ddlares. El 60% de la
oferta total mundial de enzimas se produce en Europa, y el 40% restante en Estados
Unidos y Japon. El 75% de las enzimas industriales que se utilizan, son hidrolasas
(Harris y Ramalingam, 2010). ElI mercado global de enzimas para alimentos se
estimé en $ 899.19 millones en 2014 y se espera que alcance cerca de $ 1.3 mil
millones para 2020, una tasa de crecimiento anual compuesta de 7.3% de 2015 a
2020 (Singh et al., 2016).



Microorganismos utilizados en la produccién de celulasas y xilanasas

Tanto las celulasas como las xilanasas son expresadas por un amplio espectro de
microorganismos como bacterias saprofitas y fitopatdgenas, micorrizas, levaduras,
hongos, actinomicetos, los cuales han sido aisladas de muestras de suelos,
compostas, algas, estiércol y rumen bovino. (Juturu y Wu, 2014). Entre los
microorganismos que se utilizan para produccion comercial de enzimas para dietas
de rumiantes destacan los hongos filamentosos que secretan las enzimas al medio,
siendo sus rendimientos y actividad mucho mayores que las enzimas producidas
por levaduras y bacterias (Harris y Ramalingam, 2010). Los géneros que mas se
utilizan son: Trichoderma, Aspergillus, Penicillium, Aureobasidium, y Talaromyces
sp (Godfrey et al., 1996; Juturu y Wu 2012; Juturu y Wu 2014; Ellila et al., 2017) y
entre las bacterias: Bacillus y Cellulomonas (Sujani y Seresinhe, 2015).

Género Trichoderma

El género Trichoderma spp, son hongos que han sido aislados en un gran numero
de paises, generalmente del suelo. Las especies de Trichoderma (Hypocreales,
Ascomycota) presentan un rapido crecimiento y alta tolerancia al estrés, algunas
especies forman la base para productos comerciales aplicados al control bioldgico
de hongos fitopatdgenos, otras especies tienen efectos benéficos en el crecimiento
y desarrollo de las plantas. Y algunas otras especies, como Trichoderma reesei
tienen importantes aplicaciones industriales como productoras de enzimas

celuloliticas y hemiceluloliticas (Jiang et al., 2016).

La clasificacién taxonémica actual lo ubica dentro del Reino de las plantas, Divisién
Mycota, Sub divisibn Eumycota, Clase Deuteromicetes, Orden Moniliales, Familia
Moniliaceae, Género Trichoderma con 27 especies conocidas como: T. harzianum
Rifai, T. viride Pers., T polysporum Link fr, T. reesei EG Simmons, T. virens , T.
longibrachatum Rifai, T. parceromosum , T. pseudokoningii , T. hamatum , T.

lignorum y T. citroviride .

Trichoredma reesei ha sido el modelo de microorganismo celulolitico por excelencia,
fue aislado en las islas Salomon durante la Segunda Guerra Mundial como el agente

causal de la infeccion masiva del material a base de algodon del ejército de los



Estados Unidos, identificado como Trichoderma viride y conservado en el Centro de
Investigacion y Desarrollo del Ejército de los Estados Unidos en Natick,
Massachusetts. Su potencial como productor de celulasas fue reconocido por
Mandels y Reese en 1957, posteriormente fue clasificado como una nueva especie
y renombrado como Trichoderma reesei en honor al investigador del laboratorio de
Natick, Elwyn T. Reese. Desde entonces, este microorganismo ha sido objeto de

numerosas investigaciones (Bischof, et al., 2016).

Trichoderma participa en la biotransformacion de celulosa (polimeros de glucosa de
alto peso molecular), en la transformacion de hemicelulosa (polisacarido que por
hidrdlisis libera hexosa y pentosa), en la mineralizacion del nitrégeno (reacciones
hidroliticas) y de algunas proteinas presentes en la degradacion; en la
descomposicion de la lignina y el humus que al tener estructuras basadas en

nucleos aromaticos son degradados por oxidacion de cadenas laterales.

Los miembros del género Trichoderma tienen el potencial de sintetizar y liberar
enzimas como celulasas, xilanasas y quitinasas, las cuales se han aprovechado en
procesos industriales (Kubicek y Harman 1998, Verma et al. 2007). Comercialmente
se emplean para producir detergente de ropa, aceite de oliva, vino, cerveza, jugos,
alimentos para animales y en la produccion de algunos combustibles (Reese y
Mandels 1989, Verma et al. 2007). Por ejemplo, las celulasas de Trichoderma reesei
se utilizan en el blanqueo de pulpa de papel, y son una alternativa amigable al
convencional blanqueo con cloro, evitando el problema ambiental del cloro
generado por dicho proceso (Buchert et al. 1994). Otra aplicacién comercial es el
uso de suplementos de celulasas y xilanasas de T. reesei y T. viride en la nutricion
de rumiantes, para mejorar la digestibilidad de los carbohidratos estructurales en

forrajes de alta calidad (Torres et al. 2013).

Suplementacién

La suplementacion es la practica de proporcionar al animal nutrientes que son
deficientes en su dieta basal y necesarios para su produccion. En rumiantes, los
productores, tradicionalmente, utilizaban suplementos en forma de concentrado

convencional para mejorar el valor nutritivo de forrajes de mala calidad, pero sus



altos costos los hacian inaccesibles. En muchas partes del mundo, se han utilizado
diferentes suplementos como:

e Arbustos y hojas de arboles o sus harinas, por su alto nivel de proteinas y
por mejorar la utilizacion de residuos de cultivos (Anbarasu et al., 2004).

e Levaduras que se han utilizado como fuente natural para promover el
crecimiento y actividad de los microorganismos que degradan la fibra
(Tripathi y Karim, 2011).

e Taninos condensados, que protegen la proteina de la dieta de su
degradacion en el rumen (Devendra, 1990; Pathak et al., 2016 ).

e Enzimas exdégenas para mejorar la digestibilidad de los rastrojos (Garcia et
al., 2019), etc.

Una manera facil y econémicamente viable para utilizar dichos suplementos,
disponibles localmente para mejorar el valor nutritivo de los alimentos de baja
calidad, es a través de su adicion a bloques multinutricionales (Singh et al., 2015;
Birbe et al., 2006).

Bloques nutricionales

Los bloques nutricionales son mezclas solidas de ingredientes obtenidos a partir de
subproductos agroindustriales de diversa calidad y su objetivo es complementar la
alimentacién con proteinas, vitaminas, minerales, etc. Aprovechando también los
residuos y subproductos de cosecha de leguminosas y otros desperdicios agricolas
disponibles en cualquier regidon geografica (FAO, 2007). En su formulacién se
incluyen uno o mas aglutinantes (cal viva, cemento, bentonita, etc.), sal comun como
conservador, urea como fuente de nitrégeno no proteico y otros ingredientes como
portadores de nutrientes, principalmente energia, nitrégeno y minerales (Singh et
al., 2015), su objetivo es complementar a los rumiantes en forrajes de mala calidad
(Birbe et al., 2006).

El uso de los bloques multinutricionales, ha sido una forma de alimentacién
estratégica durante la época seca, son resistentes a la intemperie y es consumido
lentamente por lo que garantiza la dosificacion de la urea (Lopez-Lépez y Méndez-
Coleman, 2015). La implementacion de bloques para el ganado ha sido usada en

paises y regiones tropicales, debido a la disponibilidad de melazas, urea,



subproductos de cosechas, etc. (Mejia et al., 2011), su uso es inmediato y puede
ser suministrado en todo tiempo. Entre sus ventajas esta el de poder elaborarse
facilmente con ingredientes locales de tamafo y peso adecuado para su
manipulacion y transporte, y ademas son de buena palatabilidad para los animales
(Rodriguez-Molano, 2018). Sus caracteristicas también han permitido su uso como
vehiculo de otros productos, conteniendo desparasitantes, antibiéticos, ionéforos y
hongos nematéfagos, entre otros, cuyos efectos dependen fundamentalmente de la
concentracion de esos componentes dentro del bloque y del consumo animal (Birbe
et al., 2006).

Tipos de bloques nutricionales

Existen diferentes tipos de bloques nutricionales:

Bloques minerales. Contienen macro y microelementos como sus principales
componentes, incluyen melaza y cemento para controlar su dosificacion.

Bloques terapéuticos (de tipo mineral o multinutricional). Contienen productos
medicinales, sobre todo desparasitantes y estimulantes de crecimiento (Farifias et
al., 2009).

Bloques proteicos. Dan proteina al animal, contienen pastas o harinas de semillas
(como algodén, girasol, cartamo, soya, etc.), gluten de maiz, urea, harina de
pescado y otros productos altos en proteina. Ademas, se les agrega grano, grasa
de origen animal o aceites en menor cantidad, como fuente de energia; los bloques
energéticos, contienen principalmente, granos como sorgo, maiz, trigo, harinas, asi
también grasa animal o aceites vegetales (Raciel, 2003).

Bloques de entretenimiento. Tienen un contenido mayor de cemento ( 12 - 15%)
que los bloques tradicionales ( 5 - 10%), de manera que el animal tiene que lamer
mucho mas para obtener algo de nutrientes, el propdsito es mas tranquilizar al
animal en el momento del ordefio, y no tanto como fuente importante de nutrientes
(Farinas et al., 2009).

Para evaluar el efecto del bloque multinutricional en el desempefio productivo de los
rumiantes se pueden utilizar métodos in vivo, in situ e in vitro. Dentro de los métodos

in vitro se encuentra la técnica de produccién de gases, la cual, no sélo determina



la extension, sino también la cinética de degradacion del alimento a través del

volumen de gas liberado, directamente como un producto de la fermentacién.

Técnica de produccion de gas in vitro

La determinacion in vivo de la digestibilidad es un proceso en el que se requieren
grandes cantidades de alimento ya que solo se pueden evaluar raciones totales, es
laborioso, costoso y dificil de estandarizar (Bochi-Brum et al., 1999), por lo que Tilley
y Terry (1963), propusieron una técnica con ligeras modificaciones. La mas utilizada
en la mayoria de los laboratorios, fue modificada por Goering y Van Soest (1970)
para estimar la digestibilidad verdadera de la materia seca (Posada y Noguera,
2005), es decir, permite una valoracion mas rapida de los alimentos sin afectar
negativamente a la precision del valor obtenido (Bochi-Brum et al., 1999). La técnica
de produccion de gases es un método in vitro que permite determinar la extension
y la cinética de degradacion del alimento a través del volumen de gas producido
durante una fermentacién, en esta técnica los componentes solubles del sustrato
pueden ser cuantificados mientras se esta llevando a cabo la fermentacion (Posada
y Noguera, 2005).

La energia para el crecimiento microbiano es derivada de la fermentacion de los
carbohidratos, principalmente almidén y celulosa, cuya digestidon anaerobia produce
acidos grasos volatiles, succinato, formato, lactato, etanol, diéxido de carbono
(COy), metano (CHy), y trazas de hidréogeno (Hz); Sin embargo, también aportan
esqueletos de carbono esenciales para la sintesis de biomasa microbiana (Posada
y Noguera, 2005).

La técnica de produccién de gas mide la cantidad de gas liberado directamente
como un producto de la fermentacion e indirectamente desde el fluido ruminal
neutralizado. El gas es producido principalmente cuando el sustrato es fermentado
hasta acetato y butirato. La fermentacion del sustrato hasta propionato produce gas
solamente desde la neutralizacion del acido; por consiguiente, una menor
produccion de gas es asociada con la fermentacion propidnica (Posada y Noguera,
2005).



Conclusion

Aunque las respuestas de la actividad enzimatica de las diferentes cepas de
Trichoderma fueron variables entre los forrajes evaluados, los resultados mostraron
que Trichoderma reesei DBB356 cultivado en rastrojo de maiz tiene el potencial mas
alto para producir enzimas fibroliticas, o que se puede corroborar con los estudios
in vitro que se llevaron a cabo, en los cuales se observé un incremento en la
digestibilidad in vitro de materia seca con los bloques multinutricionales elaborados
con Trichoderma reesei DBB356 y su sustrato de cultivo. Estos resultados indican
que los bloques multinutricionales adicionados Trichoderma reesei DBB356 y su
sustrato de cultivo, tiene potencial para mejorar la digestibilidad in vitro de materia
seca. Para corroborar estos resultados es necesario hacer pruebas in vitro con
diferentes forrajes tanto de alta como de baja calidad para comparar el efecto que
las enzimas contenida en el bloque pueda tener sobre estos y para que pueda ser
incorporado en los sistemas de produccion, es necesario confirmar los resultados

con una etapa de estudios in vivo.
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ABSTRACT

The aim of this study was to compare the cellulolytic and xylanolytic activities of
two strains of Trichoderma viride, one of Trichoderma reesei and one of Trichoderma
harzianum grown on four different substrates. Each substrate contained 20% wheat
bran and 80% agro-industrial waste (corn stover (CS), sugarcane bagasse (SCB),
Yucca schidigera fiber (YS), or compost elaborated from solid waste generated in the
university cafeteria (CSW)). An interaction (P < 0.01) between the substrate and strain
was detected for both cellulolytic and xylanolytic enzyme activities. The highest cellu-
lolytic activity (P < 0.01) was obtained with T. reesei grown on YS, CS, and SBC, and the
lowest was from the two T. viride strains grown on most of the substrates. The highest
xylanolytic activities (P < 0.01) were detected for T. harzianum with YS and SCB and
T. reesei with CSW and CS, while one T. viride strain exhibited intermediate and the other
showed the lowest activity. In conclusion, T. reesei CDBB356 showed the highest fibro-
lytic activity for most of the tested substrates, a finding that suggests it has the highest
potential for fibrolytic enzyme production. There is a potential application for T. reesei
CDBB356 enzymes on ruminant feed supplements to improve forage digestibility.
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RESUMEN

El objetivo de este estudio fue comparar las actividades celuloliticas y xilanoliticas
de dos cepas de Trichoderma viride, una de Trichoderma reesei y una de Trichoderma
harzianum cultivadas en cuatro diferentes substratos. Cada substrato contenia 20% de
salvado de trigo mas 80% de residuos agroindustriales (rastrojo de maiz (CS), bagazo
de cafia de azucar (SCB), fibra de Yuca shidigera (YS) o composta, elaborada a partir
de residuos sdlidos de la cafeteria universitaria (CSW)). Se detectd una interacciéon
(P <0,01) cepa por sustrato en las actividades enzimaticas celuloliticas y xilanoliticas. La
mayor actividad celulolitica (P <0,01) se obtuvo con T. reesei en YS, CS y BC y la mas baja
con las dos cepas de T. viride, en 1a mayoria de los sustratos. Las actividades xilanoliticas
mas altas (P <0,01) se detectaron en T. harzianum con YSy SCBy T reesei con CSW y CS,
mientras que una cepa de T. viride fue intermedia y la otra tuvo las actividades mas bajas.
En conclusion, T reesei CDBB356 mostro la actividad fibrolitica mas alta en la mayoria
de los sustratos, confirmando el mayor potencial para producir esas enzimas. Existe una
aplicacion potencial de las enzimas de T. reesei CDBB356 en suplementos alimenticios
para rumiantes para mejorar la digestibilidad del forraje.

Palabras clave

actividad celulolitica ¢ actividad xilanolitica e enzimas e residuo agroindustrial e
Trichoderma

INTRODUCTION

Trichoderma reesei has important
industrial applications because of its cellu-
lolytic and hemicellulolytic enzymes (19).
Among the cellulase-producing fungi, the
genus Trichoderma shows a high capacity
to produce both exoglucanases and
endoglucanases, and media components
along with the solid substrate used for
culturing under solid-state fermentation
help determine the type of enzyme(s)
produced (9).

Trichoderma species are widely
distributed and there is high biodiversity
with a variety of biological activities
in agricultural fields (16). In a study in
east China, Jiang et al. (2016) identified
17 species, among which Trichoderma
harzianum was dominant, whereas, in a
similar study in central Europe, Tricho-
derma viride was the most abundant
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among 15 species found. One of the most
studied strains of T. reesei was originally
isolated on the Solomon Islands in the
US; this strain was modified by metabolic
engineering, and mutants of this strain
are used in several industrial biopro-
cesses (6).

Fibrolytic enzymes can be used to
improve digestibility, an important
need with regards to feed utilization
for ruminant production. Several fibro-
lytic enzymes have been developed and
commercially used (20), most of them
based on celullases and hemicellulases
produced by Trichoderma and other fungi
(5). The global market for feed enzymes
was estimated at $899.19 million in 2014
and is expected to reach nearly $1.3 billion
by 2020, a compound annual growth rate
of 7.3% from 2015 to 2020 (28). In many
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countries, commercial enzyme products
have not been implemented as strategy
to improve feed utilization because
imported products are expensive and its
inclusion is not profitable (20). A country
that develops and produces its own
fibrolytic enzymes represents an oppor-
tunity to improve forage digestibility at a
low cost. Hence, identification of strains
able to degrade agricultural lignocellu-
losic residues to develop new enzymatic
products locally is important in underde-
veloped countries. Thus, the objective of
this study was to compare the cellulolytic
and xylanolytic activities of two strains
of T. viride, one of T. reesei, and one of
T. harzianum grown on four agro-indus-
trial wastes. Each culture was composed
of 20% wheat bran and 80% corn stover
(CS), sugarcane bagasse (SCB), Yucca
schidigera fiber (YS), or compost elabo-
rated from university cafeteria solid waste
(CSW). This design produced four different
substrates. Since the most extensively
studied cellulose-secreting microorganism
is the filamentous fungus T. reesei, and its
fibrolytic activity has been characterized
(28), the hypothesis was that T. reesei
CDBB356 would exhibit the greatest
potential to produce fibrolytic enzymes.

MATERIALS AND METHODS

Substrates and chemical composition

Composite representative samples of
CS, SCB, and wheat bran were obtained
from the experimental dairy farm at
the University of Chapingo, Mexico;
residual fiber from Y. schidigera (YS) from
commercial production was obtained
from Alltech de Mexico S.A. de C.V.,; CSW
was obtained from anaerobic and aerobic
fermentation of organic residues from
the Autonomous Metropolitan University
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cafeteria. All samples were oven dried at
45°C and milled to pass a 2 mm screen
using a Wiley Mill (Standard model 4;
Arthur H. Thomas Co., Philadelphia, PA).
The dry matter and ashes in substrates
were analyzed according to the AOAC (2),
and neutral detergent fiber (NDF) and acid
detergent fiber (ADF) content was deter-
mined; analyses were conducted according
to Van Soest et al. (1991). Nitrogen content
was determined with the Dumas procedure
using a Leco FP-428® instrument.

Microorganisms and inoculum preparation

T. viride 1 (Culture Collection of
CINVESTAV, México), T. viride 2 (Culture
Collection of UAM-Xochimilco Phyto-
pathology, México), T. harzianum
Rifai (Genetic Resource Center strain
collection at the Science Institute BUAP
Center of Agroecology, México), and
T. reesei CDBB356 (Culture Collection
of CINVESTAV, México) were cultivated
in Petri dishes that contained potato-
dextrose agar (PDA) and incubated for
7 days at 27°C. The spores were harvested
and counted as described by Escamilla-
Alvarado et al. (2013).

Solid fermentation and enzymatic activity
Substrates were milled to pass a
2.38 mm screen. Subsequently, a mixture of
80% each substrate and 20% wheat bran
was assembled (3). Culture media were
prepared by placing 3 g of each substrate
(the mix of agro-industrial waste and
wheat bran) separately in 250 ml Erlen-
meyer flasks and then adding 12 ml sterile
water. All culture media were autoclaved
(121°C, 15 psi, 25 min) and inoculated
with 1 x 10 conidia/g dry substrate (gds)
for each strain tested (26). Cultures were
incubated for 7 days. To obtain the crude
enzymatic extracts (CEE), each flask was
placed in an ice bath on top of a stirrer.
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The flask contents were resuspended
and filtered with medical gauze, centri-
fuged (4°C, 7740 g, 15 min), and the super-
natants (CEE) were stored at 4°C until its
use for enzymatic determinations (4).

Xylanase and cellulase activities were
determined by reducing sugars release
with 3,5-dinitrosalicylic acid (DNS) (21),
using Birchwood xylan (0.5%; Sigma-
Aldrich) and 1% carboxymethylcellulose
(Sigma-Aldrich) in sodium citrate buffer
(0.5M, pH 5.3).

The reactions were performed as
described by Loera and Cdrdova (2003),
using xylose and glucose for a standard
curve; readings were taken with a Cary
spectrophotometer at 540 nm.

An enzyme unit (U) was defined as the
amount of enzymatic extract that released
1 pumol of reduced sugars per min per
gds (15). Protein concentrations of the
extracts were assayed according to the
Bradford method (7), using bovine serum
albumin as a standard. All determinations
were made in triplicate.

Statistical design

Results were analyzed as a completely
randomized design with a 4 x 4 factorial
arrangement, where the factors were
Trichoderma strains and substrates.

Means were compared with the Scheffe
test (30), and data was analyzed with J]MP
software (27).

RESULTS AND DISCUSSION

Table 1 presents the substrate chemical
compositions.  Lignocellulosic  results
showed a typical composition of high cell
wall content and low protein from agricul-
tural residues (1, 18), whereas CSW was
similar to other restaurant wastes analyzed,
with high water and protein content and
usually low fiber content (14, 22).

An interaction between substrate
and strain was detected for the enzyme
activities (table 2, page 196; P < 0.0001).
The highest cellulolytic activity was
obtained with T. reesei grown in YS, CS,
and SCB, while the lowest activity was for
the two T. viride strains grown in most of
the substrates. The cell wall composition
in agro-industrial residues is usually high
in cellulose and lignin (10, 33); lignin is
the major factor in recalcitrance of cell
walls to saccharification, particularly
during enzymatic hydrolysis (10).

Table 1. Chemical composition (%) of the substrates used in solid-state fermentation.

Tabla 1. Composicién quimica (%) de sustrato usado en fermentacion sélida.

Item CS SCB YS CSW Wheat bran
Dry matter 95.65+0.15 | 97.66 +0.01 96.31 + 0.39 26.8 +0.761 93.71+1.22
Ash 7.12 + 0.38 1.8+0.025 2.35+0.5 3.35+0.160 5.38+0.79
Crude protein 3.29+0.20 | emmee- 0.75+0.01 | 15.35+1.72 159+ 0.3
NDF 79.66 +1.62 | 86.41+6.11 67.5+3.17 | 82.73+1.86 53.39+2.78
Hemicellulose 25.91+0.92 17.2 +2.46 10.35+0.65 | 16.99 +0.43 33.49 +1.38
ADF 53.75+2.05 | 69.21+3.86 57.15+2.85 | 65.74+1.52 19.90 + 2.87

NDF: neutral detergent fiber; ADF: acid detergent fiber.
NDF: fibra detergente neutro; ADF: fibra detergente acido.
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Table 2. Comparison of enzymatic activities and crude extract protein content of four
Trichoderma strains after fermentation with four substrates.

Tabla 2. Comparacion de las actividades enzimaticas y contenido de proteina del extracto
crudo de cuatro cepas de Trichoderma después de la fermentacidon con cuatro sustratos.

Strain Substrate Activity Protein, mg/ mL
Cellulolytic, U/gds | Xylanolytic, U/gds » T8,
YS 36.09¢ 385.01 ° 0.263 <
. SCB 71.494 358.56 ¢ 0.758 ¢
T. harzianum
CSW 48.81% 306.03 °© 0.384bcde
CS 94.95¢ 186.43 4 0.744
YS 33.18¢ 132.53 <& 0.187 ¢
. SCB 39.104 65.83 & 0.156 ¢
T.viride 1 -
CSW 19.00 ¢ 33.26 ! 0.721 ¢
CS 71.504% 329.67 ¢ 0.26
YS 43.60% 145.78 df 0.393bede
. SCB 63.354% 91.56M 0.278 cde
T. viride 2 -
CSW 31.79¢ 43.05 N 0.15 ¢
CS 69.014 314.3 112 2
YS 215992 213.47 ¢ 0.7172bcd
. SCB 191.74%® 111.3 f&h 0.095 ¢
T. reesei
CSW 134.78 460.18 * 0.468bcde
CS 205.40 47486 * 0.454bcde
SEM 3.54 4.14 0.025
P-value interaction 0.0001 0.0001 0.0001
P-value strain 0.0001 0.0001 0.0008
P-value substrate 0.0001 0.0001 0.0001

Different letters within a row indicate significant differences (P < 0.01).

SEM: Standard error of the mean; gds: grams dry substrate; CSW: cafeteria solid waste.

Diferentes letras dentro de una fila indican diferencias significativas (P < 0,01).

SEM: error estandar de la media; gds: gramos de sustrato seco; CSW: residuos sélidos de cafeteria.

The highest cellulolytic activity can
be associated with cellulose content;
for example, SCB contains at least 33%
cellulose (33) and YS contains more than
40% (11). The cellulose content in CS is
also high and varies from 35 to 42% (31).

The highest cellulolytic activities
obtained from T. reesei (table 2) are
similar to those reported by Vyas and
Vyas (2005) for T. viride cultivated on

196

groundnut shell waste, higher or similar
to values reported with Trichoderma
asperellum grown on agricultural straws
(wheat straw, rice bran, wheat bran,
and corn cob). Some of the values were
greater than 145 U/gds (9), higher than
cellulolytic activities found in commercial
products used for ruminants (20, 25).

Revista de la Facultad de Ciencias Agrarias



Fibrolytic activity of four Trichoderma strains grown on agro-industrial residues

The highest xylanolytic activities were
detected in T. harzianum grown on YS
and SCB and T. reesei cultured with CSW
and CS. Both T. viride strains showed low
xylanolytic activity; strain 2 activity was
slightly higher than strain 1. SCB and CS
are characterized by high hemicellulose
content (30, 32); however, xylanolytic
activity was higher when the fungus was
grown with YS, even though this substrate
has a lower hemicellulose content (table
1, page 195).

The complex cell wall structure may
induce different types of enzymes simul-
taneously. Indeed, studies with enzymes
and treatments indicate that xylan
and lignin removal enhances cellulose
availability (5). T. reesei strains can
modify their enzymatic activity according
to the sugar(s) present as carbon sources,
as demonstrated by Dondelinger et al
(2016) using different combinations of
lactose, glucose, xylose, and a hemicellu-
losic hydrolysate.

Sipos et al. (2010) compared xylano-
lytic activities in T. reesei Rut C30 using
different carbon sources (Solka Floc 200,
lactose, and steam-pre-treated CS); some
sources of lactose and Solka Floc 200
resulted in low specific activities, whereas
CS promoted the highest activity.

In addition to substrates, there are
differences in strains; an enzymatic
extract obtained by solid-state fermen-
tation of peach palm waste by Tricho-
derma stromaticum had an activity of
1440 U/g (8).

The highest xylanase activities in the
present study were in the same range as
commercial enzymes used for ruminants,
values that have spanned from 134 to
222 Ul/g (25).
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The interaction between substrate
and strain can be explained because the
cell wall composition is different when
grown in each substrate. Therefore, fungi
are stimulated for different metabolic
pathways. Dondelinger et al (2016)
used various carbon sources (lactose,
glucose, xylose, and hemicellulosic hydro-
lysate) with two T. reesei strains, and the
enzymatic activities were as different as
those observed in this study. Raghuwanshi
et al. (2014) also showed that a mutant
T. asperellum strain duplicated enzymatic
activities compared with the wild strain.
Enzyme production can be optimized by
changing pH, wheat bran level, protein
sources, substrate concentration, and
other factors (9). Ortiz Robledo, et al
(2017) concluded that the cutting age
of the substrates also influences its
fermentative characteristics. This results
confirmed that the Trichoderma strains
evaluated, especially T. reesei CDBB356,
generate competitive levels of xylanolytic
and cellulolytic activities compared to
previous reports and even the enzymatic
activities reported for commercial
products. Moreover, since Trichoderma
species grow fast enough to prevent
contamination in solid-state cultures and
produce enzymes that can break down the
complex cell wall (35), the strains investi-
gated in this work can be used as reference
for further investigations that focus on
elaborate enzymatic products as ruminant
feed supplements. In special applications,
the addition of supplementary enzymes
such as a-xylosidase, endo-arabinase, and
pectinases enhances the ability to degrade
Trichoderma extract lingnocellulose, since
these enzyme activities only occur at low
levels in this fungus (6).
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CONCLUSIONS

The Trichoderma strains used in this
study showed versatility to produce fibro-
lytic enzymes in solid fermentation in all
the evaluated substrates, with a marked
variation in enzymatic profiles according
to the combination of strain and type
of substrate.

T. reesei CDBB356 stood out with the
highest cellulolytic activity on CS and YS,

while the highest xylanolytic activity was
obtained on CSW and CS. Considering the
relative low cost of the substrates used and
the fact that Trichoderma species grow
fast enough to prevent contamination in
solid-state cultures, there is a potential
application of T. reesei CDBB356 enzymes
on ruminant feed supplements to improve
food digestibility.
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ABSTRACT

Objective. To determine the effect of incorporating Trichoderma reesei and its culture
substrate into a multi-nutritional block for ruminants after 7 and 49 days of storage. Materials
and methods. Multi-nutritional blocks that included T. reesei and its culture substrate were
manufactured and assessed using in vitro batch culture to measure kinetic degradation
parameters including gas production and dry matter digestibility (IVDMD). The study was
conducted as a completely randomized block (2 runs) design with factorial arrangement of
treatments; 2 levels of enzyme (with and without) x 2 block storage times (7 and 49 days) x
5 block percentages (100, 60, 40, 20, and 100). Results. There was an increase on [VDMD
(P<0.0001) when T. reesei and its culture substrate (corn stover) were incorporated (61.6
vs. 58.6%), with no interactions between the evaluated factors. The [VDMD declined linearly

as the block proportion increased in both treatments; alfalfa with T. reesei and its culture



substrate (IVDMD, % = -0.0853X + 63.687; R? = 0.787, P<0.05) and control corn stover
(IVDMD, % = 0.0549X + 64.882. R* = 0.77, P<0.05), where X was the percentage of block.
The parameters of gas production kinetics and IVDMD were greater in the blocks that had
the longest storage time (49 days). Conclusions. The addition of T. reesei to a multi-
nutritional block improved the in vitro digestibility. The incorporation of T. reesei to the multi-

nutritional blocks retained its positive effect for 49 days.

Key words: Enzymatic activity, in vitro digestibility, forage, filamentous fungi (Sources:

AGROVOC, MeSH).

Introduction

Exogenous fibrolytic enzymes potentially increase rumen degradability of feed and thereby
improve their nutritional value (1,2). However, responses in ruminants have been variable
depending upon the source and dose of enzyme, diet composition, and rumen pH (3).
Furthermore, purified enzymes are costly, thus cost-benefit analysis does not often support
their use in ruminant diets given their variable responses. Because the primary use of most
commercial enzymes is in food and textile production (4,5), the products are purified and
stabilized, which adds to their cost of production. One way to reduce enzyme costs for
ruminant applications could be local production (6) and use of crude non-purified enzyme
preparations. We hypothesized that adding the source organism together with its
fermentation culture to a multi-nutritional block would avoid the extraction and purification

step used in enzyme production while improving fibre digestibility.

Therefore, the objective of this work was to evaluate the effect of incorporating different
percentages of a block containing Trichoderma reesei and its culture medium to a forage
based diet for ruminants by assessing the effects on batch culture in vitro gas production

and dry matter (DM) degradability. T. reesei was used in the study because it is an approved



source organism acceptable for use in ruminant feed and is frequently used to produce
commercial enzymes (5). There is no information about the effect of storage time of a
multinutritional-block containing a fibrolytic microorganism as Trichoderma so the storage

time of the block (7 and 49 days) it was also evaluated.

Materials and methods

Overview of the experiment

A batch culture in vitro study was performed to evaluate the effect of adding increasing
percentages of a multi-nutricional block containing T. reesei and its culture medium to an
alfalfa diet for ruminants. In vitro gas production and digestibility were assessed. The study
was conducted as a completely randomized block (2 runs) design with factorial arrangement
of treatments; 2 levels of enzyme (with and without) x 2 block storage times (7 and 49 days)
x 5 block percentages (100, 60, 40, 20, and 100).Growth and preparation of the

microorganism

The strain used in this experiment was T. reesei CDBB356 (CINVESTAYV Crop Collection,
Mexico), which was obtained from solid-state fermentation using a substrate of 80% corn

stover and 20% wheat bran. The incubation was maintained at 35°C for 7 days.

Cellulolytic activity was assessed using medium-viscosity carboxymethylcellulose substrate
(1% in 0.5 M sodium citrate buffer, pH 6.0). Activity was 205.40 + 3.54 U/grams of dry
substrate (umol glu/min grams of dry substrate (gds). Xylanolytic activity using birchwood
xylan (0.5%, Sigma- Aldrich) was 474.86 + 4.14 U/gds (umol xil/min gds) based on

measurements from a previous study (7).

Preparation and storage of blocks



The multi-nutritional blocks were made manually by mixing and compacting the ingredients
(Table 1) into a 250 ml plastic bottle with 10 cm diameter, ensuring that corn stover was the
last ingredient added, that way the result of the fermentation won’t have a reaction with the
other ingredients. Control (corn stover ) and treatment blocks (corn stover obtained from
solid-state fermentation with 7. reesei CDBB356) were prepared and left to dry in a
ventilated room maintained at 20°C. Two batches of each multi-nutritional block were
prepared, one was left for 7 days before its use, and the other one for 49 days, after this
time and before the in vitro batch culture, the blocks were dried (55°C, 48 h) and ground to

a particle size of 2 mm using a Wiley Mill.

Batch culture in-vitro fermentation.

The samples used to perform the in-vitro fermentation consisted in 0.5 g of different
percentages of dried and grounded alfalfa: multinutritional- block (20:80, 40:60, 60:40,
80:20, and 100:0), this samples were weighed and added into 125 mL glass bottles, then,
90 mL of a mixture of ruminal liquid and buffer solution were poured on it under constant

CO; flow. Each treatment was performed in triplicate.

The ruminal liquid was collected before feeding from two sheep fed a diet consisting of (DM
basis) 70% alfalfa and 30% concentrate. Then it was filtered through four layers of cheese
cloth and mixed in a proportion of 9:1 (v:v) with buffer solution. The buffer was prepared
according to Osorio-Teran et al. 2017, (8) as follows: (mineral solution I. K;HPO4 6 g/L;
mineral solution 1. KH,PO4 (6 g/L), (NH4).SO4 (6 g/L), NaCl (12 g/L), MgSO, (2.45 g/L),
CaCl, (1.6 g/L), Na,SOy, L-cysteine and one drop of rezarsurin. The bottles were then sealed

with a rubber stopper and incubated at 39 °C.

The in- vitro gas production technique was performed according to Menke and

Steingass,1988 (9).The gas pressure produced in the headspace of the vials was recorded



at 2, 4, 6, 8, 12, 16, 20, 24, 30, 36, 42, 48, 60 and 72 h using a manual pressure gauge
(scale 0-1 kg/cm?). The readings were transformed to gas volume with the linear equation
of @rskov and McDonald (10), Volume = pressure (Kg/cm?) / 0.019 (R? = 0.988). The gas
production kinetic variables including maximum volume of gas produced (Vmax) and gas

production rate (S), were obtained using the Pitt et al. (1999) logistics model (11).

IVDMD evaluation. After 48 h of incubation, the content of each bottle was filtered through
filter paper (Waltham No. 41), rinsed to ensure the recovery and dried at 55°C in a forced

air stove for 48 h to determine in vitro DM digestibility (IVDMD).

Statistical analysis. The statistical analysis of each parameter was performed using the
PROC GLM using a completely randomized model (Yie= V]
+Ai+Bj+C+AB;+AC;+BC;+ABCj+Eii) that included A= %multinutritional block, B= addition
of Trichoderma and its culture medium, C= storage time, the interactions and the
experimental error (€). Main effects of 2 levels of enzyme (with and without) x 2 block storage
times (7 and 49 days) x 5 alfalfa:block percentages (100:20, 60:40, 40:60, 20:80, and 0:100).
The differences between means were compared using a Tukey test and a p-value of 0.05.
The linear effect of block:alfalfa hay, within block type, was determined using regression.

The data were analysed with JMP software (12)
Results

There were no interactions between the factors. An increase of approximately three
percentage points (p<0.001) was observed in the IVDMD of substrate containing T. reesei
and its culture substrate, compared to control (Table 2). However, there were no differences

(p<0.05) in gas production kinetic parameters.

There was an effect of substrate (alfalfa:block percentage on IVDMD, p = 0.05). Linear

regression equations that describe the relationship between substrate on IVDMD for control



and enzyme substrates are shown in Figure 1. It was observed that as the percentage of
multi-nutritional block was decreased, the IVDMD linearly decreased (p<0.05), with greater
slope of decline for control blocks. As shown in Table 3 increasing the storage time from 7

to 49 days increased the gas production kinetics and IVDMD parameters (p < 0.006).

Discussion

The increase on IVDMD on blocks with T. reesei and its culture substrate, was because it
contained fibrolytic enzymes that acted on the bonds of the cell walls of the potentially
fermentable fibre (7), making it more available for ruminal microorganisms, increasing the
chemotactic response similar to that of primary colonizers release from substrates hydrolysis
products, enabling the bacterial colonization of feed particles (13, 14). The culture of T.
reesei with corn stover also could provide enzymes attached to the cell wall of the fungus
that it excreted during its cultivation (15, 16) and the B-glucosidase-attached to the mycelium
along with other cellulolytic enzymes contributed to the substrate degradation (17). The lack
of response in gas production parameters when adding T. reesei and its culture substrate,
but in DIVMS leads to the assumption that the greatest amount of carbon released from
degradation was metabolized to generate microbial biomass (18, 19), enzymes produced
as a result of fermentation of T. reesei may have led to a change in the densities of a certain

group of bacteria (20).

Considering that associative effects are detected as a nonlinear response when combining
two substrates (21), these were not found when mixing the blocks to alfalfa (Figure 1), and
DIVMS was decreased because the digestibility of the block is less than that of alfalfa
(substitute effect).Different studies have shown that adding fibrolytic exogenous enzymes to
forage diets can improve the digestibility of fibre (1,22). The results of this study show that
the action of T. reesei fibrolytic enzymes had an effect from 7 days after being added to the

multi-nutritional block and even the response improved by 3.68 percentage units after 49



days (table 3), which it can be explained by physical changes in the block when dehydrated,
in addition to the intrinsic stability of enzymes produced by T. reesei. Changes in internal
equilibrium humidity have been reported after the multi-nutritional blocks (23) are being
developed, conditions within 49 days are likely to have been favourable for better activity of
fibrolytic enzymes. Gandarilla et al (24) isolated fungi of the genus Aspergillus from multi-
nutritional blocks at 45 days of storage, concluding that these microorganisms could
positively influence the digestibility of the substrate used in fermentations. The effectiveness
of enzymes over time has been verified in other studies, Gutierrez et al (25) reported that
the effect of Bacillus licheniformis and Aspergilus! niger enzymes, did not affect after being
sprayed for up to 30 days before incubation. Beauchemin et al (5), assessed the effect of
the temperature and pH of two commercial enzymes for the use of corn forage silage
additives in storage for 120 days, concluding that storage time is not a factor influencing the

digestibility of forages.

In conclusion, the addition of T. reesei with its culture substrate in a multi-nutritional block
improves in vitro digestibility. The positive effect of incorporating T. reesei with its growing

substrate to the blocks, remained until 49 days.
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Table 1. Multi-nutritional block formulation

Ingredient %

Corn stover* 25

—_
[@)]

Cane molasses
Soybean paste
Corn

Calcium propionate
Glycerol
Cement
Calcium oxide
Urea

Mineral premix ?
Optimetionin®
Optilisin®
Phosphoric acid

Sodium sulfate

N N WO W w0 w d 00 0 1 O 0 O

Biocolin®
Magnesium sulfate 1
Peptasanb 1

BHT Antioxidant 1

“Commercial mineral salt, Vitasal fatten ovinosplus ®
®Commercial metionin Nuproxa ®, “Lisin, dCoIin, Yherbal mix

* With or without the product of fermentation of corn stover with T. reesei

Table 2. Main effect of the addition of a multi-nutritional block with T. reesei and its culture
substrate (Enzyme) compared with multi-nutritional block with corn stover alone (Control),
on the kinetics of in-vitro gas production and in vitro DM digestibility

Variable Enzyme Control SEM p- value

Maximum volume, mL g”' DM 213.3 212.7 10.94 0.84



Gas production rate, h™ 0.034 0.033 0.0023 0.084
In vitro DM digestibility, % 61.6 58.5 3.63 0.001

DM: dry matter, SEM: standard error of the mean

Figure 1. Effect of the percentage of block incorporation with (&) corn stover with its culture
substrate and (') corn stover, on in vitro dry matter digestibility
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Table 3. Main effects of storage time of multi-nutritional blocks with T. reesei and its culture substrate
on gas production kinetics and in-vitro dry matter digestibility

Storage time

Variable 7d 49d SEM P-value
Volume, mL g DM 208 217 10.9 0.047
Gas production rate, h™ 0.033 0.035 0.0023 0.005
in vitro, dry matter digestibility% 59.7 63.4 3.63 0.006

DM: Dry matter, h: hours, SEM: Standard error of the mean



