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DIETAS LIQUIDAS FERMENTADAS COMO ESTREGIAS NUTRICIONALES EN
CERDOS

Nicolas Salvador Espinosa Garcia, D.C.
Colegio de Postgraduados, 2021

RESUMEN

Las dietas liquidas fermentadas (DLF) son comunes en la industria porcina Europea desde la
prohibicion de los antibiéticos como promotores del crecimiento (APC) en 2006. Las DLF con
bacterias acido lacticas mejoran la microbiota intestinal e inhiben a los microrganismos patdgenos.
Este trabajo se dividié en por partes. En el primer estudio, el objetivo fue desarrollar DLF de alta
calidad basadas en maiz, el principal cereal de México y del continente Americano para
alimentacion porcina, con inclusion de Lactobacillus plantarum para suplir los APC. En el
segundo estudio, el objetivo fue desarrollar DLF de alta calidad basadas en maiz, con la
combinacion de Lactobacillus plantarum, Pediococcus pentosaceus y Pediococcus acidilacticiti,
y la reduccién de la concentracion de proteina cruda (PC) en el sustrato. En el primer estudio, se
empled un disefio experimental completamente al azar en cuatro etapas con maiz fermentado como
principal fuente de nutrientes. En la primera etapa se determind el efecto de la relacion de agua y
alimento (2:1 y 3:1) y la adicidén de goma xantana (0 y 0.02%); en la segunda etapa se evaluaron
tres niveles de proteina (10, 15 y 20%) de origen vegetal y animal; en la tercera etapa se evaluaron
dos tiempos de cultivo (12 y 24 h), con adicion de melaza (2 y 4%) e inclusion de acido lactico (0
y 20 mM); finalmente, en la ultima etapa se evaluaron dos tiempos de cultivo (12 y 24 h), el origen
de la proteina (vegetal y animal) y la inclusion de indculo (240 y 480 pL). El segundo estudio se
realizd con un disefio experimental completamente al azar en tres etapas con maiz fermentado
como principal fuente de nutrientes. En la primera etapa se determind el efecto de dos niveles de
PC en el sustrato (18 y 20%), adicidn de in6culos de Lactobacillus plantarum (120 y 240 uL), y
Pediococcus pentosaceus (120 y 240 pL); en la segunda etapa se evaluo el efecto de dos niveles
de PC en el sustrato (18 y 20%), adicion de inéculos de Lactobacillus plantarum (120 y 240 uL),
y Pediococcus acidilacticiti (120 y 240 pL); finalmente, en la Gltima etapa se determino el efecto
de dos niveles de PC en el sustrato (18 y 20%), adicion de in6culos de Pediococcus pentosaceus
(120 y 240 uL), y Pediococcus acidilacticiti (120 y 240 uL). En todas las etapas de ambos estudios,
las variables de respuesta fueron: pH, concentraciones de &cido lactico (CAL), acético y etanol.
En el primer estudio, el analisis independiente de las variables demostrd que la no adicion de goma
xantana, el incremento de proteina (en particular la de origen animal), la fermentacion del cultivo
por 24 h y la adicion de melaza tienen un efecto positivo sobre la produccion de 4cido lactico y la
disminucion del pH. En el segundo estudio, el andlisis independiente de las variables demostro
que la reduccion de los niveles de PC y la combinacion de indculos de BAL con fermentacion del
cultivo por 24 h tiene un efecto positivo sobre la disminucion del pH y la produccion de acido
lactico. Las condiciones de cultivo establecidas en las variables evaluadas desarrollaron una DLF
de alta calidad con base en maiz para cerdos en el primer estudio. Las condiciones de cultivo
desarrollaron una DLF de alta calidad baja en PC con base en maiz para el destete y las otras etapas
de alimentacion en cerdos en el segundo estudio.

Palabras clave: Acido lactico, pH, proteina, maiz fermentado.



FERMENTED LIQUID SWINE FEED AS NUTRITONAL STRATEGY

Nicolas Salvador Espinosa Garcia, D.C.
Colegio de Postgraduados, 2021

ABSTRACT

Fermented liquid feed (FLF) is commonly used in the European swine industry since 2006 because
of the antibiotics” ban as growth promoters (AGP). FLF with lactic acid bacteria improves the
intestinal microbiota and inhibits pathogenic microorganisms. Two studies were conducted. For
the first study, the objective was to develop a high quality FLF based on corn, the main cereal in
Mexico and the American continent for swine feed industry. Lactobacillus plantarum was included
in FLF with the potential to replace AGP. For the second study, the objective was to develop a
high quality FLF based on corn, Lactobacillus plantarum, Pediococcus pentosaceus and
Pediococcus acidilacticiti were included with reduction of crude protein concentration. For the
first study, a completely randomized experimental design was used in four phases with fermented
corn as the main source of nutrients. In the first phase, the effect of the substratum:water ratio (1:2
and 1:3) and the addition of xanthan gum (0 and 0.02%) were determined; In the second phase,
three levels of crude protein (10, 15 and 20%) of vegetable and animal origin were evaluated; In
the third phase, two fermentation times (12 and 24 h) were evaluated, with addition of molasses
(2 and 4%) and inclusion of lactic acid (0 and 20 mM); finally, in the last phase, two fermentation
times (12 and 24 h), the origin of the protein (vegetable and animal) and the inclusion of inoculum
(240 and 480 pL) were evaluated. For the second study, a completely randomized experimental
design with factorial arrangement was used in three phases with fermented corn as the main source
of nutrients. In the first phase, the effect of the crude protein concentration (18 and 20%), the
inoculum addition of Lactobacillus plantarum (120 y 240 pL), and Pediococcus pentosaceus (120
and 240 pL) were determined; In the second phase, two levels of protein (18 and 20%), the
inoculum addition of Lactobacillus plantarum (120 y 240 uL), and Pediococcus acidilacticiti (120
and 240 pL) were evaluated; In the third phase, two levels of protein (18 and 20%), the inoculum
addition of Pediococcus pentosaceus (120 y 240 pL), and Pediococcus acidilacticiti (120 and 240
puL) were estimated. In all phases of both studies: pH, lactic acid, acetic acid and ethanol
concentrations were measured. In the first study, the independent analysis of the variables showed
that the no addition of xanthan gum, the protein increase (particularly; from animal origin), the
fermentation time for 24 h and the addition of molasses have a positive effect on the production of
lactic acid and the decrease in pH. In the second study, the independent analysis of the variables
showed that the crude protein reduction, and the combination of inoculum levels, with the
fermentation time for 24 h have a positive effect on the production of lactic acid and the reduction
in pH. The fermentation conditions established in the evaluated variables developed a high quality
FLF based on corn for pigs in the first study. A high quality FLF based on corn with crude protein
reduction and combination of lactic acid bacteria was developed for pigs in the second study.

Keywords: Lactic acid, pH, protein, fermented corn.
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INTRODUCCION GENERAL

Las dietas liquidas fermentadas son una tecnologia de alimentacion comdn en la industria porcina
Europea, y se basan en los cereales trigo y cebada (Missoten et al., 2010; Plumed-Ferrer y von
Wright, 2011; Xu et al., 2019). Las dietas liquidas fermentadas ofrecen varias ventajas como son:
reduccion del pH gastrointestinal, aumento de bacterias acido lacticas en la microbiota intestinal,
disminucion del nimero de bacterias coliformes (Salmonella, Shigella, Escherichia coli, etc.) en
el alimento (Canibe et al., 2008; Vieco-Saiz et al., 2019) y la oportunidad de usar subproductos
himedos de bajo costo de la industria alimenticia (Canibe y Jensen, 2012; Shi et al., 2017; Wang
etal., 2017; Zhu et al., 2017; Rho et al., 2018).

En la alimentacion de cerdos es importante prevenir la aparicion de diarreas y mejorar el
comportamiento productivo, principalmente durante el destete (Heo et al., 2013; Dong et al.,
2014). EIl destete tiene una alta mortalidad en lechones por causa de la diarrea; la alternativa
tradicional para prevenir este problema es el uso de antibidtico como promotor del crecimiento
(Dou et al., 2017; He et al., 2020).

El uso de antibidtico como promotor del crecimiento en los alimentos para consumo animal
contribuye a la aparicion y propagacion de la resistencia microbiana; un problema de salud publica
mundial (Holmes et al., 2016; Nhung et al., 2016; Vidovic y Vidovic, 2020). Si continua el
problema de la resistencia microbiana, se calcula que en el afio 2050 contribuiria con 10 millones
de muertes por afio y un costo aproximado de 100 billones de dolares estadounidenses (Tang et
al., 2019). La prohibicion por la Union Europea del antibi6tico como promotor del crecimiento en
la alimentacion porcina comenzé en enero del 2006 por medio de la regulacion EC No 1831/2003
(Jensen y Hayes, 2014; Salim et al., 2018; Tang et al., 2019). La restriccién de antibiético como
promotor del crecimiento aumenta en el mundo: Estados Unidos y Canada comenzaron a limitar
el uso de antibi6tico como promotor del crecimiento en 2017 (FDA, 2012; FDA, 2016; Lopez-
Galvez et al., 2020). Por lo tanto, es necesario desarrollar alternativas alimenticias que reduzcan

del uso de antibidtico como promotor del crecimiento en el alimento para cerdos.



Las estrategias alternativas de alimentacion para reducir el uso de antibiético como promotor del
crecimiento son varias e incluyen: la adicion de lactosa (Jeong et al., 2018; Zhao et al., 2021),
acidos organicos (Plumed-Ferrer y von Wright, 2011; Mocherla et al., 2015), extractos herbales,
aceites esenciales, zinc, cobre (Lopez-Galvez et al., 2020), péptidos antimicrobianos (Robinson et
al., 2015), trasplante de microbiota intestinal (Hu et al., 2017a; Canibe et al., 2019), prebidticos
(Jeong et al., 2018; Yu et al., 2019) y la estrategia mas ordinaria: el uso de probioticos (Kim et al.,
2019; Guo et al., 2020). No obstante, la alta cantidad de productos comerciales (probidticos,
prebidticos o aditivos alimenticios), para observar un beneficio significativo son una limitante en
la rentabilidad (Hu et al., 2017b; Nawab et al., 2019).

Las dietas liquidas fermentadas son una alternativa para sustituir el uso de antibiético como
promotor del crecimiento en la alimentacién porcina, al aumentar la cantidad de bacterias acido
lacticas, &cidos organicos y mejorar el funcionamiento de la microbiota intestinal (Mao et al.,
2016; Markowiak y Slizewska. 2018). No obstante, falta evidencia para demostrar que es posible
obtener las dietas liquidas fermentadas de alta calidad con cereales y subproductos diferentes a los
que se utilizan en la Unidn Europea, con la combinacion de bacterias &cido lacticas y con reduccion
del contenido de proteina cruda. El maiz es el cereal de mayor produccion en el mundo; el
Continente Americano produce el 49.7% de este cereal (FAO, 2019). Por lo cual, el maiz es el
principal cereal en la industria de alimentos para cerdos en el Continente Americano.

En la presente investigacion se realizaron dos estudios. En el primer estudio, el propdsito fue
desarrollar dietas liquidas fermentadas de alta calidad basadas en maiz para cerdos, con la inclusion
de indculo de Lactobacillus plantarum. En el segundo estudio el propoésito fue desarrollar dietas
liquidas fermentadas de alta calidad basadas en maiz, con diferentes niveles de proteina cruda y
con la combinacion de in6culos de Lactobacillus plantarum, Pediococcus pentosaceus y
Pediococcus acidilacticiti y con el potencial de sustituir el uso de antibiético como promotor del

crecimiento y reducir asi, la resistencia microbiana.



OBJETIVOS E HIPOTESIS
Objetivos

General

Desarrollar dietas liquidas fermentadas de alta calidad basadas en maiz, el principal cereal de
México y del continente Americano para alimentacion porcina, con inclusion de Lactobacillus
plantarum con el potencial para suplir los antibiético como promotor del crecimiento, y evaluar
dietas liquidas fermentadas de alta calidad basadas en maiz, con la combinacién de Lactobacillus
plantarum, Pediococcus pentosaceus y Pediococcus acidilacticiti, y la reduccion de la

concentracion de proteina cruda en el sustrato.

Especificos

Determinar la respuesta en maiz fermentado con Lactobacillus plantarum, con la inclusion de
goma xantana, la relacion sustrato:agua, el origen (vegetal o animal), y la cantidad de proteina

cruda, sobre el pH final y las concentraciones de &cido lactico, &cido acetico y etanol.

Medir el efecto en maiz fermentado con Lactobacillus plantarum, con la inclusién de melaza,
acido lactico, y el tiempo de cultivo (12 y 24 h), sobre el pH final y las concentraciones de acido

lactico, acido acetico y etanol.

Determinar una estrategia para producir dietas liquidas fermentadas de alta calidad basadas en
maiz para cerdos con la combinacién de Lactobacillus plantarum, Pediococcus pentosaceus y

Pediococcus acidilacticiti, y con dos niveles de proteina cruda (18 y 20%) en el sustrato.

Hipotesis



Basados en el previo proceso de dietas liquidas fermentadas de alta calidad para cerdos con base
en los cereales de importancia europea. Las dietas liquidas fermentadas de alta calidad basadas en
maiz, con inclusion de melaza y de Lactobacillus plantarum tienen potencial para sustituir los
atibioticos como promotores del crecimiento. Se desarrollaran dietas liquidas fermentadas de
calidad basadas en maiz, con inclusion de melaza y de Lactobacillus plantarum en el primer

estudio.

La obtencion de una guia derivada del primer estudio permitira establecer las bases para fermentar
y producir dietas liquidas fermentadas de alta calidad basadas en maiz, con la combinacion de
Lactobacillus plantarum, Pediococcus pentosaceus y Pediococcus acidilacticiti, y la reduccion de

la concentracion de proteina cruda en el sustrato para el segundo estudio.



REVISION DE LITERATURA

Destete

El destete de la misma manera que el nacimiento son momentos cruciales en la produccion de
cerdos: el bajo consumo de alimento y la disminucién en el crecimiento posterior al destete, son
las principales limitaciones en la eficiencia productiva. Los cambios producidos por el destete en
la estructura y funcion intestinal, tales como atrofia de las vellosidades e hiperplasia de las criptas,
se asocian generalmente con un comportamiento productivo deficiente, debido a que causan una
disminucion temporal de la capacidad digestiva y de absorcion del intestino delgado (Gao et al.,
2019; Vanrolleghem et al., 2019).

Las estrategias de manejo para mejorar el comportamiento productivo en los lechones durante el
destete son: 1) cuidar las condiciones e instalaciones para las cerdas gestantes. 2) disminuir el
estrés en el manejo de las camadas. 3) asegurar un buen consumo de leche y calostro. 4) promover
una interaccion temprana entre camadas. 5) emplear preiniciadores en la lactancia. Las estrategias
nutricionales para mejorar el comportamiento productivo en los lechones durante el destete son:
1) promover el crecimiento fetal (adicion de arginina, acido folico, betaina, vitamina B2, carnitina,
cromo, y zinc. 2) incrementar la produccién de calostro y leche (adicion de DL-metionina,

arginina, L-carnitina, triptofano, valina y vitamina E) (Blavi et al., 2021).

Incidencia de diarrea al destete en lechones

El destete implica una considerable pérdida econdémica para la produccion de cerdos. Un factor
comun en las etapas de destete y postdestete es la incidencia de diarreas. Las diarreas requieren de
medicamento para su control; el empleo de antibiéticos incrementa los costos de produccion y
contribuye al desarrollo de resistencia microbiana (Gao et al., 2019; Wensley et al., 2021).

La incidencia de diarreas resulta de una serie de interacciones entre el tipo de alimentacion,
ambiente y la capacidad inmunoldgica del lechon. Los lechones que no resisten los desafios
infecciosos, son susceptibles a los trastornos gastrointestinales, que a su vez disminuyen el
consumo Y retardan el crecimiento e inclusive pueden provocar la muerte (Vanrolleghem et al.,
2019; Bonetti et al., 2021).



Tiempo de destete

Las practicas de manejo para mejorar la produccion evolucionaron considerablemente. En granjas
comerciales, existe la necesidad de mantener el tamafio de camada en partos posteriores, reducir
el intervalo entre el destete y el periodo de apareamiento, asi como el intervalo entre partos (Wu
et al., 2018). No obstante, en la busqueda de aumentar el nimero de lechones y de produccion de
carne de cerdo en general, la produccion intensiva desencadend una reduccién dréstica de los dias
de edad al destete: durante la tercera o cuarta semana de edad. Los lechones se destetan
gradualmente alrededor de la semana once y su comportamiento productivo difiere con los
lechones destetados de forma precoz, debido a que el sistema digestivo esta en desarrollo, lo cual
aumenta el nimero de dias necesarios para conseguir el peso a sacrificio (Mou et al., 2019).

Ingredientes alimenticios durante el destete

El programa de alimentacion en lechones generalmente se forma de dos etapas: pre y postdestete,
su uso es con la finalidad de complementar y sustituir a la leche de cerda, respectivamente. En
ambas dietas, los componentes basicos son granos de cereales y pastas de oleaginosas (Huting et
al., 2021). Sin embargo, desde el punto de vista nutricional, los lechones se alimentan con dietas
altamente digestibles y que contengan un alto valor biolégico en proteina. Dentro de los
ingredientes recomendables destacan los que contienen proteinas de origen animal, es decir: suero
de leche, harina de huevo, plasma deshidratado, harina de pescado, etcétera. EI empleo de estos
ingredientes mejora el comportamiento productivo postdestete de los lechones, pero a su vez
aumenta ampliamente el costo en la alimentacion (Rist et al., 2013; Balan et al., 2021).

Reduccion en el contenido de proteina cruda en dietas para cerdos

En la produccion porcina, el contenido de proteina cruda en la dieta se reduce cuando los
requerimientos para los aminoacidos esenciales y el nitrégeno total se cumplen; en cerdos la
necesidad de proteinas en la dieta es esencialmente para cubrir los requerimientos de aminoacidos
(Wang et al., 2018). El contenido limitado de lisina, especialmente por la naturaleza el maiz, en
dietas para cerdos con base en maiz y pasta de soya genero que la dieta tradicional de maiz y pasta
de soya fuera en altos niveles de proteina cruda para cumplir con los requisitos de lisina en los
cerdos (Zhao et al., 2019). Las dietas altas en proteina condujeron a excesos en ambos,

aminoacidos no esenciales y excrecion de nitrogeno en heces y orina. Esto no solo reduce la



eficiencia de uso del nitrégeno, pero también genera desventajas; por ejemplo, la fermentacion de
proteinas en el intestino grueso que dafia la salud intestinal (Wang et al., 2018; Wang et al., 2019).
Al reducir la proteina cruda en la dieta de 2 a 4% segun las recomendaciones de NRC (1998) y
cubrir los requerimientos con aminoacidos sintéticos se demostré que se aumenta la eficiencia en
el uso de nitrégeno, se mejora la salud intestinal, se reducen los costos de alimentacion y la
excrecion de nitrégeno. Sin perjudicar el crecimiento y rendimiento de los cerdos; por ejemplo,
existen estudios de dietas bajas en proteina con la adicion de los cuatro aminoécidos sintéticos (L-
lisina, DL-metionina, L-treonina y L-triptéfano) que en cerdos son los primeros cuatro
aminoacidos limitantes para obtener una proporcién ideal de proteina, donde el comportamiento
fue similar (Zhao et al., 2019). El reciente NRC (2012) para requerimientos de nutrientes en cerdos
elimino las recomendaciones para proteina cruda y lo reemplazé con un requisito de nitrégeno
total. Si el requerimiento total de nitrégeno de NRC (2012) se multiplica por el coeficiente de 6.25,
el requisito de proteina cruda es 2 a 4% mas bajo que el recomendado en NRC anterior (1998)
(Wang et al., 2018; Wang et al., 2019). Por lo tanto, la disminucién de proteina cruda en dietas
para cerdos ahorra ingredientes proteinicos, reduce no so6lo la excrecidn de nitrégeno, sino también
los costos de alimentacion sin afectar el comportamiento productivo en comparacion con las dietas

tradicionales.

Epitelio intestinal

El epitelio intestinal es la membrana que recubre el intestino delgado y grueso. También forma
parte del sistema inmunolégico, que a la vez funciona como barrera y sistema de reconocimiento
de primera linea para los agentes patdgenos. El intestino de mamiferos se cubre por una capa Unica
de células epiteliales que se renueva cada 4-5 dias. Las células epiteliales en el intestino delgado
son un tipo de células del borde en cepillo que se empalman entre si por uniones estrechas para
formar una membrana semipermeable (Chen et al., 2018; Nayak et al., 2018).

El epitelio de la mucosa intestinal se forma por diversos tipos de células. Las células absorbentes
0 enterocitos, las células caliciformes que secretan mucina, las células diferenciadas que son
responsables de la renovacion y finalmente las células de Paneth que se encargan de producir

lizosimas empleadas como mecanismos de defensa antibacteriano (Xiong et al., 2019).



Funcién metabdlica del intestino

La absorcion de nutrientes necesarios para el organismo y la proteccion inmunoldgica son las
principales funciones del intestino delgado, que se divide en tres porciones: duodeno, yeyuno e
ileon. Como cualquier tejido, el intestino solicita de nutrientes. El transporte y la absorcion de
nutrientes que requiere el intestino demanda gran cantidad de energia para el organismo y cuyo
primordial combustible para el funcionamiento es la glutamina (Xiong et al., 2019). El intestino
requiere de una renovacion celular rapida: la renovacién de proteina intestinal representa
aproximadamente 25% del consumo de proteina. El intestino como centro metabolico, participa
en la gluconeogénesis y sintetiza algunos amino&cidos vitales para el cuerpo. Asimismo, el tejido
linfoide del intestino es también el mayor 6rgano inmunoldgico del organismo (Yang et al., 2019;
Ortega et al., 2021).

Vellosidades intestinales

El intestino delgado se compone de cinco capas concéntricas conocidas como: mucosa,
submucosa, muscular circular, muscular longitudinal y serosa. La mucosa es la capa mas interna,
es decir, es la capa que encara el lado luminal del intestino. La mucosa esta recubierta con
numerosas vellosidades (de 20 a 40 por milimetro cuadrado), y el duodeno es el lugar donde existe
el mayor nimero en comparaciéon con el yeyuno y el ileon. Las vellosidades intestinales son
proyecciones digitiformes (en forma de dedo) que tienen entre 0.5 y 1 mm de longitud y estan
recubiertas por un epitelio columnar. Cada vellosidad se asocia con una delgada extension de
mausculo liso que proviene de la capa submucosa y que discurre hasta la punta. El borde libre de
las células, que componen el epitelio que recubre a las vellosidades, tiene diminutas
microvellosidades recubiertas por glucocalix (una capa rica en carbohidratos) que juntas constituye
lo que se denomina el “borde en cepillo”. Las vellosidades y las microvellosidades de la mucosa

del intestino delgado aumentan el area de superficie (Ensari et al., 2018; Bonis et al., 2021).

El epitelio que recubre a cada vellosidad tiene distintos tipos de células. Estas, segin su funcion,
se clasifican en células de absorcién, células caliciformes y células del sistema neuroendocrino
difuso. Los enterocitos (células de absorcion) son los mas numerosos y se especializan en la
absorcion de agua y nutrientes. Las células caliciformes son glandulas unicelulares que se

encargan de la secrecién de mucindgeno, que es la forma deshidratada de la proteina mucina,



componente principal del moco intestinal protector del intestino. Las células del sistema
neuroendocrino difuso tienen a su cargo la produccion de hormonas paracrinas y endocrinas
(secretina, colecistoquinina, motilina, péptido inhibidor gastrico, somatostatina, enteroglucagén y
neurotensina). Dichas células representan alrededor del 1% del total de las células epiteliales.
Finalmente, en las regiones del epitelio cercanas a un nddulo linfoide existen las células M, que
son células del sistema fagocitico mononuclear encargadas de fagocitar y transportar antigenos

desde la luz intestinal hacia los nddulos linfaticos (Ensari et al., 2018; Bonis et al., 2021).

Las vellosidades intestinales son proyecciones que salen de la pared del intestino delgado. Su
funcion es aumentar el &rea de absorcion, lo cual permite ampliar el paso de nutrientes en el lumen.
En la superficie de las vellosidades se hallan también enzimas que sirven para digestion del
alimento. EXxisten varias causas que provocan la atrofia de vellosidades (ayuno prolongado,
enfermedad, destete) y generan una mala absorcion de nutrientes (Walton et al., 2018). Durante el
destete, la atrofia de vellosidades aumenta la pérdida de células y existe un bajo indice de
renovacion; esto se asocia con una ampliacion de criptas profundas, mientras se observa una
reduccion en la altura de vellosidades. La relacion entre la profundidad de la cripta y la altura de
vellosidad, manifiesta de mejor forma el efecto negativo del destete en el funcionamiento del
intestino delgado (Ensari et al., 2018; Bonis et al., 2021).

Componentes de la barrera intestinal

La barrera intestinal se compone de células epiteliales, uniones estrechas y espacio lateral
intercelular. Las uniones estrechas polarizan a la célula en las regiones apicales y basolaterales,
las cuales regulan la difusién pasiva de los solutos y de las macromoléculas. De hecho, la barrera
intestinal sirve como la primera linea de defensa contra un ambiente hostil dentro del lumen
intestinal. Los componentes naturales de defensa en la mucosa intestinal, son mecanismos que
reducen la capacidad del patégeno y de sus toxinas para invadir la mucosa, al asegurar la
reparacion rapida de defectos en la capa epitelial (Moeser et al., 2017; Westrém et al., 2020).

La regulacion de la difusion pasiva a través de la barrera intestinal se centra en la capacidad de las
uniones estrechas en permitir el paso de los solutos selectos que son beneficiosos al organismo,
mientras que previenen el paso de antigenos, toxinas bacterianas y patdogenos. Una vez que se

interrumpe la barrera epitelial, los mecanismos epiteliales de la reparacion forman rapidamente



una capa monomolecular epitelial continua para prevenir la absorcién de las toxinas bacterianas
(Moeser et al., 2017; Westrém et al., 2020).

Deformacion del epitelio intestinal

El epitelio intestinal tiene por lo menos dos mecanismos disponibles de respuesta a deformacion.
El primero implica el alto estimulo de la renovacion y algunos aspectos de la diferenciacion celular,
ademés de la movilidad de inhibicion de la célula; y el segundo es la movilidad de la célula
mientras que impide la renovacion y el mantenimiento funcional fisiologico de la mucosa intestinal
(Hosoe et al., 2019). Otros mecanismos importantes de deformacion, son las fuerzas fisicas
complejas que la mucosa intestinal experimenta, tales como: peristaltismo, movilidad de las
vellosidades e interaccion entre el contenido del lumen y el intestino, lo cual es dafiino para la

mucosa Yy afecta su funcionamiento (Montoro-Huguet et al., 2021).

Mecanismos de reparacion de la barrera intestinal

Después de lesion aguda de la mucosa, se llevan a cabo tres eventos locales:
a) la restauracion continua y normal de la permeabilidad del epitelio; a) la contraccién de
vellosidades, que reduce la superficie total y el area desnuda para su pronta reparacion; y c) la
migracion de células epiteliales para sellar la membrana basal expuesta, con el propésito de cerrar
los espacios intercelulares epiteliales y las uniones estrechas (Luissint et al., 2016).

Estos eventos se inician en pocos minutos después de la lesion y estan regulados a nivel local por
los mediadores derivados de una red compleja de nervios, fibroblastos, células endoteliales y la
matriz extracelular subyacente en la ldmina propia. Dichos eventos se llevan a cabo
aproximadamente en las 24 h posteriores al dafio. No obstante, una mayor generacién de células
en la cripta, reemplazara las células perdidas y restaurara la arquitectura de las vellosidades, asi

como la funcidn de digestion y absorcion de nutrientes (Martini et al., 2017).

Uso de antibidtico como promotor de crecimiento en dietas para cerdos

En la produccién animal intensiva las dosis subterapéuticas de antibioticos como promotores del
crecimiento se emplearon durante muchos afios en dietas para animales. Su uso incluye los
siguientes modos de acciodn: 1) reduccion del nimero de enterobacterias intestinales e incremento
de la poblacién benéfica, principalmente en la microbiota intestinal; 2) disminuciéon de la

competencia por los nutrientes entre el huésped y los microrganismos; 3) reduccion de la

10



descarboxilacion microbiana de aminoacidos para formar aminas; y 4) mejorar la absorcion de
nutrientes en el intestino delgado. No obstante, la adicion de antibioticos en la nutricion animal
desarrolla la propagacion de la resistencia microbiana, una importante amenaza para la salud
publica mundial (Walia et al., 2019; Lépez-Gélvez et al., 2020).

La preocupacion por la salud humana y animal por la inclusion de antibi6tico como promotor del
crecimiento en los alimentos para animales, produjeron la prohibicién total del antibiotico en dosis
subterapéuticas en los alimentos para animales en la Union Europea en 2006 (Reglamento (EC)
No 1831/2003). Estados Unidos y Canada también limitaron el uso de antibi6tico como promotor
del crecimiento en los alimentos para animales, en enero de 2017, al entrar en vigor un nuevo
reglamento que exige una prescripcion veterinaria para los aditivos terapéuticos (FDA, 2012). A
pesar de la prohibicion del uso de antibiético como promotor del crecimiento en las principales
economias, el consumo de antibidticos en los animales aumenta en el mundo. EI consumo mundial
de antimicrobianos en la produccion de alimentos para animales se estimo en 63,151 (+ 1,560)
toneladas en 2010 y se espera que aumente en un 67% en 2030. Dentro de la produccion animal,
la porcicultura es el sector que presenta un uso excesivo de antibidticos (Van Boeckel et al., 2015).
Aungque el antibidtico como promotor del crecimiento se utiliza en toda la fase de crecimiento, su
principal uso es en lechones destetados. El destete tiene una alta mortalidad en lechones por causa
de la diarrea (Dou et al., 2017; He et al., 2020). Por lo tanto, la industria de alimentos balanceados
para cerdos usa antibi6ticos en dosis subterapéuticas para prevenir y tratar la diarrea postdestete
(Suresh et al., 2018; Lopez-Galvez et al., 2020).

Restriccion del uso de antibiéticos

En noviembre de 2017, la Organizacion Mundial de la Salud public6 la nueva guia sobre el uso de
antibidticos en alimentos para animales en produccién. EI documento exhorté a los paises
miembros a reducir el uso de toda clase de antibi6ticos vitales para la salud humana en animales y
reiterd la vision de la Organizacién Mundial de la Salud para que los antibidticos no se empleen
como promotores del crecimiento. Una recomendacion clave se refirio al uso de antibioticos con
fines profilacticos. Es decir, los animales sanos solo reciben antibidticos para prevenir una
enfermedad si dicha enfermedad se diagnostico en otros animales del mismo grupo (Aidara-Kane
et al., 2018; Burki, 2018).
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La guia de la Organizacion Mundial de la Salud se baso en una revision sobre los efectos de reducir
el uso de antibidticos en animales. ElI metanalisis de 81 estudios encontr6 que restringir el uso de
antibidticos en la poblacion animal resultd en una disminucion del 10-15% en la resistencia
microbiana en los animales. También hubo una disminucion del 24% en la resistencia microbiana
en humanos, principalmente entre aquellos en contacto directo con animales, aunque este resultado
se baso en solo 13 estudios. El gobierno del Reino Unido formulé un informe sobre la resistencia
microbiana con 139 articulos académicos, donde tres cuartas partes de los articulos concluyeron
que existia un vinculo entre el consumo animal de antibioticos y los niveles de resistencia
microbiana en humanos. Asimismo, seguin la guia de la Organizacion Mundial de la Salud, las
concentraciones bajas durante periodos prolongados es absolutamente la peor forma de usar
antibidticos (Aidara-Kane et al., 2018; Burki, 2018).

En resumen, la guia de la Organizacién Mundial de la Salud recomienda una reduccion general
del uso de antibioticos en animales productores de alimentos, incluida la restriccion completa del
uso de antibidticos de importancia en salud humana. Ademas, recomienda varias formas de reducir
la necesidad de antibidticos en la produccion animal; por ejemplo: mejorar la higiene, incrementar
el uso de vacunas, reducir el tamafio de los grupos de animales en produccién y hacer conciencia,
pues muchos productores desconocen los riesgos asociados con el uso excesivo de antibidticos
(Aidara-Kane et al., 2018; Burki, 2018).

Tipos de restriccion de antibioticos

El uso de antibiotico es una parte indispensable de la produccién animal para el tratamiento y
control de enfermedades, asi como promotor del crecimiento. El uso frecuente de antibi6ticos en
la produccion animal origina residuos en productos de origen animal, lo que es un problema
potencial para la salud humana (Nhung et al., 2016; Vidovic y Vidovic, 2020). La presencia de
residuos de antibioticos en alimentos de origen animal induce problemas de salud graves como
son las reacciones alérgicas y la resistencia microbiana. La resistencia microbiana es una amenaza
para la salud pablica mundial, ya que se asocia con un aumento en la morbilidad y mortalidad
(Hosain et al., 2021). La resistencia microbiana contribuira para el afio 2050 con 10 millones de
muertes por afio y un costo aproximado de 100 billones de ddlares estadounidenses (Tang et al.,
2019). Por lo tanto, es importante conocer las definiciones de los términos utilizados en el esquema

de clasificacion de las restricciones (Cuadro 1) y la clasificacion de las restricciones del uso de
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antibidtico en la produccién animal (Cuadro 2). Finalmente, la restriccion amplia en el uso de
antibidtico es la manera mas eficaz para reducir la resistencia microbiana, en comparacion con las
restricciones especificas a un antibidtico o a una clase de antibioticos (Salim et al., 2018; Tang et
al., 2019; Hosain et al., 2021).

Cuadro 1. Definiciones de los términos utilizados en el esquema de clasificacion de las
restricciones (Tang et al., 2019)

Terminologia Definicion
Antibiotico como promotor del ~ Administracion de antibidtico en dosis subterapéuticas, para
crecimiento estimular el crecimiento y la eficiencia alimenticia en los
animales.
Uso de antibidticos no Administracion de antibioticos a animales sin enfermedades
terapéuticos infecciosas identificables. Incluye el uso de antibioticos para

la promocion del crecimiento, la profilaxis y la metafilaxis
de enfermedades.

Metafilaxis Tratamiento de un grupo de animales sin evidencia de
enfermedad, pero que probablemente estén en una
fase de incubacién, por estar en contacto con animales
clinicamente enfermos.

Profilaxis Administracion de antibidticos en animales con riesgo de
enfermedad infecciosa (pero sin enfermedad actual o
detectada en el grupo). Se utiliza cuando las condiciones
ambientales o los cambios presagian un mayor riesgo de
infeccion; por ejemplo, el transporte de animales y el
confinamiento de animales en espacios pequefos.

Uso terapéutico del antibitico  Administracion de antibioticos sélo para tratar animales con
evidencia clinica de enfermedad infecciosa.

Alternativas al uso de antibidéticos

Existen varios aditivos que son efectivos en regular la microbiota intestinal y que mejoran el
crecimiento y comportamiento de los cerdos que se alimentan sin el uso de antibiotico como
promotor del crecimiento. Por ejemplo, los acidificantes reducen el pH gastrointestinal y limitan
la cantidad de enterobacterias en la microbiota intestinal, o que mejora la digestibilidad de
nutrientes. La inclusion de zinc y cobre dietético ademas de su efecto benéfico en el aporte
nutricional como minerales, mejoran la microbiota intestinal por causa de su propiedad

antimicrobiana.
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Cuadro 2. Clasificacion de las restricciones del uso de antibiotico en la produccion
animal (Tang et al., 2019)
Categoria Descripcion

Restriccion completa Restriccion total al uso de todos los antibioticos.

Restriccion de una sola clase  Restriccion del uso de una clase de antibidtico, para
de antibiotico todas las indicaciones de uso.

Restriccion de antibiotico Restriccion del uso de un antibidtico especifico, para
anico todas las indicaciones de uso.

Restriccidn total de antibidtico Restriccion del uso de antibidticos para todas las
al uso no terapéutico indicaciones no terapéuticas, incluido la promocion del
crecimiento, profilaxis y metafilaxis (se permite solo el

tratamiento de animales enfermos).

Restriccion como promotor de  Restriccion del uso de antibidticos para las indicaciones
crecimiento y profilaxis no terapéuticas. Promotor del crecimiento y profilaxis
(tratamiento y metafilaxis estan permitidos).

Restriccion como promotor de  Restriccion del uso de antibidticos s6lo como promotor

crecimiento del crecimiento (tratamiento, metafilaxis y profilaxis se
permiten).
Otra / indeterminada Incapacidad para determinar el tipo de restriccion en una

de las categorias anteriores.

Los prebidticos incrementan la poblacion de microrganismos benéficos en el tracto
gastrointestinal, pues sirven como sustratos para microorganismos especificos que mejoran la
microbiota intestinal. EI uso de nucle6tidos y extractos herbales también mejoran la microbiota
intestinal que resulta en un mejor comportamiento productivo en cerdos (Liu et al., 2018; Walia
et al., 2019). Finalmente, la estrategia mas ordinaria para sustituir el uso de antibi6ético como
promotor de crecimiento es el uso de probidticos (Kim et al., 2019; Guo et al., 2020). No obstante,
la alta cantidad de productos comerciales, probidticos, prebidticos o aditivos alimenticios, para
observar un beneficio significativo son una limitante en la rentabilidad (Nawab et al., 2019), por
lo cual existe un alto nimero de aditivos alimenticios con el potencial uso en dietas para cerdos.
El principal desafio con todos estos aditivos alimenticios, es que sus resultados en el
comportamiento productivo sean no so6lo significativamente buenos, sino consistentes. La

inconsistencia en la efectividad de cada aditivo se debe a que dependen de las caracteristicas de la
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dieta y el estatus de salud de los animales. Por lo tanto, no es posible recomendar un aditivo
especifico para todas las diferentes dietas en cerdos, pues los resultados serian similares a no
adicionar antibi6tico como promotor del crecimiento. Sin embargo, lo que es realmente posible,
es recomendar un aditivo concreto para las caracteristicas delimitadas de una dieta y el estatus de

salud especifico de los animales (Liu et al., 2018; Walia et al., 2019).

Dietas liquidas fermentadas para cerdos

El uso de la fermentacion para mejorar o conservar los alimentos no es algo nuevo. Durante mucho
tiempo, ambos, alimentos y bebidas fermentadas, contribuyeron de manera importante en la dieta
de humanos y animales (Missotten et al., 2015). La mayoria de los alimentos fermentados tienen
la ventaja de inhibir el crecimiento de microorganismos; como resultado, los alimentos
fermentados tienen una mayor vida de anaquel en comparacion con el producto original (Canibe
y Jensen, 2012). Esta accién inhibitoria es una de las caracteristicas para el uso de dietas liquidas

fermentadas en cerdos.

El naciente interés en el uso de dietas liquidas fermentadas como estrategias de alimentacién para
mejorar el comportamiento productivo en lechones y cerdos en finalizacion, surgié debido al
anuncio por parte de la Union Europea de prohibir el uso de antibiéticos en dosis subterapéuticas
para promover el crecimiento en los alimentos para cerdos (Niba et al., 2009; Plumed-Ferrer y
VVon Wright, 2009). Por definicidn una dieta liquida fermentada es una mezcla de alimento y agua,
en relacién desde 1:1 hasta 1:4, que fue fermentada durante un tiempo suficiente (generalmente
largo) para poseer las condiciones estables, usualmente conocida como fermentacion espontanea
(sin inéculo) (Brooks, 2008). No obstante, existe otra forma de fermentacion, que es la
fermentacidn controlada (con in6culo), en la cual se reduce el tiempo para obtener las condiciones
Optimas de fermentacion; en este caso, se logra al mezclar el sustrato en fermentacion y los

indculos de bacterias acido lacticas (Missotten et al., 2015).

Dietas liquidas fermentadas de calidad y sus caracteristicas deseadas

En el momento en el que el agua y el alimento se mezclan, existe una alta posibilidad de que la
fermentacion (esponténea) inicie. De acuerdo con Canibe y Jensen (2003) la fase inicial de la
fermentacidn se caracteriza por bajos niveles de bacterias acido lacticas, levaduras y acido lactico;

pero con un pH alto y una alta concentracion de microrganismos coliformes. No obstante, dentro
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de la fase inicial existe una segunda fase, la cual se distingue por los altos niveles de acido lactico,
bacterias acido lacticas, levaduras; con un bajo pH y una reduccién en el nUmero microorganismos
patdgenos (Brooks, 2008). Brooks (2008) dividio la fase inicial; es decir, la fase uno donde existe
un pH alto que permite el aumento de bacterias coliformes, y la fase dos, en la cual la reduccion
en el pH genera el aumento de bacterias acido lacticas e inhibe la multiplicacion de
microorganismos patdgenos, debido a la mayor produccion de acidos organicos (particularmente
acido lactico). Finalmente, en la fase de estabilidad o fase tres, la poblacion de bacterias acido
lacticas y el pH son estables; sin embargo, en esta misma fase la concentracion de levaduras en el

alimento continta en aumento. Ambas fases, inicial y estable, se muestran en la Figura 1.

|-. | Fase de estabilidad ]

]

: ! I

1 ¥ 1
1
]

[
[=]

1 r 7

(V)]
pH

Log CFU/ml
NOW & UM O NN O

[

0 — 3
|—I’_L“"T"“
[reses ] [rese

—.—l Bacterias acido lacticas I—.-I Levaduras | *pH

Figura 1. Fases de la fermentacion lactica (Brooks, 2008)

Van Winsen et al. (2000) sefialaron que la concentracion de &cido lactico es el principal
responsable del efecto antimicrobiano en las dietas liquidas fermentadas. Por lo cual es importante
sefialar que el uso de indculos es la mejor opcion para obtener las dietas liquidas fermentadas de
calidad, con una alta concentracion de &cido lactico y una disminuciéon de microorganismos
patdgenos en el alimento (Vieco-Saiz et al., 2019). Van Winsen et al. (2001) sefialaron que las
caracteristicas deseables en una dieta liquida fermentada son: pH menor a 4.5; concentracion de
bacterias acido lacticas mayor de 9 log10 unidades formadoras de colonia/mL; concentracion de
acido lactico mayor de 150 mM y concentracién inferior de 40 y 0.8 mM de &cido acético y etanol

en la dietas liquidas fermentadas.
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Asimismo, Beal et al. (2002) observaron que para prevenir el crecimiento de Salmonela spp., las
DLF necesitan al menos 75 mM de acido lactico. Ademas, Brooks et al. (2008) reportaron que
para disminuir la concentracién de enterobacterias, la concentracion de acido lactico debe ser
superior de 100 mM. Por lo tanto, esta alta concentracion de &cido lactico tiene un efecto benéfico
en el comportamiento productivo; es decir, aumenta no sélo el consumo diario de alimento, sino
también la ganancia diaria de peso y mejora la eficiencia alimenticia (Xu et al., 2019). Finalmente,
ambas formas D y L de &cido lactico son metabolizadas por los animales; aunque, la forma D en
el &cido lactico, se metaboliza con una velocidad més lenta que la forma L (Everts et al., 2000).

Efecto del pH en las dietas liquidas fermentadas sobre el tracto gastrointestinal

El uso de la dieta liquida fermentada para la alimentacion de lechones, a diferencia de la dieta seca
y liquida sin fermentar, frecuentemente reduce el pH gastrico (Yuan et al., 2017). Por otra parte,
el pH en el intestino delgado en alimentacién con DLF es comUunmente mas alto que en los
animales alimentados con dieta seca o dieta liquida (Bunte et al., 2020), lo cual se relaciona con
un aumento en la secrecion de jugo pancreatico, estimulado principalmente por el pH bajo y la alta
concentracion de acido lactico en las dietas liquidas fermentadas (Plumed-Ferrer y Von Wright,
2009; Pearnil et al., 2020).

Mocherla et al. (2015) reportaron una mejora en el crecimiento de los cerdos alimentados con
dietas que contenian &cidos organicos, lo cual esta directamente relacionado con pH géastrico mas
bajo, que permite no s6lo una mejor actividad proteolitica en el estdmago, sino también una
reduccién en la concentracién y crecimiento de microorganismos patdgenos del alimento. Esta
situacion es similar para los cerdos cuando son alimentados con dietas liquidas fermentadas; por
ejemplo, el estomago es una barrera importante contra los microrganismos coliformes
especialmente en lechones destetados, los cuales normalmente no son capaces de producir

suficiente acido gastrico (HCI) (Missotten et al., 2015).

Efecto de la dieta liquida fermentada sobre la poblacion microbiana en el tracto
gastrointestinal

La alimentacion con dietas liquidas fermentadas influye en la poblacion microbiana en el tracto
gastrointestinal. Canibe y Jensen (2003) no observaron diferencias entre los distintos tipos de
alimentacion con bacterias acido lacticas que crecen a una temperatura de 37°C en la parte distal

del intestino delgado. No obstante, a una temperatura de incubacion de 20°C la proporcién de
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bacterias acido lacticas con disponibilidad para crecer fue significativamente mas alta, en cerdos
alimentados con dietas liquidas fermentadas y en comparacion con ambas formas, dietas secas y
dietas liquidas. Asimismo, estos autores tambien observaron que la concentracion de levaduras fue
casi similar en todos los segmentos del tracto gastrointestinal; no obstante, fueron
significativamente mayores en los animales alimentados con dietas liquidas fermentadas. En
contraste, todos los segmentos del tracto gastrointestinal de los animales alimentados con dietas
liquidas fermentadas mostraron menor poblacion de bacterias coliformes. Moran (2001) reportd
que los lechones alimentados con dietas liquidas fermentadas presentaron una mejor relacion de
las poblaciones de bacterias acido lacticas y bacterias coliformes en los segmentos del tracto
gastrointestinal a favor de bacterias acido lacticas. No obstante, en ambos casos para los animales
alimentados con otras formas; es decir, dieta seca y dieta liquida, la relacion fue mayor para las
bacterias coliformes.

Efecto de la dieta liquida fermentada sobre las vellosidades intestinales

La transicion de una dieta liquida y frecuente como la leche, a una sélida y con menor reiteracion,
reduce el consumo de alimento; al tener menor ingesta de nutrientes, la renovacion del epitelo
intestinal y el crecimiento de las vellosidades se reduce, lo cual afecta el crecimiento en los
lechones destetados (Brooks y Tsourgiannis, 2003). La reduccion en la altura de las vellosidades
intestinales se asocia con la menor capacidad de absorcion y digestion de los nutrientes (Montagne
et al., 2007). La alimentacion liquida, con o sin fermentacion, mejorara el consumo de alimento,
pues exite una interaccion entre el consumo de alimento y el consumo de agua (Missotten et al.,
2015). La alimentacion liquida para los lechones durante el destete reduce la transicion en la forma
de alimentacién; es decir, el cambio de dieta liquida a liquida es menor comparado con dieta
liquida a solida, pues se cubren las dos necesidades, sed y hambre en los animales (Brooks, 2008).
La dieta liquida como forma de alimentacion para los lechones en el destete mejora la arquitectura
de las vellosidades intestinales en comparacion con las dietas secas (Hurst, 2002). Scholten et al.
(2002) reportaron que lechones alimentados con dietas liquidas fermentadas, con 45% de trigo
fermentado, tenian una mejor composicién en la arquitectura de las vellosidades intestinales, en
comparacion con los lechones alimentados s6lo con dieta liquida. En el primer segmento del
intestino delgado los lechones presentaron no solo una mayor altura de vellosidades, sino también

una mejor relacion entre la altura de vellosidad y la profundidad de la cripta.
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Fermentacidn espontanea en comparacion con fermentacion controlada

El desarrollo de dietas liquidas fermentadas ocurre mediante dos procesos: fermentacion
espontanea y fermentacion controlada. La fermentacion espontdnea no es recomendable; por
ejemplo, Beal et al. (2005) fermentaron 56 tipos de trigo y 44 de cebada, pero s6lo pocas muestras
alcanzaron los 100 mM de &cido lactico necesarios para eliminar Salmonella spp. (20% después
de 72 horas de fermentacion a 30°C). La fermentacion espontdnea resulta en una mayor
concentracion de acido acético y aminas biogénicas, productos no deseados pues reducen la
palatabilidad y el consumo (Niven et al., 2006). Por lo tanto, la fermentacion espontanea no es un
método adecuado para obtener un producto palatable y de calidad.

La mejor forma de obtener un fermentado de calidad, es el uso de in6culos bacterianos. La
fermentacion controlada con in6culos de BAL que produzcan altas concentraciones de acido
lactico ayuda a que las dietas liquidas fermentadas sean homogéneas y de calidad (Brooks et al.,
2003). Existen varias cepas de bacterias &cido lacticas empleadas para producir dietas liquidas
fermentadas de calidad; Lactobacillus plantarum es una bacteria de uso frecuente en la produccion
de dietas liquidas fermentadas (Niven et al., 2006; Missotten et al., 2007). Otra bacteria de uso
frecuente en la creacidn de indculos para dietas liquidas fermentadas es Pediococcus spp. (Beal et
al., 2002; Niven et al., 2006; Missotten et al., 2007).

Importancia de las bacterias &cido lacticas en la nutricion de cerdos

La fermentacion de alimentos se practicdé mucho antes de que se descubrieran las bacterias acido
lacticas. Los romanos describieron que los productos lacteos fermentados se utilizaron en el
tratamiento de infecciones gastrointestinales desde el afio 76 a.C. En 1907, el cientifico ruso Elie
Metchnikoff propuso el concepto de probidticos, y se planted que el consumo de leche fermentada
eliminaria el crecimiento de bacterias proteoliticas en el intestino, al mejorar asi la vida del
huésped. Segin la OMS y la FAO, los probioticos se definen como "microorganismos vivos" que,
cuando se administran en cantidades adecuadas, confieren un beneficio para la salud del huésped
(Yang et al., 2015; Nawab et al., 2019).

Los probioticos administrados en los alimentos necesitan sobrevivir a las condiciones intestinales,
resistir los jugos gastricos y a las sales biliares, para crecer y colonizar el intestino. Un buen
probidtico cumplird con los siguientes requisitos: 1) capacidad para adherirse a las células

epiteliales; 2) disminuir la adherencia patdgena en el epitelio intestinal; 3) capacidad para
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multiplicarse y producir acidos, peroxido de hidrégeno y bacteriocinas, sustancias que limitan el
crecimiento de patdgenos; 4) ser seguro, no invasivo, no cancerigeno y no patdgeno; y 5) capacidad
de establecimiento para formar una microbiota intestinal benéfica (Yang et al., 2015; Guo et al.,
2020).

Durante las ultimas décadas, se utilizaron antibidticos en el alimento para promover el crecimiento
en lechones al destete y prevenir las diarreas. Sin embargo, existe una creciente preocupacion en
relacion con el desarrollo de bacterias resistentes a los antibioticos y con el potencial de que estas
afecten la salud humana. Por lo tanto, existe un interés continuo en disminuir o eliminar la
inclusién de antibioticos para promover el crecimiento en alimento para cerdos en el mundo. Como
resultado, la demanda en el mercado internacional de carne de cerdo producida sin antibidticos
aumentara y es necesario desarrollar estrategias alternativas de alimentacion en cerdos (Dou et al.,
2017; He et al., 2020; LoOpez-Galvez et al., 2020).

Las bacterias acido lacticas son aditivos alimenticios naturales, econ6micos y seguros que no
ponen en peligro el ambiente al no producir residuos o resistencia microbiana. Las bacterias acido
lacticas son dtiles en la produccion porcina al mejorar el bienestar animal y disminuir los
problemas de salud intestinal. Estos beneficios permiten a los productores diferenciar la
productividad, estar de acuerdo con las nuevas regulaciones alimentarias y satisfacer las demandas
de los consumidores de carne segura. Las bacterias &cido lacticas no sélo producen acidos
organicos, sino también otras sustancias que inhiben el crecimiento de microorganismos
patdégenos. Sin embargo, no todas las bacterias acido lacticas reducen en la misma forma a los
microrganismos patdgenos en el alimento para cerdos. Por lo tanto, es importante la seleccion
cuidadosa de las bacterias acido lacticas administradas y que las condiciones sean adecuadas (Yang
et al., 2015; Dowarah et al., 2018).

Metabolismo de fermentacion en bacterias acido lacticas

Las bacterias acido lacticas comprenden un grupo heterogéneo de microorganismos con la
caracteristica metabolica de la produccion de acido lactico como producto final de la fermentacion.
Las bacterias acido lacticas son organismos anaerobios facultativos Gram (+), generalmente
inmaviles, no esporulantes, catalasas negativas, tolerantes a los acidos. A excepcion de unas pocas
especies, las bacterias acido lacticas son organismos no patdégenos y Sse reconocen Como

microrganismos seguros (GRAS, por sus siglas en inglés). Desde un punto de vista practico, de
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tecnologia alimentaria, los siguientes se consideran los principales géneros de bacterias acido
lacticas: Aerococcus, Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc,
Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, y Weissella. La
clasificacion de bacterias &cido lacticas en diferentes géneros se basa principalmente en la
morfologia, el modo de fermentacion de la glucosa, el crecimiento a diferentes temperaturas, la
configuracion del acido lactico producido, la capacidad de crecer a altas concentraciones de
salinidad y la tolerancia acida o alcalina (Blajman et al., 2018; Abedi et al., 2020).

Una caracteristica importante utilizada en la diferenciacion de los géneros de bacterias &cido
lacticas es el modo de fermentacion de la glucosa en condiciones estandar. Las bacterias acido
lacticas obligatoriamente homofermentativas (grupo 1) son capaces de fermentar hexosas casi
Unicamente a &cido lactico por la via de Embden-Meyerhof-Parnas mientras que las pentosas y el
gluconato no se fermentan ya que carecen de fosfocetolasa. Las bacterias &cido lacticas
heterofermentativas facultativas (grupo 2) degradan las hexosas a acido lactico por la via Embden-
Meyerhof-Parnas y también son capaces de degradar las pentosas y, a menudo, el gluconato, ya
que poseen tanto aldolasa como fosfocetolasa. Finalmente, las bacterias acido lacticas
obligatoriamente heterofermentativa (grupo 3) degradan hexosas por la via del fosfogluconato que
producen lactato, etanol o acido acético y didxido de carbono. Varias cepas de los grupos 1y 2 'y
algunas del grupo 3 se utilizan en alimentos fermentados, pero el grupo 3 se asocia comunmente
con la descomposicién de los alimentos (Blajman et al., 2018; Abedi et al., 2020).

Las bacterias acido lacticas homofermentativas tienen la enzima aldolasa y convierten la glucosa
casi exclusivamente en cido lactico. Las bacterias acido lacticas homofermentativas producen 2
moles de acido lactico como producto final por cada mol de glucosa consumida y el rendimiento
en la produccion de &cido lactico es de mas del 85%. Las bacterias &cido lacticas
homofermentativas incluyen los géneros: Streptococcus, Lactococcus, Enterococcus, Pediococcus
y algunos Lactobacillus. Las bacterias acido lacticas heterofermentativas fermentan 1 mol de
glucosa para formar, 1 mol de acido lactico, 1 mol de etanol y 1 mol de CO2. El rendimiento en la
produccioén de &cido lactico es de alrededor del 50%. Este grupo tiene la enzima fosfocetolasa,
pero carece de la aldolasa y la hexosa isomerasa; por lo cual, en lugar de seguir la via Embden-
Meyerhof-Parnas, utilizan las vias de la hexosa monofosfato o la de las pentosas (Blajman et al.,
2018; Enan et al., 2018).
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Bacterias acido lacticas con crecimiento en almiddn

Es posible producir acido lactico a partir de desechos de plantas azucareras (melaza y jugo de
remolacha azucarera), biomasas almidonadas, asi como de los disacaridos (lactosa y sacarosa),
monosacaridos hexosas (glucosa, fructosa y galactosa) y pentosas (xilosa y arabinosa). Es decir,
las bacterias acido lacticas fermentan estos azucares a través de glucolisis o la via de las pentosas.
Existe un gran interés en introducir materiales ricos en almidon como sustratos para la produccion
de acido lactico, debido a su abundancia, bajo precio y por ser derivados de fuentes renovables.
Las bacterias acido lacticas amiloliticas como son: Lactobacillus plantarum, Lactobacillus
fermentum, Lactobacillus manihotivorans, Lactobacillus amylophilus y Lactobacillus
amylovorus, fermentan ingredientes ricos en almiddn. Las bacterias acido lacticas amiloliticas
debido a la produccion de a-amilasas transforman directamente el almiddn en &cido lactico (Reddy
et al., 2008; Abedi et al., 2020).

En la fermentacion lactica a escala comercial, la adicion de glucosa es una alternativa cara. La
conversion directa con almidon en &cido lactico por parte de bacterias &cido lacticas amiloliticas
elimina el proceso de dos pasos, y lo hace econémico. Hasta el afio 2021 se reportan muy pocas
bacterias acido lacticas amiloliticas con alto potencial para producir acido lactico en altas
concentraciones. La mayoria de las bacterias acido lacticas amiloliticas se utilizan en la
fermentacion de alimentos. Las bacterias &cido lacticas amiloliticas también se usan en alimentos
fermentados a base de cereales como el pan de centeno europeo, el pan salado asiatico y la
produccidén de bebidas no alcohdlicas. No obstante, pocas bacterias acido lacticas amiloliticas se
utilizan para la produccion de acido lactico en la fermentacion de almidon en un sélo paso. El uso
de una fuente de azlcares méas barata, como el almidén, la materia prima disponible més abundante
en la tierra junto a la celulosa, en combinacion con bacterias acido lacticas amiloliticas disminuye
el costo del proceso de fermentacion en general. Como resultado, las bacterias acido lacticas
amiloliticas tienen el potencial para desarrollar una dieta liquida fermentada de calidad y
economica para la alimentacion de cerdos con base en cereales u otros subproductos abundantes
en almidén (Reddy et al., 2008; Abedi et al., 2020).

Bacterias acido lacticas con alta produccion de acido lactico

El &cido lactico se deriva del metabolismo de carbohidratos y aminoacidos, y es un componente

natural de muchos alimentos. El acido lactico existe en dos formas, L (+) - y D (-). El lactato
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producido por las células de los mamiferos es L-lactato y este es el principal isomero en la sangre.
El D-lactato normalmente esté presente en concentraciones muy bajas, principalmente debido a la
fermentacién microbiana en el intestino. En dietas liquidas fermentadas el contenido de acido
lactico puede llegar hasta el 10% de la materia seca. Cuando la produccion de D-lactato excede la
capacidad del cuerpo para su metabolismo y excrecion, D-lactato se acumula en la sangre para
causar acidosis metabolica y rigidez muscular. Dietas con 10% de acido lactico no tuvieron efectos
negativos sobre la salud y desempefio de cerdos. No obstante, en cerdos la forma D del &cido
lactico se metaboliza por igual, aunque a un ritmo mas lento, en comparacion con la forma L. Por
lo cual, es importante seleccionar las bacterias acido lacticas en dietas liquidas fermentadas para

cerdos con mayor produccion de acido lactico en la forma L (Everts et al., 2000; EFSA, 2017).

Bacterias acido lacticas con alta adhesion a la vellosidad intestinal

La adhesion de las bacterias &cido lacticas a la superficie de la mucosa intestinal se considera uno
de los sucesos primordiales en la colonizacion exitosa del tracto gastrointestinal del hospedero.
Existe un interés en determinar como las bacterias acido lacticas colonizan y coexisten con su
huésped, lo que depende de las interacciones entre el huésped y las bacterias acido lacticas. Las
bacterias acido lacticas presentan varias propiedades adhesivas en la mucina. Las bacterias acido
lacticas se adhieren al entorno intestinal del hospedero, el cual esta en constante cambio. La
adhesion de las bacterias acido lacticas les permite colonizar el tracto gastrointestinal del
hospedero y evita el crecimiento de otras bacterias. Actualmente, los hallazgos sobre adhesion
intestinal de bacterias acido lacticas se identifican a nivel de cepas especificas. De tal manera, es
importante seleccionar las bacterias acido lacticas con alta adhesion intestinal y el potencial para
desarrollar una dieta liquida fermentada de calidad para la alimentacién de cerdos (Nishiyama et
al., 2016; Yadav et al., 2017; Monteagudo-Mera et al., 2019).

Sustancias antimicrobianas que producen las bacterias acido lacticas

Las bacterias acido lacticas producen sustancias antimicrobianas como: perdéxido de hidrégeno,
dioxido de carbono, diacetil, cido lactico y otros componentes organicos. Pero las bacterias acido
lacticas también producen acetaldehido, etanol y bacteriocinas. Todas estas sustancias tienen una
importancia antimicrobiana (Khalid, 2011; Enan et al., 2018).

Acido lactico: es el principal componente antimicrobiano que producen las bacterias &cido

lacticas. El &cido lactico es el mayor acido organico que originan las bacterias acido lacticas en la
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fermentacion. La actividad antimicrobiana del acido lactico ocurre a traves del cambio en las
funciones de la membrana celular, debido al desenso en el pH. En condiciones de un pH bajo, se
inhibe el transporte activo en las células; este efecto disminuye el pH intracelular, reduce la
actividad metabdlica y como resultado se limita el crecimiento de enterobacterias: por ejemplo,
Escherichia coli inhibe su crecimiento a un pH de alrededor de 5.1. Diacetilo: es un componente
aromatico que se produce por cepas dentro de todos los géneros de bacterias acido lacticas por
fermentacion de citrato. El diacetil se produce por bacterias acido lacticas heterofermentativas
como subproducto. El diacetil es un producto de alto valor y se usa ampliamente en la industria
lactea como un compuesto de sabor preferido. El diacetil también tiene propiedades
antimicrobianas. El diacetil reacciona con la proteina de union a arginina de las bacterias gram
negativas e interfiere con la funcion de este aminoacido. Perdxido de hidrdogeno: las bacterias
acido lacticas producen peroxido de hidrdgeno a partir del lactato. El efecto antimicrobiano del
H>0> resulta de la oxidacion de los grupos sulfhidrilo que provoca la desnaturalizacion de varias
enzimas y de la peroxidacion de los lipidos de la membrana, lo que aumenta la permeabilidad de
la membrana. La mayoria de las bacterias indeseables (Pseudomonas spp.) son sensibles al H2Ox.
Dioxido de carbono: se produce principalmente por bacterias acido lacticas heterofermentativas.
El CO; juega un papel en la creacion de un ambiente anaerobico e inhibe las descarboxilaciones
enzimaticas, y la acumulacion de CO: en la bicapa lipidica de la membrana causa una disfuncion
en la permeabilidad. EI CO: inhibe el crecimiento especialmente de las bacterias gram negativas.
Reuterina: es un compuesto antimicrobiano producido, en condiciones anaerdbicas y con glicerol,
por un numero amplio de Lactobacillus. La reuterina limita el crecimiento de Aspergillus y
Fusarium lo que previene la formacion de micotoxinas en alimentos fermentados. Finalmente, la
reuterina limita el crecimiento de enterobacterias como son: Salmonella, Shigella, Clostridium,
Listeria, etc. (Khalid, 2011; Enan et al., 2018).

Importancia de las bacteriocinas que producen las bacterias &cido lacticas

Las bacteriocinas son peptidos sintetizados ribosdmicamente, que ejercen su actividad
antimicrobiana contra cepas de la misma especie que la productora de bacteriocina (limitadas
ocasiones), o contra cepas de especies diferentes (mayoria de las ocasiones). Se estima que entre
el 30 y el 99% de todas las bacterias acido lacticas producen bacteriocinas. La produccion de

bacteriocinas por bacterias acido lacticas es muy significativa desde el punto de vista de sus
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aplicaciones potenciales en los sistemas alimentarios. Las bacteriocinas también desempefian un
papel en la sefalizacion celular. Los microorganismos que producen bacteriocinas poseen
mecanismos de inmunidad para conferir autoproteccién. La resistencia microbiana por el uso de
antibioticos y la preocupacion de los consumidores sobre los riesgos para la salud asociados con
los conservadores quimicos en los alimentos, aumentan el interés por las bacteriocinas (Ha et al.,
2016; Chikindas et al., 2017).

Las bacteriocinas se producen de forma natural, por lo que los consumidores las aceptan
facilmente. Las bacteriocinas suelen clasificarse al combinar varios criterios. Los principales son:
la familia de bacterias productoras, el peso molecular y finalmente sus homologias de secuencia
de aminoéacidos y / o organizacion de grupos de genes. Basado en un enfoque reciente, las
bacteriocinas que producen las bacterias acido lacticas se clasifican en dos clases principales: las
bacteriocinas o lantibioticos que contienen lantionina (clase 1) y los antimicrobianos de péptidos
lineales (clase I1). Las bacteriocinas se consideran como aditivos alimenticios seguros en el tracto
gastrointestinal después de consumirse. Es decir, se degradan por algunas proteasas, por lo que es

posible que sean inofensivas y digeridas (Ha et al., 2016; Chikindas et al., 2017).
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CAPITULO I. PRODUCTION OF HIGH-QUALITY FERMENTED LIQUID SWINE
FEED BASED ON CORN AND INOCULATED WITH Lactobacillus plantarum

1.1. ABSTRACT

Background: Fermented liquid feed (FLF) is commonly used in the European swine industry
since 2006 because of the antibiotics” ban of antibiotics as growth promoters (AGP). FLF with
lactic acid bacteria improves the intestinal microbiota and inhibits pathogenic microorganisms.
The objective of this study was to develop a high-quality FLF based on corn, the main cereal in
Mexico and the American continent for the swine feed industry. Lactobacillus plantarum was
included in FLF with the potential to replace AGP. Methods: A completely randomized
experimental design was conducted in four phases with fermented corn as the main source of
nutrients. In all phases: pH, lactic acid, acetic acid, and ethanol concentrations were measured. In
the first phase, the effect of the substrate: water ratio (1:2 and 1:3) and the addition of xanthan gum
(0 and 0.02%) were determined; in the second phase, three levels of protein (10, 15, and 20%) of
vegetable and animal origin were evaluated; in the third phase, two fermentation times (12 and 24
h) were evaluated, with the addition of molasses (2 and 4%) and lactic acid (0 and 20 mM). Finally,
in the last phase, two fermentation times (12 and 24 h), the origin of the protein (vegetable and
animal), and the inoculum size (240 and 480 uL) were evaluated. Results: The independent
analysis of the variables showed that the absence of xanthan gum, the protein increase
(particularly; animal origin), the 24 h fermentation time, and the addition of molasses have a
positive effect on the production of lactic acid and the decrease in pH. Conclusions: The selected
experimental design allows developing a high-quality fermented liquid feed for pigs based on corn.
Keywords: Lactic acid, pH, protein, fermented corn.

1.2. BACKGROUND

Fermented liquid feed (FLF) is a common feeding technology in the European swine industry and
it is based on wheat and barley cereals [1, 2, 3]. Fermented liquid feed offers several advantages
such as reduction in gastrointestinal pH, increase in lactic acid bacteria (LAB) for intestinal
microbiota, food reduction in the number of coliform bacteria (Salmonella, Shigella, Escherichia
coli, etc.) [4, 5], and a great potential opportunity to use low-cost wet by-products from the food
industry [6 - 11].
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There are both feeding strategies in pigs with and without the use of antibiotics. Both feeding
strategies are used to prevent diarrhea illness and improving growth performance; especially
during weaning [12, 13, 14]. Feeding strategies without the use of antibiotics are very diverse, so
they include: lactose [15, 16, 17], organic acids [2, 18], herbal extracts, essential oils, zinc, copper
[19], antimicrobial peptides [20], intestinal microbiota transplantation [21, 22, 23], prebiotics [16,
24], and the most common strategy: the use of probiotics [25, 26, 27]. Probiotics are defined as
live microorganisms that, when consuming in adequate quantities, develop a benefit in the
intestinal microbiota to the host [28, 29]. However, the great variety of commercial products such
as; probiotics, prebiotics, and feed additives, to obtain significant benefits present economic
limitations for the swine industry [30, 31, 32]. Since weaning diarrhea causes both high mortality
and morbidity in piglets, the most traditional alternative for farmers is using antibiotic as growth
promoter not only to reduce economic losses but also to minimize a high risk for swine production
[33 - 36].

The use of antibiotic as growth promoter in the animal feed industry contributes to the increasing
and spreading of microbial resistance [37, 38]. Microbial resistance is an international public
health risk [39, 40]. It would contribute to 10 million deaths by year in 2050, an annual reduction
from 2 to 3.5% in the world gross domestic product with an approximate cost of 100 billion US
dollars [41]. The European Union's ban on antibiotic as growth promoter in the swine feed industry
began in january 2006 through regulation EC No 1831/2003 [41, 42, 43]. The restriction of
antibiotic as growth promoter increased in the world. The USA and Canada began limiting the use
of antibiotic as growth promoter in 2017, so they were using new regulations requiring veterinary
prescriptions to administer antibiotic as growth promoter in animal feed [19, 44, 45]. Therefore, it
is necessary to develop new feed alternatives that contribute by reducing the use of antibiotic as
growth promoter in feed for pigs.

Fermented liquid feed is an alternative to replace antibiotic as growth promoter in feed for pigs;
they increase the amount of lactic acid bacteria and organic acids improving the intestinal
microbiota [46, 47, 48]. However, there is not enough evidence to prove that it is possible to obtain
high-quality fermented liquid feed with both viability and profitability in pig farms, by using
cereals and by-products different from those used in the European Union [49, 50]. Corn is the
cereal with the highest production in the world; the American Continent produces up to 49.7% of

this cereal. That’s why corn is the most important cereal in the swine feed industry in the American
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continent [51]. According to Missotten et al. [76] the high-quality fermented liquid feed have the
following features: first, a pH lower than 4.5; second, a lactic acid concentration of at least 150
mM; third, an acetic acid concentration lower than 40 mM; and fourth, an ethanol concentration
of less than 0.8 mM.

This study aimed to develop a high-quality fermented liquid feed based on corn for pigs and
inoculated with Lactobacillus plantarum and potential to replace antibiotics as growth promoters

and reduce microbial resistance.

1.3. MATERIALS AND METHODS

Microorganism: Lactobacillus plantarum strain was obteined from the lactic acid bacteria
collection of the Solid-state fermentation pilot plant from the “Universidad Autoénoma
Metropolitana-Unidad Iztapalapa, México.” The strain was preserved in tubes with cryoprotective
beads (Technical Services Consultant LTD, England), in glycerol 20% (v v!) at -20 ° C and
lyophilized.

Inoculum preparation and experimental units

For inoculum production, a bead with the conserved strain was placed in a 50 mL test tube with
30 mL of the Man, Rogosa, and Sharpe (MRS) broth containing (g L) [Glucose 20, peptone 10,
meat extract 8, sodium acetate 5, yeast extract 4, dipotassium phosphate 2, Tween-80, ammonium
citrate 2, magnesium sulfate 2 and manganese sulfate 0.05] (Difco, Nueva Jersey, EUA).
Everything was previously sterilized at 120 °C for 15 min. Cultures were incubated at 35 °C for
10 h.

Lactic fermentation

Falcon® 50 mL conical tubes were used as experimental units. In each tube, 10 g of the substrate
and 20 mL of distilled water at 90 °C were added (substrate: water ratio 1: 2). Each tube was mixed
with a vortex for 1 min and it was cooled for one hour at environmental temperature to be
immediately inoculated. Substrate composition, inoculum size, and lactic fermentation conditions
are described further in this section. The incubation temperature was 30 °C in all phases.

Yellow cornflour (origin, USA; Productores Agropecuarios Tepexpan S.A. de C.V.), meat meal
(origin, Mexico; Productores Agropecuarios Tepexpan S.A. de C.V.), soybean meal (origin USA,
Productores Agropecuarios Tepexpan S.A. de C.V.), soy protein isolate (origin USA; Amfher
Foods S.A. de C.V.), and molasses (origin, Mexico; Productores Agropecuarios Tepexpan S.A. de
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C.V.) were used as substrates. The additives xanthan gum (origin USA; Amfher Foods S.A. de
C.V.) and lactic acid (origin USA; Amfher Foods S.A. de C.V.) were added in different steps of
this study.

Experimental design. A completely randomized experimental design with factorial
arrangements, and distributed in four phases were used:
Phase I: Twenty Falcon® plastic tubes of 50 mL with 10 g of cornflour were used. Tubes were
distributed in four treatments (Treatment 1: with 20 mL distilled water and without xanthan gum;
Treatment 2: with 20 mL distilled water and 0.002 g of xanthan gum; Treatment 3: with 30 mL
distilled water and without xanthan gum; Treatment 4: with 30 mL distilled water and 0.002 g of
xanthan gum. In all treatments, 100 yL of Lactobacillus plantarum inoculum were added and
incubated for 30 h at 30 °C. A completely randomized experimental design with a 2 x 2 factorial
arrangement and five repetitions for treatment was used.
Phase II: Twenty-four Falcon® plastic tubes of 50 mL with 10 g of a mix of cornflour and protein
ingredient, with 20 mL of distilled water were used. Tubes were divided into two groups: First, the
protein content of: 10, 15 and, 20% of crude protein. Protein levels were calculated with the
nutritional composition of all ingredients, cornflour, soybean meal, and meat meal, according to
the NRC tables [52]. Second, protein origin: soybean meal and meat meal from vegetable, and
animal origin respectively. All tubes were distributed in six treatments (Treatment 1:10% of crude
protein level with vegetable origin; Treatment 2:15% of crude protein level with vegetable origin;
Treatment 3:20% of crude protein level with vegetable origin; Treatment 4:10% of crude protein
level with animal origin; Treatment 5:15% of crude protein level with animal origin; Treatment
6:20% of crude protein level with animal origin). In all treatments, 100 pL of Lactobacillus
plantarum inoculum were added and incubated for 20 h at 30 °C. A completely randomized
experimental design with a 3 x 2 factorial arrangement and four repetitions for treatment was used.
Phase 1I: Thirty-two Falcon® plastic tubes of 50 mL with 10 g of a mix of cornflour and meat
meal (20% of crude protein), with 20 mL of distilled water were used. Tubes were divided into
three groups: First, fermentation time at two levels: 12 and 24 h. Second, molasses addition at two
levels: 2 and 4%. Third, lactic acid addition at two levels: 0 and 20 mM. All tubes were distributed
in eight treatments (Treatment 1: Fermentation time of 12 h, molasses addition level of 2% and no
addition of lactic acid; Treatment 2: Fermentation time of 12 h, molasses addition level of 2% and

lactic acid addition of 20 mM; Treatment 3: Fermentation time of 12 h, molasses addition level of
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4% and no addition of lactic acid; Treatment 4: Fermentation time of 12 h, molasses addition level
of 4% and lactic acid addition of 20 mM; Treatment 5: Fermentation time of 24 h, molasses
addition level of 2% and no addition of lactic acid; Treatment 6: Fermentation time of 24 h,
molasses addition level of 2% and lactic acid addition of 20 mM; Treatment 7: Fermentation time
of 24 h, molasses addition level of 4% and no addition of lactic acid; Treatment 8: Fermentation
time of 24 h, molasses addition level of 4% and lactic acid addition of 20 mM). In all treatments,
200 pL of Lactobacillus plantarum inoculum were added and incubated at 30 °C. A completely
randomized experimental design with a 2 x 2 x 2 factorial arrangement and four repetitions for
treatment was used.

Phase IV: Thirty-two Falcon® plastic tubes of 50 mL with 10 g of a mix of cornflour and protein
ingredient (20% of crude protein), with 20 mL of distilled water were used. Tubes were divided
into three groups: First, fermentation time at two levels: 12 and 24 h. Second, the origin of protein
ingredient: a mix of cornflour, soybean meal and, soy protein isolate as an ingredient of vegetable
origin, and a mix of cornflour and meat meal as an ingredient of animal origin. Third, inoculum
addition of Lactobacillus plantarum at two levels: 240 and 480 uL. All tubes were distributed in
eight treatments (Treatment 1: Fermentation time of 12 h, protein ingredient of vegetable origin
and inoculum addition with 240 pL; Treatment 2: Fermentation time of 12 h, protein ingredient of
vegetable origin and inoculum addition with 480 puL; Treatment 3: Fermentation time of 12 h,
protein ingredient of animal origin and inoculum addition with 240 puL; Treatment 4: Fermentation
time of 12 h, protein ingredient of animal origin and inoculum addition with 480 puL; Treatment 5:
Fermentation time of 24 h, protein ingredient of vegetable origin and inoculum addition with 240
nL; Treatment 6: Fermentation time of 24 h, protein ingredient of vegetable origin and inoculum
addition with 480 uL; Treatment 7: Fermentation time of 24 h, protein ingredient of animal origin
and inoculum addition with 240 pL; Treatment 8: Fermentation time of 24 h, protein ingredient of
animal origin and inoculum addition with 480 uL). All treatments were incubated at 30 °© C. A
completely randomized experimental design with a 2 x 2 x 2 factorial arrangement and four
repetitions for treatment was used.

Measurement of response variables. At the end of fermentation time, the fermented substrate was
homogenized in a vortex and two fractions were taken: 3 g of fermented substrate were used to
measure pH (Conductronic pH120); 3 g of fermented substrate were centrifuged at 5,000 rpm for

15 min and the supernatant was used for lactic acid, acetic acid and ethanol analysis with an HPLC
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Perkin Elmer LC250, SHIMADZU, by using the isocratic method described by Diano et al. [53].
An Aminex HPX-87H column was used at 60 °C, with a mobile phase of H.SO4 at 5 mM and a
flow of 0.6 mL min. A refractive index detector (LC-30, SHIMADZU) was used.

Statistic analysis. The experimental design used in each of the four phases met the statistical
assumptions: normality (Shapiro's test), variances homogeneity (Bartlett's test), and independence.
The last was completed when assigning the experimental units for the different treatments by using
randomization with R program version 3.5.1. [54]. The statistical analysis of variance for four
stages was performed by employing GLM procedure with the statistical program, SAS (2012)
version 9.4. Any difference was considered significant with a P-value lower than 0.05, both

significant factors and interactions were compared with Tukey's test.

1.4. RESULTS

Phase I. Effect of water content and xanthan gum addition
The xanthan gum addition (Table 3) did not affect the final pH (P > 0.05), or acetic acid and ethanol
production. The xanthan gum addition negatively affected (P = 0.02) lactic acid production, where

the best treatment was without the addition of xanthan gum.

The substrate: water ratio (Table 3) for fermented corn did not affect (P > 0.05) the individual
response of the final pH. The production of lactic acid, acetic acid and, ethanol were similar (P >
0.05) either in individual response to substrate: water ratio or in the effect of the interaction
between the substrate: water ratio and xanthan gum addition. Therefore, for the following assays
the substrate: water ratio of 1:2 without xanthan gum addition was selected. Under these

conditions, lactic acid production was maximized (Figure 2).
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Table 3. Effect of the substrate:water ratio and / or xanthan gum addition in fermented
corn with Lactobacillus plantarum on the final pH and the concentration of lactic acid,
acetic acid and ethanol.

Probability
W1X1 W1X2 W2Xx1 W2X2

W X W*X

Final pH

3.65+0.01 3.64 £0.02 3.52£0.02 3.64+£0.03 0.076 0.139 0.069
Lactic acid (mM)
100.78 + 859 87.84+8.07 76.46+6.92 59.94+6.41 0.164 0.021 0.861
Acetic acid (mM)

3.12+0.31 2.76 £0.23 2.73+£0.32 3.04+£0.24 0.893 0.968 0.437
Ethanol (mM)

0.69£0.11 0.34+£0.13 0.87£0.12 0.86+£0.13 0.052 0.307 0.312

Data are means and standard error of each treatment; W = effect of substrate:water ratio; W1

= substrate:water ratio (1:2); W2 = substrate:water ratio (1:3); X = effect of xanthan gum
addition; X1 = xanthan gum addition of 0.0 g; X2 = xanthan gum addition of 0.002 g; W*X

= Effect of the interaction between the substrate:water ratio and xanthan gum addition.
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Figure 2. Lactic acid concentration in response to the xanthan gum addition (0.0 and 0.02%o)
and the substrate:water ratio (1: 2 and 1: 3) in fermented corn with Lactobacillus plantarum.
ab\/alues without similar letters are significantly different (P < 0.05), NS (no significant; P >
0.05), *(P < 0.05).
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Phase I1. Effect of crude protein concentration and protein origin on fermented corn

The final pH of the fermented substrate (Table 4) was reduced (P = 0.001) with the increase of the
protein concentration, where the best level (Figure 3) was with 20% of crude protein. Similarly,
lactic acid production was increased (P = 0.001) with the increase of the protein concentration in
the fermented substrate; the level with the best response (Figure 4) was with 20% of crude protein.
The meat meal addition as an animal origin protein ingredient was the best option (Figure 3) not
only for the final pH, but also for the lactic acid production (Figure 4). The acetic acid and ethanol
production (Table 4) were similar (P > 0.05) and independent of the crude protein concentration
or the origin of the protein ingredient, so it was the same result as an individual or an interaction

effect.

Table 4. Effect of crude protein concentration and vegetable or animal protein origin in
fermented corn with Lactobacillus plantarum on the final pH and the concentration of lactic
acid, acetic acid and ethanol.

Probability
P101 P201 P301 P102 P202 P302

P O PO

Final pH

3.72+£0.04 3.87+£0.04 3.86+0.04 4.00+£0.04 4.03+0.04 4.14+0.04 0.001 0.005 0.908
Lactic acid (mM)

456+10 818+11 97.7+10 129.1+10 1459+15 183.2+16 0.001 0.008 0.994
Acetic acid (mM)

ND ND ND ND ND ND ND ND ND
Ethanol (mM)
ND ND ND ND ND ND ND ND ND

Data are means and standard error of each treatment; P = effect of crude protein concentration; P1 =
crude protein concentration of 10%; P2 = crude protein concentration of 15%; P3 = crude protein
concentration of 20%; O = effect of vegetable or animal protein origin; O1 = vegetable protein origin
02 = animal protein origin; P*O = effect of the interaction between crude protein concentration and

vegetable or animal protein origin; ND = not detectable.

33



4.2

*Kh* *x
a | l
d
R a
' b [ Ee
S R b
c S
3.8 T
B
10% 15% 20% vegetable animal

Figure 3. Final pH in response to crude protein concentration (10, 15 and 20%0) and protein
origin (vegetable or animal) in fermented corn with Lactobacillus plantarum. 2Values
without similar letters are significantly different (P < 0.05), ** (P < 0.01), ***(P < 0.001).
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Figure 4. Lactic acid concentration in response to crude protein level (10, 15 and 20%) and
protein origin (vegetable or animal) in fermented corn with Lactobacillus plantarum.
ab\/alues without similar letters are significantly different (P < 0.05), ***(P < 0.001), ****(P
< 0.0001).

To obtain a high-quality fermented liquid feed based on corn; for the following assays, the crude
protein level of 20% and meat meal addition as animal origin protein were selected. Under these
conditions, lactic acid production was maximized (Figure 4).

Phase I11. Effect of fermentation time and the addition of molasses and lactic acid

The final pH of the fermented substrate (Table 7) decreased (P = 0.001) as a function of both

factors, fermentation time and molasses addition; where the best fermentation time and level of
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molasses addition were with 24 h and 4% respectively (Figure 5). Likewise, the lactic acid
production (Table 7) increased (P = 0.001) as a response to these two factors, resulting in the most

productive lactic acid concentration with 4% of molasses addition and fermentation time with 24
h (Figure 6).
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Figure 5. Final pH in response to fermentation time (12 and 24 h) and molasses addition (2
and 49b) in fermented corn with Lactobacillus plantarum. 2Values without similar letters are
significantly different (P < 0.05), ***(P < 0.001).
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Figure 6. Lactic acid concentration in response to fermentation time (12 and 24 h) and
molasses addition (2 and 4%) in fermented corn with Lactobacillus plantarum. 2Values
without similar letters are significantly different (P < 0.05), ***(P < 0.001), ****(P < 0.0001).

The response of lactic acid addition wasn’t different (P > 0.05) neither in the final pH nor lactic

acid, acetic acid and ethanol production. However, the analysis of variance (Table 7) showed an
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interaction (P = 0.027) among the fermentation time, lactic acid, and molasses inclusion for the
final lactic acid concentration. The best combination (Figure 7) was the addition of molasses (4%)

and lactic acid (20 mM), during fermentation for 24 h.
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Figure 7. Lactic acid concentration in response to fermentation time (12 and 24 h), molasses
(M1=2 and M2=4%) and lactic acid addition (L1=0 and L2=20 mM) in fermented corn with

Lactobacillus plantarum. ®Values without similar letters are significantly different (P < 0.05).
The addition of molasses reduces the final pH and increase the lactic acid concentration at the end
of the fermentation allowing to obtain a high quality fermented liquid feed (Figures 5 and 6) based
on corn; however, the addition of lactic acid did not improve the final pH and lactic acid content
in the fermented corn substrate. The 24 h fermentation time reduced the final pH and increased the
final lactic acid concentration in the corn-based diet (Figures 5 and 6). This approach based on

four combinations allows obtaining a high of quality fermented liquid feed for pigs based on corn
(Table 5).
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Table 5. Quality treatments with molasses and / or lactic acid addition in fermented
corn with Lactobacillus plantarum.

Variable Quality values  Combinations with 24 hours of fermentation
M1L1 Mi1L2 M2L1 M2L2
Final pH 4.5 411 4.18 4.16 4.08
Lactic acid (mM) 150 232.08 248.20 249.60 302.68
Acetic acid (mM) 40 ND ND ND ND
Ethanol (mM) 0.8 ND ND ND ND

M1 = molasses addition of 2%; M2 = molasses addition of 4%; L1 = lactic acid addition of O

mM; L2 = lactic acid addition of 20 mM. ND = not detectable.

Phase IV. Effect of fermentation time, inoculum size and, protein origin

The final pH of the fermented substrate (Table 8) was affected (P = 0.001) as a function of the
fermentation time, or the protein origin; where the best fermentation time for final pH was 24 h
and the vegetable origin protein reduced the final pH (Figure 8). Lactic acid production (Table 8)
was increased (P = 0.001) by both factors, fermentation time and protein origin in the substrate; as

a result, the best time was with 24 h of fermentation and the most important protein ingredient was

the animal origin (Figure 9).
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Figure 8. Final pH in response to fermentation time (12 and 24 h) and vegetable or animal

protein origin in fermented corn with Lactobacillus plantarum. ®Values without similar
letters are significantly different (P < 0.05), ****(P < 0.0001).
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Figure 9. Lactic acid concentration in response to fermentation time (12 and 24 h) and
protein origin (vegetable or animal) in fermented corn with Lactobacillus plantarum.

®Values without similar letters are significantly different (P < 0.05), ****(P < 0.0001).

The individual response of inoculum size addition was similar (P > 0.05) for the final pH, acetic
acid and, ethanol concentrations. However, ANOVA (Table 8) showed that there were two
interactions; the first one was in the final pH (P = 0.001) among the fermentation time, protein
origin source and, the inoculum size. The second interaction was for the lactic acid production (P
= 0.027) among those three factors. In this phase, the best combinations to obtain a low final pH
(Figure 10) were with vegetable origin protein, 24 h of fermentation and, the inoculum of
Lactobacillus plantarum in both levels 240 or 480 uL. Likewise, the best combination for lactic

acid concentration (Figure 11) was with animal origin protein, 24 h of fermentation and, the
inoculum level 240 pL.
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Figure 10. Final pH in response to fermentation time (12 and 24 h), protein origin
(Ol=vegetable and O2=animal), and inoculum size (11=240 and 12= 480 pL) in fermented

corn with Lactobacillus plantarum. ®Values without similar letters are significantly different
(P <0.05).
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Figure 11. Lactic acid concentration in response to fermentation time (12 and 24 h), protein
origin (Ol=vegetable and O2=animal), and inoculum size (11=240 and 12= 480 pL) in

fermented corn with Lactobacillus plantarum. ®Values without similar letters are
significantly different (P < 0.05).

High-quality fermented liquid feed based on corn was possible in phase IV. Four combinations
were developed for high-quality fermented liquid feed based on corn with 24 h of fermentation

(Table 6), two combinations were for vegetable origin protein, and the other two for animal origin
protein.
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Table 6. Quality treatments with two protein origins and / or two levels of inoculum in
fermented corn with Lactobacillus plantarum.

Variable Quiality values Combinations with 24 hours of fermentation
o1l1 0112 0211 0212
Final pH 4.5 4.01 3.96 4.22 4.18
Lactic acid (mM) 150 189.91 23451  344.01 236.27
Acetic acid (mM) 40 6.11 ND ND 5.80
Ethanol (mM) 0.8 ND ND ND ND

O1 = vegetable protein origin; O2 = animal protein origin; 11 = inoculum size of 240 pl; 12 =

inoculum size of 480 ul. ND = not detectable.

1.5. DISCUSSION

The use of fermented liquid feed in pigs is particularly beneficial for weaned piglets and it has two
main advantages. First, animals acquire food and water simultaneously; which reduces both the
time for animals when finding nutrients [6, 55] and the drastic change during the transition from
milk to a traditional dry diet during weaning [1, 56, 57, 58]. Second, fermented liquid feed reduces
the pH in the diet, therefore the animal’s stomach improves its role as the first defense against
pathogenic microorganisms [47, 56, 59]. However, the use of fermented liquid feed has shown
different results; the animals expressed an improvement in daily weight gain, but a poorer feed
efficiency [60, 61]. Sedimentation of solids has a detrimental effect producing a higher water
intake and lower nutrients consumption. As a result, piglets had a very poor growth performance
[62]. Sedimentation in fermented liquid feed could be avoided by the addition of 0.2 g kg™ of
xanthan gum. Xanthan gum addition at the beginning of fermentation (Figure 1) had a negative
effect on lactic acid production; therefore, it should be added at the end of fermentation.

For fermented liquid feed the substrate: water ratio fluctuated between 1:1.5 to 1:4. Hurst et al.
[63] showed that there was a linear improvement in both feed digestibility and energy when
increasing the substrate:water ratio from 1:1.5 to 1:3; in other words, liquid food improved animal
intake. After weaning, 50% of piglets consume its first meal within the first 24 hours, and after 48
hours 10% of animals. Piglets lost weight during the first week after weaning, so animals needed

one or two weeks to recover that weight [18]. In phase I, the two substrate:water ratios produced
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a similar response either for the final pH or for lactic acid concentration. That’s why it was decided
to work with the substrate: water ratio of 1:2 in the following phases.

There were many studies that highlight the importance of fermented protein in pig nutrition [64,
65]. The phase II results that lowered the pH and increased the lactic acid concentration in
fermented corn were due to the carbon/nitrogen ratio. The carbon and nitrogen ratio was an
important factor that improved the growth of Lactobacillus plantarum and that positively affected
the lactic acid production in LAB [66, 67]. Several articles were published about the fermentation
of vegetable protein origin [68, 69, 70, 71], or animal protein origin [72]. Lactic fermentation of
vegetable origin and animal origin protein ingredients had several advantages in swine nutrition;
in order to improved growth performance. Fermentation of feed protein was beneficial for pigs in
two ways; first, anti-nutritional factors reduction for protein ingredients, as a result, the nutrient
digestibility improved [64, 69, 70]. Second, the increase of intestinal microbiota [10, 71], with the
purpose of reducing diarrhea and increasing the animals growth [73, 74, 75].

Fermented liquid feed has many advantages, but there are also some disadvantages. Fermentation
caused loss of essential nutrients; specificallly essential amino acids. The amines formation; for
example, cadaverine happens through decarboxylation of synthetic lysine [76]. The main
recommendation to avoid the nutrients loss is to ferment only the cereal fraction; which contrasted
with the results of this study, because it affected the carbon and nitrogen ratio, an important factor
that influenced the lactic acid production in lactic acid bacteria [66, 67]. Therefore, more research
is needed to achieve a high-quality fermented liquid feed with the minor or no loss of AA. The
main factors are: protein concentration, origin, AA profile of the fraction to ferment, and the
controlled fermentation conditions (temperature, inoculated lactic acid bacteria, and substrate
disinfection). When obtaining a high-quality fermented liquid feed is important to speed up the
process related to the transition from the initial phase (substrate with a high pH that allowed the
coliform bacteria growth), to the stable phase (substrate with a lower pH that generates a bigger
number of lactic acid bacteria, and it inhibits the multiplication of the pathogenic microorganisms)
[61, 66]. The fermented liquid feed acceleration was an important factor for the fementation
process, so it affected the lactic acid production and the lactic acid bacteria number by obtaining a
quality fermentation [9, 76]. This study took the quality fermented liquid feed values reported by
Missotten et al. [76]. Lactic acid has both bacteriostatic and bactericidal functions, which depend

on the inclusion level or its concentration in fermented liquid feed [10]. Beal et al. [77] observed
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that to prevent the growth of Salmonella spp., fermented liquid feed required at least 75 mM of
lactic acid. Brooks et al. [55] reported that by decreasing the number of enterobacteria, the lactic
acid concentration must exceed 100 mM. Therefore, this high lactic acid concentration had a
beneficial effect on the growth performance; by increasing not only daily feed intake, and daily
weight gain but also in feed efficiency benefits, it was related to improving the lactic acid bacteria:
Enterobacteria ratio for fermented liquid feed [76]. The results in phase Il for this study proved
that the molasses addition with 4% improved (P < 0.05) either the final pH or the lactic acid
concentration. That’s why in this study was decided to work in the last phase with this level.
Finally, adding by-products with a high content of available sugars (molasses) was beneficial not
only in diets for weaned piglets [78, 79], but also it was an economical alternative to accelerate
the growth of Lactobacillus plantarum in fermented corn.

Obtaining quality fermented liquid feed was important to reduce antibiotic as growth promoter in
feed; the enterobacteria reduction in swine feed improved the animals’ growth performance,
especially for young animals [80, 81, 82]. A high lactic acid concentration in feed helps the
intestinal microbiota development. Lactic acid reduces gastric pH and eliminates enterobacteria
growth; which results in a better post-weaning growth performance [2, 3]. Weaning is a stressful
event for piglets: with little or no feed intake, a new hierarchical order, diet transition, low
production of pancreatic enzymes, and stomach hydrochloric acid. The stomach pH is a defense
mechanism in piglets; it helps to reduce the enterobacteria amount in feed and improves the
absorption of the nutrients [13, 14]. In pigs, protein digestion begins with the pepsin action, by
secretion in the stomach mucosa of the precursor pepsinogen. The conversion rate from
pepsinogen to pepsin depends on stomach pH; at a pH from 2 to 3.5, it is fast, but is very slow at
a pH from 5to 6 [18]. Therefore, fermented liquid feed helps to achieve an acidic stomach pH that
reduces stress during weaning and improves the gut microbiota [46, 47, 48]. The increase in
intestinal microbiota reduced diarrhea problems, improved [48, 83] the intestinal barrier, and
intestinal villi [3, 47]. The quality fermented liquid feed development has the potential to reduce
the antibiotics as growth promoters for the swine feed industry [3, 76]. Equally, the diet inclusion
of protein ingredients depends on price, regional availability, protein content, AA profile,
digestibility, and the pigs” physiological stage; that is why it is necessary to develop quality

fermented liquid feed with different ingredients from animal and vegetable protein origin. [52].
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1.6. CONCLUSIONS

Through a four-stage statistical analysis, a high-quality fermented liquid diet corn-based was
developed as a pig feed with the potential to replace antibiotics as growth promoters and reduce
microbial resistance. This potential high-quality fermented liquid feed based on corn was obtained
inoculating Lactobacillus plantarum to a mixture with a substrate: water ratio of 1: 2 and vegetable
or animal protein origin with fermentation for 24 h at 30 °C.

Abbreviations

FLF: Fermented liquid feed; AGP: Antibiotics” ban as growth promoters; LAB: Lactic acid
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Table 7. Effect of fermentation time, molasses and lactic acid addition in fermented corn with Lactobacillus plantarum on the final pH

and the concentration of lactic acid, acetic acid and ethanol.

Probability
TIM1L1 TiMI1L2 TiM2L1 TiM2L2 T2M1L1 T2M1L2 T2M2L1 T2M2L2

T M L T™M T*L M*L T*M*L

Final pH
4.33£0.02 4.39+0.03 4.17+0.02 4.16+0.02 4.11+0.02 4.18+0.02 4.16+0.02 4.08+0.02 0.001 0.001 0.394 0.001 0.299 0.001 0.095

Lactic acid (mM)
69.7+15 93.7£17 125.6+16 104.2+17 232.1+16 248.2+18 249.6+17 303.7+17 0.001 0.001 0.051 0.872 0.069 0.812 0.027
Acetic acid (mM)

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Ethanol (mM)
ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Data are means and standard error of each treatment; T = effect of fermentation time; T1 = fermentation time of 12h; T2 = fermentation time of
24h; M = effect of molasses addition; M1 = molasses addition of 2%; M2 = molasses addition of 4%; L = effect of lactic acid addition; L1 =
lactic acid addition of 0 mM; L2 = lactic acid addition of 20 mM; T*M = effect of the interaction between fermentation time and molasses
addition; T*L = effect of the interaction between fermentation time and lactic acid addition; M*L = effect of the interaction between molasses

and lactic acid addition; T*M*L = effect of the interaction among fermentation time, molasses and lactic acid addition; ND = not detectable.
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Table 8. Effect of fermentation time, vegetable or animal protein origin and inoculum size in fermented corn with Lactobacillus
plantarum on the final pH and the concentration of lactic acid, acetic acid and ethanol.

Probability
T10111 T10112 T10211 T10212 T20111 T20112 T202I11 T20212

T @) | ™0 T*I O*I T*O*I

Final pH
4.33+0.02 4.39+0.03 4.17+0.02 4.16+0.02 4.11+0.02 4.18+0.02 4.16+0.02 4.08+0.02 0.001 0.001 0.661 0.003 0.028 0.001 0.001

Lactic acid (mM)
69.7+15 93.7+17 125.6+16 104.2+17 232.1+16 248.2+18 249.6+17 303.7+17 0.001 0.001 0.019 0.001 0.073 0.001 0.001

Acetic acid (mM)
1.46+0.71 1.76.0+0.6 ND ND 6.1+0.98 ND ND 5.841.04 0.014 0.293 1.000 0.383 0.854 0.001 0.001

Ethanol (mM)

0.61+0.08 0.44+0.08 ND ND 1.02+0.07 ND ND ND 0.932 0.003 0.071 0.932 0.224 0.071 0.224

Data are means and standard error of each treatment; T = effect of fermentation time; T1 = fermentation time of 12h; T2 = fermentation time
of 24h; O = effect of vegetable or animal protein origin; O1 = vegetable protein origin; O2 = animal protein origin; | = effect of inoculum level,
11 = inoculum level of 240 pL; 12 = inoculum level of 480 uL; T*O = effect of the interaction between fermentation time and protein origin;
T*I = effect of the interaction between fermentation time and inoculum level; O*I = effect of the interaction between protein origin and inoculum

level; T*O*1 = effect of the interaction among fermentation time, protein origin and inoculum level; ND = not detectable.
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CAPITULO IV. HIGH-QUALITY FERMENTED LIQUID SWINE FEED WITH A LOW
CONTENT OF CRUDE PROTEIN BASED ON CORN AND INOCULATED WITH
LACTIC ACID BACTERIA COMBINATION

2.1. ABSTRACT

Background: Fermented liquid feed (FLF) for pigs has many advantages over traditional dry
feeding, such as a lower pH and a higher lactic acid concentration. FLF produced with lactic acid
bacteria (LAB) improves the intestinal microbiota and inhibits pathogenic microorganisms, hence
reducing the need for the use of antibiotics as growth promoters (AGP). The use of AGP in animal
feed industry contributes to increase and spread microbial resistance, resulting in an international
animal and human health risk. The objective of this study was to develop a high quality FLF with
a low content of crude protein based on corn inoculated with combinations of LAB to potentially
replace AGP. Methods: A completely randomized experimental design with factorial arrangement
was conducted in three phases with fermented corn as the main source of feed. In all laboratory
phases: pH, lactic acid, acetic acid and ethanol concentrations were determined. In the first phase,
the effect of the initial crude protein concentration (18 and 20%) and the addition of Lactobacillus
plantarum (120 y 240 uL), and Pediococcus pentosaceus (120 and 240 pL) as inocula were
evaluated. In the second phase, the effect of the initial crude protein concentration (18 and 20%)
and the addition of Lactobacillus plantarum (120 y 240 pL), and Pediococcus acidilacticiti (120
and 240 uL) as inocula were evaluated. In the third phase, the effect of initial crude protein
concentration (18 and 20%) and the addition of Pediococcus pentosaceus (120 y 240 pL), and
Pediococcus acidilacticiti (120 and 240 uL) as inocula were evaluated. Results: The independent
analysis of the variables for all phases showed that obtaining high quality FLF with low initial
protein concentration (18%), and the addition of a mix inoculum was possible. Having a positive
effect on the lactic acid production and the pH reduction. Conclusions: The fermentation
conditions established in the evaluated variables developed 23 combinations of high quality FLF
for pigs based on corn with a low crude protein content and combination of LAB.

Keywords: Lactic acid, pH, protein, fermented corn.
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2.2. BACKGROUND

The use of antibiotics as growth promoters (AGP) in animal feed industry contributes to increase
and spread microbial resistance, resulting in an international animal and human health risk [1-4].
It has been estimated to contribute to 10 million deaths per year in 2050, with an annual reduction
from 2 to 3.5% in the world gross domestic product with an approximately cost of 100 billion US
dollars [5]. Therefore, it is necessary to develop new feed alternatives that contribute by reducing
the use of AGP in swine feed industry.

Feeding strategies avoiding the use of antibiotics include the dietary addition of: lactose [6-8],
organic acids [9, 10], herbal extracts, essential oils, zinc, copper [11], antimicrobial peptides [12],
intestinal microbiota transplantation [13—15], prebiotics [7, 16], and most commonly the use of
probiotics [17-19]. Probiotics are defined as live microorganisms that, when consuming in
adequate quantities, develop a benefit to the host in the intestinal microbiota [20, 21]. Currently
the use of probiotics, prebiotics and food additives to obtain benefits represent an economic
limitation for swine industry [22—24]. Fermented liquid feed (FLF) has advantages over traditional
dry feeding, such as reduction of the pH and a high lactic acid concentration [25-27]. Lactic acid
bacteria (LAB) improve the intestinal microbiota and inhibits pathogenic microorganisms; this
inhibitory action is one of the most important characteristics for use in feeding pigs [28—30].
Moreover, FLF for pigs represents a good alternative to reduce the use of AGP [31-33].

FLF are an alternative for pig feeding to substitute AGP [34, 35]. When employing FLF, LAB
with the greatest potential to improve gut microbiota and growth performance in pigs can be
selected [36-38]. For that reason, FLF are not only a recent feeding strategy in the European swine
industry, but their use is growing as an emergent technology in North America [39]. However,
factors to obtain high quality FLF resulting in both viability and profitability in pig farms, by using
cereals and by-products with combinations of LAB for intestinal microbiota and different levels
of crude protein (CP) are required.

FLF with a low protein concentration would allow the use of this system either weaning pigs or
grow-finisher pigs. The great advantages in reducing CP on diet, with amino acids (AA) addition
to meet the requirements and to create a sustainable pig industry have been recently demonstrated
[40, 41]. The decrease in CP for swine diets saves costly protein ingredients. It reduces not only
nitrogen excretion, but also feeding costs, without affecting the growth performance compared to

traditional diets [42, 43]. Reducing dietary protein content is a viable practice in corn-based pig
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diets [41, 44]. The great advantages in reducing CP on diet, with AA addition to meet the
requirements and to create a sustainable pig industry have been recently demonstrated [40, 41].
FLF with combination of LAB would permit the use of antimicrobial substances such as lactic
acid, hydrogen peroxide, carbon dioxide, diacetyl, reuterin and bacteriocins, hence reducing the
need for AGP in pig diets. [45, 46]. However, it is necessary to build evidence that a high quality
FLF with LAB combinations is possible. Corn is the cereal with the highest production in the
world; the American Continent produces up to 49.7% of this cereal. Corn is the most important
cereal in the swine feed industry in the American continent [47]. According to Missotten et al. [26]
the high quality FLF have the following features: a pH lower than 4.5; a lactic acid concentration
of at least 150 mM; an acetic acid concentration lower than 40 mM; and an ethanol concentration
of less than 0.8 mM. The objective of this study was to assess high-quality fermented liquid feed
for pigs with a low crude protein concentration based on a mix of corn and inoculated with
combinations of Lactobacillus plantarum, Pediococcus pentosaceus and Pediococcus
acidilacticiti to potentially replace antibiotics as growth promoters and reduce microbial

resistance.

2.3. MATERIALS AND METHODS

Microorganisms: Lactobacillus plantarum, Pediococcus pentosaceus and Pediococcus
acidilacticiti strains were obtained from the lactic acid bacteria collection of the Solid-state
fermentation pilot plant from the “Universidad Autéonoma Metropolitana-Unidad Iztapalapa,
Meéxico.” The strains were preserved in tubes with cryoprotective beads (Technical Services
Consultant LTD, England), in glycerol 20% (v v'!) at -20 °C and lyophilized.

Inoculum preparation and experimental units

For inoculum production, a bead with the conserved strain (Lactobacillus plantarum, Pediococcus
pentosaceus or Pediococcus acidilacticiti) was placed individually in a previously sterilized (120
°C, 15 min) 50 mL test tube with 30 mL of the Man, Rogosa and Sharpe (MRS) broth containing:
(g LY [Glucose 20, peptone 10, meat extract 8, sodium acetate 5, yeast extract 4, dipotassium
phosphate 2, Tween-80, ammonium citrate 2, magnesium sulfate 2 and manganese sulfate 0.05]
(Difco, Nueva Jersey, EUA). Cultures were incubated at 35 °C for 10 h.

Lactic fermentations
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Falcon® 50 mL conical tubes were used as experimental units. In each tube, 10 g of substrate and
20 mL of distilled water at 90 °C were added (substrate:water ratio 1: 2). Each tube was mixed
with a vortex for 1 min and cooled for one hour at environmental temperature before inoculation.
Substrate composition, inoculum size, and lactic fermentation conditions are described further in
this section. The incubation temperature was 30 °C in all phases.

Yellow corn flour (origin, USA; Productores Agropecuarios Tepexpan S.A. de C.V.), meat meal
(origin, Mexico; Productores Agropecuarios Tepexpan S.A. de C.V.) and molasses (origin,
Mexico; Productores Agropecuarios Tepexpan S.A. de C.V.) were used as substrates.
Experimental design. A completely randomized experimental design with factorial arrangement
and distributed in three phases was used:

Phase I: Thirty two Falcon® plastic tubes of 50 mL with 10 g of a mix of yellow cornflour and
meat meal, 4% of molasses, and a substrate:water ratio (1:2) were used. Tubes were divided into
three factors: First, crude protein concentration with two levels: 18 and 20%. Second, inoculum
addition of Lactobacillus plantarum (Lp) at two levels: 120 and 240 pL. Third, inoculum addition
of Pediococcus pentosaceus (Pp) at two levels: 120 and 240 uL. Protein levels were calculated
with the nutritional composition of yellow cornflour and meat meal, according to the NRC tables
[48]. Tubes were distributed in eight treatments (Treatment 1: Crude protein concentration of 18%,
Lp of 120 and Pp with 120 uL; Treatment 2: Crude protein concentration of 18%, Lp of 120 and
Pp with 240 pL, Treatment 3: Crude protein concentration of 18%, Lp of 240 and Pp with 120 pL;
Treatment 4: Crude protein concentration of 18%, Lp of 240 and Pp with 240 pL, Treatment 5:
Crude protein concentration of 20%, Lp of 120 and Pp with 120 pL; Treatment 6: Crude protein
concentration of 20%, Lp of 120 and Pp with 240 uL, Treatment 7: Crude protein concentration
of 20%, Lp of 240 and Pp with 120 uL; Treatment 8: Crude protein concentration of 20%, Lp of
240 and Pp with 240 pL). All cultures were incubated at 30 “‘C. A completely randomized
experimental design with a 2 x 2 x 2 factorial arrangement (Table 9) and four replicates per
treatment was used.

Phase II: Thirty two Falcon® plastic tubes of 50 mL with 10 g of a mix of yellow cornflour and
meat meal, 4% of molasses, and a substrate:water ratio (1:2) were used. Tubes were divided into
three factors: First, crude protein concentration with two levels: 18 and 20%. Second, inoculum
addition of Lactobacillus plantarum (Lp) at two levels: 120 and 240 pL. Third, inoculum addition
of Pediococcus acidilacticiti (Pa) at two levels: 120 and 240 pL. Protein levels were calculated
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with the nutritional composition of cornflour and meat meal, according to the NRC tables [48].
Tubes were distributed in eight treatments (Treatment 1: Crude protein concentration of 18%, Lp
of 120 and Pa with 120 pL; Treatment 2: Crude protein concentration of 18%, Lp of 120 and Pa
with 240 pL, Treatment 3: Crude protein concentration of 18%, Lp of 240 and Pa with 120 pL;
Treatment 4: Crude protein concentration of 18%, Lp of 240 and Pa with 240 uL, Treatment 5:
Crude protein concentration of 20%, Lp of 120 and Pa with 120 puL; Treatment 6: Crude protein
concentration of 20%, Lp of 120 and Pa with 240 uL, Treatment 7: Crude protein concentration
of 20%, Lp of 240 and Pa with 120 pL; Treatment 8: Crude protein concentration of 20%, Lp of
240 and Pa with 240 uL). All cultures were incubated at 30 °C. A completely randomized
experimental design with a 2 x 2 x 2 factorial arrangement (Table 9) and four replicates per
treatment was used.

Phase I1I: Thirty two Falcon® plastic tubes of 50 mL with 10 g of a mix of yellow cornflour and
meat meal, 4% of molasses, and a substrate:water ratio (1:2) were used. Tubes were divided into
three factors: First, crude protein concentration with two levels: 18 and 20%. Second, inoculum
addition of Pediococcus pentosaceus (Pp) at two levels: 120 and 240 pL. Third, inoculum addition
of Pediococcus acidilacticiti (Pa) at two levels: 120 and 240 pL. Protein levels were calculated
with the nutritional composition of cornflour and meat meal, according to the NRC tables [48].
Tubes were distributed in eight treatments (Treatment 1: Crude protein concentration of 18%, Pp
of 120 and Pa with 120 uL; Treatment 2: Crude protein concentration of 18%, Pp of 120 and Pa
with 240 uL, Treatment 3: Crude protein concentration of 18%, Pp of 240 and Pa with 120 pL;
Treatment 4: Crude protein concentration of 18%, Pp of 240 and Pa with 240 uL 480 pL,
Treatment 5: Crude protein concentration of 20%, Pp of 120 and Pa with 120 pL; Treatment 6:
Crude protein concentration of 20%, Pp of 120 and Pa with 240 uL, Treatment 7: Crude protein
concentration of 20%, Pp of 240 and Pa with 120 uL; Treatment 8: Crude protein concentration
of 20%, Pp of 240 and Pa with 240 pL). All cultures were incubated at 30 "C. A completely
randomized experimental design with a 2 x 2 x 2 factorial arrangement (Table 9) and four
replicates per treatment was used.

Measurement of response variables. At the end of fermentation time, fermented substrate was
homogenized in vortex and two fractions were taken: 3 g of fermented substrate were used to
measure pH (Conductronic pH120); 3 g of fermented substrate was centrifuged at 5,000 rpm for

15 min and the supernatant was used for lactic acid, acetic acid and ethanol analysis with an HPLC
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Perkin Elmer LC250, SHIMADZU, by using the isocratic method described by Diano et al. [49].
An Aminex HPX-87H column was used at 60 °C, with a mobile phase of H.SO4 at 5 mM and a
flow of 0.6 mL min. A refractive index detector (LC-30, SHIMADZU) was used.

Table 9. Treatments in fermented corn with two crude protein levels and inoculum
addition of Pediococcus pentosaceus, Pediococcus acidilacticiti and Lactobacillus

plantarum.
Phase | combinations Phase Il combinations Phase I1l combinations
N1 Ppi Lpl N1 Pal Lpl N1 Ppl Pal
N1 Ppl Lp2 N1 Pal Lp2 N1 Ppl Pa2
N1 Pp2 Lpl N1 Pa2 Lpl N1 Pp2 Pal
N1 Pp2 Lp2 N1 Pa2 Lp2 N1 Pp2 Pa2
N2 Ppl Lpl N2 Pal Lpl N2 Ppl Pal
N2 Ppl Lp2 N2 Pal Lp2 N2 Ppl Pa2
N2 Pp2 Lpl N2 Pa2 Lpl N2 Pp2 Pal
N2 Pp2 Lp2 N2 Pa2 Lp2 N2 Pp2 Pa2

Crude protein level (N1=18% and N2=20%), Pediococcus pentosaceus inclusion
(Pp1=120 and Pp2=240 uL), Pediococcus acidilacticiti addition (Pal=120 and Pa2=240
pL) and Lactobacillus plantarum addition (Lp1=120 and Lp2=240 pL).

Statistical analysis. For all phases, a completely randomized experimental design witha 2 x 2 x 2
factorial arrangement (Table 9) with four replicates per treatment was used. The experimental
design used in each of the three phases met the statistical assumptions: normality (Shapiro's test),
variances homogeneity (Bartlett's test), and independence. The last was completed when assigning
the experimental units for the different treatments by using randomization with R program version
3.5.1. [50]. The statistical analysis of variance for three stages was evaluated by employing GLM
procedure with the statistical program, SAS (2012) version 9.4. Analysis of variance (ANOVA)
was used and compared in Tukey's multiple range tests. Differences between treatments and
interactions were considered significant when P < 0.05, and all values are expressed as the means

+ standard error.
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2.4. RESULTS

Phase I. Effect of crude protein concentration, Lactobacillus plantarum and Pediococcus
pentosaceus addition in fermented corn

The crude protein concentration and Lactobacillus plantarum addition (Table 13) affected (P <
0.001) the final pH in fermented corn, where the best levels to decrease the final pH (Figure 12)
were the crude protein concentration of 20% and Lp addition with 240 uL. Pediococcus
pentosaceus addition did not affect (P > 0.05) the individual response to the final pH, or lactic

acid, acetic acid and ethanol production in fermented corn.

4.4
*kk **kx
[ a | [ |
I
43 e a
2922055 T
o OO ::::::::::
4.2 SHRhe S b
2922055 70707070 I
- N =
Lt L ?0%% 0" | -° <%0
4.1 e [ (e [ ! e ULt
18% 20% 120uL 240u

Figure 12. Final pH in response to crude protein level (18 and 20%) [left side], and inoculum

addition of Lactobacillus plantarum (120 and 240 pL) [right side] in fermented corn. ®Values
without similar letters are significantly different (P < 0.05), ***(P < 0.001).

The crude protein concentration affected (P < 0.001) lactic acid production in fermented corn; the
best level (Figure 2) was with the crude protein concentration of 18%. The analysis of variance
(Table 2) showed no significant interaction (P > 0.05) among crude protein concentration,
Lactobacillus plantarum and Pediococcus pentosaceus addition for the final pH. But there were
several significant interactions for the lactic acid concentration. The first significant interaction (P
< 0.001) was between the crude protein concentration and the inclusion of Pediococcus
pentosaceus; the best combination (Figure 2) for the lactic acid concentration was the crude protein
concentration of 18% and Pp addition with 120 uL. The second significant interaction (P < 0.05)
was between the crude protein concentration and the inclusion of Lactobacillus plantarum; the
biggest lactic acid concentration was (Figure 2) with the combination between crude protein

concentration of 18% and Lp addition with 120 pL.
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Figure 13. Lactic acid concentration in response to crude protein level (18% and 20%o) [left
side], interaction of crude protein level and Pediococcus pentosaceus addition (Pp1=120 and
Pp2=240 pL) [central side] and interaction of crude protein level and Lactobacillus plantarum
addition (Lp1=120 and Lp2=240 pL) [right side] in fermented corn. 2®Values without similar
letters are significantly different (P < 0.05), *(P < 0.05) ***(P < 0.001).

It"s very important to remark that for the first and second interactions both combinations were the
same. In other hands, the best combination for lactic acid production was not only with crude
protein concentration of 18% but also the inoculum inclusion with 120 pL.

The third significant interaction (P = 0.004) was between Pediococcus pentosaceus and
Lactobacillus plantarum addition levels where the best combination (Figure 3) for the lactic acid
concentration was the Pp of 240 uL and Lp addition with 120 pL.

Finally, the fourth significant interaction (P = 0.0003) was among all factors, the crude protein
concentration, Pediococcus pentosaceus and Lactobacillus plantarum addition; the most important
combination (Figure 15) for the lactic acid production was the crude protein concentration of 18%,
the Pp of 120 puL and Lp addition with 240 pL.
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Figure 14. Lactic acid concentration in response to Pediococcus pentosaceus (Pp1=120 and
Pp2=240 puL) and Lactobacillus plantarum addition (Lp1=120 and Lp2=240 pL) in fermented

corn. Values without similar letters are significantly different (P < 0.05).

High quality FLF based on corn was possible in the phase | because of factors and levels. Eight
combinations were developed of high quality FLF based on corn with 24 h of fermentation (Table
3), four combinations were for crude protein concentration of 18% and the other four for crude

protein concentration of 20%.
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Figure 15. Lactic acid concentration in response to crude protein level (18% and 20%o),
Pediococcus pentosaceus (Pp1=120 and Pp2=240 uL), and Lactobacillus plantarum addition

(Lp1=120 and Lp2=240 pL) in fermented corn. ®Values without similar letters are
significantly different (P < 0.05).
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Table 10. Quality treatments in fermented corn with two crude protein levels
and inoculum addition of Pediococcus pentosaceus and Lactobacillus
plantarum.

Variable Final pH Lactic acid (mM) Acetic acid (mM) Ethanol (mM)
Quiality values

Combinations

45 150 40 0.8
N1Ppllpl 4.23 232.4 5.63 ND
N1PplLp2 4.06 268.7 9.45 ND
N1Pp2Lpl 4.17 266.6 6.75 ND
N1Pp2Lp2 4.12 172.3 4.21 ND
N2Ppllpl 44 1875 5.01 ND
N2 PplLlp2 4.29 188.8 5.39 ND
N2Pp2Lpl 4.35 210.4 6.39 ND
N2Pp2Lp2 4.26 230.3 571 ND

Crude protein level (N1=18% and N2=20%), Pediococcus pentosaceus inclusion (Pp1=120 and
Pp2=240 pL), and Lactobacillus plantarum addition (Lp1=120 and Lp2=240 pL). ND = not
detectable.

Phase I1. Effect of crude protein concentration, Pediococcus acidilacticiti and Lactobacillus
plantarum addition in fermented corn

The crude protein concentration (Table 14) did not affect the final pH (P > 0.05). On the contrary,
Pediococcus acidilacticiti as an individual addition modified (P < 0.0001) the final pH; where the
best level to decrease the final pH was the Pa addition (Figure 5) with 240 uL. The first significant
interaction (P < 0.0001) was between the inoculum size of Pediococcus pentosaceus and the crude
protein level; the best combination (Figure 16) for the final pH was the Pa of 240 uL and crude
protein concentration of 18%.

Similarly, the individual addition of Lactobacillus plantarum changed (P < 0.0001) the final pH;
the best level to decrease the final pH was the Lp addition (Figure 17) with 240 puL. The second
significant interaction (P < 0.01) was between the inoculum size of Lactobacillus plantarum and
the crude protein level; the best combination (Figure 17) for the final pH was the Lp of 240 uL

and crude protein concentration of 18%.
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Figure 16. Final pH in response to Pediococcus acidilacticiti addition (120 and 240 pL) [left
side], and interaction of inoculum size and crude protein level (N1=18 and N2=20%) [right

side]. ®Values without similar letters are significantly different (P < 0.05). ****(P < 0.0001).
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Figure 17. Final pH in response to Lactobacillus plantarum, addition (120 and 240 uL) [left
side], and interaction of inoculum size and crude protein level (N1=18 and N2=20%b) [right

side]. ®Values without similar letters are significantly different (P < 0.05). **(P < 0.01),
****(P < 0.0001).

The lactic acid production was similar (P > 0.05) because of the crude protein concentration; in
which both levels of protein, 18 and 20%, produced (Figure 7) the same response. The individual
response to inoculum levels of Pediococcus acidilacticiti affected (P = 0.004) the lactic acid
production; the best level (Figure 7) for the lactic acid concentration was the Pa addition with 120
uL. Likewise, the individual response to inoculum levels of Lactobacillus plantarum changed
(P=0.004) the lactic acid production: the best level (Figure 7) for the lactic acid concentration was

the Lp addition with 120 uL. It’s very important to mention that the individual response in both
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Pediococcus acidilacticiti (P < 0.01) and Lactobacillus plantarum (P < 0.05) addition the level
(120 uL) to achieve the biggest lactic acid production was the same (Figure 7). The analysis of
variance (Table 4) showed no significant interaction (P > 0.05) among crude protein concentration,

Pediococcus acidilacticiti and Lactobacillus plantarum addition for the lactic acid concentration.
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Figure 18. Lactic acid concentration in response to crude protein level (18 and 20%) [left
side], Pediococcus acdilacticiti (Pal=120 and Pa2=240 uL) [central side], and Lactobacillus

plantarum addition (Lp1=120 and Lp2=240 uL) [right side]. ®Values without similar letters
are significantly different (P < 0.05). *(P < 0.05), **(P < 0.01), NS (No significant).

High quality fermented liquid feed based on corn was possible in the phase Il because of factors
and levels. Eight combinations were developed of high quality fermented liquid feed based on
corn with 24 h of fermentation (Table 11), four combinations were for crude protein concentration

of 18% and the other four for crude protein concentration of 20%.
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Table 11. Quality treatments in fermented corn with two crude protein levels
and inoculum addition of Pediococcus acidilacticiti and Lactobacillus
plantarum.

Variable Final pH Lactic acid (mM) Acetic acid (mM) Ethanol (mM)
Quiality values

Combinations

4.5 150 40 0.8
N1Pallpl 3.93 242.7 4.02 ND
N1Pallp2 3.83 200.4 2.65 ND
N1Pa2Lpl 3.75 197.7 2.16 ND
N1Pa2Lp2 3.65 179.2 2.18 ND
N2 PalLpl 3.84 224.6 431 ND
N2 Pallp2 3.83 224.5 3.56 ND
N2 Pa2 Lpl 3.83 211.3 3.51 ND
N2 Pa2Lp2 3.75 200.1 2.45 ND

Crude protein level (N1=18% and N2=20%), Pediococcus acidilacticiti addition (Pal=120 and
Pa2=240 pL), and Lactobacillus plantarum addition (Lp1=120 and Lp2=240 pL). ND = not
detectable.

Phase I11. Effect of crude protein concentration, Pediococcus pentosaceus and Pediococcus

acidilacticiti addition in fermented corn

The crude protein concentration (Table 15) affected (P < 0.001) the final pH; the best level (Figure
8) to reduce the final pH was the crude protein concentration of 20%. Additionally, both
Pediococcus pentosaceus (P < 0.01) and Pediococcus acidilacticiti as an individual addition
modified (P < 0.001) the final pH, where the best levels to decrease the final pH were the Pp
addition (Figure 19) with 240 pL and the Pp addition (Figure 19) with 240 pL.
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Figure 19. Final pH in response to crude protein level (N1=18 and N2=20%) [left side],
Pediococcus pentosaceus (Ppl=120 and Pp2=240 pL) [central side], and Pediococcus

acidilacticiti addition (Pal1=120 and Pa2=240 pL) [right side]. ®Values without similar letters
are significantly different (P < 0.05). **(P < 0.01), ***(P < 0.001).
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The lactic acid production was increased (P < 0.05) due to the crude protein concentration, in
which the protein level of 20% produced (Figure 9) the highest response. The individual response
to inoculum levels of Pediococcus pentosaceus affected (P < 0.001) the lactic acid production; the
best level (Figure 20) for the lactic acid concentration was the Pp addition with 120 nL.. However,
the individual response to inoculum levels of Pediococcus acidilacticiti did not change (P > 0.05)

the lactic acid production (Figure 20).
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Figure 20. Lactic acid concentration in response to crude protein level (N1=18 and N2=20%b)
[left side], Pediococcus pentosaceus (Ppl=120 and Pp2=240 pL) [central side], and

Pediococcus acidilacticiti addition (Pal=120 y Pa2=240 uL) [right side]. ®Values without
similar letters are significantly different (P < 0.05). *(P < 0.05), ***(P < 0.001). NS (No
significant).

The analysis of variance (Table 15) indicated a couple of significant interactions for the final pH.
The first significant interaction (P < 0.001) was between the crude protein concentration and the
inclusion of Pediococcus pentosaceus; the best combination (Figure 21) to reduce the final pH
was the crude protein concentration of 20% and Pp addition with 120 pL. The second significant
interaction (P = 0.036) was between the crude protein concentration and Pediococcus acidilacticiti
addition; the most important combination (Figure 21) to reduce the final pH was the crude protein
concentration of 20%, and Pa addition with 240 pL. The analysis of variance (Table 15) showed
no significant interaction (P > 0.05) among crude protein concentration, Pediococcus pentosaceus

and Pediococcus acidilacticiti addition for the final pH.
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Figure 21. Final pH in response to the interaction between crude protein level (18 and 20%o)
and Pediococcus pentosaceus addition (Ppl1=120 and Pp2=240 pL) [left side], and the

interaction between crude protein level and Pediococcus acidilacticiti addition (Pa1=120 and

Pa2=240 uL) [right side]. ®Values without similar letters are significantly different (P <
0.05). *(P < 0.05), ***(P < 0.001).

There were two significant interactions in this phase for the lactic acid concentration. The first
significant interaction (P = 0.021) was between the crude protein concentration and the inclusion
of Pediococcus pentosaceus; the best combination (Figure 22) for the lactic acid concentration
was with both levels 18 and 20% of crude protein concentration and Pp addition of 240 pL. Finally,
the second significant interaction (P < 0.001) was between the crude protein concentration and the
inclusion of Pediococcus acidilacticiti; the biggest lactic acid concentration was (Figure 22) with
the combination between crude protein concentration of 20% and Pa addition with 240 puL. The
analysis of variance (Table 15) showed no significant interaction (P > 0.05) among crude protein
concentration, Pediococcus pentosaceus and Pediococcus acidilacticiti addition for the lactic acid

production.
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Figure 22. Lactic acid concentration in response to the interaction between crude protein
level (18 and 20%) and Pediococcus pentosaceus addition (Pp1=120 and Pp2=240 pL) [left
side], and the interaction between crude protein level and Pediococcus acidilacticiti addition

(Pal=120 and Pa2=240 pL) [right side]. ®Values without similar letters are significantly
different (P < 0.05). *(P < 0.05), ***(P < 0.001).

High quality fermented liquid feed based on corn was possible in the phase I11 because of factors
and levels. Seven combinations were developed for high quality fermented liquid feed based on
corn with 24 h of fermentation (Table 7), three of them were for crude protein concentration of

18% and the other four for crude protein concentration of 20%.

62



Table 12. Quality treatments in fermented corn with two crude protein levels
and inoculum addition of Pediococcus pentosaceus and Pediococcus
acidilacticiti.

Variable Final pH Lactic acid (mM) Acetic acid (mM) Ethanol (mM)
Quality values

Combinations

4.5 150 40 0.8
N1PplPal 4.19 165.5 ND ND
N1PplPa2 4.13 137.9 ND ND
N1Pp2Pal 4.16 200.0 ND ND
N1Pp2Pa2 4.15 178.1 ND ND
N2 PplPal 3.94 169.9 ND ND
N2 PplPa2 3.85 177.3 ND ND
N2 Pp2 Pal 4.03 169.7 ND ND
N2 Pp2 Pa2 3.94 206.1 ND ND

Crude protein level (N1=18% and N2=20%), Pediococcus pentosaceus inclusion (Pp1=120 and
Pp2=240 pL), and Pediococcus acidilacticiti addition (Pal=120 and Pa2=240 pL). ND = not
detectable.

2.5. DISCUSSION

The use of fermented liquid feed in pigs is particularly beneficial for weaned piglets and it has two
main advantages: First, animals obtain food and water simultaneously, which not only reduces the
time for animals when finding both nutrients [24, 51], but also this diet represents a less drastic
change than the transition from milk to a traditional dry diet during weaning [52—54]. Second,
fermented liquid feed reduces the pH in diet, therefore the animal’s stomach improves its role as
the first defense against pathogenic microorganisms [37, 52, 55]. However, the use of fermented
liquid feed has shown different results, because of the animal weight, ingredient composition, and
the quality of fermented liquid feed [56, 57].

Fermented liquid feed in weaned piglets with European ingredients. Bunte et al. [58] reported that
feeding fermented liquid feed (cereal composition of rye, barley and wheat) in piglets had an
influence on the bacterial composition in the small intestine, large intestine and up to faeces. But
Bunte et al. [58] informed no differences on growth performance neither between control and full
fermented diet nor between control and partially fermented diet were found. Bunte et al. [58] used
an inoculum of Lactobacillus plantarum, Pediococcus pentosaceus and Lactococcus lactis, a
temperature of 34-38 °C with 24 h of fermentation. These conditions, except temperature, were

similar to our three stages conditions.
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Fermented liquid feed in in grow-finisher pigs with European ingredients. O’Meara et al. [59]
described that fermented whole diet liquid feeding results not only into a lower carcass growth but
also in a poorer feed efficiency in grow-finisher pigs compared to cereal fraction fermented liquid
feed. Based on O’Meara et al. [59] when offering fermented liquid feed (cereal composition of
barley and wheat) in grow-finisher pigs in whole fermentation diet decreased growth and feed
utilization in this treatment; as a result, whole fermented liquid feed is not recommended for grow-
finisher pigs. O’Meara et al. [59] used an inoculum of Lactobacillus plantarum, and Pediococcus
acidilacticiti, with 48 h of fermentation. Their study did not achieve fermented liquid feed quality
values; especially, about ethanol concentration (quality fermented liquid feed contain less than 0.8
mM). Ethanol concentration of fermented cereal fraction had 50, 41 and 37 mM for fermented
tank, mixing tank and through, respectively. Additionally, ethanol concentration of whole
fermented liquid feed had 63, 63 and 51 mM for fermented tank, mixing tank and through,
respectively. The elevated ethanol and acetate concentrations have a negative impact of feed intake
in pigs [60, 61]. That is why it is very important to produce a quality fermented liquid feed for
pigs; in the phase | of the present study a high quality fermented liquid feed based on corn was
possible with 24 h of fermentation, four combinations were with crude protein of 18% and the
other four with crude protein of 20%.

Lactic acid has both bacteriostatic and bactericidal functions, which depends on the inclusion level
or its concentration in fermented liquid feed [62, 63]. Beal et al. [64] observed that to prevent the
growth of Salmonella spp., fermented liquid feed required at least 75 mM of lactic acid. Brooks et
al. [51] reported that by decreasing the number of enterobacteria, the lactic acid concentration must
exceed 100 mM. However, the use of fermented liquid feed has shown different results especially
on ingredients different from the swine European feeding [65, 66].

Fermented liquid feed in both piglets and grow-finisher pigs with corn by product ingredient. Rho
et al. [39] described that treating corn DDGS with xylanases with or without liquid fermentation
improved feed efficiency in piglets for phase 1. However, these benefits were not observed in
phase 2. Rho et al. [39] used spontaneous fermentation without inoculum addition, a temperature
of 40 °C after 10 d of fermentation. These conditions, explicitly about both inoculum inclusion
and temperature, were very different from our three stages conditions. Rho et al. [39] were looking
for lactic acid concentrations above 100 mM to prevent unwanted pathogens and reduce gastric

pH, it is a lower concentration than our quality value (150 mM) for the present study. Rho et al.
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[39] reported that the pH for the steeped corn DDGS decreased to an acceptable range (less than
4.5 mM) from day 3 to day 10 of fermentation. But lactic acid and acetic acid concentrations were
within the quality ranges only on day 3. In other words, fermentation of corn DDGS did not reach
stable conditions as indicated by the reduction of pH and lactic acid and acetic acid concentrations
from day 3 to day 10 of fermentation.

Fermented liquid feed in both piglets and grow-finisher pigs with corn as a main ingredient. Xin
et al. [67] indicated that fermented liquid feed (composition of corn, rice bran and wheat bran)
improved the growth performance and digestibility of nutrients not only for piglets but also for
grow-finisher pigs. According to Xin et al. [67] FLF regulated the secretion of gastrointestinal
hormones, improved intestinal microbiota and increased volatile fatty acids in colon digesta and
improved intestinal microbiota. Xin et al. [67] used controlled fermentation; the process was
developed according to patent (n0.201910736307.0). Xin et al. [67] reported good results for
fermented liquid feed in pigs with lactic acid concentration above 100 mM, but again it is a lower
concentration than our quality value (150 mM) for our study. In sum, fermented liquid feed has
shown better results including in both piglets and grow-finisher pigs only with quality fermented
liquid feed, and it is possible under controlled fermentation conditions [67—69].

The quality fermented liquid feed development has the potential to reduce the antibiotic as growth
promoter for swine feed industry [70—72]. The main recommendation to avoid the nutrients loss is
by fermenting only the cereal fraction; which contrasted with the results of our present study,
because it affects the carbon and nitrogen ratio, an important factor for lactic acid bacteria [59,
73]. Spontaneous fermentation caused loss of essential nutrients; specifically essential AA. [73].
Spontaneous fermentation and its associated issues are commonplace when fresh liquid feeding is
practiced on commercial pig production units [73]. The best way to reduce the nutrients loss is
with implementation of suitable control strategies, by developing good guidelines for the sanitation
practices management of liquid feeding systems [59, 73]. However, a high quality fermented liquid
feed based on corn was possible in all phases of the present study with 24 h of fermentation, with
two crude protein levels (18 and 20%).

Potential advantages of fermented liquid feed with reduction of crude protein. A high quality
fermented liquid feed with reduction of crude protein is possible. As a result, it has several
advantages for fermented liquid feed: prevents loss of AA during fermentation, saves protein

ingredients, decreases not only nitrogen excretion, but also feeding cost without affecting growth
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performance compared to traditional diets for pigs [74—77]. Finally, fermented liquid feed affects
the gut ecology in a different way than antibiotics and contributes to the enhanced bacterial
diversity in the gastrointestinal tract [45]. The increase for intestinal microbiota reduces diarrhea,
improves the intestinal barrier and intestinal villi in pigs. Animal intestines are colonized by many
microorganisms, and these organisms differ in both type and number. Among these
microorganisms, lactic acid bacteria, which are dominant intestinal microbiota, have received
worldwide attention and examination [79, 80].

Potential advantages of fermented liquid feed with lactic acid bacteria combination. Studies have
shown that lactic acid bacteria can regulate the common ratio of intestinal microbiota and maintain
the intestinal balance of this ecosystem [46, 80]. Lactic acid bacteria are capable of producing
inhibitory substances, other than organic acids, that have inhibitory activities against different
microorganisms. Lactic acid bacteria produce antimicrobial substances such as hydrogen peroxide,
carbon dioxide, diacetyl, reuterin and bacteriocins; therefore, fermented liquid feed provides a
good opportunity to use these antimicrobial substances by reducing antibiotic as growth promoter
in pigs. However, not all lactic acid bacteria will reduce food-borne pathogens in farm animals;
therefore, the careful selection of strains to be supplied under appropriate conditions is important
[45, 81]. That is why it is essential to produce a quality fermented liquid feed for pigs; in all phases
of the present study a high quality fermented liquid feed based on corn was possible with 24 h of
fermentation, with different levels and combinations of Lactobacillus plantarum, Pediococcus
pentosaceus and Pediococcus acidilacticiti and potential to replace antibiotics as growth

promoters and reduce microbial resistance.

2.6. CONCLUSIONS

Through a three-phase statistical analysis, the fermentation conditions established in the evaluated
variables developed 23 combinations of a high quality fermented liquid corn-based for pigs with
a low crude protein content and inoculating Lactobacillus plantarum, Pediococcus pentosaceus
and Pediococcus acidilacticiti. This high quality diet was obtained as a pig feed with the potential
to replace antibiotics as growth promoters and reduce microbial resistance. It is possible to reduce
the amount of crude protein by 2% in fermented corn avoiding quality reduction, and even in phase
| the quality improves by reducing the protein content. It is also possible to obtain high-quality
fermented liquid swine feed with lactic acid bacteria combination, hence LAB are capable of
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producing inhibitory substances against microorganisms, and these antimicrobial substances
provide a good opportunity for the future to reduce AGP in pigs.
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Table 13. Effect of crude protein level, Pediococcus pentosaceus, Lactobacillus plantarum addition in fermented corn on the final pH and the concentration
of lactic acid, acetic acid and ethanol.

N1IPpilpl N1PpllLp2 N1Pp2Lpl N1Pp2Lp2 N2Ppilpl N2Ppilp2 N2Pp2Lpl N2Pp2Lp2 Probability

Pp Lp N*Pp N*Lp Pp*Lp N*Pp*Lp

Final pH
4.23+0.03 4.06+0.03 4.17+0.03 4.12+0.02 4.40+0.03 4.29+0.03 4.35+0.02 4.26+0.02 0.001 0.343 0.001 0.482 0.801 0.182 0.318
Lactic acid (mM)
232.4+11  268.7x11 266.6+11 172.3x11  187.5+9 188.8+9  210.4+9  230.3t9 0.001 0.952 0.307 0.001 0.033 0.004 0.001
Acetic acid (mM)

5.63t0.4  9.45+0.5 6.75+0.4 4.21+05 5.01+0.3 5.39+04 6.39+0.3 5.71+04 0.012 0.078 0.464 0.001 0.243 0.001 0.001
Ethanol (mM)

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Data are means and standard error of each treatment; N = effect of crude protein level; N1 = crude protein level of 18%; N2 = crude protein level of 20%; Pp = effect
of Pediococcus pentosaceus addition; Ppl = Pediococcus pentosaceus addition of 120 ul; Pp2 = Pediococcus pentosaceus addition of 120 pl; Lp = effect of
Lactobacillus plantarum addition; Lp1 = Lactobacillus plantarum addition of 120 ul; Lp2 = Lactobacillus plantarum addition of 240 ul; N*Pp = effect of the interaction
between crude protein level and Pediococcus pentosaceus addition; N*Lp = effect of the interaction between crude protein level and Lactobacillus plantarum addition;
Pp*Lp = effect of the interaction between Pediococcus pentosaceus and Lactobacillus plantarum addition; N*Pp*Lp = effect of the interaction among crude protein

level, Pediococcus pentosaceus and Lactobacillus plantarum addition. ND = not detectable.
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Table 14. Effect of crude protein level, Pediococcus acidilacticiti, Lactobacillus plantarum addition in fermented corn on the final pH and the concentration
of lactic acid, acetic acid and ethanol.

N1Pallpl N1Pallp2 N1Pa2Lpl NiPa2Lp2 N2Pallpl N2Pallp2 N2Pa2Lpl N2Pa2lLp2 Probability

Pa Lp N*Pa N*Lp Pa*Lp N*Pa*Lp

Final pH
3.93+0.02 3.83+0.02 3.75+0.02 3.65+0.02 3.84+0.02 3.83+0.02 3.83+0.02 3.75+0.02 0.292 0.001 0.001 0.001 0.013 0.489 0.611
Lactic acid (mM)

242.7+8 200.4+7 197.7+7 179.2+6 224646  2245+6  211.3+5 200.1+5 0.235 0.004 0.032 0.405 0.119 0.725 0.331
Acetic acid (mM)

4.02+0.3  2.65+0.2 2.16+0.2 2.18+0.5 4.31+0.3 3.56+0.2 3.51+0.3 2.45+0.2 0.006 0.001 0.002 0.653 0.631 0.258 0.084
Ethanol (mM)

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Data are means and standard error of each treatment; N = effect of crude protein level; N1 = crude protein level of 18%; N2 = crude protein level of 20%; Pa = effect
of Pediococcus acidilacticiti addition; Pal = Pediococcus acidilacticiti addition of 120 pl; Pa2 = Pediococcus acidilacticiti addition of 240 pl; Lp = effect of
Lactobacillus plantarum addition; Lp1 = Lactobacillus plantarum addition of 120 ul; Lp2 = Lactobacillus plantarum addition of 240 ul; N*Pa = effect of the interaction
between crude protein level and Pediococcus acidilacticiti addition; N*Lp = effect of the interaction between crude protein level and Lactobacillus plantarum addition;
Pa*Lp = effect of the interaction between Pediococcus acidilacticiti and Lactobacillus plantarum addition; N*Pa*Lp = effect of the interaction among crude protein

level, Pediococcus acidilacticiti and Lactobacillus plantarum addition. ND = not detectable.
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Table 15. Effect of crude protein level, Pediococcus pentosaceus, Pediococcus acidilacticiti addition in fermented corn on the final pH and the concentration
of lactic acid, acetic acid and ethanol.

Probability

N1PplPal N1PplPa2 N1Pp2Pal N1Pp2Pa2 N2PplPal N2PplPa2 N2Pp2Pal N2Pp2Pa2 Pp Pa N*Pp N*Pa Pp*Pa N*PpPa

Final pH

4.19+0.02 4.13+0.03 4.16+0.02 4.15+0.02 3.94+0.03 3.85+0.03 4.05+0.02 3.94+0.03 0.001 0.003 0.001 0.001 0.036 0.831 0.253
Lactic acid (mM)

165.5+6 137.9+6  201.0£6 178.1+5  169.945 177.3+5 169.7#5  206.1#5 0.042 0.001 0.729 0.021 0.001 0.085 0.205
Acetic acid (mM)

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ethanol (mM)
ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Data are means and standard error of each treatment; N = effect of crude protein level; N1 = crude protein level of 18%; N2 = crude protein level of 20%; Pp = effect
of Pediococcus pentosaceus addition; Ppl = Pediococcus pentosaceus addition of 120 pl; Pp2 = Pediococcus pentosaceus addition of 240 pl; Pa = effect of
Pediococcus acidilacticiti addition; Pal = Pediococcus acidilacticiti addition of 120 ul; Pa2 = Pediococcus acidilacticiti addition of 240 ul; N*Pp = effect of the
interaction between crude protein level and Pediococcus pentosaceus addition; N*Pa = effect of the interaction between crude protein level and Pediococcus
acidilacticiti addition; Pp*Pa = effect of the interaction between Pediococcus pentosaceus and Pediococcus acidilacticiti addition; N*Pp*Pa = effect of the interaction

among crude protein level, Pediococcus pentosaceus and Pediococcus acidilacticiti addition. ND = not detectable.
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CONCLUSIONES GENERALES

En el primer estudio, a través de una investigacion en cuatro etapas, se desarrollé una dieta liquida
fermentada de calidad a base de maiz como alimento para cerdos con el potencial de reemplazar a
los antibidticos como promotores del crecimiento y reducir la resistencia microbiana. La dieta
liquida fermentada de calidad se obtuvo con la adicion de Lactobacillus plantarum a una mezcla
de maiz y proteina de origen vegetal o animal con fermentacion durante 24 h a 30 °C y una relacion
sustrato: agua de 1: 2. La mejor respuesta en maiz fermentado con Lactobacillus plantarum se
mostro sin la inclusion de goma xantana, con 1: 2 en la relacion sustrato:agua y con 20% de
proteina cruda de origen animal. La inclusion de melaza y el tiempo de cultivo de 24 h, produce

un maiz fermentado con Lactobacillus plantarum de calidad.

Para el segundo estudio, se desarroll6 una dieta liquida fermentada de alta calidad a base de maiz
como alimento para cerdos con el potencial de reemplazar a los antibidticos como promotores del
crecimiento y reducir la resistencia microbiana. La dieta liquida fermentada de alta calidad a base
de maiz se obtuvo al inocular Lactobacillus plantarum, Pediococcus pentosaceus y Pediococcus
acidilacticiti en una mezcla con una relacion sustrato: agua de 1: 2, los niveles de proteina cruda

de 18 y 20% y con fermentacion durante 24 h a 30 °C.

Fue posible obtener una dieta liquida fermentada de alta calidad basada en maiz para cerdos con
la reduccion del contenido de proteina cruda en el sustrato y con la combinacion de bacterias acido
lacticas, lo que permite el uso de dietas liquidas fermentadas de alta calidad con base en maiz en

lechones destetados o cerdos en crecimiento.
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ANEXQOS

Corrida en SAS para el pH de la fase 1 en el primer estudio
Data ejemplol;

DO A=1 TO 2;

DO X=1 TO 2;

DO REP=1 TO 5;

INPUT Y@Q@Q;

COMVAX=A*10+X;

OUTPUT;

END;

END;

END;

DATALINES;

3.66 3.62 3.64 3.70 3,65 3.6 3,63 3o 65 3.67 3o65 305 3.51
3052 3.51 3.63 3.9 3.62 352 3.54

PROC GLM;

CLASS A X;

MODEL Y = A|X;

LSMEANS A X A*X/ADJUST=TUKEY ALPHA=0.05 LINES;
LSMEANS A*X/ SLICE= A SLICE=X ADJUST=TUKEY LINES;
OUTPUT OUT=NEW P=YHAT R=RESID;

PROC SORT DATA= ejemplol; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= ejemplol; BY X;

PROC MEANS MEAN STDERR; BY X;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*X/STDERR;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

RUN;

Corrida en SAS para la concentracion de acido lactico de la fase 1 en el primer estudio

Data ejemplol;

DO A=1 TO 2;

DO X=1 TO 2;

DO REP=1 TO 5;

INPUT YQ@;

COMVAX=A*10+X;

OUTPUT;

END;

END;

END;

DATALINES;

61.73 131.35 116.45 67.48 126.90 53.34 87.70 111.64 62.88 66.76 80.25 85.71
101.53 93.70 37.12 70.97 47.23 75.03 69.38

PROC GLM;

CLASS A X;

MODEL Y = A|X;

LSMEANS A X A*X/ADJUST=TUKEY ALPHA=0.05 LINES;
LSMEANS A*X/ SLICE= A SLICE=X ADJUST=TUKEY LINES;
OUTPUT OUT=NEW P=YHAT R=RESID;

PROC SORT DATA= ejemplol; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= ejemplol; BY X;

PROC MEANS MEAN STDERR; BY X;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*X/STDERR;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

RUN;
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Corrida en SAS para la concentracion de acido acetico de la fase 1 en el primer estudio

Data ejemplol;

DO A=1 TO 2;

DO X=1 TO 2;

DO REP=1 TO 5;

INPUT YQQ@;

COMVAX=A*10+X;

OUTPUT;

END;

END;

END;

DATALINES;

2.27 3.29 2.52 2.39 5.13 2.09 2.717 3.40 2.84 2.74 1.31 2.46
3.17 4.35 4.00 3.64 2.46 3.05 2.08

PROC GLM;

CLASS A X;

MODEL Y = A|X;

LSMEANS A X A*X/ADJUST=TUKEY ALPHA=0.05 LINES;
LSMEANS A*X/ SLICE= A SLICE=X ADJUST=TUKEY LINES;
OUTPUT OUT=NEW P=YHAT R=RESID;

PROC SORT DATA= ejemplol; BY A;

PROC
PROC
PROC
PROC
PLOT
PROC
PROC

MEANS MEAN
SORT DATA=
MEANS MEAN

STDERR; BY A;
ejemplol; BY X;
STDERR; BY X;

PLOT DATA=NEW;

YHAT*RESID;

MEANS A*X/STDERR;
UNIVARIATE NORMAL DATA=NEW;

VAR RESID;
RUN;

Corrida en SAS para el pH de la fase 2 en el primer estudio
Data ejemplol;

DO P=1 TO 3;

DO 0=1 TO 2;

DO REP=1 TO 4;

INPUT Y@Q@Q;

COMVPO=P*10+0;

OUTPUT;

END;

END;

END;

DATALINES;

3.71 3.82 3.62 3.72 3.95 3.9 3.81 3.82 3.95 3.72 3.8 4
4.06 4.08 4.04 4.14 4.02 3.99 3.98 3.96 4.2 4.23 4.17

PROC GLM;

CLASS P O;

MODEL Y = P|O;

LSMEANS P O P*O/ADJUST=TUKEY ALPHA=0.05 LINES;
LSMEANS P*0/ SLICE= P SLICE=0 ADJUST=TUKEY LINES;
OUTPUT OUT=NEW P=YHAT R=RESID;

PROC
PROC
PROC
PROC
PROC
PLOT
PROC
PROC

SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN

ejemplol; BY P;
STDERR; BY P;
ejemplol; BY O;
STDERR; BY O;

PLOT DATA=NEW;

YHAT*RESID;

MEANS P*O/STDERR;
UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

RUN;
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Corrida en SAS para la concentracion de acido lactico de la fase 2 en el primer estudio

Data ejemplol;

DO P=1 TO 3;

DO 0=1 TO 2;

DO REP=1 TO 4;

INPUT YQQ@;

COMVPO=P*10+0;

OUTPUT;

END;

END;

END;

DATALINES;

59.79 47.82
125.24

33.29 41.57 74.20 84.93 70.40

PROC GLM;

CLASS P O;

MODEL Y = P|O;

LSMEANS P O P*O/ADJUST=TUKEY ALPHA=0.05 LINES;
LSMEANS P*0O/ SLICE= P SLICE=0 ADJUST=TUKEY LINES;
OUTPUT OUT=NEW P=YHAT R=RESID;

PROC SORT DATA= ejemplol; BY P;

PROC MEANS MEAN STDERR; BY P;

PROC SORT DATA= ejemplol; BY O;

PROC MEANS MEAN STDERR; BY O;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS P*0/STDERR;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

RUN;

97.76

97.41

142.15 133.66 198.44 133.08 131.84 120.32 132.51

Corrida en SAS para el pH de la fase 3 en el primer estudio

Data tareab 1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT YQ@;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;

OUTPUT;

END;

END;

END;

END;

CARDS;

4.31 4.35 4.4 4.27
4.42 4.41 4.37 4.37
4.22 4.18 4.15 4.15
4.19 4.21 4.14 4.12
4.16 4.14 4.03 4.08
4.18 4.19 4.17 4.18
4.15 4.17 4.15 4.18
4.07 4.1 4.06 4.09
PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES

LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY

ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;

LINES ALPHA=0.05;
LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;

OUTPUT OUT=NUEVO P=YHAT R=RESID;
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PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN

tarea5_ 1; BY A;
STDERR; BY A;
tarea5 1; BY B;
STDERR; BY B;
tarea5 1; BY C;
STDERR; BY C;
tarea5 1; BY A*B;
STDERR; BY A*B;
tarea5_1; BY B*C;
STDERR; BY B*C;
tarea5 1; BY A*C;
STDERR; BY A*C;
tarea5 1; BY A*B*C;
STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

PROC UNIVARIATE
VAR RESID;
RUN;

Corrida en SAS para la concentracion de cido lactico de la fase 3 en el primer estudio

Data tareab 1;
DO A=1 TO 2;
DO B=1 TO 2;
DO C=1 TO 2;
DO R=1 TO 4;
INPUT YQ@;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;

NORMAL DATA=NEW;

COMABC=A*100+B*10+C;

OUTPUT;
END;
END;
END;
END;
CARDS;

76.44 72.26 67.72 62.7

84.53 95.43 102.08 92.98
96.99 105.36 148.96 151.15
87.69 107.45 106.44 115.38
242.73 221.44 226.54 237.62
256.83 293.07 197 245.9
260.09 251.46 268.76 218.09
327.09 345.1 285.52 253.02

PROC GLM;
CLASS A B C;
MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C

B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=

tarea5 1; BY A;
STDERR; BY A;
tarea5_1; BY B;
STDERR; BY B;
tarea5 1; BY C;
STDERR; BY C;
tarea5_1; BY A*B;
STDERR; BY A*B;
tarea5 1; BY B*C;
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PROC
PROC
PROC
PROC
PROC
PROC
PLOT
PROC
PROC

MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN

STDERR; BY B*C;
tarea5 1; BY A*C;
STDERR; BY A*C;
tarea5 1; BY A*B*C;
STDERR; BY A*B*C;

PLOT DATA=NEW;

YHAT*RESID;

MEANS A*B*C/STDERR;

UNIVARIATE

VAR RESID;

RUN;

NORMAL DATA=NEW;

Corrida en SAS para el pH de la fase 4 en el primer estudio

Data

tareab5 1;

DO A=1 TO 2;
DO B=1 TO 2;
DO C=1 TO 2;
DO R=1 TO 4;
INPUT Y@Q@Q;

COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;
OUTPUT;

END;
END;
END;
END;

CARDS;

PROC

4.84
4.59
4.96
5.21
4.02
3.92
4.3
4.23

GLM;

CLASS A B C;
MODEL Y=A|B|C;

LSMEANS

LSMEANS A*B A*C

LSMEANS
LSMEANS
LSMEANS
LSMEANS
LSMEANS
LSMEANS

4.72 4.75 491
4.55 4.62 4.8

4.83 4.95 5.02
5.25 5.21 5.25
3.99 3.99 4.02
3.99 3.98 3.95
4.19 4.18 4.21
4.19 4.13 4.17

A B C/ADJUST=TUKEY LINES ALPHA=0.05;

B*C/ADJUST=TUKEY LINES ALPHA=0.05;

A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;

OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PLOT

SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN

tarea5 1; BY A;
STDERR; BY A;
tarea5_1; BY B;
STDERR; BY B;
tarea5 1; BY C;
STDERR; BY C;
tarea5_1; BY A*B;
STDERR; BY A*B;
tarea5 1; BY B*C;
STDERR; BY B*C;
tarea5_1; BY A*C;
STDERR; BY A*C;
tarea5 1; BY A*B*C;
STDERR; BY A*B*C;

PLOT DATA=NEW;

YHAT*RESID;
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PROC MEANS A*B*C/STDERR;

PROC UNIVARIATE NORMAL DATA=NEW;
VAR RESID;

RUN;

Corrida en SAS para la concentracion de acido lactico de la fase 4 en el primer estudio

Data tareab 1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT YQ@;

COMAB=A*10+B;

COMAC=A*10+C;

COMBC=B*10+C;
COMABC=A*100+B*10+C;

OUTPUT;

END;

END;

END;

END;

CARDS;

105.26 111.21 106.27 106.53
120.08 107.78 134.74 93.12
87.21 133.83 107.9 107.05
84.51 87.52 93.35 107.42
194.67 250.92 173.47 140.61
232.55 245.05 229.73 230.71
331 352 351 342
219.11 255.68 238.77 231.55

PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC SORT DATA= tarea5_1; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= tareab5 1; BY B;

PROC MEANS MEAN STDERR; BY B;

PROC SORT DATA= tarea5_1; BY C;

PROC MEANS MEAN STDERR; BY C;

PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC

SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN

tarea5 1; BY A*B;
STDERR; BY A*B;
tarea5_1; BY B*C;
STDERR; BY B*C;
tarea5 1; BY A*C;
STDERR; BY A*C;
tarea5_1; BY A*B*C;
STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

PROC UNIVARIATE NORMAL DATA=NEW;
VAR RESID;

RUN

Corrida en SAS para el pH de la fase 1 en el segundo estudio
Data tareab_1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT YQ@;
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COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;

OUTPUT;

END;

END;

END;

END;

CARDS;
45 4.16 4.15 4.13
4.07 4.07 4.06 4.07
4.13 4.18 4.15 4.22
4.11 411 4.14 4.12
4.46 4.44 4.39 431
4.32 4.29 4.29 4.28
4.38 4.34 4.36 4.32
4.26 4.27 4.26 4.26

PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

PROC SORT DATA= tareab5 1; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= tarea5_1; BY B;

PROC MEANS MEAN STDERR; BY B;

PROC SORT DATA= tareab5 1; BY C;

PROC MEANS MEAN STDERR; BY C;

PROC SORT DATA= tarea5_1; BY A*B;

PROC MEANS MEAN STDERR; BY A*B;

PROC SORT DATA= tareab5 1; BY B*C;

PROC MEANS MEAN STDERR; BY B*C;

PROC SORT DATA= tareab5_1; BY A*C;

PROC MEANS MEAN STDERR; BY A*C;

PROC SORT DATA= tareab 1; BY A*B*C;

PROC MEANS MEAN STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

RUN;

Corrida en SAS para la concentracion de &cido lactico de la fase 1 en el segundo estudio

Data tareab_1;
DO A=1 TO 2;
DO B=1 TO 2;
DO C=1 TO 2;
DO R=1 TO 4;
INPUT Y@@;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;
OUTPUT;

END;
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END;

END;

END;

CARDS;
209.61 252.23 249.58 218.25
231.39 274.02 309.99 259.44
224.46 312.43 264.34 264.96
199.8 166.62 152.95 170.1
236.16 173.62 165.27 175.1
188.69 183.78 202.7 180.27
218.62 189.42 214.2 219.43
208.89 251.59 222.28 238.55

PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

PROC SORT DATA= tarea5 1; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= tareab5 1; BY B;

PROC MEANS MEAN STDERR; BY B;

PROC SORT DATA= tareab 1; BY C;

PROC MEANS MEAN STDERR; BY C;

PROC SORT DATA= tareab5 1; BY A*B;

PROC MEANS MEAN STDERR; BY A*B;

PROC SORT DATA= tarea5_1; BY B*C;

PROC MEANS MEAN STDERR; BY B*C;

PROC SORT DATA= tareab 1; BY A*C;

PROC MEANS MEAN STDERR; BY A*C;

PROC SORT DATA= tareab5_1; BY A*B*C;

PROC MEANS MEAN STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

RUN;

Corrida en SAS para el pH de la fase 2 en el segundo estudio
Data tarea5_1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT YQ@;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;
OUTPUT;

END;

END;

END;

END;

CARDS;

3.99 3.94 3.89 3.92
3.85 3.86 3.82 3.8
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3.75 3.78 3.74 3.76

3.71 3.67 3.62 3.6
3.85 3.79 3.84 3.9
3.85 3.83 3.87 3.76
3.78 3.83 3.77 3.84
3.76 3.77 3.72 3.77
PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

PROC SORT DATA= tarea5 1; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= tareab5 1; BY B;

PROC MEANS MEAN STDERR; BY B;

PROC SORT DATA= tareab 1; BY C;

PROC MEANS MEAN STDERR; BY C;

PROC SORT DATA= tareab5 1; BY A*B;

PROC MEANS MEAN STDERR; BY A*B;

PROC SORT DATA= tarea5 1; BY B*C;

PROC MEANS MEAN STDERR; BY B*C;

PROC SORT DATA= tareab5 1; BY A*C;

PROC MEANS MEAN STDERR; BY A*C;

PROC SORT DATA= tarea5 1; BY A*B*C;

PROC MEANS MEAN STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

RUN;

Corrida en SAS para la concentracion de acido lactico de la fase 2 en el segundo estudio

Data tarea5_1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT Y@@;

COMAB=A*10+B;

COMAC=A*10+C;

COMBC=B*10+C;
COMABC=A*100+B*10+C;

OUTPUT;

END;

END;

END;

END;

CARDS;

266.13 262.92 250.31 191.67
182.91 225.23 219.41 174.27
205.15 235.35 169.8 188.46
183.85 186.37 165.44 181.14
206.62 222.65 244.71 224.65
238.4 174.67 249.58 235.55
217.4 209.73 213.33 204.99
201.84 209.53 190.99 201.46

PROC GLM;
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CLASS A B C;
MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE
VAR RESID;

PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN
PROC SORT DATA=
PROC MEANS MEAN

NORMAL DATA=NEW;

tareab5 1; BY A;
STDERR; BY A;
tarea5 1; BY B;
STDERR; BY B;
tarea5_ 1; BY C;
STDERR; BY C;
tarea5 1; BY A*B;
STDERR; BY A*B;
tarea5 1; BY B*C;
STDERR; BY B*C;
tareab5 1; BY A*C;
STDERR; BY A*C;
tarea5 1; BY A*B*C;
STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

RUN;

LINES ALPHA=0.05;
LINES ALPHA=0.05;
LINES ALPHA=0.05;

Corrida en SAS para el pH de la fase 3 en el segundo estudio

Data tareab 1;
DO A=1 TO 2;
DO B=1 TO 2;
DO C=1 TO 2;
DO R=1 TO 4;
INPUT Y@Q;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;

COMABC=A*100+B*10+C;

OUTPUT;
END;
END;
END;
END;
CARDS;

4.2
4.15
4.14
417
4.02
3.88
4.14
3.93

PROC GLM;
CLASS A B C;
MODEL Y=A|B|C;

4.23 4.15
4.1 4.15
4.17 4.18
4.15 4.14
3.95 3.9
3.84 3.88
4.1 4

3.96 3.98

4.18
4.14
4.17
4.14
3.9
3.83
3.98
3.9

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;
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LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;

PROC SORT DATA= tarea5 1; BY A;

PROC MEANS MEAN STDERR; BY A;

PROC SORT DATA= tareab5 1; BY B;

PROC MEANS MEAN STDERR; BY B;

PROC SORT DATA= tareab 1; BY C;

PROC MEANS MEAN STDERR; BY C;

PROC SORT DATA= tareab5 1; BY A*B;

PROC MEANS MEAN STDERR; BY A*B;

PROC SORT DATA= tareab_ 1; BY B*C;

PROC MEANS MEAN STDERR; BY B*C;

PROC SORT DATA= tareab5 1; BY A*C;

PROC MEANS MEAN STDERR; BY A*C;

PROC SORT DATA= tarea5_ 1; BY A*B*C;

PROC MEANS MEAN STDERR; BY A*B*C;

PROC PLOT DATA=NEW;

PLOT YHAT*RESID;

PROC MEANS A*B*C/STDERR;

RUN;

Corrida en SAS para la concentracion de cido lactico de la fase 3 en el segundo estudio

Data tareab 1;

DO A=1 TO 2;

DO B=1 TO 2;

DO C=1 TO 2;

DO R=1 TO 4;

INPUT YQ@;
COMAB=A*10+B;
COMAC=A*10+C;
COMBC=B*10+C;
COMABC=A*100+B*10+C;

OUTPUT;

END;

END;

END;

END;

CARDS;
196.22 152.32 166.61 146.98
144.79 142.73 141.32 122.91
227.35 192.83 183.87 200.01
172.36 185.61 181 173.32
178.77 172.08 165.93 162.8
161.05 191.09 177.73 179.13
174.46 163.75 162.26 177.98
209.72 210.62 186.71 217.69

PROC GLM;

CLASS A B C;

MODEL Y=A|B|C;

LSMEANS A B C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B A*C B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B/SLICE=B SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*C/SLICE=C SLICE=A ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/ADJUST=TUKEY LINES ALPHA=0.05;

LSMEANS A*B*C/SLICE=A SLICE=B*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=B SLICE=A*C ADJUST=TUKEY LINES ALPHA=0.05;
LSMEANS A*B*C/SLICE=C SLICE=B*A ADJUST=TUKEY LINES ALPHA=0.05;
OUTPUT OUT=NUEVO P=YHAT R=RESID;

PROC UNIVARIATE NORMAL DATA=NEW;

VAR RESID;
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PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PROC
PLOT
PROC
RUN;

SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN
SORT DATA=
MEANS MEAN

tarea5_ 1; BY A;
STDERR; BY A;
tarea5 1; BY B;
STDERR; BY B;
tarea5 1; BY C;
STDERR; BY C;
tarea5 1; BY A*B;
STDERR; BY A*B;
tarea5_1; BY B*C;
STDERR; BY B*C;
tarea5 1; BY A*C;
STDERR; BY A*C;
tarea5 1; BY A*B*C;
STDERR; BY A*B*C;

PLOT DATA=NEW;

YHAT*RESID;

MEANS A*B*C/STDERR;
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