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ESTRUCTURA DE LA TESIS DOCTORAL

La presente Tesis Doctoral estd basada en la publicacion de un compendio de articulos

cientificos, tanto de investigacion como bibliografico. Su estructura, por tanto, se adapta

a la normativa interna de la Universidad Miguel Herndndez para la “Presentacion de

Tesis Doctoral con un Conjunto de Publicaciones”. Los diferentes capitulos en los que

se ha organizado son detallados a continuacion:

Introduccion: consta de una breve introduccion en la que se incluye una
revision bibliografica sobre los diferentes coproductos obtenidos de la industria
agroalimentaria como futuros ingredientes funcionales. También se incluye una
revision de la fibra dietética sobre composicion, clasificacion, efectos
beneficiosos para la salud y comportamiento frente al metabolismo lipidico.
Objetivos: se detalla la hipdtesis de trabajo asi como el principal objetivo de la
Tesis, junto con los objetivos secundarios.

Materiales y Métodos: se presenta un resumen de los materiales y métodos
empleados en la caracterizacién de los distintos coproductos, asi como las
determinaciones analiticas practicadas.

Resultados y Discusion: en este capitulo se muestra un resumen global de los
resultados mas relevantes obtenidos en los diferentes trabajos realizados, asi
como una discusion de los aspectos de mas interés.

Conclusiones: este capitulo recoge las conclusiones de todos los trabajos
realizados.

Bibliografia: recopila toda la bibliografia consultada en la introduccién,
materiales y métodos y en la discusion general.

Publicaciones: este capitulo consta de todos los trabajos publicados (3), en su
idioma original. El primer trabajo, publicado en la revista Comprehensive
Reviews in Food Science and Food Safety, se centra en una amplia revision
bibliogréafica que abarca desde las enfermedades cardiovasculares hasta su paso
por las fibras dietéticas y sus efectos beneficiosos para la salud. ElI segundo
trabajo, en la revista Food Bioprocess Technology se centra en la
caracterizacion de coproductos ricos en fibra dietética obtenidos de las distintas
industrias agroalimentarias, determinando sus propiedades fisico-quimicas,
tecnofuncionales y fisiofuncionales como posible incorporacion a un alimento

como ingrediente funcional. El tercer y ultimo trabajo publicado en Food &

\



Function se centra en la incorporacion de los distintos extractos a una matriz
carnica, donde es sometida a un proceso de digestion “in vitro™, para asi poder

evaluar la capacidad de adsorcion de colesterol.

Vi
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Introduccion

1.1. VISION DE LA ALIMENTACION: ALIMENTOS FUNCIONALES

A lo largo de los afos la de forma de concebir los alimentos por parte de los
consumidores ha evolucionado, fundamentalmente a los cambios en los habitos
alimentarios y a una fuerte relacion entre dieta y salud. Hasta las ultimas tres décadas, la
funcion principal de la dieta era proporcionar nutrientes para satisfacer las necesidades
metabolicas, pero cada dia, se afianza mas el uso de alimentos que pueden contribuir a
mejorar la salud y el bienestar del consumidor (Figueroa-Gonzalez et al., 2011). El
interés del consumidor por mejorar su salud a través de los alimentos, ha llevado a las
industrias alimentarias a buscar nuevos ingredientes y tecnologias, que permitan la
elaboracion de alimentos “saludables” (Peréz-AlvareZ, 2008). Ademas, es de suma
importancia que los productos“saludables” deban mantener las caracteristicas
sensoriales de los productos iniciales (Ospina-E et al., 2010). Es en este momento,
cuando entra en juego un nuevo concepto en la alimentacion, los llamados “alimentos
funcionales”. Sin embargo, en la actualidad no hay una definicion universal aceptada
para los alimentos funcionales, que son, tal vez, vistos mas precisamente como un
concepto que como un grupo bien definido de productos alimenticios (Ozen et al.,

2012).

La Accion Concertada de la Comision Europea sobre Ciencias de los Alimentos
Funcionales en Europa (Functional Food Science in Europe, FuFoSE) describio los
alimentos funcionales como “un alimento puede ser considerado como “funcional” si se
demuestra satisfactoriamente que ejerce un efecto beneficioso sobre una o mas
funciones selectivas del organismo, ademds de sus efectos nutritivos intrinsecos, de una
manera relevante para mejorar el estado de salud y bienestar, reducir el riesgo de
enfermedad, o ambas cosas. Los alimentos funcionales deben seguir siendo alimentos y
deben demostrar sus efectos en las cantidades en que normalmente se consumen en la
dieta: no se trata de comprimidos o capsulas, sino de alimentos que forman parte de un

régimen normal”(DiplocK et al., 1999).

Los alimentos funcionales comprenden alimentos convencionales que contienen
compuestos bioactivos de forma natural (ej., fibra dietética) o alimentos enriquecidos
con compuestos bioactivos (ej., probioticos, antioxidantes) o ingredientes alimentarios
que se incorporan a alimentos tradicionales (ej., prebioticos). Entre los componentes

funcionales mas comunes se encuentran: probidticos, prebidticos, fibra soluble, acidos
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grasos poliinsaturados omega-3, acido linoleico conjugado, antioxidantes de plantas,
vitaminas y minerales, ciertas proteinas, péptidos y aminoécidos, asi como fosfolipidos

(Bhat & Bhat, 2011).

Entre los alimentos en los que se utiliza ingredientes funcionales, se encuentran:
elaboracion de leches fermentadas, yogures, bebidas para deportistas, alimentos para

bebés y alimentos sin azucar.

1.2. LOS COPRODUCTOS DE LA INDUSTRIA AGROALIMENTARIA

En Junio de 2008, el Comité¢ de Medioambiente del Parlamento Europeo comprometio a
todos los Estados miembros a tomar las medidas apropiadas para promover la
reutilizacion de coproductos, dentro del plan de prevencion de desechos. El
aprovechamiento de estos coproductos ademds de evitar trastornos medioambientales,
aporta una mayor rentabilidad econdmica al proceso industrial de partida. Ademas, una
rentabilizacion de la gestion de los residuos generaria nuevas industrias, con las

consiguientes ventajas sociales que ello conllevaria.

Los subproductos vegetales (frutas, hortalizas y tubérculos) presentan un potencial muy
importante en el sector agroalimentario, como ingredientes alimentarios naturales, ya
que son fuente importante de fibra, compuestos bioactivos con propiedades
antioxidantes (compuestos fenolicos y carotenoides), antimicrobianas, antipardeamiento
enzimatico etc. (Fernandez-Ginés et al., 2004; Lario et al., 2004; Del Valle et al., 2005;
Halvorsen et al., 2006; Roldan et al., 2008; Ferreres et al., 2008; Stangeland et al., 2009;
Fernandez-Lopez et al., 2009). La obtencion, aprovechamiento y valorizaciéon de
coproductos vegetales constituyen un reto para la industria alimentaria que supondria,

ademas, una solucion a la problematica medioambiental.

Los productos alimentarios intermedios (PAI), se definen como “aquellos que proceden
de la transformacion de materias primas basicas a fin de adaptarlas mejor a la aplicacion
industrial, facilitando la elaboracion de los alimentos” (Andnimo, 2008). Asimismo, se
, . « . . .
podrian definir, como “aquellos productos, comestibles, no necesariamente nutritivos
(concentrados de proteinas, fibras, etc.), que no son alimentos basicos (carne, leche,
fruta, etc.) y que no se ingieren directamente, ya que deben ser incorporados en un

alimento (alimentos adicionados de fibra dietética, dcidos grasos omega 3, etc.) o en un

3
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preparado farmacéutico (capsulas, pildoras, etc.)”. Los PAI, generalmente se obtienen
de la revalorizacion de los coproductos de la industria agroalimentaria, cumpliendo

ademas, con estrictas medidas de trazabilidad, seguridad, higiene y sostenibilidad.

Uno de los coproductos que mayor atencion esta teniendo son los obtenidos a partir de
la industrializacion de frutas, fundamentalmente de las industrias de obtencion de
zumos de frutas. A partir de dichos coproductos se estan desarrollando, con gran éxito,
procesos de obtencion de PAI. Estos PAI, juegan un papel muy importante en la
innovacion tecnoldgica, ya que aportan otras funciones o caracteristicas al producto
final, al que se incorporan, e incrementan la valoracién del mismo por parte del
consumidor. Se estan utilizando coproductos de frutas para la obtencién de PAI con un
amplio potencial en alimentacidn, especialmente para la reformulacion de los alimentos

y en innovacion funcional.

Para el presente trabajo se han seleccionado los coproductos procedentes de la
industrializacion de frutas de gran importancia en esta zona mediterranea, como son los

frutos citricos y la granada.

1.2.1. Coproductos procedentes de la industrializacion de frutos citricos

La produccion y el consumo mundial de citricos han registrado un fuerte crecimiento
desde mediados de los afios 1980. La produccion de naranjas, mandarinas, pomelos,
limones y limas ha aumentado rapidamente, y ain maés los productos citricos
elaborados, gracias a las mejoras introducidas en el transporte y en el empaquetado, que

han reducido los costos y mejorado la calidad.

En Espana, el mayor productor de mandarina y naranja, que representan el 50% y el
45% de la produccion total, respectivamente es la Comunidad Valenciana. En la
actualidad, 35 variedades de mandarina con cierta importancia comercial estan siendo
cultivadas, de las cuales el grupo principal es mayoritariamente el de las clementinas
(Citrus clementina Hort. ex Tan.). Las naranjas y mandarinas son ampliamente

utilizadas en el mundo para la produccion de zumo.

La produccién de limén y de lima en el afio 2010 en los paises de la FAO fue de 10.340
millones de toneladas. Los limones y las limas se producen principalmente para el
mercado de productos frescos, y el zumo de limones y limas se utiliza primordialmente

para dar sabor a las bebidas. El limoén y las limas son frutos citricos acidos que se
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diferencian de otras variedades de citricos por el hecho de que se consumen
normalmente con otros alimentos. Los limones se producen generalmente en climas
templados, como en el Oeste de los Estados Unidos, Espafia, Italia y Argentina, pero
también se adaptan a climas mas secos, como los de Egipto e Iran. Las variedades de

limon Verna y Fino, son las variedades mas importantes cultivadas en Espaiia.

La produccion mundial de pomelos en 2010 fue de 6.230 millones de toneladas. El
pomelo constituye un cultivo de importancia relativa en Espafa, siendo la variedad
Marsh, la mas ampliamente cultivada en nuestro pais (75%). Los frutos de calidad se
obtienen en areas de climas calurosos. Es un fruto grande o muy grande (100 mm o
mas) globoso, esferoidal o piriforme sin o con semillas gruesas, grandes o arrugadas. Su
sabor es ligeramente amargo, conferido por el glucésido naringina, y refrescante, goza

de una importante aceptacion, sobre todo en los paises anglosajones.

La cantidad de coproductos obtenidos de las industrias de zumos de citricos representa
el 50% de la cantidad original de la fruta entera (Cohn & Cohn, 1997). El coproducto
esta constituido principalmente por cascaras (albedo y flavedo) que son casi una cuarta
parte de las frutas enteras en masa, las semillas y la pulpa de la fruta que queda después
de la extraccion del zumo y del aceite esencial (Braddock, 1999).Estos coproductos se
utilizan principalmente para alimentacion animal, sin embargo, debido a su alto
contenido de fibra se pueden utilizar como una buena fuente de fibra dietética. Esta
fibra dietética seria el PAI obtenido a partir del procesamiento de los coproductos de las
industrias de obtencion de zumos citricos. Dicho PAI puede ser utilizado para el
enriquecimiento de los alimentos de consumo habitual o para la produccion de

comprimidos de fibra dietética (Larrauri, 1994; Fernandez-Lopez et al., 2009).

Otra ventaja de la fibra de citricos es que suele venir acompanada de diversos
compuestos bioactivos (Fernandez-Lopez et al., 2009) los cuales estan atrayendo cada
vez mas la atencién debido a sus propiedades como antioxidantes y por sus propiedades
antimicrobianas, frente a hongos y microorganismos implicados en la alteracion de

alimentos (Viuda-Martos et al., 2009).
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1.2.2. Coproductos procedentes de la industrializacion de la granada

(PunicagranatumL.)

La familia de la granada tiene un tnico género Punica con dos especies P. granatum y
P. protopunica. La granada es nativa de los Himalayas en ¢l noreste de India, pero se ha
cultivado y naturalizado a través de Oriente Medio, de toda la region Mediterranea, de
las partes mas secas del sureste de Asia, noreste de Africa y Africa tropical y hasta
ciertos puntos de Estados Unidos, concretamente California y Arizona (Viuda-Martos et
al., 2010). En términos de produccion Espana es la lider (18.5 t/ha) seguida por Estados
Unidos (18.3 t/ha). A pesar de que Espafa cuenta con un area de cultivo muy pequeiia
(2000 ha) su cuota de exportacion es del 37,8% de la produccion total (37.000 t) seguida
por Israel (23,5%) y Estados Unidos (15,5%), mientras que India tiene la menor cuota
(Teixera da Silva et al., 2013). La Comunidad Valenciana es la principal productora con
26.737 t (92,8%), centrandose la mayor produccion en Alicante con un 98,1% de la
produccion valenciana (Andreu et al., 2008). Se trata de un frutal alternativo para
muchas zonas, especialmente en las zonas con malas condiciones de suelo o con escasa

calidad de agua de riego (Infoagro, 2009).

Desde el punto de vista nutritivo, los componentes mayoritarios de la parte comestible
de la granadas son el agua (aproximadamente un 80% de su peso) y los aztcares (17%),
con un contenido variable en fibra dietética (FAO, 2008), y destaca por su aporte en
potasio. Hay abundante bibliografia que muestra la importancia de sus compuestos
bioactivos, los antocianos, fenoles y taninos (Kulkarni & Aradhya, 2005; Ozgen et al.,
2008), su actividad antioxidante (Stangeland et al., 2009) y, su actividad antimicrobiana

(Rajan et al., 2008).

La corteza y las laminas o tabiques poseen alcaloides con propiedades vermifugas

(Rajan et al., 2008).

Los arilos se componen de un 85% agua, 10% de azlicares totales (mayoritariamente
glucosa y fructosa), 1,5% pectinas y acidos organicos como ascorbico, citrico y malico,
ademas de compuestos fendlicos y fibra (Tezcan et al., 2009; Viuda-Martos et al.,
2010), éstos también se utilizan para la elaboracién de productos tales como las bebidas
enlatadas, mermeladas, gelatinas, pasta (Mousavinejad et al., 2009) y, especialmente, el

zumo fresco que se puede obtener a partir de los arilos o la fruta entera.
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La dificultad de pelar las granadas y de separar sus granos desanima a muchos
consumidores a comer el fruto del granado, que junto a los frutos que no se
comercializan por presentar un aspecto agrietado o decolorado, ha desanimado a los
agricultores, pero la comercializacion de la granada como producto de IV gama, y su
uso en la fabricacion de jaleas, confituras y zumos (Andreu et al., 2008), junto con la
aparicion de una maquina que separa automaticamente los granos de la corteza y las
pieles de la granada (Blasco et al., 2009), ha animado a los agricultores, adquiriendo

cada dia mas interés.

Una vez que el zumo ha sido extraido, los coproductos que quedan se componen
principalmente de pulpa y bagazo. El bagazo de granada obtenido contiene gran
cantidad de compuestos potencialmente beneficiosos, tales como fibra dietética o
compuestos bioactivos, principalmente acidos fenolicos y flavonoides que se podrian
utilizar como ingredientes en el procesamiento de alimentos (Viuda-Martos et al.,

2011).

Los efectos saludables del fruto de la granada, asi como el zumo y sus extractos han
sido ampliamente estudiados en estudios modelo en ratas y humanos en relacion a una
gran cuantia de enfermedades cronicas. Entre las propiedades funcionales atribuidas a la
granada se encuentran: proteccion vascular (actividad antioxidante, anti-hipertensiva,
regulacion lipidica), proteccion digestiva (gastroproteccion, hepatoproteccion, anti-
diarrea), actividad antipatogénica  (antibacteriana y  antiviral), actividad
anticarcinogenica (antiinflamatoria, antiangiogénica, induccion de la apoptosis,
inhibicion de la ploriferacion y de la invasioén), actividad antidiabetica,
inmunomodulacion y antiobesidad, entre otros (Aviram & Dornfeld, 2001; Fuhrman &
Aviram, 2007; Basu & Penugonda, 2009; Stowe, 2011; Viuda-Martos et al., 2010;
Wang et al., 2010; Betanzos-Cabrera et al., 2011; Viladomiu et al., 2013).

1.2.3. Coproductos procedentes de la industrializacion de la chufa

(Cyperussculentus, L.).

Tiger nuts o "chufa" (Cyperusesculentus L. var. sativusBoeck.) es un cultivo
perenne crecido ampliamente en las regiones tropicales y del Mediterraneo. Estos
tubérculos se consumen bajo diferentes formas en Africa occidental y central, como
son: sin preparacion, empapado en agua o secos, etc (Temple et al., 1990). En Espaiia,

los tubérculos se utilizan principalmente para preparar una bebida lechosa llamada
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"Horchata de Chufa " (Beneyto et al., 2000; Garcia-Jiménez et al., 2004; Pascual et al.,
2003). La chufa es un producto autdctono valenciano, es el tubérculo a partir del cual se
elabora la horchata, bebida tipica Valenciana por excelencia. La chufa de Valencia se
cultiva en dieciséis pueblos de la comarca valenciana de L "Horta Nord, que reunen unas
exigencias climaticas y edafologicas, lo que la convierten en la inica zona de Espafia
donde se cultiva este tubérculo. En 1995, se concedi6 la Denominacion de Origen ““D.

O. Chufa de Valencia™ (Pascual et al., 1997).

A nivel nutritivo, la chufa contiene entre 17-25% de aceite, en base seca (Kim et al.,
2007), por lo que es considerada como una potencial fuente de aceite, cuyas
caracteristicas son muy similares al aceite de oliva, ya que su composicion en acidos
grasos es: oleico (65,6%), linoleico (16,2%) y palmitico (15,4%) (Farré, 2003).
Ademas, destaca su alto contenido en hidratos de carbono, fundamentalmente almidon y
fibra dietética (19,0% en base seca) (Abdel-Akher&Michalinos, 1963; Temple et al.,
1989).

En el proceso de elaboracion de la horchata se generan una serie de coproductos (entre
los que se encuentra el agua y el residuo s6lido) que pueden llegar a suponer hasta un
60% del material del tubérculo cosechado. La gestion de dichos coproductos representa
un problema adicional para la industria. Hasta ahora, la aplicacion mas comun de los
coproductos de la elaboracion de la horchata (s6lidos y liquidos) ha sido su uso como
masa organica para la combustion, compostaje y la alimentacion animal (Sanchez-

Zapata et al., 2009).

Aunque los componentes principales de la chufa (carbohidratos y grasas) se extraen
durante la elaboracion de la horchata, todavia estan presentes en cantidades importantes
en los coproductos que se generan. El coproducto liquido estd compuesto

fundamentalmente por el agua de lavado de las chufas.

La reutilizaciéon de esta agua de lavado tiene una doble finalidad, por una parteel
aprovechamiento de los compuestos bioactivos disueltos en ella (Sanchez-Zapata et al.,
2013a), y por otra parte poder utilizar agua depurada, seria un reto importante para la
industria. A partir de los co-productos solidos podrian obtenerse ingredientes ricos en
fibra. El coproducto so6lido se ha utilizado como una fuente importante de fibra dietética
(Sanchez-Zapata et al., 2009) y se ha aplicado con éxito en diferentes procesos de

elaboracion de alimentos (Sanchez-Zapata et al., 2012, 2013b).
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A partir de estos coproductos de cultivos mediterraneos (citricos, granada y chufa), se
han desarrollado tecnologias factibles y economicamente rentables, adecuadas para cada
uno de los cultivos segun sus caracteristicas especificas, para la obtencion de productos
alimentarios intermedios, para ser utilizados en la industria alimentaria y en especial en
la funcional. De todos los coproductos mencionados hasta ahora se puede observar que

el PAI obtenido a partir de ellos estd constituido fundamentalmente por fibra dietética.

1.3. LAFIBRA DIETETICA

Desde hace mucho tiempo, la fibra dietética (FD) ha sido conocida e investigada. Su
utilizacion ha sido tema de mucha discusion y controversia (Asp, 2004), ya que a veces
ha sido considerada como un “residuo” y otras ha sido descrita como un "remedio
universal" que mejora cualquier problema fisioldgico en el organismo humano. Ni el
primero ni el segundo punto de vista son del todo cierto, sin embargo es bien sabido que
la FD juega un papel importante en muchos procesos fisiologicos y en la
prevencion de enfermedades de diferente etimologia. Por otra parte,
durante los TUltimos afos la FD ha adquirido una importancia adicional

relacionada con su uso como ingrediente funcional.

Esta controversia se relaciona con el hecho de que la fibra no es un compuesto quimico
simple y bien definido, sino una combinacidon de sustancias quimicas de composicioén y

estructura distinta (Thebaudin et al., 1997; Heredia et al., 2002).

La mayoria de los cientificos han llegado a un acuerdo sobre la inclusion de fibra entre
los ingredientes importantes de la dieta, asi como la conveniencia de establecer una

ingesta adecuada de fibra (Schaafsma, 2004).

El interés del consumidor por obtener dietas dptimas para mantener una buena salud,
por alargar los afios de vida, su desconfianza hacia alimentos procesados y el aumento
en el mercado de alimentos naturales, ha creado un estado de revolucidn cientifica-
técnica de la cual, dia a dia, la industria nos ofrece productos ricos en fibra (Brighentiet

al., 1995). Siendo por todo ello, reconocida la fibra como un ingrediente funcional.
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1.3.1. Concepto de fibra dietética

El concepto de fibra dietética se ha vinculado a diferentes definiciones que han sido
motivo de debate cientifico a lo largo de los afios. Se trata de un concepto flexible y de
constante evolucion en las ultimas décadas debido a los avances en el conocimiento

analitico, nutricional y fisiologico.

Se considera que E.H Hipsley fue el primero en acufiar el término “fibra dietética” en
1953 para incluir componentes de origen animal, tales como celulosa, hemicelulosa y
lignina (Hipsley, 1953). La posterior aparicioén entre 1972 y 1976 de nuevas hipotesis
que relacionaban la fibra dietética con aspectos relativos a la nutricién y la salud dio
lugar a una de las definiciones mas consistentes hasta el momento: "La fibra dietética
consta de restos de las células de las plantas resistentes a la hidrdlisis (digestion) por las
enzimas alimentarias del hombre, cuyos componentes son hemicelulosa, lignina,

celulosa, oligosacaridos, pectinas, gomas y ceras" (Trowell, 1976).

En dicha definicion, se engloban de manera implicita componentes comestibles y se
incluye, por primera vez, un factor fisioldgico importante: la indigestibilidad de la fibra

en el intestino delgado.

A partir de este momento, el creciente interés sobre la implicacion a nivel fisiologico
que pueden tener las fibras alimentarias da lugar a numerosos estudios nutricionales y al
desarrollo de nueva técnica analiticas de determinacion que se ajusten al concepto de
fibra alimentaria (De Vries et al., 1999). En 2001 la American Association of Cereal
Chemist (AACC) propone la definicion mas aceptada hasta la fecha: “Fibra dietética es
la parte comestible de los alimentos de procedencia vegetal o los analogos de hidratos
de carbono que son resistentes a la digestion y/o absorcion en el intestino delgado, con
fermentacion parcial o completa en el intestino grueso; quimicamente, fibra dietética
incluye polisacéridos, oligosacéridos, inulina, lignina y sustancias vegetales asociadas;
fisiologicamente, la fibra dietética promueve efectos beneficiosos como el efecto laxante
y/o la atenuacion de los niveles de colesterol y de glucosa en sangre” (USA, American
of Cereal Chemists., 2001).

No obstante, la definicién de fibra dietética supone hoy en dia un debate abierto. En
base a métodos puramente analiticos, diferentes compuestos no digeribles podrian ser

erroneamente incluidos en el concepto de fibra dietética sin tener efectos beneficiosos
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para la salud. Por otro lado, el potencial de las fibras alimentarias como compuestos con
efectos beneficiosos para la salud ha dado lugar a la aparicion de nuevos compuestos
que actuan como fibras alimentarias pero no quedan incluidos en las definiciones

establecidas.

En resumen, la definicion del término “fibra dietética” ha evolucionado
significativamente en las ultimas décadas debido a un constante debate internacional
que ha sido la base para establecer nuevas metodologias analiticas y profundizar en el

conocimiento de sus efectos nutricionales y fisiologicos.
1.3.2. Clasificacion y composicion

Las propiedades fisioldgicas de la fibra alimentaria dependen en gran medida de sus

caracteristicas fisicas, principalmente de su estructura molecular y solubilidad.

Desde un punto de vista estructural, la fibra dietética estd constituida por la repeticion
de bloques estructurales basicos. Se dividen en aquellas cuya estructura principal es o

no de naturaleza polisacarida.

En funcién del grado de solubilidad en agua, la fibra dietética se divide en dos grandes

grupos: fibra dietética soluble y fibra dietética insoluble.

La fibra dietética soluble incluye polisacaridos como pectinas, gomas, mucilagos,
fructo-oligosacaridos y ciertas hemicelulosas presentes en fruta, asi como avena, cebada
y legumbres. Se caracterizan por sufrir un proceso de fermentacion por las bacterias del
colon, produciendo principalmente &cidos grasos de cadena corta, entre otros

compuestos. En general, las fibras solubles forman geles y soluciones viscosas.

En el caso de la fibra dietética insoluble se encuentra principalmente representada por
componentes de la pared de células vegetales como la celulosa, la lignina y algunas
hemicelulosas, asi como otros polimeros como el almidén resistente, la quitina y sus
derivados. No presentan capacidad de formar soluciones viscosas y apenas sufren
procesos fermentativos por las bacterias en el colon. Entre los alimentos ricos que
contienen fibra insoluble, se encuentran los vegetales y cereales de grano (Ha et al.,

2000).

En la Figura 1, se detalla la clasificacion de los componentes de la fibra dietética

(soluble e insoluble).
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Las pectinas son unidades polisacaridas formadas por uniones de acido galacturonico
con otros monosacaridos, principalmente con raminosa, furano, xilosa y galactosa. Son
capaces de transformar soluciones viscosas en geles en presencia de azlcares, calor y

acidos débiles. Se encuentran presentes en frutas (Garcia et al., 1995).

La goma guar es un polisacarido de reserva llamado galactomanano, formado por
10.000 moléculas comprimidas. Se usa principalmente en la industria alimentaria como
agente espesante y estabilizador. Es econdmico, facilmente de hidratar en agua fria y

formar soluciones altamente viscosas (Theuwissen & Mensink, 2008).

La celulosa es el principal componente estructural que proporciona resistencia y
estabilidad a las paredes celulares de las plantas. La cantidad de celulosa presente en la

fibra influye en sus propiedades y su utilidad.

La hemicelulosa forma parte de las paredes de las células vegetales y estd compuesta
por un conjunto multiple de polimeros polisacaridos con un grado de polimerizacion y
orientacién inferior a la celulosa (Cosgrove, 2005). La hemicelulosa generalmente actia
como un agente de relleno entre la celulosa y la lignina y azucares como la glucosa,

xilosa, galactosa, arabinosa y manosa (Reddy & Yang, 2005).

La lignina es polimero natural més complejo en relacion a su estructura y
heterogenidad, altamente reticulado y con una estructura amorfa que actia como
“pegamento” entre las células individuales y entre las fibrillas que forman la pared
celular (Mohanty et al., 2000). Se trata del polimero organico mas abundante del mundo

vegetal después de los polisacaridos.
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l— Fibra dietética l

Fibra soluble Fibra insoluble
5 Gomasy Fructo- Almidén o
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v
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Figura 1.- Clasificacion de fibras dietéticas.
1.3.3. Fibra dietética y enfermedades cardiovasculares

Desde su aparicion, el término de “fibra dietética” se ha relacionado con hipdtesis que
asociaban un consumo elevado de fibra con efectos beneficiosos para la salud. En 1961
Keys et al. publicé una de las primeras demostraciones de que el consumo de fibra

dietética disminuia los niveles de lipidos en sangre.

Son muchos los estudios que demuestran que un consumo elevado de alimentos ricos en
fibra esta asociado con una disminucion de la prevalencia de ECV (Buil-Cosiales et al.,
2009; Kokubo et al., 2011; Wu et al., 2009). Entre los efectos beneficiosos se encuentra
la hipertension, la diabetes (Brennan, 2005; Mann, 2001; Sanchez-Muniz, 2012), la
obesidad (Howarth et al., 2001; Ludwig et al., 1999% Slavin, 2008) y el sindrome
metabolico (Aleixandre & Miguel, 2008). Es por ello, que el estudio de las fibras
alimentarias y su repercusion sobre las ECV, asi como diferentes factores de riesgo

continta siendo de gran interés en la actualidad.
1.3.4. Efectos beneficiosos de la fibra dietética

Los extractos ricos en fibra alimentaria obtenidos de las plantas pueden ser utilizados
como ingredientes funcionales, ya que las fibras pueden interactuar fisiologicamente y
proporcionar numerosos efectos beneficiosos para la salud (Anderson et al., 2009;
Fernandez-Lopez et al., 2007; Sendra et al., 2008; Pérez-Alvarez, 2008). Estos

beneficios no solo se refieren a la salud digestiva, sino al control de peso y glucemia,
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salud cardiovascular y bienestar general. Tales efectos varian considerablemente en
funcion de las caracteristicas fisicas y quimicas de la fibra. En términos generales, las
fibras se dividen dependiendo de su solubilidad en agua. Los efectos beneficiosos de las
fibras solubles también pueden depender de si se trata de fibras viscosas o no viscosas,
fibras fermentables o no fermentables (Chutkan et al., 2012). Tradicionalmente, los
efectos de las fibras alimentarias se han agrupado en base a estas caracteristicas. Es
necesario destacar que se trata de una clasificacion simplista, debido a que las
propiedades beneficiosas que pueden aportar las fibras no son exclusivamente del tipo
de fibra, ya que depende de otras caracteristicas, ademds de que muchas de las fibras se

encuentran de forma natural en los alimentos como una mezcla de ambos tipos.

Las principales fuentes de fibra en la dieta son las frutas y los cereales. La fibra
procedente de frutas tiene mejores propiedades funcionales y nutritivas que la de
cereales, una composicion mas equilibrada (mayor contenido de fibra total y fibra
soluble (sobre un 33% en frutas y s6lo un 7% en salvado de trigo) y ademas, contiene
compuestos asociados con propiedades bioactivas (flavonoides, vitamina C,
carotenoides, etc.) que pueden ejercer mayor promocioén de la salud que la fibra
dietética en si (Benavente-Garcia et al., 1997; Marin et al., 2002). También presentan un
menor contenido caldrico y en acido fitico y mayor capacidad de retencion de agua y

aceite asi como, mayor permeabilidad (Saura & Larrauri, 1996).

Algunos de estos efectos beneficiosos del consumo de fibras dietéticas se resumen en la

figura 2 y son descritos a continuacion.
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Figura 2.- Efectos fisiologicos del consumo de fibras dietéticas.

Salud gastrointestinal: Es uno de los beneficios mas conocidos de la fibra dietética,
mejorar la salud del tracto intestinal. Las fibras solubles son capaces de retener agua,
favoreciendo la formacion de un bolo fecal mas blando que paraddjicamente disminuye
la consistencia en personas con estrefiimiento y normaliza la consistencia en personas
con diarrea (Chawla & Patil, 2010; Chutkan et al., 2012). En el caso de las fibras
insolubles, pese a no tener capacidad de retener agua, incrementan el peso del bolo fecal
y aumenta el transito intestinal (Cummings, 2011; Chen et al., 1998). A estas
propiedades promotoras de la salud, se le puede sumar la actividad prebidtica de las
fibras (Gibson & Roberfroid, 1995). Su efecto prebidtico mejora la ecologia de la
microbiota del intestino, aumentando la cantidad y diversidad de bacterias acido-lacticas
no patdogenas como Bifidobacteriumsp. yLactobacillussp. (Fastinger et al., 2008;
Velazquez et al., 2000). Ademas un aumento de la actividad fermentativa puede
disminuir el pH del intestino e inhibir el crecimiento de otros microorganismos

patogenos (Lim et al., 2005; Wong et al., 2009).
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En los ultimos afios, uno de los efectos beneficiosos del consumo de fibra que mayor
interés ha despertado esta relacionado con su posible papel en la prevencion del cancer

de colon (Rose et al., 2007).

Control de la glucosa: La fibra dietética puede retrasar la degradacion de los
carbohidratos complejos y reducir la absorcion de glucosa. Esta propiedad se atribuye a
la capacidad de algunas fibras solubles de aumentar la viscosidad en el intestino,
disminuyendo asi, la difusion de los nutrientes hacia su absorcion al no entrar en
contacto con las enzimas digestivas (Brennan, 2005). Numerosos estudios demuestran
que alimentos ricos en fibras, especialmente fibras solubles viscosas, atenua los niveles
de glucosa postprandial y la respuesta de insulina en pacientes sanos (Alminger &

Eklund-Jonsson, 2008).

Control de peso: Diferentes estudios sugieren que un elevado consumo de fibra, bien
sea en forma de alimentos ricos en fibra o en forma de complementos alimenticios,
puede relacionarse con un menor consumo de energia, dando lugar a una mayor pérdida
de peso o una menor ganancia de peso (Howart et al., 2001; Keithley & Swanson,
2005). De hecho, el consumo de fibra dietética esta inversamente asociado con el peso y

la grasa corporal (Slavin, 2005).

Entre las razones por las que las dietas ricas en fibras estan asociadas con una menor
ingesta de alimentos se encuentran: dilucion de la energia presente en los alimentos al
llevar fibra incorporada en ellos, sensacion de saciedad al requerir un mayor esfuerzo o
tiempo de masticacion,disminucion de la digestibilidad de los nutrientes al formar un
una matriz viscosa donde los nutrientes quedan atrapados disminuyendo su absorcion

(Pérez-Escamilla et al., 2012; Adlercreutz, 2007; Slavin, 2005; Jenkins, 2004).

Control de colesterol: Véase apartado 1.3.5. Fibra dietética y control de colesterol.

En la tabla 1 se puede apreciar un resumen de los efectos beneficiosos en el organismo

del consumo de fibra dietética soluble e insoluble.
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Tabla 1: Efectos beneficiosos de la fibra dietética soluble e insoluble

FIBRA CAUSA EFECTOS

- Retencion del colesterol,

acidos biliares y demads

sustancias toxicas

favoreciendo su excrecion

. . Mayor capacidad de

-Retencion de Clertas | psorcién de sustancias
cantidades de  hierro,

FIBRA SOLUBLE

calcio, magnesio y zinc que
son eliminados por las
heces

- Aumento del contenido
gastrointestinal, evitando la
absorcion  de  lipidos,
esteroles y acidos biliares

- Inhibicién de la sintesis
de colesterol hepatico

Disminucion del colesterol
en sangre

-Reduccion de la velocidad
de llegada de la glucosa a
la sangre

- Reduccidn de la secrecion
de insulina

Atenuacion de la Glucemia

FIBRA INSOLUBLE

-Sensacion de saciedad, lo
que provoca una menor
ingesta de alimentos

- Regulacion intestinal

- Disminucién del tiempo
de transito intestinal de los
alimentos

- Control del estrefiimiento
y aumento de la excrecion

- Retraso de la absorcion
de glucosa y, por tanto,
menor indice glucémico

- Disminucidn del
colesterol

- Menor contenido calorico
en la dieta

- Mantenimiento y
desarrollo de la microbiota
intestinal

- Mayor excrecion de grasa

Aumento de la Velocidad
del Transito Intestinal
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y proteina

- Factor preventivo de
cancer intestinal

Aumento del contenido

intestinal Aumento del Volumen de
- Mejora de la funcion Heces
excretora

Reduccion del riesgo de
cancer colon-rectal debido
a la mayor eliminacion de
acidos biliares

-Dilucion de agentes
cancerigenos debido al
aumento de la capacidad de
retencion de agua

Disminucion del riesgo de
padecer Cancer

-Reduccion del tiempo de
contacto de sustancias
cancerigenas  con las
paredes del intestino

Fuente: Molina & Martin, 2007
1.3.5. Fibra dietética y control de colesterol

Numerosos estudios demuestran que el incremento en el consumo de fibras dietéticas
(insolubles y solubles) disminuye el riesgo de desarrollar una enfermedad
cardiovascular (ECV) (Chau et al., 2004; Kendall et al., 2009). Asi, los estudios
epidemioldgicos y clinicos han demostrado que la ingesta (dosis moderadas o altas) de
fibras dietéticas ejerce principalmente su accidon sobre el colesterol total y LDL, sin que
se produzcan cambios significativos en los niveles de lipoproteinas HDL.De manera,
que se ha demostrado que una reducion del 1% de los niveles de colesterol LDL se
correlaciona con una reducciéon del 1-2% del riesgo de padecer ECV, haciendo de ello
que el colesterol LDL sea un excelente biomarcador para la evaluacion de esta patologia
(Kendall et al., 2009). El mecanismo exacto por el cual las fibras dietéticas disminuyen
los niveles de colesterol LDL es atin desconocido. La capacidad de reducir los niveles
de colesterol en sangre se atribuye principalmente a fibras solubles, entre las que se
incluyen fibras como galactomananos (goma guar), glucomananos, B-glucanos,
pectinas, psyllium y gomas xantanas. Por el contrario, se ha demostrado que fibras

insolubles como la celulosa no tiene efecto sobre los niveles de colesterol (Jalili et al.,
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2000), a diferencia del quitosano que si ha demostrado ser efectiva. No obstante, cabe
destacar que no todas las fibras solubles e insolubles tienen el mismo efecto sobre los

niveles de colesterol ni presentan los mismos mecanismos.

1.3.5.1. Efecto y mecanismo de accion de la fibra dietética como agente reductor de

hiperlipidemias e hipercolesterolemia.

Existen diferentes mecanismos por los cuales las fibras alimentarias pueden reducir los
niveles de colesterol. Principalmente, estos mecanismos estdn asociados con una
disminucion de la absorcion de colesterol, un aumento de la excrecion de acidos biliares

y una reduccion de la sintesis enddgena de colesterol (Figura 3).

Absorcidn de colesterol: Uno de los principales mecanismos asociados a la capacidad
de las fibras de reducir los niveles de colesterol en plasma estd relacionado con su
capacidad de reducir la absorcion de colesterol. Este mecanismo se ha atribuido sobre
todo a fibras solubles con capacidad de formar geles viscosos en el estdbmago y en el
duodeno y aumentando la viscosidad intestinal, dificultando de esta forma, su
solubilizacion micelar por los acidos biliares; este hecho junto con la menor cantidad de
acidos biliares libres, hace que disminuya el transporte de colesterol hacia la membrana
absortiva (Jones, 2008; Theuwissen et al., 2008), lo que confirma las conclusiones
llevadas a cabo por Mun et al. (2005). Las pectinas, gomas, fructanos y B-glucanos,
pueden producir una matriz viscosa, dificultando el movimiento del colesterol y 4cidos
biliares en las micelas, asi como su utilizacion por parte de los enterocitos (Jones,

2008).

Excrecion de &cidos biliares: El principal efecto hipocolesterolémico de las fibras
dietéticas se atribuye a su capacidad de aumentar la excrecion de acidos biliares
(Gunness & Gidley, 2010; Liu et al., 2008). Algunas fibras pueden unirse o atrapar
acidos biliares en el interior de su matriz, formando interacciones micelares, impidiendo
su absorcion intestinal, favoreciendo asi su excrecion con las heces y disminuyendo de
esta forma la cantidad que llega al higado por la via entero-hepatica (Jones, 2008).
Generalmente, los 4cidos biliares son secretados al lumen intestinal y reabsorbidos en el
intestino delgado apara poder ser utilizados nuevamente para emulsionar la grasa y
facilitar su absorcion. La interrupcion de la circulacion enterohepatica de los acidos
biliares conlleva que una mayor parte de colesterol hepatico deba destinarse a la

produccion de acidos biliares para su reemplazo en lugar de ser incorporados al torrente
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sanguineo en forma de VLDL (Chiang, 2009). Aunque la actividad enzimatica de la
HMG-CoA-red puede aumentar para suplir las necesidades del colesterol, la sintesis de
novo de colesterol puede no ser suficiente para suplir las necesidades de reemplazo de
acidos biliares. En consecuencia, el aumento de la demanda de colesterol en el higado
conlleva un aumento de la sintesis y la actividad de receptores LDL, lo que aumenta la
captacion de lipoproteinas VLDL y LDL, disminuyendo asi su concentracion en sangre

(Chiang, 2009; Gunness & Gidley, 2010).

Inhibicién de la sintesis de colesterol:Las fibras no digeridas y absorbidas en el
intestino delgado pueden ser usadas como sustrato para la fermentativa de bacterianas
anaerobias en el ciego y el colon. Como resultado se origina un aumento en la
produccion de 4cidos grasos de cadena corta (AGCC) tales como el acetato, el
propionato y el butirato (Kishimoto et al., 1995; Pylkas et al., 2005; Wong et al., 2009).
Diversos estudios experimentales han puesto de manifiesto que el propionato, una vez
que accede al higado, puede actuar inhibiendo la [-hidroxi-fmetilglutarilcoenzima A
reductasa (HMG-CoA reductasa), siendo ésta la principal enzima que regula la sintesis
de colesterol hepatico y cuya actividad aumenta cuando existe una baja concentracion

de colesterol en los hepatocitos (Jones, 2008; Theuwissen et al., 2008).

20



Introduccion

Secuestro de acidos biliares y Incremento sintesis
excrecion con las heces hepética de acidos
biliares a partir de

colesterol plasmatico

FIBRA DIETETICA

Y

Disminucion absorcion Inhibicién sintesis
intestinal de colesterol hepética de colesterol

Figura 3.- Mecanismos implicados en la accion hipocolesterolemiante de la fibra

dietética.
1.3.6. Fibra dietética y &cidos biliares

La fibra dietética puede influir en el metabolismo de los acidos biliares. Los 4cidos
biliares son “emulgentes” sumamente eficaces que promueven la solubilizacion,
digestion, y absorcion de lipidos dietéticos y vitaminas liposolubles en todas las partes
del intestino delgado. En el duodeno, yeyuno e ileon se mantienen elevadas
concentraciones de sales biliares, donde la digestion y absorcidon de grasas tiene lugar
(Ridlon et al., 2006). Normalmente, son casi completamente absorbidos de nuevo en el
ileon (Hofmann, 2004). Diversas fibras dietéticas son capaces de actuar con los acidos
biliares en el intestino delgado, causando una reabsorcion menor, un aumento del
transporte hacia el intestino grueso, y finalmente, una excrecion mas alta de acidos

biliares (Dongowski et al., 2003).

Algunos autores sugieren que las fibras dietéticas son capaces de incrementar el tamafio
de las particulas en circulacion, de las lipoproteinas de muy baja densidad (VLDL) y de
los quilomicrones, con el consecuente incremento de la lipdlisis de estas lipoproteinas
(Vahouny & Kritchevsky, 1986).El glucomanano es una fibra hidrosoluble con las

mismas propiedades que la fibra insoluble. Es capaz de aumentar su volumen hasta 100
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veces después de ponerse en contacto con el agua, causando un aumento del volumen, la
viscosidad del contenido gastrointestinal y mejora el transito intestinal. Una
consecuencia de esto es la interferencia con la absorcién de alimentos (Trinidad et al.,
2006) (Figura 4a). La alta densidad y la estructura fisica y quimica del glucomanano son

las causantes de su actividad hipocolesterolémica.

Otro mecanismo sugerido es que algunas fibras hidrosolubles pueden formar una capa
viscosa en el lumen intestinal, esta capa puede actuar como una barrera fisica,
provocando una disminucién de la (re)absorcion de grasas incluyendo el colesterol y los
acidos biliares (Figura 4c¢), esto conduciria a un aumento fecal de estos dos compuestos.
Como la reserva de acidos biliares, es limitada, una mayor excrecion de éstos requiere
una mayor sintesis hepatica, que a su vez las células hepaticas incrementan la formacion
de mas 4cidos biliares a partir del colesterol, produciéndose un descenso de los niveles
de colesterol libre y aumentando los niveles de colesterol enddégeno para poder alcanzar
un nuevo equilibrio en la sintesis de colesterol. Este es, probablemente, el mecanismo o
la via principal hipocolesterolemiante que sucede en animales y en humanos

hipercolesterolémicos (Garcia-Diez et al., 1996; Theuwissen & Mensink, 2008).

Y por ultimo, existe la posible reduccion de la absorcion de lipidos, colesterol, y acidos
biliares, que podrian alterar la formacion de micelas y disminuir la capacidad del
colesterol para incorporarse a ellas (Carr & Jesh, 2006). La fibra dietética tiene
capacidad para retener acidos biliares y metabolitos del colesterol que juegan un papel
importante en la digestion y la absorcion de lipidos en el intestino delgado (Figura 4b).
Una alta capacidad para retener acidos biliares podria conducir a una disminucion de las
concentraciones de colesterol por interrupcion de la circulacién entero-hepatica
(Eastwood, 1992). Eastwood & Morris (1992) expusieron que el atributo primario de las
fibras solubles que inhiben la absorcion de colesterol es su capacidad para formar una
matriz viscosa cuando son hidratadas. Muchas fibras solubles en agua se hacen viscosas
en el intestino delgado. Se cree que un aumento de la viscosidad impide el movimiento
del colesterol, acidos biliares, y otros lipidos, dificultando la formacién de micelas y
reduciendo asi la absorcion de colesterol y promoviendo su excrecion (Carr & Jesh,
2006). La pectina, los B-glucanos, los fructanos, y las gomas han sido identificadas
como agentes que pueden producir una matriz viscosa, dificultando el movimiento del
colesterol y acidos biliares en las micelas, asi como la utilizacion de productos

micelares en los enterocitos (Jones, 2008). Si la viscosidad en el lumen es importante
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para la eficacia fisioldgica, es importante entender cuales son los factores en un
alimento que podrian reducir o mejorar la capacidad de la pectina o B-glucano para

generar la viscosidad.
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Figura 4-. Mecanismos de accion propuestos de la fibra para disminuir el colesterol (re) absorcion de colesterol y acidos biliares. a) bolo; b)
colesterol o capacidad de retencion de bilis; ¢) capa espesa.
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1.3.7. Caracteristicas de las fibras para la disminucion de colesterol

En general, el mecanismo por el que la fibra soluble modificara las propiedades de una

solucion depende de la cantidad, solubilidad en condiciones fisioldgicas, peso molecular

y la estructura de la fibra. Los cambios de estas propiedades en pectinas o 3-glucanos en

un producto alimentario pueden influir en la respuesta fisiologica (Wood, 2007).

Para valorar la capacidad de disminucion de colesterol se deben considerar las

siguientes caracteristicas de la fibra:

v
v

<\

<\

Composicion quimica.

Capacidad de absorcion y retencion de agua: propiedad condicionada por el
grado de solubilidad de la propia fibra, tamafio de las particulas y pH. La
absorcion de agua se produce por fijacion a la superficie o por el atrapamiento
en el interior de la macromolécula.

Capacidad de gelificacion.

Capacidad de fermentacion.

Incremento de la viscosidad en el medio: en funcion de la solubilidad y del peso
molecular de la fibra.

Porcentaje de fibra soluble e insoluble.

Peso molecular.

Retraso de la absorcion intestinal de las grasas: con la accion de la fibra, el
colesterol, vera retrasada su absorcion y aumentada ligeramente su excrecion
con las heces. Las fibras con mayor capacidad para atrapar en su interior a estas
sustancias son las fibras viscosas, es decir, las solubles.

Solubilidad: las fibras solubles en contacto con el agua, forman un reticulo
donde queda atrapada el agua, gelificindose la mezcla a diferencia de la fibra
insoluble que capta poco agua y forma mezclas de baja viscosidad.

Secuestro y eliminacion de las sales biliares.

En la Figura 5, se pueden observar los distintos factores que afectan a la reduccion de

colesterol a nivel plasmatico.
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% Fibra
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Retraso
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Gelificante

Figura 5.- Caracteristicas de las fibras para la disminucion de colesterol.

1.3.8. Modelos de digestion “in vitro” de la fibra dietética

La cinética de la digestion depende de las caracteristicas fisicas y quimicas de los
alimentos y de su interrelacion de los procesos fisiologicos que se suceden dentro del
tracto gastrointestinal (Hoebler et al., 2002). La digestion de los alimentos y la
absorcion de los nutrientes son procesos dinamicos que involucran sistemas complejos

enzimaticos y reacciones de transporte (Féasler et al., 2006).

El proceso de digestion se compone de varias fases: bucal, gastrica, de absorcion y la

colonica o de fermentacion. Con el disenio de un modelo de digestion ““in vitro™ se
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simulan las caracteristicas de los diferentes procesos de digestion que tienen lugar a lo
largo del tracto digestivo. Por lo tanto, debe existir una digestion salivar, gastrica y una

digestion duodenal.

El factor mas importante en un sistema de digestion ““in vitro”, es la digestion
enzimatica y en ello influye fundamentalmente las caracteristicas de las enzimas
utilizadas. Varios factores, tales como la concentracion, temperatura, pH, estabilidad,
activadores, inhibidores, y tiempo de incubacion, afectan a las actividades de enzimas.
La eleccion de las enzimas y las condiciones de incubacion y la necesidad de equipo
también dependen de los objetivos del estudio. Métodos de una sola enzima pueden ser
utiles para predecir la digestibilidad de los nutrientes individuales, por ejemplo, la
proteina por el uso de pepsina, almidon mediante el uso de amilasa, o los lipidos por el
uso de lipasas. Sin embargo, la digestion de un nutriente estd a menudo influenciada por
la digestion de otros nutrientes, y por lo que, es mas realista utilizar una mezcla

compleja de enzimas en lugar de una sola enzima purificada (Boisen & Eggum, 1991).

El tiempo de digestion para cada paso (por ejemplo, la boca, el estdémago y el intestino
delgado) es un factor importante a la hora de disefiar un adecuado modelo de digestion
“in vitro”. Un corto tiempo de transito de un alimento en el intestino delgado puede
limitar la absorcion de compuestos lipofilos bioactivos, reduciendo asi su

biodisponibilidad (Dahan & Hoffman, 2008).

El tiempo de transito o tiempo de digestion se debe considerar de acuerdo con las

caracteristicas de los alimentos.

Lin et al. (1999), informaron que los lipidos en el tracto gastrointestinal retrasan el
vaciado gastrico, es decir, se aumenta el tiempo de transito gastrico. En general, los
lipidos no pueden ser fermentados; por lo tanto, los lipidos estan menos influenciados
durante el paso a través del intestino grueso. Por lo tanto, el tiempo deberia ser mas
corto en muestras de alimentos a base de lipidos que en muestras de alimentos de origen

vegetal.
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2.1. HIPOTESIS DE TRABAJO
La hipotesis de partida que dan pertinencia a esta investigacion son las siguientes:

1. Las industrias de alimentos generan una gran cantidad de material de desecho
(cascaras, semillas, etc.) en la elaboracion de los alimentos, pudiendo superar el
30%. El gran crecimiento de la productividad en las empresas ha provocado que
la eliminacién de dicho material represente un grave problema, siendo una de las
opciones mas acertadas su uso como coproducto.

2. Los extractos vegetales procedentes de coproductos suponen una fuente
importante de nutrientes y compuestos bioactivos que podrian aprovechar las
industrias agroalimentarias para obtener alimentos funcionales.

3. La composicion de los extractos vegetales, especialmente en fibra dietética,
puede generar numerosos efectos beneficiosos para la salud.

4. Las ECV (hipertension arterial, cardiopatia coronaria, enfermedad
cerebrovascular, insuficiencia cardiaca, etc) y la obesidad suponen un problema
de dimensiones globales que requieren de importantes medidas para su
prevencion. Actualmente, los esfuerzos se centran en cambiar los héabitos
alimentarios, evitando el exceso de calorias en forma de grasa e hidratos de
carbono y aumentando el consumo de nutrientes beneficiosos para la salud,
como es el caso de la fibra dietética.

5. La incorporacion de extractos vegetales procedentes de coproductos, puede
influir sobre el metabolismo lipidico y, méas concretamente, sobre los niveles de
colesterol. No obstante, no todos los compuestos que se engloban dentro de la
definicién de “fibra dietética” presentan los mismos efectos fisioldgicos, ni sus

beneficios son atribuibles a los mismos mecanismos.
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2.2. OBJETIVO PRINCIPAL

El objetivo principal de la presente Tesis Doctoral fue comparar la capacidad de reducir
de manera selectiva la adsorcion de colesterol y la repercusion sobre el metabolismo
lipidico de extractos ricos en fibra dietética obtenidos a partir de coproductos de la

industria agroalimentaria cuando son sometidos a un proceso de digestion “in vitro™.

2.3. OBJETIVOS ESPECIFICOS

Con la finalidad de alcanzar el objetivo principal se plantearon los siguientes objetivos

mas concretos:

= Caracterizar desde un punto de vista quimico, fisico y tecnofuncional los
diferentes extractos de fibras.

= Evaluar los distintos coproductos desde un punto de vista fisiofuncional, con el
fin de conocer los posibles efectos beneficiosos para la salud sobre el
metabolismo lipidico.

= Determinar la capacidad de adsorcion de colesterol de los diferentes coproductos

mediante la utilizacion de diferentes técnicas analiticas.

= Aplicar los coproductos procedentes de las industrias agroalimentarias como
ingrediente en un sistema modelo céarnico, determinando su comportamiento y
evaluando su efecto sobre el metabolismo lipidico (adsorcion de colesterol)

cuando son sometidos a un proceso de digestion “in vitro™.
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Materiales y Métodos

3.1. INTRODUCCION AL DISENO EXPERIMENTAL
En base a los objetivos se establecio un disefio experimental el cual se dividio en dos

fases:

En una primera fase experimental se compararon cinco fibras dietéticas
procedentes de coproductos de la industria agroalimentaria. En primer lugar, se
caracterizaron los diferentes extractos en cuanto a su composicién proximal,
propiedades fisicoquimicas, tecnofuncionales y fisiofuncionales, con el fin de
evaluar su posible incorporacion como ingrediente funcional. Ademas, se
estudiaron fibras dietéticas procedentes de una misma industria agroalimentaria,
pero de distintas partes de la materia prima original (fibra de limén y albedo de
limon), para observar si presentaban distinto comportamiento sobre las
propiedades hipolipidémicas. También fue objeto de estudio un extracto
compuesto principalmente por fibra insoluble (fibra de chufa), para determinar si
la capacidad de adsorcion de colesterol es debido principalmente al contenido en
fibra soluble como es atribuido en numerosos estudios.

En la segunda fase experimental se estudio el comportamiento de las distintas
fibras dietéticas de la fase primera, cuando son incorporadas en un sistema mas
complejo, como es la matriz carnica y sometida a un proceso de digestion in
vitro. Con la finalidad de poder comprobar de una manera mas compleja y
precisa si el poder de retencion de colesterol sigue estando presente en aquellas

fibras que mostraron su efecto en la fase inicial del estudio.

3.2. MATERIAL VEGETAL

Los extractos de fibra utilizados en este trabajo fueron obtenidos a partir de coproductos

de diferentes industrias agroalimentarias, siguiendo procedimientos puestos a punto por

el grupo de investigacion de Industrializacion de Productos de Origen Animal (IPOA)

de la Universidad Miguel Hernandez.
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Los extractos utilizados fueron (Figura 6):

» Fibra de pomelo: obtenida a partir de coproductos de industrias de
elaboracion de zumo de pomelo.

« Fibra de limén: obtenida a partir de coproductos de industrias de
elaboracién de zumo de limon.

« Fibra de albedo de limén: obtenida a partir de coproductos de industrias
de elaboracién de limén helado.

« Fibra de granada: obtenida a partir de coproductos de industrias de
elaboracion de zumo de granada.

« Fibra de chufa: obtenida a partir de coproductos de industrias de
elaboracion de horchata.

LEMON FIBER TIGER NUT FIBER
LDF TNF

PoMEGRANATE FIBER LEMON ALBEDO FIBCR GRAPEFRO(T FIBER
PDF LADF gl OF

Figura 6.- Fibras dietéticas obtenidas a partir de coproductos de diferentes industrias

agroalimentarias.
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3.3. CARACTERIZACION DE LAS MATERIAS PRIMAS

3.3.1. Composicion proximal
El contenido en humedad, cenizas, proteinas y grasas se determinaron siguiendo
Meétodos Oficiales (AOAC, 1997).

3.3.1.1. Humedad

Las determinaciones de humedad se efectuaron siguiendo las directrices de la AOAC
(1997). El valor de humedad se expresé como g de agua/100 g de producto. Cada
ensayo se realiz6 por triplicado.

3.3.1.2. Cenizas

Las cenizas se determinaron siguiendo las directrices de la AOAC (1997) utilizando una
mufla Hobersal modelo 12-PR/300 “PAD” (Hobersal S.A. Barcelona, Espafa). Los
resultados se expresaron como g de cenizas/kg muestra. Cada ensayo se realizO por

triplicado.
3.3.1.3. Proteinas

Las proteinas fueron analizadas segun el método Kjeldahl, usando un factor de 6,25
para convertir el nitrégeno en proteina (AOAC, 1997). El contenido en proteina se

expres6 como g de proteina/kg muestra. Cada ensayo se realizo por triplicado.
3.3.1.4. Grasas

La grasa fue calculada mediante la pérdida de peso tras la extraccion durante 8h con éter
de petroleo en un Soxhlet (AOAC, 1997). Los resultados se expresaron como ¢ de

grasa/kg muestra. Cada ensayo se realizé por triplicado.
3.3.1.5. Hidratos de carbono

Los hidratos de carbono fueron obtenidos mediante la diferencia hasta 100 una vez
restado el resto de los componentes de la composicion proximal. Todos los analisis

fueron realizados por triplicado.

3.3.1.6. Contenido en fibra dietética

La determinacion del contenido en fibra dietética total y fibra dietética insoluble de las

muestras se realizd siguiendo el método gravimétrico-enzimatico AOAC 985.29
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(AOAC, 1997). La fibra dietética soluble se determind por diferencia entre la FDT y
FDI. Las muestras, previamente desecadas y libres de grasas, son sometidas de forma
secuencial a digestion enzimatica utilizando a-amilasa termoestable, proteasa y

amiloglucosidasa.

Su determinacién se realizé utilizando el Digestor enziméatico GDE y el Sistema de
filtracion CSF-6 de VELP-Scientifica (VELP-Scientifica, Milan, Italia), asi como el Kit
enzimatico para la determinacion de fibra dietética de Sigma-Aldrich.

Los resultados se expresaron como g de FDT, FDS o FDI/100 g de muestra. Cada

ensayo se realiz6 por triplicado.

3.3.2. Andlisis fisico-quimico

3.3.2.1.pH

El pH se determinG en una suspension resultante de la mezcla de 0,5 g de muestra con
50 mL de agua destilada durante 2 minutos, la medida se efectué con un pHmetro
(Eutech Instruments PteLtd, Singapur) acoplado con un electrodo de vidrio (lon 510,

Eutech Instruments Pte Ltd., Singapur). Cada ensayo se realizo por triplicado.

3.3.2.2. Color

Se estudio el espacio de color CIEL*a*b* mediante un colorimetro Minolta CM-2600d
(Minolta Camera Co. Osaka, Japon) y un cristal de baja reflactancia (minolta CR-
A51/1829-752) entre la muestra y el equipo, usando el iluminante Dgs y el observador
10°. Las coordenadas CIELAB estudiadas fueron: luminosidad (L*), coordenada
rojo/verde (a*) y coordenada amarillo/azul (b*). Se realizaron nueve mediciones de

cada muestra.

3.3.3. Propiedades tecnofuncionales
3.3.3.1. Capacidad de retencion de agua (CRA)

Se define como la aptitud que tiene la fibra para retener el agua durante la aplicacion de
fuerzas externas. La CRA se llevé a cabo segun el método descrito por Robertson et al.
(2000).

Se tomaron tres muestras de 300 mg cada una, a cada una de estas muestras se le

afiadieron 10 mL de agua ultrapura y se dejo reposar a 25°C durante 18 horas. Después
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se centrifugaron las muestras (3000 rpm, 20 minutos) en una centrifuga (NahitaModel
2690, Alicante, Espafia) y se elimind el sobrenadante. Posteriormente, se peso el
conjunto del tubo y precipitado. La CRA se expreso como los g de agua retenidos/g de

muestra.

3.3.3.2. Capacidad de retencién de aceite (CRO)

Se define como la aptitud que tiene la fibra para retener aceite durante la aplicacion de
fuerzas externas. La CRO se llevo a cabo segun el método descrito por Robertson et al.
(2000).

Se tomaron tres muestras de fibra de 160 mg cada una. A cada una de estas muestras se
le afiadieron 5 g de aceite de girasol y se dejo reposar a 25°C durante 18 horas. Después
se centrifugaron las muestras (3000 rpm, 20 minutos) en una centrifuga (NahitaModel
2690, Alicante, Espafia) y se elimino el sobrenadante. Posteriormente, se pesé el
conjunto de tubo y precipitado. La CRO se expres6 como los g de aceite retenidos/g

muestra.

3.3.3.3. Capacidad de hinchamiento (CH)

La capacidad de hinchamiento (CH) es la capacidad de la fibra para aumentar su
volumen en presencia de agua, estando influenciado por su composicion, porosidad y
tamafo de particula (Femenia et al., 1997). La determinacion se realizé siguiendo el

método descrito por Gomez-Ordofiez et al. (2010).

Se pesaron 500 mg de cada muestra en un tubo graduado y se midié el volumen
ocupado por las fibras; se adicionaron 5 mL de agua ultrapura y se agitaron
manualmente durante 5 minutos. Posteriormente se dejaron en reposo durante 24 horas
a temperatura ambiente. Tras dicho tiempo, se midié el volumen final de las muestras.

La capacidad de hinchamiento se expres6 como mL/g muestra.

3.3.3.4. Actividad emulsificante (AE)

La actividad emulsificante (AE) es la habilidad de una molécula para actuar como un
agente que facilita la solubilizacién o dispersion de dos liquidos inmiscibles (Chau et
al., 1997). La determinacion ha sido llevada a cabo siguiendo el método descrito por
Chau & Huang (2003).
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Para determinar la AE se peso 1 g de muestra en un tubo de 150 mL. Seguidamente, 50
mL de agua ultrapura fue adicionada y mezclada con un homogenizador Ultraturrax
(IKA-Ultra-Turrax T25, Alemania) a 8000 rpm durante 2 minutos. A la suspensién de
fibra se le afadieron 50 mL de aceite de girasol y se volvieron a homogenizar con el
Ultraturrax a 8000 rpm durante 1 minuto. A continuacién, una alicuota (25 mL) se
trasfirio a un tubo de centrifuga graduado y se centrifugo a 1500 rpm durante 5 minutos.

Después de centrifugar se midié el volumen de emulsion formada.

La AE se expresa como mL de volumen de la capa emulsificada, respecto al volumen
total que hay en el tubo de centrifuga, en forma de porcentaje.

3.3.3.5. Estabilidad de la emulsion (EE)

La estabilidad de la emulsion (EE) es la habilidad de mantener una emulsion y su
resistencia a la ruptura bajo la accion del calor (Chau et al., 1997).

Se determind calentando los tubos con las emulsiones formadas durante la
determinacion de la AE en un bafio de agua a 80°C durante 30 minutos. Posteriormente

se enfriaron a temperatura ambiente y se centrifugaron a 1500 rpm durante 5 minutos.

La EE se expresa como mililitros de capa emulsificada que permanece respecto al

volumen de la emulsion que previamente se habia formado, en forma de porcentaje.
3.3.4. Propiedades fisiofuncionales

3.3.4.1. Capacidad de retencion de bilis (CRB)

Se define como la aptitud que tiene la fibra para retener la bilis, durante la aplicacion de
fuerzas externas. La CRB se llevé a cabo segun el método descrito por Eastwood et al.
(1992).

Se tomaron tres muestras de fibra de 160 mg de fibra cada una. A cada una de estas
muestras se le afladieron 5 g de bilis porcina (recogida directamente en un matadero
porcino autorizado), en un tubo de centrifuga y se dejo reposar a 25°C durante 18 horas.
Después se centrifugaron las muestras (3000 rpm, 20 minutos) en una centrifuga
(Nahita Model 2690, Alicante, Esparfia) y se elimind el sobrenadante. Posteriormente, se
peso el conjunto de tubo y precipitado. La CRO se expresd6 como los g de aceite

retenidos/g muestra.

37



Materiales y Métodos

3.3.4.2. Fat/Oil Binding (FOB)

Se define como la capacidad que tiene la fibra de absorber o retener grasas dentro de su
matriz, simulando un proceso digestivo. La determinacion se llevo a cabo segln el

metodo descrito por Bailina (2014).

Se pesaron 0,2 g de fibra en un matraz y se le adicionaron 20 mL de acido clorhidrico
0,16 N. Las muestras se mantuvieron en agitacion durante 1 hora y a continuacién se le
afiadieron 20 g de aceite de girasol. La mezcla se agité durante 1 minuto y se neutraliz6
con NaOH 0,1N para simular el cambio de pH del estbmago al intestino delgado. Se
dejé reposar la emulsion durante 24 horas y se pesé el aceite libre. La FOB se expresa
como g de aceite retenido/g muestra.

3.3.4.3. Capacidad de adsorcion de colesterol (ChACc)

La capacidad de adsorcion de colesterol intenta evaluar la capacidad de la fibra para
adsorber el colesterol dentro de su matriz, cuando se encuentra en contacto con un
sistema simple, como es el caso de una mezcla de agua y aceite. El proceso a seguir fue
el siguiente: en un vaso de precipitado se incorporaron 20 g de agua ultrapura 'y 20 g de
aceite de girasol (adicionado con 100 mg/Kg de colesterol). Se agit6 la mezcla en un
agitador Ultraturrax (IKA-Ultra-Turrax T25, Alemania) a 8000 rpm durante 30
segundos, afiadiendo inmediatamentel1,33 g de fibra, continuando la agitacion hasta

completar 2 minutos.

A continuacion, la mezcla fue trasferida a un tubo y llevada a un bafio de agua a 37°C
durante 1 hora. Una vez enfriado el tubo a 25°C se centrifugd (3000 rpm, 20 minutos)
en una centrifuga Sigma 3-16PK (Sigma, Maryland, EE.UU). Posteriormente se
descarto el sobrenadante y la fase del precipitado se determind la concentracion de

colesterol que presentaba. La ChAc se calcula de la siguiente manera:

mg colesteroladsorbidoporlamuestra
ChAc (%)= =2 B x 100

mg colesterol muestra control
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3.4. SISTEMA MODELO CARNICO (MUESTRA CARNICA) CON FIBRA
DIETETICA

3.4.1. Proceso de elaboracién

La preparacion de las distintas muestras carnicas se llevd a cabo por el grupo de
investigacion IPOA en la planta piloto de la Escuela Politécnica Superior de Orihuela de
la Universidad Miguel Herndndez. Se utiliz6 una formula sencilla para obtener una
misma masa base para todas las muestras, que consistia en: 49% magro de cerdo, 49%
grasa de cerdo y 2% cloruro sodico. La mezcla se dividié en seis partes iguales y se
afiadié un 10% de los distintos coproductos a estudiar (fibra de pomelo, fibra de limén,
albedo de limén, fibra de granada y fibra de chufa), siendo la sexta muestra el control, al
cual no se le afiadid fibra. Para obtener dicha masa base los trozos de carne de cerdo se
picaron a través de una placa con agujeros de 3 mm de didmetro (Olotinox, Olox,
Espafia), adicionando el cloruro sodico y mezclando en una amasadora (CATO 114,
Sabadell, Espafia) a 80 rpm durante 5 min. A cada uno de las masas bases a estudio se le
adicionaron los distintos coproductos ricos en fibra, volviendo a mezclar la masa
durante 5 min. Las distintas masas se colocaron en bolsas individuales (Cofreso SAU,
Madrid, Espafia) y se cocinaron en un bafio de agua hasta que la temperatura interior
alcanzo los 75° C. Una vez terminado el proceso, las muestras carnicas por triplicado

fueron almacenados a -10°C hasta la realizacion del experimento.
3.4.2. Modelo de digestion “in vitro”

El factor mas importante en un sistema de digestion “in vitro”, es la digestion
enzimatica y en ello influye fundamentalmente las caracteristicas de las enzimas
utilizadas. Varios factores, tales como la concentracion, temperatura, pH, estabilidad,

activadores, inhibidores, y tiempo de incubacion, afectan a las actividades de enzimas.

La eleccion de las enzimas y las condiciones de incubacién y la necesidad de equipo
también dependen de los objetivos del estudio. Métodos de una sola enzima puede ser
atiles para predecir la digestibilidad de los nutrientes individuales, por ejemplo, la
proteina por el uso de pepsina, almidon mediante el uso de amilasa, o los lipidos por el
uso de lipasas. Sin embargo, la digestion de un nutriente esta a menudo influenciada por
la digestién de otros nutrientes, y por lo que, es mas realista utilizar una mezcla

compleja de enzimas en lugar de una sola enzima purificada (Boisen & Eggum, 1991).
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Las enzimas utilizadas en la el modelo de digestion, “in vitro” seleccionado son: a-
amilasa (origen saliva humana, tipo 1X-A, 1000-3000 U/mg proteina), pepsina (origen
mucosa gastrica porcina 3200-4500U/mg proteina), extracto de bilis porcina (B-8631),
pancreatina (origen pancreas porcino 76190), lipasa (L3126) todas ellas proceden de la
compafiia Sigma-Aldrich (Sigma-Co-St.Louis,USA).

El modelo de digestion “in vitro” (condiciones aerobias) seleccionado que mejor se
ajustaba a nuestro estudio (simular la digestion de un alimento), es el descrito por
Minekus et al. (2014). Las soluciones salivar, géstrica e intestinal de electrolitos a
utilizar se prepararon a partir de las correspondientes soluciones stock de electrolitos
como se indica en la Tabla 2, siguiendo las recomendaciones de Minekus et al. (2014).

Tabla 2: Composicion de las soluciones de electrolitos para la fase salivar, gastrica e

intestinal del proceso de digestion in vitro.

Solucién Solucién gastrica | Solucion intestinal
salivar (pH 7) (pH 3) (pH 7)
Concentracion Volumen Volumen solucién | Volumen solucién
Compuesto Solucion stock | solucién stock stock stock
(9/L) (mL) (mL) (mL)
KCI 37,3 15,1 6,9 6,8
KH,PO, 68 3,7 0,9 0,8
NaHCO; 84 6,8 12,5 425
NaCl 117 - 11,8 9,6
MgClZ (HzO)g 30,5 0,5 0,4 1,1
(NH4),CO3 48 0,06 0,5 -

*El pH final se ajust6 usando HCI (6 M) o NaOH (1M).

El proceso de digestion “in vitro” utilizado fue el siguiente (Figura 7):

1. Fase salivar: Se mezclaron 5g de muestra carnica (emulsion: magro-tocino-sal,
49:49:2) con 3,5 mL de solucion salivar de electrolitos, mezclandose en una
picadora eléctrica Moinex A320R1 (SEB SA, Bourgogne, Francia). A
continuacion, se adiciond 0,5 mL de la solucion de a-amilasa salivar
(1500U/mL) seguido de 25 pL CaCl, 0,3M y 975 uL de agua. Se agit6 e incubo
durante 2 minutos en un bafio de agua a 37°C con agitacion automatica.

2. Fase gastrica: Se mezclaron 10 mL de muestra procedente de la fase salivar con
7,5 mL de la solucion gastrica de electrolitos y 1,6mL de la solucion pepsina
(25000U/mL). A continuacion, se adicion6 5uL CaCl,0,3M, 0,2 mL HCI 1M y
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0,695 L de agua para alcanzar un pH 3. Las muestras se incubaron durante 2

horas a 37°C en bafio de agua con agitacion automatica.

3. Fase intestinal: 20 mL de la muestra procedente de la fase gastrica se mezclaron
con 11 mL de la solucion intestinal de electrolitos, 5 mL de la solucion de
pancreatina (800 U/mL), 2,5 mL de la solucién de bilis (160 mM) y 2,5 mL de la
solucion de lipasa (20 g/L). Seguidamente, se adicion6 40uL de CaCl, 0,3M,
0,15 mL de NaOH 1My 1,31 mL de agua para alcanzar un pH 7.Las muestras se
incubaron 2 horas a 37°C en bafio de agua con agitacion automatica.

Al final del proceso, las muestras se enfriaron a 4°C y se mantuvieron en refrigeracion y

reposo durante 14-16 horas.

FASE SALIVAR

5 g muestra carnica + 3,5 mL sol. salivar de electrolitos + 1
0,5 sol. enzimatica (o-amilasa 1500U/mL) +25pL CaCl,
0,3M +975 uL H,0

Incubation: 2 min a 37 °C

FASE GASTRICA

1,6 mL sol. enzimatica (pepsina 25000 U/mL) + 5 uL

10 mL fase salivar + 7,5 mL sol. gastrica electrolitos + ]
CaCl,0,3M + 0,2 mL HCI IM + 0,695 uL H,0.

pH3.0
Incubation: 2ha 37 °C
FASE INTESTINAL
(2(] mL fase gastrica + 11 mL sol. intestinal de \

electrolitos + 5 mL sol. pancreatina ( 8000 U/mL) + 2,5
mL sol. bilis (160 mM) + 2,5 mL sol. lipasa (20 g/L) +
40 pL CaCl,0,3M + 0,15 mL NaOH IM + 1,31 mL
H,0.

pH 7.0

Incubation: 2ha 37 °C

\ ) FASE FINAL

Enfriar
Reposo refrigeracion 14-16 h

Figura 7.- Modelo de digestion “in vitro”.
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3.4.2.1. Distribucion de fases de los productos de la digestion “in vitro”

Las muestras procedentes de la digestion “in vitro” se centrifugaron a 4000 rpm durante
20 minutos a 4°C. Posteriormente, se identificaros tres fases en los tubos centrifugados
(Figura 8): fase crema (capa superior), fase interfase (capa media), fase precipitado
(capa inferior). Se midi6 la proporcion de cada fase (% Vv/v) y se determind el contenido
en colesterol en cada una de ellas mediante HPLC.

F. crema

Colesterol
F. interfase

# Acidos biliares
d/® Conjugados de acido biliar
F. precipitado ” Grasas
I Fibra
-

Figura 8.-Distribucién de los distintos componentes presentes en cada una de las fases

de la digestion “in vitro” (LOpez-Marcos, 2010).
3.4.2.2. Determinacion de colesterol por HPLC

Para la determinacion de colesterol, se pesaron muestras de 1 g y se mezclaron con 250
mg de acido ascorbico y10 mL de una solucion de KOH 10% en etanol en un tubo de
ensayo. A continuacion, se agité y se introdujo en un bafio de agua a 80°C durante 30
minutos. Una vez frios los tubos, se adicion6 el hexano, se agitd y se esperd a que se
separaran las fases, tomando una alicuota de la fase superior (hexano) y poniéndola en
otro tubo (dicha operacion se repitié dos veces).Una vez juntas las dos fracciones de
hexano anteriores, se evaporo el hexano con corriente de nitrogeno y se redisolvio en
etanol absoluto. Seguidamente, la muestra se filtrd con filtros de nylon de 0,45 pm
(Millipore Corporation, Bedford, USA) y se insertd en un vial de HPLC. La
determinacion del contenido en colesterol de las distintas muestras se realizd mediante
cromatografia liquida de alta resolucion (HPLC) siguiendo las recomendaciones de

Mazalli et al. (2003). Para ello 20 uL de muestra fueron inyectados en un cromatégrafo
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Hewlett Packard Serie 1200 (Woldbronn, Alemania). Como fase mévil se empled una
mezcla Acetonitrilo: Metanol: Agua (50: 48,5: 1,5) circulando isocraticamente con un
flujo de 1 mL/minuto. La separacion del colesterol se realiz6 utilizando una columna
Hypersil DBS-C18 (Thermoscientific, 25 cm; 4,6 mm. Fisher Scientific, Madrid,
Espafia) y detectado mediante absorbancia a 210 nm. El pico de colesterol se identificd
utilizando un patrén puro de colesterol (Acofarma, Terrassa, Espafia) por comparacion
del tiempo de retencion y el analisis del espectro correspondiente a dicho pico. La
cuantificacion del contenido en colesterol se realiz6 mediante una curva de calibracion
(R?= 0.9984) realizada con distintas concentraciones del patrén puro (patron de
colesterol, acofarma, Terrasa, Espafia). Todos los anélisis se realizaron por triplicado.

3.5. ANALISIS ESTADISTICO

El analisis estadistico de los resultados se realizé aplicando un Analisis de Varianza
(ANOVA) y un Test de Tukey para comparacion de medias, en ambos casos se
selecciond un nivel de significacion del 95%. Para la realizacion de dichos analisis se
utilizé el Programa estadistico IBM® SPSS version 22 para Windows (IBM, New York,
USA)
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Resultados y Discusion

4.1. INTRODUCCION A LA DISCUSION

La importancia de las fibras dietéticas ha dado lugar al desarrollo de un gran y potencial
mercado en los alimentos enriquecidos con fibra, existiendo hoy en dia, un gran interés
por el descubrimiento de nuevas fuentes de fibra dietéticas, como son los coproductos

agroindustriales hasta ahora subvalorados.

En base a esto, en el presente estudio se evalud el potencial de cinco coproductos
procedentes de industrias agroalimentarias, como fuente de fibra dietética para
desarrollar alimentos ricos en fibra. Se determinaron y compararon su composicion
proximal, propiedades fisico-quimicas, tecnologicas y fisiologicas (incluyendo Ia

capacidad de adsorcion de colesterol) de estas fuentes de fibra dietética.

Este capitulo recoge los principales resultados y una discusion de los diferentes trabajos
realizados. Las versiones completas de los mismos se encuentran en los
correspondientes articulos publicados en revistas internacionales incluidas en el Journal

Citacions Reports y se ajuntan al final de esta memoria (Capitulo 7).

4.2. CARACTERIZACION DEL MATERIAL VEGETAL

Las fuentes de fibra dietéticas sujetas al presente estudio se caracterizan por ser
coproductos obtenidos del aprovechamiento de los residuos generados por las industrias
agroalimentarias. La obtencion, aprovechamiento y valorizacion de coproductos
constituyen un reto para la industria alimentaria que supondria, ademas, una solucion a

la problematica medioambiental.

Los coproductos de la industria de citricos (limén, naranja, pomelo, etc) representan el
50% de la cantidad original de la fruta entera. Principalmente su uso va destinado a la
alimentacion animal, sin embargo su alto contenido en fibra hace que pueda ser
utilizado como una buena fuente de fibra dietética. Todo ello unido a la zona en la que

vivimos hace imprescindible su estudio como futuro ingrediente funcional.

El estudio de coproductos de la granada como fuente de fibra dietética tiene su
explicacion al ser un producto de nuestra zona y por el interés que ha suscitado dicha
fruta en los ultimos afios por sus diversos efectos beneficiosos para la salud (actividad

antioxidante, regulacion lipidica, actividad antimicrobiana, etc).
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En cuanto a la chufa, es un producto autdctono valenciano que genera dos tipos de
coproductos, una parte liquida (principalmente agua de lavado de las chufas) y otra
solida (residuo so6lido obtenido durante la elaboracion de la horchata). En nuestro caso

nos hemos centrado en la parte sélida al ser una excelente fuente de fibra dietética.

A partir de estos coproductos de cultivos mediterrdneos (citricos, granada y chufa), se
han desarrollado tecnologias factibles y econdmicamente rentables, para la obtencion de
productos alimentarios intermedios (PAI), para ser utilizados en la industria alimentaria
y en especial en la funcional. De todos los coproductos mencionados hasta ahora se
puede observar que el PAI obtenido a partir de ellos esta constituido fundamentalmente

por fibra dietética.

El objetivo de este trabajo, publicado en la revista “Food & Bioprocess Technology”
(2015, 8: 2400-2408) fue evaluar el potencial de cinco fuentes de fibra dietéticas, como

posible ingrediente para obtener alimentos ricos en fibra.
4.2.1. Composicién proximal de los distintos coproductos

En la tabla 3 se presenta la composicion proximal de las distintas fuentes de fibra
obtenidas como coproductos de la industria agroalimentaria. Una vez observados los
distintos parametros analizados, se podria decir que la composicion quimica de la
materia prima (granada, citricos y chufa) depende de la fuente industrial (extraccion de
zumo, elaboracién de helado o elaboracion de horchata) para obtener los distintos
extractos ricos en fibra dietética. Durante el procesamiento de los coproductos, la
materia prima sufre dos pasos criticos: una fase de escaldado (que incluye lavado) y otra
fase de secado, los cuales, entre otros, pueden ser los responsables de la composicion
final de los extractos obtenidos. En términos generales, el contenido de ceniza, azlicar y
proteina disminuy6, mientras que el contenido de grasa aumentd después de este

tratamiento (Marin et al., 2002; Viuda-Martos et al., 2012).
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Tabla 3.- Composicion quimica (humedad, fibra dietética total, azlicares, proteina,

grasa y ceniza) de los distintos coproductos ricos en fibra obtenidos de la industria

agroalimentaria.
Composicién
LDF GDF PDF LADF TNDF
(9/kg)

Humedad 78,8+5,2b 69,5+4,2b 79,4+9,0b 90,8+8,2a 77,1£6,1b
TDF 667,1+4,2a 691,5+5,2a 518,0+4,1c 448,0+3,5d 597,1£5,5b
Azlcares 74,1+£5,8b 48,7+3,6¢ 52,242.5¢ 173,2+6,9a 65,6+4,6b
Proteina 80,7+8,6b 117,2+8,2a 102,1+1,0a 52,5+5,8¢ 47,5+3,6¢
Grasa 27,7+1,1d 4,8+0,5¢ 209,6+8,2a 72,2+5.4¢ 98,5+5,2b
Ceniza 43,3+1,5¢ 56,9+4,1b 25,0+4,1d 112,0+2,2a 29,9+1,5d

Abreviaciones: LDF, fibra dietética de limén; GDF, fibra dietética pomelo; PDF, fibra dietética granada;
LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra (a-d)
difieren significativamente (p<0.05).

El contenido en humedad varia seglin el proceso de obtencidon del coproducto, tipo y
composicion del mismo, estado de maduracion, tipo de fibra, etc. Los valores obtenidos
entre los distintos extractos oscilan entre 69,5 y 90,8 g/kg, mostrando que el LADF
presento los valores mas altos de humedad (P<0.05). En cualquier caso, el contenido de
humedad fue inferior a 100 g/kg en todos los extractos analizados, siendo similar a los

resultados publicados en otros estudios (Hemati-Matin et al., 2013).

El contenido en proteina de los diferentes extractos analizados, vari6 entre 47,5y 117,2
g/kg, el de azicar entre 48,7 y 173, 2 g/kg y el de cenizas entre 25,0 y 112,0 g/kg. El
componente que mostrd la mayor variacion entre las fuentes de fibra dietética evaluadas
fue el contenido en grasa, con valores entre 4,8 y 20,9 g/kg. El alto contenido en grasa
en PDF (p<0,05) puede deberse al contenido de grasa presente en la semilla de la
granada, ya que son ricas en lipidos totales (Ozgul-Yucel, 2005). El aceite de semilla de
la granada comprende del 12 al 20% del peso total de la semilla. Dicho aceite se
caracteriza por un alto contenido en 4cidos grasos poliinsaturados (n-3) tales como
linoleico, linolénico y otros lipidos como &cido oléico, &cido estearico y acido palmitico

(Fadavi et al., 2006).
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El contenido en TDF de las distintas fuentes de fibra dietética analizadas vari6 entre
448,0 y 691,5 g/kg. El valor mas alto se encontr6 en las fibras dietéticas obtenidas
durante el procesado de los zumos (limén (LDF) y pomelo (GDF)). Similares resultados
en TDF se han obtenido en coproductos de naranja (Ferndndez-Lopez et al., 2009) y
coproductos de lima (Jongaroontaprangsee et al., 2007). Estas diferencias en TDF entre
las muestras de citricos, parecen estar mas relacionadas con la industria de procedencia
(extraccion de zumo VS elaboracion de helado) que con la especie citrica utilizada
(lim6n o pomelo). Como se puede observar en la figura 8, los tres extractos de fibra
dietética de origen citrico, presentaron un contenido en SDF (p<0,05) mayor que en
IDF, representando, la fibra dietética soluble, aproximadamente un 75% del total de
fibra dietética. Es decir, una proporcion 3:1 en la relacion SDF/IDF. Los valores de
TDF en el extracto de granada fueron aproximadamente de 500 g/kg y con una relacion
de SDF/IDF de 1. Al comparar estos datos con los obtenidos por Viuda et al. (2012)
para fibra de granada, éste reporté un mayor contenido de fibra soluble, siendo la
proporcion SDF/IDF 1,5:1. Estas diferencias, tal y como estos autores explican, pueden
ser debidas a la materia prima utilizada para obtener la fibra de granada; algunos casos
se obtiene a partir de la corteza de granada, en otros se puede obtener directamente a
partir de los coproductos obtenidos tras la obtencion del zumo de granada, etc. En
ciertas aplicaciones se recomienda que los concentrados de fibra dietética tengan un
contenido equilibrado de fibra soluble e insoluble. El extracto de granada utilizado
presenta ambos tipos de fibra a niveles practicamente iguales. En el caso del extracto de
chufa, la TDF fue de 597,1 g/kg (Tabla 3), principalmente compuesta por IDF con un
valor del 99,8% respecto a la FDT y de un 0,2% para la SDF (Figura 9), siendo este
dato similar a los publicados por Sanchez-Zapata et al. (2009) para fibra de chufa, con
valores medios de fibra insoluble del 100%. El alto contenido en IDF del extracto de
chufa es una prometedora aplicacion en productos alimenticios, ya que su consumo
incrementaria la sensacion de saciedad, al absorber agua y aumentar el tamano del bolo.
También aumentaria el volumen y el peso del bolo fecal, promoviendo un mejor
funcionamiento del sistema digestivo y previniendo trastornos como el estrefiimiento y

el cancer de colon (Ho et al., 2012).
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Figura 9.- Contenido en fibra dietética soluble (FDS) e insoluble (FDI) de los
diferentes extractos obtenidos de coproductos de la industria agroalimentaria (LDF,
fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética granada;
LADEF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa).

4.3. PROPIEDADES FISICO-QUIMICAS
4.3.1. pH

El pH juega un papel importante en las propiedades tecnologicas de los
extractos, asi como en su incorporacion en las matrices alimentarias. Desde un punto de
vista sensorial, el producto final puede sufrir variaciones negativas para el consumidor.
En funcion de la composicion de los extractos, el pH influye en determinadas
propiedades tecnologicas, como CRA, CRO, solubilidad, etc. Desde el punto de vista
tecnoldgico, a la hora de elaborar un alimento adicionado con cualquier extracto
potencialmente interesante (compuestos bioactivos, ingredientes funcionales, etc.), se
debe seleccionar al extracto con un pH cercano al pH del producto a incorporar. Asi por
ejemplo, el pH de los extractos para un producto carnico crudo-curado deberia de estar
comprendidos entre 5-6. De esta forma no se modifican notablemente el pH del

producto, ni las caracteristicas sensoriales ni las tecnologicas. Mientras que en un
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producto carnico cocido, el pH del extracto deberia ser superior a 6. Ademas es un
parametro directamente relacionado con el riesgo de deterioro de los alimentos ya sea

por el desarrollo de microorganismos, enzimas o reacciones no enzimaticas (Hemati-

Matin et al., 2013).

En la Figura 10, se muestran los valores de pH de las diferentes fibras analizadas. El pH
de todas las fuentes de fibra dietéticas, excepto la muestra de chufa, fue acido, con
valores desde 3,84 a 4,70. Las fibras con pH acido (LADF, LDF, GDF y PDF) podrian
ser adecuadas para su adicién a una matriz alimentaria acida (por ejemplo el yogur),
mientras que la fibra de chufa con un pH de 6,41 (cercano a la neutralidad) seria mas
adecuada para la adicién a una matriz alimentaria neutra, como es el caso de los

productos carnicos.

Las fibras de limon (LDF), pomelo (GDF) y granada (PDF) presentaron los valores de
pH mas acidos (3,84+0,03 - 4,15+0,02 — 4,44+0,01), esto se debe, fundamentalmente, a
la elevada concentracion de acidos organicos presentes (4cido citrico, 4cido malico,
acido ascorbico, etc.) (Pande & Akoh, 2010; Tezcan et al., 2009; Ersus & Cam, 2007)
en este tipo de productos. Los datos obtenidos concuerdan con los reportados por Lario
et al. (2004) y Garau et al. (2007) para la fibra de limon. También con los obtenidos por
Viuda et al. (2012) para la fibra de granada. Sin embargo, los valores de pH del albedo
de limén son un poco superiores a los publicados por Alesén-Carbonell et al. (2005)
para albedo de limén deshidratado (3,73). El extracto de chufa (TNDF) fue el que
mayor valor de pH presentd, lo cual habrd que tener en cuenta, sobre todo desde un
punto de vista microbiologico, puesto que quizas requiera previamente o durante la
elaboracion de un alimento de un tratamiento térmico para mejorar su estabilidad

microbioldgica y por ende su vida util.

Las diferencias de pH entre las distintas muestras, puede también influir en la
solubilidad de las fibras, afectando estas diferencias a sus propiedades quimicas o
fisico-quimicas, por ejemplo, la viscosidad y la habilidad de reaccionar con otros
nutrientes en el tracto gastrointestinal (Luccia & Kundel, 2002; Hemati-Matin et al.,

2013).
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Figura 10.- Valores de pH de los diferentes extractos obtenidos de coproductos de la
industria agroalimentaria (LDF, fibra dietética de limén; GDF, fibra dietética pomelo;
PDF, fibra dietética granada; LADF: fibra dietética albedo de limén; TNDF: fibra
dietética de chufa).

4.3.2. Color

El color es uno de los parametros mas importantes que se tiene en cuenta en la
calidad de un alimento. Es la primera caracteristica sensorial percibida por los
consumidores y tiende a modificar otras percepciones tales como flavor y aroma
(Garcia-Pérez et al., 2005). El color de las diferentes fuentes de fibra dietética esta
influenciado por diferentes factores como materia prima (variedad de la fruta), fuente
industrial y procesado de los extractos ricos en fibra dietética procedentes de
coproductos. Durante su procesado, los coproductos, sufren altas temperaturas que
estimulan las reacciones de pardeamiento enzimatico y no enzimatico (reacciones de
Maillard) que oscurecen el producto (Monsalve-Gonzalez et al., 1993). Los posibles
cambios de color causados por las fibras dietéticas limitarian su potencial aplicacion en
los alimentos. En la tabla 4 se muestra los valores obtenidos para las coordenadas de
color (L* (luminosidad), a* (rojo-verde) y b* (amarillo-azul) de las distintos extractos

ricos en fibra dietética obtenidas como coproductos de la industria agroalimentaria.
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Todas las fuentes de fibra dietética analizadas mostraron altos valores de luminosidad,
entre 62,8-78,53. La mayor luminosidad se encontr6 para LADF (p<0,05). La
luminosidad en los alimentos esta relacionada con diversos factores, entre ellos, la
concentracion y tipo de pigmentos presentes, el contenido en agua y la disponibilidad
del agua superficial. En este caso, el comportamiento presente en la L* en las distintas
fuentes de fibra dietética estd altamente relacionado con su contenido en humedad
(Tabla 3). La coordenada rojo-verde (a*) y amarillo-azul (b*) se ven afectadas por la
integridad estructural de la fibra y el contenido y disposicion de los pigmentos
(hidrosolubles o liposolubles) (Fernandez-Lopez et al., 2005). Las fuentes de fibra
dietética procedentes de los citricos (LDF, GDF y LADF) mostraron los valores mas
bajos de a* y los mas altos de b* (p<0,05). Esto es debido a que los citricos presentan
un alto contenido en carotenos amarillos (xantofilas), que contribuye a la componente
amarilla del color (b*). El caso contrario, se aprecia en la fuente de fibra de granada
(PDF), con los valores mas altos de la coordenada a* y los més bajos para la coordenada
b* (p<0,05), debido a la presencia de carotenos rojos que contribuyen a la componente

roja del color (a*).

Tabla 4.- Valores de las coordenadas de color CIELAB: L*(Luminosidad), a* (rojo-
verde) y b* (amarillo-azul) de coproductos ricos en fibra dietética obtenidos de la

industria agroalimentaria.

L* a* b*
LDF 64,91+1,44b 2,47+0,17¢ 25,89+0,52b
GDF 65,22+1,22b -3,12+0,20c 28,22+1,11a
PDF 62,81+1,83b 7,38+0,64a 15,62+0,71d
LADF 78,53+3,25a -6,06+1,52d 21,28+1,05¢
TNDF 68,29+2,36b 2,17+0,15b 17,11+£0,52d

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).
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4.4. PROPIEDADES TECNOFUNCIONALES
4.4.1. Capacidad de retencion de agua (CRA)

La capacidad de retencion de agua es una propiedad tecnoldgica de gran interés en los
ingredientes funcionales. Expresa la cantidad de agua retenida por la fibra después de
someterse a una tension tal como la centrifugacion (Nelson, 2001). La CRA
determinada por el método de centrifugacion hace referencia a los tres tipos de agua
(agua unida a los polisacéridos hidrofilicos, agua retenida en la matriz de la fibra y agua
atrapada dentro de los espacios de la pared celular) asociados con las fibras (Fleury &
Lahaye, 1991). Es una de las propiedades importantes a la hora de caracterizar a una

fibra y debe medirse antes de su incorporacion a un alimento.

Son muchos los factores que intervienen en la CRA de las fibras. Aunque la fuente de la
que procede la fibra es un factor determinante por su composicién quimica y su
estructura, también influyen la microestructura final de la fibra (tamafio de particula,
porosidad) y las condiciones de procesado (Nelson, 2001). Sangnark & Noomhorm
(2003) mencionan que una reduccion en el tamafio de particulas de la fibra se asocia con
una reduccion en la capacidad de retener agua. Durante el procesado de fuentes de fibra
dietética, la aplicaciéon un tratamiento de lavado aumenta la CRA, probablemente a

causa de la eliminacién de aztcares (Larrauri, 1999).

Las fibras solubles van a presentar una alta capacidad de retencion de agua, originando
soluciones de gran viscosidad, a diferencia de las fibras insolubles que tiene escasa
CRA, generando soluciones de poca viscosidad (Dikeman et al., 2006; Rosell et al.,
2009). En las fibras solubles la capacidad de retencion de agua esta directamente
relacionada con la reduccion del colesterol a nivel fisioldgico (Lazaridou et al., 2007).
Asimismo tiene una gran importancia desde un punto de vista tecnoldgico, ya que
presenta una relacion directa en la formulacion y en el procesamiento de alimentos ricos
en fibra, ya que la capacidad de retencion de agua esta relacionada con la viscosidad de
los alimentos y la facilidad con que pueden ser elaborados. Esta propiedad confiere un
efecto de frescura y suavidad en productos horneados (Cruz, 2002). La alta capacidad
de retencion de agua de una determinada fibra, sugiere que ésta puede ser utilizada
como un ingrediente funcional para reducir la sinéresis, modificar la textura y

viscosidad asi como reducir las calorias de los alimentos (Lario et al., 2004).
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Al analizar los resultados (Tabla 5), las fibras que presentaron mayor CRA, son la fibra
de limon y de pomelo, mientras que los valores mas bajos se encontraron en la fibra de
granada y chufa. En general, los valores de la capacidad de retencidon de agua obtenidos,
son inferiores a los publicados por otros autores. Sanchez-Zapata et al. (2009)
obtuvieron para la fibra de chufa valores de 8,01 g/g; Lario et al. (2004), reporto para la
fibra de limén valores de 11 g/g; Larrauri et al. (1999) obtuvo para la fibra de pomelo
valores de 8,5 g/g. Esta variabilidad en los resultados de nuevo, podria estar relacionada
con los diferentes procesos de extraccion de la fibra aplicados, que podrian provocar
modificaciones estructurales que supongan un diferente grado de interaccion y union de

los solidos presentes con el agua.

Tabla 5.- Valores de la Capacidad de Retencion de Agua (CRA) de coproductos ricos

en fibra dietética obtenidos de la industria agroalimentaria.

Tipo CRA

de fibra (9/9)
LDF 7,96+0,11a
GDF 6,38+0,40b
PDF 4,43+0,20d
LADF 5,560,56¢
TNDF 3,76+0,42d

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).

La cantidad de fibra soluble e insoluble (SDF e IDF) parece jugar un papel critico en la
CRA de las distintas fuentes de fibras analizadas. Se demostré que las fuentes de fibra
dietética con una alta proporcion de fibra insoluble (IDF) presentan una menor CRA
(Jimenez-Moreno et al., 2009; Gémez-Ordofiez et al., 2010), o por el contrario fuentes
de fibra dietética con alta proporcion de fibra soluble presentan una alta CRA (Marin et
al., 2002). De manera, que en las muestras analizadas si se puede observar dicha
relacion entre la CRA y el contenido de fibra soluble e insoluble. Las fibras con un
mayor contenido en fibra soluble, como son la fibra de limén (LDF) y la fibra de

pomelo (GDF), son las que tienen mayor CRA, siendo la fibra de chufa (TDNF) la que
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presentd los valores mas bajos, correspondiéndose con una alta proporcién de fibra

insoluble.

Hay varios estudios que publican diferentes teorias y resultados acerca de como varia la
capacidad de retener agua y la capacidad de hidratacion de las fibras en funcién de su
tamafio. Una teoria es que la molienda afecta negativamente a la capacidad de retencion
de agua, ya que produce una pérdida de agua en la estructura de la matriz de la fibra
(Kirwan et al., 1974). Los resultados que muestran una disminucion de la capacidad de
retencion de agua con particulas de menor tamafio han sido publicados en numerosos
estudios (Mongeau & Brassard, 1982; Cadden, 1987; Auffret et al., 1994; Sangnark &
Noomhorm, 2003).

Sin embargo, Chau et al. (2007), proponen una teoria contraria en el caso de citricos, ya
que indican que para los casos de molienda con particula de tamafio mas pequefio
resulta en una mayor superficie y con mayor cantidad de posibles sitios de union para
las particulas de agua, por tanto, se traduce en un aumento en la capacidad de retencion

de agua.
4.4.2. Capacidad de retencion de aceite (CRO)

La capacidad de retencion de aceite expresa la cantidad de aceite retenido por la fibra
después de someterse a una tension tal como la centrifugacion (Nelson, 2001). Ademas,
se trata en cierta manera de una medida indirecta de la capacidad que tiene una fibra en
el organismo para interferir en la adsorcion de lipidos en el tracto gastrointestinal

(Carvalho et al., 2009).

La CRO de las fibras ensayadas se muestra en la tabla 6. TNDF mostr6 los valores de
CRO maés altos, obteniéndose para el resto de fibras ensayadas valores inferiores y sin
diferencias significativas entre ellas (p<0,05). Estos valores fueron comparables a los
obtenidos en la fibra trigo (2,3 g/g) (Thebaudin et al., 1997). Lario et al. (2004) reporto
para la fibra de limon valores de CRO muy superiores (6,6 g/g) a los de este trabajo. Sin
embargo, los datos de CRO del resto de fibras analizadas son superiores a los
publicados por Figuerola et al. (2005), y Griguelmo-Miguel et al. (1997) para otros
coproductos agroalimentarios como los procedentes de uva, naranja, manzana y

melocoton, donde los resultados de la capacidad de retencion de aceite fueron de 1,20
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g/g 1,81 g/g, 1,81 g/g y 1,09 g/g respectivamente; tal vez por la cantidad de fibra

insoluble presente en dichas fibras.

En el caso de la CRO, la fibra que presentdé mayor porcentaje de fibra insoluble (chufa)
es la que presentd mayor capacidad de retencion de aceite. Aunque, con el resto de
fibras analizadas no se puede establecer una relacion clara entre porcentaje de fibra

insoluble y la capacidad de retencion de aceite.

Tabla 6.- Valores de la Capacidad de Retencion de Aceite (CRO) de coproductos ricos

en fibra dietética obtenidos de la industria agroalimentaria.

Tipo CRO

de fibra (9/9)
LDF 1,69+0,13b
GDF 2,30+0,09b
PDF 1,73+0,03b
LADF 2,23+0,77b
TNDF 3,60+0,22a

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).

La CRO de la fibras es mas una funcion de la porosidad de la estructura de la fibra, que
de la afinidad de la molécula de fibra por el aceite (Nelson, 2001). Ademas, el pre-
procesado de la fibra con agua (durante los lavados) y la reduccion del tamafio de
particula (durante su molido), provocarian una reduccion de los valores de CRO
(Thebaudin et al., 1997; Nelson, 2001) por la reduccion del numero de poros de la fibra
o porque los poros estan pre-ocupados por el agua. Otros autores, mencionan que
podrian estar involucrados otros mecanismos mds complejos que determina la
variaciones de la CRO en las fibras, tales como el nimero de sitios lipofilicos, la

hidrofobicidad general y la atraccion capilar (Kinsella, 1976).

Las fibras con una alta CRO permiten la estabilizacion de la emulsion, reteniendo la
grasa en los alimentos formulados. La CRO es una medida importante en la retencion

del sabor y rendimiento del producto, especialmente en los productos carnicos cocidos,
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donde normalmente pierden grasas durante la coccion (Thebaudin et al., 1997; Sanchez-

Zapata et al., 2009).
4.4.3. Capacidad de hinchamiento (CH)

La CH se define como la relacion del volumen ocupado por la muestra frente a la
inmersion en un exceso de agua a temperatura ambiente hasta alcanzar el equilibrio. Por
lo tanto, este parametro indica cudnto se hincha la matriz de fibra cuando absorbe el

agua (Raghavendra et al., 2004).

La capacidad de hinchamiento de las fibras depende de la composicion (a mayor
cantidad de fibra soluble mayor capacidad de hinchamiento), de la porosidad y del

tamano de la particula (Femenia et al., 1997).

La proporcion de FDS y FDI de los diferentes extractos de fibra tiene un papel
importante en muchas de sus propiedades tecnoldgicas. Se ha visto que las fuentes de
fibra con una alta proporcion de fibra insoluble presentan bajos valores de CRA y CH

(Goémez-Ordofiez et al., 2010; Hemati-Matin et al., 2013).

Normalmente, las fibras presentan una buena capacidad de hinchamiento y se utilizan
en alimentos con el fin de solucionar problemas de pérdida de volumen y humedad,
permitiendo asi mantener la apariencia de frescura durante mdas tiempo. A nivel
metabodlico una alta CH puede provocar una mayor saciedad y un aumento del bolo
fecal (Villarroel et al., 2003; Raghavendra et al., 2006). Los datos de la capacidad de

hinchamiento se muestran en la Tabla 7.
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Tabla 7.- Valores de la Capacidad de Hinchamiento (CH) de coproductos ricos en fibra

dietética obtenidos de la industria agroalimentaria.

Tipo CH
de fibra (mL/g)
LDF 5,69+0,10b
GDF 6,50+0,09a
PDF 1,92+0,11¢
LADF 5,70+£0,36b
TNDF 1,93+0,42¢

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).

Al analizar los resultados a través del test de Tukey, se observa que las fibras de citricos
(albedo de limon, limén y pomelo), presentaron los valores mas altos (p<0,05), seguidos

por las fibras de chufa y granada, sin diferencias significativas entre ellas.

Al igual que ocurrio con la CRA, en este caso también se observa una relacion entre
fibra dietética soluble y capacidad de hinchamiento. Las fibras de citricos que mayor
porcentaje de FDS (Figura 9) presentaron son las de mayor capacidad de hinchamiento.
Los valores mas bajos de CH fueron para la fibra de chufa que era una de las fibras con

mayor contenido en FDI.

4.2.4. Actividad emulsificante (AE) y estabilidad de la emulsion (EE)

La actividad emulsificante, es la capacidad de una molécula para actuar como un agente
que facilita la solubilizacion o dispersion de dos liquidos inmiscibles, y la estabilidad de
la emulsioén es la capacidad de mantener la integridad de una emulsion (Sanchez Zapata

et al., 2009).

La actividad emulsificante indica la cantidad de aceite emulsificado por la fibra antes de
que se produzca el colapso de la emulsion, mientras que la estabilidad nos indica el
aceite que ha quedado retenido por la fibra después de que se produzca dicho colapso.
Por lo tanto, es importante que las fibras incorporadas a los alimentos, ademas de tener

una elevada capacidad emulsificante, sean capaces de formar emulsiones estables con el
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fin de proteger durante el mayor tiempo posible la estructura de los productos, asi como,

su calidad visual (Sanchez & Matos, 2011).

El valor medio de la actividad emulsificante de un residuo fibroso es también un buen
indicador de la capacidad para adsorber acidos biliares, lo cual tiene efectos
beneficiosos para la salud ya que el componente fibroso adsorbe éacidos biliares y
aumenta la excrecion por las heces; asimismo, limita la absorcion de estos acidos en el
intestino delgado y reduce los niveles de colesterol en la sangre (Sanchez Zapata et al.,

2009).

Las fibras dietéticas LADF y TNDF (Tabla 8) no mostraron diferencias significativas
entre ellas (p<0,05) para la actividad emulsificante y estabilidad de la emulsion.,
obteniendo los valores mas altos de las fibras ensayadas. Si comparamos las fibras
procedentes de citricos, podemos observar como la fibra de albedo de limon (LADF)
presentd valores muy superiores con respecto a la fibra de limon, pomelo y granada, las
cuales no mostraron diferencias significativas entre ellas, siendo esto debido a su alta
riqueza en pectina. Los valores medios de AE para la fibra de chufa son similares a los
publicados por Sanchez Zapata et al. (2009) con valores de 70,33%. Yasutmasu et al.

(1972) indicaron que AE inferiores al 50% no son deseables.

Tabla 8.- Valores Actividad emulsificante (AE) y estabilidad de la emulsion (EE) de

coproductos ricos en fibra dietética obtenidos de la industria agroalimentaria.

Tipo de fibra AE (%) EE (%)
LDF 53,67+3,79b 93,18+0,91ab
GDF 54,67+1,16b 89,88+2,78b
PDF 53,00+1,73b 90,52+2,19b

LADF 80,00+1,00a 95,8040,77a
TNDF 78,00+2,00a 96,15+0,10a

Abreviaciones: LDF, fibra dietética de limén; GDF, fibra dietética pomelo; PDF, fibra dietética granada;
LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa. Los valores se expresan como

media + error estandar). Valores en la misma fila con distinta letra (a-d) difieren significativamente
(p<0.05).

Todas las fibras estudiadas, presentaron valores de estabilidad de la emulsion superiores
al 90%, siendo las fibras de albedo de limon y chufa, las que obtuvieron los valores mas

altos (p<0,05).
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En resumen, aquellas fibras con valores altos de AE y EE, son apropiadas para su
incorporacién a alimentos que requieran la formacion de emulsiones y una larga vida

util.

4.5. PROPIEDADES FISIOFUNCIONALES
4.5.1. Capacidad de retencion de bilis (CRB)

La tabla 9 muestra la propiedad fisiologica CRB de los distintos extractos ricos en fibra
dietética ensayados. El método que se aplica para determinar la CRB, est4 basado en las
mismas técnicas aplicadas anteriormente para determinar la CRA y CRO, utilizando
para ello un liquido fisiologico (bilis) que contiene tanto colesterol como sales biliares
formadas a partir de este compuesto. Es un método que permite medir, de forma mas
realista, la retencion de este fluido fisiologico por parte de la fibra y con ello,

indirectamente, la retencion de colesterol.

La bilis es esencial para la digestion de la grasa en el tracto intestinal. En ausencia de
bilis, la grasa pasa a través del tracto intestinal sin ser digerida. El 4cido biliar, uno de
los principales componentes de la bilis, es derivado hacia colesterol, una lipoproteina.
Normalmente, la bilis es secretada directamente en la primera parte del intestino

delgado a través de la vesicula biliar.

Tabla 9.- Valores de la Capacidad de Retencion de Bilis (CRB) de coproductos ricos en

fibra dietética obtenidos de la industria agroalimentaria.

Tipo CRB
de fibra (9/9)
LDF 8,07+0,08a
GDF 9,20+0,65a
PDF 4,60+0,39¢
LADF 6,29+0,33b
TNDF 3,660,30c

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).
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Todos los extractos ensayados mostraron valores de CRB mas altos (p<0,05) que sus
respectivos valores de CRA y CRO (Tablas 5 y 6, respectivamente). LDF y GDF
presentaron los valores mas altos de CRB, sin diferencias significativas entre si. Los
valores mas bajos de CRB fueron obtenidos en la fibra de chufa (TNDF). En este caso,
parece existir una clara relacion entre la CRB y el contenido en FDS. Aquellas muestran
que presentaron un mayor contenido en FDS, han sido aquellas que han obtenido una
mayor CRB. Teniendo en cuenta que la bilis es un liquido con un alto contenido en agua

(~97%), tiene sentido la relacién encontrada entre CRB y CRA.

Al ingerir fibra soluble, a su paso por la boca y el estomago es mezclada con liquidos
que hacen que se expanda y forme un sustrato similar a un gel. La fibra soluble tiene la
capacidad de unirse a los acidos biliares, el componente principal de la bilis. Al
formarse un entramado entre fibra y acido biliar, evita que dicho &cido pueda ser
adsorbido en el intestino, favoreciendo asi su excrecion con las heces y disminuyendo

de esta forma la cantidad que llega al higado por la via entero-hepatica (Jones, 2008).
4.5.2. Fat/oil binding (FOB)

Fat/oil binding (FOB), es una propiedad que nos permite determinar, “in vitro”, la
capacidad de las distintas fibras analizadas para retener o absorber las grasas en su

matriz a lo largo del tracto digestivo, al simular los procesos de digestion.

Al analizar los resultados (Tabla 10) a través del test de Tukey éstas muestran
diferencias significativas (p<0,05) entre ellas; sin embargo las fibras de albedo de limoén
y limon no presentaron diferencias significativas entre si, siendo las de mayor valor
obtenido de las fibras ensayadas. Asimismo, las fibras de pomelo y granada, si
presentaron diferencias significativas entre si, obteniendo valores muy inferiores a las

fibras de limon. En cuanto a la fibra de chufa, ésta no presentdo FOB.
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Tabla 10.- Valores de Fat/oil binding (FOB) de coproductos ricos en fibra dietética

obtenidos de la industria agroalimentaria.

Tipo FOB
de fibra (9/9)
LDF 67,43+26,37a
GDF 35,43+0,27b
PDF 14,00+6,98¢
LADF 69,05+8,68a
TNDF nd

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética
granada; LADF: fibra dietética albedo de limon; TNDEF: fibra dietética de chufa. nd: no
detectado

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra
(a-d) difieren significativamente (p<0.05).

Algunos autores han mencionado que dicha propiedad podria estar relacionada con el
contenido en fibra dietética soluble (Bailina, 2014). En este caso, parece estar
relacionado no exactamente con el contenido en fibra SDF, sino con la relacion de
SDF/IDF. De manera, que cuanto mayor es la relacion SDF/IDF, mayor es la capacidad

FOB.
4.5.3. Capacidad de adsorcion de colesterol (ChAC)

La capacidad de adsorcion de colesterol para las fuentes de fibra dietética ensayadas se
muestra en la figura 11. La fibra de granada (PDF) mostro la capacidad de adsorcion de
colesterol mas alta (>70 %; p<0,05), muy superior al resto de fibras ensayadas (23-
29%). En cualquier caso, todas las muestras ensayadas presentaron valores de ChAC

superiores al 20%, lo cual es muy interesante y prometedor.
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Figura 11.- Valores de Capacidad de adsorcion de colesterol (ChAC) de los diferentes
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extractos obtenidos de co-productos de la industria agroalimentaria (LDF, fibra dietética
de limon; GDF, fibra dietética pomelo; PDF, fibra dietética granada; LADF: fibra
dietética albedo de limon; TNDF: fibra dietética de chufa).

En el caso de la fibra PDF, cualquiera de los resultados obtenidos a lo largo del estudio
(composicion quimica, propiedades fisico-quimicas, propiedades tecnofuncionales o
propiedades fisiofuncionales) podrian explicar los altos valores obtenidos para la ChAC.
Por lo tanto, debe ser otra razén la que explicaria dicha propiedad, como es el contenido
en polifenoles presente en la fibra de granada. Algunos autores han mencionado la
presencia de un alto contenido en polifenoles tanto en el fruto, asi como en coproductos
obtenidos de la extraccion del zumo de granada (Viuda-Martos et al., 2012; Sengul et
al., 2014).

Recientemente, varios autores han demostrado que algunos compuestos polifendlicos
tienen actividad reductora del colesterol mediante la inhibicion de la colesterol-esterasa
(Ngamukote et al., 2011). A pesar de que esta propiedad se ha determinado
directamente sobre el extracto rico en fibra dietética, sin simular ningiin proceso de
digestion, los resultados obtenidos son muy prometedores. La aplicacion de estos

extractos ricos en fibra en el proceso de elaboraciéon de un alimento, podria ser muy
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interesante debido a sus propiedades saludables, principalmente si se pudiera resaltar su
capacidad de adsorcion de colesterol.

Teniendo en cuenta, que hoy en dia los principales organismos internacionales de salud
recomiendan reducir el consumo de algunos productos cérnicos y lacteos, por su alto
contenido en colesterol, podria ser muy interesante el desarrollo de dichos productos
con estos extractos ricos en fibra (por ejemplo, PDF), destacando que dicho ingrediente

reduce la adsorcion de colesterol.

4.6. DIGESTION “IN VITRO”
4.6.1. Distribucion de fases en la digestion “in vitro™

Los modelos de digestion “in vitro™, proporcionan una alternativa util a modelos
animales y humanos, para la rapida deteccion de ingredientes alimentarios, siendo
éticamente superiores, mas rapidos y mas economicos que las técnicas ““in vivo™ (Coles

et al., 2005).

Los efectos de las fibras analizadas se aprecian en distintas fases del sistema de
digestion ““in vitro” (fase crema, fase interfase y fase precipitado) (Véase figura 8

apartado 3.4.2.1. Distribucion de fases de los productos de la digestion “in vitro™)

La fase crema es lo que inicialmente no es retenido por la fibra, compuesta
principalmente por la grasa. La fase interfase, simula el contenido intestinal y es donde
deberia apreciarse la viscosidad, €sta juega un papel muy importante en la digestion de
lipidos, ciertas fibras solubles tales como, gomas, B-glucanos, etc., son capaces de
formar soluciones viscosas inhibiendo o ralentizando la absorcion de nutrientes en el
organismo (Alexaindre & Miguel, 2008). La fase precipitado, se corresponde con el
colesterol que es retenido por la fibra mediante el mecanismo de arrastre, siendo éste

eliminado por las heces.

Después de la digestion ““in vitro™ de las muestras carnicas con extractos ricos en fibra
dietética, los productos obtenidos se centrifugaron para observar la distribucion de las
distintas fases y posteriormente, determinar la concentracion de colesterol en cada una
de ellas. En la figura 12 se muestran las proporciones de cada fase identificada después

de la digestion ““in vitro”
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Figura 12.- Distribucion de fases (fase crema, fase interfase y fase precipitado)
identificadas después de la digestion ““in vitro” de la muestra carnica con diferentes
extractos obtenidos de coproductos de la industria agroalimentaria (LDF, fibra dietética
de limén; GDF, fibra dietética pomelo; PDF, fibra dietética granada; LADF: fibra
dietética albedo de limon; TNDF: fibra dietética de chufa).

Todas las muestras presentaron una mayor proporcion de fase interfase, seguido por la
fase de precipitado y como minoritaria la fase crema (p<0,05). La fase crema, presentod
valores muy pequenos, comprendidos entre 0,57% y 1,24%; sin diferencias
significativas entre ellos. Esta fase se corresponde con el contenido graso, es decir, el
colesterol que adsorbe directamente el organismo. En el caso de la fase precipitado,

present6 valores que oscilan entre 11,25% y 33,91%.

La fibra de chufa es la que presentd un mayor porcentaje de fase interfase (88,11+2,04),
y menor porcentaje de fase de precipitado (11,25+1,59). La fibra de granada se
comportd de manera contraria, ya que presentd los valores mas elevados de fase

precipitado (33,91£3,46) y los valores mas bajos para la interfase (65,48+3,30).

Todas las fibras analizadas presentaron porcentajes de fase precipitado muy superiores a

los de la muestra control (1,12+0,57), siendo ésta la que present6 los valores mas altos
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para el porcentaje de fase crema e interfase con valores de (0,64+0,61) y (98,31£1,06)
respectivamente. Por ello pareceria claro indicar que el principal efecto de la fibra
durante la digestion in vitro se manifesto en la fase de precipitado, que es la que

simularia el efecto de arrastre a través del intestino.

Sek et al. (2002) describi6é las distintas fases y productos lipoliticos encontradas en
ellas, una vez terminada la digestion “in vitro”. Entre ellas se encuentra una fase
aceitosa compuesta principalmente por colesterol y triglicéridos y diglicéridos no
digeridos; una fase acuosa compuesta por acidos biliares, acidos grasos y

monoglicéridos y una fase precipitado compuesta por acidos grasos.

Varios estudios “in vitro” han demostrado que las fibras dietéticas pueden alterar la
digestion de los lipidos mediante varios mecanismos. Boisen & Eggun (1991) sugieren
que el mecanismo de inhibicion de la mayoria de las fibras podria deberse a la
capacidad de absorcion de enzimas dentro de su matriz o a la union inespecifica con la
fibra. Lairon et al. (2007) indic6d que el principal mecanismo de adsorcion de colesterol
en las fibras con alto contenido en FDS, se debe a la formacion de soluciones viscosas
que dificultarian la solubilizacion micelar de las grasas por los acidos biliares,
reduciendo asi el transporte de colesterol hacia la membrana adsortiva. Otro mecanismo
mencionado por varios autores, es la capacidad que tienen algunas fibras dietéticas de
unirse a acidos biliares, acidos grasos y colesterol libre, dificultando de esta forma, su
solublizacion micelar y, finalmente, la disminucion del trasporte de colesterol para su
absorcion (Hur et al., 2009; Lairon et al., 2007; Kamp et al., 2004). Como se puede
observar son numerosos los estudios y mecanismos propuestos para la reduccion de
colesterol a través de las fibras, siendo hoy en dia una incertidumbre el mecanismo

correcto llevado a cabo por las fibras.

4.6.2. Distribucion de colesterol en las distintas fases de la digestion “in vitro”
Una vez obtenidas las distintas fases en la digestion “in vitro™, se procedio a determinar
la cantidad de colesterol presente en cada una de ellas. La tabla 11 muestra la cantidad

de colesterol retenido (%) en cada una de las fases obtenidas después del proceso de

digestion ““in vitro™ de las muestras carnicas ensayadas ricas en fibra dietética.
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Tabla 11.- Colesterol retenido (%) en cada una de las fases obtenidas después de la

digestion ““in vitro” de las muestras carnicas con extractos ricos en fibra dietética.

Colesterol retenido (%0)

Fase Crema Fase Interfase Fase Precipitado
Control 98,89+1,56a nd nd
LDF 75,30+5,42¢ nd 18,07+1,76b
GDF 89,32+6,89b nd 5,68+0,65¢
PDF 68,14+4,19d nd 31,86+2,19a
LADF 88,95+5,35b nd 7,7140,66d
TNDF 85,39+2,20b nd 14,61+1,20¢

Abreviaciones: LDF, fibra dietética de limon; GDF, fibra dietética pomelo; PDF, fibra dietética granada;
LADF: fibra dietética albedo de limon; TNDF: fibra dietética de chufa; nd: no detectado.

Los valores se expresan como media + error estandar). Valores en la misma fila con distinta letra (a-d)
difieren significativamente (p<0.05).

Como se puede ver en los resultados obtenidos, la muestra control (sin fibra), contiene
practicamente todo el colesterol en la fase crema. Al afadir los distintos extractos ricos
en fibra dietética a la muestra cérnica, se detectd colesterol en la fase precipitado. La
fase interfase no se detecto colesterol tanto en las muestra control (sin fibra) como en
las muestras a ensayar (con fibra). De manera, que el efecto de los extractos ricos en
fibra dietética parece estar relacionado con el colesterol retenido en la fase precipitado.
La mayor proporcion de colesterol retenido en esta fase, se encontré en PDF, seguida
por LDF, TNDF, LADF y GDF y con diferencias significativas (p<0,05) entre todos
ellos. En este caso cabria pensar que el principal mecanismo estaria basado en la unién
directa del colesterol que impediria su readsorciéon por el organismo y posteriormente
excretados en las heces. Aunque este mecanismo directo de unidon entre fibra y
colesterol ha sido atribuido principalmente a la FDI, también existen estudios que
indican que también dicha asociacion puede estar relacionada a la FDS (Zacherl et al.,
2011). Ademas dichos autores mencionaron que estas fuerzas de uniéon podrian ser
debidas a interacciones hidrofobicas. Sin embargo, esto es todavia discutido, ya que los
mecanismos exactos implicados en la reduccion de colesterol por la ingesta de fibra

siguen siendo confusos.

Observando el contenido en FDS e FDI (Figura 9) de cada unos de los extractos, se
puede apreciar que no existe una relacion directa entre el contenido en fibra dietética y
el aumento en la retencion de colesterol (Tabla 11) en la fase precipitado. Sin embargo,

el extracto que presentd la misma proporcion de SDF e IDF (PDF), también mostr6 la

67



Resultados y Discusion

proporcion mas alta de colesterol retenido en la fase precipitado. Otro punto a tener en
cuenta es que el extracto de granada (PDF) mostré la mayor capacidad de adsorcion de
colesterol (p<0,05) antes (Figura 11) y después de la digestion “in vitro™ (Tabla 11). De
manera, que se ha visto que existe una correlacion lineal logaritmica (R2 = 0,8437)
entre la capacidad de adsorcion de colesterol antes de la digestion “in vitro™ y después

de ella en la fase precipitado.

Como se ha mencionado anteriormente en el apartado de capacidad de adsorcioén de
colesterol para el extracto de granada, el alto contenido en compuestos polifenolicos
presente en dicho extracto, también podria contribuir a los altos niveles de retencion de

colesterol en la fase precipitado.
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5.- CONCLUSIONES

En base los resultados de la presente Tesis Doctoral se obtienen las siguientes

conclusiones:

= Los distintos extractos estudiados pueden usarse como ingredientes en la
formulacién de alimentos funcionales por su contenido en fibra dietética total. El
valor mas alto en fibra dietética total se encontr6 en los extractos de origen citrico,
siendo su contenido en fibra soluble superior al de soluble. El caso contrario, se
encuentra en el extracto de chufa compuesto principalmente por fibra insoluble,
siendo una prometedora aplicacion en productos alimenticios, ya que su consumo
incrementaria la sensacion de saciedad y un mejor funcionamiento del sistema
digestivo.

» Independientemente del tipo de fibra dietética, los extractos con pH acido, como son
los citricos y la granada, podrian ser adecuados para su adicién a una matriz de
caracter acido, como el yogur, mientras que, el extracto de chufa con un pH cercano
a la neutralidad es més adecuada su incorporacion a una matriz alimentaria neutra,
como es el caso de los productos carnicos.

= Los extractos de origen citrico, presentan una alta capacidad de retencion de agua y
capacidad de hinchamiento, observandose una relacion directa entre fibra soluble y
capacidad de hinchamiento (a mayor contenido en fibra soluble mayor capacidad de
hinchamiento). Ambas propiedades tecnofuncionales son apropiadas en alimentos
para reducir la sinéresis, modificar la textura y viscosidad, aumento de efecto
frescura y reducir las calorias de los alimentos. A nivel metabolico pueden provocar
un aumento de la saciedad y un aumento del bolo fecal.

= Las fibras con alta actividad emulsificante y estabilidad de la emulsion (albedo de
limoén y chufa) son un buen indicador de la capacidad de adsorber acidos biliares, ya
que el componente fibroso adsorbe &cidos biliares y aumenta la excrecion por las
heces; asimismo, limita la absorcion de estos acidos en el intestino delgado y reduce
los niveles de colesterol en sangre. Ademas, su incorporacion a alimentos es
apropiada en aquellos que se requiere la formacién de emulsiones y una vida util
larga.

= La fibra de granada mostro la capacidad de adsorcion de colesterol mas alta, siendo

muy superior al resto de fibras ensayadas. Dicha capacidad es atribuida al contenido
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en polifenoles, haciendo de ella un futuro prometedor en la reduccién del colesterol
a nivel metabdlico.

Al someter los distintos extractos a un proceso de digestion “in vitro”, se vuelve a
observar como la fibra de granada presenta los valores mas altos de colesterol
retenido, existiendo una correlacion lineal logaritmica entre la capacidad de
adsorcion de colesterol antes de la digestion “in vitro” y después de ella en la fase
precipitado.

Por su comportamiento en la adsorcion de colesterol (tanto antes como después de la
digestion “in vitro™) la fibra de granada seria la mas idénea para confirmar los
estudios en vistas de su posible incorporacion a alimentos disefiados para reducir el

colesterol.
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ABSTRACT: Worldwide, cardiovascular disease is estimated to be the leading cause of death and loss of disability-
adjusted life-years. Effective prevention needs a global strategy based on knowledge of the importance of risk fac-
tors, including diet. Recent years have seen increased interest on the part of consumers, researchers, and the food
industry into how food products can help maintain the health of an individual. Extracts rich in dietary fiber obtained
from plants could be used as functional ingredients because they provide numerous health benefits that go far be-
yond supporting bowel regularity. These benefits may include not only digestive health, but weight management,
cardiovascular health, and general wellness. The objective of this review is to present an overview of the potential
of different types of fiber as a technological tool for its application to functional foods to reduce the incidence of

cardiovascular disease through diet.

Introduction

Recent knowledge supports the hypotheses that, besides fulfill-
ing nutrition needs, diet modulates various functions in the body
and may exhibit detrimental or beneficial roles in some diseases
(Sarkar 2007). The increase in consumer demand for high-quality
food products has led to growth in the use of new technologies
and ingredients. Several factors that influence changes in con-
sumer demand, including: health concerns such as cholesterol,
cancer, obesity; changes in demographic characteristics such as
ethnicity, population aging; changes in distribution systems and
price; and the need for convenience (Pérez-Alvarez 2008a). In
recent years, a considerable growing interest towards natural
and wholesome foods has been developed among consumers
throughout the world, leading to nutrition science research re-
lating to the association between diet and dietary constituents
and health benefits, favorable regulatory environment, consumer
self-care phenomena, and rapid growth in the market for health
and wellness products (Hasler 2002). Actually, considerable im-
portance is given to functional foods, which, in principle, apart
from their basic nutritional functions, provide physiological ben-
efits, play an important role in disease prevention, or slow the
progress of chronic diseases. Functional foods either contain (or
add) a component with a positive health effect or eliminate a
component with a negative one. The relationship between diet
and health has focused on the role of food choices and diseases
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like cancer, cardiovascular disease, and allergies (Lambert 2001).
The market for functional foods is increasing at an annual rate of
15% to 20% (Hilliam 2000). To develop these types of products,
one must evaluate consumer perceptions, the most important
quality aspects being that they taste good, appear wholesome,
and have nutritional value (Garcia-Segovia and others 2007).
Also, Pérez-Alvarez (2008a) describes that any functional food
must be safe, healthy, and tasty. Many components may be
added to foods to make them “functional” including -3 fatty
acids (Hjaltason and Haraldsson 2006), vitamins (Baro and
others 2003), probiotics (Salem and others 2006), prebiotics
(Brink and others 2005), symbiotics (D’Antoni and others 2004),
phytochemicals (Wolfs and others 2006), bioactive peptides
(Thoma-Worringer and others 2006), fiber (Fernandez-Gines and
others 2004; Ferndndez-Lépez and others 2007, 2008, 2009),
and so on.

Dietary fiber intake in Western countries is currently estimated
to be 25 g per person per day. However, nutritionists recommend
an intake of 35 g per person per day (Lairon 1990). The devel-
opment of fiber-enriched foods would help consumers to meet
such recommendations. Since the roles of dietary fibers in pre-
venting and treating some diseases have been well documented,
the addition of purified dietary fibers to foods has become pop-
ular. Different types of dietary fibers, such as pea, apple, sugar
beet, soy, and citrus fibers, as well as inulin and gums, are now
incorporated into foods for their nutritional properties or for their
functional and technological properties (Thebaudin and others
1997). From a functionality point of view, fiber can play a num-
ber of roles: (i) it may be used as a tool for improving texture, (ii)
as a bulking agent in reduced-sugar applications, (iii) to manage
moisture in the replacement of fat, (iv) to add color, and (v) as
natural antioxidant.

Although fiber itself may be invisible in food products, it is
fast becoming one of the most appreciated ingredients in today’s
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marketplace. In 2007, consumers ranked fiber number 5 among
the top 10 functional food concepts (Sloan 2008).

The objective of this review is to present an overview of the
potential of different types of fiber as a technological tool to use
in functional foods to reduce the incidence of cardiovascular
disease through diet.

Incidence of Cardiovascular Diseases in Western
Countries

Cardiovascular diseases (CVDs) are among the most com-
mon causes of death and disability worldwide (Goyal and Yusuf
2006). CVDs include coronary heart disease (heart attacks), cere-
brovascular disease (strokes), high blood pressure (hypertension),
peripheral artery disease, heart rhythm problems (arrhythmias),
rheumatic heart disease, congenital heart disease, and heart fail-
ure (WHO 2009a). According to the World Health Org., the stan-
dardized CVD mortality rates vary considerably from country to
country in the developed world, with Mediterranean countries
and Japan having the lowest rates (WHO 1990). Globally, car-
diovascular diseases are the number one cause of death and are
projected to remain so. An estimated 17.5 million people died
from cardiovascular diseases in 2005, representing 30% of all
global deaths. Of these deaths, 7.6 million were due to heart
attacks and 5.7 million to stroke. About 80% of these deaths
occurred in low- and middle-income countries. If current trends
are allowed to continue, by 2015 an estimated 20 million peo-
ple will die annually from cardiovascular disease (mainly from
heart attacks and strokes) (WHO 2009b). In the beginning of the
20th century, results of observational studies suggested that car-
diovascular disease was originally more common in the upper
socio-economic stratum (Bucher and Ragland 1995). However,
after the middle of the 20th century this gradually changed, es-
pecially in westernized countries, so that, currently, CVD is more
common in the lower socio- economic status groups (Manios
and others 2005). Groups with lower socio-economic status tend
to adopt unhealthier behavior, such as smoking and careless di-
etary habits, and seem to have a worsened psychological profile
and an increased prevalence of the common CVD risk factors
(Panagiotakos and others 2008).

Risk Factors

Risk assessment for the primary prevention of CVD and stroke
should include regularly updated family history, smoking status,
food intake and nutrition patterns, alcohol intake, physical activ-
ity, blood pressure, body mass index (BMI), waist circumference,
pulse rate, fasting serum lipoprotein profile (or total and HDL
cholesterol if fasting is unavailable), and fasting blood glucose
level (Pearson and others 2002).

Studies that have considered multiple risk factors include the
Framingham study, where the risk for cardiovascular diseases was
summarized into a single measure that integrated smoking and
a set of clinical measures (Kannel and Gordon 1974). More re-
cently, the Chronic Disease Risk Index (CDRI), a semiquantitative
composite measure, combined rankings for smoking, alcohol use,
body mass index, fat intake, and fruit and vegetable consump-
tion (Meng and others 1994). There are numerous risk factors in
CVDs such as age, body weight, physical inactivity, blood pres-
sure, cigarette smoking, alcohol intake, and dyslipidemia (Do
and others 2000).

Obesity

Obesity is an independent risk factor for CVD. According to
the World Health Org., there are currently more than 1 billion
overweight adults, 300 million of whom are obese (Mackay and

Mensah 2004). The INTERHEART study, which enrolled almost
30000 men and women in 52 countries, reported that a waist-to-
hip ratio greater than the cut-off of 0.83 for women and 0.9 for
men resulted in a 3-fold increase in population attributable risk
for myocardial infarction (Yusuf and others 2004).

Physical inactivity

The literature consistently indicates that a sedentary lifestyle in-
creases the risk of developing several chronic diseases and con-
ditions, while regular physical activity enhances overall health
(Belahsen and Rguibi 2006). Physical activity includes any bod-
ily movements produced by skeletal muscles that result in energy
expenditure, covering daily walking activities at work and struc-
tured exercise training (Pettman and others 2008). To reduce the
risk of CVD, people need at least 150 min of moderate-intensity
aerobic physical activity per week or at least 90 min of vigorous
aerobic exercise per week (Franzini-Pereira and Franz 2008).

Blood pressure

High blood pressure (BP) is one of the most prevalent car-
diovascular risk factors and the single greatest contributor to
cardiovascular disease worldwide (Lopez and others 2006). High
BP commonly clusters with other cardiovascular risk factors, such
as metabolic syndrome (Malik and others 2004). Lifestyle factors
that may lower blood pressure are sodium restriction, weight
reduction or physical activity programs, and a reduction of ex-
cessive alcohol intake (Watkins 2003).

Smoking

Cigarette smoking is an avoidable risk factor for CVD. An esti-
mated 34.7% of all deaths resulting from cigarette smoking are re-
lated to CVD. Strong evidence links consumption of tobacco with
increases in low-density lipoprotein cholesterol (LDL-C) oxida-
tion, platelet aggregation, and endothelial impairment (Bloomer
2007). Smoking increases the risk for developing atherosclerosis,
hypertension, and stroke, and it is the most important preventable
cause of premature death (AHA 2008).

Alcohol intake

Moderate alcohol consumption, typically defined as up to 2
drinks per day for men and 1 drink per day for women, has
been consistently associated with lower risk of coronary heart
disease in observational studies. At least 2 meta-analyses have
come to consistent conclusions about the magnitude of this as-
sociation (Corrao and others 2000) and it is further supported
by the established beneficial effects of moderate drinking on
high-density lipoprotein cholesterol and other cardiovascular risk
factors (Watzl and others 2002). However, excess in alcohol
consumption has detrimental health effects on blood pressure
and triglyceride levels (Wakabayashi 2009).

Dyslipidemia

One of the major risk factors for the development of coro-
nary heart disease is dyslipidemia, mainly characterized by
elevated levels of low-density lipoprotein cholesterol (LDL-C)
and/or reduced high-density lipoprotein cholesterol (HDL-C) (Es-
maillzadeh and Azadbakht 2008). Epidemiological studies have
shown that high concentrations of serum total cholesterol and
low-density lipoprotein cholesterol (LDL-C) are independent risk
factors for CVD (Russo and others 2008). Plasma concentrations
of LDL and cholesterol are influenced by both genetic and envi-
ronmental factors (Mirmiran and others 2009).

Diet and Cardiovascular Diseases

It is well established that nutrition can have a direct impact
on normal physiological functioning, as well as on pathological
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conditions such as obesity, hypertension, diabetes, and car-
diovascular disease (Maurer and others 2009). The prevalence
of CVD ranges between 2% and 10% in southern European
countries, in contrast to the 10% to 18% in Northern European
countries (Keys and others 1986). Several scientists during recent
years have attributed, at least in part, the differences in mortality
rates between various countries of the world to the quite different
nutritional habits of populations (WHO 1990). The intake of
energy and nutrients in Southern European countries is similar to
that in diets of North European countries and an excess of total
energy provided to a large extent by fat and protein at the expense
of carbohydrates (Saura-Calixto and Gofii 2009). However, there
are differences between Southern and Northern European coun-
tries in relation to fat consumption. Southern European countries
consume much more olive oil and unprocessed red meats, while
Central and Northern Europeans preferably consume processed
meat products (Naska and others 2006). The overconsumption
of a maladaptive, westernized diet consisting of foods that are
calorie-dense,  nutritionally-poor,  phytochemical-depleted,
highly processed, and rapidly absorbable has been shown to
increase systemic inflammation and reduce insulin sensitivity
(Fito and others 2007).

With chronic ingestion, this dietary pattern often results in
metabolic syndrome (MetS), a physiological state encompass-
ing a cluster of metabolic abnormalities, including dyslipidemia,
central obesity, hypertension, and glucose intolerance. These are
all independent risk factors for the development of type 2 diabetes
and/or cardiovascular disease (Moller and Kaufman 2005).

Conversely, the various lifestyle and dietary interventions that
affect plasma cholesterol and triglyceride levels are usually con-
sidered effective in cardiovascular risk reduction such as (Poli
and others 2008):

(i) Modify the pattern of consumption of dietary fatty acids;
(ii) Reduce the dietary intake of cholesterol;
(iii) ?/I\Oodify the pattern of consumption of carbohydrates and
iber;
(iv) Change the proportional intake of other micronutrients and
macronutrients;
(v) Manage weight;
(vi) Supplement the diet with phytosterol-enriched foods or soy
protein;
(vii) Take regular exercise.

Adherence to the traditional Mediterranean diet, characteris-
tically rich in fruits, vegetables, bread, cereals, potatoes, beans,
nuts, seeds, olive oil (as an important fat source), dairy prod-
ucts, and fish, along with low to moderate amounts of poul-
try, little red meat, and modest consumption of red wine with
meals (Kris-Etherton and others 2002; Perez-Alvarez and Aleson-
Carbonell 2003), has been associated with a reduction in CVD
(Trichopoulou and others 2003). This protective effect has been
attributed, at least in part, to the Mediterranean-style diet, low in
processed foods and refined carbohydrates and high in monoun-
saturated fatty acids and plant foods that provide a large amount
of natural antioxidants (Trichopoulou and others 2003; Ebbeling
and others 2005). Brighenti and others (2005) reported that to-
tal antioxidant capacity is inversely and independently correlated
with plasma concentrations of highly sensitive C-reactive protein,
and this could be one of the mechanisms whereby antioxidant-
rich foods, present in the Mediterranean diet pattern, protect
against cardiovascular disease. Fito and others (2007) reported
that the Mediterranean diet pattern promoted benefits in classic
and novel risk factors for CVD because a decrease in the oxidative
damage to LDL to be one of the protective mechanisms by which

the Mediterranean diet could exert protective effects on CVD
development. Robust clinical evidence exists indicating that the
Mediterranean diet may be cardioprotective, positively impact-
ing the clinical progression of CVD, reducing the risk of CVD (by
8% to 45%), and attenuating the cardiovascular complications
after a myocardial infarction (De Lorgeril and Salen 2006). The
Mediterranean diet need to be better defined if guidelines, useful
to modern societies, are to be formulated. Researchers and policy
makers should decide whether the Mediterranean diet should be
promoted as a “nutrient profile” or as a “food selection pattern”
(Anonymous 2009).

Functional Food in Cardiovascular Diseases

Recent years have seen increased interest on the part of con-
sumers, researchers, and the food industry into how food prod-
ucts can help maintain the health of the organism, while the
role that diet plays in the prevention and treatment of many ill-
nesses has become widely accepted (Viuda-Martos and others
2009). The classical concept of “adequate nutrition,” that is, the
provision of nutrients (carbohydrates, proteins, fats, vitamins, and
minerals) is slowly being replaced by the concept of “optimal nu-
trition,” which, besides the components mentioned previously,
includes the potentiality of foods to promote health, improve
well-being, and reduce the risk of developing disease (Pérez-
Alvarez 2008a); hence, the appearance of terms likes functional
foods, designed or therapeutic foods, superfoods, pharmafoods,
or medicinal foods (Nagai and Inoue 2004). There is no one
definition for the term functional food. Indeed, the concept of
functional food is complex and may refer to many possible as-
pects, including food obtained by any process, whose particular
characteristic is that one or more of its components, whether or
not that component is itself a nutrient, affects the target func-
tion of the organism in a specific and positive way, or promotes
a physiological or psychological effect beyond the merely nu-
tritional (Viuda-Martos and others 2009). The food industry and
scientific community use the term functional foods to refer to
products with health benefit claims beyond their inherent nutri-
tional value (Nestle 2002). In general, 2 types of health claims can
be distinguished; first, claims referring to enhance body function,
and second, those that refer to a reduced risk of disease mea-
sured by an intermediate biomarker such as cholesterol level,
blood pressure, or satiety (Wieringa and others 2008).

The ILSI Europe (1999) has established that “a food product
can be considered as functional if it has satisfactorily been proved
that it produces a beneficial effect on one or more physiological
functions, besides its conventional nutritional effects, this being
relevant for improving human health and/or reducing the risk
of suffering certain diseases.” Doyon and Labrecque (2008), to-
gether with a group of experts from North America and Europe,
redefined the definition of functional foods using the Delphi tech-
nique. Functional food is now defined as food that is or appears
similar to a conventional food. It must be a part of the standard
diet, which is consumed on a regular basis and in normal quan-
tities. Other than that, it should also have been proven to reduce
the risk of specific chronic diseases or beneficially affect target
functions beyond basic nutritional functions.

There are a large number of foods that can be considered
functional foods, such as fruits and vegetables, olive oil, cereals,
red wine, fish, and so on, since among their components there
are many that can prevent or delay several diseases including
CVD.

Fruits and vegetables
Fruits and vegetables contain constituents, notably vitamins,
minerals, and dietary fiber, which are essential to a healthy,
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well-balanced diet. Furthermore, it has been shown that some
of the secondary metabolites of fruits and vegetables, such as
flavonoids and carotenoids, have a beneficial effect on health
by directly combating the onset of cancer and CVD (Fernandez-
Ginés 2003). Indeed, Mirmiran and others (2009) reported that
the consumption of fruits and vegetables is associated with lower
concentrations of LDL and the risk of CVD in a dose-response
manner, while Suido and others (2002) indicated that fruit and
vegetable consumption decreased LDL concentrations in hyper-
cholesterolemic subjects.

Olive oil

Olive oil may produce its dietary health benefits by lowering
blood pressure (Psaltopoulou and others 2004) and by contribut-
ing to a proper lipid intake in 2 ways: directly by increasing mo-
nounsaturated lipids, and indirectly by decreasing saturated lipid
intake. It has also been widely suggested that the beneficial effects
of olive oil derive not only from its high oleic content but also
from the presence of polyphenolic antioxidants (Sanchez-Zapata
and Pérez-Alvarez 2008); however, other resaerchers consider
that intake of olive oil phenols is probably too low to produce a
measurable effect on oxidation markers in humans (Vissers and
others 2004).

Cereals

There is convincing evidence that the consumption of whole
grain foods is associated with reduced incidences of chronic dis-
eases, including diabetes, cardiovascular disease, and certain
cancers (Katcher and others 2008). In addition to dietary fiber,
various phytochemicals, vitamins, and minerals have been sug-
gested to contribute to the health effects of whole grain foods
(Slavin 2003).

Red wine

Resveratrol, a polyphenolic constituent of grapes and red wine,
has been reported to have atheroprotective and hypolipidemic
properties (Norata and others 2007). It has been suggested that
the antioxidant properties of resveratrol protect against lipopro-
tein oxidation and foam cell formation while promoting choles-
terol efflux from macrophages, are responsible for the protective
effect against CVD of consuming moderate amounts of red wine
(Berrougui and others 2009).

Fish

There is evidence that the consumption of approximately 2
servings of fish per week (approximately 224 g total) reduces the
risk of mortality from coronary heart disease and that consuming
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
may reduce the risk of mortality from cardiovascular disease in
people who have already experienced a cardiac event (Inst. of
Medicine 2005).

Functional Ingredients in Cardiovascular Diseases

Omega-3 Fatty Acids

Omega-3 fatty acids are polyunsaturated fatty acids of which 3
main types are found in the human diet: alpha-linolenic acid
(ALA), docosahexaenoic acid (DHA), and eicosapentaenoic
acid (EPA) (Bent and others 2009). DHA and EPA are found in
seafood, while ALA is found in nut and plant oils. Interestingly,
fish do not produce EPA and DHA, but the oils are synthesized by
single-cell marine organisms that are eaten by fish (Harris 2004).
These 3 substances, DHA, EPA, and ALA, are typically consid-
ered essential human nutrients and are often called “essential
fatty acids”” (Freeman and others 2006). Omega-3 fatty acids are

suggested to exert various beneficial effects including antiinflam-
matory properties and reduction in blood triacylglycerol levels,
prevention of cardiac arrhythmias, stabilization of atherosclerotic
plaques, reduction in platelet aggregation, reduction in blood
pressure, and improved arterial compliance (Holub 2002; Kris-
Etherton and others 2002). To produce these beneficial effects
the blood must have a high omega-3 index. The omega-3 index
is a relatively new concept, defined as the sum of EPA and DHA
expressed as a percentage of the total fatty acid content of red
blood cell membranes (Harris and Von 2004).

Omega-3 fatty acids, either as a supplement or when con-
sumed as oily fish, have many beneficial effects (McCombie and
others 2009). A great variety of foods including chicken meat
(Lopez-Ferrer and others 2001), pork (Howe and others 2002),
eggs (Lewis and others 2000), bread (Yep and others
2002), spreads (Kolanowski and others 2001), and other pro-
cessed products (Metcalf and others 2003) have been enriched
with omega-3 fatty acids.

Bioactive Compounds

Nowadays, it is widely accepted that the beneficial health ef-
fects of fruits and vegetables in the prevention of heart disease
and certain types of cancer are due to their bioactive components
(Galaverna and others 2008). The presence of significantamounts
of bioactive compounds, such as phenolic acids, flavonoids, and
carotenoids, in DF from fruits assures them considerable nutri-
tional value (Saura-Calixto and Goiii 2005). The antioxidant prop-
erties of flavonoids and carotenoids come from their ability to link
free radicals that easily attack saturated fatty acids present in cell
membranes, causing peroxidation, decreased permeation, and
damage of membrane proteins, leading to cellular inactivation.
DNA is also subject to free radical-effects producing mutations
which may lead to cancer (Ubando and others 2005).

Phenolic acids and flavonoids

One of the main compounds responsible for most of the func-
tional properties of many foods, among them fruits and vegeta-
bles, are phenolic compounds in any of their forms, whether
simple phenols, flavones, flavanones, flavanols, flavonols, antho-
cyanins, and so on (Viuda-Martos and others 2009). Phenolic
compounds are found in most plants and in many cases they
contribute to their color and taste (Belitz and Grosch 1997).
Chemically, phenolic acids can be defined as substances that
possess an aromatic ring bound to one or more hydrogenated sub-
stituents, including their functional derivates (Marin and others
2001).

Flavonoids are low-molecular-weight compounds consisting
of 15 carbon atoms, arranged in a C¢-C5-Cq configuration. Es-
sentially, the structure consists of 2 aromatic rings joined by a
3-carbon bridge, usually in the form of a heterocyclic ring (Bala-
sundram and others 2006).

Phenolic acids and flavonoids have been associated with the
health benefits derived from consuming high levels of fruits and
vegetables (Parr and Bolwell 2000). The beneficial effects de-
rived from phenolic acid and flavonoids, with respect to CVD
prevention have been attributed to (i) their antioxidant activity
(Heim and others 2002), (ii) the prevention of atherosclerosis
(Tripoli and others 2007), and (iii) the effect on platelet aggrega-
tion (Lamuela-Raventos and others 2005).

The antioxidant activity of phenolic acids and flavonoids arises
from the scavenging of free radicals, hydrogen donation, metallic
ion chelation, or even acting as substrate for radicals like super-
oxide or hydroxyl (Al-Mamary and others 2002; Amarowicz and
others 2004). These bioactive compounds with antioxidant prop-
erties also interfere with propagation reactions (Russo and others
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2000) and inhibit the enzymatic systems involved in initiation
reactions (You and others 1999).

In vitro, flavonoids inhibit the oxidation of low-density lipopro-
tein (LDL) and reduce thrombotic tendencies (Benavente-Garcia
and others 1997). Using animal models of atherosclerosis Grassi
and others (2008) has indicated that dietary flavonoid consump-
tion delays atherosclerotic plaque development and may reduce
endothelial dysfunction, which is the key step in the development
of atherosclerosis. Hodgson (2008) reported that flavonoids in-
hibit the development of atherosclerosis in animal models. Choi
and others (2008) suggested that (-)epigallocatechin gallate and
hesperetin, both flavonoids, may act as antiatherogenic agents by
blocking oxidized LDL-induced endothelial apoptosis via differ-
ential cellular apoptotic mechanisms.

The 3rd way which helps prevent CVD is through the effect of
phenolic acids and flavonoids on platelet aggregation. Furusawa
and others (2003) reported that the interaction of flavonoids with
membrane lipids, thus modifying membrane fluidity, appeared to
be partly responsible for the antiaggregatory and disaggregatory
effects on human platelets. Navarro-Nufiez and others (2009)
showed that flavonoids inhibit platelet function through several
mechanisms, including the antagonism of specific membrane re-
ceptors in these cells.

Carotenoids

Carotenoids are a class of natural pigments, well know for the
orange-red to yellow colors they impart to many fruits, vegetables,
and flowers as well as for their provitamin A activity that some
of them possess (Ribayamercado and others 2000). These com-
pounds are polyenoic terpenoids having conjugated trans double
bonds. They include carotenes (8-carotene and lycopene), which
are polyene hydrocarbons, and xanthophylls (lutein, zeaxanthin,
capsanthin, canthaxanthin, astaxanthin, and violaxanthin) that
have oxygen in the form of hydroxy, oxo, or epoxy groups (Choe
and Min 2009).

The majority of the 600 carotenoids found in nature are 40 car-
bons in length and may be pure hydrocarbons, called carotenes,
or possess oxygenated functional groups, in which case they are
called xanthophylls (Krinsky 1998).

The long-chain conjugated polyene structure accounts for the
ability of these compounds to absorb visible light, but that also
makes them quite susceptible to oxidation. This latter property
is closely related to their ability to act as antioxidants (Reboul
and others 2007). The properties, and therefore functions, of
a carotenoid molecule are primarily dependent upon its struc-
ture and hence its chemistry (Young and Lowe 2001). In partic-
ular, the conjugated C = C double bond system is considered
to be the single most important factor in energy transfer reac-
tions, such as those found in photosynthesis (Christensen 1999).
In human plasma and tissues, a wide range of carotenoids
have been identified including cyclic (such as beta-carotene
and alpha-carotene) and acyclic carotenes (such as lycopene
and phytoene), together with a number of xanthophylls (such
as zeaxanthin, lutein, and beta-cryptoxanthin), all of which can
be directly derived from dietary sources (Khachik and others
1997).

Smoking and obesity, both established CVD risk factors,
are associated with lower serum carotenoid concentrations,
(Kritchevsky 1999). High plasma or adipose carotenoid concen-
trations have been potentially associated with a reduced risk of
CVD (Street and others 1994) since the carotenoids, as potent
antioxidants, retard the proliferation of free radicals and protect
against free radical-mediated tissue damage (Svilaas and others
2004).

Dietary Fiber

Definition

At present, many aspects of properties and functions of dietary
fiber (DF) remain unclear. Botanists define fiber as a part of plant
organs, chemical analysts as a group of chemical compounds,
and consumers as a substance with beneficial effects on human
health, while for the dietetic and chemical industries DF is a
subject of marketing (Rodriguez and others 2006). The concept
of dietary fiber may have several definitions, depending on the
specific study, but most researchers define it in terms of its effects
on the human gastrointestinal tract and not something purely
chemical or physical, or based on analytical methodologies for
its determination (Garcia-Ochoa and others 2008).

Traditionally, DF was defined as plant polysaccharides and
lignin which are resistant to hydrolysis by the human digestive
enzymes (Trowell and others 1976). However, this definition has
changed with time. Thus, Stear (1990) defines dietary fiber as
the food fraction that is not enzymatically degraded within the
human gastro-alimentary tract and it is composed mainly of cel-
lulose and lignin, but also of hemicelluloses, pectins, gums, and
other carbohydrates. For Selvendran and Robertson (1994) fiber
is “the group of nonstarch polysaccharides and lignin, which
includes several indigestible polysaccharides in addition to the
main components of the cell wall.” Prosky (2001) defines fiber
as “that fraction of the edible part of plants or their extracts, or
synthetic analogs that are resistant to digestion and absorption in
the small intestine, usually with complete or partial fermentation
in the large intestine.” The AACC (2001) defined DF as “the edi-
ble part of plants or analogous carbohydrates that are resistant to
digestion and absorption in the human small intestine with com-
plete or partial fermentation in the large intestine. That includes
polysaccharides, oligosaccharides, lignin, and associated plant
substances.”

The Inst. of Medicine (2002) has defined dietary fiber as “nondi-
gestible carbohydrates and lignin that are intrinsic and intact in
plants.” Added fiber consists of isolated, nondigestible carbohy-
drates that have beneficial physiological effects in humans. Total
fiber is the sum of dietary fiber and added fiber. The United King-
dom IFST (2007) defines fiber as “food material, particularly plant
material, that is not hydrolyzed by enzymes secreted by the hu-
man digestive tract but that may be digested by microflora in the
gut. Plant components that fall within this definition include non-
starch polysaccharides (NSP) such as celluloses, some hemicellu-
loses, gums, and pectins, as well as lignin, resistant dextrins, and
resistant starches.” For the European Commission (2008) “fiber”
means carbohydrate polymers with 3 or more monomeric units,
which are neither digested nor absorbed in the human small in-
testine and belong to the following categories:

(i) Edible carbohydrate polymers naturally occurring in the
food consumed;

(i) Edible carbohydrate polymers that have been obtained from
food raw materials by physical, enzymatic, or chemical
means and that have a beneficial physiological effect as
demonstrated by generally accepted scientific evidence;

(i) Edible synthetic carbohydrate polymers which have a bene-
ficial physiological effect as demonstrated by generally ac-
cepted scientific evidence.

Given the confusion which is generated by conflicting defi-
nitions, and the potentially important role of fiber in protecting
against and managing a wide range of diseases, an important
consensus was reached at a meeting in South Africa of the Codex
Alimentarius Committee on Nutrition and Foods for Special
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Dietary Uses (CCNFSDU) in November 2008. In this meeting, the
World Health Org. and Food and Agriculture Org. defined fiber
as carbohydrate polymers with 10 or more monomeric units,
which are not hydrolyzed by the endogenous enzymes in the
small intestine of humans and belong to the following categories:

(i) Edible carbohydrate polymers naturally occurring in the
food as consumed;

(ii) Carbohydrate polymers, which have been obtained from
food raw materials by physical, enzymatic, or chemical
means and which have been shown to have a physiolog-
ical effect of benefit to health as demonstrated by generally
accepted scientific evidence to competent authorities;
Synthetic carbohydrate polymers which have been shown
to have a physiological effect of benefit to health as demon-
strated by generally accepted scientific evidence to compe-
tent authorities.

(iii

Classification

Dietary fiber is composed of total dietary fiber (TDF), which
includes both soluble (SDF) and insoluble dietary fiber (IDF)
(Wang and others 2002). Because solubility refers simply to fibers
that are dispersible in water, the term is somewhat inaccurate
(Figuerola and others 2005). Originally it was thought that this
categorization might provide a simple way to predict physiologi-
cal function, but this has not always been the case (Gallaher and
Schneeman 2001). Figure 1 shows a classification of DF.

The structural or nonviscous fibers (lignin, cellulose, and some
hemicelluloses) are water-insoluble. Vegetables and cereal grains
are especially rich in water-insoluble fiber, with the highest
amounts in wheat and corn. Water-insoluble fiber is responsi-
ble for increased stool bulk and helps to regulate bowel move-
ments. The natural gel-forming or viscous fibers (pectins, gums,
mucilages, algal polysaccharides, some storage polysaccharides,
and some hemicelluloses) are water-soluble. Foods rich in water-
soluble fiber are dried beans, oats, barley, and some fruits and
vegetables (Grigelmo-Miguel and others 1999). Table 1 shows
the origin, chemical component, description, and principal types
of fiber.

Pectins are amorphous polysaccharides formed by the join-
ing of galacturonic acid with different monosaccharides, mainly
rhamnose, furans, xylose, and galactose. They have a great power
to transform a hydrophilic viscous gel capable of forming gels in
the presence of sugar, heat, and weak acid. These substances are
present in the soft tissues of fruits (Garcia and others 1995).

Guar gum is a galactomannan storage polysaccharide made
up of polymers comprised of about 10000 molecules. The fiber
consists of a (1—4)-linked-8-D-mannopyranose backbone with
(1—6)-linked-a-D-galactose side chains. The overall ratio of
mannose to galactose is around 2:1. Guar gum is an economical
thickener and stabilizer. It hydrates easily in cold water giving a
highly viscous solution (Theuwissen and Mensink 2008).

Cellulose is the main structural component that provides
strength and stability to plant cell walls and fiber (Paster and
others 2003). The amount of cellulose in a fiber influences the
properties, economics of fiber production, and the utility of the
fiber for various applications.

Hemicellulose in plants is slightly cross-linked and is com-
posed of multiple polysaccharide polymers with a degree of poly-
merization and orientation less than that of cellulose (Rowell and
others 1997). Hemicellulose usually acts as a filler between cel-
lulose and lignin and consists of sugars including glucose, xylose,
galactose, arabinose, and mannose (Reddy and Yang 2005).

Lignin is a highly cross-linked molecular complex with an
amorphous structure and acts as “glue” between individual cells

and between the fibrils forming the cell wall (Mohanty and others
2000). Lignin is first formed between neighboring cells in a “mid-
dle lamella,” bonding them tightly into a tissue, and then spreads
into the cell wall penetrating the hemicelluloses and bonding the
cellulose fibrils (Majumdar and Chanda 2001).

Chitosan is a heteropolysaccharide composed of g-1,4-
linked 2-amino-2-deoxy-B-D-glucose obtained commercially by
deacetylation of chitin, which is an abundant constituent of crus-
tacean shells and fungi (Sebti and others 2005). Chitosan is
considered a biocompatible, nonantigenic, nontoxic, and bio-
functional fiber (No and others 2007). In addition, shrimp-derived
chitosan was admitted as generally recognized as safe (GRAS) in
2005 by the USFDA (2007), based on scientific procedures for
use in foods. Chitosan is not hydrolyzed specifically by diges-
tive enzymes; however, there can be some digestion by bacterial
flora and by nonspecific activity of some digestive enzymes such
as amylases and lipases. Chitosan derivatives in the form of ac-
etate, ascorbate, lactate, malate, and others are water-soluble
(Borderias and others 2005).

Table 2 shows the content on total dietary fiber (TDF), solu-
ble dietary fiber (SDF), and insoluble dietary fiber (IDF) of some
cereals, vegetables, and fruits.

Physiological Functionality of Fiber

Fiber as a reducing agent of hyperlipidemia and
hypercholesterolemia

The beneficial effects of high-fiber diets in protecting against
CVD are not limited to their effects on the risk of developing type
2 diabetes, or their contribution to weight loss. Evidence suggests
that the increased consumption of insoluble as well as soluble
dietary fibers can directly impact the risk of developing CVD by
targeting risk factors such as elevated serum LDL-cholesterol lev-
els (Chau and others 2004; Kendall and others 2009).The results
from numerous epidemiological and clinical studies have been so
convincing that moderate or higher intakes of dietary fibers can
effectively lower CVD risk through its action on LDL-cholesterol
(see Table 3). Generally, it has been demonstrated that a 1% re-
duction in serum levels of LDL-cholesterol corresponds to a 1%
to 2% reduction in the occurrence of CVD events, making LDL-
cholesterol an excellent intermediary biomarker for assessment
of CVD risk (Kendall and others 2009).

The exact mechanism by which dietary fibers lower serum LDL-
cholesterol levels is not known. Evidence suggests that they may
interfere with the lipid and/or bile acid metabolism. The hypoc-
holesterolemic property of some dietary fiber, such as coconut is
associated with the water-soluble fractions of fiber such as uronic
acid, glucomannans, and galactomannans (Trinidad and others
2006). Uronic acid and galactomannans are not digested in the
small intestine but are metabolized by the microflora in the large
intestine and produce short-chain fatty acids such as acetate, pro-
pionate, and butyrate that contribute to lowering serum choles-
terol levels: butyrate is primarily metabolized by colonic mucosal
cells, while acetate and propionate are rapidly absorbed. It has
been hypothesized that the production of short-chain fatty acids,
and in particular changes in the propionate/acetate ratio, may in-
fluence lipid metabolism (Trinidad and others 2006; Theuwissen
and Mensink 2008). Bean starches lower the levels of serum to-
tal cholesterol, VLDL-cholesterol, and LDL-cholesterol, increase
the fecal concentration of short-chain fatty acids (in particular
the butyric acid concentration), and increase fecal neutral sterol
excretion (Martinez-Flores and others 2004).

Other suggested mechanisms include the inhibition of hepatic
lipoprotein production and/or cholesterol synthesis by fermen-
tation products and the delayed absorption of macronutrients
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Figure 1 —Classification of dietary
fiber.
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leading to increased insulin sensitivity (Lunn and Buttriss 2007;
Theuwissen and Mensink 2008). Mun and others (2005) reported
that the reduction in the levels of cholesterol and other lipids by
dietary fibers may be a consequence of an increase in aqueous
phase viscosity, an alteration in droplet disruption or coalescence
kinetics, and the reduced absorption of lipid, cholesterol, and bile
acid.

For Lairon and others (2007) dietary fibers can affect lipid di-
gestion or absorption in the small intestine through a variety
of physicochemical mechanisms: (i) direct interaction with [i-
pase: dietary fibers may interact directly with the lipase and/or
co-lipase, thereby reducing their enzyme activity (Klinkesorn
and McClements 2009); (ii) the formation of a protective mem-
brane around lipid droplets: dietary fibers may adsorb around
lipid droplets and form a protective coating that prevents the
lipase/co-lipase from coming into close contact with the lipid
substrate inside the droplets (Mun and others 2006); (iii) binding
bile salts: some dietary fibers bind bile salts, which may prevent
them from emulsifying the lipids in the small intestine or from
transporting lipid digestion products from the droplets to the in-
testinal mucosa (Thongngam and McClements 2005); and (iv)
viscosity enhancement: many dietary fibers increase the viscos-
ity of the aqueous solution surrounding the lipid droplets, which
may alter the efficiency of droplet disruption and coalescence
in the stomach and small intestine (Gallaher and Schneeman
2003).

Some researchers suggest that fiber may increase the size of the
circulating very-low-density lipoprotein cholesterol (VLDL) and
chylomicrons with consequent increased exposure to lipopro-
tein lipolysis (Vahouny and Kritchevsky 1986). Glucomannan is
a special hydrosoluble fiber with the same properties as insol-
uble fiber. It increases its original volume by about 100 times,
after contact with water, which causes an increase in the volume
and viscosity of gastrointestinal content and enhances intestinal
transit. One consequence of this is the interference with food
absorption (Trinidad and others 2006) (Figure 2a). The physical
and chemical high-density structure of glucomannan may clarify
its hypocholesterolemic activity. Chitosan is being used as a new
source of dietary fiber because of its biocompatibility, low toxic-
ity in animal organs, and its chemical structure which is similar
to that of cellulose and is not cleaved by digestive enzymes in
humans (Dutta and others 2009). It contains 1 amino group per
residue, which produces high-positive-charge densities in acidic
solutions, unlike other dietary fibers. Chitosan is considered a
potential ingredient of functional foods because of its beneficial
activity in lipid disorders (Koide 1998). Several studies have re-

ported that chitosan has a hypocholesterolemic action in animal
models and healthy humans (Liao and others 2007; Liu and oth-
ers 2008; Zhang and others 2008). Chitosan acts as a weak anion
exchange resin and exhibits substantial viscosity in vitro, either of
which properties could mediate its hypocholesterolemic effect.
Ausar and others (2003) propose that chitosan inhibits choles-
terol absorption and increase bile acid excretion. Unlike fibers
of vegetable origin, the amine groups of chitosan take one hy-
drogen ion from the acid fluids of the stomach, which causes
the formation of a positively charged tertiary amine group. In this
way, negatively charged molecules such as fats, fatty acids, other
lipids, and biliary acids, interact with the chitosan (Borderias and
others 2005). Chitosan also interferes by trapping neutral lipids
such as cholesterol and other sterols by means of hydrophobic in-
teractions. These electrostatic and hydrophobic bonds cause the
formation of long polymeric compounds, which are weakly at-
tacked by digestive processes in the organism. This mixture passes
into the intestine, where the fat/chitosan emulsion immediately
changes to an insoluble gel owing to the pH of the medium, and
thus fat droplets cannot be attacked by pancreatic or intestinal
enzymes (Ylitalo and others 2002).

Dietary fiber may influence bile acid metabolism. Bile acids
are highly effective detergents that promote solubilization, di-
gestion, and absorption of dietary lipids and lipid-soluble vita-
mins throughout the small intestine. High concentrations of bile
salts are maintained in the duodenum, jejunum, and proximal
ileum, where fat digestion and absorption take place (Ridlon and
others 2006). Normally, they are almost completely reabsorbed
in the ileum (Hofmann 1994). Several dietary fibers are able
to interact with bile acids in the small intestine, resulting in a
lower reabsorption, an increased transport toward the large in-
testine, and, finally, a higher excretion of bile acids (Dongowski
and others 2003). Evidence suggests that some water-soluble
fibers may form a thick unstirred water layer in the intestinal
lumen. This layer may act as a physical barrier, thereby decreas-
ing the (re)absorption of fats, including cholesterol and bile acids
(Figure 2c). This would lead to an increased fecal output of these
2 components. Because the bile acid pool is limited, the higher
excretion of bile acids requires an increased hepatic synthesis of
bile acids. As a result, the hepatic conversion of cholesterol into
bile acids increases, hepatic pools of free cholesterol decrease
and, to reach a new steady-state, endogenous cholesterol syn-
thesis increases. This is probably the major hypocholesterolemic
pathway that occurs in hypercholesterolemic individuals or an-
imals (Garcia-Diez and others 1996; Theuwissen and Mensink
2008).
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Table 1 —Types of dietary fiber, its description, and principal sources.

Chemical
Origin component Description Sources
Plant Cellulose Polysaccharides comprising up to 10000 Principal component of the cell walls of most

Hemicellulose

Lignin

Resistant starch

Glucomannan

B-Glucans

Pectin

Gums

Uronic acid

Mucilages

Oligosaccharides

Animal Chitosan

Resistant
maltodextrins

Synthetic

closely packed glucose units, arranged
linearly, making cellulose very insoluble and
resistant to digestion by human enzymes.

Polysaccharides containing sugars other than
glucose. Associated with cellulose in cell
walls and present in both soluble and
insoluble forms.

Three-dimensional network of coupled
monomers of a varied
4-hydroxyphenylpropanoid type.

Polysaccharides composed of linear
a-1,4-D-glucan, essentially derived from
retrograded amylase fraction.

A highly branched polysaccharide, soluble,
fermentable, and viscous dietary fiber.

Unbranched polysaccharides composed of
(1-4) and (1-3) linked B-D-glucopyranosyl
units in varying proportions.

Polysaccharides comprising galacturonic acid
and a variety of sugars; soluble in hot water
and forms gels on cooling.

Hydrocolloids derived from plant exudates.

Polysaccharides comprising g-D-glucuronic
acid, g-D-galacturonic acid,
B-D-4-O-methylglucuronic acid.

Present in the cells of the outer layers of seeds
of the plantain family.

Polysaccharides consisting of 3 to 15
monosaccharide units.

Linear polysaccharide consisting of (1,4)-linked
2-amino-deoxy-b-D-glucan, deacetylated
derivative of chitin.

Typically produced by purposeful
rearrangement of starch or hydrolyzed starch
to convert a portion of the normal
alpha-1,4-glucose linkages to random 1,2-,
1,3-, and 1,4-alpha or beta linkages.

plants. Forms about 25% of the fiber in grains
and fruit and about a third in vegetables and
nuts. Much of the fiber in cereal bran is
cellulose.

Forms about a third of the fiber in vegetables,
fruits, legumes, and nuts. The main dietary
sources are cereal grains.

Foods with a woody component; for example,
celery, and the outer layers of cereal grains.

Whole grains, legumes, cooked and chilled
pasta, potatoes, rice, and unripe bananas.

Derived from the root of the elephant yam or
konjac plant.

Major component of cell wall material in oats
and barley, only present in small amounts in
wheat.

Found in cell walls and intracellular tissue of
fruits and vegetables. Fruits contain the most,
but pectins also represent 15% to 20% of the
fiber in vegetables, legumes, and nuts.

Plant exudates (gum arabic and tragacanth),
seeds (guar and locust beans), and seaweed
extracts (agar, carrageenans, alginates).

Found in cell wall of higher plants.

Psyllium (Plantago ovata)

Pulses, onions, Jerusalem artichokes, garlic,
and more.

Mainly obtained from crustacean shells, also
certain fungi, is the 2nd-most abundant
natural polymer in nature after cellulose.

Sources: Dutta and others (2009); Mermelstein (2009); Sharma and others (2008); Lunn and Buttriss (2007); Charalampopoulos and others (2002); Tharanathan (2002); Willfér and others

(2009); Trinidad and others (2006).

Another possible mechanism is a reduction in the absorption
of lipid, cholesterol, and bile acids, which could alter micelle
formation and decrease the ability of cholesterol to incorporate
into micelles (Carr and Jesch 2006). Dietary fiber has the capac-
ity to bind bile acids, metabolites of cholesterol which play an
important role in the digestion and absorption of lipids in the
small intestine (Figure 2b). A high bile acid binding ability of
fiber could lead to lower serum cholesterol concentrations by in-
terrupting enterohepatic circulation (Eastwood 1992). Eastwood
and Morris (1992) reported that the primary attribute of soluble
fibers that inhibit cholesterol absorption is their ability to form a
viscous matrix when hydrated. Many water-soluble fibers become
viscous in the small intestine. It is believed that increased viscos-
ity impedes the movement of cholesterol, bile acids, and other
lipids and hinders micelle formation, thus reducing cholesterol

absorption and promoting cholesterol excretion from the body
(Carr and Jesch 2006). Pectin, 8-glucans, fructans, and gums have
been identified as agents that can work through the production
of a viscous matrix that hinders movement of cholesterol and
bile acids into micelles as well as the subsequent uptake of mi-
celles into the enterocyte (Jones 2008). If viscosity in the lumen
of the gut is important for physiological efficacy, it is important
to understand which factors in a food might reduce or enhance
the ability of pectin or B-glucans to generate viscosity. In the
most general sense, the manner in which a soluble fiber will
modify solution properties depends on the amount, solubility, or
extractability under physiological conditions and the molecular
weight and structure of the fiber. Changes in these properties of
pectin or B-glucans in a food product may profoundly influence
the physiological response (Wood 2007). Some fibers, such as,
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Table 2-Total dietary fiber, soluble dietary fiber, and insoluble dietary fiber of some cereals, fruits, and vegetables.

Total dietary

Total soluble

Total insoluble

Food group Product fiber (%) dietary fiber (%) dietary fiber (%) Reference
Cereals Whole rye bread 17.70 12.70 5.00 Hiller and others (2009)
Whole wheat 17.00 2.30 14.70 Ragaee and others (2001)
Oat fiber 97.00 4.00 93.00 Sabanis and others (2009)
Whole maize 19.60 3.60 16.0 Picolli da Silva and Santorio-Ciocca (2005)
Fruits and vegetables  Citrus fiber 71.62 9.25 62.37 Fernandez-Lopez and others (2009)
Carob fiber 85.00 11.00 74.00 Wang and others (2002)
Tiger nuts fiber 59.71 0.105 59.61 Sanchez-Zapata and others (2009)
Guava fiber 74.80 24.70 50.10 Jiménez-Escrig and others (2001)
Cabbage fiber 80.50 17.60 62.90 Dongowski (2007)
Cocoa fiber 60.54 10.09 50.45 Lecumberri and others (2007)
Mango fiber 28.05 14.25 13.80 Vergara-Valencia and others (2007)
Apple fiber 60.00 15.00 45.00 Rosell and others (2009)
Sugar beet fiber 76.90 52.10 24.80 Dongowski (2007)
Carrot fiber 80.70 32.70 48.00 Kotcharian and others (2004)
Pea fiber 86.70 6.90 79.80 Wang and others (2002)

oligofructose and inulin are not viscous fibers but rather serve
as excellent fuel sources for beneficial intestinal bacteria, partic-
ularly Lacobacillus spp. and Bifidobacterium spp (Boeckner and
others 2001). In this way, changes in intestinal microflora in-
duced by oligofructose and inulin have been shown to alter the
bile acid profile and promote fecal bile acid excretion (Trautwein
and others 1998).

Cholesterol 7-a-hydroxylase is the key regulatory enzyme in
the synthesis of bile acids. The primary bile acids (Figure 3), cholic
acid (3e,7a,12a-trihydroxy-5B-cholan-24-oic acid) and chen-
odeoxycholic acid (3«,7a-dihydroxy-58-cholan-24-oic acid), are
dehydrolyzed and converted to secondary bile acids, called de-
oxycholic acid (3«,12a-dihydroxy-58-cholan-24-oic acid) and
lithocholic acid (3a-hydroxy-5p8-cholan-24-oic acid), respec-
tively (Rodriguez and others 2006). The activity of this impor-
tant rate-determining enzyme, cholesterol 7-a-hydroxylase, has
been observed to increase in a dose-dependent manner in fiber-
supplemented diets (Buchman and others 2000). Intestinal bacte-
ria are able to convert the primary bile acids into various types of
secondary bile acids too (Ridlon and others 2006). Colonic bac-
teria also contribute to the recovery of bile salts that escape active
transport in the distal ileum. The major bile salt modifications in
the human large intestine include deconjugation, oxidation of hy-
droxy groups at C-3, C-7, and C-12, and 7a/g-dehydroxylation.
The deconjugation and 7a/B-dehydroxylation of bile salts in-
creases their hydrophobicity and their Pk,, thereby permitting
their recovery via passive absorption across the colonic epithe-
lium (Ridlon and others 2006).

Naumann and others (2006) reported that a 8-glucan-enriched
meal is thought to increase bile acid binding which, in turn, may
(i) decrease reabsorption of bile acids and drive bile acid synthesis
from hepatic cholesterol, hence depleting the body’s cholesterol
pool and/or (ii) decrease absorption of intestinal cholesterol. The
degree of absorption of common bile acids, lithocholic, deoxy-
cholic, chenodeoxycholic, and cholic acids and cholesterol by
fiber from plant food depends on the kind of raw material, con-
ditions of processing, and type of bile acid (Gérecka and others
2002). Schwiggert and others (2009) reported that the bile acid
binding capacity seems to depend on various properties of the
plant cell wall material such as particle size, surface character-
istics (hydrophobicity), and molecular structure. There are also
effects of bile acid structure on the extent of the interactions with
dietary fiber. Dihydroxy-bile acids, such as glycochenodeoxy-

cholic acid and glycodeoxycholic acid were more strongly bound
to dietary fiber preparations than were trihydroxy-bile acids
(Drzikova and others 2005). Gérecka and others (2005) reported
that dihydroxy-bile acids such as deoxycholic acid are bound
more strongly by cereal products than monohydroxy-bile acids,
such as lithocholic acid or trihydroxy-bile acid (cholic acid).
Fechner and others (2009) reported that Boregine fiber (Lupinus
angustifolius boregine) significantly increased the daily excretion
of cholic acid from 9 to 15 mg/d and chenodeoxycholic acid from
9 to 13 mg/d in the stool. Boregine, Typ Top (Lupinus albus), and
soy (Glycine max hefeng) reduced the concentration of the total
bile acids and secondary bile acids. Soy was the only fiber which
also decreased the concentration of primary bile acids. In addi-
tion to plasma cholesterol, plasma triacylglycerol concentrations,
and fatty acid synthesis, may be altered by ingestion of viscous
fiber. Topping and others (1988) fed adult rats diets containing
methylcellulose (80 g/kg) as the fiber source. The methylcellulose
was obtained in 3 different viscosities: low (25 cP), medium (400
cP), and high (1500 cP). After 10 d, a 2.2-fold reduction in hep-
atic fatty acid synthesis was observed in the rats consuming the
high-viscosity methylcellulose. In addition, plasma triacylglyc-
erol concentrations were lower (P < 0.05) in rats consuming high-
viscosity methylcellulose compared with low-viscosity methyl-
cellulose (1.2 and 1.6 umol/mL, respectively). Dongowski (2007)
studied different types of commercial and laboratory-made di-
etary fibers. Digested cereal products (barley, oat, rye, and wheat
flour; oat bran), alcohol-insoluble substances from apples, straw-
berries, rowan berries, carrots, white cabbage, red beets, and
sugar beet pulp, as well as arabinoxylan, bind 1.21 to 1.77 umol
bile acids/100 mg, while Novelose™ (a commercial fiber) binds
approximately 0.65 pmol bile acids/100 mg. Carob fiber had the
highest binding capacity (1.83 to 1.96 umol bile acids/100 mg)
whereas cellulose had no effect. For Kahlon and Smith (2007)
the variability in bile acid binding between the fruits tested
may be related to their phytonutrients, antioxidants, polyphe-
nols, flavonoids (anthocyanins, flavonols, and proanthocyani-
dins), structure, hydrophobicity of undigested fractions, and an-
ionic or cationic nature of the metabolites produced during diges-
tion or their interaction with active binding sites. These reearchers
reported that bile acid binding, on a dry matter basis, of bananas
(0.90 umol bile acids/100 mg) was significantly higher than that
of nectarines (0.21 umol bile acids/T00 mg) and significantly
lower than those for peaches (0.60 pumol bile acids/T00 mg),
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pineapple (0.59 umol bile acids/100 mg), grapes (0.50 pmol
bile acids/100 mg), pears (0.47 umol bile acids/100 mg), and
apricots (0.31 umol bile acids/100 mg). Schwiggert and others
(2009) investigated the bile acid binding capacity of the lupine
fiber products with an in vitro assay. The lupine dietary fiber prod-
uct showed a bile acid binding capacity of about 19% of that of

Table 3 —Overview of human clinical trials.

the pharmaceutical cholestyramine (a cholesterol-lowering, bile
acid-binding drug). Kahlon and Chow (2000) found that different
cereal brans, g-glucan-enriched barley and ready-to-eat breakfast
cereals bound 0.3 to 1.8 umol bile acids/100 mg. Cholestyramine
was the positive control treatment, and cellulose was the negative
control. Kahlon and others (2007) reported that the in vitro bile

Clinical status

Ingredient

Dose (g/d) Time (d)

Decrease

Reduction (%)

Reference

Normal healthy
Normal healthy
Normal healthy

Normal healthy

Normal healthy

Normal healthy
Normal healthy
Normal healthy

Mildly
hypercholesterolemic

Mildly
hypercholesterolemic

Mildly
hypercholesterolemic

Mildly
hypercholesterolemic

Mildly
hypercholesterolemic

Mildly
hypercholesterolemic

Hypercholesterolemic
Hypercholesterolemic

Hypercholesterolemic

Hypercholesterolemic
Hypercholesterolemic
Hyperlipidemic
Hyperlipidemic
Hyperlipidemic

Hyperlipidemic
Diabetics

High-fiber vegetable

Inulin

Inulin

FOS

Pectins, gums,
mucilages,
hemicelullose,
cellulose and lignins

B-Glucan

Inulin

Bamboo fiber

B-Glucan

B-Glucan
B-Glucan
Guar gum, pectin, soy

fiber and pea fiber

Coconut fiber

Coconut fiber

Carob fiber
Psyllium

Glucomannan

Psyllium
Polidextrose
Inulin

Inulin

Inulin

B-Glucan
Artichoke fiber

140 14
10 21
9 28
9.4 21
30 90
3 77
10 56
28 6
5.9 49
6 35
3 35
20 63
25 14
15 14
15 42
5.1 182
6 56
10.2 56
15 26
18 42
7 28
20 21
7 21
6 90

LDL-cholesterol
Triglycerides
Total cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
LDL/HDL
LDL-cholesterol

Total cholesterol,
LDL-cholesterol,
Triglycerides
Total cholesterol,
LDL-cholesterol,
triglycerides
LDL-cholesterol,
LDL/HDL
Total cholesterol,
LDL-cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
LDL/HDL
Total cholesterol,
LDL-cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
triglycerides
LDL-cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
Total cholesterol,
LDL-cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
Total cholesterol,
triglycerides
Total cholesterol,
LDL-cholesterol,
Total cholesterol,
triglycerides
Triglycerides
LDL-cholesterol
Total cholesterol,
LDL-cholesterol,
triglycerides

33
16.3
7.9
21.2
4.4
5.4
5.3
12.8

1.2
17.4
1.3
21
21.5
27.3
14.0
9.0
4.54
11.37
10.37

Jenkins and others (2001)
Letexier and others (2003)
Brighenti and others (1999)

Schaafsma and others (1998)

Aller and others (2004)

Karmally and others (2005)
Jackson and others (1999)
Park and Jhon (2009)
Kerckhoffs and others (2003)

Behall and others (2004)

Behall and others (2004)

Knopp and others (1999)

Trinidad and others (2006)

Trinidad and others (2006)

Zunft and others (2003)
Anderson and others (2000b)

Martino and others (2005)

Anderson and others (2000a)
Pronczuk and Hayes (2006)
Davidson and others (1998)

Balcazar-Mufioz and others
(2003)

Causey and others (2000)

Pomeroy and others (2001)

Nazni and others (2006)
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acid binding, on a dry matter basis, of some vegetables (relative
to cholestyramine) was: beets, 18%; okra, 16%; eggplant, 14%;
asparagus, 10%; carrots, 8%; green beans, 7%; cauliflower, 6%;
and turnips, 1%.

There is strong clinical evidence suggesting that the use of vis-
cous fibers reduces serum cholesterol and the subsequent risk of
CVD. This relationship is amplified when other cholesterol low-
ering foods are used alongside viscous fibers. Evidence on the
possible role of whole grain fibers and CVD are less conclusive.
While cohort studies suggest a protective role, clinical trials show
a lack of metabolic benefit. Randomized trials need to be under-
taken to strengthen the evidence on the possible relationship or
the lack thereof (Kendall and others 2009).

Other Physiological Effects

Extracts rich in dietary fiber obtained from plants can be used as
functional ingredients (Ferndndez-L6épez and others 2007; Pérez-
Alvarez 2008b; Sendra and others 2008) since the fibers may
interact physiologically to provide numerous health benefits that
go far beyond supporting bowel regularity. These benefits may
include not only digestive health, but weight management, car-
diovascular health, and also general wellness.
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Indeed hyperlipidemia, and hypercholesterolemia effects, diets
naturally high in dietary fiber, can be considered to bring about
4 main physiological consequences (Figure 4): (i) improvements
in gastrointestinal health; (ii) improvements in glucose tolerance
and the insulin response; (iii) reduction in the risk of developing
some cancers; and (iv) lipid digestion and hence some degree of
weight management (Lunn and Buttriss 2007).

Improvements in gastrointestinal health

The fact that fiber can bind a large amount of water makes
it highly useful from a physiological point of view, since it en-
larges the volume of the aqueous phase of the food pellet and
slows down the absorption of nutrients in the intestine (Galla-
her and Schneeman 1986). It is now recognized that the tradi-
tional chemoprotective role of dietary fiber, which formerly con-
sisted of fecal bulking, rapid transit, and augmenting the fecal
volume and the frequency of evacuation, may have added bene-
fits (Cummings 2001; Spiller and Spiller 2001). These purported
health-promoting properties could include the so-called prebiotic
activity (Gibson and Roberfroid 1995), putatively encompassing
cell protective effects of particular antioxidants that can be lib-
erated in the colon after fermentation by the gut flora (Ferguson
and others 2005).
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Figure 4 —Bile acids, classification, and chemical structure.

The type, source, and amount of the fiber influence the intesti-
nal function in different ways; in general, fibers that are resistant
to colonic fermentation, such as wheat bran, mostly increase the
content of the intestine. However, highly fermentable fibers gen-
erate a large mass of microorganisms and thus, likewise, increase
the intestinal content (Borderias and others 2005).

Improvements in glucose tolerance and the
insulin response

The beneficial effect of dietary fiber on postprandial metabolic
parameters and glucose control has been the object of many stud-
ies over recent decades (Kabir and others 2002; Behall and others
2006). Several studies have shown that the risk of type 2 diabetes
mellitus is inversely correlated with the intake of diets with a low
glycemic index or with high fiber content (Schulze and others
2004). Reductions in plasma glucose concentrations, as a result
of the consumption of viscous fiber sources may be due to several
events. First, ingested viscous fibers cause slow gastric emptying
by forming a gel matrix as a result of their water-holding capac-
ity (Wursch and Pi-Sunyer 1997). As these hydrated fibers enter
the small intestine, the gel matrix may thicken the small intesti-
nal contents, modulating digestive processes by decreasing the
diffusion of nutrients for absorption, and contact between food
and digestive enzymes. In addition, viscous fibers could alter the
resistance of contractile movements within the gastrointestinal
tract and thereby decrease the transport of glucose to absorptive
surfaces. Furthermore, at the absorptive surfaces, the ingestion
of viscous fibers may thicken the unstirred water layer through
which glucose and cholesterol diffuse very slowly (Edwards and
others 1988; Malkki 2001).

Reduction in the risk of developing some cancers
Fiber and starch are thought to be important protective factors,

with a strong inverse relationship between starch consumption

and colorectal cancer incidence (Topping and others 2008). Sev-

eral mechanisms that might explain the protective effect of fiber
have been proposed.

Soluble fiber has a positive impact on colonic health by in-
creasing the crypt cell production rate, or decreasing colonic
epithelial atrophy in comparison with nonfiber diets (Slavin and
others 2009). Dietary fiber might reduce the risk of colorectal
cancer by increasing the speed of transit of food material through
the large intestine, by fermentation in the large bowel, and by pro-
ducing high levels of short-chain fatty acids (Sharma and others
2008). The butyric acid or its salts may promote cell differentia-
tion, induce apoptosis, and/or inhibit the production of secondary
bile acids by reducing luminal pH (Nagengast and others 1995;
Potter 1999). There is evidence that butyrate may reduce the risk
of malignant changes in cells. Population studies in the cecum of
rats fed with dietary fiber preparations have shown that increase
in fecal bulking and lower fecal pH, as well as greater production
of SCFA, is associated with the decreased incidence of colon can-
cer, which have been suggested to resemble the effects of soluble
dietary fiber (Tharanathan and Mahadevamma 2003).

Lipid digestion and some degree
of weight management

Dietary fiber intake seems to best predict total energy intake,
with several reports of lower total energy intake with high-fiber as
compared to low-fiber diets (Pereira and Ludwig 2001). Keenan
and others (2006) reported that the use of resistant starch in
the diet as a bioactive functional food component is a natu-
ral, endogenous way to increase gut hormones that are effective
in reducing energy intake, so may be an effective natural ap-
proach to the treatment of obesity. A number of researchers have
examined the potential of dietary fiber to modify fat oxidation
and various studies have examined its potential as a satiety agent
and also a contributar to weight management (Sharma and oth-
ers 2008; Mikusova and others 2009), although the results are
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still not conclusive. It is proposed that eating a diet rich in fiber
may increase the mobilization and use of fat stores as a direct
result of a reduction in insulin secretion (Tapsell 2004). There
are probably several reasons why high-fiber diets are associated
with lower food intake. First, high-fiber diets may trigger maxi-
mal sensory stimulation in the mouth due to the increased need
for chewing. High-fiber diets also lead to slower gastric empty-
ing and a slower rate of nutrient absorption. Finally, a high-fiber
diet reduces the energy density of the overall diet. Regardless of
the reason, increasing dietary fiber is generally thought to aid in
weight management (Hill and Peters 2002).

Technological Functionality

The functional properties of plant fiber depend on the IDF/SDF
ratio, particle size, extraction condition, and vegetable source
(Jaime and others 2002). From a technological point of view, dy-
namic viscosity, gelling ability, hydration properties, and viscous
and elastic characteristics of soluble and insoluble dietary fiber
have proven to account for major properties with variable influ-
ence on the functionality of fiber-supplemented foods (Collar and
Angioloni 2009).

The physiological functions of the DF are often attributed to
its physicochemical properties, water-holding capacity, swelling,
rheological, and fat binding properties, and susceptibility to bac-
terial degradation or fermentation (Dikeman and Fahey 2006).

The dietary fibers from cereals are more frequently used than
those from fruits; however, fruit fibers have, in general, better nu-
tritional quality than those found in cereals, because of their sig-
nificant contents of associated bioactive compounds (flavonoids,
carotenoids, and others) and more balanced composition (higher
overall fiber content, greater SDF/IDF ratio, water- and fat-holding
capacities, lower metabolic energy value, colonic fermentability,
as well as lower phytic acid content (Chau and Huang 2003;
Figuerola and others 2005).

Water holding capacity (WHC)

The most important property from a technological standpoint
is the ability to bind water. WHC depends on several factors such
as:

(i) Particle size: Sangnark and Noomhorm (2003) reported that
a decrease in fiber particle size was associated with a reduc-
tion in water holding capacity.

(ii) Processing: washing increases WHC probably because of
removal of sugars (Larrauri 1999).

(iii) Type of fiber: Soluble fibers possess a higher WHC than
insoluble fibers (Rosell and others 2009).

Oil holding capacity (OHC)
OHC, also, is an important property. It represents the capacity
of a fiber to bind fat, and depends on:

Porosity: The porosity of the fiber is more important than molec-
ular affinity to bind the fat (Nelson 2001).

Particle size: the lower the particle size, the higher the oil holding
capacity.

Washing does not affect the OHC (Lario and others 2004).

Chelating capacity

The chelating properties of DF depend on the chemical struc-
ture and mass fraction of the components. Thus, hemicellulose
and pectins are among those with a remarkable ability to bind
heavy metals (Nawirska and Kwasniewska 2005). The chelating
capacity of the preparations has been found to be influenced

by DF origin (fractional composition), experimental conditions
(pH, temperature), and the type of the metal being investigated
(Nawirska and Oszmianski 2001).

Gel-forming capacity

Gel is the name given to an association of polymeric units to
form a network in which water and/or other solutes are included.
Many soluble fibers form gels, for instance, carrageenans, pectins,
konjac, and so on. The capacity to form a gel and the charac-
teristics of that gel will depend on a number of factors including
concentration, temperature, presence of certain ions, and pH
(Borderias and others 2005).

Fermentative capacity

Fibers are able to ferment to various extents depending on
the type of fiber. Thus, whereas cellulose ferments to a very small
extent, pectins are entirely fermentable (Gallaher and Schneeman
2003).

The ideal dietary fiber should meet the following requirements
(Saura-Calixto and Larrauri 1996):

(i) Have no nutritionally objectionable components.

(ii) Be as concentrated as possible so that minimum amounts
can have a maximum physiological effect.

(iii) Be bland in taste, color, texture and odor.

(iv) Have a balanced composition (insoluble and soluble frac-
tions) and adequate amounts of associated bioactive com-
pounds.

(v) Have a good shelf life that does not adversely affect that of
the food to be formulated.

(vi) Be compatible with food processing.

(vii) Have the right, positive image in the eyes of the consumer
with regard to source, wholesomeness, and so on.

(viii) Have the expected physiological effects.

(ix) Be reasonable in price.

Foods Enriched with Dietary Fiber

The importance of food fibers has led to the development
of a large potential market for fiber-rich products and ingredi-
ents and, in recent years, there has been a trend to find new
sources of dietary fiber that can be used as ingredients in the
food industry (Chau and Huang 2003). At present, a great variety
of foods, including meat products (Alesén-Carbonell and others
2005; Fernandez-Lopez and others 2007; Fernandez-Lépez and
others 2008), fish (Sanchez-Zapata and others 2008), breakfast
cereals and bakery products (Vergara-Valencia and others 2007),
and dairy products (Garcia-Pérez and others 2006; Sendra and
others 2008) have been enriched with fiber (Figure 5). Table 4 lists
how certain types of fiber have been used, for different purposes,
in foods.

The enrichment of bakery products has traditionally consisted
of the addition of unrefined cereals; however, there is a trend to-
wards using other DF sources, mainly fruits, which present better
nutritional quality, higher amounts of total and soluble fiber, a
lower caloric content, stronger antioxidant capacity, and greater
degrees of fermentability and water retention (Wang and others
2002; Nazni and others 2006; Uysal and others 2007; Vergara-
Valencia and others 2007; Ozturk and others 2008).

In the case of meat or fish products, the addition of dietary
fiber affects the physicochemical properties of the product in-
cluding a reduction in the residual nitrite levels (Fernandez-
Ginés and others 2004; Fernandez-Lépez and others 2008) or
increased antioxidant activity (Aleson-Carbonell and others
2005; Sanchez-Alonso and others 2008; Sanchez-Zapata and
Pérez-Alvarez 2008; Viuda-Martos and others 2008) due to their
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Table 4 —Food products enriched with different types of fiber.

Food group Food Type of fiber Technological effect Reference
Bakery products Bread and Mango dietary Anti-radical efficiency Vergara-Valencia and others (2007)
cookies fiber
Cookies Apple and lemon Lower phytic acid contents Bilgi¢li and others (2007)
fiber
Bread Carob and pea Softer crumbs Wang and others (2002)
fiber
Cookies Sugarbeet fiber Increased the total dietary fiber Ozturk and others (2008)
Wire-cut cookies Lemon fiber Harder samples Uysal and others (2007)

Meat products

Dairy products

Fish products

Flakes

Biscuits
Cake
Bread

Bread

Meat batters
Beef frankfurters

Meatballs
Cooked-meat
sausage
Dry-cured
sausage
Bologna
sausage
Dry-cured
sausage
Bologna
sausage
Breakfast
sausage

Fermented milk
Yogurt

Petit-suisse
cheese
White-brined
cheese
Yogurt
Fermented milk
Yogurt cheese

Yogurt

Restructured
hake products
Restructured
fish products
Surimi

Tuna “pate”

Cod sausage

Fish sausage

Restructured
fish products

Coconut fiber

Mango fiber
Nopal fiber
Lupin kernel
fiber
Wheat fiber

Rice bran fiber
Sugarbeet fiber

Oat bran
Orange fiber

Orange fiber
Orange fiber
Orange fiber
Lemon albedo

Citrus fiber

Citrus fiber
Wheat and

apple fiber
Inulin

Oat fiber

Asparagus fiber
Chicory inulin
Inulin

Wheat and
apple fiber

Chicory fiber

White grape
fiber
Chitosan

Citrus fiber
Chitosan

Pea fiber
Wheat fiber

Increased the total dietary fiber
content

Improved antioxidant properties

Increased overall acceptability

Beneficial effects on blood glucose
and insulin measures

Lower postprandial glucose
concentrations

Regular fat control

Increased total dietary fiber content
and water-holding capacity

High acceptability

Hypocaloric product

Reduction in residual nitrite levels
Increased antioxidant activity

Better organoleptic characteristics
Reduction in residual nitrite levels

Increased antioxidant activity

Increased textural properties

Decreased availabilities of both
calcium and glucose

Improve sensory quality

Increased textural properties

Increased sensory acceptance.

Increased viability of bifidobacteria

Increased survival of probiotic
bacteria

Increased sensory acceptance

Increased hardness
Increased antioxidant activity

Increased the breaking force and
deformation of gels
Increased antioxidant activity

Increased elasticity
Lower fat content
Increased the water holding capacity

Trinidad and others (2006)
Ajila and others (2008)
Ayadi and others (2009)
Johnson and others (2003)

Feldheim and Wisker (2002)

Choi and others (2009)
Vural and others (2004)

Yilmaz and Daglioglu (2003)
Garcia and others (2007)

Fernandez-L6pez and others (2008)
Viuda-Martos and others (2008)
Garcia and others (2002)
Fernandez-Ginés and others (2004)

Alesén-Carbonell and others (2005)

Sendra and others (2008)
Rodriguez and others (2008)

Cardarelli and others (2008)
Volikakis and others (2004)
Sanz and others (2008)
Varga and others (2006)
Salem and others (2007)

Staffolo and others (2004)

Cardoso and others (2007)
Sanchez-Alonso and others (2008)
Benjakul and others (2001)

Sanchez-Zapata and Pérez-Alvarez
(2008), Sanchez-Zapata and
others (2008b)

Lépez-Caballero and others (2005)

Cardoso and others (2008)

Sanchez-Alonso and others (2007)

Vol. 9, 2010—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 253



CRFSFS: Comprehensive Reviews in Food Science and Food Safety

FIBER

Figure 5 —=Foods enriched with dietary
fiber.

significant content of associated bioactive compounds, such as
phenolic acids, flavonoids, carotenoids, and so on (Ferndndez-
Lopez and others 2009). Dietary fiber can be used, too, for im-
proving the organoleptic characteristics of meat products such as
dry-cured sausages or meatballs (Garcia and others 2002; Yilmaz
and Daglioglu 2003). They have the ability to increase the water
retention capacity, while their inclusion in the meat matrix con-
tributes to maintaining its juiciness, which means that the volatile
compounds responsible for the flavor of the product are released
more slowly (Chevance and others 2000).

Some types of fiber, as those from cereals or fruits, are used as
functional ingredients in dairy products to improve the textural
properties, the flavor properties, and the viability of probiotic
bacteria (Staffolo and others 2004; Volikakis and others 2004;
Varga and others 2006; Salem and others 2007; Cardarelli and
others 2008; Sanz and others 2008; Sendra and others 2008).

In the case of beverages and drinks, the addition of DF increases
their viscosity and stability, soluble fiber being the most used
because it is more dispersible in water than insoluble fiber. Some
examples of these soluble fibers are pectins (Mirhosseini and
others 2008; Sampedro and others 2008), #-glucans (Naumann
and others 2006; Juvonen and others 2009), and gums (Bénech
2008; Yadav and others 2009).

Conclusions

Fiber consumption has been reduced significantly in western
society and is far below the recommended level. The main rea-
son has been the change in life style, which has promoted a
significant reduction in fruit, vegetables, and legume consump-
tion. With the aim of increasing fiber intake in the diet, many
fiber-enriched foods have been developed. The addition of fibers
to food products is of great interest not only as a means of im-
proving the functionality of food products, but also as a means to
create functional foods with health benefits. Given the remark-
able range of benefits ascribed to dietary fiber there is clearly
a need for an agreed-upon definition, which can be used for
food labeling, setting nutrient reference values, and determining
a||opr0priate analytical methods and decisions relating to health
claims.

To improve our knowledge of dietary fiber composition and
structure, together with our understanding of its physiological
effects on the human body, collaborative studies are needed in-
volving the participation of researchers from different scientific
areas: chemistry, biochemistry, biotechnology, biology, physiol-
ogy, nutrition, and medicine.
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Abstract The importance of food fibers has led to the devel-
opment of a large and potential market for fiber-enriched
foods, and nowadays, there is an ongoing interest to find
new sources of dietary fiber (DF), such as agroindustrial co-
products which have traditionally been undervalued. The aim
of the article was to evaluate the suitability of five sources of
DF to develop fiber-enriched foods. Proximate analysis and
physicochemical, technological, and physiological properties
(including cholesterol absorption capacity) of these DF
sources were determined and compared. Not only proximate
composition but also physicochemical and techno-functional
properties of DF samples depend on the composition of the
raw material (pomegranate, citrus, tiger nuts...), the industrial
source, and the coproducts processing into DF extracts. Total
dietary fiber content and the ratio insoluble/soluble dietary
fiber determine the values obtained for these properties. How-
ever, cholesterol adsorption capacity seems to be influenced
for other components linked to dietary fiber. Extracts rich in
DF obtained from agroindustrial coproducts can be used as
functional ingredients. The characterization of these extracts is
very important to decide in which type of foods these fibers
could be added without causing adverse changes in the food
matrix. Pomegranate dietary fiber shows promising results
principally about their cholesterol adsorption capacity which
must be investigated in in vitro digestion process.
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Introduction

Recent years have seen increased interest on the part of con-
sumers, researchers, and the food industry into how food
products can help maintain the health of the organism, while
the role that diet plays in the prevention and treatment of many
illnesses has become widely accepted (Niba 2012; Viuda-
Martos et al. 2012). Consumers by and large understand that
fiber is a critical dietary component. In the 2012 International
Food Information Council survey (IFIC 2012), fiber ranked
third, just behind caloric content and whole grains, among key
components to take into consideration in making purchase
decisions about buying packaged foods or beverages. Fiber,
in fact, ranked higher than other nutrients associated with
health, like protein and calcium. Consumers rank fiber among
the top 10 functional foods, as they increasingly associate
fiber with various health benefits (Niba 2012).

Dietary fiber (DF) is an important component of human
diet. It is now accepted that DF may interact physiologically
to provide numerous health benefits that go far beyond
supporting bowel regularity. These benefits may include not
only digestive health but also weight management, cardiovas-
cular health, and also general wellness. Indeed hyperlipid-
emia, and hypercholesterolemia effects, diets naturally high
in dietary fiber, can be considered to bring about four main
physiological consequences: (i) improvements in gastrointes-
tinal health, (ii) improvements in glucose tolerance and the
insulin response, (iii) reduction in the risk of developing some
cancers, and (iv) lipid digestion and hence some degree of
weight management (Lunn and Buttriss 2007; Viuda-Martos
et al. 2012). The insoluble fraction of the fiber (IDF) seems to


http://crossmark.crossref.org/dialog/?doi=10.1007/s11947-015-1591-z&domain=pdf

Food Bioprocess Technol (2015) 8:2400-2408

2401

be related to the intestinal regulation, whereas the soluble fiber
(SDF) is associated to the decrease of cholesterol levels and
the adsorption of intestinal glucose (Kendall et al. 2009).

The importance of food fibers on health has led to the de-
velopment of a large and potential market for fiber-rich foods
and ingredients. Over the past few years, innovations in fiber
ingredients and product development have vastly broadened
the scope of fiber products, from traditional low-moisture prod-
uct categories like breads and cereals, to include previously
uncharted categories in the world of fiber such as dairy or meat
products and beverages (Lebesi and Tzia 2011; IFIC 2012).

So, there is a trend to find new sources of dietary fiber that
can be used as ingredients in the food industry (Chau and
Huang 2003). One of these sources is the agronomic and
agroindustrial coproducts, which have traditionally been
undervalued. The residual substances that remain after isolat-
ing the main component of the total product are abundant and
represent an inexpensive material that has been undervalued
until now, being only used as a combustible or fertilizer
(Fernandez-Lopez et al. 2004; Rodriguez et al. 2006;
Sanchez-Zapata et al. 2009; Galanakis 2012; Sun-
Waterhouse et al. 2013). There is an increasing interest in
recovering that material, which may be used among other
uses, as sources of DF destined to supplement low-in-fiber
food products (Aleson-Carbonell et al. 2003, 2005;
Fernandez-Ginés et al. 2003; Sendra et al. 2008; Sanchez-
Zapata et al. 2013). Coproducts obtained from fruit juice ex-
traction (citrus fruits, pomegranate, etc) or from tiger nuts
“horchata” (beverage) can be used for recovering different
high-added value compounds like antioxidants and dietary
fibers (Galanakis 2012). Only after getting a better knowledge
about the subject will it be possible to produce new food
systems that consider the precise functionality of DF from
both technological and physiological points of view (Guillon
and Champ 2000). Therefore, in the present study, coproducts
from lemon, grapefruit, and pomegranate juice extraction;
from lemon ice cream production; and from tiger nuts
“horchata” elaboration process were selected as DF sources
and their characteristics (proximate analysis and physico-
chemical, technological, and physiological properties) were
evaluated and compared.

Materials and Methods
Dietary Fiber Samples

DF from different agroindustrial coproducts was obtained.
Lemon dietary fiber (LDF), grapefruit dietary fiber (GDF),
and pomegranate dietary fiber (PDF) was obtained from lem-
on (Citrus lemon), grapefruit (Citrus paradisi), and pome-
granate (Punica granatum) juice industry coproducts, respec-
tively. Lemon albedo dietary fiber (LADF) was obtained from

lemon ice cream industry coproducts. Tiger nut dietary fiber
(TNDF) was obtained from tiger nut (Cyperus esculentus)
milk elaboration process coproducts. The preparation of DF
from these agroindustrial coproducts has already been report-
ed by IPOA Research Group (Aleson-Carbonell et al. 2003;
Fernandez-Ginés et al. 2003; Sanchez-Zapata et al. 2009;
Viuda-Martos et al. 2012). The milled DF source powders
were transferred to airtight plastic bags and stored in a desic-
cator at room temperature prior to parameter determination.
Figure 1 shows all DF tested samples.

Proximate Analysis

Moisture, ash, protein, and fat content were determined by
AOAC methods (AOAC 1997). Moisture (g water kg ' sam-
ple) was determined by drying a 3-g sample at 105 °C to
constant weight. Ashing was performed on a 2—-3-g sample
after combustion in a muffle furnace at 550 °C for 8 h (g ash
kg ! sample). Protein (g protein kg ' sample) was analyzed
according to the Kjeldahl method, using a factor of 6.25 for
the conversion of nitrogen to crude protein. Fat (g fat kg '
sample) was calculated by weight loss by extraction for 8§ h
with petroleum ether in a Soxhlet apparatus. Total (TDF) and
insoluble (IDF) dietary fibers were determined following the
enzymatic-gravimetric method 985.29 (AOAC 1997). Soluble
dietary fiber (SDF) was calculated by subtracting the IDF
proportion from TDF. Sugar content was calculated by
subtracting the total percent values of other measurements
from 100. All analyses were carried out in triplicate.

Physicochemical Properties

The pH value was determined in a suspension resulting from
blending a 0.5-g sample with 50 mL deionized water for 2 min
using a calibrated pH meter (Mod. pH/Ion 510, Eutech Instru-
ments Pte Ltd., Singapore).

The color parameters of DF samples were determined
using a spectrophotocolorimeter Minolta (CM-2600d,
Minolta Camera Co. Osaka, Japan). The CIELAB color space
was selected with D65 as illuminant and an observer angle of
10°. Low reflectance glass (Minolta CR-A51/1829-752) was
placed between the samples and the equipment. The CIELAB
coordinates studied were as follows: lightness (L*), coordi-
nate red/green (a*), and coordinate yellow/blue (b*).

Techno-functional Properties

The water-holding capacity (WHC) of DF samples was mea-
sured by the modified centrifugation methods described by
Robertson et al. (2000). In brief, 10 mL of ultrapure water
was added into a centrifuge tube containing 300 mg of DF
samples. Subsequently, the centrifuge tubes were stored at
25 °C for 18 h. After centrifuged (3000 rpm, 20 min at
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Fig. 1 Dietary fibers obtained
from agroindustrial coproducts

PoMEGRANATE FIBER
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LEMON FIBER TIGER NUT FIBER
LD TNF

LEMON ALBEDO FIBER GRAPEFRUIT FIBER
LADF GDF

25 °C) (Nahita Model 2690, Alicante, Espaiia), the superna-
tant was discarded and the pellet was weighed. The WHC of
each sample was expressed as the weight of water held by 1 g
of corresponding DF samples.

The swelling capacity (SC) of DF samples was measured
based on the method of Gomez-Ordofiez et al. (2010). Briefly,
DF samples (500 mg) were weighed in a 10-mL measuring
tube (0.1 mL graduations; the volume occupied by DF sample
was measured) and 5 mL ultrapure water was added. Then, it
was stirred gently to eliminate trapped air bubbles and left on a
level surface at room temperature for 24 h to allow sample to
settle. The volume (mL) occupied by the hydrated DF samples
was measured, and SC was expressed as milliliters per gram of
corresponding DF samples.

The oil-holding capacity (OHC) of DF samples was mea-
sured by the modified centrifugation methods described by
Robertson et al. (2000). In brief, 5 g of sunflower oil was
added into a centrifuge tube containing 160 mg of DF sam-
ples. Subsequently, the centrifuge tubes were stored at 25 °C
for 18 h. After centrifuged (3000 rpm, 20 min at 25 °C)
(Nahita Model 2690, Alicante, Espaia), the supernatant was
discarded and the pellet was weighed. The OHC of each sam-
ple was expressed as the weight of oil held by 1 g of corre-
sponding DF samples.

The emulsifying activity (EA) and emulsion stability (ES)
of the DF samples were determined according to Chau and
Huang (2003) method. Briefly, 1 g of each DF samples was
weighed into a 150-mL flask. Then, 50 mL of ultrapure water
was added and mixture was homogenized at 8000 rpm for
2 min (IKA-Ultra-Turrax T25, Germany) to obtain an aqueous
fiber suspension. Fifty milliliters of sunflower oil was then
added into the slurry and further homogenized at 8000 rpm

@ Springer

for 1 min. An aliquot (25 mL) of the emulsion formed was
transferred into graduated centrifuged tubes (1500 rpm, 25 °C,
5 min). The EA was calculated from the ratio of the depth of
the emulsified layer to the depth of the total volume of content
inside the centrifuge tube (as a percentage). For determining
ES, the emulsion formed was further heated in a 80 °C water
bath for 30 min and then cooled down to room temperature
(25 °C) followed by centrifugation under the above same con-
ditions. The ES was calculated in the same way as EA and also
expressed as percentage of the unheated control.

Physio-functional Properties

The bile-holding capacity (BHC) of DF samples was mea-
sured by the modified centrifugation methods described by
Eastwood et al. (1973). In brief, 5 g of porcine bile (obtained
from an official local porcine slaughterhouse (Orihuela, Ali-
cante, Spain)) was added into a centrifuge tube containing
160 mg of DF samples. Subsequently, the centrifuge tubes
were stored at 25 °C for 18 h. After centrifuged (3000 rpm,
20 min at 25 °C) (Nahita Model 2690, Alicante, Espaiia), the
supernatant was discarded and the pellet was weighed. The
BHC of each sample was expressed as the weight of bile held
by | g of corresponding DF samples.

The fat/oil binding (FOB) of all DF samples was deter-
mined by the method of Bailina (2014). This method is a
simple approach to evaluate the fiber capacity to adsorption
or retention fats into its matrix, simulating the conditions of
food digestion. In brief, DF samples (0.2 g) were weighed in a
flask and 20 mL HCI 0.16 N was added. Then, it was contin-
uously stirred for 1 h, and after, 20 g sunflower oil was added.
This mixture was stirred for 1 min before their neutralization
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with NaOH 0.1 N, simulating the pH change from stomach to
intestine. Subsequently, the flasks were stored at 25 °C for
24 h, and the free oil was weighed. The FOB of each sample
was expressed as the weight of oil held by 1 g of correspond-
ing DF samples.

The cholesterol adsorption capacity (ChAC) tries to evaluate
the fiber capacity to adsorb cholesterol into its matrix, when the
fiber is in contact with a simple system as water and oils mix.
The ChAC of all DF samples was determined as follows. Brief-
ly, 20 g ultrapure and 20 g sunflower oil (added with 100 mg/kg
cholesterol) were homogenized at 8000 rpm for 30 s (IKA-
Ultra-Turrax T25, Germany). Immediately, 1.33 g of each DF
was added and the homogenization process continued until
reaching 2 min. The mixture was transferred into a centrifuge
tube and heated in a 37 °C water bath for 1 h. After cooled
down to room temperature (25 °C), the tubes were centrifuged
(Sigma 3-16PK, Sigma, Maryland, EE.UU) (3000 rpm,
20 min). The supernatant was discarded, and the pellet phase
was used for cholesterol determination by HPLC.

The ChAC (%) was calculated as follows:

mg cholesterol adsorbed by DF sample

ChAc (%) = x 100

mg cholesterol control

HPLC Cholesterol Determination

Samples (1 g) were mixed with ascorbic acid (250 mg)
and a solution of 10 % KOH in ethanol (10 mL). After
mixing, the samples were heated in a water bath at 80 °C
for 3 min. After cooled, hexane was added and then the
tubes were capped and shaken to separate the phases. The
upper phase was removed to a clean tube (this procedure
was repeated twice). Solvent (hexane) was removed from
the tube by drying under a stream of nitrogen. The residue
was resolved in pure ethanol, filtered through a 0.45-um
Millipore filter (Millipore Corporation, Bedford, USA),
and then, 20 uL was injected into a Hewlett-Packard se-
ries 1200 HPLC (Woldbronn, Alemania) according to the
method described by Mazalli et al. (2006). The cholester-
ol was eluted through a Hypersil DBS-C18,
250 mm x 4.6 mm (Thermoscientific, Fisher Scientific,
Madrid, Spain) column and detected by absorbance at
210 nm. A mobile phase of acetonitrile/methanol/water
(50:48.5:1.5) with an isocratic flow rate of 1 mL/min
and a 20-min analysis time was used to separate choles-
terol. Identification of the cholesterol peak was done by
comparison of the retention times of the sample peaks
with those of the standard (cholesterol standard,
Acofarma, Terrasa, Spain) and by the peak spectrum anal-
ysis. Quantification was done by external standardization,
the standard curves being constructed with 6 points using
solutions of the standard (R* = 0.9984).

Analysis of Data

Data were analyzed for significant differences using two-way
ANOVA followed by Tukey post hoc test with significance set
at P < 0.05 by statistical software IBM® SPSS ver. 22 for
Windows (IBM, New York, USA). Data were presented as
mean = SD.

Results and Discussions
Analysis of Chemical Composition

The chemical composition of the different tested DF sources
(Table 1), according to the analyzed parameters, seems to
depend on the composition of the raw material (pomegranate,
citrus, tiger nuts. . .), the industrial source (juice extraction, ice
cream, “horchata”) and the coproducts processing into DF
extracts. During the processing of coproducts into fiber, the
raw material undergoes two critical steps: scalding (which
includes washing) and drying. In general terms, content of
ash, sugar, and protein decreased, while the content of fat
increased after this treatment (Marin et al. 2007; Viuda-
Martos et al. 2012).

Moisture content ranges from 69.5 to 90.8 g kg ', showing
LADF the highest (P < 0.05) moisture content. In any case,
the moisture content was <100 g kg~ ', which is in agreement
with the results of other studies for various DF sources
(Hemati-Matin et al. 2013). The protein content of tested DF
sources ranged from 47.5 to 117.2 g kg™, sugar content from
48.7 to 173.2 g kg ', and the ash content from 25.0 to
112.0 g kg~'. The component that showed the highest varia-
tion between tested DF sources was fat content (from 4.8 to
209.6 g kg !). The high content of the fats present in PDF
(P <0.05) may be due to fat content of the pomegranate seed.
Ozgul-Yucel (2005) reported that the pomegranate seeds are a
rich source of total lipids; pomegranate seed oil comprises 12
to 20 % of total seed weight. The oil is characterized by a high
content of polyunsaturated (n-3) fatty acids such as linolenic,
linoleic, and other lipids such as punicic acid, oleic acid,
stearic acid, and palmitic acid (Fadavi et al. 2006).

TDF content of tested DF sources ranged from 448.0 to
691.5 g kg '. The highest TDF content (P < 0.05) was found
in DF from citrus juice processing (LDF and GDF). Similar
results for TDF content have been reported in orange coprod-
ucts (Fernandez-Lopez et al. 2009) and lime coproducts
(Jongaroontaprangsee et al. 2007). The lowest TDF content
(P <0.05) was found in LADF, the other DF extract obtained
from a citrus fruit. These differences in TDF between citrus
fruits seem to be more dependent on the industrial source
(juice extraction vs ice cream production) than on the citrus
species used (lemon or grapefruit). As can be seen in Fig. 2,
the three DF extracts from citrus had higher (P < 0.05) SDF
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Table 1 Chemical composition

of different rich-fiber extracts Composition (g kgil) LDF GDF PDF LADF TNDF

from agroindustrial coproducts
Moisture 78.8 + 5.2b 69.5 +4.2b 79.4 + 9.0b 90.8 + 8.2a 77.1 £ 6.1b
TDF 667.1 +4.2a 691.5 £ 5.2a 518.0 + 4.1¢ 4480 £3.5d  597.1 £5.5b
Sugars 74.1 + 5.8b 48.7 £ 3.6¢c 522 +2.5¢ 1732 + 6.9a 65.6 + 4.6b
Protein 80.7 + 8.6b 117.2 + 8.2a 102.1 + 1.0a 52.5+ 5.8¢ 47.5 £ 3.6¢c
Fat 27.7 £ 1.1d 4.8 £0.5¢ 209.6 + 8.2a 72.2 +5.4c 98.5 +5.2b
Ash 433 + 1.5¢ 56.9 + 4.1b 25.0 £ 4.1d 112.0 + 2.2a 29.9 + 1.5d

The results are expressed as means + standard deviations; values followed by different letters (a—d) in the same
row are significantly different (P < 0.05) according to Tukey’s test

LDF lemon dietary fiber, GDF grapefruit dietary fiber, PDF pomegranate dietary fiber, LADF lemon albedo

dietary fiber, TNDF tiger nut fiber

content than IDF. TDF content in PDF was around 500 g kg™’
and with a ratio SDF/IDF of 1. For certain food applications,
DF concentrates should have a balanced content of soluble
and insoluble fractions; in the case of PDF, the two fiber types
are present at almost equal levels. Thus, it exhibits a good
balance that might be also important from the nutritional point
of view. The TDF content of the TNDF was 597.1 g kg™'
(Table 1), mainly IDF (99.8 % from TDF) and little SDF
(0.2 % from TDF) (Fig. 1). The TNDF had a higher IDF/
SDF ratio (496.6) than that obtained for the other DF tested
sources and also higher than that reported for fibrous residues
from other dietary fiber coproducts (Sanchez-Zapata et al.
2009). The high IDF content of TNDF points to a promising
application in food products. IDF ingestion causes sensation
of satiety, since it absorbs water and increases bolus size. It
also increases the volume and weight of the fecal bolus, pro-
moting improved functioning of the digestive system and
preventing disorders such as constipation and colon cancer
(Ku and Mun 2008).

TNF

LADF

PDF
mIDF

@ SDF

GDF

LDF

0 10 20 30 40 50 60 70 80
Dietetic Fiber (g/100g)

Fig.2 Soluble and insoluble dietary fiber (SDF, IDF) content in different
dietary fiber sources from agroindustrial coproducts (7NDF tiger nut
dietary fiber, LADF lemon albedo dietary fiber, PDF pomegranate
dietary fiber, GDF grapeftuit dietary fiber, LDF lemon dietary fiber)

@ Springer

Physicochemical Properties

Table 2 shows the physicochemical properties (pH and
CIELAB color coordinates) of the tested DF sources. The
pH of all DF sources, except TNDF samples, was acidic
(ranged from 3.84 from 4.70). Fiber pH is important informa-
tion because it can determine in which type of food matrix
they could be added, without affecting their technological be-
havior. LADF, LDF, GDF, and PDF could be suitable for their
addition to an acid food matrix (for example yogurt) while
TNDF fiber (pH near neutrality) will be more suitable for
addition to a neutral food matrix (for example meat products).
The difference in DF sources pH can also influence fiber sol-
ubility. This difference in fiber solubility could affect other
chemical or physicochemical properties of the DF sources,
for example, viscosity and also influence their ability to react
with other nutrients in the gastrointestinal tract (Luccia and
Kunkel 2002; Hemati-Matin et al. 2013).

Color is one of the most important quality parameters in
food products. The color of the different DF sources is influ-
enced by different factors as raw material (fruit variety), in-
dustrial source, and processing of coproducts into DF extracts.
During the processing of coproducts into fiber, it undergoes
high temperatures which cause enzymatic and non-enzymatic
browning (Maillard reactions) which darkens the product
(Monsalve-Gonzalez et al. 1994). Possible color changes
caused by dietary fibers would limit their potential application
in food. All DF tested sources showed high L* values (ranged
from 62.80 to 78.53); the highest lightness was found for
LADF (P <0.05). Lightness (L*) in food is related with many
factors, including the concentration and type of pigments pres-
ent, the water content, and surface water availability. In this
case, the behavior of L* values in DF sources is highly related
with their moisture content (Table 1). Red-green (a*) and
yellow-blue (b*) coordinates are affected by the structural
integrity of the fiber and the pigment content and disposition
(water or lipid soluble) (Fernandez-Lopez et al. 2005). DF
sources from citrus fruits (LDF, GDF, and LADF) showed
the lowest a* values and the highest b* values (P < 0.05).
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Table 2 Physicochemical properties (pH and CIELAB color
coordinates: L* (lightness), a* (redness), and b* (yellowness)) of
different fiber-rich extracts from agroindustrial coproducts

pH L* a¥ b*
LDF  3.84 +£0.03¢ 6491+ 144b 247 +0.17c 25.89 + 0.52b
GDF  4.15+0.02d 6522 +122b -3.12+0.20c 2822+ 1.11a
PDF 444 +£0.0lc 62.81 +1.83b 738+0.64a 1562 +0.71d
LADF 4.70 + 0.02b 78.53 +£3.25a —6.06 + 1.52d 21.28 + 1.05¢
TNDF 6.41 +0.02a 6829 +£2.36b 2.17+0.15b 17.11 +0.52d

The results are expressed as means + standard deviations. Values follow-
ed by different letters (a—d) in the same column are significantly different
(P < 0.05) according to Tukey’s test

LDF lemon dietary fiber, GDF grapeftruit dietary fiber, PDF pomegranate
dietary fiber, LADF lemon albedo dietary fiber, TNDF tiger nut fiber

Citrus fruits have a high content in yellow carotens
(xantophiles) which contribute to yellow color component
(b*). PDF showed the highest a* values and the lowest b*
values (P < 0.05). In this case, the high content in red carotens
(carotenoids) in pomegranate contributes to the red color com-
ponent (a*).

Techno-functional Properties

Table 3 shows the techno-functional properties of tested DF
sources. The WHC of a DF source measures the amount of
water retained by the fiber after subject to a stress such as
centrifugation (Nelson 2001). The WHC determined by
centrifugation method in the present study represented all
three types of waters (water bound to the hydrophilic poly-
saccharides, held within the fiber matrix, trapped within the
cell-wall lumen) associated with the fibers (Fleury and
Lahaye 1991). It is an important hydration property of a
DF source that needs to be measured before their incorpo-
ration on a food. The order of WHC (P < 0.05) of DF
sources was LDF > GDF > LADF > PDF-TNDF. No signif-
icant differences were observed between the WHC of PDF
and TNDF, but both of them were lower than others. Water
soluble and insoluble portions (SDF and IDF) of DF sources
have critical roles in WHC of DF sources. It showed that DF
sources with high insoluble portion (IDF) induce lower
WHC (Jiménez-Moreno et al. 2009; Gémez-Ordofiez et al.
2010) or on the contrary DF sources with high soluble por-
tion (SDF) induce higher WHC (Marin et al. 2007). This
relation seems to be correct also in our case. Samples with
the highest SDF content (LDF and GDF) showed the
highest WHC values, and samples with the lowest SDF
content (TNDF) showed the lowest WHC values. SC of
DF sources follow the same trend as higher SDF content
led to higher SC values. Associated water in important in
DF properties. Such water would affect DF source metabol-
ic activity across gastrointestinal tract.

The OHC for the tested DF sources is shown in Table 3.
The OHC is another property of a high-fiber ingredient that
can be applied in the food development. TNDF showed the
highest (P < 0.05) OHC values. The other DF sources tested
showed lower (P < 0.05) OHC values than TNDF and without
differences between then. These values were comparable to
that of wheat DF (2.3 g/g) (Thebaudin et al. 1997). The ability
of a fiber to bind oil is more of a function of that porosity of
fiber structure than the affinity of the fiber molecule for oil
(Nelson 2001). Therefore, the process to extract the fiber, from
agroindustrial coproducts, with water and reduction of particle
size would result in lower OHC values (Thebaudin et al. 1997,
Nelson 2001; Lario et al. 2004), since the number of pores in
fiber is reduced or the pores are preoccupied by water. Other
authors reported that a more complex mechanism determining
the variation of OHC of DF sources might be involved such as
the number of lipophilic sites, overall hydrophobicity, and
capillary attraction (Kinsella 1976). Fibers with a high OHC
allows the stabilization of high-fat content and emulsion by
retaining the fat in formulated food. OHC is important to
flavor retention and product yield especially for cooked meat
products, which normally lose fat during cooking (Thebaudin
et al. 1997; Sanchez-Zapata et al. 2009). On the other hand,
the high OHC might interfer with lipid absorption in gastro-
intestinal tract (Carvalho et al. 2009).

Emulsifying capacity (EC) is a molecule’s ability to act as
an agent that facilitates solubilization or dispersion of two
immiscible liquids, and emulsion stability (EE) is the ability
to maintain the integrity of an emulsion. LADF and TNDF
(without differences between them) showed the highest
(P < 0.05) EA and EE. The other DF sources showed also
high values for EA and ES but lower than LADF and TNDF.
EA values higher than 50 % can be considered as desirables
and suggest a good potential to act as an emulsifier in food
processing (Yasutmasu et al. 1972; Wang and Kinsella 1976).
All DF sources tested showed EA values >50 %. Furthermore,
the values obtained for EE (higher than 90 %) suggest that the
emulsion formed by all DF samples were very stable. It can
therefore be appropriated for foods requiring emulsifiers and
those with long shelf life, which require long stability.

Physio-functional Properties

Table 4 shows the physio-functional properties of tested DF
sources. The method used to evaluate the bile-holding capac-
ity (BHC) is based on the same technics applied before for
determining the WHC and OHC, using in this case a physio-
logical liquid (bile). Bile is essential to the digestion of fat in
the intestinal tract. In the absence of bile, fat passes through
the intestinal tract undigested. Bile acid, one of bile’s main
components, is derived from cholesterol, a lipoprotein. Bile
is normally secreted directly into the first part of the small
intestine from the gallbladder. All tested DF sources showed
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Table 3 Techno-functional

properties (water-holding WHC (g/g) SC (mL/g) OHC (g/g) EA (%) ES (%)

capacity (WHC), oil-holding ca-

pacity (OHC), swelling capacity LDF 796 + 0.11a 5.69 + 0.10b 1.69 + 0.13b 53.67 + 3.79 93.18 + 0.91ab

(SC), emulsion ability (EA), and  GDF 638 + 0.40b 6.50 + 0.09a 2.30 + 0.09b 54.67 + 1.16b 89.88 + 2.78b

emulsifying stability (ES)) of dif-  ppyp 443 +020d 192 +0.11c 173 + 0.03b 53.00 + 1.73b 90.52 + 2.19b

ferent fiber-rich extracts from

agroindustrial coproducts LADF 5.56 + 0.56¢ 5.70 + 0.36b 223 +0.77b 80.00 + 1.00a 95.80 + 0.77a
TNDF 3.76 + 0.42d 1.93 + 0.42¢ 3.60 + 0.22a 78.00 £ 2.00a 96.15 + 0.10a

The results are expressed as means + standard deviations. Values followed by different letters (a—d) in the same
column are significantly different (P < 0.05) according to Tukey’s test

LDF lemon dietary fiber, GDF grapefruit dietary fiber, PDF pomegranate dietary fiber, LADF lemon albedo

dietary fiber, TNDF tiger nut fiber

BHC values higher (P < 0.05) than their respective values for
WHC or OHC (Table 3). LDF and GDF showed the highest
(P < 0.05) BHC values (without differences between them).
TNDF showed the lowest (P < 0.05) BHC values. In this case,
the relation between BHC and SDF content seems clear. The
higher the SDF content, the higher the BHC. When soluble
fiber mixes with liquids in the mouth and stomach, it expands
and forms a gel-like substrate. Soluble fiber has the ability to
bind to bile acid, the main component of bile. Like fiber, fiber-
bound bile cannot convert into components the bloodstream
can absorb. It passes through the intestinal tract and is excreted
in the stool without being digested.

Fat/oil binding (FOB) is a property that allows to evaluate
the fiber capacity to adsorption or retention fats into its matrix,
simulating the conditions of food digestion. The highest
(P < 0.05) FOB values were obtained for LDF and LADF,
without differences between them. TNDF did not show any
FOB capacity. Some authors have reported that this property
could be related with the SDF content (Bailina 2014). In this
case, it seems to be related not exactly with the SDF content
but with the ratio SDF/IDF; the higher the ratio SDF/IDF, the
higher the FOB capacity.

The cholesterol adsorption capacity (ChAC) for the tested
DF sources is showed in Table 4. PDF showed the highest

Table 4  Physio-functional properties (bile-holding capacity (BHC),
fat/oil binding (FOB), and cholesterol adsorption capacity (ChAC)) of
different fiber-rich extracts from agroindustrial coproducts

BHC (g/g) FOB (g/g) ChAC (%)
LDF 8.07 + 0.08a 67.43 £ 26.37a 28.79 + 2.22b
GDF 920 + 0.65a 35.43 + 027b 2543 + 1.89¢
PDF 4.60 + 0.39¢ 14.00 + 6.98¢ 71.41 + 2.00a
LADF 6.29 + 0.33b 69.05 + 8.68a 22,99 + 1.22¢
TNDF 3.66 + 0.30¢ ND 2437 £ 2.11¢

The results are expressed as means + standard deviations. Values follow-
ed by different letters (a—c) in the same column are significantly different
(P < 0.05) according to Tukey’s testr

LDF lemon dietary fiber, GDF grapefruit dietary fiber, PDF pomegranate
dietary fiber, LADF lemon albedo dietary fiber, TNDF tiger nut fiber

@ Springer

ChAC (>70 %; P < 0.05), very higher than the rest of the
DF (ranged from 23 to 29 %). In any case, all DF tested
samples showed ChAC values higher than 20 % which is very
interesting and promising. Any of the results obtained for PDF
related to their chemical composition, physicochemical, tech-
no-functional, or physio-functional properties evaluated in
this work could explain the high values for ChAC obtained.
So, it must be another reason to explain it and it must be
related with the polyphenol content in PDF. Some authors
have reported the high content of polyphenols in pomegranate
fruit and also in coproducts from pomegranate juice extraction
process (Viuda-Martos et al. 2012; Sengul et al. 2014). Re-
cently, some authors have demonstrated that some polyphe-
nolic compounds have cholesterol-lowering activity by
inhibiting pancreatic cholesterol esterase, binding of bile
acids, and reducing solubility of cholesterol in micelles which
may result in delayed cholesterol absorption (Ngamukote
etal. 2011).

Although this property has been measured directly upon
the rich-fiber extract, without simulating any digestion pro-
cess, the results obtained are much promised. The application
of these fiber-rich extracts in food elaboration process due to
their healthy properties could be very interesting if one of the
most important properties that can be highlighted is their abil-
ity to decrease cholesterol adsorption. Taken into account that
actually the main health international organisms recommend-
ed to reduce the consumption of some meat and dairy products
because their high cholesterol content, it could be very inter-
esting to develop new meat and dairy products with these
fiber-rich extracts (for example, PDF), highlighting that this
ingredient reduces cholesterol adsorption.

Conclusions

Extracts rich in dietary fiber obtained from agroindustrial co-
products can be used as functional ingredients not only for
their content in soluble and/or insoluble dietary fiber but also
for their functional properties (technological and physiologi-
cal). All these properties are interesting for the selection of an
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extract rich in dietary fiber as ingredient in a new food devel-
opment. Depending on these properties, they can be used as
fat replacer, fat-reducing agent during frying, volume enhanc-
er, binder, bulking agent and stabilizer, emulsify agent, etc.
Pomegranate dietary fiber shows promising results principally
about their cholesterol adsorption capacity which must be in-
vestigated in in vitro digestion process.
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Effects of various fibre-rich extracts on cholesterol
binding capacity during in vitro digestion of pork
patties

Mari Cruz Lopez-Marcos, Claudia Bailina, Manuel Viuda-Martos,
José Angel Pérez-Alvarez and Juana Fernandez-Lopez*

Intake of foods containing high levels of cholesterol harms human health, and an increase in the intake of
dietary fibre (DF) may mitigate these negative effects. The co-products obtained from fruit juice extraction
(lemon, grapefruit and pomegranate), lemon ice-cream production and tiger nut "horchata” (beverage)
have been used for the production of fibre-rich extracts used as dietary fibre sources. The purpose of this
study was to examine the effect of these fibre source additions on cholesterol retention during the in vitro
digestion of pork patties. The control patties were prepared without fibre addition and for the rest of
patties a 10% of each DF was added. The pork patties were then passed through an in vitro digestion
model that simulated the composition of the mouth, stomach and small intestine juices. After digestion
and centrifugation the product separated into 3 phases (oily, aqueous and pellet phase). The effect of
each DF on the phase distribution and the amount of cholesterol retained in each phase were evaluated.
All DFs studied showed an increase in the cholesterol retained in the pellet phase. The pomegranate DF
showed a better result (32% cholesterol retained in the pellet phase). The application of these fibre-rich
extracts in food elaboration processes due to their healthy properties could be very interesting if one of

www.rsc.org/foodfunction

Introduction

The association between an elevated plasma LDL-cholesterol
concentration and increased risk for heart disease has made
the scientific community aware of dietary sources that might
effectively reduce plasma cholesterol levels. Several studies
have documented that dietary fibre (DF) lowers the risk for cor-
onary heart disease' by reducing the risk of type-2 diabetes,
body weight, and serum low-density lipoprotein-cholesterol
levels> and absorbing bile acids. Several DFs have been
reported to interact with bile acids in the small intestine,
resulting in a lower level of reabsorption and a higher level of
excretion of bile acids, thus increasing the hepatic synthesis of
bile acids from blood cholesterol.>* However, there are no
reports on the direct adsorption of cholesterol (at the jejunum)
from the diet, possibly because of the difficulty in designing a
model system. Incorporating fibre sources into our diet may
provide a useful adjunct to a low-saturated fat diet, and may
have a further beneficial effect for individuals who have mild-
to-moderate hypercholesterolemia.”®

IPOA Research Group (UMH-1 and REVIV-Generalitat Valenciana),
AgroFood Technology Department, Escuela Politécnica Superior de Orihuela,
Miguel Hernandez University, Alicante, Spain. E-mail: j.fernandez@umbh.es;
Fax: +34966749677; Tel: +34966749784

This journal is © The Royal Society of Chemistry 2015

the most important properties that can be highlighted is their ability to adsorb cholesterol.

Consumers by and large understand that fibre is a critical
dietary component. In the 2012 International Food Infor-
mation Council survey,” fibre ranked third, just behind caloric
content and whole grains, among key components taken into
consideration in making purchase decisions about buying
packaged foods or beverages.® So, there is a trend to find new
sources of DF that can be used as ingredients in the food
industry.” One of these sources is the agronomic and agro-
industrial co-products, which have traditionally been under-
valued. There is an increasing interest in recovering this
material, which may be used among other uses, as sources of
DF destined to supplement low-in-fibre food products.*®™**

To understand the DF bioactivity in foods, in vitro digestion
systems appear to provide a useful alternative to animal and
human models for rapidly screening food ingredients and are
also ethically superior, faster and less expensive than in vivo
techniques.’'® As the results of in vitro digestion depend
upon many factors associated with food composition, struc-
ture and amount, a meat product (as a source of lipid com-
pounds) has been selected to understand the DF interactions
with lipid digestion products.

Thus, the purpose of this study was to examine the effect of
various fibre-rich extracts (from agroindustrial coproducts)
added to pork patties on cholesterol levels, during their in vitro
digestion.
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Materials and methods
Dietary fibre samples

DFs from different agroindustrial coproducts were obtained.
Lemon dietary fibre (LDF), grapefruit dietary fibre (GDF) and
pomegranate dietary fibre (PDF) were obtained from the
lemon (Citrus lemon), grapefruit (Citrus paradisi) and pomegra-
nate (Punica granatum) juice industry coproducts, respectively.
Lemon albedo dietary fibre (LADF) was obtained from the
lemon ice cream industry coproducts. Tiger nut dietary fibre
(FIBRE) was obtained from the tiger nut (Cyperus esculentus)
milk elaboration process coproducts. The preparation of DF
from these agroindustrial coproducts has already been
reported by the IPOA Research Group.'*'*'”'® The milled DF
source powders were transferred to airtight plastic bags and
stored in a desiccator at room temperature prior to the deter-
mination of parameters. Fig. 1 shows all DF tested samples.
Physicochemical and technological characterization of these
DFs have been reported by Bailina (2014)."°

Determination of total, soluble and insoluble dietary fibre
content

The total (TDF) and insoluble (IDF) dietary fibre were deter-
mined following the enzymatic-gravimetric method 985.29.>°
The soluble dietary fibre (SDF) was calculated by subtracting
the IDF proportion from TDF. All analyses were carried out in
triplicates.

View Article Online
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Cholesterol adsorption capacity of dietary fibres

The cholesterol adsorption capacity (ChAC) is a measure to
evaluate the fibre capacity to adsorb cholesterol into its matrix,
when the fibre is in contact with a simple system as water and
oil mixture. The ChAC of all DF samples was determined as
follows. Briefly, 20 g ultrapure water and 20 g sunflower oil
(added with 100 mg per kg cholesterol; control) were homo-
genized at 8000 rpm for 30 s (IKA-Ultra-Turrax T25, Germany).
Immediately, 4 g of each DF were added and the homogeniz-
ation process continued until it reached 2 min. The mixture
was transferred into a centrifuge tube and heated in a 37 °C
water bath for 1 h. After being cooled down to room tempera-
ture (25 °C) the tubes were centrifuged (Sigma 3-16PK, Sigma,
Maryland, EE.UU) (3000 rpm, 20 min). The supernatant was
discarded and the pellet phase was used for cholesterol deter-
mination by HPLC.
The ChAC (%) was calculated as follows:

__mg cholesterol adsorbed by DF sample

hA
ChAC (%) mg cholesterol control

x 100

Meat patties preparation

Three independent replicates of each batch were prepared at
the IPOA Research Group Pilot Plant at the Miguel Hernandez
University. A simple formula was used to obtain a base batter
as follows: 49% lean pork meat, 49% pork backfat, and 2%
sodium chloride. This mixture was divided into 6 batches. A
10% of each fibre-rich extract (LDF, GDF, PDF, LADF and

Fig. 1 Dietary fibres obtained from agroindustrial coproducts. (TNDF: tiger nut fibre; LADF: lemon albedo dietary fibre; PDF: pomegranate dietary

fibre; GDF: grapefruit dietary fibre; LDF: lemon dietary fibre).
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TNDF) was added to 5 batches. The 6™ batch was the control,
without fibre addition.

To obtain the base mixture, pork trimmings were ground
through a 3 mm plate (Olotinox, Olox, Spain) in a mincer
attached to a mixer (CATO 114, Sabadell, Spain) and then the
salt was added into the bowl and mixed with the spiral dough
hook at medium speed (80 rpm) for 5 min. For each treatment,
the corresponding amounts of fibre-rich extract were added
and then mixed again for 5 min. The pork patties were placed
in individual Albal zip-lock bags (Cofresco SAU, Madrid,
Spain) and then cooked in a water bath until the core tempera-
ture reached 75 °C. The pork patties were stored at —10 °C for
experiments.

In vitro digestion model

The standardized static in vitro digestion method (aerobic con-
ditions) suitable for food, reported by Minekus et al. (2014),
was used in this study. The simulated digestion fluids (Simu-
lated Salivary Fluid (SSF), Simulated Gastric Fluid (SGF) and
Simulated Intestinal Fluid (SIF)) were prepared following the
recommendations of Minekus et al. (2014)."°

1. Oral phase: About 5 g of pork patty samples (20 °C) were
mixed with 3.5 ml of SSF stock solution and minced together
in a Moulinex A320R1 electric mincer (SEB SA, Bourgogne,
France). 0.5 ml salivary a-amylase solution of 1500 U ml™" in
SSF stock solution (a-amylase from human saliva Type IX-A,
1000-3000 U per mg protein, Sigma) was added followed by
25 pl of 0.3 M CaCl, and 975 pl of water and thoroughly mixed
for 2 min at 37 °C on a shaking water bath.

2. Gastric phase: 10 ml of oral bolus was mixed with 7.5 ml
of SGF stock solution, 1.6 ml porcine pepsin stock solution of
25000 U ml™" made up in SGF stock solution (pepsin form
porcine gastric mucosa 3200-4500 U per mg protein, Sigma),
5 pl of 0.3 M CaCl,, 0.2 ml of 1 M HCI to reach pH 3.0 and
0.695 pl water. The mixture was incubated for 2 h at 37 °C on a
shaking water bath.

3. Intestinal phase: 20 ml of gastric chime was mixed with
11 ml of SIF stock solution, 5.0 ml of a pancreatin solution 800
U ml™" made up in SIF stock solution based on trypsin activity
(pancreatin from porcine pancreas, Sigma), 2.5 ml fresh bile,
40 pl of 0.3 M CaCl,, 0.15 ml of 1 M NaOH to reach pH 7.0 and
1.31 ml water. The mixture was incubated for 2 h at 37 °C on a
shaking water bath.

At the end of the process the samples were immediately
cooled to 4 °C and kept standing for 14-16 h.

Phase distribution of the in vitro digestion products

The in vitro digested samples were centrifuged (4 °C) at 4000
rpm for 20 min. After that, 3 phases were identified in the cen-
trifuged tubes:*! oily (top layer), aqueous (middle layer) and
pellet phase (lower layer). The proportion of each phase (%,
v/v) was measured and the amount of cholesterol in each
phase was determined by HPLC.

This journal is © The Royal Society of Chemistry 2015
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HPLC cholesterol determination

Samples (1 g) were mixed with ascorbic acid (250 mg) and a
solution of 10% KOH in ethanol (10 ml). After mixing, the
samples were heated in a water bath at 80 °C for 3 min. After
cooling, hexane was added and then the tubes were capped
and shaken to separate the phases. The upper phase was
removed into a clean tube (this procedure was repeated twice).
Solvent (hexane) was removed from the tube by drying under a
stream of nitrogen. The residue was resolved in pure ethanol,
filtered through a 0.45 pm Millipore filter (Millipore Corpor-
ation, Bedford, USA) and then 20 pL was injected into a
Hewlett-Packard series 1200 HPLC (Waldbronn, Alemania)
according to the method described by Mazalli et al. (2006).>*
The cholesterol was eluted through a Hypersil BDS-C18,
250 mm x 4.6 mm (Thermoscientific, Fisher Scientific,
Madrid, Spain) column and detected by absorbance at 210 nm.
A mobile phase of acetonitrile : methanol : water (50 : 48.5: 1.5)
with an isocratic flow rate of 1 mL min~" and a 20 min analysis
time was used to separate cholesterol. Identification of the
cholesterol peak was done by comparison of the retention
times of the sample peaks with those of the standard (chole-
sterol standard, Acofarma, Terrassa, Spain) and by the peak
spectrum analysis. Quantification was performed by external
standardization, the standard curves being constructed with
6 points using solutions of the standard.

Analysis of data

Data were analyzed for significant differences using two way
ANOVA followed by Tukey post-hoc test with significance set at
P < 0.05 by statistical software IBM® SPSS ver. 22 for Windows
(IBM, New York, USA). Data were presented as mean + SD.

Results and discussion

Dietary fibre content and cholesterol adsorption capacity of
fibre-rich extracts

Table 1 shows TDF, IDF and SDF content of tested DF sources.
The TDF content ranged from 44.8 to 69.1 g per 100 g. The
highest TDF content (P < 0.05) was found in DF from citrus
juice processing (LDF and GDF). Similar results for the TDF
content have been reported in orange coproducts® and lime
coproducts.”* The lowest TDF content (P < 0.05) was found in
LADF, the other DF extract obtained from a citrus fruit. These
differences in TDF between citrus fruits seem to be more
dependent on the industrial source (juice extraction vs. ice-
cream production) than on the citrus species used (lemon or
grapefruit). The three DF extracts from citrus had higher (P <
0.05) SDF content than IDF. The TDF content in PDF was
around 50 g per 100 g and with a ratio SDF/IDF of 1 approx.
The TDF content of TNDF was around 60 g per 100 g, mainly
IDF (99.8% from TDF) and little SDF (0.2% from TDF). The
TNDF had the highest (P < 0.05) IDF/SDF ratio (496.6). This
ratio was also higher than that reported for fibrous residues
from other dietary fibre coproducts."”
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Table 1 Total, Soluble and Insoluble Dietary Fibre content (TDF, SDF and IDF) of various fibre-rich extracts obtained from agroindustrial coproducts

LDF GDF PDF LADF TNDF
TDF (g per 100 g) 66.71 + 4.22 69.15 + 5.2a 51.86 + 4.1c 44.80 + 3.5d 59.71 + 5.5b
IDF (g per 100 g) 13.51 + 0.9¢ 16.89 + 1.0c 24.82 + 1.1b 14.75 + 1.0¢ 59.59 + 1.4a
SDF (g per 100 g) 53.2 +2.2a 52.26 + 1.92 27.04 + 1.1b 30.05 + 1.5b 0.12 + 0.0¢c

LDF: lemon dietary fibre; GDF: grapefruit dietary fibre; PDF: pomegranate dietary fibre; LADF: lemon albedo dietary fibre; TNDF: tiger nut
dietary fibre. The results are expressed as means + standard deviations; *“values followed by different letters in the same row are significantly

different (P < 0.05) according to Tukey’s test.

For certain food applications, DF concentrates should have
a balanced content of soluble and insoluble fractions; in the
case of PDF the two fibre types are present at almost equal
levels. Thus, it exhibits a good balance that might be impor-
tant not only from the technological point of view but also
from the nutritional and functional points of view. IDF is
responsible for the increased bulk of the stools and helps to
regulate bowel movements. SDF plays a significant role in the
reduction of cholesterol level and blood pressure, prevention
of gastrointestinal problems, and protection against the onset
of several cancers, which include colorectal, prostate, and
breast cancer.'®>*

The in vitro cholesterol adsorption capacity (ChAC) of the
tested DF sources is shown in Fig. 2. It is important to high-
light that this property has been measured directly upon the
fibre-rich extract, without simulating any digestion process.
PDF showed the highest ChAC (>70%; P < 0.05), much higher
than that of the other DFs (ranging from 23 to 29%; P > 0.05).
In any case, all DF tested samples showed ChAC values higher
than 20% which is very interesting and promising. The results
obtained for PDF related to their TDF, IDF or SDF content
(Table 1) couldn’t explain their high ChAC value obtained. So,
there must be another reason to explain it and it could be
related with the polyphenol content in PDF. Some authors
have reported high content of polyphenols in pomegranate

ChAC
(%) 80 -

60 -
50 -
40 -

30 -

20 -

i

0 - T \ T
LDF GDF PDF LADF

Fig. 2 Cholesterol Adsorption Capacity (ChAC %) of different dietary
fibres obtained from agroindustrial coproducts. (TNDF: tiger nut fibre;
LADF: lemon albedo dietary fibre; PDF: pomegranate dietary fibre; GDF:
grapefruit dietary fibre; LDF: lemon dietary fibre).

1

TNDF
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fruit and also in coproducts from the pomegranate juice
extraction process.'®*® These authors® reported a Total Poly-
phenol Content of 19.30 mg gallic acid equivalent per g
sample dry weight, in PDF obtained from coproducts of juice
extraction. These polyphenols may play a vital role in the sup-
pression of cholesterol absorption by reducing solubility of
cholesterol micellization or inhibiting low-density lipoprotein
oxidation.>”? All these actions have been attributed to the
highly reported interactions of polyphenols with compounds
present in foods, like lipids, proteins or carbohydrates.*®

Cholesterol distribution profiles after the in vitro digestion of
meat patties with various fibre-rich extracts

After in vitro digestion of all pork patty samples, the products
obtained were centrifuged for assessment of the distribution
profiles of cholesterol. Fig. 3 shows the proportions of each
phase (oily, aqueous and pellet phase) identified after the in
vitro digestion of all pork patties added with some fibre-rich
extracts. In all samples, the highest proportion was for the
aqueous phase and the lowest for the oily phase (P < 0.05). The
oily phase ranged from 0.57 to 1.24% without differences
(P> 0.05) between them.

Sek et al. (2002)*" reported that after lipid in vitro digestion,
the phase behaviour of their lipolytic products was: an oily
phase containing cholesterol and undigested triglycerides and

TNDF
PDF
GDF
LDF
LADF

Control

0 20 40 60 80 100
Proportion of each phase

moily phase MW aqueous phase m pellet phase

Fig. 3 Proportions of each phase (oily, aqueous and pellet phase)
identified after the in vitro digestion of pork patties added with some
fibre-rich extracts. (Control: without fibre added; TNDF: tiger nut fibre;
LADF: lemon albedo dietary fibre; PDF: pomegranate dietary fibre; GDF:
grapefruit dietary fibre; LDF: lemon dietary fibre).
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diglycerides; an aqueous phase containing bile salts, fatty
acids and monoglycerides; and a pellet phase containing
approximately 5 mM of fatty acid, presumably as an insoluble
soap. A number of in vitro studies have shown that DF can
alter lipid digestion. Boisen and Eggum (1991)*' suggested
that the inhibition mechanism of most fibres might be due to
the absorption of enzymes into the fibre matrix, or unspecific
binding to the fibres. Lairon et al. (2007)** reported that the
main mechanisms are that some SDF forming viscous solutions
drastically reduce the rate of lipid emulsification, with a resul-
tant noticeable lowering of the extent of fat lipolysis. Various DF
sources can also bind bile acids, as well as mixed micelle com-
ponents such as monoacylglycerols and free fatty acids or free
cholesterol, thus explaining the partial disruption of the micelli-
zation process leading to reduced micellar solubilisation of
lipid moieties and, finally, to blunted and/or delayed intestinal
uptake of lipid moieties and cholesterol.***>73

Table 2 shows the cholesterol retained (%) in each phase
after the in vitro digestion process of meat patties with various
fibre-rich extracts. As can be seen in the results for control
sample (meat patty without dietary fibre), the oily phase con-
tains all the cholesterol. When some fibre-rich extracts were
added to the meat patty, some amount of cholesterol was also
detected in the pellet phase. In any sample (control or with
fibre-rich extracts) cholesterol was detected in the aqueous
phase. So, the effect of the fibre-rich extracts on cholesterol
retention is likely to be related with the cholesterol retained in
the pellet phase. The highest (P < 0.05) proportion of chole-
sterol retained in this phase was found for PDF, followed by
LDF, TNDF, LADF and GDF in this order and with differences
(P < 0.05) between all of them. The effect of dietary fibre is
likely to be mainly based on direct binding of cholesterol
which cannot be reabsorbed by the body and thus is excreted.
Although this mechanism of direct binding forces between the
fibre and cholesterol has been usually attributed to IDF, some
studies indicate that it can also be associated with SDF, in
analogy to the cholesterol-lowering effect of IDF.>* These
authors reported that these direct binding forces could be

Table 2 Cholesterol retained (%) in each phase after the In vitro diges-
tion process of meat patties with various fibre-rich extracts

Cholesterol retained in each phase (%)

Oily phase Aqueous phase Pellet phase
Control 98.89 + 1.56a nd nd
LDF 75.30 £ 5.42¢ nd 18.07 + 1.76b
GDF 89.32 + 6.89b nd 5.68 + 0.65¢e
PDF 68.14 + 4.19d nd 31.86 +2.19a
LADF 88.95 + 5.35b nd 7.71 + 0.66d
TNDF 85.39 + 2.20b nd 14.61 =+ 1.20c

LDF: lemon dietary fibre; GDF: grapefruit dietary fibre; PDEF:
pomegranate dietary fibre; LADF: lemon albedo dietary fibre; TNDF:
tiger nut dietary fibre. nd: not detected. The results are expressed as
means + standard deviations. *“values followed by different letters in
the same column are significantly different (P < 0.05) according to
Tukey’s test.

This journal is © The Royal Society of Chemistry 2015
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hydrophobic interactions. However, this is still being contro-
versially discussed and the detailed mechanisms remain
unclear.

Looking at the content in SDF and IDF of each extract
(Table 1) there is no direct relation between their content and
the amount of cholesterol retained by the fibre-rich extract
(Table 2). However, the extract that showed the same pro-
portion of SDF and IDF (PDF) also showed the highest (P <
0.05) proportion of cholesterol retained in the pellet phase.

It must be noted that the PDF extract that showed the
highest (P < 0.05) cholesterol absorption capacity before
in vitro digestion (Fig. 2) also showed the highest (P < 0.05)
proportion of cholesterol retained in the pellet phase after in
vitro digestion of meat patties with PDF added. There is a
linear-logarithmic correlation (R* = 0.8437) between the chole-
sterol adsorption capacity before in vitro digestion and chole-
sterol retention in the pellet phase after in vitro digestion.

As can be seen and previously discussed for ChAC of PDF
extracts, the high content in polyphenolic compounds
reported for these extracts could also have contributed to the
high levels for cholesterol retention in the pellet phase.

Conclusions

The fibre-rich extracts, obtained from agroindustrial copro-
ducts, used in this study are a good source of DF and all of
them exhibit cholesterol adsorption capacity. Pomegranate
dietary fibre shows the same proportion of soluble and insolu-
ble dietary fibre and also the highest percentage of cholesterol
adsorption capacity.

The addition of these fibre-rich extracts to pork patties,
increases cholesterol retention in the pellet phase after in vitro
digestion. Pomegranate dietary fibre shows the highest effect.
Only the content of dietary fibre or the proportion of insolu-
ble/soluble dietary fibre in the fibre-rich extracts doesn’t
explain their behaviour on cholesterol retention. Other aspects
related to the type and amount of bioactive compounds (poly-
phenols principally) in the fibre-rich extracts (which depend
on the original source) could be affecting this property.

Nevertheless, the method for determining the cholesterol
adsorption capacity (simple and easy method) of dietary fibres
allows an estimation of their capacity to retain cholesterol after
the in vitro digestion process (long and complicated method).

The application of these fibre-rich extracts in food elabor-
ation processes due to their healthy properties could be very
interesting if one of the most important properties that can be
highlighted is their ability to decrease cholesterol.
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