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RESUMEN

Titulo: “Efecto de las caracteristicas de la grasa y de factores post-procesado
en las propiedades sensoriales y fisico-quimicas del jamon Ibérico loncheado”.

Hipoétesis de trabajo:

Sobre la base de estudios preliminares, la grasa intramuscular (GIM)
tiene una marcada influencia sobre la generacion de compuestos volatiles
derivados de las reacciones de oxidacion, asi como, en la percepcion de dos
de los atributos sensoriales de mayor significado en la calidad del jamén Ibérico
(el olor y el aroma). Por lo tanto, los loncheados de jamon Ibérico con un alto
contenido en GIM deberian presentar diferencias con aquellos loncheados con
un menor contenido en GIM, en relacion a la estabilidad oxidativa y a la calidad
sensorial. Considerando que una de las principales causas de deterioro de la
calidad sensorial de los productos carnicos, es la oxidacion de los lipidos y las
proteinas de la carne. Y que las nuevas tendencias de mercado fomentan la
diversificacién en el sector carnico, desde las caracteristicas de la materia
prima hasta el modo de preparar y suministrar el producto final, fenémeno que
no excluye a estos productos de la calidad. Es por ello que surge la necesidad
de explorar nuevos aspectos, desconocidos hasta ahora, de las caracteristicas
sensoriales mas determinantes de la calidad del jamén Ibérico dirigidas por
primera vez investigar el efecto del contenido en GIM y los factores post-
procesado sobre las caracteristicas sensoriales mediante el empleo de técnicas
analiticas novedosas que se acercan mas a la percepcion real del aroma por
los consumidores. Asi como, las posibles repercusiones que puede tener la

estabilidad oxidativa (lipidos y proteinas) sobre la calidad final del producto.

Objetivos:

El objetivo global de la presente Tesis Doctoral es conocer la influencia

que el contenido y la composicién de la GIM tienen sobre la liberacion de
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compuestos volatiles olor-activos en jamén Ibérico, asi como, sobre las
caracteristicas sensoriales de este producto. Para lo cual, la elaboracién de un
producto carnico modelo con diferentes contenidos y composicion grasa
(solido/liquido) podria ser interesante para evaluar su influencia sobre la
dinamica de liberacién/retencién de los compuestos volatiles olor-activos mas
representativos del jamoén Ibérico. Posteriormente, se estudiara en jamones
Ibéricos loncheados el efecto tanto del contenido en GIM como de otros
factores post-procesado, sobre; la estabilidad oxidativa, la dinamica de
liberacion de compuestos volatiles, y las caracteristicas sensoriales de este
producto mediante técnicas dinamicas de evaluacioén sensorial. Por lo que, un
objetivo especifico seria la puesta a punto y optimizacién de la aplicacion de la
técnica de tiempo-intensidad (Tl) para el estudio de la percepcién temporal del

flavor y la textura en jamoén curado Ibérico loncheado envasado a vacio.

Material y métodos:

Material:

Tejidos (lomo de cerdo y tejido adiposo procedente de cerdos Ibéricos con
diferente régimen de alimentacién), manteca, aceite de girasol, aditivos, tripas
artificiales de colageno, y compuestos volatiles que se obtuvieron de Sigma-
Aldrich (SAFC®), fueron utilizados para el desarrollo de un producto carnico
modelo. Un total de 30 jamones Ibéricos con un peso final de unos 7.5 kg se
obtuvieron de cerdos Ibéricos de campo (DOP Dehesa de Extremadura). Todas
las piezas se deshuesaron, lonchearon, envasaron a vacio, y se sometieron a
diferentes tratamientos post-procesado. Se distribuyeron en diversos lotes con
la finalidad de responder a los objetivos planteados en la presente Tesis
Doctoral.

Métodos:

Analisis quimicos: caracterizacion quimica de todas las muestras mediante los
métodos desarrollados en la AOAC. Oxidacion lipidica (TBARS) y oxidacion
proteica (DNPH). Anaélisis instrumentales: perfil de textura —TPA-, medida
instrumental del color -CIE L* a* b*-, perfil de acidos grasos mediante

cromatografia gaseosa (CG), liberacion de volatiles al espacio de cabeza
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mediante microextraccién en fase solida acoplada a cromatografia gaseosa
(SPME-CG), determinacion de dos carbonilos especificos de la oxidacion de
proteinas por cromatografia de liquidos acoplada a espectrometria de masas
(LC-ESI-MS) y cromatografia de liquidos acoplada a un detector de
fluorescencia (HPLC-FLD). Analisis sensoriales: la evaluacion sensorial se llevo
a cabo mediante el empleo de las técnicas de analisis cuantitativo descriptivo y
tiempo-intensidad (ACD y TI) con un panel entrenado de 12 catadores,
haciendo uso de escalas lineales horizontales de 10 cm de longitud,
valorandose aspectos relacionados con el aspecto, textura tactil, textura, olor y
flavor. Analisis estadistico: el analisis de los datos fue llevado a cabo con el

paquete estadistico SPSS.

RESULTADOS MAS RELEVANTES:

Los resultados mostraron que la influencia que puede tener el contenido en
GIM sobre la calidad sensorial de los loncheados de jamén, a su vez, es
condicionada por el resto de parametros composicionales que lleva consigo la
diferente localizacion anatomica de los musculos empleados, especialmente en
atributos relacionados con la textura, como la dureza. Mostrando los
loncheados con una mayor contenido en GIM una mayor dureza. Del mismo
modo, estos loncheados con un mayor contenido en GIM mostraron una mayor
inestabilidad oxidativa, en relacién a las reacciones de oxidacion lipidica, que
junto con el tratamiento con APH comprometieron la estabilidad oxidativa a lo
largo del almacenamiento. Del mismo modo que la GIM, las APH implicaron
modificaciones en la calidad sensorial promoviendo principalmente alteraciones
en la apariencia como una coloracion mas marronacea del magro, en la textura
como una mayor dureza, y en el flavor percibido con un aumento de la
intensidad y del sabor salado, como consecuencia de wuna mayor
susceptibilidad a las reacciones de oxidacion de los lipidos y las proteinas. No
obstante, se observé que estas modificaciones en la calidad sensorial son
menores tras el tratamiento con APH del jamoén en bloque, el cual, mostré una
mayor estabilidad ante las reacciones de oxidacion de lipidos y proteinas, en
comparacién con un loncheado previo. Por lo tanto, el loncheado previo

supuso, una mayor alteracién de calidad, especialmente en la presentacion
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cuyas lonchas van apiladas horizontalmente, como consecuencia de una mayor
susceptibilidad a dichas reacciones de oxidacion. Otro de los parametros que
mostro su influencia sobre la calidad sensorial del jamon loncheado envasado a
vacio, fue la temperatura de consumo, la cual, tras un atemperado a 20 °C
optimiza las caracteristicas consideradas relevantes en la calidad del jamén
Ibérico.

Respecto a los sistemas modelo tanto el contenido como las caracteristicas de
la grasa tuvieron influencia sobre la estabilidad oxidativa y la calidad sensorial.
El contenido en grasa y la oxidacién de lipidos mostraron una relacion positiva,
mientras que, en la oxidacion de proteinas su influencia no fue tan clara. Por el
contrario, su efecto sobre la liberacion de los compuestos olor-activos no fue
significativo, los resultados mostraron la influencia o repercusiones que puede
tener el proceso de maduracién sobre la dinamica de liberacién/retencién. Del
mismo modo, su influencia sobre la percepcion del flavor no fue marcada y
caracteristica. Finalmente destacar, que los resultados obtenidos de la
percepcion del flavor mediante técnicas estaticas o dinamicas, manifestaron la
influencia de la metodologia empleada por ambas técnicas.

No obstante, las caracteristicas de la grasa tuvieron un efecto significativo
sobre la liberacion de los compuestos olor-activos seleccionados y sobre la
percepcion temporal del flavor, asi como en la textura evaluada instrumental y
sensorialmente. Sin embargo, los resultados evidenciaron que esta influencia
no solamente se debe a variaciones en el perfil de acidos grasos de los
sistemas modelo, sino que, variaciones en la naturaleza de la grasa podrian
ocasionar modificaciones en la estructura de la matriz carnica. Ademas, la
temperatura en la percepcion temporal del flavor también mostré su influencia.
Del mismo modo, se observd un efecto significativo sobre la susceptibilidad
oxidativa, aunque este efecto no solamente se debié a las diferencias en el
perfil de acidos grasos, sino, a la presencia de sustancias con actividad
antioxidante en las diferentes grasas empleadas (enddégenos o incorporados).
De manera que las reacciones de oxidacion de lipidos fueron moduladas por el
perfil en acidos grasos y por la presencia de sustancias con actividad
antioxidante, mientras que, este primero no mostré un efecto significativo sobre

las reacciones de oxidacion de las proteinas.
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1. INTRODUCCION

1.1 SITUACION ACTUAL DEL SECTOR DE LOS PRODUCTOS CARNICOS
DERIVADOS DEL CERDO IBERICO.

El sector carnico es el mayor subsector alimentario y es, por si mismo, uno
de los cinco mayores sectores industriales, representa alrededor del 20 % de
todo el sector alimentario (2 % de todo el PIB espafiol y el 14 % del PIB
industrial de Espafa). Este sector es el que con mayor energia resiste el
embate de la dificil situacion econdmica que se desencadend ya en 2009 con
toda su crudeza, y lo hace en gran medida gracias al gran incremento de sus
exportaciones que ya representan en la actualidad mas de 2.500 millones de
euros (Fuente: ANICE).

El estancamiento del mercado interior ha forzado a nuestras empresas a
abrir y consolidar nuevos mercados y, por consiguiente, a exportar una
proporcion cada vez mayor de su produccidén. Las exportaciones de carne
realizadas por nuestra industria representan alrededor del 30 % de la
produccion carnica, pero sélo un poco mas del 7 % de la produccion de
elaborados, aunque en los ultimos afios se ha producido un ligero pero
progresivo incremento de estas exportaciones.

El jamoén curado se considera un producto de calidad, que presenta unas
caracteristicas organolépticas muy agradables y diferentes a las del resto de
productos carnicos, o las que encontramos en la carne fresca. Convirtiéndose
en una de las principales sefas de identidad de nuestro pais en el extranjero.

Lo que nos indica que el jamén curado puede considerarse como un
prototipo de producto de calidad diferenciada, por lo que los jamones curados
han sido objeto de proteccidn bajo distintas figuras de calidad de la Unién
Europea (UE) a través de las DOP (Denominaciones de Origen Protegido), IGP
(Indicaciones Geograficas Protegidas) y ETG (Especialidad Tradicional
Garantizada). El reconocimiento por la UE de esa calidad diferenciada y su
vinculacion a los sistemas de produccion existentes en determinadas zonas

geograficas del Suroeste de la Peninsula Ibérica, hace que existan 4 DOP que
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amparan los jamones y paletas Ibéricos (DOP Dehesa de Extremadura, DOP
Guijuelo, DOP Jamoén de Huelva, y DOP Los Pedroches), en base al
Reglamento 510/2006 de la UE. También en el jamon de cerdo blanco se
persigue cada vez mas como objetivo prioritario el obtener un producto de
calidad. Ya poseemos algunos tipos de jamoén de cerdo blanco amparados por
figuras de calidad de la UE; DOP Jamon de Teruel, IGP Jamon de Trévelez y
ETG del Jamodn Serrano.

Los productos nobles (jamones, paletas y lomos) de cerdo Ibérico, asi
como la carne fresca, estan regulados en su conjunto en nuestro pais por la
Norma de Calidad (Real Decreto 1469/2007 del 2-11-2007, BOE 3-11-2007).

Este Real Decreto (1469/2007) tiene por objeto establecer Ilas
caracteristicas de calidad que deben reunir los productos procedentes del
despiece de la canal que se comercializan en fresco, asi como, el jamoén, la
paleta y la cafia de lomo Ibéricos comercializados en Espafia, para poder usar
las denominaciones de venta establecidas en la Norma de Calidad sin perjuicio
del cumplimiento de la normativa general que les sea de aplicacion.
Estableciéndose diferentes designaciones de calidad de estos productos, dos
designaciones en funcion de la genética (Ibérico puro o Ibérico) y cuatro
designaciones en funcion de la alimentacién recibida por los animales durante
la fase de cebo (De bellota o terminado en montanera, de recebo o terminado
en recebo, de cebo de campo y de cebo), constituyendo un total de ocho
denominaciones.

Sin embargo, con el objetivo de proteger a los productores que utilizan la
dehesa para criar sus cerdos se ha propuesto establecer una nueva Norma de
Calidad del Ibérico (2013), pendiente de entrar en vigor, que propone simplificar
la vigente actualmente (BOE, 2007). Algunas fuentes citaban la posibilidad de
reducir a dos las denominaciones por raza y alimentacion de los cerdos
Ibéricos. Finalmente, y tras la polémica suscitada, el Ministerio de Agricultura,
Alimentacion y Medio Ambiente (MAGRAMA), ha concluido la redaccion del
proyecto final de la Norma de Calidad de los productos Ibéricos con el
propdsito de garantizar la conservacion de la raza Ibérica y la dehesa, la
defensa del consumidor, y facilitar el mantenimiento de los diferentes modelos

productivos. Esta nueva Norma de Calidad del Ibérico (2013), propone
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simplificar y reducir a tres las denominaciones de venta en funcién de la

alimentacion y el manejo del ganado.

-Designaciones por alimentacion y manejo:

“‘de bellota”: para productos procedentes de animales sacrificados
inmediatamente después del aprovechamiento exclusivo de bellota, hierba y
otros recursos naturales de la dehesa, sin aporte de pienso suplementario. El
aprovechamiento de los recursos de la dehesa en época de montanera debera
realizarse teniendo en cuenta la superficie arbolada cubierta de la parcela o
recinto y la carga ganadera maxima admisible. La edad minima al sacrificio
sera de 14 meses con un peso minimo de 115 kg, excepto para los animales
100 % Ibéricos que sera de 108 kg. Con una reposicion minima en montanera
de 46 kg, durante mas de 60 dias.

“‘de cebo de campo”: tratandose de animales que aunque hayan podido
aprovechar los recursos de la dehesa o del campo, han sido alimentados con
piensos constituidos fundamentalmente por cereales y leguminosas, y cuyo
manejo se realice en explotaciones extensivas o intensivas al aire libre
pudiendo tener parte de la superficie cubierta. La edad minima al sacrificio sera
de 12 meses con un peso minimo de 115 kg. Con una estancia minima en
dichas explotaciones previas a su sacrificio de 60 dias, en una superficie
minima de suelo libre total por animal de 100 m?, en su fase de cebo.

‘de cebo”. en caso de animales alimentados con piensos constituidos
fundamentalmente por cereales y leguminosas, cuyo manejo se realice en
sistemas de explotacion intensiva en una superficie minima de suelo libre total
por animal de 2 m? en los animales de produccion de mas de 110 kg de peso
vivo. La edad minima al sacrificio sera de 10 meses con un peso minimo de
115 kg.

-Designaciones por tipo racial:

“100 % Ibérico”: cuando se trate de productos procedentes de animales
con un 100% de pureza genética de la raza Ibérica, cuyos progenitores tengan
asi mismo un 100 % de pureza racial Ibérica, y estén inscritos en el

correspondiente libro de genealdgico.
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“Ibérico”: cuando se trate de productos procedentes de animales con al
menos el 50 % de su porcentaje genético correspondiente a la raza porcina
Ibérica, con progenitores que reunan las caracteristicas detalladas en el

articulo 3 del Real Decreto pendiente de entrar en vigor.

1.2 COMERCIALIZACION DEL JAMON.

Espanfa es tradicionalmente un pais elaborador de estos productos carnicos
curados, siendo el jamon el producto mas destacado, y por lo tanto, un pilar
fundamental de la economia espafola. Por su volumen de producciéon y
también por su calidad diferenciada convierte a nuestro pais en el primer
productor mundial con 32.7 millones jamones de cerdo blanco, y 5.1 millones
de jamones Ibéricos en el afio 2011 (Fuente: MAGRAMA).

En el transcurso del 2012, las exportaciones nacionales de jamén y
paleta curados han crecido un 8.7 % en volumen y un 10.5 % en valor segun
los datos facilitados por la Agencia Tributaria, y analizados por el Consorcio del
Jamon Serrano Espafiol. Al cierre del pasado ejercicio se exportd un total de
26.688 toneladas de jamén y paletas curados, 2.136 toneladas mas que en
2011. En una clasificacién por destinos de exportacion, la Unién Europea sigue
siendo el enclave mas importante registrando el 78.6 % de las ventas
espanolas en el exterior. Los mercados aleman, francés, luso, junto a Bélgica e
Italia engloban el 70.2 % (Fuente: ICEX).

Con respecto a la produccion de piezas Ibéricas, los datos aportados por
el Registro Informativo de organismos independientes de control del Ibérico
(RIBER) del MAGRAMA, la comercializacion de piezas amparadas por la
Norma de Calidad del Ibérico durante el 2012 fueron de 4.80 millones de
jamones Ibéricos curados, y 4.67 millones de paletas curadas. En Extremadura
el volumen de productos certificados comercializados durante ese afio supuso
un total de 854.355 piezas etiquetadas de jamon, y 786.625 piezas etiquetadas
de paleta.

De acuerdo con los datos del Panel de Hogares del MAGRAMA, el gasto
total de los hogares espafioles en productos derivados del cerdo Ibérico en el
afo 2012 ascendio a 742.437 millones de euros. La mayor parte de este valor

correspondio al gasto en jamon, 433.348 millones de euros (58.36 %), seguido

38



de la paleta con 104.716 millones de euros (14.10 %). Esto supone que el
consumo del jamon Ibérico crece un 4.75 % en volumen respecto a 2011 para
situarse en 21.844 millones de kg.

La mayor parte del jamdn se comercializa en piezas enteras, aunque la
demanda de nuevos formatos de jamoén curado que faciliten su consumo ha
mostrado una tendencia al alza en los ultimos afos, y actualmente, suponen
casi el 50 % del jamdén comercializado en nuestro pais. Tras los jamones
enteros, las presentaciones de mayor importancia cuantitativa son, por este
orden, los productos deshuesados con un 35 %, bien sea jamoén completo
(centros o bloques de jamon) o por partes (en tacos de jamon), los loncheados
que se situan en el 15 %, y por ultimo, el 5 % que va destinado a los recortes
como taquitos o tiras (Sanchez, 2009).

La principal evoluciéon ha tenido lugar, mayoritariamente, en el cerdo
blanco donde los jamones deshuesados y loncheados ya estan muy bien
implantados en el mercado. En el caso de los jamones Ibéricos, especialmente
en los productos de alta gama, siguen dominando mas claramente las piezas
enteras o el consumo de jamén cortado a cuchillo en el lugar de venta y que se
expende envuelto en papel o envasado. No obstante, estas nuevas
presentaciones van incrementandose también en el mercado espafol, y
durante el afo 2012 si atendemos a la distribuciéon por formatos del jamén
Ibérico, se observa que el consumo de jamdn Ibérico entero ha crecido con
respecto al 2011 un 2.65 %, después de 2 anos de caidas, alcanzando los
16.506 millones de Kg. Mientras que el consumo de jamon Ibérico loncheado,
ha tenido un crecimiento considerable con un 11.83 % respecto a 2011,
llegando a los 5.338 millones de kg (Fuente: ASICI).
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2. REVISION BIBLIOGRAFICA
2.1 LA CALIDAD DEL JAMON IBERICO.

Las caracteristicas excepcionales de la carne y la grasa procedente de
los cerdos Ibéricos, tanto para su venta en fresco como para la produccién de
productos curados, hace que, a pesar de su precio mas elevado la produccion
de dichos animales sea sostenible. Esto se debe a diversos factores, entre los
que sobresale la propia genética del cerdo Ibérico o el sistema de explotacion
que implica una mayor edad y peso al sacrificio, y obliga a los animales a
realizar una mayor actividad fisica en busca del alimento en la fase de cebo
(Cava y cols., 2000; Carrapiso y cols., 2003), lo que determina que estos
productos destaquen por su elevado grado de veteado e intensidad del color
del magro, consideradas de las caracteristicas mas sobresalientes de su
aspecto (Ventanas y cols., 2005). Como consecuencia del elevado grado de
veteado estos productos también destacan por su jugosidad, como avalan
diferentes estudios llevados a cabo en jamén (Ruiz y cols., 2000), en lomo
(Ventanas y cols., 2007b) y en paletas (Reina y cols., 2011a). Por otro lado, su
composicion en acidos grasos destacada por el elevado porcentaje en acidos
grasos monoinsaturados (AGMI), origina que otra de las caracteristicas
destacables de los productos del cerdo Ibérico, y en particular, los procedentes
de cerdos Ibéricos “de bellota”, sea el intenso brillo y la fluidez de la grasa al
corte (Ruiz y cols., 2000; Cava y cols., 2000; Ventanas y cols., 2007c). No
obstante, lo que mas apreciado y destacado por los consumidores es su
intenso y particular flavor (sabor y aroma) (Ruiz y cols., 2002a). Al sabor del
jamén |bérico ademas de la sal (potenciador del sabor), contribuyen
aminoacidos y pequenos péptidos (Coérdoba y cols., 1994a; Ruiz y cols.,
1999b).

Durante el proceso de maduracion de los productos curados se produce
un aumento en los niveles de nitrégeno no proteico, de aminoacidos libres y
péptidos, como resultado de la actividad proteolitica de enzimas enddgenas

como catepsinas, peptidasas y aminopeptidasas (Toldra, 1998). En relacion al
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aroma, éste es fruto de la generacion de compuestos volatiles con un bajo
umbral de percepcidn y con unas notas aromaticas muy particulares, como
resultado de las numerosas transformaciones quimicas y bioquimicas que
acontecen durante el proceso de maduracion, y que tienen como precursores
los lipidos y las proteinas de la materia prima, (Garcia y cols., 1991; Antequera
y cols., 1992; Ventanas y cols., 1992; Cérdoba y cols., 1994a,b; Antequera y
cols., 1994; Toldra, 1998; Jurado y cols., 2009). En este sentido, se han
identificado los compuestos volatiles olor-activos del jamén Ibérico que
presentan un mayor impacto en el aroma de este producto (Carrapiso y cols.,
2002a,b).

La calidad sensorial de los alimentos es el criterio que condiciona de una
manera mas determinante las preferencias de los consumidores, y ello es
particularmente importante en un producto como el jamén Ibérico (Cruz., 2006).

De todas las caracteristicas sensoriales distintivas mencionadas que
espera encontrar el consumidor, la jugosidad y el aroma intenso, persistente,
caracteristico con notas a curado, a frutos secos, y una moderada rancidez,
son las que muestran una mayor correlacion, positiva y significativa, con la

aceptabilidad de los jamones Ibéricos (Ruiz y cols., 2002a).

2.1.1 Factores determinantes de la calidad del jamon Ibérico.

Para la obtencion de un producto de calidad se debe considerar tanto las
caracteristicas particulares de la materia prima de partida, como las
condiciones y duracién de su proceso de curacion. Son numerosos los trabajos
que han acreditado la influencia de diferentes parametros como la genética, la
alimentacion, y el proceso de elaboracion sobre la calidad sensorial de los
productos curados del cerdo Ibérico (Tabla 1). Las caracteristicas de la carne
de los cerdos Ibéricos (contenido en GIM, composicion en acidos grasos de la
GIM, presencia de antioxidantes y una alta tasa de mioglobina), junto con un
prolongado proceso de curacion en condiciones termo-higrométricas
caracteristicas de la zona Suroeste de la Peninsula Ibérica, producen un jamon
curado con unas caracteristicas muy particulares y con una gran variedad de

matices en el flavor, que hacen que el jamén Ibérico sea el producto carnico
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mas valorado y con un excelente grado de aceptacion entre los consumidores

espanoles (Ruiz y cols., 1998c).

Tabla 1. Resumen de los diferentes estudios realizados para evaluar la influencia de

los factores relacionados con la materia prima y con el procesado sobre la calidad de

los productos curados derivados del cerdo Ibérico, ordenados cronolégicamente.

Factor estudiado

Producto

Referencia

Condiciones de procesado
(Duracién 420 d vs. 600 d)
(Localizacién anatémica)

Condiciones de procesado
(Duracién 420 d vs. 600 d)

Condiciones de procesado
(Duracién 420 d vs. 600 d)

Alimentacion
(Extensivo vs. Intensivo)
(Localizacién anatémica)

Alimentacion y genética
(Extensivo vs. Intensivo)
(Ibérico puro vs. Ibérico x Duroc)

Condiciones de procesado
(6 % de sal vs. 3 % de sal)
(Temperatura de procesado)

Alimentacion y genética
(Montanera vs. Pienso)
(Ibérico puro vs. Ibérico x Duroc)

Alimentacion y genética

(Ibérico puro vs. Ibérico x Duroc y
reciproco)

(Montanera vs. diferentes piensos)

Genética
(Ibérico puro vs. Ibérico x Duroc y
reciproco)

Alimentacién y genética
(Extensivo vs. Intensivo)
(Ibérico puro vs. Ibérico x Duroc)

Jamon curado

Jamon curado

Jamon curado

Jamon curado

Jamon curado

Jamon curado

Jamon curado

Lomo curado

Jamon curado

Lomo curado
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Ruiz y cols., 1998c

Ruiz y cols., 1999a

Ruiz y cols., 1999b

Cavay cols., 2000

Carrapiso y cols., 2003

Andrés y cols., 2004b

Carrapiso y Garcia, 2005

Ventanas y cols., 2006a

Ventanas y cols., 2006b

Ventanas y cols., 2007a



Alimentacion y genética

(Montanera vs. diferentes piensos)

(Ibérico puro vs. Ibérico x Duroc y

reciproco) Lomo curado

Alimentacion

(Montanera vs. diferentes piensos) Jamon curado

Alimentacién Jamodn curado
(Bellota, pasto vs. Pienso alto oleico)

Condiciones de procesado

Ventanas y cols., 2007b

Ventanas y cols., 2007c

Pérez-Palacios y cols.,
2010

(Duracién 9 vs. 18 vs. 20 meses) Paleta curada Reinay cols., 2011b

Fuente: Elaboracién propia.

Son numerosos los factores determinantes de la calidad de los
productos carnicos derivados del cerdo Ibérico, siendo de especial importancia
los relacionados con la grasa, y particularmente, con las caracteristicas de la
GIM, tanto desde el punto de vista de su contenido como de su composicién
(Ventanas y cols., 2005). En el caso concreto del jamoén curado, si bien el
consumidor prioriza el componente heddnico, también busca que la alta calidad
sensorial sea compatible con los objetivos nutricionales y los nuevos habitos de
consumo que han propiciado el desarrollo de nuevas presentaciones que
permiten un consumo facil y rapido del producto. En este sentido, en los ultimos
afnos el loncheado del jamoén ha tenido una gran implantacion en la industria.
Pero ello supone un mayor riesgo microbiolégico, por lo que, para garantizar la
seguridad se han aplicado diversas técnicas emergentes, alternativas o
complementarias a los tradicionales métodos de conservacion. Sin embargo,
estas nuevas técnicas de conservaciéon, (Principalmente las altas presiones
hidrostaticas), pueden tener repercusiones en la calidad sensorial del producto,
que deben ser valoradas. Por ello, a continuacién se describen los efectos
relacionados con las caracteristicas de la GIM y los tratamientos post-

procesado, sobre la calidad de los productos derivados del cerdo Ibérico.

50



2.1.1.1 Grasa intramuscular (GIM).

La grasa subcutanea, intermuscular e intramuscular son importantes
componentes del jamén Ibérico, variando en cantidad y calidad de acuerdo con
la genética (Ventanas y cols., 2006b) y el sistema de alimentacion (Ruiz y cols.,
1998a). El mayor contenido en GIM de la raza Ibérica en relacion a otras razas
comerciales, es una de sus caracteristicas diferenciales atribuida al
metabolismo adipogénico de la misma, que hace que el contenido en GIM de
sus carnes sea superior al de las demas (Lopez-Bote, 1998). En el caso
concreto de los productos derivados del cerdo Ibérico, como ya se ha
comentado anteriormente, el elevado grado de veteado o marmorizacion,
denominacion que hace referencia a la grasa acumulada entre las fibras
musculares, es uno de los de los atributos sensoriales mas destacados, por lo
que se considera indicador de calidad en estos productos.

Asimismo, tanto la cantidad como la composicion de la GIM influyen de
manera importante sobre atributos sensoriales, como el brillo, la jugosidad, el
aroma y el sabor de los productos carnicos curados, y en particular, del jamén
Ibérico (Ruiz y cols., 2000; Carrapiso y cols., 2003; Ventanas y cols., 2007a;
Pérez-Palacios y cols., 2010). El veteado tan apreciado por los consumidores
es el principal parametro determinante de la jugosidad. Ello es debido a que
facilita la masticacion, y cuando la grasa es muy aromatica (contiene
numerosos compuestos volatiles lipo-solubles) estimula la secrecién de saliva
provocando una sensacion de jugosidad “sostenida”, de importancia capital en
un producto deshidratado como el jamén curado (Ventanas, 2012). Asimismo,
los lipidos intramusculares son los depositos grasos que participan mas
directamente como precursores de los compuestos volatiles responsables de
las percepciones olfativas antes (olor) y durante la masticacion (aroma), asi
como, de los aromas caracteristicos del jamén. La formacién de dichos
compuestos volatiles requiere la participacion de productos de la degradacion
lipolitico-oxidativa de los lipidos intramusculares, y su posterior combinacion
con los compuestos nitrogenados de bajo peso molecular (principalmente
aminoacidos) procedentes de la escision enzimatica de las proteinas

(proteolisis), que tiene lugar durante el secado-maduracién del jamén. Estos
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compuestos volatiles se originan por tanto en los lugares de contacto entre la
grasa y el magro, por lo que, la GIM es clave para su formacion al estar
intimamente insertada en las fibras musculares (Ventanas, 2012).

Las condiciones de procesado tan particulares de secado-maduracion
(25-30 °C y 80-60 % HR etapa de secado; 12-18 °C y alrededor del 80 % HR
etapa de maduracién) de los jamones producidos en nuestro pais, han sido
sefialadas como la causa de la mayor formacion de compuestos volatiles
implicados en el olor y el aroma. Alcanzando los compuestos derivados de la
degradacion lipolitico-oxidativa de la grasa (como los aldehidos lineales
saturados e insaturados, metil-cetonas o alcoholes), y de los aldehidos
ramificados procedentes de los aminoacidos (2 y 3-metilbutanal), tasas mucho
mas elevadas en los jamones |béricos y Serranos, que en los procedentes de
otros paises (Estévez y cols., 2005c; Jurado y cols., 2009). Por lo tanto, el
desarrollo del flavor esta relacionado con la intensa proteolisis que
experimentan las proteinas, las degradaciones de Strecker de los aminoacidos,
la oxidacién de lipidos, y las subsiguientes reacciones secundarias de
condensacién de tipo Maillard entre los aminoacidos y los carbonilos
procedentes de la oxidacidon de lipidos (Garcia y cols., 1991; Ventanas y cols.,
1992; Cordoba y cols., 1994a; Toldra, 1998; Ruiz cols., 1998b y 2002). Por
consiguiente, resulta evidente la existencia de una interconexion entre la
intensidad de los procesos proteolisis y oxidacién de proteinas (con un
incremento de los aminoacidos libres y de los aldehidos derivados de los
mismos), y de la oxidacion de lipidos (productos de oxidacién), como
principales contribuyentes al flavor caracteristico del jamén que se identifica por
un sabor intenso, y aroma a curado, tostado, mantecoso, envejecido (anojo), y

con un cierto toque a rancidez (Gandemer, 2009).

2.1.1.1.1 Influencia de la GIM sobre la jugosidad y el desarrollo del aroma y
el flavor de los productos curados.

De las caracteristicas que anteriormente hemos sefalado, la jugosidad y

el aroma son dos de los atributos sensoriales con mayor relevancia en la

calidad, y por lo tanto, en la aceptabilidad del jamén Ibérico, y en ellos
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desempenfa un papel clave el engrasamiento, y mas especificamente, la tasa
de GIM (Ruiz y cols., 2000; Ventanas y cols., 2007a,b).

De acuerdo con la norma UNE 87001:1994 la jugosidad se define como
“‘la propiedad superficial de la textura relativa a la percepcion de la cantidad de
agua absorbida o liberada por el producto” Ruiz y cols., (1998c) la definen
como la sensacion de un alimento lubricado durante la masticacion.

La jugosidad de los productos carnicos es el resultado de la humedad
liberada del producto carnico durante la masticacion y de la humedad derivada
de la saliva (Winger y Hagyard, 1995). El contenido en GIM estimula la
generacion de saliva, recubre la lengua y diferentes partes de la boca,
contribuyendo de este modo directamente a la jugosidad percibida (Dikeman,
1987). En los productos carnico crudos curados, como el jamén, en los que el
proceso de curacion implica una fuerte deshidratacion, la humedad procedente
de la saliva y la contribucion directa del contenido en GIM juegan un papel muy
importante sobre la jugosidad del producto (Ruiz y cols., 2000).

En relacion al aroma y el flavor, segun la Norma UNE 87001:1994 el
aroma se define como “la sensacion percibida por el érgano olfativo, por via
nasal indirecta posterior, cuando se realiza la degustacion de un alimento o
bebida” y el flavor como “el conjunto de propiedades olfativas y gustativas que
se perciben durante la deglucion’. De acuerdo con Montel y cols., (1998) el
flavor es un sutil equilibrio entre compuestos no volatiles con propiedades
sapidas, y compuestos volatiles que interaccionan tanto entre ellos como con
proteinas y lipidos. En el caso de los productos carnicos, éste estaria asociado
con variaciones en el tipo de estos componentes, y un desequilibrio entre ellos
podria generar también flavores indeseables. El aroma de los productos
carnicos curados esta relacionado tanto con las caracteristicas de la materia
prima, como con las complejas reacciones que tiene lugar durante el procesado
de estos productos (Toldra y Flores, 1998).

Como ya se ha indicado, de entre los componentes de la materia prima,
los lipidos juegan un papel muy importante en la calidad sensorial de los
productos carnicos curados, en parte, por su influencia en el flavor de los
mismos. En este sentido, la grasa de partida actua como reservorio de
compuestos volatiles, que en el caso de los productos carnicos derivados del

cerdo Ibérico, provienen en su mayoria de la alimentacién recibida por los
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animales, tales como terpenos e hidrocarburos (Tejeda y cols., 1999). Ademas
durante la maduracién, los acidos grasos tienen un papel determinante en la
generacion del aroma y el flavor al actuar como precursores de un gran numero
de compuestos volatiles de bajo peso molecular (Ruiz y cols., 2002b). La mayor
parte de los compuestos volatiles identificados en el jamén Ibérico; aldehidos,
cetonas y ésteres entre otros, son productos secundarios de la oxidacion de los
acidos grasos como son el acido oleico (C18:1, n-9) y el acido linoleico (C18:2
n-6). Ademas de estos compuestos, otros compuestos de gran impacto en el
aroma son los derivados de sus reacciones con los aminoacidos, como el 2 y 3-
metilbutanal, el fenilcetaldehido, entre otros.

Asimismo, la grasa puede modular el flavor percibido por su papel en la
transferencia de compuestos volatiles de la matriz del producto al ambiente, y
durante la masticacion, y en consecuencia, en la dinamica de liberacién y
percepcion de los mismos (De Roos, 1997). No obstante, este efecto sobre la
dinamica de liberacidn/retencion esta también condicionado por las
caracteristicas fisico-quimicas de cada compuesto (Linforth y cols., 2000).

Entre estos parametros termodinamicos que afectan a la liberacion, esta
el log P (indicador del grado de hidrofobicidad, y por consiguiente, de la
polaridad del compuesto) y PV (indicador de la presion de vapor, y por lo tanto,
la volatilidad del compuesto). De Roos, (2000) establece que la volatilidad del
compuesto en el producto (factor termodinamico), y la resistencia a trasladarse
desde la matriz del producto al ambiente (factor cinético), son dos de los
principales factores que controlan la velocidad de liberacion del aroma. No
obstante, la percepciéon del flavor durante el consumo de un alimento segun
Overbosch y cols., (1991) es determinado por numerosos factores, como son el
mecanismo de percepcion, las técnicas de evaluacion, la naturaleza y la
concentracion de los compuestos volatiles y no-volatiles, y la disponibilidad de
esos compuestos liberados al sistema receptor. Disponibilidad que depende del
tiempo y de la fragmentacion de la matriz del alimento durante la masticacion, y
su consiguiente transporte.

Si bien, se han llevado a cabo diversos estudios en los que se ha
evaluado la percepciéon del flavor a partir de la incorporacion de compuestos
volatiles con diferentes propiedades termodinamicas (Brauss y cols., 1999;

Weel y cols., 2002; Pionnier y cols., 2004; Fragst y cols., 2005), los estudios
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llevados a cabo en productos carnicos son mas limitados (Carrapiso, 2007;
Ventanas y cols., 2010a,b). En el caso de los productos carnicos derivados del
cerdo Ibérico, se han empleado tanto técnicas instrumentales para la
identificacion de los compuestos olor-activos (Carrapiso y cols., 2002a,b), como
sensoriales para evaluar el flavor y el aroma en estos productos (Muriel y cols.,
2004; Ventanas y cols., 2007b,c; Pérez-Palacios y cols., 2010).

En la bibliografia cientifica estan ampliamente descritas las rutas de
formacion de los compuestos volatiles responsables del aroma y el flavor de los
productos carnicos curados del cerdo Ibérico a partir de las reacciones
acontecidas en la fraccion lipidica (Ruiz y cols., 2002b; Jurado y cols., 2009).
Sin embargo, el papel que podria desarrollar la grasa sobre la dinamica de
liberacidn/retencidn de los compuestos aromaticos de interés en productos del
cerdo Ibérico, es poco conocido, limitandose a un estudio llevado a cabo en
lomo curado con diferente contenido en GIM, en el que se concluye que las
diferencias en la GIM van a afectar tanto a la generacidén de los compuestos
volatiles durante la curacién del producto, cdmo a la mayor o menor liberacion
de los mismos en las fases posteriores al procesado (Ventanas y cols., 2008).
Por el contrario, son numerosos los estudios desarrollados en otros productos
crudos curados, como salchichones, o emulsiones carnicas, donde se ha
evaluado la repercusién que tiene tanto el contenido en grasa, (Chevance y
Farmer, 1999; Chevance y cols., 2000; Muguerza y cols., 2003; Estévez y cols.,
2005a; Carrapiso, 2007; Ventanas y cols., 2010b; Olivares y cols., 2011), como
su composicion, (Muguerza y cols., 2003) sobre la generacion o dinamica de
liberacion/retencion de compuestos volatiles. Asi como sus repercusiones
sobre el olor, el aroma o el flavor percibidos (Muguerza y cols., 2001 y 2002;

Olivares y cols., 2010).

2.1.1.2 Reacciones de oxidacion en la calidad de los productos carnicos
curados.

La oxidacién de los lipidos es uno de los principales factores que limitan
la calidad y aceptabilidad de la carne y los productos carnicos. Desencadena
pérdidas en el color, pérdidas por goteo, el desarrollo de olores y flavores
anoémalos, y la produccion de compuestos potencialmente toxicos (Morrissey y

cols., 1994; Gray y cols., 1996). Al igual que los lipidos, las proteinas de la
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carne juegan un papel muy importante sobre aspectos tecnoldgicos,
nutricionales y sensoriales de la misma, y por lo tanto, cualquier modificacién o
alteracion en su estructura (desnaturalizacidn, proteolisis u oxidacion) tiene
repercusiones importantes sobre las caracteristicas que establecen la calidad
de un producto (Lawrie, 1998; Estévez y cols., 2008 a,b). De igual modo que
sucede en la oxidacion de los lipidos, las proteinas son también susceptibles
de ser atacadas por los radicales libres (Estévez, 2011). En general, los
mecanismos Yy las reacciones que modulan la oxidacion de lipidos y proteinas
son diferentes, sin embargo, ambos procesos pueden estar directamente
vinculados al estar afectados por similares factores antioxidantes y pro-
oxidantes (Stadtman y Levine, 2000; Estévez y cols., 2008a). No obstante,
existe un cierto desconocimiento sobre el impacto que tiene la oxidacion de las
proteinas sobre los alimentos, asi como, los mecanismos y factores que la
modulan o las posibles consecuencias para los consumidores (Xiong, 2000;
Estévez, 2011; Lund y cols., 2011). Las primeras investigaciones en productos
carnicos se enfocaron en evaluar los efectos de la oxidacion de proteinas en
relacion a la pérdida de las propiedades funcionales de las proteinas y la
capacidad de retencién de agua (Decker y cols., 1993; Wan y cols., 1993; Liu y
Xiong, 1996; Srinivasan y cols., 1996). Posteriormente, algunos estudios han
puesto de manifiesto la relacion existente entre la oxidacion de proteinas y la
textura, en atributos relacionados con la jugosidad, la terneza y la dureza de la
carne (Rowe y cols., 2004; Estévez y cols., 2005b; Lund y cols., 2007; Zakrys y
cols., 2009; Ganh&o y cols., 2010; Utrera y cols., 2012). Asimismo, se ha
relacionado con el deterioro de otros parametros de calidad de la carne y
productos carnicos, como el valor nutritivo (Park y Xiong, 2007; Santé-
Lhoutellier, 2008; Lund y cols., 2011), y determinadas caracteristicas
sensoriales relacionadas con el color (Estévez y cols., 2005b; Ganhao y cols.,
2010; Utrera y cols., 2012), el aroma y el flavor (Ventanas y cols., 2007c). Con
respecto al aroma, su influencia sobre éste podria deberse a la implicacién que
tienen ciertos carbonilos especificos generados en la oxidacion de proteinas,
en concreto el semialdehido a-aminoadipico (AAS) y el semialdehido y-
glutamico (GGS), en la formacion de aldehidos de Strecker a partir de la
degradacion de la leucina e isoleucina (Estévez y cols., 2011). Originados

como consecuencia de la desaminacion y descarboxilacion oxidativa que
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sufren los aminoacidos libres en presencia de compuestos a-dicarboxilos en las
reacciones de Maillard (Mottram, 1998). Los aldehidos de Strecker son los
principales promotores de los compuestos responsables del aroma final en las
reacciones de Maillard. (Ruiz y cols., 2002b). De esta manera, los productos de
la degradacién de los aminoacidos libres y oxidados, podrian ser fuente de
aldehidos, y en consecuencia, mostrar una influencia significativa sobre el
flavor, principalmente, de los productos curados (Estévez, 2011). Mas
concretamente, en jamén Ibérico Ventanas y cols., (2007c), observaron una
posible relacién entre la oxidacion de proteinas y notas particulares del flavor.
Sin embargo, sus repercusiones sobre la calidad en jamén Ibérico loncheado
son por el momento inexistentes. Ademas, considerando la conexién entre la
oxidacion de lipidos y proteinas, y la influencia que pueden tener el proceso de
curacion, el contenido y composicion en GIM, y los diferentes tratamientos
post-procesado a los que puede ser sometido el jamoén curado sobre la
oxidacion de lipidos. Seria de gran interés estudiar la susceptibilidad de las
proteinas a la oxidacion, asi como, su impacto sobre la calidad final del jamén

Ibérico loncheado envasado a vacio.

2.1.1.3 Factores post-procesado.

Como consecuencia de las nuevas tendencias del mercado interior y la
potencial exportacion, la elaboracion de productos carnicos se encuentra en un
momento de continua innovacion. Por lo tanto, la industria debe considerar la
evolucion de los habitos de consumo, y en definitiva, las preferencias en la
demanda de los consumidores hacia productos fraccionados y envasados listos
para su consumo (loncheados) se incrementa. Sin embargo, estos tratamientos
post-procesado, como el loncheado-envasado a vacio y los tratamientos con
APH, que imponen las nuevas tendencias de mercado, pueden influir de forma
definitiva en la calidad que llega al consumidor. En este sentido, los locheados
envasados a vacio de productos carnicos han sido el sector del mercado
carnico con el mayor ritmo de crecimiento de los ultimos afios. Sin embargo, en
estos productos se incrementan los riesgos de contaminacion cruzada en el
momento previo a su envasado, por lo tanto, ademas de las barreras

intrinsecas del propio jamoén (aw<0.90), requiere que se extremen las
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precauciones necesarias para evitar su contaminacion, tales como, el
loncheado en salas “blancas” bajo condiciones de refrigeracion, y por un tiempo
limitado. No obstante, en ocasiones se requiere del empleo de barreras
adicionales basadas en la implantaciéon de nuevos métodos de conservacion,
entre los que destaca la aplicacion de APH (Hugas y cols., 2002; Garriga y
Americh, 2009). Estos permiten alcanzar las FSO exigidas por la UE y la
exigente legislacion al respecto de las importaciones carnicas de algunos
paises, como EEUU y Japén. Estos nuevos métodos de conservacion se han
ido implantando como barreras adicionales o reemplazando los tradicionales
métodos de conservacion (Devlieghere y cols., 2004). Sin embargo, a pesar de
las multiples ventajas que presentan estas nuevas alternativas, también
pueden ocasionar una serie de cambios en detrimento de la calidad, lo cual,
podria limitar su aplicacion (Hugas y cols., 2002; Devlieghere y cols., 2004;
Bover-Cid y cols., 2011).

2.1.1.3.1 Tecnologia del deshuesado y loncheado del jamon.

Una vez finalizado el procesado del jamon curado, el loncheado del
mismo requiere seguir los pasos que indica la figura 1. Previamente al
loncheado, es necesario el deshuesado y prensado de las piezas para darle
una forma mas compacta y regular. En general, la preparacion de jamén
deshuesado conlleva una manipulacién importante del producto, por lo que, ha
sido objeto de mecanizacion para facilitar las etapas de extraccion de los
huesos y el prensado. Y su “acondicionamiento”, para lo cual se mantiene en
una camara de congelacion la noche anterior a una temperatura de -5 °C y -6
°C, con el fin de facilitar su corte en frio, lo que permite obtener lonchas finas.

El loncheado se realiza en una sala “blanca” a la que el jamén llega
desde la antesala de acondicionamiento. La preparacion de los loncheados de

jamén consta de dos operaciones basicas:
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Corte del producto, una vez que el jamoén deshuesado accede a la sala a
través de una cinta trasportadora o en carros, se carga en la plataforma de la
maquina cortadora. El centro o bloque de jamdén es seccionado
transversalmente mediante cuchillas circulares o mediante una guillotina. Las
porciones son colocadas sobre la pelicula inferior, denominada “film de base”
de forma escalonada, que es el formato estandar para el envasado a vacio. El
grosor suele ser de 1.2-1.5 mm, y se intercala entre ellas un interleaver
(separador) de polietileno (PE) o papel para evitar que las lonchas envasadas a
vacio se adhieran y rompan al extraerlas del envase.

Cierre del paquete envasado, generalmente va integrado en linea con la
cortadora por razones higiénicas (impedir manipulaciones y contaminaciones),
y para evitar que las lonchas se resequen si no se envasan inmediatamente. El
sellado se realiza mediante retractilado por calor, utilizando unos rodillos
calientes o una barra térmica que sueldan los bordes del paquete a 85 °C
durante 1-2 segundos. El plastico al tener “memoria térmica” encoge enseguida
y recubre el contorno de la barqueta que contiene el jamén. Seguidamente, un
sistema de corte consistente en unas mordazas separa las bolsas que caen a
la mesa, donde se comprueba si hay algun defecto.

En el caso de los loncheados, la operacion de corte y de envasado
suelen ir integradas en el mismo equipo, lo cual permiten mantener unas
condiciones de higiene rigurosa, y ofrecer un producto con un aspecto y calidad
cada vez mas atractivos. En ambos casos, el tipo de pelicula de envasado es
importante priorizando un envase retractil y resistente en el jamdn deshuesado,

y una alta barrera al oxigeno y al vapor de agua en los formatos loncheados.
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Figura 1. Esquema de los diferentes pasos para el loncheado y envasado a vacio del

jamon curado.

Producto terminado

Deshuesado Prensado Acondicionamiento
(dar forma compacta de -5 °C a -6 °C (dia previo)
y regular) (para facilitar su corte en frio)

Loncheado

(2 operaciones basicasllevadas a
cabo ensalas blancas)

Corte del producto Cierre del paquete envasado

(con maquina cortadora)

(sellado mediante retractilado
por calor)

*Ambas operaciones estan integradas en el mismo equipo
(rigurosas condiciones higiénicas)

*Pelicula de envasado con una alta barrera al oxigeno y al
vapor de agua

Fuente: Elaboracion propia adaptado de Ventanas, (2012).

El envasado del jamén curado loncheado preparado para ser expuesto
directamente en los lineales de los supermercados, se hace segun 2 tipos: el
envasado a vacio y el envasado en atmdsferas modificadas (MAP). En la tabla
2 se resumen los principales sistemas de envasado que existen en la

actualidad.

Tabla 2. Principales sistemas de envasado en jamon curado.

Envasado a vacio
e Bolsa retractil
e Pouch o bolsa rigida
e Termoformado
e Sistema Skin

e Sistema Darfresh
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Envasado en atmésfera modificada
e Slicepack

e Termoformado rigido

Fuente: a partir de Frigola y Ayuso, (2004) y Cilla, (2005).

En el envasado a vacio a su vez hay dos opciones: el termoformado
(flexible o rigido), y el sistema denominado envasado a “skin” o doble piel. La
tendencia ha sido ir pasando del termoformado flexible al rigido, y actualmente,
hacia el envasado a vacio en “skin” y en MAP. El envasado en MAP es un
formato que va ganando terreno progresivamente, en comparacion con el
envasado a vacio, ya que, permiten una presentacion mas proxima a la del
jamén cortado por el método tradicional, y resuelven los problemas de la
adherencia de las lonchas. Sin embargo, el principal inconveniente es que su
vida util es mas corta que en el envasado a vacio (Garcia-Esteban y cols.,
2004; Cilla y cols., 2006; Parra y cols., 2010). El envasado a vacio aumenta el
control higiénico, conserva la apariencia visual, y reduce las pérdidas por
evaporaciéon (Hugas y Garriga., 1987). El material que normalmente se utiliza
en el envasado a vacio es un material multilaminar de calidad alimentaria; que
suele contener polietileno (PE) en la parte externa, que es soldable por el calor,
etilen vinil alcohol (EVOH) en las intermedias por su alta barrera al oxigeno y al
vapor de agua, y poliamida (PA) en el interior que ofrece muy buena
resistencia. Pero las opciones son numerosas, como una pelicula compuesta
por una capa de LDPE (polietiieno de baja densidad) en contacto con el
alimento, seguida de varias capas de etil vinil acetato (EVA), y una de cloruro

de vinilideno (VDC) en el exterior (Rivas-Cafedo y cols., 2009a).

2.1.1.3.2 Influencia de las altas presiones hidrostaticas (APH).

Ademas de la influencia de los factores previamente comentados, la
calidad de los jamones curados puede verse también comprometida por
diversos factores extrinsecos a la materia prima o al proceso de elaboracion. Si
tenemos en cuenta las nuevas tendencias de mercado en el jamon Ibérico, y la

influencia que pueden tener estos factores sobre la calidad final, resulta
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necesario llevar a cabo su control y estudio. Entre ellos se encuentra la
aplicacién de tratamientos de conservacion, como son las APH. Las APH es
una tecnologia muy prometedora para la conservacion de productos carnicos
loncheados, tanto crudos curados como cocidos, con una gran aceptacion
entre los consumidores (Hugas y cols., 2002). Se ha convertido en una de las
tecnologias emergentes para procesar alimentos que mas ha crecido en los
ultimos afos, y en la actualidad, es reconocida en todo el mundo y se ha
convertido en una herramienta muy util para las empresas exportadoras de
productos carnicos envasados.

El procesado de alimentos por altas presiones esta clasificado como una
pasteurizacion no térmica y procesado minimo. Generalmente, se realiza a
temperaturas entre 5y 12 °C y tiene como principal objetivo la inactivacion de
microorganismos y enzimas, aunque puede ser usada también en la creacién
de nuevas texturas, conceptos y productos. El procesado mediante las APH es
llevado a cabo, mayoritariamente, en los alimentos dentro de su envase final
flexible. El fundamento de la técnica es someter a los alimentos envasados e
introducidos dentro de una vasija de acero a una presion hidrostatica que
industrialmente puede llegar a los 6.000 bares (600 MPa), y usando el agua
como medio transmisor (Nunes y Grébol, 2011). La presién aplicada a los
alimentos actua de forma instantanea y uniforme en todos los puntos del
alimento, independientemente de sus dimensiones, su composicion y de su
forma (Smelt, 1998). En los ultimos afos, los productos carnicos y sus
derivados listos para el consumo han sido los principales beneficiados de esta
tecnologia. Asi, jamén curado loncheado, cortes de pollo o pavo, platos listos
para su consumo inmediato, o incluso piezas completas de jamén, son tan sélo
algunos de los ejemplos de productos procesados por APH que pueden
encontrarse actualmente en el mercado. La tecnologia de las APH presenta
numerosas ventajas frente a otras técnicas de conservacion, lo que ha derivado
en un gran éxito de implantacién en la industria alimentaria. Entre las ventajas

que presenta podriamos destacar las siguientes (Grebol, 2010):

1. Presenta una gran eficacia para minimizar los riesgos asociados a
patdgenos y a parasitos, y para inactivar microorganismos alterantes. El

procesado por altas presiones es una intervencién de letalidad validada
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y probada sobre Listeria, E. Coli, Salmonella... ideal para productos de
alto riesgo de contaminacién como loncheados, en tiras o dados.

. Es potencialmente aplicable a muy diversas matrices alimentarias:
productos carnicos cocidos o curados, productos lacteos, platos
preparados, frutas, vegetales, moluscos bibalvos ...

. Tiene un impacto sensorial y nutricional minimo sobre los alimentos que
han sido utilizados para comercializarlos, destacando sobre todo el
“sabor fresco”.

. Es un proceso no térmico lo que permite su aplicacion en alimentos que
se alteran tras la aplicacién de un tratamiento térmico.

. Permite cumplir las exigencias establecidas por las autoridades
sanitarias de paises como EEUU o Japdn, al minimizar el riesgo frente a
Listeria monocytogenes en productos “ready to eat” (RTE). En este
sentido, presiones entre 500 y 600 MPa durante 1-5 min, reducen en
varias unidades logaritmicas la contaminacion microbiolégica (bacterias
acido lacticas, mohos, levaduras, bacterias psicotréficas), y de
patdgenos (Listeria, E.coli, Salmonella...) en productos carnicos.

. El proceso puede utilizarse en productos envasados a vacio y/o en
atmosfera modificadas.

. Elimina la necesidad de anadir conservantes al asegurar la eliminacién
de la flora vegetativa patégena y alterante, junto a la imposibilidad de
una contaminacion cruzada posterior al tratarse de un proceso post-

envasado.

Si bien se ha demostrado la efectividad de las APH sobre la calidad

microbioldgica en productos carnicos loncheados y envasados, como el jamoén

cocido (Jofré y cols., 2008 y 2009; Han y cols., 2011; Hereu y cols., 2012) o el

jamén curado (Hereu y cols., 2009; Bover-Cid y cols., 2011 y 2012), también se

ha puesto de manifiesto la repercusién que la aplicacion de este tratamiento

tiene sobre la calidad sensorial y tecnolégica de la carne y los productos

carnicos (Campus, 2010). Se han observado alteraciones en el color que

podrian deberse a alteraciones en la molécula de mioglobina o al importante

impacto sobre la estructura de las proteinas miofibrilares (Carlez y cols., 1995;

Goutefongea y cols., 1995). En este sentido son numerosos los estudios que
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recientemente se han llevado a cabo en relacion a los efectos que tienen las
APH sobre diferentes parametros relacionados con la calidad, en los cuales se
han descrito el efecto que tienen diferentes tratamientos sobre el color de la
carne y los productos carnicos (McArdle y cols., 2010; Bak y cols., 2012a,b).
Otras investigaciones se han centrado en productos crudos curados para
evaluar su influencia sobre la calidad mediante el analisis del perfil de
compuestos volatiles en productos como el salchichon y el jamén curado
(Rivas-Cafiedo y cols., 2009a,b) o mediante su aplicacién en diferentes etapas
del procesado del jamén curado, y estudiar asi, su impacto sobre la actividad
antioxidante de determinadas enzimas (Serra y cols., 2007a), o sobre las
caracteristicas relacionadas con la calidad sensorial del mismo (Serra y cols.,
2007b)

También es importante destacar que la utilizacién de las APH para el
tratamiento de productos carnicos curados una vez ya loncheado y envasado a
vacio esta cada vez mas extendida, al ser un formato de consumo que se ha
generalizado de manera importante en los ultimos afios. En este sentido, en un
estudio llevado a cabo por Campus y cols., (2008) en lomo curado loncheado,
observaron que tratamientos de 300 MPa implicaban una reduccién de los
fendbmenos de proteolisis, como consecuencia de una disminucion en la
actividad de determinadas enzimas, en concreto de aminopeptidasas y
dipeptidilpeptidasas. Asimismo, Clariana y cols., (2011) describen cémo en
jamén curado loncheado, un tratamiento de APH de 600 MPa mantiene la
estabilidad oxidativa de los lipidos, consigue una efectiva reduccion
microbiolégica, y provoca modificaciones en el color, en la textura y en el flavor.
Por el contrario, de Alba y cols., (2012) observaron que las modificaciones en el
color y la textura de las lonchas de jamon se debian principalmente al efecto
del tiempo de almacenamiento, mas que al efecto del tratamiento con APH a
400 y 600 MPa. Mas recientemente, Clariana y cols., (2012) describieron en
funcién de la dosis aplicada (400 o 900 MPa) un efecto diferente sobre la
actividad antioxidante de determinadas enzimas, y al igual que anteriores
estudios, describen un aumento en la luminosidad, en la dureza y en el sabor
salado percibido en las muestras tratados con APH.

En el caso concreto de los productos curados derivados del cerdo

Ibérico, el efecto del tratamiento con APH sobre loncheados se ha estudiado de
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forma mas limitada. En relacion a la alteracibn de las caracteristicas
organolépticas como el color, se ha relacionado la aplicaciéon de las APH con
incrementos de la luminosidad de la lonchas de jamén (Andrés y cols., 2004a y
2006), asi como, con descensos en la intensidad del color rojo de la lonchas
tanto de jamon como de lomo curados de cerdo Ibérico (Andrés y cols., 2004a
y 2006; Cava y cols., 2009, respectivamente) siempre medido con métodos
instrumentales. Asimismo, se han llevado a cabo investigaciones para evular su
impacto sobre la estabilidad oxidativa, en los que se constatan, que las APH
tienen un escaso efecto sobre la oxidacién de lipidos a dosis inferiores a los
300 MPa, pero este efecto, se incrementa proporcionalmente a dosis
superiores en loncheados de jamén Ibérico (Andrés y cols., 2004a y 2006).
Igualmente, Cava y cols., (2009) observaron que a medida que la presion se
incrementaba las APH comprometian la estabilidad lipidica, tras la evaluacién
de la estabilidad oxidativa de lipidos y proteinas en loncheados de jamén y
lomo Ibéricos.

Las APH aceleran la formacién y la ruptura de hidroperdxidos, y por
tanto, las reacciones en cadena involucradas en la oxidacién de lipidos (Cheftel
y Culioli, 1997). Ademas, estos autores manifestan que las APH son causantes
de la alteracion del tejido muscular, el cual, favorece el efecto catalitico de

promotores de la oxidacién como metales de transicion.

2.1.1.3.3 Influencia de la temperatura de consumo.

La temperatura de consumo de un alimento es un factor determinante
que afecta de manera importante al grado de aceptaciéon o preferencia por
parte del consumidor. Incluso, un consumidor podria rechazar un alimento si la
temperatura de consumo no es la apropiada o la esperada (Ryynanen y cols.,
2001). En funcién del alimento, la temperatura habitual de consumo es muy
diferente, asi, el consumo de helado se considera mas agradable frio, mientras
las patatas fritas resultan mas agradables templadas. No obstante, otros
productos pueden consumirse a temperaturas diferentes, dependiendo del
contexto y cultura. Por ejemplo la mayonesa, se puede consumir fria en
ensaladas, pero también puede acompafar a alimentos calientes, como las

patatas fritas. Ademas del mayor o menor grado de aceptabilidad, la
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temperatura de consumo puede repercutir de forma importante en la dinamica
de liberacion compuestos volatiles, y por tanto, en la calidad del aroma y del
flavor percibidos (Ryynanen y cols., 2001). En este sentido, autores como
Engelen y cols., (2003) observaron en alimentos semi-sélidos cambios
dramaticos en la liberacion de compuestos volatiles, lo que se ha relacionado
en parte, con que la temperatura esté ligeramente por encima o por debajo de
los puntos de fusion de la grasa. Fendmenos relacionados con la fusién de la
grasa a temperaturas elevadas podria estar relacionado con modificaciones en
la firmeza de determinados productos carnicos (Ryynanen y cols., 2001). Del
mismo modo, Ventanas y cols., (2010a) observaron en sistemas modelo
carnicos, como un incremento en la temperatura de consumo puede afectar
tanto a las propiedades reolégicas de la matriz, como a las propiedades
termodinamicas de los compuestos volatiles, determinando un incremento en la
volatilidad de dichos compuestos.

En el caso concreto de los productos curados del cerdo Ibérico, y del
jamén curado en particular, al ser un producto con un alto contenido graso y
con unas caracteristicas de la grasa muy particulares en cuanto a composicion
(alto contenido en AGMI), la temperatura de consumo podria condicionar las
caracteristicas fisicas de esta grasa, y en consecuencia, su efecto sobre la
dinamica de liberacion/retencion de los compuestos volatiles, al afectar tanto a
su volatilidad como a su transferencia desde la matriz al ambiente. Teniendo en
cuenta que la grasa es un componente esencial y con enorme trascendencia
en la calidad del jamon curado Ibérico, resultaria de gran interés evaluar como
las modificaciones de la temperatura de consumo afectan a sus caracteristicas,

y en definitiva, a las propiedades sensoriales relacionadas con ésta.

2.2 EVALUACION SENSORIAL EN PRODUCTOS CARNICOS CURADOS
DERIVADOS DEL CERDO IBERICO.

La calidad alimentaria de acuerdo con la oficina de Alimentacién de la
BEUC se define como: “Satisfacciéon de las necesidades de los consumidores
en su conjunto, confirmado por una compra repetida por parte de los mismos”

(Hernandez-Gimeno, 2002). Matizando esta definicion, la calidad de un
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alimento se refiere al grado de excelencia del mismo, e incluye todas las
caracteristicas destacables y que lo hacen aceptable (Vaclavik, 2002). No
obstante, definir qué es calidad de un alimento es una tarea dificil, puesto que
se trata de un término subjetivo. Para los consumidores es una manera de
asegurar que el alimento reune una serie de caracteristicas especificas que se
van a mantener en el tiempo. En general, los consumidores demandan
productos de calidad frescos, nutritivos, con buena apariencia, saludables,
sabrosos, pero en primer lugar, y por encima de todo, demandan alimentos
seguros (Anklam y Bataglia, 2001).

Entre los factores mas destacables englobados en el concepto de
calidad de los alimentos se encuadran las caracteristicas sensoriales. La
valoracion sensorial es una funcion primaria del hombre que ya desde la
infancia le lleva a aceptar o rechazar, consciente o inconscientemente, los
alimentos de acuerdo con las sensaciones apreciadas al observarlos y/o
ingerirlos (Costell y Duran, 1981). Sin embargo, las sensaciones que motivan
este rechazo o aceptacién varian con el tiempo y el momento en que se
perciben, dependen tanto de la persona como del entorno. De ahi, la dificultad
de que con determinaciones de valor tan subjetivo, se puede llegar a tener
datos objetivos y fiables para evaluar la aceptacién o rechazo de un producto
alimentario. Por eso es légico, que en las técnicas de control de calidad de los
productos alimentarios, sea de gran importancia conseguir definir mediante
parametros objetivos estas sensaciones subjetivas que experimentaran los
consumidores de los alimentos (Sancho y cols., 1999). El analisis sensorial se
define en sentido amplio, como un conjunto de técnicas de medida y evaluacion
de determinadas propiedades de los alimentos, a través de uno o mas de los
sentidos humanos (Tilgner, 1971).

El objetivo del analisis sensorial es medir todas aquellas propiedades de
los alimentos que son captadas por los sentidos antes y durante su ingestion,
es decir, definir lo que se conoce como “calidad sensorial” (Costell y Duran,
1981). En la sociedad actual donde las necesidades nutritivas basicas estan
cubiertas, el principal problema que se plantea es elegir entre una oferta muy
amplia de productos, adquiriendo de este modo la calidad sensorial cada vez
mas importancia. Asi pues, el concepto actual de calidad contempla no solo la

seguridad, sino ademas, la satisfaccién sensorial del consumidor.
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El analisis sensorial es una herramienta mas de Control de Calidad Total
de la empresa, y por consiguiente, ira en el mismo sentido en que éste se
desarrolle. Asi, se puede considerar que se dirigira a la Evaluacion, Analisis y
Control, tanto del proceso de fabricacion, como del producto o del mercado en
el que se incide (Costell y Duran, 1981). Esta se considera una herramienta
imprescindible, que permite obtener informacion sobre algunos aspectos de la
calidad de los alimentos a los que no se puede tener acceso con otras técnicas
analiticas. Aportando de este modo una valiosa informacion, ya que, permite un
conocimiento mas completo de las caracteristicas de los alimentos, y posibilita
su adecuada elaboracidn con objeto de satisfacer el gusto de los consumidores
a los que van destinados.

2.2.1 Tipos de pruebas en el analisis sensorial.

Hay un gran numero de pruebas sensoriales de distintas caracteristicas
y diferente campo de aplicacion. Existen diversos criterios que se pueden usar
para agruparlas, uno de los mas utiles es considerar el tipo de informacién que
proporcionan. De acuerdo con este criterio, las pruebas sensoriales se pueden
clasificar en: discriminatorias, descriptivas y de preferencia-aceptacion (Tabla
3). Una vez establecido correctamente la naturaleza del problema, la eleccién
de la prueba debe estar ligada al grado de confianza exigido, a la naturaleza de
las muestras, y a la disponibilidad de las personas (Norma UNE 87008:1992).

Dentro de las pruebas discriminatorias se encuentran entre otras, la
prueba triangular, la prueba duo-trio y la prueba de comparacion pareada
(Lawless y Heymann, 1998). El objetivo es detectar entre las muestras
evaluadas la presencia o ausencia de diferencias sensoriales (en uno o mas
atributos). Por lo tanto, este tipo de pruebas son idéneas para examinar la
homogeneidad de una produccion, para el control de una nueva tecnologia de
fabricacion, asi como, las consecuencias de algun cambio en la materia prima
o en la formulacion (Tuoraille, 1990).

Por el contrario, las pruebas descriptivas intentan identificar (describir) y
medir las diferencias que puedan existir entre los productos (Meilgaard y cols.,

1991; Lawless y Heymann, 1998). En este tipo de pruebas descriptivas para
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cuantificar las diferencias entre los productos, los catadores establecen y
utilizan descriptores (atributos) para identificar las caracteristicas sensoriales.

El perfil sensorial de un producto lo constituye el conjunto de
puntuaciones o intensidades otorgadas a las caracteristicas sensoriales
relacionadas con el aspecto, el olor, la textura y el flavor. Este tipo de pruebas
implica un entrenamiento previo de los catadores, pues requiere catadores con
buenas aptitudes sensoriales y capacidad para reconocer, memorizar y puntuar
las caracteristicas del producto de forma coherente. Existen varios técnicas
descriptivas que en general reflejan diferentes filosofias y formas de abordar la
descripcion sensorial (perfiles de flavor, perfiles de textura, analisis descriptivo
cuantitativo, perfil de libre eleccion) (Murray y cols., 2001).

Normalmente, estas técnicas de analisis descriptivo permiten obtener
descripciones objetivas de los productos en términos de los atributos
sensoriales percibidos. En funcién de la técnica utilizada, la descripcion puede
resultar mas o menos rigurosa, asi como mas o menos cualitativa o cuantitativa
(Lawless y Heymann, 1998). Ademas de obtener descripciones sensoriales
completas de los productos, estas técnicas ayudan a identificar variables de
proceso o formulacion, y a establecer qué atributos sensoriales son importantes
desde el punto de vista de la aceptacion del producto. También son empleadas
en diferentes estudios para establecer correlaciones entre éstas y las medidas
instrumentales.

Por ultimo, las pruebas hedodnicas o afectivas son llevadas a cabo por
paneles de consumidores, y por tanto, por sujetos no entrenados. Estas
técnicas son utiles para conocer el grado de satisfaccién o aceptacion de los
consumidores en relacién con los productos, asi como, los productos que
resultan preferidos (Lawless y Heymann, 1998). Estos estudios de
consumidores, se pueden llevar a cabo en las diferentes etapas del ciclo de
vida de un producto: para la seleccion de prototipos con mayor aceptacion
(etapa de desarrollo), para su comparaciéon frente a productos competidores
(etapas de mantenimiento), y finalmente, en la etapa de mejora/optimizacién
del producto. En estas pruebas hedonicas el panel de consumidores debe estar
constituido por una muestra representativa del segmento de poblacion al que
esta dirigido el producto (consumidores representativos), en términos de datos

demograficos y consumo del producto (Lawless y Heymann, 1998).
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Tabla 3. Tipo de pruebas para el analisis sensorial.

Planteamiento Prueba Tipo de prueba
"A" O "no A"
Triangular

Es una cuestion sobre si difieren los productos Discriminantes Duo-Trio
Comparacion pareada
Otras

Perfil de flavor
Perfil de libre eleccion
Es una cuestion sobre qué difieren los productos Descriptivas Analisis cuantitativo descriptivo (ACD)
Perfil tiempo-intensidad (TI)
Otras

Preferencia

Es una cuestion sobre la aceptacion del consumidor Afectivas Grado de aceptacion
Ordenacion
Otras

Fuente: Elaboracion propia a partir de datos de la Norma UNE 87008:1992 y Lawless y Heymann, (1998).
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Las pruebas descriptivas, y particularmente el andlisis cuantitativo
descriptivo (ACD) (Stone y cols., 1974), son las pruebas sensoriales que se
han aplicado de forma mas extensa al estudio de la calidad sensorial de la
carne y los productos carnicos, en general, y en los derivados del cerdo Ibérico,

en particular (Tabla 4).

Tabla 4. Resumen de los diferentes trabajos que emplean la técnica de ACD para la

evaluacién de la calidad sensorial en productos carnicos curados derivados del cerdo

Ibérico (n= numero de catadores que conforman panel), ordenados
cronolégicamente.
Panel,

Factor Atributos Referencia
Tiempo de procesado n=14, 20 Ruiz y cols., 1998c
Sistema de explotacién y tipo de musculo n=14, 20 Cavay cols., 2000
Contenido y composicién en acidos grasos de lagrasa n=14,7 Ruiz y cols., 2000
Sistema de explotacién y cruce n=18, 24 Carrapiso y cols., 2003
Alimentacion n=18, 18 Muriel, 2003
Contenido en sal y condiciones de procesado n=12, 20 Andrés y cols., 2004b
Linea genética n=18, 11 Muriel y cols., 2004
Alimentacioén n=12, 13 Ventanas y cols., 2007c
Genotipos n=14, 20 Ramirez y Cava, 2007
Alimentacion, sistema de explotacion y cruce n=12, 19 Ventanas y cols., 2007b
Linea genética n=18, 24 Carrapiso y Garcia, 2008
Alimentacion n=14, 18 Pérez-Palacios y cols., 2010

Fuente: Elaboracién propia.

Del mismo modo se ha aplicado para evaluar la influencia de diferentes
factores post-procesado, tales como, las condiciones de almacenamiento (Cilla
y cols., 2006), el empleo técnicas de conservacién; como el tratamiento con
APH (Clariana y cols., 2011 y 2012) y sistemas de irradiacion (Jin y cols., 2012)
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en la calidad sensorial de productos loncheados derivados de cerdos
comerciales, tanto de jamén como de paletas. Sin embargo, los trabajos
desarrollados en loncheados de jamon Ibérico son mas limitados (Parra y cols.,
2010).

En el desarrollo de una prueba sensorial descriptiva distinguimos tres
etapas diferenciadas (Lawless y Heymann, 1998): (i) una primera etapa de
familiarizacion con los productos a evaluar, (ii) una segunda etapa cualitativa,
basada en la identificacion de descriptores que permiten definir el conjunto de
caracteristicas sensoriales que permiten discriminar un producto de otros del
mismo tipo, (iii) y una tercera etapa cuantitativa, que se basa en la asignacion
de puntuaciones, evaluando la intensidad de cada descriptor, es decir, la
impresion mas o menos pronunciada registrada por el sujeto sobre un elemento
de la percepcion global. En el caso concreto del ACD, el objetivo es
caracterizar y cuantificar los atributos perceptibles en un alimento o ingrediente
sin limitaciones, referidas al tipo de producto o a la propiedad sensorial que se
evalua. Por lo tanto, se deberia considerar que la técnica de ACD precisa que
los catadores deberian ser consumidores habituales de esa clase de productos.

Un panel tipico esta compuesto por 10-12 personas, las cuales, han
demostrado su habilidad para trabajar en grupo. El entrenamiento del panel
comienza con el proceso de desarrollo del lenguaje, y su objetivo principal es la
preparacion de la hoja de cata del producto. El panel trabaja en conjunto para
el desarrollo del lenguaje que describe los atributos perceptibles del producto.
Esta etapa consta de la generacion, seleccion y normalizacidon de los
descriptores. Se requiere un acuerdo entre todos los integrantes del panel. Una
vez finalizada esta etapa cualitativa, se pasa a la etapa cuantitativa, en la que
cada panelista de forma individualizada mide la intensidad de los atributos
seleccionados empleando sistemas escalares. Lo mas frecuente es emplear
escalas horizontales de 10 cm no estructuradas, y cuyos extremos estan
definidos con términos seleccionados adecuadamente en funcion del atributo a

evaluar.
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2.2.2 Técnicas dinamicas de analisis sensorial: Tiempo-intensidad.

La percepcion del flavor y de la textura de un producto son fendmenos
dinamicos que se modifican durante el consumo del mismo, por lo que, para su
maxima compresion necesitamos disponer de métodos dinamicos de
evaluacion sensorial (Piggot, 2000). En este sentido, se han desarrollado
distintas técnicas descriptivas de evaluacion sensorial, entre ellas la técnica
tiempo-intensidad (Tl), que permite una monitorizacion de la intensidad
percibida a lo largo del tiempo de consumo del producto. EI método TI, es un
tipo de evaluacion sensorial que consiste en registrar la evolucién con el tiempo
de la intensidad percibida. El objetivo es conocer la intensidad de un atributo,
ademas de su variacién a lo largo del tiempo, asi como, las tendencias que
puedan esperarse. En definitiva, la respuesta de los catadores va a ser
registrada en todo momento, observando la evolucién del atributo evaluado a lo
largo del tiempo (Cliff y Heymann, 1993).

De acuerdo con Dijksterhuis y Piggott, (2001), este tipo de técnicas
dinamicas (Tl) en comparacién con las técnicas estaticas, donde los catadores
deben integrar la intensidad percibida y proporcionar un unico valor sobre una
escala (Lee y Pangborn, 1986), ofrecen una informacién mas real. Los primeros
estudios fueron desarrollados por Sjostrom (1954) y Jellinek (1964) para
evaluar el flavor y el sabor amargo percibido en la cerveza. A partir de ese
momento, el empleo de la técnica Tl ha estado muy extendido en una gran
variedad de productos como se muestra en la tabla 5. Del mismo modo y de
acuerdo con la bibliografia, esta técnica se ha utilizado ampliamente en

productos lacteos (Tabla 6).
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Tabla 5. Resumen de las diferentes aplicaciones de la técnica Tl para la evaluacién de

parametros relacionados con el flavor y la textura de una gran variedad de productos,

ordenados cronolégicamente.

Referencia Producto Evaluacién
Pangborn y Koyasako, 1981 Pudding Viscosidad
Ott y Palmer, 1990 Azucar Sabor dulce
Matysiak y Noble, 1991 Solucion de naranja Flavor
Issanchou y Porcherot, 1992 Aguay cerveza Amargor
Guirnard y Marty, 1995 Geles Flavor
Elmore y Langley., 1996 Alimentos liquidos Flavor
Linforth y cols., 1999 Geles de gelatina Flavor
Piggot y cols., 2000 Whisky Sabor dulce
Palsgard y Dijksterhuis, 2000 Geles Flavor
Valentova y cols., 2002 Vino/Bermu/Bebidas Astringencia
Guirnard y cols., 2002 Postres salados Flavor
Weel y cols., 2002 Geles proteicos Flavor
Harker y cols., 2003 Zumo de frutas Jugosidad

Sinesio y cols., 2005

Francgois y cols., 2006

Kostyra y Barylko-Pikielna, 2007

Potineni y Peterson, 2008
Mosca y cols., 2010

Sokolowky y Fischer., 2012

Aceite de oliva

Cerveza

Mahonesa tipo emulsion

Goma de mascar

Geles

Vino blanco

Amargor y acritud
Astringencia

Flavor

Sabor dulce y canela
Sabor dulce

Amargor

Fuente: Elaboracion propia.
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Tabla 6. Resumen de los diferentes trabajos que aplican la técnica Tl para la

evaluacion sensorial de lacteos y derivados lacteos, ordenados cronolégicamente.

Referencia Producto Evaluacién
Birch y Ogunmoyela,1980 Chocolate caliente Flavor
Delahunty y cols., 1994 Queso Flavor
Tuorilay cols., 1995 Yogurt Flavor

Liy cols., 1997 Helado Flavor

Brauss y cols., 1999 Yogurt Flavor
Crourregelongue y cols., 1999 Leche de soja Astringencia
King y cols., 2000 Yogurt Sabor dulce y metalico
Wendin y cols., 2000 Crema de queso Textura y flavor
Chung y cols., 2003 Helado Flavor
Hyvonen y cols., 2003 Helado Flavor
Miettinen y cols., 2003 Leche Flavor
Lethuaut y cols., 2004 Postres lacteos Flavor
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Pionnier y cols., 2004 Queso Flavor

Miettinen y cols., 2004 Sistemas lacteos Flavor

Frast y cols., 2005 Helado Flavor
Gonzalez-Tomas y cols., 2007 Cremas lacteas Flavor

Melo y cols., 2007 Chocolate con leche Sabor dulce
Cadena y Bolini., 2011 Helado Flavor

de Loubens y cols., 2011 Geles lacteos Sabor salado

Fuente: Elaboracién propia.

En relacion al empleo de este tipo de técnicas dinamicas en productos
carnicos, los estudios realizados son mas restringidos, como se refleja en la
tabla 7. Los primeros trabajos aplicaron la técnica Tl para evaluar la terneza de
la carne durante la masticacion (Duizer y cols., 1993). En los ultimos afios, su
empleo ha sido implementado a diferentes productos carnicos para evaluar la
influencia de diversos factores entre los que se encuentra, el contenido en
grasa, la influencia de la temperatura oral, la temperatura de consumo, y el
contenido en sal (Tabla 7). Por el contrario, su aplicacion en productos carnicos
curados hasta la fecha es inexistente.
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Tabla 7. Bibliografia referente al empleo de la técnica Tl para el analisis sensorial de

carne y productos carnicos, ordenados cronolégicamente.

Referencia Producto Evaluacion
Duizer y cols., 1993 Ternera Terneza
Zimoch y Gullett, 1997 Ternera Terneza y jugosidad

Emrick y cols., 2005
Bertram y cols., 2006
Reinbach y cols., 2007
Reinbach y cols., 2009

Ventanas y cols., 2010b

Hamburguesas de pollo
Jamon cocido
Hamburguesas de cerdo
Hamburguesas de pollo

Salchichas tipo bolonia

Flavor
Sabor salado
Flavor
Temperatura

Flavor y textura

Fuente: Elaboracién propia.

El empleo de la técnica Tl permite obtener graficos denominados curvas

tiempo-intensidad (Curvas TI) (Figura 2) donde el tiempo de evaluacién queda

representado sobre el eje de abcisas-x, y la intensidad percibida sobre el eje de

ordenadas-y. El resultado es una curva donde se puede observar las

variaciones en la percepcion con el tiempo, reflejado en subidas y descensos
de la intensidad percibida (Piggot, 2000).
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Figura 2. Curvas Tl obtenidas tras la recopilacion de los datos generados por los
catadores en el Tl. Sobre el eje de abcisas-x el tiempo de evaluacion, y sobre el eje de
ordenadas-y la intensidad percibida. (A: fase de ascenso, B: fase de Plateau, C: fase
de descenso; Imax: intensidad maxima observada en la curva, Area: area total

calculada entre el comienzo y el final del periodo de evaluacién, Tend: tiempo final

calculado).
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A partir de estas curvas Tl se pueden extrapolar una serie de parametros
(Tabla 8) que permiten evaluar cuantitativamente esas variaciones o
modificaciones temporales, y por tanto, comparar las curvas Tl obtenidas para
diferentes productos, catadores, sesiones, etc (Cliff y Heymann, 1993). A través
de los parametros extraidos de la curva se puede conocer la velocidad de
ascenso y de descenso de la intensidad maxima percibida, la duracién de la
intensidad percibida, entre otros.

Para la generacion de estas curvas el software registra y almacena en
tiempo real los datos generados por los catadores, generando una informacion
muy completa y precisa. Sin embargo, hay grandes diferencias individuales
entre las curvas generadas por los catadores, requiriendose un exhaustivo
entrenamiento para disminuir las diferencias entre catadores (van Buuren,
1992). En consecuencia, la mayor dificultad radica en disponer de un adecuado
panel de catadores entrenados. Por tanto, se recomienda llevar a cabo
sesiones previas de entrenamiento especificas para este tipo de analisis, asi
como, sesiones de confirmacion de la utilidad y fiabilidad del panel.

En este tipo de andlisis las escalas empleadas tanto para el
entrenamiento como para las sesiones de evaluacidén, son escalas lineales
horizontales o verticales, en cuyos extremos pueden aparecen, entre otras, las
palabras nada para el extremo izquierdo, y mucho para el extremo derecho.

Una vez introducida la muestra en la boca, la respuesta ante la
intensidad percibida es indicada a través del cursor, los catadores lo deslizan a
lo largo de la escala hasta que la intensidad percibida desaparece. Tanto el
tiempo minimo de masticacion, a partir del cual el panelista debe continuar con
su percepcion moviendo el cursor a lo largo de la escala, como el tiempo
maximo de evaluacion, estan previamente establecidos. A lo largo de la
evaluacion, los catadores deben seguir las indicaciones de una serie de
mensajes que aparecen en el monitor a unos tiempos fijados. Finalmente, la
evaluacion concluye una vez que el panelista ha dejado de percibir, y por lo
tanto, ha deslizado el cursor hacia el extremo izquierdo o inferior de la escala
(nada), o bien, se haya agotado el tiempo maximo establecido para cada
sesion. Del mismo modo, se establece un protocolo de limpieza del paladar
entre atributo y atributo evaluado, ayudandose de un auxiliar como tostadas sin

sal y agua.
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Tabla 8. Parametros extraidos de las curvas Tl generadas.

General parameters Parametros generales

IStart Intensidad del primer punto obtenido de la curva

IEnd Intensidad del ultimo punto obtenido de la curva

TStart Tiempo calculado de comienzo

Tend Tiempo final calculado

DurT Duracion total

DurSE Duracion entre el tiempo de inicio y el tiempo final

IMax Intensidad maxima observada en la curva

Area Area total calculada entre el comienzo y el final del periodo de evaluacion
Area TSE Area entre el tiempo de inicio y final de la curva

Increasing phase Fase creciente (si ha sido detectada)

TDInc Tiempo de inicio de la fase creciente

TEInc Tiempo final de la fase creciente

Durlinc Duracién de la fase de crecimiento

SIMinc Pendiente maxima medida en la fase de crecimiento si ésta ha sido detectada
TSIMInc Tiempo de la maxima pendiente en la fase creciente

Arealnc Area bajo la fase creciente

Taxx Tiempo correspondiente al xx% de la intensidad maxima (fase creciente)
Plateau Fase de plateau

TSPI Tiempo de comienzo de la fase de plateau

TEPI Tiempo final de la fase de plateau

DurPI Duracion de la fase de plateau
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AreaPlI Area bajo la fase de plateau, entre el comienzo y el final de la fase de plateau.

Decreasing phase Fase de descenso (si ha sido detectada)

TDDec Tiempo de inicio de la fase de descenso

TEDec Tiempo final de la fase de descenso

DurDec Duracién de la fase de descenso

SIMDec Pendiente maxima medida en la fase de descenso si ésta ha sido detectada
TSIMDec Tiempo de la maxima pendiente en la fase de descenso

AreaDec Area bajo la fase de descenso

TDxx Tiempo correspondiente al xx% de la intensidad maxima (fase de descenso)

Fuente: Elaboracion propia a partir de datos del FIZZ data (manual de referencia,
version 2.47, 2011).

2.2.2.1 Entrenamiento del panel para la técnica TI.

Peyvieux y Dijksterhuis, (2001) describen tres fases en el proceso de

entrenamiento de un panel para el empleo del TI:

1. Introduccion del método a los catadores. Esta primera fase consiste en
una breve introduccidn o charla acerca de la técnica y del sistema
informatico.

2. Familiarizacion con el sistema informatico y con el método de evaluacién
mediante el empleo de disoluciones de los sabores basicos (dulce,
salado, amargo, acido y umami), a concentraciones superiores al umbral
de percepcion.

3. Entrenamiento del panel con el producto real, que incluye el desarrollo
de un perfil sensorial del producto utilizando para ello una técnica
sensorial estatica tipo ACD, y un entrenamiento especifico del producto

con la técnica de TI.
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El entrenamiento con el producto real en atributos relacionados con la
textura y el flavor es mas complejo que el entrenamiento llevado a cabo con las
disoluciones basicas. Esta tercera fase tiene lugar tras la discusion de la lista
de los atributos seleccionados para el producto mediante el ACD. Esto permite
observar que atributos son coherentemente usados por panel, para a
continuacion, evaluar mediante Tl atributos relacionados con la textura y el
flavor del producto bajo las mismas condiciones en las que se llevaran a cabo
las sesiones de cata.

En estas sesiones de entrenamiento con el producto real se establece el
protocolo relacionado con el tiempo de evaluacion y el tiempo de permanencia
del producto en boca, asi como, el protocolo de limpieza a llevar a cabo entre
atributo y atributo evaluado. El entrenamiento finaliza una vez que los
catadores muestren de dos a tres réplicas razonables en las curvas Tl. Se
consideran buenas réplicas las curvas cuya intensidad no muestra diferencias

durante mas del 40 % del tiempo.
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3. JUSTIFICACION Y OBJETIVOS

La influencia de los factores relacionados con la materia prima,
principalmente la genética y la alimentacion, o con el proceso de curacion del
jamén Ibérico, sobre la generacién de compuestos aromaticos, asi como, en la
percepcion del olor y el aroma, ha sido ampliamente estudiado y descrito. Sin
embargo, los conocimientos del efecto de tratamientos tecnoldgicos posteriores
al procesado del producto, como el tratamiento con APH, el almacenamiento o
la temperatura de consumo sobre el aroma del jamén Ibérico loncheado, son
hasta el momento limitados. Factores que adquieren una importancia creciente
si consideramos la gran diversificacion que ha experimentado el jamén en
cuanto a su presentacién. Asi, se ha pasado de una situacién donde
mayoritariamente se comercializaba la tradicional pieza entera, a otra en la que
las nuevas formas, representadas por centros deshuesados, tacos y lonchas,
suponen ya practicamente el 50 % del total del jamon de cerdo blanco (37.300
Tm en pieza frente a 35.400 Tm en lonchas) y el 32 % del cerdo Ibérico (16.500
Tm en pieza frente a 5.300 Tm en lonchas), destinados para el consumo en los
hogares (Fuente: MAGRAMA).

Los lipidos son la principal fuente directa de los compuestos volatiles
responsables del aroma que se generan como consecuencia de la degradacion
oxidativa de los acidos grasos durante el procesado del jamén Ibérico,
asimismo son precusores de otros volatiles muy olor-activos por las reacciones
secundarias de éstos con los aminoacidos. Ademas, el contenido de grasa
afecta a la liberacion de compuestos aromaticos desde la matriz del alimento
hasta el espacio de cabeza mediante mecanismos fisico-quimicos. En
definitiva, la grasa actua como reservorio de compuestos volatiles modulando
su liberacion al ambiente y durante la masticacion, por lo que la tasa y la
composicion de ésta afecta a la percepcion del olor y el flavor. El desarrollo de
un elevado numero de trabajos de investigacion dedicados al estudio del efecto
del contenido en grasa sobre la liberacién del aroma en una gran variedad de
productos alimenticios, principalmente en productos lacteos (Piraprez y cols.,
1998; Brauss y cols., 1999; Miettinen y cols., 2002) y productos carnicos
(Chevance y Farmer, 1999; Chevance y cols., 2000, Carrapiso, 2007) han
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contribuido satisfactoriamente a arrojar luz sobre los mecanismos fisico-
quimicos implicados en la liberacion y percepcion del aroma en productos con
diferente contenido en grasa. En el caso del jamon Ibérico, las caracteristicas
de la GIM juegan un papel determinante en la calidad de estos productos como
se ha demostrado en los numeros trabajos cientificos desarrollados (Cava y
cols., 2000; Carrapiso y cols., 2003; Ventanas y cols., 2007). No obstante, se
desconoce como variaciones de las caracteristicas de la GIM (contenido y
composicion) podrian afectar a la dinamica de liberacibn de compuestos
aromaticos y a la percepcion del aroma y el flavor por parte del consumidor. La
utilizacion de técnicas dinamicas de evaluacion sensorial en productos curados
como el jamon Ibérico, permitiria ademas obtener una informacion mas real de
las variaciones experimentadas por el consumidor en la percepcion de los
diferentes atributos sensoriales durante el consumo del producto.

Por ultimo, si bien la oxidacion de lipidos y su repercusioén en productos
curados del cerdo Ibérico es ampliamente conocida y discutida (Garcia y cols.,
1991; Cava y cols., 1999; Ruiz y cols., 2002; Carrapiso y cols., 2002; Petrén y
cols., 2003), el conocimiento de las repercusiones que en la calidad de estos
productos curados pueda tener la oxidacion de proteinas es aun muy limitada
(Ventanas y cols., 2007).

Considerando lo anteriormente expuesto, el objetivo global del presente
trabajo de Tesis Doctoral es, conocer la influencia que el contenido y la
composicion de la GIM tienen sobre la liberacion de compuestos volatiles olor-
activos del jamén Ibérico loncheado, asi como, sobre las caracteristicas
sensoriales de este producto. Para la consecucion de este objetivo, se llevara a
cabo en primer lugar, una modelizacion de la liberacion de compuestos
volatiles olor-activos en emulsiones carnicas tipo salchicha fermentadas y
curadas, con el objetivo de conseguir una matriz que se asemeje de una forma
lo mas simplificada posible a la de un producto carnico crudo curado real. De
este modo, se variara de una forma controlada el contenido y composicién de
la grasa de estos sistemas modelo, a los que se les incorporara compuestos
volatiles de interés, para evaluar tanto la dinamica de liberacion como la
percepcion temporal del aroma y el flavor. Posteriormente, se estudiara en
jamones |béricos loncheados el efecto tanto del contenido en GIM como de

otros factores post-procesado, sobre la dinamica de liberacién de compuestos
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volatiles y las caracteristicas sensoriales de este producto mediante técnicas

dinamicas de evaluacion sensorial.

OBJETIVOS

Los objetivos especificos planteados en la presente Tesis Doctoral son los

siguientes:

1. Aplicacion y optimizacion del empleo de técnicas sensoriales dinamicas
(Tiempo-intensidad) en la evaluacién del flavor y la textura en sistemas

modelo carnicos curados y en jamoén curado loncheado.

2. Estudiar el efecto del contenido y composicion de la grasa afiadida en la
dinamica de liberacién/retencion de compuestos volatiles en sistemas

modelo carnicos curados mediante técnicas instrumentales de analisis.

3. Estudiar el efecto del contenido y composicion de la grasa afiadida sobre
la estabilidad oxidativa de lipidos y proteinas, asi como sobre las
caracteristicas sensoriales en sistemas modelo carnicos curados

evaluadas por técnicas sensoriales estaticas y dinamicas.

4. Estudiar el efecto del contenido en grasa y de diferentes factores post-
procesado (presentacion comercial, altas presiones hidrostaticas, tiempo
de almacenamiento a refrigeraciéon y temperatura previa al consumo)
sobre las caracteristicas sensoriales del jamén Ibérico loncheado

evaluadas por técnicas sensoriales estaticas y dinamicas.

5. Evaluar el efecto del contenido en grasa y factores post-procesado
(presentacion comercial, altas presiones hidrostaticas, y tiempo de
almacenamiento) sobre las reacciones de oxidacion de lipidos y

proteinas, y sobre el color medido por técnicas instrumentales.
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4. DISENO EXPERIMENTAL

La presente Tesis doctoral se divide en dos fases experimentales en funcion

del tipo de matriz carnica a estudiar:

Fase experimental I. para llevar a cabo los ensayos que constituyen
esta primera fase experimental, se partié6 de sistemas modelo carnicos
consistentes en emulsiones carnicas tipo salchicha de curacién rapida
(15 dias) (“experimental dry-cured sausages”), (Figura 3) disefiados vy
elaborados en la planta piloto del departamento del area de Tecnologia

de los Alimentos de la Facultad de Veterinaria de Caceres.

Fase experimental II. para llevar a cabo los ensayos que constituyen
esta segunda fase experimental, se partié de un lote de 30 jamones
Ibéricos curados de cerdos criados en semi-extensividad (campo, DOP
Dehesa de Extremadura). Tras la elaboracion del producto, se
deshuesaron (“maza”, “cadera” y “babilla”), lonchearon y envasaron a
vacio .En funcién del estudio llevado a cabo, los paquetes de jamon
loncheado derivados de las diferentes secciones del jamén, recibieron

distintos tratamientos post-procesado como se muestra en la figura 4.
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Figura 3. Sistemas modelo tipo salchicha (experimental dry-cured sausages)

disefiados y elaborados en la planta piloto para llevar a cabo la fase experimental I.

Figura 4. Resumen de los diferentes factores estudiados que constituyen los distintos

CapituloVI: % GIM,
tratamientocon APH y
tiempo de almacenamiento.

CapituloVIl: % GIM y
tratamiento con APH.

| . =

CapituloVIll: % GIMy temperatura de consumo.

los capitulos en los loncheados envasados a vacio de jamén Ibérico.

CapituloV:
tratamiento con APH
y presentacion
comercial.

T
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FASE EXPERIMENTAL I.

En esta fase se disefiaron unos sistemas modelo carnicos cuya composicion
lipidica pudo variar en contenido y en composicion para simular la de los
productos carnicos. Consistentes en una emulsién carnica tipo salchicha de
curacion rapida facilmente reproducible para estudiar posteriormente mediante
técnicas instrumentales y sensoriales, la dinamica de la liberacion y percepcion
de compuestos aromaticos caracteristicos de los productos crudos curados
derivados del cerdo Ibérico. De acuerdo con el disefio experimental mostrado
en la figura 5, esta primera fase se divide a su vez en dos etapas: en la primera
se elaboraron unos sistemas modelo con diferentes niveles de grasa
incluyendo el contenido en grasa que habitualmente nos encontramos en
jamén Ibérico (Ventanas y cols., 2005). En una segunda etapa, se elaboraron
sistemas modelo empleando diferentes fuentes de grasa, con el objetivo de
variar la composicion en acidos grasos de la misma, grasa animal (tocino
dorsal de cerdos Ibéricos en régimen de montanera, tocino dorsal de cerdos
Ibéricos alimentados a base de piensos comerciales, y manteca comercial de
cerdo) y vegetal (aceite de girasol). Esta fase experimental esta representada
en la presente Tesis Doctoral por 4 capitulos como ilustra el disefo

experimental mostrado en la figura 5.
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Figura 5. Disefo experimental de la fase experimental | correspondiente a los sistemas modelo carnicos.
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112

Estabilidad oxidativa;
Lipidos y proteinas

Capitulo IV

Calidad sensorial;
—>  Técnicas estaticas (ACD)
Técnicas dinamicas (Tl)

Capitulo 1l



FASE EXPERIMENTAL II.

En esta fase experimental las muestras analizadas y evaluadas consistieron en
jamén Ibérico loncheado y envasado a vacio sometidas a diferentes factores
post-procesado: presentacion comercial, aplicacion de APH, tiempo de
almacenamiento a refrigeracion (hasta 120 dias), y temperatura de consumo
del producto. Se evalué el efecto sobre la calidad sensorial (técnicas
dinamicas), la estabilidad oxidativa (lipidos y proteinas), y la dinamica de
liberacion/retencion de compuestos volatiles. Ademas, en relaciéon con el
almacenamiento y atemperado previo al consumo, se consider6é otro factor
como el contenido en GIM (Figura 4). Esta fase experimental esta representada
en la presente Tesis Doctoral por 4 capitulos como ilustra el disefio

experimental mostrado en la figura 6.
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Figura 6. Disefio experimental de la fase experimental |l correspondiente a los estudios llevados a cabo en los loncheados de jamon Ibérico

envasados a vacio.
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5. MATERIAL Y METODOS

5.1 MATERIALES.

5.1.1 Reactivos.

Los productos quimicos empleados para los analisis de laboratorio del
presente trabajo fueron de calidad A.C.S. (calificacién quimica de alta pureza
que cumple o excede los estandares de pureza establecidos por la American
Chemical Society). Para las determinaciones que incluyen fases
cromatograficas se emplearon solventes de calidad HPLC. Todos los productos
fueron suministrados por las firmas Panreac (Panreac Quimica, S. A,
Barcelona, Espafa), Merck (Merk, S. L., Darmstadt, Alemania) Sigma- Aldrich
(Sigma-Aldrich, Steinheim, Alemania) y Scharlau (Scharlab, S. L.; Barcelona,
Espana). Los gases para cromatografia fueron suministrados por la empresa
‘Air Liquide’.

5.1.2 Equipos.

Para la elaboracion, conservaciéon y analisis de las muestras del presente

trabajo se emplearon los siguientes equipos:

e Congeladores ‘-86 Freezer’ modelo 923 (Forma Scientific Inc.).
e Refrigerador doméstico ‘Super-Ser G.L.” modelo 355-88.

e Refrigerador doméstico ‘A* CLASS Zanussi’, RF. 3855.

e Refrigerador termostatico VELP Scientific, modelo FTC 90E.
e Refrigerador termostatico Aqua Lytic, modelo FKS 3600.

e Homogeneizador ‘Polytron’ modelo PT10-35.

e Homogeneizador ‘Omni’ modelo 5100.

e Agitador magnético VWR’ modelo 52BF.

e Campana de flujo ‘CRUMA'.

o Estufa de secado ‘Selecta’ modelo 210.

e Digestor y destilador ‘Biichi’ (B-324 y K-435).
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Centrifuga refrigerada ‘Eppendorf’ modelo 5810R.

Espectrofotometro ‘Hitachi’ modelo U-2000.

Rotavapor ‘Heidolph’ modelo VV 2000.

Purificador de agua milliQ ‘Elga’ modelo Elgastat UHQ 1.

Colorimetro ‘Minolta® CR 300 series (Minolta Camera Corp., Meter
division, Ramsey, NJ, USA).

Picadora-mezcladora ‘Stephan’ UMC 5 15 Electronic cutter.

Embutidora ‘Mainca’ modelo BB12.

Envasadora a vacio’ Lavezzini’ modelo CS 40.

Cromatdgrafo de gases Hewlett Packard, modelo HP-5890-II, equipado
con detector FID (flame ionisation detector).

Cromatdgrafo de gases CG-EM Hewlett Packard HP-6890-11 equipado
con detector selectivo de masas ‘Agilent’ 5973.

Cromatdgrafo de liquidos de alta resolucion (HPLC) Agilent 1100
(Agilent Technologies, Palo Alto, CA) acoplado a un Esquire-LC
equipado con un cuadrupolo con trampa de iones, una interfase de ESI
(Bruker Daltonics, Bremen, Germany) y LC-MSD Trap software, version
5.2 (Bruker Daltonics).

Cromatografo de liquidos UFLC ‘Shimadzu Prominence’ (Shimadzu
Corporation, Kyoto, Japan) equipado con detectores de flourescencia
modelo RF-10 XL y diodo-array modelo SPD-M20A.

Texturémetro universal ‘TA-XT2i" (Stable Micro Systems, Godalming,
UK).

Bafno de agua termostatizado ‘Selecta’ Precisterm modelo 146 (J.P.
Selecta, S.A., Barcelona, Espaia).

Balanza analitica ‘Kren’ modelo 770.

Concentrador centrifugo a vacio tipo SpeedVac ‘Savant’ modelo
SVC200 con trampa de condensacion refrigerada ‘Savant’ modelo
RT4104.

Equipo de altas presiones hidrostaticas, NC Hyperbaric Wave 6500/120;
(6500 bars y 120 ).

Loncheadora Weber modelo MLC 404 CCI y termoformadora compacta
‘Mobepack’, modelo M 301.
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e Fibra SPME (Supelco Co. Canada) (50/30 um divenilbenzeno-carboxen-
polidimetilsiloxano).

e Sala de cata disefiada de acuerdo con la Norma UNE 87004:1979.

e Loncheadora comercial ‘OMS’ modelo TGI 300.

e Equipos frigorificos compactos VIZUETE.

e Camara refrigeradora VIZUETE.

e Termometro de sonda Testo 735-2.

e Termoémetro de sonda Mastrad.

5.1.3 Compuestos volatiles.

Para desarrollar la parte del trabajo correspondiente a la fase
experimental |, influencia del contenido y tipo de grasa en la
liberacidn/retencion de compuestos volatiles a partir de sistemas modelo tipo
salchicha fermentadas, se seleccionaron una serie de compuestos volatiles, de
entre los que presentan un mayor impacto en el aroma del jamén |bérico en
base a la bibliografia cientifica consultada (Carrapiso y cols., 2002a,b). Estos
compuestos se seleccionaron de tal manera que presentasen distintas
propiedades termodinamicas particularmente en relacion a la volatilidad,
representado por la presion de vapor (PV), y la hidrofobicidad o polaridad,
representada por el log P,., (coeficiente de particion octanol-agua). Un total de
11 compuestos volatiles (SAFC®) fueron incorporados durante la elaboracion
de la matriz carnica de los sistemas modelo tipo salchicha, en forma de
disoluciones acuosas (calidad Mili-Q) en las concentraciones pertinentes. Estos
sistemas modelo que incluian los 11 compuestos volatiles, se emplearon para
evaluar la liberacion del aroma utilizando técnicas instrumentales de analisis.

Los compuestos volatiles seleccionados, las concentraciones
empleadas, y sus caracteristicas fisico-quimicas se muestran en la tabla 9.
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Tabla 9. Caracteristicas y concentraciones de los compuestos volatiles incorporados
durante el proceso de elaboraciéon a la matriz carnica de los sistemas modelo,

ordenados en funcién de su polaridad (de apolar a polar).

Compuesto ppm* LogP? Presion de vapor®  Solubilidad®
(ma/L) (octanol-agua)  (mm Hg) (ma/L)
Decanal 100 3.76 0.10 6.08E+01
Octanal 101 2.78 1.18 5.60E+02
1-Octen-3-ol 51 2.6 0.24 1.84E+03
Octalactona 100 2.29 3.52 1.25E+03
Heptanal 200 1.98 3.86 4.30E+03
2-Heptanona 25 1.78 0.39 3.03E+03
Fenilacetaldehido 290 1.59 0.03 3.63E+03
2.6-Dimetilpirazina 101 1.23 50.00 1.40E+04
1-Penten-3-ol 249 1.12 9.68 9.01E+04
2-Pentanona 101 0.91 35.40 4.30E+04
3-Metilbutanal 201 0.54 1.50 3.82E+04

®Fuente: Informacion obtenida de Enviromental Science-Interactive SCR
PhysPropsDatabase (2004) (http://www.syrres.com/esc/physdemo.htm).
*Concentraciones incorporadas a la matriz carnica de un 1.5 kg.

Ademas se elaboraron sistemas modelo en los que Unicamente se
incorporé un compuesto volatil, el 1-octen-3-ol, en una concentracién de 75
ppm, seleccionado por sus particulares notas aromaticas y por ser de facil
reconocimiento por parte de los catadores (Ventanas y cols., 2010a,b). Estos
sistemas modelo fueron disefiados para ser evaluados empleando técnicas

sensoriales.

5.1.4 Carne de cerdo y tocino dorsal.

La carne (musculo longissimus dorsi) para la fabricacién de los sistemas

modelo procedia de cerdos comerciales de genotipo industrial (Large - White x
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Landrace) y fue adquirida 24 h después del sacrificio de los animales en el
matadero Herlusa (Arroyo de la Luz, Caceres).

La procedencia del tocino dorsal empleado fue de cerdos Ibéricos con
diferente alimentacion; (i) cebados en montanera (bellota, hierba y otros
recursos naturales) y (ii) cebados con piensos comerciales (cebo).

La carne se despojé de toda la grasa visible, mientras que la grasa
dorsal fue separada de la piel. Tanto la carne como la grasa se cortaron en
porciones de aproximadamente 2 cm?®, se envasaron al vacio y se conservaron
en congelacion a -18 °C, hasta la elaboracion de los sistemas modelos tipo
salchicha.

5.1.5 Manteca y aceite de girasol.

La manteca y el aceite de girasol fueron adquiridos en un distribuidor
local de la ciudad de Caceres. El aceite de girasol se compro el dia anterior a
su utilizacion y se conservo a temperatura ambiente, mientras que, la manteca
se adquirié dias previos a su uso, y por lo tanto, se conservo a refrigeracion (+4

°C) hasta su empleo siguiendo las indicaciones del fabricante.
5.1.6 Jamones Ibéricos curados.

Para el presente estudio se utilizé una partida de 30 jamones Ibéricos de
campo certificados por la DOP Dehesa de Extremadura; y por tanto
alimentados con hierba y pienso durante la fase de engorde (60 dias previos al
sacrificio). Los jamones frescos se procesaron de manera tradicional
(Ventanas, 2001) en un secadero ubicado en Montanchez (Caceres), y una vez
completado su proceso madurativo de 26 meses, en el que alcanzaron un 32 %
de mermas, fueron deshuesados manualmente y descargados de la grasa
visible externamente por operarios de la empresa. A continuacién, se
congelaron a -24 °C y se mantuvieron pre-congelados a una temperatura que
nunca superd los -10 °C durante los tres dias previos a las pruebas de
loncheado.

Un vez en la planta de loncheado se procedié a eliminar las zonas

menos homogéneas y a dividir los jamones en las 3 zonas mas importantes
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que lo componen (“maza”, “babilla” y “cadera”). Finalmente, se procedio a partir
de las mismas a realizar el loncheado y envasado a vacio en una loncheadora
Weber modelo MLC 404 CCl y termoformadora Mobepack modelo M 301, en el
siguiente formato y presentacion:

Grosor de las lonchas: 1 mm.

Porciones de aproximadamente 90-100 gramos por envase, una vez
seleccionados las lonchas con caracteristicas similares de cada zona.

Tipo de envase: a vacio, con film de alta barrera flexible en la parte
superior e inferior tipo “skin” (doble piel) de PA y PE, con una baja
permeabilidad al oxigeno, segun ficha administrada por el fabricante.

Dimensiones exteriores del envase: 25 x 13.50 cm.

5.2 METODOS.

5.2.1 Elaboracion de los sistemas modelo tipo salchicha.

Los sistemas modelo carnicos tipo salchicha se elaboraron en la planta
piloto de la Facultad de Veterinaria de la Universidad de Extremadura,

siguiendo la formulacion general que se presenta en la tabla 10.

Tabla 10. Formulacion e ingredientes de los diferentes lotes de sistemas modelo

elaborados con diferente contenido y composicion grasa.

DIFERENTE CONTENIDO  DIFERENTE COMPOSICION

~4% ~10% ~15% MF CF LF SOF
Lomo de cerdo (%) 96.84 92.93 88.11 88.11 88.11 89.00  89.00
Grasa animal/vegetal (%)* 0.00 3.90 8.73 8.73 8.73 7.83 7.83
Sal (%) 210 210 2.10 2.10 2.10 2.10 2.10
Aditivos
Glucono-delta-lactona (%) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Nitrito sédico (%) 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Acido ascorbico (%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
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*En los calculos efectuados se hicieron las siguientes consideraciones: un 90 % de la
composicién del tocino dorsal (MF y CF) son lipidos, mientras que, en la manteca y el
aceite de girasol (LF y SOF) el 100% de su composicion son lipidos.

Se elaboraron un total de 13 ejemplares de sistemas modelo tipo
salchicha diferentes, en funcién de los compuestos volatiles incorporados, de la
cantidad y del tipo de grasa empleada para su elaboracién. Se elaboraron un
total de 6 tipos de sistemas modelo con diferente contenido en grasa a partir de
tocino dorsal de cerdos Ibéricos alimentados en régimen de montanera (~ 4%,
~ 10% y ~ 15% de grasa final), tres de ellos incluian los 11 compuestos
volatiles (Tabla 9), y los otros 3, unicamente el compuesto 1-octen-3-ol (75
ppm). En relacion a los sistemas modelo con diferente tipo de grasa, se
emplearon 4 tipos diferentes de grasa con un total de 8 tipos de sistemas
modelo. Dos de los cuales, lo constituyen los sistemas modelo elaborados
anteriormente, con un ~ 15% final de tocino de cerdos Ibéricos alimentados en
régimen de montanera, en esta fase estos sistemas modelo tipo salchicha
constituyen el lote MF. Para la elaboracion del resto de sistemas modelo se
emplearon: tocino dorsal de cerdos Ibéricos alimentados con piensos
comerciales (CF), manteca comercial de cedo (LF), y aceite de girasol (SOF).
Al igual que en el caso de los sistemas modelo con diferente contenido en
grasa, a 4 tipo de sistemas modelo se les incorporé los 11 compuestos volatiles
(Tabla 9), y a las otras 4 restantes, unicamente el compuesto 1-octen-3-ol (75
ppm). Los sistemas modelo elaborados con diferente tipo de grasa presentaron
un contenido fijo de grasa final del 15 %. Finalmente, se elabor6 un tipo de
sistema modelo control a partir de tocino dorsal procedente de cerdos Ibéricos
alimentados con piensos comerciales, al que no se le incorpordé ningun
compuesto volatil, y con un contenido en grasa final del 15 %.

Cada tipo de sistema modelo se elabor6 de manera independiente y
consto de las siguientes etapas (figura 7):

1. Preparacion de los ingredientes y aditivos: limpieza y division en
porciones de la materia prima (carne y tocino dorsal), y conservacion a
congelacion (-18 °C) hasta su utilizacion. Horas previas a la elaboracion de los
sistemas modelo, tanto el lomo como la grasa, se retiraron de la camara de

congelacion para conseguir un picado/amasado en un punto Optimo de
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temperatura. Se pesaron las cantidades necesaria para obtener masas de 1.5
kg.

2. Picado y amasado del magro: las porciones de carne se picaron y
mezclaron durante 2 min a una velocidad de 15 en una cutter (Stefan UMC 5)
hasta obtener una masa homogénea.

3. Incorporacion de la grasa o el aceite y los aditivos: a la masa magra
resultante se le incorporé la grasa o el aceite en la cantidad correspondiente
para cada tipo de sistema modelo, asi como, los diferentes aditivos y la sal. En
el caso concreto de los sistemas modelo que presentaron un contenido en
grasa final del ~ 4%, no se incorporé ningun tipo de grasa. Todos los
ingredientes fueron mezclados durante 2 min y 30 segundos.

4. Incorporacion de la glucono-delta-lactona (GDL) y el/los compuesto/s
volatil/es: finalmente y dando por concluido la fase de picado/amasado de la
matriz carnica, se incorporé la GDL y el/los compuesto/s volatil/es, siendo
mezclados con el resto de la masa durante 30 segundos mas.

5. Envasado a vacio de la masa carnica: el objetivo fue eliminar las
posibles burbujas de aire presentes en la matriz, mediante su envasado en una
envasadora a vacio (Lavezzini modelo CS 40).

6. Embutido y maduracion: la masa se embutio en tripas artificiales de
colageno de 6 cm de didmetro. Finalmente, se sometieron a un breve proceso
de maduracion (15 dias), en el propio departamento en camaras destinadas a
este fin (equipos frigorificos compactos, VIZUETE), cuyas condiciones son
mostrados en la figura 8. Se siguidé el protocolo previamente establecido por
Feiner, (2006) en productos carnicos con GDL.

Se obtuvieron un total de 4 muestras (100 g) para cada tipo de sistema

modelo.
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Figura 7. Diagrama de flujo de las diferentes fases que constituyen el proceso de
elaboracion de los sistemas modelo tipo salchicha. * Incorporacion de la grasa o el
aceite en todos los lotes excepto en los lotes con un ~ 4% de grasa final. **
Incorporacion de la mezcla de compuestos o del compuesto 1-octen-3-ol mediante

pipeta.

Picadoy mezclado del magro (2 min) Incorporacion de la grasa o aceite, la
sal y los aditivos (2 miny 30 seg)*

Embutido en tripas de colageno Proceso de maduracion (15 dias)
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Figura 8. Evolucién de la temperatura expresada en °C (T?) y la humedad relativa

expresada en % (HR) durante el proceso de maduracion de los sistemas modelos.
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5.2.2 Deshuesado, loncheado y envasado a vacio de los jamones Ibéricos.

Una vez finalizado el proceso de curacion, los jamones se deshuesaron
y se separaron en 3 secciones como se muestra en la figura 9; Biceps femoral
(“maza”), Cuadriceps femoral (“babilla”) y musculatura glutea (“‘cadera”). A
continuacion, el/los musculo/os correspondiente/es se lonchearon (1mm de
grosor) y se envasaron a vacio obteniendo paquetes de unos 90-100 gramos.

El proceso de loncheado y envasado a vacio se realizé dias previos a
comenzar los ensayos en la compafiia Mobepack en Salamanca. La
composicion y las caracteristicas del material plastico empleado se muestran
en la siguiente tabla (Tabla 11). Se obtuvieron un total de 104 paquetes a partir
del loncheado de la “maza” (Biceps femoral) para el primer estudio que
constituye el capitulo V. Un total de 110 paquetes para el estudio que
constituyen los capitulos V1 y VII, con 55 paquetes procedentes del loncheado

de la “babilla” (Cuadriceps femoral) y 55 paquetes procedentes de la “cadera”
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(Musculatura glutea). Y un total de 244 paquetes para el ensayo que constituye
el capitulo VIII, 89 paquetes derivados del loncheado de la “babilla”

(Cuadriceps femoral) y 155 paquetes derivados de la “maza” (Biceps femoral).

Figura 9. Deshuesado (izquierda) y su posterior loncheado y envasado a vacio de los

diferentes musculos que constituyen la fase experimental Il.

Bicepsfemoral
(“maza”) Musculatura glutea

(“cadera”)

Cuéadriceps femoral
(“babilla™)

Tabla 11. Composicion y caracteristicas del material plastico empleado para el

envasado a vacio de los loncheados.

Propiedades (film superior) Valores Unidad
Composicién Poliamida (PA) micras
Polietileno (PE) micras
Proceso productivo Coextrusién
Espesor 100 micras
Peso/m? 98.3 grs/m?
Temperatura sellado 120-170 °C
Resistencia al desgarro Largo/Ancho 50/40 N/1.5 mm
Permeabilidad al Vapor Agua (23 °C, 85 % HR) 2.4 gr/m? dia
Permeabilidad al O, (23 °C, 85 % HR) 34.0 gr/m? dbar
Permeabilidad al CO, (23 °C) 120 cm®m? dbar
Permeabilidad al N (23 °C) 8.5 cm®m? dbar
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Propiedades (film inferior) Valores Unidad
Composicién Poliamida (PA)  micras
Polietileno (PE)  micras
Espesor 200 micras
Peso/m? 192.4 grs/m?
Temperatura sellado 120-170 °C
Resistencia al desgarro Largo/Ancho 65/60 N/1.5 mm
Permeabilidad al Vapor Agua (23 °C, 85 % HR) 1.3 gr/m? dia
Permeabilidad al 02 (23 °C, 85 % HR) 18.0 cm®m? dbar
Permeabilidad al CO2 (23 °C) 60.0 cm’/m? dbar
Permeabilidad al N (23 °C) 4.5 cm®m? dbar

5.2.3 Tratamiento con altas presiones hidrostaticas (APH).

Una vez obtenido los paquetes de jamén loncheado, se remitieron al
Instituto del CENTA (Monells, Gerona, Espafia) donde se aplicé un tratamiento
con altas presiones hidrostaticas (APH) al 50 % de los paquetes, quedando el
otro 50 % de los paquetes sin tratar, y por tanto, como grupo control. La dosis
aplicada fue de 600 MPa durante 6 min en un bafio a 12 °C. El equipo
empleado fue un NC Hyperbaric Wave 6500/120 | (6500 bares y 120 litros).
Tras el tratamiento con APH, todos los paquetes (tratados y controles) se
remitieron a la Facultad de Veterinaria de Caceres, donde permanecieron
almacenados a refrigeracién el tiempo considerado en funcion del estudio

llevado a cabo hasta su analisis sensorial y fisico-quimico.

5.2.4 Contenido en humedad.

La humedad se determiné mediante desecacion empleando el método
de la AOAC (2000), utilizando capsulas de porcelana conteniendo una cantidad
de arena de mar igual a 3 veces el peso de la muestra. Aproximadamente 5 g
de cada muestra (sistema modelo o jamén curado) fueron mezclados con
etanol y sometidos a desecacién en estufa durante 24 h a 102 °C. Tras el
tiempo de desecacidn se enfriaron en un desecador hasta alcanzar la
temperatura ambiente y peso constante. El porcentaje de humedad se calcul6

de acuerdo a la siguiente férmula:
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% Humedad = [(P1+P5) - P] * (100/P5)

Donde: ‘P, es el peso inicial de la capsula con arena de mar; ‘P,’ es el peso de la

muestra; y ‘P3’ es el peso final de la capsula con arena de mar y muestra desecada.

5.2.5 Contenido en proteinas.

Para cuantificar la proteina total en los sistemas modelo o jamon
loncheado, se determin6 el nitrégeno total, empleando el método Kjeldahl
descrito por la AOAC (2000), y se multiplicé por el factor 6.25 (Jones y
Gersdorff, 1929). El método consté de tres etapas: digestion, destilacion y
titulacion.

Se pesé 1 g de cada muestra que finamente picada se dispuso en un
tubo de digestion Bulchi (B-435) al que se le anadieron 15 g de catalizador
Kjeldahl (Cu-Se) para ser sometida a un proceso de digestion con 20 ml de
H>SO4 concentrado. Tras la digestion se procedio a la destilacién de la muestra
en destilador Buchi (K-324) tras la adicion de 100 ml de NaOH al 30 %, y 100
ml de agua destilada, recogiendo el destilado en 100 ml de H3BO; al 2 %. El
amoniaco recogido de la destilaciéon se valoré con HCI 0.1N, y se utilizo el
indicador mixto (rojo de metilo/azul de metileno) para detectar el punto de
equivalencia (cambio de color). Se calcul6 el porcentaje de proteina bruta con

las siguientes formulas:

% Nitrégeno = [0.14 (V4 — V2)] / P

Donde: V¢ son los ml gastados en la valoracion de la muestra; ‘V,' los ml gastados en

la valoracién del blanco (patron); y ‘P’ es el peso de la muestra.

% Proteina bruta = 6.25 * % Nitrégeno
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5.2.6 Contenido en grasa total.

La determinacidn del contenido en grasa se realizé tanto en los sistemas
modelo (contenido en grasa total) como en el jamdn loncheado (contenido en
GIM), de acuerdo con el método descrito por Folch y cols., (1957) con algunas
modificaciones. Se partié de 10 g de muestra finamente picada en frascos de
centrifuga de plastico que se homogeneizaron con 200 ml de
cloroformo/metanol (2:1). Tras una centrifugacion a 3000 rpm durante 10 min,
se recogid la fraccion liquida en embudos de decantacion. Al término de la
filtracion se agregaron 25 ml de agua destilada, se agitaron y dejaron reposar
durante 24 h. En matraces esmerilados pesados previamente, se recupero la
fase inferior decantada (liposoluble), filtrando a través de sulfato anhidro. Se
evaporé el disolvente en un rotavapor a una temperatura de 40 °C a vacio. Los
posibles restos de disolvente se eliminaron bajo corriente de nitrégeno.

El porcentaje de grasa se calculé mediante la siguiente formula:

% Grasa= [100*(M4- My)] / P

Donde: 'M,' es el peso del matraz con la grasa obtenida, 'M,' es el peso del matraz

vacio, y 'P' es el peso de la muestra.

5.2.7 Contenido en cloruros.

Se realizé la extraccidon de cloruros con alcohol diluido caliente y
posterior determinacion por el método Carpenter-Vohlard descrito por la AOAC
(2000).

Se pesaron 10 g de jamon curado finamente picado en matraces
esmerilados. Se afadié 150 ml de alcohol al 40 % y se calenté en agitacion
suavemente durante 1 hora. Consecutivamente se afiadieron 5 ml de cada uno
de los reactivos de Carrez y se llevd a enrase con alcohol al 40 % hasta 250
ml. Tras 10 min en reposo se centrifugd 5 min a 3000 rpm. El sobrenadante
resultante se filtré6 hasta 200 ml de enrase con agua destilada. La muestra se

calentd hasta un volumen final de 100 ml con la finalidad de eliminar el alcohol.
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Una vez preparado el extracto, las determinaciones de cloruros se realizaron
mediante titulaciones hasta viraje en volumenes que contenian: 10 ml del
extracto muestra, 1 ml de HNO3; al 65 %, 50 ml de agua destilada, 1 ml de
(NH4)Fe(SO4)2 y 10 ml de AgNOs. El exceso de AgNO; se determiné con KSCN
0.1N. Los resultados se expresaron como g NaCl por cada 100 g de jamon

curado.

El porcentaje de cloruro sédico se calculé mediante la siguiente férmula:

% NaCl= 14.625 * (10— C) / P

Donde: 'C” son los ml gastados en la valoracion de la muestra; ‘P’ es el peso de la

muestra, y "10” son los ml gastados en la valoracién del blanco.

5.2.8 Contenido en pigmentos totales.

Se llevé a cabo la determinacion del contenido en mioglobina por el
método desarrollado por Hornsey (1956). A partir de 10 g de jamon curado en
matraces esmerilados, se les incorpor6 40 ml de CsHgO, 10 ml de agua
destilada, 1 ml de HCI 12 M. Junto con un blanco que consistié en agua
destilada, C3HsO y HCI, en las mismas cantidades que para el resto de
muestras. Se homogeneizaron durante 2 min, se taparon y se guardaron en
oscuridad durante 12 h a refrigeracion, tras este periodo se filtraron y se paso a
su medida en el espectrofotometro a una absorbancia de 640 nm.

Su concentracion se calculo a partir de las siguientes formulas;

Ppm hematina= [Abs 640 * Volumen * 652] / [E * L* P]

Donde: 'E' es el coeficiente de extincion milimolar a 640 nm = 4.8 cm?mM, 'L' es el
espesor de la cubeta = 1 cm, 'P' es el peso de la muestra.
mg mioglobina / g de muestra = ppm hematina * 0.026.

ppm Fe heminico = 8.82 * (ppm hematina / 100).
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5.2.9 Analisis instrumental del color.

La determinacion del color se llevd a cabo tanto en el magro como en la
grasa de cobertura de los loncheados de jamén curado, utilizando un
colorimetro Minolta portatil Chroma Meter CR-300, con un area de medicion de
8 mm de diametro, una lampara de xenon para la iluminacién difusa de la
muestra, y un iluminante CIE tipo D 65. Las medidas de reflectancia se
recogieron en un angulo de vision de 0 °. El equipo se calibré con un patron de
calibracion proporcionado por el fabricante. Se eligio el sistema de medida del
color CIE L*a*b* que define el color con la utilizacion de tres componentes; L*
que determina la intensidad de la luminosidad (L*= O oscuro, L*= 100
luminoso); a* que indica el tono de color de la muestra dentro del espacio de
color rojo-verde (+ 60 rojo, - 60 verde); y b* que revela el tono de color dentro
del espacio de color amarillo-azul (+ 60 amarillo, - 60 azul).

Las mediciones del color se realizaron por triplicado en tres zonas
distintas elegidas aleatoriamente y a temperatura ambiente (=18 °C). En los

casos que se considero oportuno se calculo la diferencia total de color (AE):
AEa-b = [(L*b _ L*a)2 + (a*b' a*a)2 + (b*b' b*a)2)11/2

Donde: ' L*,' es la luminosidad de la muestra después del tratamiento, ' L*, ' es la
luminosidad de la muestra antes del tratamiento, 'a*,’ es el tono de color rojo de la

muestra después del tratamiento, 'a*,' es el tono de color rojo de la muestra antes del

T !

tratamiento, 'b*,' es el tono de color amarillo de la muestra después del tratamiento y

'b*,' es el tono de color amarillo de la muestra antes del tratamiento.

5.2.10 Analisis del perfil de textura (TPA).

La evaluacion instrumental de la textura de los sistemas modelo se
realizd mediante el método descrito por Bourne (1978). El ensayo consistio en
comprimir nueve porciones cilindricas de cada lote de sistemas modelo (3 cm
de diametro y 12 mm de espesor, (Figura 10) acondicionados a temperatura
ambiente durante al menos 60 min. Se comprimieron al 35 % de su grosor

original mediante una sonda cilindrica de 5 cm de diametro y a una velocidad
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de 5 mm/seg por dos ciclos, imitando la masticacion de manera que los
parametros de textura se extraen de una curva de fuerza-tiempo. En un primer
ciclo de movimiento la sonda presiona y comprime la muestra para luego volver

a su posicion inicial y repetir el proceso en un segundo movimiento.
Los parametros determinados son (Bourne, 1978):
Dureza (N/cm?), Cohesividad (adimensional), Adhesividad (N x seg),

Elasticidad (cm), Masticabilidad (N x seg), Gomosidad (N/cm?) y Resiliencia

(adimensional).

Figura 10. Muestreo y analisis del perfil de textura instrumental (TPA) de los sistemas

modelo elaborados.

5.2.11 Analisis de sustancias reactivas al acido tiobarbiturico (TBARS).

El andlisis de TBARS se realizé tanto en los sistemas modelo como en
los loncheados de jamon, siguiendo la metodologia descrita por Salih y cols.,
(1987). Se homogenizaron en tubo falcon 2.5 g de muestra (sistema modelo o
jamon curado) con 7.5 ml de HCIO4 al 3.86 % y 0.25 ml de BHT al 4.2 % en
etanol. Durante el desarrollo de este paso los tubos falcén permanecieron
inmersos en hielo para minimizar la generacion de nuevas reacciones
oxidativas. El homogeneizado se filtré y centrifugé a 3000 rpm durante 2 min.

Se tom6 una alicuota de 2 ml que se mezclé con 2 ml de TBA 0.02 M en tubo
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de vidrio con tapa de rosca. Los tubos con la muestra, junto con un blanco (3
ml HCIO4 y 3 ml TBA) y la curva patron, se incubaron en un bafio de agua
termostatizado a 90 - 100 °C durante 30 min. Tras enfriarse, se midié la
absorbancia de la mezcla resultante a 532 nm. Se prepardé una curva patrén
para cuantificar usando 1,1,3,3- tetraetoxipropano (TEP) en HCIO4 al 3.86 %, a
concentraciones de entre 0.028 a 1.1134 mg TEP/L.

Los resultados son expresados en mg MDA/Kg muestra.

5.2.12 Determinacion del contenido en carbonilos totales por la técnica del
2,4-dinitrofenilhidrazina (DNPH).

La oxidacion de proteinas se evalué mediante la cuantificacion del total
de carbonilos presentes en los sistemas modelo por derivatizacion con 2,4-
dinitrofenilhidrazina, de acuerdo al método descrito por Ganh&o y cols., (2010).
Se homogeneiz6 1 g de muestra con 10 ml de buffer 20 mM de NazPO,4 y NaCl
0.6 M a pH 6.5. En dos tubos eppendorf de 2 ml se dispusieron sendas
alicuotas de 200 pl para determinar de forma paralela el contenido de
carbonilos (C) y la concentracion de proteinas (P) de una determinada muestra.
Se precipitaron las proteinas con 1 ml de TCA al 10 % por centrifugacion a
5000 rpm durante 5 min. El pelet resultante del tubo C se traté con 1 ml de una
solucion de HCI 2 N y DNPH 0.2 %, mientras que, el pelet del tubo P se trat
con 1 ml de HClI 2 N. Ambas muestras se incubaron durante 1 hora a
temperatura ambiente agitando con vortex regularmente. Tras la incubacion las
muestras se precipitaron con 1 ml de TCA al 10 % por centrifugacién a 5.000
rom durante 5 min. A continuacion, se eliminé el sobrenadante y se realizaron
tres lavados con 1 ml de etanol/acetato de etilo (1:1, v/v) centrifugando a
10.000 rpm durante 5 min, para eliminar el exceso de DNPH hasta que el pelet
quedase completamente limpio. Finalmente, los pelets resultantes se
disolvieron en 1.5 ml de buffer 20 mM de Na3;PO4 pH 6.5 con clorhidrato de
guanidina 6 M. La concentracion de proteina se calculé a partir de la
absorbancia a 280 nm de la muestra y la de un patrén de BSA
(concentraciones de entre 0.015 a 1 mg/ml de BSA). La cantidad de carbonilos

se expresd como nmol de carbonilos por mg de proteina usando un coeficiente
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de extincién molar de hidrazonas (21.0 nM™" cm™) a 370 nm. En ambas
medidas se emple6 un blanco (guanidina 6 M).

5.2.13 Sintesis y derivatizacion de los semialdehidos a-aminoadipico (AAS)

y y-glutamico (GGS) como indicadores de oxidacién de proteinas.

Los estandar de AAS y GGS se sintetizaron in vitro a partir de la N-acetyl- L-
lisina y N-acetyl-L-ornitina. La reaccion fue catalizada por la lisil oxidasa
obtenida de la membrana de la cascara de huevo siguiendo el procedimiento
descrito por Akagawa y cols., (2006). Los semialdheidos AAS y GGS fueron
analizados mediante un proceso de derivatizacion y mediante la técnica de LC—
ESI-MS (Cromatografia de liquidos- ionizacion electrospray- espectrometria de
masas) descrita por Akagawa y cols., (2006) y Estévez y cols., (2009),
respectivamente. O bien mediante la técnica de HPLC-FLD (Cromatografia de
liquidos acoplada a un detector de fluorescencia) descrita por Utrera y cols.,
(2011).

Las muestras fueron cortadas, mezcladas y posteriormente
homogeneizadas (1:10) (w/v) en un tampdn fosfato 10 mM que contiene NaCl
0.6 M, usando un homogeneizador ultra-turrax durante 30 seg. Alicuotas de
200 ul fueron pipeteadas a tubos eppendorf y precipitadas con 2 ml de TCA al
10 % y centrifugadas a 2000 rpm durante 30 min. Los sobrenadantes fueron
eliminados vy los pellets resultantes fueron tratados con 2 ml de TCA al 5 %, y
posteriormente, centrifugados a 5000 rpm durante 5 min. A continuacién, los
grupos carbonilo de las proteinas fueron derivatizados de la siguiente manera;
incorporamos a las muestras 500 uyl de 250 mM 2-(N-morfolino) acido
etanosulfénico (MES), tampon que contiene un 1 % de SDS y 1 mM de DTPA.
A continuacién, 500 pl del tampén MES 250 mM que contiene 50 mM de ABA,
y 500 pl de tampon MES 250 mM que contiene 100 mM de NaCNBH3;, fueron
afiadidos a las muestras que posteriormente fueron incubadas a 37 °C en
oscuridad durante 60-90 min y agitadas de manera regular. Posteriormente, la
proteina fue de nuevo precipitada con 500 pl de TCA al 50 % y centrifugada
durante 10 min a10000 rpm o 5 min a 5000 rpm. Los sobrenadantes fueron
eliminados y los pellets se lavaron por duplicado con 1mlde TCA al 10 % y 1ml

de etanol:dietiléter (1:1 v/v), agitados y centrifugados durante 5 mina 5000 rpm.
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A continuacion, los pellets son hidrolizados con 1.5 ml de HClI 6 N a 110 °C
durante 18 h. Finalmente, las proteinas hidrolizadas fueron llevadas a
sequedad mediante el uso de un rotavapor a 40 °C o por medio de un
concentrador centrifugo tipo Speed-Vac. Los extractos secos se redisolvieron
en 200 pl de agua Mili-Q vy filtrados por medio de filtros de jeringa de
polipropileno (GHP) (0.45 um de tamano de poro, Pall Corporation, USA), para
el analisis por HPLC.

5.2.13.1 Cuantificacion de los semialdehidos AAS y GGS por LC-ESI-MS.

Tras el proceso de derivatizacion anteriormente descrito, la
cuantificacion final de los carbonilos AAS y GGS de las muestras, en este caso
de jamén Ibérico loncheado que constituyen el primer capitulo (Capitulo V), se
realizé por LC-ESI-MS. Tras su redisolucion en agua Mili-Q y filtrado por medio
de filtros de jeringa de polipropileno, las muestras (4 pl) fueron inyectadas en
un HPLC Agilent 1100 series (Agilent Technologies, Palo Alto, CA, USA)
equipado con una columna de fase reversa Luna (5 pm C18 Il column, 150 x
1.00 mm i.d. Phenomenex Torrance, CA, USA) eluida con un flujo isocratico a
50 pl/min de agua — 2.5 % acido acético (disolvente A; 95 %) y metanol — 2.5 %
acido acético (disolvente B; 5 %). La columna operaba a temperatura constante
de 30 °C. El analisis por espectrometria de masas fue llevado a cabo en un
Esquire-LC equipado con un cuadrupolo con trampa de iones, una interfase de
ESI (Bruker Daltonics, Bremen, Germany) y LC-MSD Trap software, version
5.2 (Bruker Daltonics). Las condiciones del espectrémetro de masas fueron las
siguientes: voltaje capilar de 3500 V, voltaje en la salida del capilar 25 V,
potencial “skimmer” de 15 V, y el valor del conductor de la trampa fue de 36. La
informacion suministrada por el ESI-MS fue archivada usando una lectura en el
rango de 100-700 m/z. La presién del nebulizador (nitrégeno) fue de 50 psi, gas
seco, con flujo de 8 I/min, y una temperatura seca de 300 °C. La identificacion
de ambos semialdehidos en las muestras fue confirmada mediante
comparacion de los tiempos de retencion, el espectro de masas, y el patron de
fragmentacion de éstos con los compuestos estandar. Los picos
correspondientes a los iones moleculares de AAS-ABA y GGS-ABA fueron

integrados manualmente del ion fragmentado del cromatograma (EIC), y las
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areas resultantes fueron usadas como indicadores arbitrarios de la abundancia

de ambos semialdehidos.

5.2.13.2 Cuantificacion de los semialdehidos AAS y GGS por HPLC-FLD.

La cuantificacion final de AAS y GGS en el resto de muestras de jamon
loncheado que constituyen el capitulo VI, y de los sistemas modelo tipo
salchicha que constituyen el capitulo IV, se realizé por HPLC-FLD en un equipo
Shimadzu ‘Prominence’, equipado con detector de fluorescencia. Una alicuota
del reconstituido (1ul) fue analizada en el equipo de HPLC anteriormente
comentado. La separacion de los compuestos fue en fase reversa con una
columna COSMOSIL 5C18-AR-Il RP-HPLC (150 mm de longitud x 4.6 mm de
diametro interno x 5 ym de diametro de particula) equipada con una columna
de seguridad (10 mm de longitud x 4.6 mm de diametro interno) rellena del
mismo material. Las fases méviles fueron un buffer de acetato de sodio 50 mM
a pH 5.4 (disolvente A) y acetonitrilo (disolvente B) y mediante un gradiente de
presion baja variando la concentracion de acetonitrilo de 0 % (minuto 0) a 8 %
(minuto 20). El flujo fue mantenido a 1 ml/min a una temperatura constante de
30 °C. Los picos fueron registrados a unas longitudes de onda de 283 y 350 nm
para excitacion y emision, respectivamente. Los compuestos estandar (0.1 ul)
fueron sometidos y analizados bajo las mismas condiciones. Los picos
correspondientes a AAS-ABA y GGS-ABA fueron integrados manualmente de
los cromatogramas resultantes. La estimacion de las cantidades (AAS-ABA y
GGS-ABA) fueron calculadas asumiendo que la fluorescencia emitida por 1 mol
de ABA es equivalente a la emitida por 1 mol de carbonilo derivatizado. Los

resultados se expresan como nmol de carbonilo por mg de proteina.

5.2.14 Analisis del perfil de acidos grasos.

Se prepararon ésteres metilicos de los acidos grasos de la materia prima
(grasa y lomo) y de los sistemas modelo, por medio de una trans-esterificacion
mixta en presencia de CH3ONa y de H,SO4 al 5 % en metanol (Cava y cols.,
1997), anadiendo previamente acido tridecanoico como patrén interno. La

separacion y determinacion de los acidos grasos se realizd mediante un

141



cromatégrafo de gases HP 5890A equipado con inyector en-columna y detector
FID (Detector de ionizacion de llama), ademas de una columna capilar de
polietilenglicol (Supelcowax-10, Supelco, Bellefonte PA) (60 m de longitud x
0.32 mm de diametro interno x 0.25 ym de grosor). El gas portador fue helio a
un flujo de 0.8 mi/min™ y el programa de temperatura se inici6 a 190 °C,
incrementando 2 °C min™ hasta alcanzar los 235 °C, se mantuvo 15 min a esta
temperatura y posteriormente se incrementé 6 °C min” hasta alcanzar los 250
°C, temperatura a la que finalmente se mantuvo durante 20 min. La
temperatura del inyector y detector fue de 250 °C. La identificacion de cada
acido graso se realizd6 por comparacion de los tiempos de retencion en las
muestras con patrones (Sigma, St. Louis, MO), que se analizaron empleando

las mismas condiciones cromatograficas.
5.2.15 Analisis de compuestos volatiles por técnicas instrumentales.

Se analizaron los compuestos volatiles liberados de 1 g de sistema
modelo o jamon curado en el espacio de cabeza de un vial por microextraccion
en fase sélida (SPME) y cromatografia de gases y detector de masas (CG-EM),
siguiendo la metodologia descrita por Andrés y cols. (2004). Para el ensayo se
utiizé una fiora SPME de divenilbenzeno-carboxen-polidimetilsiloxano
(DVB/CAR/PDMS) 50/30 pm, activada durante 45 min a 270 °C. Tras la
activacion, la fibra se insertdé a través del septum del tapdn que cierra el vial
con la muestra, exponiéndola al espacio de cabeza de la muestra. El vial con la
muestra fue pre-acondicionado durante 15 min a 37 °C inmerso en un bafo de
agua termostatizado. La extracciéon se llevé a cabo en el mismo bafo a 37 °C
durante 5 min en el caso de los sistemas modelo, y durante 30 minen el caso
del jamon curado. Transcurrido este tiempo, la fibra de SPME fue transferida
inmediatamente al inyector del CG-EM cuya temperatura en modo splitless se
fijé a 270 °C. El anélisis de compuestos volatiles se realizé en un cromatografo
de gases HP-6890 serie Il acoplado a una espectrometro de masas Agilent
5973. La separacion de los compuestos volatiles se realizé por medio de una
columna capilar de tipo HP-5 (Restek, USA) (5% fenil-95 % dimetilpolisiloxano,
50 m de longitud x 0.25 mm de diametro interno x 1,05 ym de espesor). La fibra

de SPME fue desorbida y mantenida en el puerto de inyeccion a 270 °C

142



durante toda la carrera cromatografica. El programa de temperatura en el caso
de los loncheados de jamon curado fue isotérmico comenzando a 40 °C
durante 10 min y aumentando hasta los 200 °C a razén de 5 °C min™, hasta
250 °C a razén de 15 °C min™', y mantenida esta temperatura durante 10 min.
No obstante, para los sistemas modelo tipo salchicha, el programa de
temperatura fue isotérmico comenzando a 45 °C durante 10 min y aumentando
hasta los 200 °C a razon de 10 °C min™, hasta 250°C a razén de 15 °C min™, y
mantenida esta temperatura durante 10 min.

En ambos casos la linea de transferencia del espectrometro de masas
se mantuvo a 270 °C. Los espectros de masas se generaron por impacto
electronico a 70 eV, con un voltaje del multiplicador de 1756 V. Los datos se
recolectaron a razén de 1 scan s en el rango m/z 30 a 500. Los compuestos
volatiles se identificaron por comparacion de su espectro con los espectros de
masas incluidos en las bibliotecas Willey y el tiempo de retencién de los
patrones de cada compuesto. El contenido en volatiles se expresé en unidades

arbitrarias de area (AAU).
5.2.16 Evaluacion sensorial.

El analisis cuantitativo descriptivo (ACD) y el tiempo-intensidad (TI) se
aplicaron tanto en los sistemas modelo que incluian el compuesto volatil 1-

octen-3-ol como en los loncheados de jamodn Ibérico.
5.2.16.1 Catadores.

Este analisis fue llevado a cabo con la ayuda de un panel sensorial
entrenado de acuerdo a las Normas Internacionales (ISO), compuesto por 6
hombres y 6 mujeres, todos colaboradores del laboratorio (estudiantes
graduados, doctorandos y profesores del area de Tecnologia e Higiene de los
Alimentos), con edades comprendidas entre los 25 y 55 afios, con experiencia

en el analisis sensorial.
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5.2.16.2 Entrenamiento del panel para el ACD.

Entrenamiento con los sistemas modelo.

En relacién a los sistemas modelo tipo salchicha, en el entrenamiento se
pretendié que los catadores se familiarizasen con el producto objeto de estudio
ademas de desarrollar el vocabulario especifico para este producto carnico,
constituyendo la hoja de cata especifica.

Inicialmente, el objetivo fue evaluar sensorialmente los sistemas modelo
que incluian todos los compuestos volatiles, pero se detectaron dificultades
para fijar descriptores adecuados y discernir entre los atributos derivados de la
presencia conjunta de los 11 compuestos volatiles. En base a estos
antecedentes, se decidié llevar a cabo el estudio sensorial unicamente en
aquellos sistemas modelo aromatizados con el 1-octen-3-ol.

En el entrenamiento con este tipo de muestras se siguieron las
siguientes pautas:

1°. Familiarizacién e identificacion del olor vinculado a dicho compuesto,
evaluandose tres disoluciones acuosas de 1-octen-3-ol elaboradas segun se
describen en la Norma UNE 87013:1996 para la deteccion y reconocimiento de
olores.

2°. Evaluacion del olor en cinco masas carnicas que no han sufrido el
proceso de maduracion de diferentes tipos de sistemas modelo elaborados con
diferente tipo de grasa (manteca de cerdo-LF, tocino de cerdo Ibérico de
pienso-CF y aceite de girasol-SOF) y con diferentes concentraciones de 1-
octen-3-ol (0, 25, 50 y 75 ppm). Evaluando una muestra de cada masa carnica
elaboradas con: LF y 25 ppm de 1-octen-ol, SOF y 50 ppm de 1-octen-3-ol, CF
y sin 1-octen-3-ol incorporado. Y finalmente, una muestra de cada masa
carnica con 75 ppm del compuesto y elaborada a partir de CF y SOF.

3°. Evaluacion de la intensidad de olor y el flavor y generacion de los
descriptores asociados a los sistemas modelo tipo salchicha ya madurados con
las diferentes concentraciones de 1-octen-3-ol (0, 25, 50 y 75 ppm). Como
apoyo, durante la generacidén de los atributos que caracterizasen el olor y el

flavor del producto, se les proporcioné una lista de posibles descriptores.
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4°. Generacion y discusion de los descriptores asociados a la apariencia
y textura del producto para completar la ficha de cata.

5° Exposicidén y evaluacion de la intensidad de todos los atributos
generados por los catadores en escalas lineales horizontales no estructuradas
de 10 cm de longitud, con extremos correspondientes al maximo y al minimo de
percepcion de la intensidad.

6°. Finalmente, tras la evaluaciéon con las escalas se llevd a cabo un
consenso de los descriptores que caracterizaban al producto, y que debian por
lo tanto, formar parte de la ficha de cata, y de la concentracion de 1-octen-3-ol.
Se seleccion6 una concentracion de 1-octen-3-ol de 75 ppm, al considerarse la
mas adecuada al permitir una mejor percepcion y diferenciacion de los atributos
relacionados con el olor y el flavor de las muestras.

La ficha completa de cata para los sistemas modelo carnicos tipo
salchicha se muestra en la tabla 12.
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Tabla 12. Atributos que constituyen la ficha de cata para la evaluacion de los sistemas modelo mediante la técnica de ACD.

Apariencia

Intensidad del color

Homogeneidad del color

Grado de cohesion

Textura

Gomosidad

Dureza

Olor

Intensidad general
Seta- champifion

Tierra humeda

Curado
Tostado*

Herbaceo*

Grasa

Intensidad del color presente en el centro de la loncha.
Cuantificacion de la variacién de color.

Propiedad mecanica de la textura relativa al grado de deformacién de un producto antes de romperse.

Propiedad mecanica de la textura relativa a la cohesién de un producto blando. La sensacion bucal esta relacionada con el
esfuerzo requerido para poder reducir el producto al estado necesario para su degustacion.

Propiedad mecanica de la textura relativa a la fuerza requerida para deformar el alimento o para hacer penetrar un objeto en él.
En la boca se percibe al comprimir los productos sélidos entre los dientes o los semisdlidos entre la lengua y el paladar.
Percepcion por medio de la nariz de sustancias volatiles liberadas en los alimentos.

Propiedad organoléptica de sustancias puras o de mezclas cuyo olor produce el olor caracteristico de los champifiones.

Propiedad organoléptica de sustancias puras o de mezclas cuyo olor produce un olor asociado a la recogida de setas.

Conjunto complejo de caracteristicas organolépticas olfativas que se desarrollan como consecuencia de la adicion de sales
curantes y del posterior secado/maduracion del producto.

Propiedad organoléptica de sustancias puras o de mezclas cuyo olor produce el olor caracteristico de frutos secos tostados.

Propiedad organoléptica de sustancias puras o de mezclas cuyo olor se caracteriza por presentar notas herbales.

Describe el olor elemental producido por la presencia de grasa en un producto.
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Tabla 12. (Continuacién)

Flavor

Conjunto complejo de las propiedades olfativas y gustativas que se perciben durante la degustacion y que puede estar influido
Intensidad general por las propiedades tactiles, térmicas, dolorosas e incluso por efectos cinestésicos.
Acido Describe el sabor elemental producido por soluciones acuosas diluidas de la mayoria de los acidos (por ejemplo: citrico, tartarico).
Salado Propiedad organoléptica de sustancias puras o de mezclas cuya degustacion produce un sabor salado.
Herbaceo* Propiedad organoléptica de sustancias puras o de mezclas cuyo sabor se caracteriza por presentar notas herbales.
Champifién Propiedad organoléptica de sustancias puras o de mezclas cuyo sabor produce el sabor caracteristico de los champifiones.
Rancio Sensacion olfato-gustativa purgente a grasa vieja.

Conjunto complejo de caracteristicas organolépticas olfato-gustativas que se desarrollan como consecuencia de la adiciéon de sales
Curado curantes y del posterior secado/maduracién del producto.

Sensacion olfato-gustativa raramente similar o muy préxima a la sensacion percibida cuando el producto estaba en la boca
Persistencia que permanece localizada un cierto tiempo y cuya duracion se puede medir.

*El olor “a tostado” y el olor y flavor “herbaceo” fueron eliminados posteriormente de la ficha de cata al considerarse irrelevantes tras los resultados obtenidos
en las primeras sesiones y la discusion con el panel.
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El protocolo de evaluacién de las muestras fue el siguiente: para la
evaluacion del olor y el flavor media loncha de sistema modelo (grosor 1mm)
presentada en frascos de cristal con tapadera junto con unas pinzas para la
extraccion de la muestra en la evaluacion del flavor. Mientras que, para la
evaluacion y generacion de atributos relacionados con la textura y la

apariencia, se presentaron lonchas completas en platos de cristal (Figura 11).

Figura 11. Forma de presentacion para la evaluacion de los atributos seleccionados

en el entrenamiento de los sistemas modelo para la ficha de cata del ACD.

Simulaciéon de la
forma de presentacién
en las sesiones de
evaluacion

Una muestra para

b Evaluacién de la aparienciay la Pinzas para la
la evaluacion del textura extraccionde la
olory el flavor muestra

Entrenamiento con los loncheados de jamon Ibérico envasados a vacio.

El entrenamiento con los loncheados de jamoén curado de cerdo Ibérico
se hizo posteriormente al de los sistemas modelo, por lo que fue mucho mas
especifico, considerando que este tipo de productos son evaluados de forma
habitual por los miembros del panel de cata, y que estan familiarizados con las
bases de la evaluacion sensorial y el uso de escalas no estructuradas. En este

caso, el entrenamiento se orientd a fijar y consolidar los aspectos del ACD
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especificos para la evaluacidén de jamon curado. El entrenamiento mostrado en
la figura 12, sigui6 los protocolos establecidos para el entrenamiento especifico

en el ACD (Lawless y Heymann, 1998). Consté de las siguientes etapas:

- 1° Generacion del vocabulario, es decir, los atributos descriptores o
atributos propios de las muestras a evaluar. Se le presentaron a los
catadores lonchas de jamon curado Ibérico de los diferentes grupos que
constituyen cada experimento en platos de cristal codificadas con un
numero de tres digitos. Para facilitar la generacion de descriptores se les
proporciond una lista de posibles descriptores del jamon curado Ibérico,
en base a la experiencia del director de cata y a la bibliografia
consultada (Ruiz y cols., 1998).

- 2° Seleccion mediante consenso de los atributos previamente
generados de forma individual.

- 3° Entrenamiento con escalas no estructuras de 10 cm de longitud
fijando los extremos verbales de los atributos seleccionados por
consenso correspondientes al maximo y minimo de percepcion de la

intensidad, empleando referencias para atributos concretos (Tabla 13).

En el caso concreto de los loncheados que constituyen el capitulo VIII,
en el cual, uno de los factores objeto de estudio fue la temperatura de
consumo, las muestras empleadas durante el entrenamiento se presentaron
al panel atemperadas a las diferentes temperaturas de estudio (7 °C, 16 °C
y 20 °C). La ficha completa de cata generada para los loncheados de jamén
Ibérico se presenta en la tabla 14, y consta de un total de 25 atributos
referidos a la grasa de cobertura (apariencia y textura tactil), y al magro
(apariencia, olor, textura y flavor). Esta ficha de cata se emple6 como base
utilizandose de forma diferente en funcion del estudio llevado a cabo. En el
caso del primer capitulo (Capitulo V) se evaluaron 21 de los 25 atributos
presentes en la ficha de cata original. En el resto de estudios
correspondientes a los capitulos VIl y VIII, los atributos relacionados con la
textura y el flavor del magro se evaluaron mediante la técnica dinamica de

T, y por lo tanto, la ficha de cata empleada para el ACD estaba constituida
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por 12 atributos correspondientes a la apariencia, a la textura tactil y al olor

de las muestras.

Figura 12. Entrenamiento del panel para el andlisis sensorial mediante la técnica ACD.
Generacion, seleccion y evaluacion de los descriptores que constituiran la ficha de

cata de los loncheados de jamon curado.

Referencias para los
extremos de las
escalas lineales

Evaluaciénde los
atributos seleccionados
en escalas horizontales

lineales no
estructuradas de 10 cm
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Tabla 13. Referencias empleadas en el entrenamiento del panel para la técnica de ACD de los loncheados de jamén.

Extremo izquierdo

Extremo derecho

Grasa de cobertura
Apariencia

Intensidad del color
Brillo

Textura tactil
Fluidez

Dureza

Magro

Apariencia

Intensidad del color rojo
Veteado

Brillo

Olor

Intensidad general

Manteca

Manteca a 7 °C

Tocino a-18 °C

Tocino atemperado a 30 °C durante 20-30 min

Jamon Serrano de corta maduracion
Jamoén Serrano de corta maduracion

Cecina

Grasa de bacon

Tocino oxidado

Tocino atemperado a 30 °C durante 20-30 min

Tocino atemperado a 30 °C durante 20-30 min

Tocino a-18 °C

Cecina
Jamon Ibérico

Jamon Ibérico atemperado a 50 °C cubierto de aceite

Tocino oxidado atemperado a 50 °C durante 24 h
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Tabla 14. Atributos que constituyen la ficha de cata para la evaluacién de los loncheados de jamén curado envasados a vacio mediante la
técnica de ACD.

Grasa de cobertura

Apariencia
Color rosa Intensidad del color rosa presente en la grasa de cobertura.
Color amarillo Intensidad del color blanco presente en la grasa de cobertura. Variaciéon desde blanco a amarillo.

Homogeneidad del color Cuantificacion de la variacion de color.

Brillo Aspecto de un producto que lo asemeja a una superficie pulida que muestra reflejos luminosos.

Textura

Dureza Resistencia mecanica a la presién ejercida por el dedo indice sobre la grasa de cobertura.

Fluidez Sensacion aceitosa al deslizar el dedo a lo largo de la grasa de cobertura.

Arenoso Presencia de granulos al deslizar el dedo indice sobre la superficie de la grasa de cobertura.

Magro

Apariencia

Intensidad del color Intensidad del color presente en el magro de la loncha de jamén dependiente de la concentracién de la molécula mioglobina.

Tono del color rojo presente en el magro dependiente del estado quimico de la molécula mioglobina.

Tono del color rojo Variacién desde rojo a marron.
Brillo Aspecto de un producto que lo asemeja a una superficie pulida que muestra reflejos luminosos.
Veteado Medida de la cantidad de grasa infiltrada (intramuscular) en el tejido muscular.
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Tabla 14. (Continuacion).

Olor

General

Rancio

Curado

Textura

Dureza

Jugosidad

Pastosidad

Masticabilidad

Fibrosidad

Percepcion por medio de la nariz de sustancias volatiles liberadas en los alimentos.

Olor purgente a grasa vieja

Conjunto complejo de caracteristicas organolépticas olfativas que se desarrollan como consecuencia de la adicion de sales
curantes y del posterior secado/maduracién del producto.

Propiedad mecanica de la textura relativa a la fuerza requerida para deformar el alimento o para hacer penetrar un objeto en él.
En la boca se percibe al comprimir los productos sélidos entre los dientes o los semisélidos entre la lengua y el paladar.

Sensacion asociada a la liberacion de agua y grasa por la masticacion, asi como, por la secrecion de jugos bucales provocados
por la carne durante la masticacion.

Sensacion percibida en la masticacion asociada a la combinacién de bajos valores de dureza y valores relativamente altos de
adhesividad y gomosidad.

Propiedad mecanica de la textura relacionada con la cohesién y con el tiempo necesario o el numero de masticaciones
requeridas para dejar un producto sélido en las condiciones necesarias para su deglucion.

Percepcion de particulas alargadas y de orientacion paralela en un producto.
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Tabla 14. (Continuacion).

Flavor

General
Salado

Amargor

Curado

Rancio

Persistencia

Conjunto complejo de las propiedades olfativas y gustativas que se perciben durante la degustacion y que puede estar influido
por las propiedades tactiles, térmicas, dolorosas e incluso por efectos cinestésicos.

Propiedad organoléptica de sustancias puras o de mezclas cuya degustacion produce un sabor salado.

Propiedad organoléptica de sustancias puras o de mezclas cuya degustacion produce un sabor amargo

Conjunto complejo de caracteristicas organolépticas olfato-gustativas que se desarrollan como consecuencia de la adicidon de sales
curantes y del posterior secado/maduracién del producto.

Sensacion olfato-gustativa purgente a grasa vieja.

Sensacion olfato-gustativa raramente similar o muy préxima a la sensacion percibida cuando el producto estaba en la boca
que permanece localizada un cierto tiempo y cuya duracion se puede medir.
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5.2.16.3 Entrenamiento del panel para la técnica TI.

La evaluacién sensorial de las muestras mediante el ACD, se considerd
una parte del entrenamiento del panel para el tiempo-intensidad (T1) (Peyvieux
y Dijksterhuis, 2001), lo que permitid al panel de cata la familiarizacién tanto
con las muestras como con los atributos que posteriormente se evaluarian
mediante la técnica TI, particularmente, para las muestras de los sistemas

modelo tipo salchicha.

Entrenamiento con los sistemas modelo tipo salchicha para la técnica TI.

Se aplicaron las directrices descritas por Peyvieux y Dijksterhuis, (2001)
con algunas modificaciones para entrenar al panel en la técnica TI. El
entrenamiento tuvo una duracion total de 7 sesiones de entrenamiento (dos
sesiones introductorias y de familiarizacién con la técnica, de 2 h cada sesion, y
5 sesiones de entrenamiento con el producto real), divididas en tres partes
(Figura 13):

Primera. Al ser un método de evaluacién completamente diferente al
anterior (ACD), se comenzé con una breve introduccién para explicar la
metodologia seguida en esta técnica (base tedrica del Tl e instrucciones para
manejar el ordenador que se emplearia para la recogida de datos). Durante
esta parte se presentaron igualmente las muestras a evaluar a los catadores,
explicando su composicidon en términos generales sin comentar aspectos
relacionados con el disefio experimental, y evitar que pudieran tener excesiva
informacion al respecto. En el caso de los sistemas modelo tipo salchicha, la
presentacion del producto se hizo de una forma mas detallada al ser un nuevo
producto nunca antes evaluado por el panel.

Segunda. A continuacién, para familiarizar al panel con la técnica Tl y
con el protocolo de evaluacién de las muestras que requiere, el panel evalud
con el Tl de manera individual en las diferentes cabinas de la sala de cata
disoluciones de dos sabores basicos que podemos encontrar en los productos
a evaluar, como el acido (1.20 g I'" acido citrico) y salado (8.0 g I cloruro

sodico).
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Tercera. Finalmente, se trabajo con el producto real y se establecieron
las condiciones de evaluacion en las cabinas, con luz roja (220-230 V 25 W)
para evitar la influencia de la apariencia en su evaluacion. Ademas, se
emplearon pinzas nasales para evitar la influencia del olor en la percepcién del
flavor. Los atributos evaluados mediante Tl se seleccionaron por consenso con
el panel. Al considerarse los mas interesantes desde el punto de vista de su
modificacion temporal durante el consumo de los sistemas modelo, de flavor se
evalud; la intensidad general del flavor, el flavor a champifiones, el flavor a
rancio y el flavor a curado. De textura se seleccion6 la gomosidad, por
considerarse el atributo de textura mas caracteristico de las muestras
evaluadas, teniendo en cuenta los resultados previamente obtenidos con el
ACD.

Se desarrollaron cinco sesiones de entrenamiento en las que el panel
evalud las muestras y los atributos seleccionados. Se emplearon escalas
lineales horizontales no estructuradas, cuyos extremos fueron “menos” y “mas”.
El protocolo de evaluacién de las muestras fue discutido y establecido con el

panel, fijandose segun se describe en la tabla 15.

Figura 13. Las diferentes fases del entrenamiento del panel para la técnica Tl de los
sistemas modelos; primera y segunda fase (extremo superior) y tercera fase (extremo

inferior).

Disoluciones y explicacion de
la técnica

Frascos de
cristal con
tapadera

Vaso para escupir
la muestra

Luz roja

By

Pinzas para la extraccion
de la muestra y clips
nasales




Tabla 15. Protocolo estandarizado y seguido por el panel en todas las evaluaciones de Tl (SM: sistemas modelo, LJ: loncheados de jamén).

SM LJ
Empleo de pinzas o clips nasales para evitar la influencia del olor*. Si no
Tiempo minimo de masticacion (segundos). 15 10
La evaluacién continia hasta que los catadores dejen de percibir el atributo evaluado. Si Si
Movimiento del cursor hacia el extremo izquierdo ("menos") cuando dejen de percibir. Si Si
Las diferencias de intensidad se registran moviendo el cursor a lo largo de la escala en funcion de la intensidad percibida. Si Si
Tiempo maximo de evaluacién (segundos). 120 120
Para la textura, una vez que los catadores tragan la muestra éstos deben mover el cursor hacia el extremo izquierdo (“menos”)**.  si si
Entre atributo y atributo evaluado se establece el protocolo de lavar su paladar con tostada no salada y agua. Si Si

*Los catadores antes de extraer la muestra del frasco de cristal se colocaran las pinzas o clips nasales, las cuales, se quitaran en el momento que comiencen
la evaluacion de la muestra en boca.
** En el caso de los sistemas modelo el panel establecié escupir la muestra, como consecuencia de su parcial agrado con el producto.
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Entrenamiento con los loncheados de jamon Ibérico envasados a vacio para la

técnica TI.

El panel de cata empleado en la evaluacién de la percepcion temporal de
las muestras de jamén curado fue el mismo que el panel empleado para los
sistemas modelo. Por tanto, en este caso los catadores estaban ya entrenados
y familiarizados con los protocolos de evaluacién mediante la técnica de TI.

Siguiendo las mismas pautas que en los sistemas modelo (Peyvieux vy
Dijksterhuis, 2001), se efectuaron un total de tres sesiones de entrenamiento (2

h por sesion):

1°. En una primera sesion se llevo a cabo una breve introduccién sobre la
metodologia seguida con esta técnica (Instrucciones para manejar el
ordenador), y una presentacion de las muestras a evaluar objeto de estudio.

2°. A continuacién, el panel trabajé con la técnica Tl evaluando en las
cabinas individuales bajo luz blanca, la dureza y la intensidad general del flavor
de diferentes tipos de muestras carnicas. Los productos carnicos elegidos
fueron jamén cocido, cecina y jamon serrano, los cuales, fueron seleccionados
por las diferencias tan marcadas que tienen en estos atributos seleccionados.

3°. Finalmente, para la generacién y seleccion de los atributos de textura y
flavor que definiesen al producto, se les proporciond una lista de posibles
descriptores en jamén curado en base a la experiencia del director del panel y
a la bibliografia cientifica consultada (Ruiz y cols., 1998). Por consenso se
seleccionaron un total de 7 atributos, 3 atributos de textura; dureza, jugosidad y
fibrosidad, y 4 de flavor; sabor salado, intensidad general, rancidez y curado.

Posteriormente, se llevaron a cabo 2 sesiones de entrenamiento con el
producto y los atributos seleccionados antes de comenzar con las sesiones
definitivas.

En todo momento, los catadores separaban la grasa de cobertura del magro
de la loncha. Los loncheados del capitulo VIII fueron previamente
acondicionados a las diferentes temperaturas de consumo, protocolo

desarrollado mas adelante en el apartado 5.2.16.5. Todas las muestras se
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presentaron en platos de cristal en tantas porciones de muestra como atributos

a evaluar (un total de 7 atributos) (Figura 14).

Figura 14. Acondicionamiento previo al entrenamiento de los loncheados cuyo factor
de estudio fue la temperatura de consumo (extremo superior), y forma de presentacién
de las muestras para el entrenamiento con los atributos seleccionados para la ficha de
cata del Tl (extremo inferior) de los diferentes loncheados que constituyen la fase

experimental Il.

Al igual que en el caso de los sistemas modelo, se empelaron escalas
lineales horizontales no estructuradas, cuyos extremos verbales fueron
‘menos” y “mas”. El protocolo de evaluacion de las muestras, al igual que en
los sistemas modelo, se establecié por consenso con el panel (Tabla 15).

Durante todas las sesiones efectuadas de TI, tanto para los sistemas
modelo como para los loncheados de jamon, se le indicaba a los catadores que
debian hacer en cada momento mediante la inclusion de mensajes del tipo:
‘indique la intensidad percibida mientras mastica la muestra mediante el
movimiento del cursor a lo largo de la escala”, “trague o escupa la muestra y
mueva el cursor hacia menos cuando deje de percibir’. Este protocolo

estandarizado fue seguido en todas las evaluaciones de TI.
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5.2.16.4 Diserio experimental de las sesiones de evaluacion sensorial.

El andlisis sensorial efectuado por el panel se desarrollé en un total de
52 sesiones, de las cuales, 16 sesiones fueron para el estudio de los sistemas
modelo tipo salchicha, y un total de 36 sesiones para el estudio de los
loncheados de jamoén Ibérico. En cada sesion se evaluaron un total de 2, 3 o0 4

muestras codificadas con un numero de tres digitos.

De las 16 sesiones de evaluacion sensorial de los sistemas modelo;

e 8 sesiones fueron para la técnica de ACD, de las cuales, 3 sesiones se
emplearon para evaluar los sistemas modelo elaborados con tocino
dorsal de cerdos Ibéricos cebados en montanera con diferente contenido
en grasa, (~ 4%, ~ 10% y ~ 15%). Las otras 5 sesiones restantes se
emplearon para evaluar los sistemas modelo elaborados con diferente

tipo de grasa (MF, CF, LF y SOF) mas el lote control (sin 1-octen-3-ol).

Con un total de 3 repeticiones por panelista y lote elaborado.

e En las 8 sesiones restantes los sistemas modelo se evaluaron mediante
la técnica TI, de las cuales igualmente, fueron necesarias 3 sesiones
para evaluar los sistemas modelo elaborados con diferente contenido en
grasa (~ 4%, ~ 10% y ~ 15%). Y un total de 5 sesiones para evaluar los
sistemas modelo elaborados con diferente tipo de grasa (MF, CF, LF y

SOF) mas el lote control (sin 1-octen-3-ol).

Con un total de 3 repeticiones por panelista y lote elaborado.

De las 36 sesiones destinadas a la evaluacién sensorial de los loncheados de

jamén curado;

160



20 sesiones se emplearon para llevar a cabo las evaluaciones mediante
la técnica sensorial de ACD. En 8 sesiones se evaluaron las muestras
procedentes de cada lote del primer capitulo, el capitulo V, en los que se
evalué la influencia del tratamiento con APH; tratados (HHP) y no
tratados (C) con altas presiones, y la forma de presentacion; envasados
en tres diferentes formatos comerciales (CSF; formato loncheado
tradicional, las lonchas de jamén extendidas a lo largo del envase, ASF;
formato loncheado apilado, las lonchas de jamdén son apiladas de
manera horizontal, y IF; formato intacto, jamdn sin lonchear en un bloque
de 2 cm de grosor). Con un total de 6 lotes; HHP CSF, HHP ASF, HHP
IF, C CSF, C ASF y C IF. En 4 sesiones se evaluaron las muestras que
constituyen el tercer capitulo (Capitulo VII), teniendo como factores
objeto de estudio la influencia del tratamiento con APH; tratados (HHP) y
no tratados (C) con altas presiones, y el contenido en GIM; alto (Hip) y
bajo (Flank), en loncheados almacenados durante 4 meses a
refrigeracion. Con un total de 4 lotes; HHP Hip, HHP Flank, C Hipy C
Flank. Finalmente, las 8 sesiones restantes se emplearon para estudiar
el efecto de la temperatura previa al consumo (Capitulo VIIl); 7 °C, 16 °C
y 20 °C, y el contenido en GIM; alto (BF) y bajo (QF). Con un total de 6
lotes; BF 7 °C, BF 16 °C, BF 20 °C, QF 7 °C, QF 16 °C y QF 20 °C.

Con un total de 4 repeticiones por panelista y lote de muestras.

En las 16 sesiones restantes los loncheados se valoraron mediante la
técnica TIl. 8 sesiones para evaluar las muestras que constituyen el
capitulo VI, anteriormente comentadas, y 8 sesiones para evaluar las
muestras que constituyen el cuarto capitulo (Capitulo VIII), descritas

igualmente en el parrafo anterior.

Con un total de 4 repeticiones por panelista y lote de muestras.

161



5.2.16.5 Preparacion de las muestras para las evaluaciones sensoriales.

En lo que respecta a los sistemas modelo, cada grupo de muestras
pertenecientes a una sesion de evaluacion sensorial fueron loncheadas en el
mismo dia de analisis mediante una loncheadora comercial (OMS modelo TGl
300), para obtener lonchas de 1 mm de grosor (Figura 15a). Las muestras se
dispusieron sobre platos de cristal cubierto con papel de aluminio para evitar la
pérdida de aroma y permanecieron durante 20-30 min a temperatura ambiente.
Para las sesiones de ACD, bajo un cddigo de tres digitos se presentaron
lonchas completas en platos de cristal para los atributos relacionados con la
apariencia y la textura, mientras que, para los atributos relacionados con el olor
y el flavor, se presentaron medias lonchas colocadas en frascos de cristal
cerrados (Figura 15a). En las sesiones de TI, los catadores recibieron en
frascos de cristal cerrados bajo un cédigo de tres digitos, media loncha de

sistema modelo por atributo evaluado (un total de 5 atributos) (Figura 15b).

Figura 15 (a). Loncheado y forma de presentacion de las muestras de los sistemas

modelo para las evaluaciones sensoriales mediante la técnica de ACD.

Una muestra para
el olor y el flavor

1|

Pinzas para la Aparienciay
extraccion de la textura
muestra y agua para
atributo y atributo
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Figura 15 (b). Forma de presentacion de los sistemas modelo para las evaluaciones

sensoriales de textura y flavor mediante TI.

Pinzas para la extraccién de
la muestray clips nasales

Una muestra poratributoa
evaluar

Tostadano saladay agua
entre atributo y atributo

En la preparacion de las muestras para el analisis sensorial de los
loncheados de jamone Ibérico, unicamente se lonchearon las muestras del
formato intacto (bloque de 2 cm de grosor) perteneciente al capitulo V (Figura
16a) utilizando una loncheadora comercial (OMS modelo TGI 300) para obtener
lonchas de 1 mm de grosor. Para el resto de lotes estudiados, las muestras se
presentaban ya loncheadas en el envase. Previamente a la evaluacion
sensorial, todas las muestras se mantuvieron a temperatura ambiente durante
al menos 20-30 min en su envase cerrado, para evitar asi la pérdida de aroma.
Todas las muestras se dispusieron directamente en platos de cristal para su
evaluacién mediante el ACD. En estas evaluaciones, en las cuales la ficha de
cata contempla atributos relacionados con la grasa de cobertura y el magro,
ambos se evaluaron de manera independiente (Figura 16b). Del mismo modo,
para las sesiones de Tl las muestras se presentaron en platos de cristal, salvo
que en este caso, fueron cortadas en tantas porciones como atributos a

evaluar, y se pidio retirar la grasa de cobertura (Figura 16c).
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En el caso particular del cuarto estudio (Capitulo VIII), donde uno de los
factores estudiados fue la influencia de la temperatura de consumo sobre las
caracteristicas sensoriales. Se establecidé un protocolo de atemperado tras una
serie de pruebas de medicion de la temperatura a diferentes tiempos (10 min,
15 min, 20 min, 30 min, 40 min y 50 min de atemperado) en estufas destinadas
a este fin (VELP Scientific modelo FTC 90E y Aqua Lytic modelo FKS 3600),
con un termémetro de sonda sobre las muestras objeto de estudio. Tanto las
muestras como los platos de cristal, se acondicionaron a la temperatura
correspondiente (7 °C, 16 °C o 20 °C) en estas estufas de temperatura
controlada durante al menos 30 min previos a la cata (Figura 16c). Las
muestras eran extraidas de las estufas en el momento que el catador daba
comienzo a la evaluacion y solicitaba las diferentes muestras que constituian la

sesion de cata.

Figura 16 (a). Diferentes formas de presentacion planteadas para el capitulo V.
Formato loncheado tradicional (superior), formato loncheado alternativo (centro) y

formato intacto (inferior).
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Figura 16 (b). Loncheado del formato intacto del capitulo V, y las distintas formas de
presentacion de los diferentes loncheados para la evaluaciéon sensorial mediante la
técnica ACD. La forma de presentacion varia en funcion de la/s técnicals

desarrollada/s en cada capitulo de los loncheados de jamén curado.

Presentacion, en los cuales,
la textura y el flavor se
evallia mediante ACD

Presentacién, en los cuales,
la textura y el flavor se
evalta mediante Tl

e " ~
‘ No es necesaria su
deglucion, solamente

| se acompafan de una
servilleta

Figura 16 (c). Forma de presentacion de todos los loncheados (extremo superior) y
atemperado previo de las muestras y los platos para los loncheados del capitulo VI

(extremo inferior) para la evaluacién sensorial mediante la técnica TI.

Tostada no salada y agua
para llevar a cabo el protocolo
establecido entre atributo y
atributo

Una muestra por
atributo
seleccionado

Atemperado de los platos y
las muestras divididas en
trozos
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Condiciones de las evaluaciones sensoriales.

Las evaluaciones sensoriales se efectuaron en la sala de cata de la
planta piloto del Departamento de Produccion Animal y Ciencia de los
Alimentos (Facultad de Veterinaria de la Universidad de Extremadura), provista
de cabinas individuales disefiadas atendiendo a la Norma UNE 87001:1979.

Todas las evaluaciones se realizaron bajo condiciones ambientales
similares de temperatura e iluminacién (~ 21 °C, Corona 15 W 108 mA, 220-
240 V/ 50 Hz — 4200 K). Sin embargo, para las sesiones de evaluacion de los
sistemas modelos en atributos relacionados con la textura y el flavor evaluados
mediante Tl, se emplearon bombillas de luz roja (~ 21 °C, Mazda 220-230 V 25
W) para evitar la influencia de la apariencia del producto en la evaluaciéon de
estos atributos.

La distribucién de la muestra a cada catador, bien para la evaluacién de
los sistemas modelo tipo salchicha, o bien para la evaluacion de los loncheados
de jamédn Ibérico, fue igual para todos, de manera homogénea y en platos o
frascos de cristal idénticos, y codificados con numeros de tres digitos elegidos
al azar por el FIZZ software. La codificacion de cada muestra no debe
proporcionar al catador ninguna informacion sobre su identidad.

En cada cabina en funcion del objetivo de cada estudio, de la técnica
sensorial empleada, y de la muestra evaluada, se preparaba con un vaso de
agua, servilleta de papel, tostada no salada, pinzas o clips para la nariz, luz
artificial blanca o roja.

Las escalas empleadas en todos los entrenamientos y sesiones de cata
fueron escalas lineales horizontales no estructuradas de 10 cm de longitud. En
cuyos extremos aparecen las palabras “rojo” y “marrdén”, para evaluar la
intensidad del tono rojo del magro de los loncheados, “blanco” y “amarillo” para
evaluar la intensidad del color de la grasa de cobertura de los mismos , y para
el resto de atributos en ambos productos las palabras “menos” y “mas”.

El programa informatico empleado para la recopilacion de datos de las

distintas sesiones fue el FIZZ Network (v.1.01: Byosistemes, Francia).
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5.2.17 Analisis estadistico.

El andlisis estadistico de los resultados se efectué con el programa
SPSS versién 15.0 para Windows. Se realizé una estadistica descriptiva simple
(medias y desviaciones estandar), para caracterizar sensorial e
instrumentalmente los loncheados y sistemas modelo analizados.

Con el fin de analizar cada uno de los efectos (contenido y tipo de la
grasa en los sistemas modelo, asi como, el efecto de los diferentes
tratamientos post-procesado y el contenido en GIM en los jamones Ibéricos
loncheados), se aplicd el procedimiento ANOVA (Analisis de la varianza),
empleando el test de Tukey para la comparacion multiple de las medias
obtenidas del analisis instrumental, y un ANOVA medidas repetidas (MLG;
modelo lineal general) empleando el test de Bonferroni para la comparacién
multiple de las medias obtenidas del analisis sensorial. Incluyendo en cada
modelo como factores intra-sujetos los parametros concretos de cada estudio.

En lo que respecta a las curvas Tl medias, fueron calculadas para cada
atributo teniendo en cuenta el numero de catadores y el numero de
repeticiones usando el FIZZ software. Un ANOVA medidas repetidas (MLG) fue
igualmente llevado a cabo para los parametros extraidos de las curvas medias
como son la Intensidad maxima (Imax), la duracion de esa intensidad maxima
(DurPl), el tiempo final (Tend) y el area bajo la curva (AreaTse o Area). Del
mismo modo que en los casos anteriores, se incluyeron como factores intra-
sujetos los parametros concretos de cada ensayo.

En ocasiones se completd el estudio mediante correlaciones de Pearson (r), y
Analisis de Componentes Principales (ACP), con la finalidad de facilitar la

interpretacion de los resultados.
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6. RESULTADOS Y DISCUSION

Atendiendo al formato cientifico de redaccién de Tesis Doctorales, este
apartado se presenta en forma de ocho articulos de investigacion elaborados a
partir de los datos experimentales obtenidos con el Material y Métodos

especificados en la seccion anterior.

6.1 LISTADO DE MANUSCRITOS.

Articulo 1 (Capitulo I). Static and dynamic sensory methods to evaluate the

flavour and texture in dry-cured meat model products varying the fat content. (p.177)

Articulo 2 (Capitulo Il). Impact of lipid composition on dynamic sensory

perception of flavour and texture in experimental fermented sausages. (p.203)

Articulo 3 (Capitulo lll). Effect of lipid content and composition on volatile

compounds release from experimental fermented sausages. (p.231)

Articulo 4 (Capitulo IV). Impact of lipid content and composition on lipid oxidation

and protein carbonylation in experimental fermented sausages. (p.253)

Articulo 5 (Capitulo V). Lipid and protein oxidation and sensory properties of

vacuum-packaged dry-cured ham subjected to high hydrostatic pressure. (p.281)

Articulo 6 (Capitulo VI). Impact of high pressure treatment and intramuscular fat
content on colour changes and protein and lipid oxidation in sliced and vacuum-packed

Iberian dry-cured ham. (p.317)

Articulo 7 (Capitulo VII). Application of time-intensity method to assess the
sensory properties of Iberian dry-cured ham: effect of fat content and high pressure
treatment. (p.343)

Articulo 8 (Capitulo VIII). Effect of intramuscular fat content and serving
temperature on temporal sensory perception of sliced and vacuum packaged dry-cured
ham. (p.373)
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Abstract

Two different descriptive sensory techniques, a static (Quantitative Descriptive
Analysis-QDA) and a dynamic sensory method (Time-Intensity-Tl) were
applying for evaluating the effect of fat content on the sensory characteristics of
experimental fermented sausages. Experimental fermented sausages with
different fat levels (~ 4%, ~ 10% and ~ 15%) and flavoured with 1-octen-3-ol
were manufactured. Release of 1-octen-3-ol was analysed using SPME and
GC/MS. Chromatographic areas of 1-octen-3-ol negatively correlated with
temporal perception of mushroom flavour. Modifications of sausages matrices in
terms of fat content did not affect dynamic perception of overall flavour,
whereas increasing the fat content led to a higher intensity and shorter duration
of mushroom flavour and a less persistence of rancid and cured flavour.
Experimental fermented sausages with the lowest fat content showed a higher
intense and a longer gumminess perception. Moreover, differences in protocols
of sample consumption between both techniques could have contributed to the
differences found in flavour perception between both sensory methods.

Keywords

Fat content, Experimental fermented sausages, Tl, Flavour, Texture, QDA.
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INTRODUCTION

Meat products are complex food matrices with a great variety of components
which can interact with flavour compounds affecting their release and
perception (Jiménez-Colmenero, 1996). Among them, lipids play different roles
in meat flavour perception as they contribute to flavour compounds generation
mainly through oxidation reactions and act as solvent for the volatile
compounds (Mottram, 1998). Moreover, texture is an important sensory
attribute that depends on the characteristics of the matrix and thus is affected

by the fat level and the type of fat (Jiménez-Colmenero, 1996).

Dry-cured meat products, particularly hams and loins, derived from Iberian pigs
are highly appreciated by consumers because of their particular and distinctive
sensory attributes including flavour and texture (Ventanas et al., 2005). The
high intramuscular fat (IMF) content of these products (12 % average for dry-
cured hams) is directly linked to certain sensory characteristics as marbling,
juiciness and flavour (Ventanas et al., 2005). Scientific articles devoted to the
influence of fat content on the release and perception of aromatic volatile
compounds in dry-cured meat products are very limited. Ventanas et al., (2008)
reported the effect of IMF content on volatile compounds release in Iberian dry

cured loins but measured by instrumental techniques.

Static sensory techniques have been extensively applied to study the sensory
characteristics of Iberian dry-cured products (Ruiz et al., 1998; Ventanas et al.,
2007) as well as the effect of fat content on sensory characteristics of other
meat products as frankfurters (Crehan et al., 2000) or fermented sausages
(Muguerza et al., 2002; Olivares et al., 2010). However, the perception of
flavour and texture in foods are dynamic not static phenomena (Cliff and
Heymann, 1993). Dynamic sensory methods as the Time-intensity (TI)
technique provide temporal information about perceived sensation being
suitable for quantifying changes in flavour and texture attributes during foods
consumption (Cliff and Heymann, 1993). This technique has been successfully
applied to study the flavour perception in different foods and beverages
(Barylko-Pikielna et al., 1990; van Buuren, 1992) as well as the dynamic texture
perception (Wendin et al., 2000; Roger Haker et al., 2003) although the
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application in meat products is mainly limited to pork patties and cooked
sausages (Reinbach et al., 2009; Ventanas et al., 2010).

The present study aimed to provide an insight into the temporal sensory
perception of flavour and texture in dry cured meat products and particularly in
those derived from Iberian pigs using the TI technique. Moreover, the results
obtained using the classical static sensory profile (QDA) was compared with
those obtained using the Tl technique. As an initial approach, a experimental
fermented sausage was designed and consisted in a simple matrix containing
fat, lean and additives and with a shorter ripening process (15 days) compared
to that of Iberian dry-cured hams (3 years). Moreover, in order to better
understand the flavour release and perception, a selected volatile compound, 1-
octen-3-ol was added to the experimental fermented sausages. This compound
was selected since (i) it has been reported as odour active compound in Iberian
dry-cured hams (Carrapiso et al., 2002) (ii) it is a hydrophobic compound
therefore with a high affinity by the lipid phase and (iii) its particular aromatic
notes allowing an easier recognition and identification by the panellist. The
effect of fat content was studied by varying the fat content (~ 4%, ~ 10% and ~
15%) in the experimental fermented sausages taking into consideration that
Iberian dry-cured hams has an average level of 12 % of IMF content. Release
of 1-octen-3-ol was also instrumentally analysed.

MATERIALS AND METHODS
Experimental fermented sausages manufacture

Experimental fermented sausages were manufactured in a pilot plant. Three
different treatments were designed based on the final fat content namely: ~ 4%,
~ 10% and ~ 15%. Back-fat from Iberian pigs reared extensively and fed on
acorns and grass during the final fattening period (“montanera” rearing system)
was used in different proportion to get the required fat content in each group.
Formulations of all sausages included: 96.84 % (for ~ 4%), 92.93 % (for ~ 10%)
and 88.11 % (for ~ 15%) of lean pork (contains 3.01 % of fat content), 0.00 %
(for ~ 4%), 3.90 % (for ~ 10%) and 8.73 % (for ~ 15%) of back-fat, 2 % of
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sodium chloride, 1 % of glucono-delta-lactone, 0.015 % of sodium nitrite and
0.05 % of ascorbic acid. All sausages were flavoured with one volatile
compound, 1-octen-3-ol (75 mg Kg™) (logP (om)= 2.6, vapour pressure (mmHg)
= 0.24 and water solubility (mg/l)= 1.84E + 03) (PhysProp Database,

http://www.syrres.com/what-we-do/databaseforms.aspx?id=386). This

compound was partly selected due to its distinctive and easy to
recognizeflavour notes (mushroom-like and earthy flavours,

(http://www.flavornet.org/flavornet.html) (Sahidi et al., 1986).

Manufacture of sausages was run as follows: first, lean pork was cleaned
removing the external fat. Subsequently the lean and fat were chopped
separately and then the lean was minced and mixed in a vacuum cutter for 2
min. Afterwards, the fat, the sodium chloride and the additives (sodium nitrite
and ascorbic acid) were mixed for 2 min and 30 seconds, and finally the
glucono-delta-lactone (GDL) and the volatile compound 1-octen-3-ol were
addedand mixed for 30 seconds.Then, the batter was vacuum-packaged to
remove air bubbles and stuffed in collagen casings (6 cm of diameter). Finally,
ripening of sausages was carried out in dryer chambers during 15 days, with
relative humidity ranging from 95 % to 75 % and temperature ranging from 22
°C to 12 °C. At the end of the ripening process the loss weight of the three
groups of sausages was 35 % average. The ripening process was fixed
following the protocols developed for meat products containing GDL (Feiner,
2006).

Experimental fermented sausages characterization

Fat content was determined using the Folch method (Folch et al., 1957), protein
content was determined by the Kjeldahl method (ISO 937:1978) and moisture
was analysed by an AOAC method (AOAC, 2000). Twelve repetitions per type
of sausages were performed.

1-octen-3-ol analysis

1-octen-3-ol release was determined in the flavoured sausages (~ 4%, ~ 10%
and ~ 15%) and also in a control group (non-flavoured) to confirm that the

proportion of generated against added compound was negligible. The volatile
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compound was extracted from headspace samples using the SPME (solid
phase microextraction) procedure and analysed by GC/MS (mass spectrometry)
(gas chromatograph Hewlett—Packard 5890 series Il coupled to a mass
selective detector Hewlett—Packard HHP-5791A). One gram of minced sample
was weighed into a 4 ml vial. All vials were closed with a teflon/silicone septum.
A SPME fibre (50/30 um divinylbenzene/carboxen/polydimethylsiloxane coating)
(Supelco) was inserted through the septum and exposed to the headspace of
the vial. Vials were pre-conditioned for 15 min at 37 °C. Extraction was carried
out at 37 °C for 5 min in a water bath. After extraction, the SPME fibre was
immediately transferred to the injector of the chromatograph which was in the
splittess mode at 270 °C. The separation of the volatiie compounds was
performed on a 5 % phenyl-methyl silicone (HP-5) bonded phase fused silica
capillary column (Hewlett— Packard, 50 m x 0.32 mm i.d, film thickness 1.05
pgm), operating at 6 psi of column head pressure. Oven programme was: 45 °C
for 10 min, 10 °C min™ to 200 °C, 15 °C min™" to 250 °C, and held 250 °C for 10
min. The transfer line to the mass spectrometer was maintained at 270 °C. The
mass spectra were obtained using a mass selective detector by electronic
impact at 70 eV, a multiplier voltage of 1756 V and collecting data at a rate of 1
scan s over the m/z range 30-500. The volatile compounds were identified by
comparing their mass spectrum and linear retention index with those of the
standards and also by comparing the mass spectrum with those reported in the
Wiley library. Results are given in area units (AU). Six repetitions per sausages

were performed.
Sensory evaluation

Sensory evaluations of both QDA and Tl were carried out in the sausages
flavoured with 1-octen-3-ol (75 mg Kg™'). Nine panellists (3 males and 6
females, age range 25-49) all of them were members of the Food Technology
Department (University of Extremadura). All fermented sausages were stored
under chilled conditions and sliced (1 mm) during the sessions using a
commercial slicing machine, and finally conditioned at room temperature (~ 21
°C). Samples were coded with three digit numbers and samples order was
randomised following the “Williams Latin Square” design. In each session, three

slices (1mm) per type of sausages (~ 4%, ~ 10% and ~ 15%) flavoured with 1-
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octen-3-ol (75 mg Kg') were given to the assessors and the three groups were
evaluated within the same session with a total of three repetition per type of

sausages.
Quantitative descriptive analysis

Prior to time-intensity (Tl) study, a quantitative descriptive analysis (QDA) was
carried out using a trained panel (n= 9) who had already participated in the
sensory evaluation of other meat products and had experience in the
development of sensory profiles. The development of a conventional sensory
profile can be considered as a part of the Tl training (Peyvieux and Dijksterhuis,
2001) to test if the selected attributes are applicable to the product under
investigation and to allow panellists to get familiar with the attributes and

samples later used in the Tl study.

To generate and set up the list of attributes characterizing the sausages,
samples (medium fat content, ~ 10%) flavoured with different concentration of
1-octen-3-ol (25, 50 and 75 mg kg™), and one non-flavoured (control group)
were evaluated during training sessions (4 hours). In addition, three dissolutions
with different concentration of 1-octen-3-ol (UNE 87013:1996) were employed
as references to evaluate odour attributes linked to 1-octen-3-ol and thus
panelists got familiar with the aromatic notes linked to this volatile compound.
Slices (1 mm) of sausages flavoured with different concentration of 1-octen-3-ol,
were presented on glass plate to evaluate appearance and texture attributes
and in glass bottle covered with plastic lids to evaluate odour and flavour
attributes. The odour and flavour intensities of four different sausages samples
were evaluated using a 10 cm unstructured horizontal scale anchored “less”
and “more”. Panellists were required to generate a set of terms that describe
differences among sausages samples. After discussion, the panel reached an
agreement and a total of 13 attributes grouped in appearance (colour intensity,
colour homogeneity and cohesiveness), odour (overall, mushroom, cured, fatty,
humid soil-like), texture (gumminess) and flavour (overall, rancid, cured and
mushroom) were selected. Mushroom and humid soil-like attributes are odour
and flavour descriptors of the volatle compound 1-octen-3-ol

(http://www.flavornet.org/flavornet.html). Once the attributes were chosen,
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panelists discussed the verbal anchors and selected “less” to “more”. Taking
into consideration that during ripening of sausages a proportion of the added 1-
octen-3-ol could be released from the matrix to the air, the selected
concentration should be high enough to be sure that panelists perceived it in the
final product. According to panel discussion, sausages containing 75 mg Kg™'of
1-octen -3-ol provided an easy recognition and identification of the flavour notes

linked to this compound compared to those containing 20 and 50 mg Kg'1.

Three QDA sessions were carried out over three consecutive days. The
sessions were run in a four-booth sensory panel room equipped with white
fluorescent light at room temperature (~ 21 °C).. A whole slice was served on a
glass plate at room temperature (~ 21 °C) to evaluate appearance and texture
attributes. And half aslice was served in a capped glass bottle to evaluate odour
and flavour attributes. In addition, a glass of mineral water (150 ml) was
provided for rinsing between samples. Assessors used a 10 cm non-structured
and horizontal lineal scale with verbal extremes, “less” to “more” for all
attributes. The FIZZ Network (v. 1.01: Biosystemes, France) program was used

for collecting the data.
Time-Intensity training

Dynamic perception of flavour and texture of sausages were studied using TI
methodology. The training procedure described by Ventanas et al., (2010) was
applied with some modifications. Besides the QDA previously described, two
training sessions (2 hours per session) were performed, divided in different
steps. First, an introductory short talk was given to the assessors explaining the
Tl methodology (computer screen instructions) and presenting the sausages
(ingredients and composition) in general terms. Panellists got familiar with the
computer system (FIZZ software) by rating the intensity of two taste solutions in
individual booths: sour (1.20 g I"" citric acid) and salt (8.0 g I'" NaCl) solutions.
Finally, panellist participated in five further training Tl sessions evaluating the
different attributes with the real product using a 10 cm non-structured horizontal
lineal scale with two verbal anchors, “none” and “strong”. The protocol of
sample evaluation was fixed after panel discussion and was established as

follows: panellists should keep the sample in their mouths and chew for 15
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seconds before spitting it out. Then, the panellists should continue the
evaluation until they did not perceive anything. Panellists were required to move
the cursor along the line according to the intensity of their perception. The total
time of the evaluation was fixed in 120 seconds. Panellists were instructed to
move the cursor completely towards “none” when they did not perceive any
flavour attribute. For texture attributes, panellists were expected to move the
cursor back to zero after they spat the sample out. The final rinsing protocol
between samples was mineral water and a piece of unsalted crackers. This

standardised protocol was used in the Tl evaluations.
Time-intensity evaluations

Based on the results obtained in the QDA, a total of five attributes were
evaluated using the Tl technique: gumminess, overall flavour, mushroom-like
flavour, rancid flavour and cured flavour. All attributes were evaluated in
triplicate by the trained panel (n= 9) for the three treatments (~ 4%, ~ 10% and
~ 15%) flavoured with 75 mg Kg™' of 1-octen-3-ol, thus a total of 27 Tl curves of

each attribute were obtained for each sample.

Samples (half a slice per attribute, 1Tmm thickness) were served in capped glass
bottles at room temperature (~ 21 °C). For flavour attributes evaluation, before
opening the glass bottle and taking the sample, panellists used nose-clips to
avoid odour influence. Once the sample was placed in the mouth, panellists
removed the nose-clip and started to evaluate the flavour attribute intensity.
Sessions took place in individual booths at room temperature (~ 21 °C) and
under red light to avoid visual cues. The same protocol of sample evaluation
fixed during training sessions was followed. Data were collected using the FIZZ
software (Sensory Analysis and Computer Test Management) (Biosystemes,
France, 2002).

Data analysis

Results of chemical composition and 1-octen-3-ol headspace concentration
were analysed by a one-way ANOVA (GLM procedure) with fat content as main

effect and testing mean differences by Tukey post-hoc test.
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Two-way ANOVA (repeated measures) (GLM procedure) was applied for each
attribute evaluated using the QDA to study the main effect of fat content. In this
model, fat content (~ 4%, ~ 10% and ~ 15%) and replications (session 1, 2 and
3) were included as within-subject factors. Bonferroni correction was applied for

multiple means comparison of main factor.

Data from individual Tl curves of mushroom, cured, overall, rancid flavour and
gumminess were analysed and average Tl curves were computed for each
attribute over 9 assessors and three replications using the FIZZ software. Three
Tl parameters were extracted from Tl curves: maximum intensity (Imax),
duration of the plateau phase (DurPl) and total area under the curve (Area). A
two-way ANOVA (repeated measures) (GLM procedure) was carried out for
each Tl parameter. In this model, fat content (~ 4%, ~ 10% and ~ 15%) and
replications (session 1, 2 and 3) were included as within-subject factors.

Bonferroni correction was applied for multiple means comparison of main factor.

All statistical analyses were conducted using the software SPSS (v.15.0) for

windows.

RESULTS AND DISCUSSION
Experimental fermented sausages characterization

Measurements related to chemical composition are shown in Table 1.
Significant differences were found in all chemical parameters. As expected, fat
content was markedly different among the three treatments (3.91 % for the ~
4% group; 9.85 % for the ~ 10% one and 14.56 % for the ~ 15 % one). In
addition, significant differences were also found in protein and moisture content
between the three groups which are related to the amount of lean pork used in

the formulations of each treatment (section 2.1).
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Table 1.Chemical characterization (mean * standard deviation); Fat, protein and

moisture contents of sausages. Results are expressed as %.

~ 4% ~10% ~15% p-values®
Fat 3.91+0.94° 9.85+0.60° 14.56+1.59% i
Protein 39.25+1.39° 35.54+1.51° 31.52+0.82° i
Moisture 51.50+0.70? 48.21+£0.91° 50.77+0.25° i

p-values®: ns, non significant; p>0.05; *p<0.05; **p<0.01; ***p<0.001.
*“Means with different superscript differ significantly.

Statistical significance: p< 0.05.

1-octen-3-ol release

The relative amount of 1-octen-3-ol extracted from the headspace of the
samples using the SPME showed the great affinity of this compound by the lipid
phase. A significant effect of fat content (F(2;30)= 62,83, p<0.001) on the
chromatographic area of 1-octen- 3-ol was found (13.18 + 2.35 10’AU in ~ 4%
samples, 13.93 + 3.96 10’AU in ~ 10% samples and 2.49 + 0.58 10’AU in ~
15% sausages; p<0.001). However, its concentration in control sausages was
not detected after ripening process. Therefore, the detected chromatographic
area of 1-octen-3-ol was only caused by the amount of this compound added
into sausages batter. And then the results from the effect of fat content on 1-
octen-3-ol release were reliable. In agreement with these results, Ventanas et
al., (2010) detected a higher concentration of this volatile compound (1-octen-3-
ol) in the headspace of low-fat bologna type sausages than in high fat ones.
Similar results for the effect of fat content on the release of other volatile
compounds have been reported in sausages (Carrapiso, 2007), emulsions
(Doyen et al., 2001) and aqueous solutions (Roberts et al., 2003).
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Effect of fat content on appearance and odour traits of experimental

fermented sausages

Results derived from QDA profile are shown in Table 2. Regarding the
appearance of sausages, increasing the fat content decreased the colour
intensity (p<0.001), colour homogeneity (p<0.05) and cohesiveness (p<0.01). In
agreement with these results a decrease in colour intensity in high fat cooked
bologna type sausages had been previously reported by Ventanas et al.,
(2010). Similarly, Saint-Eve et al., (2009) reported more visual firmness in low-

fat than in high-fat model cheeses.

Mushroom and humil-soil odours were perceived with the lowest intensities in ~
15% sausages compared to the rest. Whereas the rest of odour attributes
(Overall, cured and fatty), showed the highest intensities in ~ 4% samples. In
agreement with Roberts et al., (2003) that reported a reduction in release of

lipophilic as fat content increases by nosespace and sensory analysis.
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Table 2. Sensory characteristics (QDA) (mean * standard deviation) of sausages with

different fat content (~ 4%, ~ 10% and ~ 15%). p-values® for fat content (F) and session

(S).

TYPE OF SAUSAGES p-values®

~ 4% ~10% ~15% F S
Appearance
Colour intensity 5.73+0.31° 4.3x0.18° 3.171+0.22° o **
Colour homogeneity  5.32+0.30° 4.27+0.15° 5.07+0.27% * ns
Cohesiveness 5.95+0.34° 5.46%0.15% 4.9320.25° ** ns
Odour
Overall 5.63+0.27° 4.67+0.081° 5.48+0.18° > ns
Mushroom 3.33£0.15° 3.97+0.16° 2.45+0.14° i *x
Humid-soil 2.05+0.13° 2.00+0.11° 1.10£0.14° i ns
Cured 3.43+0.25 2.3410.17° 2.44£0.15%° ** ns
Fatty 3.96+0.14° 2.5910.24° 2.9240.15° i *
Texture
Gumminess 6.53+0.13° 5.28+0.25° 5.69+0.14° ** ns
Flavour
Overall 6.35+0.19° 5.3120.23° 5.79+0.23% ** *
Mushroom 4.49+0.28° 3.30+£0.22° 1.67+0.28° o ns
Rancid 3.12+0.25 2.85+0.20%° 2.29+0.13° * **
Cured 4.47+0.28° 2.9120.19° 3.04£0.17° i ns

p-values®: ns, non significant; p>0.05; *p<0.05; **p<0.01; ***p<0.001
different superscript differ significantly. Statistical significance: p< 0.05.
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Static and dynamic sensory perception of flavour and texture in

experimental fermented sausages

Results from QDA are shown in Table 2 while the extracted Tl parameters
(means t standard deviation) are shown in Table 3 and Figure 1 shows the

average Tl curves obtained for each evaluated attribute.

Table 3. Sensory characteristics (Tl) (mean * standard deviation) of sausages with
different fat content (~ 4%, ~ 10% and ~ 15%). (IMax: maximum intensity; DurPI:
duration of plateau; and Area: total area under the curve). p-values® for fat content (F)

and session (S).

TYPES OF SAUSAGES p-values®
~ 4% ~10% ~15% F S
Gumminess
IMax 6.41£0.20° 4.72+0.25°  4.50+0.23" R xk
DurPI 9.00+0.01° 4.80£0.01°  9.60+0.01° ew
Area 81.21+4.95° 60.94+2.73° 54.10+4.36"
Mushroom flavour
IMax 3.90+0.23° 2.73+0.21°  4.42+0.24° W
DurPI 10.20+0.01° 8.40+0.00®  7.80+0.01° * ns
Area 68.85+6.69° 42.65+2.96° 79.47+8.10° * *
Rancid flavour
IMax 2.66+0.20 2.18+0.22  2.70%0.30 ns  ***
DurPI 9.60+0.01 8.40+0.01  7.80%0.01 ns ns
Area 30.89+3.50 32.44+3.41 35.12+4.21 ns  ***
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Overall flavour

*kk

IMax 5.31+£0.14 5.33£0.13 5.67+0.13 ns

DurPI 9.6040.02 9.00+0.01 9.00+0.01 ns ns
Area 88.24+6.38 77.44+486 82.77+6.16 ns b
Cured flavour

IMax 3.7110.29 3.92+0.25 3.3340.28 ns ns
DurPI 8.40+0.01° 9.00£0.01*  6.00+£0.01° * b
Area 53.22+6.52 60.06+5.93 54.43+7.28 ns ns

p-values®: ns: p> 0.05, * p< 0.05, ** p< 0.01, *** p< 0.001.

Different letters within the same row denote significant differences between means at
p< 0.05.

Figure 1. Average TI curves for the attributes Gumminess (a), Mushroom flavour (b),
Rancid flavour (c), Overall flavour (d) and Cured flavour (e) (n = 27; 9 panellists x 3
replications) (~ 4%, ~ 10% and ~ 15%).
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Regarding the sensory evaluation of gumminess using the AQD (Table 2),
results showed that sausages with the lowest fat content (~ 4%) were perceived
significantly gummier than those with higher fat content (~ 10% and ~ 15%).
Similarly, fat content showed a significant effect on temporal gumminess
perception. ~ 4% sausages were significantly gummier (higher Imax and Area
values) compared to sausages with higher fat content (Table 3). Moreover, TI
average curve showed that gumminess perception was longer in ~ 4%
compared to ~ 10% and ~ 15% samples (Figure 1a). Fat plays a crucial role in
foods texture, providing essential mouthfeel characteristics (Drewnowski, 1987)
and determining fracture properties in solid foods (Marshall 1990). The
application of dynamic sensory techniques to evaluate the temporal perception
of texture in meat products is very limited and very few studies have been
accomplished. A far as we know, gumminess has never been evaluated using
Tl method in meat products or meat model systems. Only, Ventanas et al.,
(2010) used TI to evaluate temporal perception of juiciness of cooked bologna
sausages and reported a limited effect of fat content on the temporal perception
of juiciness. The highest fat content in ~ 10% and ~ 15% samples could have
promoted the formation of a fatty coating in the mouth during consumption and
then these samples turned to be juicier and easier to chew than ~ 4% samples.
Overall, in meat products, fat stimulates the saliva secretion and contributes
directly to juiciness by coating the tongue, teeth and others parts of the mouth
(Dikeman, 1987).

Regarding flavour attributes, QDA showed a significant effect of fat content on
perception of all flavour attributes evaluated. Moreover, Tl method showed that
fat content had a marked effect on temporal perception of mushroom flavour
(linked to 1-octen-3-ol), but a weak effect on the perception of other more
complex flavours which were not directly caused by the addition of flavourings

(overall flavour, rancid and cured flavour).

Mushroom flavour (p<0.001) and rancid flavour (p<0.05) intensity increased as
fat content decreased evaluated by QDA profile. TI method displayed that fat
content had a significant effect on all evaluated Tl parameters of mushroom
flavour. The longest duration of the maximum intensity (DurPl) was recorded in
~ 4% sausages whereas the shortest was found in ~ 15% samples. However,
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maximum intensity (Imax) of mushroom flavour was significantly (p<0.001)
higher in ~ 15% sausages HF compared to ~ 4% and ~ 10% ones, although no
significant differences were found for total Area between ~ 15% and ~ 4%
sausages (Table 3). Figure 1b shows that mushroom flavour was less
persistent in ~ 10% samples compared to the other types of sausages.
Contrarily, Tl parameters of rancid flavour were not significantly affected by fat
content (Table 3), although sausages with the highest fat content displayed the

longest perception (Figure 1c).

QDA revealed that ~ 4% and ~ 15% samples showed the highest scores for
overall (p<0.01) and ~ 4% ones for cured flavour (p<0.001). Nevertheless, TI
parameters of overall flavour were not significantly affected by variations in fat
content (Table 3). Moreover, persistence of this attribute was also similar in all
treatments despite of the fat content (Figure 1d). Finally, fat content had a
significant effect (p<0.01) on DurPI of cured flavour. ~ 15% sausages showed
the shortest duration of the maximum perception (DurPl) compared to the other
groups (Table 3). Moreover, Figure 1e shows a lower persistence of cured

flavour in ~ 15% samples compared to ~ 4% and ~ 10%.

The decrease of scores for odour and flavour perception (mainly caused by 1-
octen-3-ol) as fat content increased match the decrease in chromatographic
areas of 1-octen-3-ol as fat content increased. Similarly, Ventanas et al., (2010)
reported consistent results between chromatographic areas of 1-octen-3-ol and
intensity of mushroom odour and flavour in cooked bologna sausages with
different fat content. According to results from QDA evaluations, ~ 4% samples
showed the highest values for most odour and flavour attributes. In general, the
presence of proteins, polysaccharides or lipids reduces the volatility of an
aroma compound with respect to its volatility in pure water (Druaux and Voilley,
1997). The addition of fat induces significant retention of hydrophobic flavour
compounds resulting in noticeable effects on flavour perception (Guichard,
2002). This phenomenon could explain the highest retention of volatile
compounds as 1-octen -3-0l (I0gPoctanoliwater= 2.6) in samples with the highest fat
content (~ 15%).
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Similarly to results obtained from Tl evaluations, Guirnard et al., (2002) reported
a shorter duration of garlic, pepper and sourness flavours with fat content in
dressing salads. Chung et al., (2003) described in ice-cream containing three
aroma compounds (vanillin, 6-decalactone and hexanal) a shorter persistence
of flavour in samples with high fat content compared to low fat ones. In addition,
Brauss et al., (1999) described in a model yogurt system that a high viscous
yogurt is more difficult to remove from the oral cavity by mouth and tongue
movements and may therefore be present in the oral cavity for a longer time,
resulting in a longer flavour persistence. This argument could explain the
shorter temporal perception of overall and cured flavour observed in sausages
with the highest fat content compared to those with lower fat content. ~ 15%
sausages were less hard and thus less difficult to chew than other samples, and
thus they would be easier to remove from the oral cavity by mouth and tongue
movements and may therefore be present in the oral cavity for a shorter time.

Variations in the fat content of sausages involved different effects on the
temporal perception depending on the flavour attribute evaluated. Therefore,
varying fat content could influence flavour by different mechanisms. The
structure of a product influences the transport of volatiles into the oral and nasal
cavities, while the composition of a product influences the interactions between
flavour and non-flavor ingredients (Taylor 1999). Indeed, food products are
generally multiphase and the affinity of volatile compounds for the different
phases affects its availability to the vapour phase (Druaux and Voilley 1997).
Considering the results obtained from TI evaluation of flavour attributes,
particularly of mushroom flavour, it is plausible the occurrence of
physicochemical interactions between aroma compounds and non-volatile food

constituents.

Lipids play a key role in many quality traits of meat products, particularly in
flavour attributes, because they are both solvent and precursors of aroma
compounds (Gandemer, 1999). In the present study, lipids would have
contributed to cured and rancid flavour generation whereas mushroom flavour
was mainly attributed to the presence of 1-octen-3-ol added during sausages
manufacture. 1-octen-3-ol is a hydrophobic volatile compound (I0gPoctanoliwater =

2.6) and therefore it has a high affinity by the lipid phase. As it was mentioned,
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the data of release of 1-octen-3-ol (extracted from the headspace samples
using the SPME) confirmed its great affinity for the lipid phase, being the
release markedly lower in the ~15% sausages than in the other types of
sausages. Increasing the fat content causes a general increase in volatile
compound concentration of foodstuffs (fat act as a reservoir) but a general
decrease in the compound concentrations in the headspace and in the

nosespace, for example in sausages (Carrapiso, 2007).

Moreover, a negative correlation was found between the dynamic flavour
perception of this compound (mushroom flavour) during eating of samples
(Imax and Area) and the amount released in the headspace analyzed by SPME
(r=-0.59, p<0.01 and r= -0.52, p<0.01 respectively). The effect of fat content on
Imax and Area for the flavour traits did not match that found for 1-octen-3-ol
release and for the odour traits and mushroom flavour in the QDA, which
increased as fat content decreased. However, results for DurPl show a better

agreement with 1-octen-3-ol release data and the static perception.

Inconsistency between headspace, nosespace and mouthspace data were also
found by Roberts et al., (2003) and Linforth et al., (2002). Roberts et al., (2003)
reported that for highly lipophilic compounds, the headspace concentration
markedly decreased with increasing fat content. However, the physiology of
swallowing liquid samples from the mouth, the dilution with saliva, the transfer
of the compound from the sample to the air, the transport of the volatile
compound through the retronasal route to the nasal cavity, and the final
exhalation through the nostrils are not adequately simulated in static headspace
analysis, showing that the retronasal transport is important. In addition the skin
membranes in the mouth have some lipophilic properties and can also act as a
reservoir for lipophilic compounds (Roberts et al., 2003). These arguments

would explain the differences found between headspace and the TI method.
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Static vs. Dynamic sensory techniques for experimental fermented

sausages evaluations

Two sensory methods were used to compare the texture and flavour perception

of sausages.

Results obtained from texture perception were similar however a lack of
consistency between the static and dynamic perception of flavour was found.
These results could be due to differences in the procedure of sample
consumption. A minimum time of sample chewing before swallowing was fixed
for the Tl sessions for flavour attributes while panellist in the QDA evaluations
maintained the sample in the mouth until they considered that it was ready to
swallow. Regarding texture attributes the samples were swallowed when
panellists considered they were ready to swallow in both sensory evaluations.
Therefore, results from texture perception could be a consequence of a similar
samples consumption process in both sensory evaluations. However, the
minimum time fixed for evaluating of flavour attributes would cause that
panellists kept the sample in the mouth for a longer time during Tl evaluations
compared to QDA. Tl evaluations would allow a complete chewing of solid
samples, and hence, a better dilution with saliva, a better contact with
membranes in the mouth, a better transfer of the compound from the sample to

the air, and a better retronasal transport compared to QDA sessions.

Time-intensity (Tl) sensory evaluation providing temporal information about
perceived sensations (Cliff and Heymann, 1993) while QDA sensory evaluation
quantifies the sensory response using a unipoint measurement. In static
techniques, panelists must time-average or integrate their responses to provide
single intensity values (Lee and Pangborn, 1986). Therefore, although the same
samples were tasted both in TI and QDA evaluations, the time of chewing, the
time that samples were kept in the mouth and dilution with saliva in the mouth
should be taken into consideration to explain differences found between static
and dynamic techniques. Consequently, consumption of samples by Tl was
more similar to real swallowing and thus Tl method was a useful tool for

evaluating and provided more real information compared to QDA profile.
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CONCLUSIONS

This study can be considered the first approach to study the perception of
flavour and texture in dry-cured meat products from a dynamic perspective. The
application of the time-intensity technique was a successful technique although
certain discrepancies were found with QDA, particularly for flavour attributes.
These differences could be attributes to differences in the procedure of samples
consumption since in QDA no a minimum time of sample chewing was fixed.
Variations in the fat content of sausages involved changes in the temporal
perception of flavour and texture, particularly on mushroom flavour and
gumminess. Therefore, the IMF content in dry-cured ham should be considered
since it would have influence on perception of texture and aroma during

consumption.
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Abstract

Four experimental fermented sausages containing different type of lipids
(animal fats and sunflower oil) and including the volatile compound 1-octen-3-ol
(75 mg Kg™') were manufactured to evaluate the impact of lipid composition on
flavour and texture characteristics. Instrumental texture measurements (TPA)
revealed differences between textural properties of sausages elaborate with
animal and vegetal fat which could be attributed to differences in fat globule
size. Dynamic sensory perception of flavour and texture were evaluated using
the time—intensity (Tl) method. The TI study revealed that most flavour
attributes displayed the highest intensities in the sausages elaborated with
animal fat whereas those elaborated with sunflower oil displayed the most
persistent flavour perception. Moreover, dynamic perception of flavour during
sausages consumption revealed a likely influence of oral temperature on flavour

compounds volatility and thus in their release and perception.
Keywords

Fatty acid profile, Tl, Experimental fermented sausages, Flavour, Texture,

Sunflower oil.
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INTRODUCTION

Fats in meat products play important roles in stabilizing meat emulsions,
reducing cooking loss, improving water holding capacity and providing juiciness
(Pietrasik and Duda, 2000). Moreover, fat acts as a carrier and reservoir of
aroma compounds, stimulates the senses during eating and acts as a precursor
for certain flavours. The amount and composition of fat and its physical state
influence the release of flavour compounds during consumption (Hort and Cook,
2007). Fatty acid composition and their arrangement in lipids modify the melting
behaviour of fats and thus affecting the sensory properties of food systems
(Sourdet et al., 2002). The physical state of lipids (proportion of solid to liquid
ratio) also affects aroma compound partitioning and then its release (Relkin et
al., 2004) and perception (Vingerhoeds et al., 2008).

Texture might be also influenced by the modification of the fatty acid
composition of the fat used (Scheeder et al., 2001). However several authors
have not reported a great influence of fatty acid composition on instrumental
texture of frankfurters (Paneras and Bloukas, 1994), fermented sausages
(Muguerza and Astiasaran, 2001) and beef patties (Scheeder et al., 2001)

elaborated with of vegetable oils.

Flavour and texture perception are dynamic processes since continuous
changes in their intensities are perceived during eating as a result of mixing with
saliva and the breakdown of the food matrix through chewing (Ventanas et al.,
2010). The time-intensity (Tl) technique is a dynamic sensory method providing
temporal information about perceived sensations over time (Cliff and Heymann,
1993) and thus providing a more real and valid information compared to static

techniques (Dijksterhuis and Piggott, 2001).

Regarding meat products, first studies applied the Tl technique to evaluate the
changes in meat tenderness during chewing (Butler et al., 1996). More recently,
Reinbach et al., (2009) and Ventanas et al.,, (2010) analysed the temporal
flavour perception in pork patties and cooked bologna sausages, respectively.
However, to our knowledge this is the first study investigating the effect of the
fatty acid composition on the temporal sensory properties in meat products. For
this purpose, experimental fermented sausages were designed and consisted in
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a simple matrix containing fat/oil, lean and additives and ripened during 15
days. Moreover, in order to better understand the flavour release and
perception, a selected volatile compound, 1-octen-3-ol was added to the
sausages. This compound was selected since (i) it has been reported as odour
active compound in particular meat products (Carrapiso et al., 2002) (ii) it is a
hydrophobic compound therefore with a high affinity by the lipid phase and (iii)
its particular aromatic notes allowing an easier recognition and identification by
the panellist. The effect of fatty acid composition was studied by using different

lipid sources during sausages manufacture, namely vegetable and animal fats.

MATERIALS AND METHODS
Manufacture of the experimental fermented sausages

Four types of experimental fermented sausages flavoured with the volatile
compound 1-octen-3-ol (75mg Kg') were manufactured varying in the lipid
source: back-fat from Iberian pigs extensively reared and fed on acorn and
grass during the final fattening period (MF), back-fat from Iberian pigs fed on
concentrate (CF), commercial lard (LF) and sunflower oil (SOF). Formulations
of sausages are reported in Table 1. The proportion of the different fats/oil
including in the sausages formulation was calculated considering that back-fat
had a 90 % of fat content while sunflower oil and commercial lard had a 100 %
of lipid content. Moreover, the proportion of lean pork and animal/vegetable fat

were adjusted to obtain a ~15% of total lipid content after the ripening process.

The manufacture of sausages was run in a pilot plant. First, lean pork was
cleaned by removing the external fat. Subsequently the lean and the animal fats
were chopped. Afterwards, the lean was mixed in a vacuum cutter for 2 min.
Then, the fat and the rest of ingredients and additives (sodium chloride, sodium
nitrite and ascorbic acid) were added and mixed with lean for 2.5 min. The
sunflower oil was directly added to the vacuum cutter without previous
treatment (not chopped). Finally, the glucono-delta-lactone (GDL) and the
volatile compound 1-octen-3-ol were addedand mixed for 30 seconds. Then, the

batter was vacuum-packaged to remove air bubbles and stuffed into 6 cm
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diameter artificial collagen casings. Ripening of the experimental fermented
sausages was carried out in dryer chambers for 15 days, the relative humidity
ranging from 95 % to 75 % and the temperature ranged from 22 °C to 12 °C. At
the end of the ripening process weight losses of the four types of sausages was
35 % average. Protocol of the ripening process was fixed following the protocols
developed for meat products containing GDL (Feiner, 2006). Finally, sausages

were vacuum-packed and stored at 2 °C until sensory analysis.

Table 1. Formulation (%) of fermented sausages using different lipid sources: MF
(Back-fat from Iberian pigs fed on acorns and grass), CF (Back-fat from Iberian pigs fed

on concentrate), LF (Commercial lard) and SOF (Sunflower oil).

MF CF LF SOF
Lean pork 88.11  88.11 89.00 89.00
Animal fat/vegetable fat 8.73 8.73 7.83 7.83
Sodium chloride 210 210 210 210
Additives
Glucono-delta-lactone 1.00 1.00 1.00 1.00
Sodium nitrite 0.015 0.015 0.015 0.015
Ascorbic acid 0.05 0.05 0.05 0.05
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Fatty acid analysis of fats

Fatty acid methyl esters (FAMEs) were prepared by acidic-trans-esterification in
the presence of sulphuric acid (5 % sulphuric acid in methanol) (Sandler and
Karo, 1992). For MF and CF fats, lipids were previously extracted by using the
Folch et al., (1957) procedure. FAMEs were analysed by gas chromatography
using a Hewlett-Packard HP-5890A gas chromatograph, equipped with an on-
column injector and a flame ionization detector, using a polyethyleneglycol
capillary column (Supelcowax-10, Supelco, Bellefonte, PA) (60 m x 0.32 mm
i.d.x 0.25 ym film thickness). Gas chromatograph oven program temperature
was as follows: initial temperature of 190 °C, 2 °C/min to 235 °C; 15 min at this
temperature and thereafter 6 °C/min to 250 °C, and then kept for an additional
20 min. Injector and detector temperatures were 250 °C. Carrier gas was helium
at a flow rate of 0.8 ml/min. Individual FAME peaks were identified by
comparison of their retention times with those of standards (Sigma, St. Louis,
MO). Tridecanoic acid was used as internal standard. Eight repetitions were
performed per type of experimental fermented sausage and results are

expressed as percentage of the total fatty acids analysed.
Sausages characterization

Chemical composition of sausages was (means t standard deviation): fat
content (14.5 % = 1.26) (Folch et al., 1957), protein content (31.99 % % 0.36)
(ISO 937:1978) and moisture content (48.39 % + 1.40) (AOAC, 2000). Twelve
repetitions were performed per type of sausages.

Textural properties of sausages were analysed by a Texture Profile Analysis
(TPA) using a TA-XT2 texture analyzer (Stable Micro Systems Ltd., Surrey,
England, UK) equipped with a 5 cm-diameter probe. Previously, slices of the
samples of sausages (12 mm thick section x 3 cm diameter) were equilibrated
at room temperature for 60 min. Samples were compressed to 35 % of their
original height at a crosshead speed of 5 mm/s through a 2-cycle sequence.
Sausages were characterized in terms of hardness (N/cm?), fracturability
(N/ecm?), adhesiveness (N x s), springiness (cm), cohesiveness (dimensionless),

gumminess (N/cm?) = (hardness x cohesiveness), chewiness (N/cm) =

208



(springiness x gumminess) and resilience (dimensionless) (Bourne, 1978). Nine

repetitions per type of sausages were performed.

Fatty acid composition of sausages was analysed following the same procedure

previously reported for the fats/oil (section 2.2).
Sensory evaluation
Assessors

Nine panellists (3 males and 6 females, range age 25-49) with previous
experience in sensory evaluation participated in the study (training and
evaluation sessions). All of them were members of the Food Technology

Department (University of Extremadura, Spain).
Time-Intensity training

Dynamic sensory properties of sausages were studied using the TI
methodology. The training procedure described by Peyvieux and Dijksterhuis,
(2001) with some modifications was applied. A quantitative descriptive analysis
(QDA) was developed in order to test if the selected attributes are applicable to
the product under investigation and to allow panellists to get familiar with the
attributes and samples later used in the Tl study. After QDA training, two more
training sessions (2 h per session) were performed in different steps for Tl
evaluations. First, an introductory short talk was given to the assessors
explaining the Tl methodology (computer screen instructions) and presenting
the experimental fermented sausages (ingredients and composition) in general
terms. Panellists got familiar with the computer system (FIZZ software) by rating
the intensity of two taste solutions in individual booths: sour (1.20 g I”" citric acid)
and salt (8.0 g I'" NaCl) solutions. Finally, panellist participated in five further
training Tl sessions evaluating the different attributes with the real product using
a 10 cm non-structured horizontal lineal scale with two verbal anchors, “none”

and “strong”.
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Time-intensity evaluations

A total of five attributes were selected for sausages evaluation using the TI
technique. As texture attribute, gumminess was selected, and as flavour
attributes, overall, mushroom, rancid and cured were chosen. Mushroom

attribute is an odour descriptor of the volatile compound of 1-octen-3-ol

(http://www.flavornet.org/flavornet.html; Shahidi et al., 1986).

All attributes were evaluated in triplicate by a trained panel (n= 9), thus a total of
27 Tl curves of each attribute were obtained for each sample. The evaluation of
the four types of sausages was performed in the same session, with the serving
order of the samples randomised according to the Williams Latin Square

design.

Samples were sliced during sessions using a commercial slicing machine (1mm
thickness) and were served (half a slice per attribute) in a capped glass bottle
coded with three digit numbers at room temperature (~ 21 °C). During flavour
attributes evaluations, panellists used nose-clips to avoid odour influence before
opening the glass bottle and tasting the sample. Once the sample was placed in
the mouth, panellists removed the nose-clip and started to evaluate the flavour
attribute intensity. Sessions took place in individual booths under red light to
avoid visual cues. Panellist should follow the following established protocol:
panellists should keep the sample in their mouths and chew for 15 seconds
before spitting it out. Then, the panellists should continue the evaluation until
they did not perceive anything. Panellists were required to move the cursor
along the 10 cm line according to the intensity of their perception. The total time
of the evaluation was fixed in 120 seconds, but panellists could stop before by
moving the mouse completely down towards “not at all” extreme. For texture
attributes, panellists were expected to move the cursor back to zero after they
spat the sample out. During the data collection, specific messages were
displayed in the computer screen showing the commands as “indicate the
intensity during chewing the sample by moving the cursor along the scale”,
“Spit out the sample” and “move the cursor completely down if you do not
perceived anything more”. The rinsing protocol between samples was mineral

water and a piece of unsalted crackers. Data were collected using the FIZZ
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software (Sensory Analysis and Computer Test Management) (Biosystemes,
France, 2002).

Data analysis

Results from chemical composition, TPA and fatty acid profile analysis were
analysed by one-way ANOVA, using the type of fat as main factor. Means

differences were tested by Tukey post-hoc test.

Data from individual Tl curves of overall flavour, mushroom flavour, cured
flavour, rancid flavour and gumminess were analysed and average Tl curves
were computed for each attribute over 9 assessors and three replications using
FIZZ software. Three Tl parameters were extracted from Tl curves: maximum
intensity (Imax), duration of the plateau phase (DurPl) and total area under the
curve (Area). Tl parameters were analysed by two-way ANOVA (repeated
measures) (GLM procedure) to study the main effect of lipid composition. In this
model, lipid sources (MF, CF, LF and SOF) and replications (session 1, 2 and
3) were included as within-subject factors. Bonferroni correction was applied for

multiple means comparison of lipid source (main factor).

Principal component analysis (PCA) was performed with fatty acid analysis data
and Tl parameters. Analyses were carried out on the mean values across
assessors and repetitions for all sensory attributes and all Tl parameters, and
across repetitions for instrumental texture, and fatty acid composition data in

each evaluated sample.

SPSS software (v 15.0) for windows was used for all statistic analyses.

RESULTS AND DISCUSSION
Fatty acid profile of fats/oil and experimental fermented sausages

Fatty acid profiles of the different type of fats were significantly different (Table
2). MF and CF showed the highest proportion of oleic acid (C18:1, n-9) and total
monounsaturated fatty acids (MUFA), whereas SOF displayed the highest
proportion of linoleic acid (C18:2) and total polyunsaturated fatty acids (PUFA)
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and LF had the highest proportion of total saturated fatty acids (SFA). Acorns

are rich in MUFA (mainly oleic acid, C18:1 n-9) whereas grass is a recognised

source of n-3 fatty acids (mainly linolenic acid, C18:2) (Daza et al., 2005; Rey et

al., 2006) explaining the higher proportion of oleic acid and linolenic acid found

in MF compared to CF. SOF showed the highest proportion of PUFA which was

expected since vegetable oils displays a higher ratio unsaturated to saturated

fatty acids than animal fats (Liu et al., 1991).

Table 2. Fatty acid profile (mean + standard deviation) of the different fats (Montanera:

MF, Concentrate: CF, commercial lard: LF and sunflower oil: SOF). Results are

expressed in %.

C16
C17

C18
C20

ISFA
C16:1
C17:1
C18:1 (n-9)
C18:1 (n-7)
C20:1
ZMUFA
C18:2
C18:3 (n-3)
C20:4
ZPUFA

MF CF LF SOF °p-values
1.67+0.07%° 1.51+0.08° 1.92+0.15° 0.09+0.01° e
29.05+0.91° 30.11+0.79% 32.39+1.80° 8.67+0.13° e
0.31+0.01° 0.35+0.01° 0.34+0.01%° 0.05+0.00° e
10.460.27° 12.74+0.52° 13.12+0.30° 3.55+0.04° h
0.251£0.09 0.36x0.17 0.28+0.16 0.2940.01 ns
41.7310.93° 45.07%0.66" 48.05+1.43% 12.65+0.11° e
1.98+0.04° 2.03+0.04° 2.19+0.09° 0.14+0.00° e
0.26+0.01° 0.30+0.01° 0.29+0.00° 0.03+0.00° e
45.07+1.08% 42.25+0.53° 36.07+1.05° 24.05+0.05° el
2.58+0.13° 3.37+0.112 3.45+0.12° 1.16+0.06° e
0.74+0.03° 1.20+0.08° 0.56+0.04° 0.11+0.06° o
50.62+1.02° 49.15+0.38% 43.16%0.91° 25.50+0.09° el
6.34+0.28° 4.18+0.25° 7.25+0.19° 60.42+0.27° e
0.41+0.08% 0.24+0.10° 0.52+0.10° 0.16+0.00° >
0.20+0.08 0.35+0.21 0.18+0.05 0.41+0.20 ns
6.96+0.35" 4.77+0.43° 7.95+0.24° 61.00+0.02° bl

°p-values: ns: p>0.05, * p< 0.05, ** p< 0.01, *** p< 0.001.

Different letters within the same row denote significant differences between means at

p< 0.05.
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The fatty acid profile of sausages partly reflected the fatty acid profile of the
fats/oil used for their elaboration (Table 3).Samples from MF sausages had
significantly higher proportion of C18:1 (n-9) and thus of total MUFA than the
rest of samples. Moreover, CF and LF samples had significantly higher
proportion of stearic acid (C18:0) and then of total SFA compared to the rest.
Consistently, SOF sausages showed significantly higher total PUFA and lower
total SFA proportions compared to the rest of sausages. The higher PUFA/SFA
ratio found in SOF sausages compared to those elaborated with animal fats
(MF, CF and LF) was also previously reported by Ozvural and Vural, (2008) in
frankfurters containing oil blends. The incorporation of vegetable oils into meat
products emulsions tends to increase the unsaturated fatty acid proportion
(Ozvural and Vural, 2008).
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Table 3.Fatty acid profile (mean + standard deviation) of sausages elaborated with

different lipid sources (Montanera: MF, concentrate: CF, commercial lard: LF and

sunflower oil: SOF). Results are expressed in %.

MF CF LF SOF °p-values
C14 1.71+0.09° 2.13+0.16° 0.66+0.10° 2.18+0.09°
C16 27.77+0.54° 31.91+1.39°  31.52+1.07° 14.43+1.60°
C17 0..34+0.01%* 0..3240.01°  0..13+0.05° 0..36x0.01°
c18 11.24+0.19° 13.01+1.76°  12.85+1.29° 6.45+1.48°
C20 0.3740.18 0.30£0.17 0.730.88 0.32+0.18 ns
ISFA 41.430.51° 47.66%1.77°  47.22%1.07° 22.40%1.98°
C16:1 2.00+0.06° 2.83+0.15° 2.92+0.07° 0.97+0.09°
C17:1 0.27+0.01° 0.27+0.01° 0.14+0.07° 0.31+0.01°
C18:1(n-9) 42.84+0.63° 37.5541.19°  34.84+1.04° 26.51+3.02¢
C18:1(n-7) 3.14+0.25° 3.54+0.27° 3.39+0.09° 1.63+0.67"
C20:1 0.72+0.06 0.56+0.02 0.99+1.56 0.48+0.06 ns
ZMUFA 49.07+0.59° 4513+1.68°  42.13%1.11° 29.76%2.70°
C18:2 7.68+0.15" 5.91+2.34° 8.83+0.26° 45.27+2.37°
C18:3(n-3) 0.49+0.11 0.42+0.10 0.78+1.15 0.560.11 ns
C20:4 0.39+0.19 0.46+0.26 0.53+0.27 0.53+0.19 ns
IPUFA 8.56%0.15 6.78%2.32° 9.9240.31° 46.58+1.31°

‘p-values: ns: p> 0.05, *** p< 0.001.

Different letters within the same row denote significant differences between means at
p< 0.05.

Textural properties of experimental fermented sausages

Regarding textural properties of sausages (Table 4), TPA shows that lipid
source significantly (p<0.001) influenced all measurements except fracturability
(p>0.05).

measurements of chewiness springiness, cohesiveness and resilience were

SOF sausages were harder, gummier, less adhesive, and
higher compared to the rest of sausages. MF and LF sausages showed less
hardness, gumminess and chewiness values compared to the other sausages,
whereas LF samples showed the Ilowest values of springiness and
cohesiveness. Finally, CF samples showed the highest adhesiveness values
compared to the rest of sausages. Accordingly, Choi et al., (2009) reported an

increase in hardness, cohesiveness, gumminess, chewiness and springiness in
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emulsions containing pre-emulsified vegetable oil compared to those containing
pork fat. Contrarily, Muguerza et al., (2003) in dry fermented sausages with a
partial substitution of pork back-fat by pre-emulsified soy oil did not report
changes in hardness and springiness, although a slight increase in
cohesiveness, gumminess and chewiness was detected. On the contrary,
Bloukas et al., (1997) found that fermented sausages with direct incorporation
of olive oil as liquid are softer than control sausages, whereas those in which
the olive oil was incorporated as pre-emulsified fat with soy protein isolate are

harder than the control.

According to Bloukas and Paneras, (1993) the hardness values are positively
correlated with protein content in low fat frankfurters. In the present study the
protein content was not significantly different between sausages (p>0.05).
Therefore, differences in textural properties and particularly in hardness could
mostly be explained by differences in the fatty acid profile. Teye et al., (2006)
reported that changing the fatty acid composition of subcutaneous adipose
tissue using different dietary oils changes lipid melting point and thus fat
firmness. In addition, Youssef and Barbut, (2009) reported that higher hardness
values might be related to the fat globules size which is smaller in oils
compared to animal fats. A larger area of protein membrane is needed to
surround the smaller fat globules which could have contributed to increase the
resistance to compression of food systems containing vegetable oils as SOF.
This larger surface probably determined more protein-protein interactions and
increased the number and strength of the fat globules bonds to the protein
matrix making the SOF sausages firmer compared to those elaborated with

animal fats.
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Table 4.Textural properties (mean = standard deviation) of sausages from a TPA

(Montanera: MF, concentrate: CF, commercial lard: LF and sunflower oil: SOF).

Hardness (N cm™)
Fracturability (N cm™)
Adhesiveness (N x s)
Springiness (cm)
Cohesiveness
Gumminess (N cm™)

Chewiness (N cm™)

Resilience

MF CF LF SOF ‘p-values
59.27+1.77° 64.48%5.11° 63.18+4.63° 76.86x5.45° ***
0.102¢0.01  0.11#0.02  0.10+0.03  0.08+0.01 ns
-0.09+0.04°  -0.20+0.08° -0.05+0.03"° -0.01£0.00° ***
0.76+0.03™ 0.79+0.03° 0.69+0.11°  0.82+0.04% **
0.64+0.01°  0.64+0.01° 0.60+0.04°  0.67+0.01%  ***
37.99+1.05° 45.88+3.38" 37.62+3.77° 51.28+3.16° ***
28.94+1.29° 36.35+2.57° 27.55+2.90° 42.00+2.28% ***
0.1920.01°  0.20£0.01° 0.20+0.02°  0.260.04%  ***

°p-values: ns: p> 0.05, * p< 0.05, ** p< 0.01, *** p< 0.001.

Different letters within the same row denote significant differences between means at

p< 0.05.

216



Time intensity analysis

Table 5 shows the extracted Tl parameters (means + SD) and the Figure 1 the
average Tl curves for each evaluated attribute. The lipid source had a
significant effect on all the gumminess Tl parameters. The highest maximum
intensity of gumminess (Imax) and duration of maximum intensity (DurPl) were
significantly recorded for MF sausages compared to the rest of samples
(p<0.01). Moreover, MF sausages also displayed the highest Area (p<0.01),
although these differences were not significant compared to SOF and CF
samples. However, total duration of gumminess perception was longer in CF
samples compared to the rest of sausages samples (Figure 1a). Instrumental
texture measurements (TPA) and results of dynamic perception of gumminess
are partly in disagreement. Both methodologies revealed a trend of SOF
sausages to display a higher gumminess compared to the other types of
sausages, but opposite results were obtained for MF samples. These results
would highlight that perception of gumminess recorder by the panel using TI
method did not completely match with instrumental measurements. Panellists
were trained to evaluate gumminess as “a texture mechanical property related
to soft product cohesiveness and evaluate as the amount of deformation
undergone by the experimental sausages before rupture”. Texture properties of
a solid food are a result of a complex mixture of physical phenomena that occur
during eating (Drake, 1987) and therefore, according to the obtained results
these properties would be better assessed by dynamic sensory techniques than
by instrumental ones. As far as we know, no information is available in the
scientific literature regarding the dynamic sensory evaluation of gumminess in
solid foods and particularly in meat products. Several parameters should be
considered in order to evaluate the effect of added fat on texture properties of
solid foods such as the method of oil incorporation to the formulated product
(liquid or pre-emulsion) (Bloukas et al., 1997), the fat globules size (Youssef
and Barbut, 2009) or if the used fats melts or not at oral temperature
(Vingerhoeds et al., 2008).

Regarding flavour attributes, the lipid composition had a significant effect on
Imax and Area of overall flavour (p<0.01) (Table 5). Overall flavour was

perceived as more intense in MF and LF samples compared to the others
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sausages, although the longest persistence was displayed by the SOF samples
(Figure 1b). Similarly, the lipid composition significantly affected all evaluated
Tl parameters of mushroom flavour, with Imax and Area higher in MF sausages
(Figure 1c). Total duration of mushroom perception was also the longest in
SOF samples compared to the other sausages. All TI parameters extracted
from rancid flavour curves were significantly affected by lipid composition. The
LF samples displayed the highest Imax and Area, whereas the highest DurPI
was exhibited by SOF experimental sausages. Figure 1d showed that rancid
perception was more persistent in MF samples compared to the rest. Finally,
the duration of maximum intensity (DurPl) of cured flavour was significantly
affected by lipid composition (p<0.05), with SOF and LF samples showing the
highest values (Figure 1e). Therefore, Tl study revealed that most flavour
attributes were perceived as more intense in sausages elaborated with animal
fat (particularly in MF and LF) than with sunflower oil (SOF), whereas
persistence of flavour attributes was longer in sausages containing SOF. The
higher solid to liquid ratio of animal fats compared to SOF could partly explain
these differences since volatile compounds have a better solubility in the liquid
state than in the solid state of fat (Maier, 1975). A less sorption of volatile
compounds on the solid state due to a worse solubility leads to a better release

and thus a more intense perception in sausages elaborated with animal fat.

The low solid to liquid ratio of SOF might cause a great retention of aroma
compounds and thus a slow release of these compounds during consumption
from the sausages matrix. This event could have contributed to the higher
persistence of flavour attributes found in sausages elaborated with SOF
compared to those elaborated with more saturated fats. Volatility and then
release of flavour compounds depends on the physical state of the fat (which
mainly depends on chain length and degree of unsaturation), the chemical
properties of the volatile compound (hydrophobic properties, logP.w) and also
the temperature (Harvey et al.,, 1995). In fact, the effect of temperature on
volatility is predominant to the effect of the physical state of the fat on the
retention of volatile compounds (Meynier et al., 2003). Maier, (1975) reported
that retention of volatile compounds by triacylglycerides increases with

temperature in a solid state but decreases in the liquid state. These arguments
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could explain the higher release of the volatile compound in samples with solid
fat (MF, LF and CF) than with more unsaturated lipid (SOF) until a balance
between product temperature (room temperature, ~ 21 °C) and oral temperature
(37°C in the oral cavity) was reached. Once the samples reached the oral
temperature, the lower retention and consequently the higher release of volatile
compounds in SOF samples would lead to a longer persistence of the evaluated
flavour attributes compared to the rest of sausages. The higher intensity
perception found in sausages containing animal fat would have been promoted
by a less sorption of volatile compounds and would have occurred before
reaching the balance between samples and oral temperatures. Once the oral
temperature was reached, the effect of temperature on volatile compounds

release was predominant.

Table 5. Sensory characteristics (TlI) (mean % standard deviation) of sausages
(Montanera: MF, concentrate: CF, commercial lard: LF and sunflower oil: SOF). (Imax:
maximum intensity; DurPI: duration of plateau; and Area: total area under the curve).

“p-values of both factors (lipid composition: LC and session: S).

TYPE OF SAUSAGES ‘p-values
MF CF LF SOF LC S
TEXTURE
Gumminess
Imax 4.50+0.23° 3.29+0.14° 3.40£0.25° 3.51£0.34° ** ns
DurPI 9.60+0.01° 7.20+0.00° 6.60£0.01° 7.20+£0.01°
Area 54.104.36° 44.50+1.53%  33.98+4.28°  46.97+3.99% b x*
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FLAVOUR

Overall

Imax 5.67+0.13° 4.310.20° 5.02+0.28%°  4.79+0.17° b
DurPI 9.00+0.01 9.00+0.01 9.00+0.01 7.80+0.01 ns
Area 82.77+6.16° 61.70£4.46°  86.1846.44°  59.52+4.30° **
Mushroom

Imax 4.42+0.24° 3.54+0.19°°  2.74%0.36° 3.58+0.22%°
DurPI 7.80+0.01% 6.00+0.01b 8.4+0.01° 8.4+0.01° b
Area 79.47+8.10° 35.20£3.15°  50.8916.74°  50.44+5.52°
Rancid

Imax 2.70+0.30 2.32+0.20 3.54+0.50 2.75+0.28 *
DurPI 7.80+0.01° 4.80+0.01° 6.00x0.01*  6.60+0.01°
Area 35.12+4.21 23.97+0.87 37.58+5.22 33.74+2.93 *
Cured

Imax 3.33+0.28 3.89+0.11 4.30+0.43 3.42+0.27 ns
DurPI 6.00+0.01 6.60+0.01 7.80+0.02 7.80+0.01 *
Area 54.43+7.28 42.55+3.25 56.79+7.68 41.48+4.19 ns

%%

ns

ns

ns

ns

*kxk

*kk

*%

%%

*%

°p-values: ns: p>0.05, * p< 0.05, ** p< 0.01, *** p< 0.001.

Different letters within the same row denote significant differences between means at
p< 0.05.
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Figure 1. Average Tl curves for the attributes Mushroom flavour (b), Rancid flavour (c),

Overall flavour (d) and Cured flavour (e) (n = 27; 9 panellists x 3 replications).
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Principal component analysis

A principal component analysis was performed in order to evaluate the
relationship among fatty acid profile of sausages and Tl parameters of
gumminess (G), overall flavour (O), mushroom flavour (M), cured flavour (C)
and rancid flavour (R) (Figure 2). The first two principal components accounted
for 42.49 % of the total variance. The first PC (23.12 % of the total variance)
was positively loaded by DurPI-O, Area-O, MUFA and SFA. Moreover, this
component was negatively defined by PUFA, Area-M, DurPI-R, Area-R and
DurPI-M. The second PC (19.38 % of the total variance) was positively defined
by Imax-M, DurPI-C, Area-G, Imax-G, Area-G, Imax-R, Imax-O while Area C
and Imax C showed negative loading in this PC. Loadings plots (Figure 2a)
showed that total MUFA and SFA proportion were positively correlated with all
Tl parameters of overall flavour (Imax O, Area O and DurPl O) and the
maximum intensity of rancid flavour (Imax R), but inversely with those related to
mushroom and rancid flavour (Imax M, Area M, DurPIl M, Area R and DurPI R).
Texture parameters were positively correlated with MUFA content. In addition,
the percentage of PUFA was negatively correlated with percentage of MUFA
and SFA.

A factor scores plot (Figure 2b) showed great differences between sausages
containing animal fat (MF, CF and LF) and ones containing vegetable oil (SOF).
Overall, SOF samples were located in the negative axis of the first PC and were
associated with high levels of PUFA and with a longer persistence of maximum
intensity of rancid and mushroom flavours (DurPI-R and DurPI-M). Furthermore,
the inclusion of vegetable fat in the sausages was associated with a more
persistence (Tend) of mushroom flavour which would be linked to a higher
release of 1-octen-3-ol. MF samples were located in the upper right quadrant of
PCA associated with a higher intensity perception (Imax-G and Area-G) and
longer duration of maximum intensity of gumminess (DurPI-G). Finally, CF and
LF samples were located in the positive axis of the first PC associated with a

higher perception of rancid, cured and overall flavour.
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Figure 2. Principal Component Analysis (PCA) of time-intensity parameters and fatty
acid profile. Parameter loadings (a) and factor scores (b) plots for the two first principal

components. (G= gumminess, O= overall, R= rancid, C= cured, M= mushroom).
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CONCLUSIONS

This study demonstrates the feasibility of dynamic sensory methods, particularly
the Tl method, for evaluating the sensory properties of experimental fermented
sausages manufactured with different lipid sources. The Tl study revealed that
lipid composition had a marked influence on the perceived texture and flavour
during mastication. Most flavour attributes were perceived as more intense in
sausages elaborated with animal fat, particularly in LF and MF ones, whereas
persistence of flavour attributes was longer in sausages containing vegetable
oils. Moreover, oral temperature would influence the dynamic perception of

flavour and texture as it affects the physical state of fats.
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Abstract

The influence of lipid content (~ 4% and ~ 15%) and lipid composition (two
animal fats from Iberian pigs fed different finishing diets and sunflower oil) on
the release of 11 volatile compounds with different physicochemical properties
was studied under headspace conditions in experimental fermented sausages.
Regarding sausages manufactured with different lipid content the release of
most volatile compounds showed a similar behaviour regardless their
physicochemical properties and percentage of fat. Changes in the matrix
structure of sausages and flavour loss during processing and influence of lipid
content on fatty acid composition could have contributed to these results. The
lipid composition had a great influence on volatile compound release since most
headspace concentrations increased as the unsaturated fatty acid fraction

increased.
Keywords

Fatty acid composition, fat content, experimental fermented sausages, SPME,

volatile release.

232



INTRODUCTION

Flavour is considered as one of the most important attributes determining the
acceptance of food by consumers (Guichard, 2002). Volatile compounds which
contribute to food flavour are not uniformly released from the foods as they can
interact with macro ingredients such as fat, carbohydrate and proteins of the
food in many different patterns (Chevance, & Farmer, 1999). According to
Roberts, and Pollien, (2000), the lipid phase is the main component influencing
flavour compounds volatility and thus their release and perception. Moreover,
the amount and composition of fat and its physical state influence the dynamic
release of flavour compounds during consumption (Hort, & Cook, 2007). Volatile
release depends on both the proportion of liquid-to-solid fat ratio and on the
aroma compound characteristics (Relkin, Fabre, & Guichard, 2004; Fabre,
Relkin, & Guirchard, 2005) such as the hydrophobicity expressed by the log P,

w value (logarithm of the oil-water partition coefficient) (Taylor, 1998).

The high intramuscular fat (IMF) content of meat and meat products derived
from Iberian pigs (12 % average in Iberian dry-cured ham) together with its
particular fatty acid composition linked to the genetic and feeding systems of
pigs contribute to the high sensory quality of these products (Ventanas,
Ventanas, Ruiz, & Estévez, 2005). This feeding strategy (outdoors with acorns
and grass) is reflected in the high content of monounsaturated fatty acids,
mainly oleic acid, and the low content of saturated fatty acids in pig muscles
and thus in the derived dry-cured meat products (Rey, Lopez-Bote, & Sanz
Arias, 1997). This particular fatty acid profile determines not only the formation
of particular flavour compounds along the dry-cured product ripening (Cava,
Ruiz, Ventanas, & Antequera, 1999; Ventanas, Ventanas, Tovar, Garcia, &
Estévez, 2007) but it also would influence their release and thus perception

during product consumption.

In order to study how the fat content and fatty acid composition influence the
volatile release in Iberian dry-cured products, as an initial approach different
experimental fermented sausges were designed varying the fat content and the
lipid sources used. Moreover, eleven volatile compounds were selected and

included in the sausages based on: (1) their role in meat aroma as odour-active
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compounds (Mottram, 1998; Carrapiso, Jurado, Timén, & Garcia, 2002) (2) their
different physicochemical characteristics (log P,-w and vapour pressure) (3)
their distinctive and different aroma notes and (4) their formation during the dry-

cured meat products processing (Toldra, 1998; Ruiz et al., 2002).

MATERIALS AND METHODS
Experimental fermented sausages manufacture

Formulation of experimental fermented sausages is reported in Table 1.
Manufacture of sausages was run as follows: first, commercial lean pork was
cleaned from external fat, chopped, minced and mixed in a vacuum cutter for 2
min. Subsequently the fat, sodium chloride and the additives were mixed for 2.5
min and finally the glucono-delta-lactone (GDL) and the corresponding volatile
compound solution in milli-Q water whose concentration is shown in Table 2
were added. 20 ml of water were used to add the volatile compounds: the
volatile compound solution, which included 5 ml of water, was vigorously
shaken and the emulsion was immediately added to the batter. Then 5 ml of
water were added to the flask, shakenand added to the batter. The same
procedure was repeated twice more to obtain the flavoured sausages. Some of
the selected volatile compounds used can not be solved in water because of
their low water solubility and large concentration, so they were added as an
emulsion. Water has important advantages against other solvents since is safe
and is a main component of the batter and also some volatile compounds used
are highly water-soluble. Ethanol, methanol or other solvents were not used
because of safety concerns and the potential interferences with the added
volatile compounds or the batter components. Otherwise, propylene glycol was
initially essayed to get a more stable emulsion, but finally discarded because
improvement in the emulsion was not enough to justify the inclusion of odd
components in the batter. Two types of sausages with increasing lipid content
were manufactured using back-fat from Iberian pigs fed extensively on acorns

and reared in “montantera” traditional system (~4% and ~15%).
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Moreover, three types of sausages varying in the lipid composition were
manufactured using animal fat [back-fat from Iberian pigs fed extensively on
acorn and grass -MF; back-fat from Iberian pigs fed on a concentrate —CF] and
vegetable fat [sunflower oil ~-SOF]. These sausages were manufactured in order

to obtain about 15 % lipid content after the ripening process.

Finally, the batter was vacuum-packaged to remove air bubbles and stuffed into
6 cm diameter artificial collagen casings and the ripening of the experimental
sausages was carried out in drying chambers for 15 days, the relative humidity
ranging from 95 % to 75 % and the temperature from 22 °C to 12 °C. At the end
of the ripening process the weight losses of the fermented sausages was 35 %
in average. The ripening process was fixed following the protocols developed

for meat products containing GDL (Feiner, 2006).

During the ripening of sausages, a little proportion of the selected volatile
compounds could be generated and a proportion of the added volatile
compounds could be released from the matrix to the air. Therefore, the
concentration of the selected volatile compounds added to batter sausages was
enough and the volatile compounds detectedin the fermented sausages mainly
derived from the originally volatile compounds added. The concentrations and
physicochemical characteristics of the eleven volatile compounds are shown in
Table 2.
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Table 1. Sausages formulation (%) for the ~ 4% and ~ 15% lipid content after ripening

and for the different lipid sources (MF: Montanera, CF: Concentrate and SOF:

Sunflower oil).

Lean pork

Animal fat/vegetable fat
Sodium chloride
Additives
Glucono-delta-lactone
Sodium nitrite

Ascorbic acid

LIPID CONTENT

LIPID COMPOSITION

~ 4% ~15% MF CF SOF
96.84 88.11 88.11 88.11 89.00
0.00 8.73 8.73 8.73 7.83
2.10 2.10 2.10 2.10 2.10
1.00 1.00 1.00 1.00 1.00
0.015 0.015 0.015 0.015 0.015
0.05 0.05 0.05 0.05 0.05
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Table 2. Concentrations and physicochemical characteristics of the studied volatile compounds.

Concentrations imgkqe1y LOGP,.n  Vapour pressure imm Ha) Water solubility (mg1) Descriptors™*
Decanal 100 3.76 0.10 6.08E+01 soap, orange peel, tallow
Octanal 100 2.78 1.18 5.60E+02 fat, soap, lemon, green, purgent
1-Octen-3-ol 50 2.60 0.24 1.84E+03 mushroom, fatty, fruity, grass
Heptanal 200 2.29 3.52 1.25E+03 fat, citrus, rancid, oily
2-Heptanone 25 1.98 3.86 4.30E+03 soap, musty, blue cheese, fruity
Phenylcetaldehyde 300 1.78 0.39 3.03E+03 honey, sweet, floral
Octalactone 100 1.59 0.03 3.63E+03 coconut
3-Methylbutanal 200 1.23 50.00 1.40E+04 almond, malt, cheese, chocolate
1-Penten-3-ol 250 1.12 9.68 9.01E+04 butter, purgent, burnt, green, grass
2-Pentanone 100 0.91 35.40 4 30E+04 ether, fruit,sweet, acetone
2,6-Dimethylpyrazine 100 0.54 1.50 3.82E+04 cocoa, fried potato, nutty, roast beef, roasted nut

Data from Enviromental Science-Interactive SCR PhysPropsDatabase (2004) (http://www.syrres.com/esc/physdemo.htm).

** Data from http://www.flavornet.org/flavornet.html
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Sausages characterization

Fat content was determined by using the Folch method (Folch, Lees, & Sloane
Stanley, 1957), protein content by the Kjeldahl method (ISO, 937:1978) and
moisture was determined by an AOAC method (AOAC, 2000). Twelve

repetitions were performed per type of sausages.

Fatty acid methyl esters (FAMEs) were prepared by acidic transesterification in
the presence of sulphuric acid (5 % sulphuric acid in methanol) (Sandler, &
Karo, 1992). FAMEs were analysed by gas chromatography using a Hewlett-
Packard HP-5890A gas chromatograph, equipped with an on-column injector
and a flame ionization detector, using a polyethyleneglycol capillary column
(Supelcowax-10, Supelco, Bellefonte, PA) (60 m x 0.32 mm i.d.x 0.25 ym film
thickness). Gas chromatograph oven program temperature was as follows:
initial temperature of 190 °C, 2 °C/min to 235 °C; 15 min at this temperature and
thereafter 6 °C/min to 250 °C, and then kept for an additional 20 min. Injector
and detector temperatures were 250 °C. Carrier gas was helium at a flow rate of
0.8 ml/min. Individual FAME peaks were identified by comparison of their
retention times with those of standards (Sigma, St. Louis, MO). Tridecanoic acid
was used as internal standard. Eight repetitions were performed per type of
sausages and results are expressed as percentage of the total fatty acids

analysed.
Analysis of volatile compounds release

The release of the eleven volatile compounds added to the sausages containing
different lipid content or different lipid composition were analysed by solid phase
microextraction (SPME) coupled to gas chromatography and mass
spectrometry (GC/MS) (gas chromatograph Hewlett—Packard 5890 series I
coupled to a mass selective detector Hewlett—Packard HHP-5791A). One gram
of minced sample was weighed into a 4 ml vial. All vials were closed with a
teflon/silicone septum. An SPME fibre (50/30 pm divinylbenzene-carboxen-
polydimethylsiloxane coating) was insertedthrough the septum and exposed to
the headspace of the vial. Vials were pre-conditioned for 15 min at 37 °C.
Extraction was carried out at 37 °C for 5 min in a water bath. After extraction,
the SPME fibre was immediately transferred to the injector of the
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chromatograph, which was in the splitless mode at 270°C. The separation of the
volatile compounds was performed on a 5% phenyl-methyl silicone (HP-5)
bonded phase fused silica capillary column (Hewlett— Packard, 50 m x 0.32 mm
i.d, film thickness 1.05 ym), operating at 6 psi of column head pressure. Oven
programme was: 45 °C for 10 min, 10 °C min™ to , 15 °C min™" to 250 °C, and
held 250 °C for 10 min. The transfer line to the mass spectrometer was
maintained at 270 °C. The mass spectra were obtained using a mass selective
detector by electronic impact at 70 eV, a multiplier voltage of 1756 V and
collecting data at a rate of 1 scan s™ over the m/z range 30-500. The volatile
compounds were identified by comparing their mass spectrum and linear
retention index with those of the standards. Results are given in area units (AU).

Six repetitions per sausages were performed.
Statistical analyses

Data from proximate composition, fatty acid profile and headspace
measurements were analysed by a one-way ANOVA (GLM procedure) using
lipid content (~ 4% and ~ 15%) or lipid composition (MF, CF and SOF) as main
effects, with the detected differences being tested by mean differences being
tested by the Tukey post-hoc test. Two principal components analyses (PCA)
were carried out with data obtained from the volatile compound analysis and
lipid content or lipid composition of sausages. SPSS software (v 15.0) for

windows was used for all statistic analyses.

RESULTS AND DISCUSSION
Characterization of fermented sausages

The proximate composition of fermented sausages elaborated with different
lipid content was (meanstsd): fat content (3.9 % + 0.91 and 14.56 % % 1.59;
p<0.001), protein content (39.25 % % 1.39 and 31.52 % % 0.82; p<0.001) and
moisture content (51.50 % + 0.70 and 50.77 %  0.25; p<0.001). All chemical
parameters were significantly affected by lipid content, decreasing the moisture

and protein content when lipid content increased. In concordance with
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sausages formulations, as lipid content increased the lean pork incorporated
decreased, and thus, the protein content decreased (Table 1).

No significant differences were found in the proximate composition of fermented
sausages elaborated with different lipid sources (meanszsd): lipid content
(14.36 % * 1.40), protein content (32.19 % = 1.04) and moisture content (48.74
% * 1.46).

The results obtained from the fatty acid profile analysis revealed a significant
effect of lipid content on fatty acid composition (p<0.01) (Table 3). The
proportion of saturated fatty acids (SFA) and polyunsaturated fatty acids
(PUFA) significantly decreased as lipid content increased while proportion of
monounsaturated fatty acids (MUFA) significantly increased with lipid content.
The differences in the sausages fatty acid profile could be due to the addition of
pork back-fat, which had a fatty acid profile different than those of the pork lean.
As expected fatty acid composition of fermented sausages was significantly
affected by the lipid source (p<0.001) (Table 3). MF samples showed the
highest proportion of MUFA, CF samples had the highest proportion of total
SFA, and finally, SOF samples had the highest proportion of PUFA compared to

the rest of sausages.

Table 3. Fatty acid profile (meanststandard deviation) of sausages elaborated with
different lipid content and lipid composition®. p-values® of both factors (LC: lipid content

and FAC: fatty acid composition).

LIPID CONTENT LIPID COMPOSITION p-values®
~ 4% ~ 15% MF CF SOF LC FAC
SSFA 42.91%0.85 41.43:0.51 4143:0.51° 47.66+1.77° 22.40+1.98° o e
SMUFA  43.03:0.68 49.07+0.59 49.07+0.59° 45.13+1.68" 29.76+2.70°
SPUFA  12.70:0.33 8.56:0.16 8.56+0.15°  6.78+2.32°  46.58+1.31°

SFA: saturated fatty acids, MUFA: monounsaturated fatty acids and PUFA:
polyunsaturated fatty acids.
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®Results are expressed as means in percent.
p-values®: **p<0.01, ***p<0.001.

Different letters within the same row denote significant differences between means at
p<0.05.

Effect of lipid content on the release of volatile compounds

Table 4 showed that lipid content had not a significant influence on the
headspace concentration of most studied volatile compounds. Most volatile
compounds displayed similar headspace concentrations in both sausages (~4%
and ~15%) except for 2-pentanone, 2-heptanone and 1-octen-3-ol. A
suppression effect of lipid content was observed on the release of the latter
volatile compounds agreeing with previous studies that described that release
of volatile compounds generally decreases as fat contentincreases (Doyen,
Carey, Linforth, Marin, and Taylor, 2001; Carrapiso, 2007). The present results
are partly in agreement with Buttery, Guadagni, and Ling, (1973) also found that
the rate of air-to-solution partition coefficient of volatile compounds in water,
vegetable oil, and water-oil mixtures decreased as oil content increased. Fat
acts as a solvent for volatile flavour compounds, and thus delays the release of
flavour in high-content fat products (Chevance, & Farmer, 1999). With regard to
meat products, some studies in sausages (Carrapiso, 2007) and frankfurters
(Chevance, Farmer, Desmond, Novelli, Troy, & Chizzolini, 2000) also found that
for most volatile compounds increasing the fat content lead to a decrease in
volatile compounds release. However, these studies were performed in meat
products not subjected to ripening process. In these sense, results from
headspace concentrations analysis in sausages batter which were not
subjected to ripening process, showed that lipid content affected the release of
compounds hydrophobic compounds such as Decanal, 1-Octen-3-ol, 1-
Heptanal among others, showed a higher headspace concentrations in batter
with a ~ 4% fat content while release of compounds of intermediate
hydrophobicity and hydrophilic (3-Methylbutanal and 2,6-Dimethylpirazine for
example) were not affected by lipid content. The physicochemical properties of
each compound are closely related to its release from foodstuffs (Linforth, Friel,
& Taylor, 1999). According to Roberts et al., (2003), the amount of lipid needed
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to reduce the headspace concentration is lower for hydrophobic compound than
for hydrophilic ones. Carrapiso, (2007) reported that the release of hydrophilic
compounds was not decreased but increased when fat content increased
However, Table 4 shows that regardless the physicochemical properties and
hydrophobicity, headspace concentration of most volatile compounds was not
affected by the lipid content of sausages. In fact, during ripening process of dry
sausage several phenomena take place, such as proteolysis and protein
insolubilisaton resulting in a selective loss of protein solubility (Astiasaran,
Villanueva, & Bello, 1990). In addition this loss of solubility depends on factors
such as the technological preparation and the composition of the ingredients
(Astiasaran et al., 1990). And any factor which alters protein solubility will
necessarily affect the textural qualities of cured sausages (Klement, Cassens, &
Fennema, 1973). According to Kinsella, (1989) the modification of release can
be attributed to interactions and to changes of diffusivity of the aroma
compound in the matrix. Therefore, these phenomena took place along the
ripening process might have caused a modification of matrix structure which
could have masked the potential differences in volatile compounds release.
Moreover, the present results could be consequence of a volatile loss during
ripening process. According to De Roos, (1997) a reduction in fat content can
contribute to a higher flavour loss during processing and storage due to the
increase in flavour volatility. This phenomen would explain the significant impact
of ripening process moreover likely a higher loss of volatile compounds might
take place in ~ 4% sausages compared to ~ 15% ones, and thus, a similar
behaviour between both groups was found.

Finally, the fatty acid profile (Table 3) might have affected the volatile
compounds release. Several authors have reported the influence of solid/liquid
proportion on volatle compounds release, increasing the release with
increasing the percentage of solid-to-liquid fat (Guichard, Tromelin, Juteau,
Rega, & Roudnitzky, 2002; Roberts, Pollien, & Watzke, 2003). Therefore, a
higher SFA content and thus solid/liquid proportion in sausages with ~ 15%
compared to those elaborated with ~ 4% might have promoted the release of
volatile compounds in these sausages due to the less solubility of volatile

compounds.
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Table 4. Headspace concentrations (AUx107) (means + standard deviation) of selected
volatile compound extracted by SPME from fermented sausages with different lipid

content (~ 4% and ~ 15%). p-values® of factor: lipid content.

LIPID CONTENT

~ 4% ~15% p-values®

3-Methylbutanal 5.581+0.43 4.29+1.69 ns
1-Penten-3-ol 7.3411.94 8.96+2.78 ns
2-Pentanone 4.71+£1.09 3.261+0.92 *

2-Heptanone 26.5+5.74 17.28+6.46 *

Heptanal 31.37+2.87 28.45£10.91 ns
2,6-Dimethylpyrazine 11.43+1.92 10.77+3.89 ns
1-Octen-3-ol 26.18+5.74 16.31£6.79 *

Octanal 23.95+2.98 20.78+8.22 ns
Phenylacetaldehyde 1.35+0.26 1.34+0.58 ns
Decanal 14.44+2 .57 12.09+4.93 ns
Octalactone 5.80+1.06 4.66+2.37 ns

Significant differences between means at p<0.05. p: ns: p>0.05; *p<0.05, ***p<0.001.

Effect of lipid composition on volatile compounds release

Table 5 shows the headspace concentration of volatile compounds analysed in
the fermented sausages elaborated with different lipid sources (MF, CF and
SOF). Fatty acid composition had a significant effect on the release of most
studied volatile compounds, with SOF showing the largest release of these
compounds, although for most volatile compounds no significant differences
were found compared to MF sausages. CF sausages displayed the highest
retention of most volatile compounds and thus the lowest levels of headspace
concentration, although no significant differences were found compared to MF
sausages for most volatile compounds. Release of volatile compounds could be
affected by the physical state of the fat, which mostly depends on their fatty acid
melting points (Maier, 1975). Relkin et al., (2004) observed that the proportion
of liquid-to-solid content of fat influences on the release of flavour compounds.
Results revealed that sausages elaborated with animal and more saturated fat,

particularly CF ones, showed a higher retention effect on the analysed volatile
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compounds. An increase in the proportion of unsaturated fatty acids as in MF
and SOF sausages led to a higher release of the studied volatile compounds. In
disagreement with previous studies which reported that the sorption of volatile
compounds on fatty foods in the liquid state is more important than in the solid
state due to better solubility (Maier, 1975; Guichard, Tromelin, Juteau, Rega, &
Roudnitzky, 2002). However, Relkin et al., (2004) observed a greater release of
hydrophobic compounds in emulsion with vegetable fat than in emulsion
containing animal fat. Changes in the nature of the fat affect certain structural
parameters as fat droplets and thus the flavour compounds release (Relkin et
al., 2004). Dubois, Sergent, and Voilley, (1996) observed that food emulsions
containing animal fat have a greater droplet size than those with vegetable fat.
Moreover Charles, Rosselin, Beck, Sauvageot, and Guichard, (2000) reported
that the release of hydrophobic compounds is higher when the fat droplet size is
smaller whereas the release of hydrophilic compounds is higher in emulsion
with larger droplet size. However, in the present study the effect of lipid
composition was regardless physicochemical parameters of volatile
compounds. According to van Ruth, Vries, Geary, and, Giannouli, (2002)
emulsions with larger particles showed higher aroma retention, which was
independent of the lipid fraction and the polarity of aroma compounds. These
results are in agreement with those reported in the present study, since SOF
sausages showed the highest chromatographic areas for most volatile
compounds. Taking into account of the fact that flavour release depends on the
proportion of liquid-to-solid content of fat, differences in fatty acid profile could
have affected the proportion liquid-to-solid fat of MF and CF sausages and
hence volatile compounds release. In addition the structure of emulsions has an
important effect on the retention of aroma compound (van Ruth et al., 2002).
The texture can affect the resistance to mass transfer of volatile compounds
from product to air (De Roos, 2003). According to Druaux, and Voilley, (1997)
the rates of mass transfer of an aroma compound across the different interfaces
of a multiphasic system also have to be considered to describe the phenomena
that are involved in aroma compound release from a food product. Therefore,
the present results showed that the changes in the structure caused by lipid
source might have had took precedence against physical state of fat. However,

according to Roudnitzky, Roudaut, and Guichard, (2003) and Harvey, Druaux,
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and Voilley, (1995) volatility of flavour compounds in oil depends on the chain
length and the degree of unsaturation of the fatty acids contained in the
triglycerides. And then, the profile fatty acid composition of sunflower oil might
promote the volatile compounds release in comparison with the fatty acid

composition of other vegetable oils.

Table 5. Headspace concentrations (AUx107) (means + standard deviation) of selected
volatile compound extracted by SPME from fermented sausages with different lipid

composition (MF, CF and SOF). p-values® of factor: lipid composition.

LIPID COMPOSITION

MF CF SOF p-values®
3-Methylbutanal 4.29+1.69*  2.10+0.34° 5.69+1.86° **
1-Penten-3-ol 8.96+2.78°  3.70+0.33° 6.98+2.57" **
2-Pentanone 3.2620.92°  2.80+0.24° 5.17+1.82° b
2-Heptanone 17.28+0.65® 9.52+0.77° 20.58+7.81° *
Heptanal 28.45+10.91* 14.65+1.12° 35.38+13.49° **
2,6-Dimethylpyrazine  10.77+3.89°  4.68x0.45° 9.99+4.24° *
1-Octen-3-ol 16.3+6.79%  7.82+0.99° 17.5+7.39° *
Octanal 20.78+8.22** 10.60+0.91° 25.53+10.23° *
Phenylacetaldehyde 1.34+0.58°°®  0.62+0.13° 1.62+0.63° *
Decanal 12.09+4.93* 6.46+0.65° 14.53%6.33° *
Octalactone 4.66+2.37°  1.93+0.23° 4.13+2.11% *

Different letters within the same row denote significant differences between means at
p<0.05.

Significant differences between means at p<0.05. p: ns: p>0.05; *p<0.05, **p<0.01,
***p<0.001.
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Principal component analysis (PCA)

Two PCA were performed to evaluate the relationship between lipid content or
lipid composition and headspace concentrations of volatile compounds. Figure
1a shows the relationship among headspace concentration of volatile
compounds and the level of lipid content of the fermented sausages (~ 4% and
~ 15% fat content). The first two principal components accounted for 95.31 % of
the total variance. The first PC (85.09 % of the total variance) was positively
loaded by all selected volatile compounds and negatively defined by fat content.
Factor score plot (Figure 1b) shows slight differences among the two types of
fermented sausages. Overall, both samples sausages (~ 4% and ~ 15% lipid
content) were located in the positive axis of the first PC and were associated
with high headspace concentrations of selected volatile compound. These
results are consistent with those previously described and discussed in the
effect of lipid content on volatile compounds release from the experimental

fermented sausages.
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Figure 1. Principal component analysis (PCA) of headspace concentrations of volatile
compounds affected by lipid content. Parameter loadings (a) and factor scores (b) plots

for the two first principal components.
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Figure 2. Principal component analysis (PCA) of headspace concentrations of volatile
compounds affected by lipid composition. Parameter loadings (a) and factor scores (b)

plots for the two first principal components.
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Regarding to fermented sausages elaborated with different lipid sources
(Figure 2a), 96.61 % of the variance was explained by the first two principal
components, 80.55 % by the first principal (PC1) component and 16.06 % by
the second (PC2). The loading plot for PC1 showed that headspace
concentrations of all studied volatile compounds and the PUFA level showed
positive loadings while SFA and MUFA levels had negative loadings. The
results from the PCA score plot showed the same pattern as the analysis of
variance (Figure 2b). CF sausages, which had the lowest headspace volatile
concentrations, were located in the negative area of the PC1, whereas SOF and
MF sausages, with a higher level of fat unsaturation (PUFA or MUFA), were
located in the positive area of the PC1, in which the volatile compounds had the
highest loadings. These results are in good agreement would support that
volatility increases with insaturation level of fat and contributing to the release of
the studied volatile compounds.

CONCLUSIONS

Variations in the lipid content, from ~ 4% to ~ 15%, of the experimental
fermented sausages did not significantly influence the dynamic of retention-
release of most volatile compounds suggesting that other factors likely related
to the drying-curing of sausages process would have masked the retention
effect of lipid content on volatile compounds release. However, a clear effect of
lipid composition on volatile compounds release was observed, increasing this
phenomenon with the unsaturation level of the lipid source used in the
manufactured of the fermented sausages. Further studies in real dry-cured
meat products could shed light on the effect of lipid characteristics on flavour
release and perception.
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Abstract

This study was devoted to investigate the effect of lipid content (~ 4%, ~ 10%
and ~ 15%) and composition on the oxidative stability of proteins and lipids in
experimental fermented sausages. Experimental sausages with different fatty
acid composition were produced by adding different lipid sources (animal fat
and sunflower oil). Modifying lipid content had a significant impact on both lipid
oxidation and protein carbonylation. Using different lipid sources for the
manufacture of fermented sausages led to products with different susceptibility
to lipid and protein oxidation. While the fatty acid profile had a major effect on
the occurrence and extent of lipid oxidation, the presence of compounds with
potential antioxidant activity may be more influential on the extent of protein
carbonylation. The usage of sunflower oil for the manufacture of fermented
sausages may be a good strategy to control protein oxidation although the
hexanal counts are significantly higher than in products elaborated with back-
fat.

Keywords

Fermented sausages, AAS, GGS, Lipid oxidation, Lipid content, Sunflower oil.
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INTRODUCTION

Many sensory traits of fermented and dry-cured meat products depend on the
content and composition of muscle lipids including those affected by the onset
of oxidative reactions (Gandemer, 2002). Lipid oxidation is responsible for
rancidity which is considered unpleasant for consumers (Jeremiah, 2001).
Several authors have found a connection between lipid oxidation and fat
content in pork (Estévez, Morcuende, & Cava, 2003), liver patés (Estévez,
Ventanas, & Cava, 2005) and dry-cured loins (Ventanas, Estévez, Andrés, &
Ruiz, 2008). Moreover, lipid oxidation is primarily initiated in the highly
unsaturated fatty acids components of membrane phospholipids (Mercier,
Gatellier, Vincent, & Renerre, 2001) and thus increasing the degree of
polyunsaturated fatty acids (PUFA) in meat products leads to a higher
susceptibility to undergo lipid oxidation (Gandemer, 2002). Lipid oxidation is
regarded as one of the main causes for functional, sensory and nutritional
quality deterioration in meat and meat products (Morrissey, Sheehy, Galvin,
Kerry, & Buckley, 1998).

Oxidizing lipids are also thought to promote the oxidative damage to proteins
through the pro-oxidant activity of primary (hydroperoxides) and secondary
(aldehydes, ketones) lipid oxidation products (Kikugawa, Kato, & Hayasaka,
1991). The formation of carbonyl compounds is one of the most marked
changes occurring during the oxidation of proteins (Estévez, 2011). The
quantification of the total protein carbonyls using the 2,4-dinitrophenylhydrazine
(DNPH) method is routinely used for the assessment of protein oxidation in
muscle foods (Ventanas, Estévez, Tejeda, & Ruiz, 2006). The DNPH method
has, however, considerable limitations since it measures the total amount of a
variety of carbonyl derivatives formed through unspecific pathways during the
oxidative process (Estévez, 2011). Estévez, Ollilainen, and Heinonen (2009)
developed a method to detect particular protein carbonyls in food proteins
namely, a-aminoadipic and y-glutamic semialdehydes (AAS and GGS,
respectively) using liquid-chromatography-electrospray ionisation-mass
spectrometry (LC—ESI-MS). Several studies have employed this HPLC
technique to assess protein oxidation in dry-cured hams (Fuentes, Ventanas,
Morcuende, Estévez, & Ventanas, 2010), porcine patties (Utrera, Morcuende,
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Rodriguez-Carpena, & Estévez, 2011), and other different meat products
(Armenteros, Heinonen, Ollilainen, Toldra, & Estévez, 2009). Protein
carbonylation involves the irreversible loss of essential amino acids (i.e. lysine)
and is implicated in the loss of functionality of myofibrillar proteins and the
modification of colour and texture of meat products (Fuentes et al., 2010;
Utrera, Armenteros, Ventanas, Solano, & Estévez, 2012). Whereas the study of
the interactions between oxidizing lipids and proteins has been covered before,
the application of the DNPH method provided limited insight on precise
oxidation mechanisms (Estévez, 2011). On the contrary, the analysis of specific
protein carbonyls has enabled the understanding of the mechanisms involved in
the oxidative damage to proteins during meat processing (Ganhao, Morcuende,
& Estévez, 2010; Utrera et al., 2012). To our knowledge, the influence of lipid
content and composition of the formation of specific protein carbonyls in

processed meat products has not been studied before.

The aim of this research was to study the impact of lipid content and lipid
source on the oxidative stability of lipids and proteins in experimental fermented
sausages. The effect of lipid content was studied by varying the level of fat (~
4%, ~ 10% and ~ 15%) while the effect of lipid composition was assessed by
adding different lipid sources, namely back-fats from Iberian pigs with different

feeding background, commercial lard and sunflower oil.

MATERIALS AND METHODS
Manufacture of fermented sausages

Formulation of experimental fermented sausages is reported in Table 1.
Manufacture of sausages was run as follows: first, commercial lean pork was
cleaned from external fat, chopped, minced and mixed in a vacuum cutter for 2
min. Subsequently the fat, sodium chloride and the additives were mixed for 2.5
min and finally the glucono-delta-lactone (GDL) was added. Three types of
sausages with increasing lipid content were manufactured using back-fat from
Iberian pigs fed extensively on acorns and pasture [~ 4%, ~ 10% and ~ 15%].

Moreover, four types of sausages varying in the lipid composition were
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manufactured using animal fat [back-fat from Iberian pigs fed extensively on
acorn and grass -MF; back-fat from Iberian pigs fed on a concentrate —CF; and
commercial lard —LF] and vegetable fat [sunflower oil —-SOF]. These sausages
were manufactured in order to obtain about 15 % lipid content after the ripening

process.

Finally, the batter was vacuum-packaged to remove air bubbles and stuffed into
6 cm diameter artificial collagen casings and the ripening of the experimental
sausages was carried out in drying chambers for 15 days, the relative humidity
ranging from 95 % to 75 % and the temperature from 22 °C to 12 °C. At the end
of the ripening process the weight losses of the fermented sausages was 35 %
in average. The ripening process was fixed following the protocols developed

for meat products containing GDL (Feiner, 2006).
Chemical composition of fermented sausages

Lipid content was determined by the Folch method (Folch, Lees, & Sloane
Stanley, 1957), protein content by the Kjeldahl method (ISO, 937:1978) and
moisture was determined by an AOAC method (AOAC, 2000). Twelve
repetitions were performed per type of fermented sausage.

Fatty acid methyl esters (FAMEs) were prepared by acidic transesterification in
the presence of sulphuric acid (5 % sulphuric acid in methanol) (Sandler &
Karo, 1992). FAMEs were analysed by gas chromatography using a Hewlett-
Packard HP-5890A gas chromatograph, equipped with an on-column injector
and a flame ionization detector, using a polyethyleneglycol capillary column
(Supelcowax-10, Supelco, Bellefonte, PA) (60 m x 0.32 mm i.d.x 0.25 pym film
thickness). Gas chromatograph oven program temperature was as follows:
initial temperature of 190 °C, 2 °C/min to 235 °C; 15 min at this temperature and
thereafter 6 °C/min to 250 °C, and then kept for an additional 20 min. Injector
and detector temperatures were 250 °C. Carrier gas was helium at a flow rate of
0.8 ml/min. Individual FAME peaks were identified by comparison of their
retention times with those of standards (Sigma, St. Louis, MO). Tridecanoic acid
was used as internal standard. Eight repetitions were performed per type of
fermented sausage and results are expressed as percentage of the total fatty
acids analysed.
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Lipid oxidation measurements

Lipid oxidation was evaluated by assessing the formation of hexanal by static
headspace analysis (Ventanas et al., 2006) and also by monitoring
malondialdehyde (MDA) formation by means of TBARS (Salih, Smith, Price, &
Dawson, 1987). Hexanal concentration was quantified by headspace-SPME
and GC/MS. A gas chromatograph Hewlett—Packard 5890 serie Il coupled to a
mass selective detector (Hewlett—Packard HP-5791 A). One gram of minced
sample was weighed into a 4 ml vial. All vials were closed with a teflon/silicone
septum. An SPME fibre (50/30 um  divinylbenzene-carboxen-
polydimethylsiloxane coating) was inserted through the septum and exposed to
the headspace of the vial. Vials were pre-conditioned for 15 min at 37 °C.
Extraction was carried out at 37 °C for 5 min in a water bath. After extraction,
the SPME fibre was immediately transferred to the injector of the
chromatograph, which was in the splittess mode at 270 °C. The separation of
the volatile compounds was performed on a 5 % phenyl-methyl silicone (HP-5)
bonded phase fused silica capillary column (Hewlett— Packard, 50 m x 0.32 mm
i.d, film thickness 1.05 ym), operating at 6 psi of column head pressure. Oven
programme was: 45 °C for 10 min, 10 °C min™" to 200 °C, 15 °C min™' to 250 °C,
and held 250 °C for 10 min. The transfer line to the mass spectrometer was
maintained at 270 °C. The mass spectra were obtained using a mass selective
detector by electronic impact at 70 eV, a multiplier voltage of 1756 V and
collecting data at a rate of 1 scan s” over the m/z range 30-500. Hexanal was
identified by comparing their mass spectrum and linear retention index with that
of the standard. Results are given in area units (AU). Five repetitions per type of

sausage were performed.

TBARS were assessed following the method developed by Salih et al., (1987).
The product (2.5 g) was dispensed in cone plastic tubes and homogenised with
7.5 ml of perchloric acid (3.86 %) and 0.25 ml of BHT (4.2 % in ethanol). During
homogenisation, the plastic tubes were immersed in an ice bath to minimise the
development of oxidative reactions during extraction of TBARS. The slurry was
filtered and centrifuged (67 g for 5 min) and 2 ml aliquots were mixed with 2 ml
thiobarbituric acid (0.02 M) in test tubes. The test tubes were placed in a hot
water bath (90 °C) for 30 min together with the tubes from the standard curve.
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After cooling, the absorbance was measured at 532 nm. The standard curve
was prepared using a 1,1,3,3-tetraethoxypropane (TEP) solution (0.2268 g) in
3.86 % perchloric acid.

Protein oxidation measurements

The total carbonyls content was evaluated by derivatization with 2,4-
dinitrophenylhydrazine (DNPH) according to the method described by Ganhéao
et al., (2010). Protein concentration was calculated by spectrophotometry, using
BSA as standard. The protein oxidation markers, a-aminoadipic and y-glutamic
semialdehydes (AAS and GGS, respectively) were analysed using the method
described by Utrera et al. (2011) upon derivatization with p-amino benzoic acid
(ABA) and analysis by HPLC. Standard AAS and GGS were synthesised in vitro
from N-acetyl-L-lysine and N-acetyl-L-ornithine using lysyl oxidase activity from
egg shell membrane as described by Estévez et al. (2009). A Shimadzu
‘Prominence’ HPLC apparatus (Shimadzu Corporation, Kyoto, Japan), equipped
with a quaternary solvent delivery system (LC-20AD), a DGU-20AS on-line
degasser, a SIL-20A auto-sampler, a RF-10A XL fluorescence detector, and a
CBM-20A system controller, was used. An aliquot (1 pl) from the reconstituted
protein hydrosylates was injected and analyzed in the above mentioned HPLC
equipment. AAS-ABA and GGS-ABA were eluted in a Cosmosil 5C18-AR-Il RP-
HPLC column (5 pym, 150 x 4.6 mm) equipped with a guard column (10 x 4.6
mm) packed with the same material. The flow rate was kept at 1 ml/min and the
temperature of the column was maintained constant at 30 °C. The eluate was
monitored with excitation and emission wavelengths set at 283 and 350 nm,
respectively. Standards (0.1 pl) were run and analyzed under the same
conditions. Identification of both derivatized semialdehydes in the FLD
chromatograms was carried out by comparing their retention times with those
from the standard compounds. The peaks corresponding to AAS-ABA and
GGS-ABA were manually integrated from FLD chromatograms and the resulting
areas plotted against an ABA standard curve with known concentrations that
ranged from 0.1 to 0.5 mM. Results are expressed as nmol of carbonyl

compound per mg of protein.
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Statistics analysis

Data from proximate composition, fatty acid composition and headspace
measurements were analysed by a one-way ANOVA (GLM procedure) using
lipid content (~ 4%,~ 10% and ~ 15%) or lipid composition (MF, CF, LF and
SOF) as main effects, with the detected differences being tested by the Tukey
post-hoc test. The Tukey test was used when the ANOVA showed a significant
effect. SPSS software (v 15.0) for windows was used for all statistic analyses.
Moreover, Pearson correlation coefficients were calculated to analyse the

relationships among variables.

RESULTS AND DISCUSSION
Characterization of experimental sausages

The chemical composition of fermented sausages elaborated with different lipid
content was as follows: (means + sd) lipid content (3.90 % + 0.91, 9.85 % %
0.60 and 14.56 % % 1.59; p<0.001), protein content (39.25 % + 1.39 for
sausages with ~ 4% lipid content, 35.54 % + 1.51 for sausages with ~ 10% lipid
content and 31.52 % + 0.82 for sausages with ~ 15% lipid content; p<0.001)
and moisture content (51.50 % £ 0.70, 48.21 % = 0.91 and 50.77 % % 0.25,
respectively for ~ 4%, ~ 10% and ~ 15% lipid content sausages; p<0.001). The
chemical composition was in good agreement with the formulation applied to
each type of sausage (Table 1). All chemical parameters were significantly
affected by lipid content, with both moisture and protein content decreasing with
lipid content. Significant differences were found in the fatty acid composition of
sausages with different lipid content (p<0.001). Sausages containing ~ 10% and
~ 15% lipid content had significantly higher percentages of monounsaturated
fatty acids (MUFA) and lower of saturated fatty acids (SFA) and
polyunsaturated fatty acids (PUFA) than those with ~ 4% lipid content (Table 1).
Lean pork contains more phospholipids and PUFA than back-fat while the latter
is rich in triglycerides and thus in MUFA, particularly in oleic acid (Cava, Ruiz,
Lopez-Bote, Martin, Garcia, Ventanas, & Antequera, 1997). Therefore, the

incorporation level of back-fat in the experimental sausages explains the higher
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proportion of MUFA in ~ 10% and ~1 5% lipid content sausages compared to ~
4% lipid content ones.
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Table 1. Formulation (%) and fatty acid profile (means * standard deviation) of fermented sausages with different lipid content and various lipid

sources MF (back-fat from Iberian pigs fed on acorns and grass), CF (back-fat from Iberian pigs fed on concentrate), LF (commercial lard) and

SOF (sunflower oil). Results are expressed in %.

LIPID CONTENT LIPID SOURCE
~4% ~10% ~15% MF CF LF SOF
Lean pork 96.84 92.93 88.11 88.11 88.11 89.00 89.00
Animal fat/vegetable fat 0.00 3.90 8.73 8.73 8.73 7.83 7.83
Sodium chloride 2.10 2.10 2.10 2.10 2.10 2.10 2.10
Additives
Glucono-delta-lactone  1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sodium nitrite 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Ascorbic acid 0.05 0.05 0.05 0.05 0.05 0.05 0.05
p p
>SFA 42.91+0.85° 38.27+0.64° 41.43+0.51° *** 41.43+0.51° 47.66+1.77°  47.22+1.07° 22.40+1.98° ***
>~MUFA 43.03+0.68° 48.78+0.58° 49.07+0.59®° *** 49.07+0.59° 45.13+1.68°  42.13+1.11° 29.76+2.70% ***
>PUFA 12.70+0.33° 11.59+0.09° 8.56+0.16° *** 8.56+0.15" 6.78+2.32° 9.92+0.31° 46.58+1.31% ***

SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids.

&° Means with different superscript differ significantly at p<0.05.

p: *** p<0.001.
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Sausages elaborated with different lipid sources had a similar (p>0.05) lipid
(14.50 % £ 1.26), protein (31.99 % £ 0.36) and moisture contents (48.39 % +
1.40). As expected, these fermented sausages showed significantly different
fatty acid profiles (p<0.001) (Table1). MF had significantly higher proportion of
total MUFA than the other sausages. In contrast, CF and LF samples had
significantly higher levels of total SFA compared to MF and SOF. Finally, SOF
samples showed a significant higher total PUFA proportion compared to the
other sausages. Experimental sausages reflected the fatty acid composition of
the lipid sources and animal fats, in turn, reflected the composition of the diets
given to the animals. Acorns are rich in MUFA (mainly oleic acid, C18:1)
whereas grass is a recognised source of n-3 fatty acids (mainly linolenic acid,
C18:2) (Rey, Daza, Lopez-Carrasco, & Lépez-Bote, 2006) which explain the
higher proportion of MUFA and PUFA found in MF compared to CF. SOF
sausages showed the highest proportion of PUFA which was expected since
vegetable oils displays a higher ratio unsaturated to saturated fatty acids than
animal fats (Liu, Huffman, & Egbert, 1991).

Effect of lipid content on lipid oxidation

TBARS and chromatographic areas of hexanal were measured in fermented

sausages with different lipid content as indicators of lipid oxidation (Figure 1).
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Figure 1. TBARS values (mg MDA/Kg sample) and chromatographic areas of hexanal
(AU x 10”) (means #* standard deviation) assessed in fermented sausages with different
lipid content. Different letters on the bars denote significant differences between means
at p<0.05.
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Results showed that lipid oxidation in fermented sausages was significantly
affected by lipid content. Increasing the lipid content (from ~ 4% to ~ 15%)
enhanced lipid oxidation as both TBARS and hexanal values increased to a
significant extent. Particularly, sausages containing ~ 10% and ~ 15% lipids
were more prone to suffer lipid oxidation reactions than those with a lower lipid
content (= 0.93, p<0.001 between lipid content and MDA values and r= 0.93,
p<0.001 between lipid content and hexanal counts). Accordingly, previous
studies have found good correlations between fat content and the level of lipid
oxidation in different meat products (Sasaki, Mitsumoto, & Kawabata, 2001;
Estévez et al., 2003). Estévez et al. (2005) reported that lipid stability of patés
was affected by lipid content and Ventanas et al. (2008) observed major volatile
compounds derived from lipid oxidation in loins with higher IMF content. It is

expected that products with higher lipid content had larger amounts of lipid-
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derived oxidation products. In the present study, the variations in fatty acid
composition between sausages with different lipid content may also have had
an influence. Moreover, Estévez, Kylli, Puolanne, Kivikari, and Heinonen
(2008a) observed that myofibrillar proteins had a clear protective role against
lipid oxidation as emulsions with the highest amount of myofibrillar proteins
showed the lowest lipid oxidation values. Some particular proteins residues (i.e.
sulphur-containing) are known to display antioxidant protection against other
susceptible protein residues (sacrificial protection) and against lipids (Levine,
Berlett, Moskovitz, Mosoni, & Stadtman, 1999; Diaz & Decker, 2004).
Therefore, the lower extent of lipid oxidation in sausages containing ~ 4% lipid
may be the result of the combination of an increased stability due to a lower
lipid content and a potential protective effect of a larger amount of proteins in

the product.
Effect of lipid content on protein carbonylation

Lipid content had a significant impact on the extent of protein carbonylation as
assessed by the amount of AAS and GGS (Figure 2). Sausages with an
intermediate lipid content (~ 10%) had the highest levels of both AAS and GGS
but results derived from AAS carbonyl show no significant differences between
sausages containing ~ 10% and ~ 4% lipid (Figure 2). Furthermore, higher

amounts of AAS were found in all products compared to GGS.

Figure 2. Amount of AAS and GGS in fermented sausages with different lipid content.

Different letters on the bars denote statistical differences (p<0.05) between means.
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However, different results were obtained when protein oxidation was measured
using the DNPH method (Figure 3).

Figure 3. Amount of total protein carbonyls (Nmol carbonyls/mg protein) in fermented
sausages with different lipid content (~ 4%, ~ 10% and ~ 15%) using the DNPH
method. Different letters on the bars denote statistical differences (p<0.05) between

means
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[\
|
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These results showed a decrease in total carbonyls content as lipid content
increased (r= -0.86; p<0.001), and samples with ~ 4% lipid content had the
highest level of total carbonyls compared to the rest of samples. Contradictory
results were reported by Estévez et al. (2005) in liver patés with different fat
content since samples with a higher MDA content also showed higher carbonyls
measured using the DNPH method. However, in this previous study, liver patés
showed a similar protein content while in the present study, the protein content
of sausages decreased with lipid content (r= -0.99; p<0.001) (section 3.1). The
inconsistent results obtained using both protein oxidation measurements can be
caused by the different methodology employed. Protein semialdehydes
analysed using HPLC-FLD are specific and reliable indicators of protein

oxidation in muscle foods (Armenteros et al., 2009; Estévez et al., 2009). In
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contrast, the DNPH method is non-specific since it is limited to provide an
estimation of the total protein carbonyls formed by indefinite pathways during
the oxidative process and may include, in some cases, lipid-derived carbonyls
(Estévez et al., 2008a; Armenteros et al., 2009). Previous studies have also
reported lack of consistency between both methods when applied to diverse
meat products (Ganhdo et al., 2010; Rodriguez-Carpena, Morcuende, &
Estévez, 2011; Armenteros et al., 2009).

The mechanisms and reaction pathways for the oxidation of lipids and proteins
are different but directly linked as both processes may be affected by similar
pro-oxidant and antioxidant factors (Stadtman, & Levine, 2000; Estévez et al.,
2008a). The timely interaction between lipid and protein oxidation has been
described in food systems (Viljanen, Kylli, Kivikari, & Heinonen, 2004).
Correlation between both oxidative phenomena was clearly observed in ~ 10%
lipid content. However, in products with ~ 15% lipid content in which the lipid
oxidation showed the largest extent, the amount of AAS and GGS was similar to
those found in samples with ~ 4% lipid content (Figure 2). In general, no
significant correlations (p>0.05) between lipid (MDA and hexanal) and protein
oxidation (AAS and GGS) were found. Once the oxidative reactions commence,
the measurable changes indicate that lipid oxidation would progress faster than
the oxidative degradation of myofibrillar proteins (Estévez et al., 2008a,
Estévez, Morcuende, & Ventanas, 2008b). Furthermore, Estévez et al. (2009)
and Estévez and Heinonen (2010) reported that the initial increase of AAS and
GGS as a result of the in vitro metal-catalyzed oxidation of myofibrillar proteins
was followed by a significant decrease of both compounds. The authors
hypothesized whether the apparent net loss of protein carbonyls at prolonged
oxidation rates may be caused by the implication of such compounds as
reactants in advanced reactions (Estévez, 2011). Therefore, results observed in
sausages containing ~ 15% lipid content could be affected by the higher lipid
content in these samples. More intense lipid oxidative reactions in this type of
samples could have promoted a faster progress in protein oxidative reactions
and the involvement of protein carbonyls in further reactions during ripening
process of sausages. As reported by Estévez (2011), intense lipid oxidation

phenomena would enhance the loss of AAS upon reaction with lipid-derived
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products to form Schiff bases and other complex end-products. This
phenomenon could explain the lack of a clear and significant correlation

between lipid and protein oxidation measurements.

Finally, a larger extent of protein oxidation could have been expected in
samples with ~ 4% lipids compared to those containing ~ 10% lipids as the
former had a significantly higher protein content. These results are in good
agreement with Levine et al., (1999) who reported that peptides and amino
acids could act as inhibitors of protein oxidation and therefore, proteins would
be able to protect themselves from oxidative damage. The antioxidant
properties of proteins are attributed to the cooperative effect of a variety of
properties including the ability of aromatic and sulphur-containing amino acids
to scavenge free radicals, and the capacity to act as metal-ion chelators (Diaz,
& Decker, 2004; Kaul, Sharma, & Mehta, 2008). Furthermore, Saigas, Tanabe,
and Nishimura (2003) demonstrated that some peptides from porcine
myofibrillar proteins display an antioxidant potential equivalent to that of a-
tocopherol.

Effect of lipid composition on lipid oxidation

Figure 4 shows the results of lipid oxidation measurements (hexanal and TBA)
in fermented sausages elaborated with different lipid sources (MF, CF, LF and
SOF) and thus varying in fatty acid composition. Lipid source had a significant
effect on lipid oxidation (p<0.001) since CF sausages showed significantly
higher TBARS values compared to the rest of products, although no significant
differences were detected compared to MF counterparts. Sausages elaborated
with LF displayed the significantly lowest TBARS values while SOF had
intermediate values. Similarly, hexanal results confirmed the great susceptibility
of CF sausages to undergo lipid oxidation although no significant differences
were found compared to SOF samples which showed the highest hexanal
concentration. In agreement with TBARS numbers, sausages elaborated with
LF had the significantly lowest hexanal counts. According to Shahidi and Pegg,
(1994) hexanal derives from the oxidation of particular PUFA, mainly linoleic
acid. The higher PUFA content, the higher the susceptibility of muscle to lipid
oxidation (Shahidi & Pegg, 1994) due to the presence of labile double bonds
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and this is reflected in the results obtained in the present study. To this regard,
a positive and significant correlation between PUFA level and hexanal values
was found (r= 0.58; p<0.001). Results from hexanal and TBARS are partly in
disagreement, as the analysis of the latter enabled the detection of significant
differences between CF sausages (more prone to lipid oxidation) and the MF
counterparts. Moreover, the SOF and CF sausages were the most prone to lipid
oxidation according to hexanal results while CF and MF sausages showed the
highest values according to TBARS results. The disadvantages of using TBARS
as an index of lipid oxidation in dry-cured products have been previously
reported by Ventanas et al., (2006). TBARS increase during the first stages of
processing of Iberian dry-cured ham (salting/post-salting) and decrease at the
final stages (drying) (Andrés, Cava, Ventanas, Muriel, & Ruiz, 2004). Moreover,
as a consequence of the presence of residual nitrite in cured-products, MDA
could undergo nitrosation reactions making all or part of the MDA unreactive for
TBARS determination, leading to TBA numbers lower than expected
(Kolodziejska, Skonieczny, & Rubin, 1990). In addition, MDA is known to
interact with proteins through the formation of covalent linkages via Schiff base
formation (Estévez, 2011). However, agreeing with TBARS results from the
present study, some authors have reported significantly lower amounts of lipid
oxidation products in dry-cured sausages (Muguerza, Gimeno, Ansorena,
Bloukas, & Astiasaran, 2001; Ansorena & Astiasaran, 2004) and burger patties
(Rodriguez-Carpena et al., 2012) produced with olive or high-oleic sunflower oil
than in their control counterparts. In contrast, results from other studies support
that using olive and other vegetable oils for the manufacture of processed
muscle foods enhances the oxidative instability of the final product (Kayaardi
&Gok, 2003; Choi et al., 2010). Furthermore, a recent study carried out by
Rodriguez-Carpena, et al. (2012) reported a large concentration of a-tocopherol
(51.90 mg tocopherol/100 g oil) in the same sunflower oil used for the
manufacture of the present SOF sausages. This antioxidant may have
contributed to inhibit TBARS numbers but was unable to control the formation of
hexanal. In relation to the effect of the added animal-source fats, Ventanas,
Ventanas, Tovar, Garcia & Estévez, (2007) reported that muscles from pigs fed
extensively had large levels of a- and y-tocopherols derived from acorns and

grass which enhanced the oxidative stability of such samples. In addition,
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Estévez, Ventanas, & Cava, (2007) isolated phenolic compounds from tissues
of free-range reared Iberian pigs which can have been accumulated as a result
of the intake of natural resources. Therefore, the higher level of antioxidants
placed in back-fat from pigs fed on acorns and grass may be the main
responsible for lower hexanal levels in MF samples compared to CF
counterparts. The lowest lipid oxidation in LF samples could be caused by the
presence of BHA (butylated hydroxyanisole; E-320) and citric acid (E-330) in
accordance to the formulation of the commercial lard. Synthetic phenolic
antioxidants are commonly added to lipid foods to control oxidative reactions

(Moure, Cruz, Franco, Dominguez, Sineiro, & Dominguez, 2001).

Figure 4. TBARS values (mg MDA/Kg sample) and chromatographic areas of hexanal
(AU x 10") (means * standard deviation) assessed in fermented sausages
manufactured with different lipid sources: MF (back-fat from Iberian pigs fed on acorns
and grass), CF (back-fat from Iberian pigs fed on concentrate), LF (commerial lard) and
SOF (sunflower oil). Different letters on the bars denote statistical differences (p<0.05)

between means.
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Effect of lipid composition on protein carbonylation

Results (Figure 5) revealed that the nature of the lipid used for the manufacture
of fermented sausages significantly affected the formation of AAS and GGS
with the CF samples showing the highest (p<0.001) amount of these protein
carbonyls. Moreover, SOF samples showed the lowest values for these
carbonyls compounds. Finally, all experimental sausages showed higher
amount of AAS than that of GGS.

Figure 5. Amount of AAS and GGS in fermented sausages manufactured with different
lipid sources: MF (back-fat from Iberian pigs fed on acorns and grass), CF (back-fat
from Iberian pigs fed on concentrate), LF (commercial lard) and SOF (sunflower oil).

Different letters on the bars denote statistical differences (p<0.05) between means
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The results obtained using the DNPH method also showed a higher amount of
total carbonyls in CF samples and the lowest amount of total carbonyls in the
MF and SOF counterparts (Figure 6).
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Figure 6. Amount of total protein carbonyls (Nmol carbonyls/mg protein) in fermented
sausages manufactured with different lipid sources: MF (back-fat from Iberian pigs fed
on acorns and grass), CF (back-fat from Iberian pigs fed on concentrate), LF
(commercial lard) and SOF (sunflower oil) by the DNPH method. Different letters on the

bars denote statistical differences (p<0.05) between means
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Similarly to the results regarding the effect of lipid content and previously
reported, the sum of AAS and GGS detected in the fermented sausages was
lower than the total amount of protein carbonyls analysed using the DNPH
method. The DNPH can also be attached to lipid-derived carbonyls, such as
MDA, leading to an overestimation of the total amount of protein carbonyls
(Estévez, 2011). According to previous scientific evidences, both carbonyls may
account for up to the 70 % of the total amount of protein carbonyls as analyzed
by the DNPH method (Utrera et al., 2011). The formation of AAS and GGS from
myofibrillar proteins involves the oxidative deamination of the original amino
acids, namely lysine, proline and arginine, in the presence of ROS and

transition metals such as iron (Estévez et al., 2009).

Whereas oxidizing lipids and proteins are known to interact in complex food
systems, the influence of lipid content and composition on the stability of meat
proteins in a fermented product was, up to know, unknown. As for lipid

oxidation, the clear influence of the lipid composition on protein carbonylation
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may theoretically respond to a combined effect of the fatty acid composition and
the presence in such fats and oils of compounds with antioxidant activity. A
more intense lipid oxidation phenomenon may lead to a more intense protein
oxidation as lipid radicals and other early lipid oxidation products could initiate
the oxidative degradation of particular amino acid residues (Estévez, 2011). In
the present study, however, such connection was not observed. The intense
hexanal formation occurred in SOF samples and ascribed to the large
proportion of PUFA is not in line with the low protein oxidation markers found in
these sausages. The present results suggest that other factors linked to the lipid
composition, such as the presence of antioxidant compounds, played a more
influential role on protein carbonylation. Previous studies have reported the
effectiveness of a-tocopherol and carotenoids as inhibitors of protein oxidation
in muscle foods (Estévez, 2011). On the contrary, the modification of the fatty
acid composition of the meat through dietary means has a negligible impact on
meat protein oxidation (Estévez, 2011). Santé-Lhoutellier, Engel, Aubry, and
Gatellier, (2008) found a negative correlation between protein carbonylation in
lamb meat and vitamin E level showing a protective effect of vitamin E against
protein oxidation. Estévez, Ventanas, and Cava, (2006) also found a protective
effect of synthetic antioxidants such as BHT on proteins from processed meat
products. Agreeing with these results, in the present study, the likely presence
of antioxidants in SOF, MF and LF sausages as previously reported would
explain the higher stability against protein oxidation in these products compared
to the CF counterparts. A similar effect was observed by Estévez and Cava,
(2004) in meat emulsions (liver paté) manufactured with tissues from Iberian
pigs fed on pasture and acorns compared to those elaborated with tissues from
pigs fed on concentrates. In line with the present results, tocopherols and a
wide range of phenolic compounds have been found to inhibit the formation of
AAS and GGS in myofibrillar proteins oxidized in vitro (Estévez & Heinonen,
2010). Consequently, the high concentration of tocopherols in the vegetable oil
would explain the lower extent of protein carbonylation in SOF samples. The
benefits of this potential antioxidant effect on proteins may include nutritional
aspects (protection against loss of essential amino acids). However, compared
to lipid oxidation results, the higher content of PUFA in SOF samples (Table 1)

would have limited the protective effect of a-tocopherol against lipid oxidation
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phenomenon measured as hexanal content (Figure 4). As a result, it is worth-
noting that the impact of the composition of the lipid fraction of a meat product
in terms of fatty acid composition and antioxidant compounds is different on
lipids and proteins, highlighting the different mechanism involved in both lipid

and protein oxidation phenomena.

CONCLUSIONS

Lipid content and lipid source had a marked influence on lipid and protein
oxidation although both phenomena seemed not to be governed by similar
mechanisms. Fatty acid composition and presence of antioxidant compounds
had a marked influence on the oxidative stability of lipids while proteins seemed
not to be particularly affected by the fatty acid composition of the samples.
Taking into consideration the relevant consequences of both, lipid and protein
oxidation, the amount and characteristics of the fat added to a meat product
should be carefully considered to enhance its nutritional and sensory quality.
Since lipids and proteins respond different to modification in the lipid fraction,
further studies should focus on novel formulation strategies aimed to minimize

both lipid and protein oxidation in processed meat products.
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Abstract

The effect of HHP treatment (600 MPa) on the oxidative stability of lipids and
proteins of vacuum-packaged Iberian dry-cured ham and the impact on the
sensory characteristics of the product was investigated. In order to assess how
different commercial presentations are affected by HHP treatment, three
different formats of presentation of vacuum-packaged Iberian dry-cured ham
were considered, namely, i) intact format (IF) corresponding to non-sliced
vacuum-packaged dry-cured ham, ii) conventional sliced format (CSF)
corresponding to dry-cured ham slices placed stretched out in the package and
iii) alternative sliced format (ASF) corresponding to dry-cured ham slices piled
up horizontally. The oxidation of dry-cured ham lipids and proteins was
enhanced by HHP-treatment with the type of format being highly influential on
these oxidative reactions. Pre-slicing dry-cured ham results in a more
susceptible product to undergo oxidative reactions during pressurisation and the
subsequent refrigerated storage. Plausible mechanisms, by which HHP-induced
oxidative reactions would affect particular sensory traits in vacuum packaged
Iberian dry-cured ham such as colour, texture and flavour attributes, are

discussed in the present paper.

Keywords

Dry-cured ham, High pressure treatment, Lipid oxidation, Protein oxidation,

Sensory traits, Vacuum- packaged format.
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INTRODUCTION

The Iberian dry-cured ham is a traditional processed Spanish meat product
highly appreciated by Spanish consumers and of increasing interest amongst
emerging markets abroad such as those in Northern Europe, Japan and USA.
Dry-cured meats from Iberian pigs are high quality products mostly due to their
particular sensory features achieved after two-year average period of ripening
(Ventanas, Ventanas, Ruiz, & Estévez, 2005). Post-processed operations
including deboning, slicing and packaging are critical steps since they can
contribute to cross-contamination phenomena which affects the shelf life and
safety of the product. In addition, Iberian dry-cured ham is commonly exhibited
in refrigerated display cabinets with this storage having a great impact on its
quality since the physico-chemical and thus, the sensory characteristics of the
product are considerably modified (Andrés, Adamsen, Mgller, Ruiz, & Skibsted,
2006). In recent years, slicing followed by vacuum or modified atmosphere
packaging are the most widespread methods to avoid the unpleasant sensory
changes and the safety threats (Adamsen, Hansen, Méller, & Skibsted, 2003;
Garcia-Esteban, Ansorena, & Astiasaran, 2004). Thus, the diversification of the
appearance of the product is a major concern of dry-cured ham producers and
retailers, with the sliced packaging resulting in a more convenient and easy-to-

handle product.

High-pressure (HHP) processing at 600 MPa has been confirmed as an efficient
non-thermal technology for the preservation of sliced dry-cured ham. This
emerging technology enables the reduction of microorganisms linked to
spoilage while keeping the surviving microbiota at low levels during the
subsequent storage (Garriga, Grébol, Aymerich, Monfort, & Hugas, 2004). The
application of HHP to sliced dry-cured ham is required for products to be sold in
countries with demanding safety regulations such as USA and Japan. However,
previous studies has also confirmed that HHP promotes lipid oxidation and
volatile formation and induces colour changes in sliced dry-cured ham (Andres,
Mgller, Adamsen, & Skibsted, 2004; Andrés, et al., 2006; Rivas-Cafedo,
Fernandez-Garcia, & Nufez, 2009). Moreover, HHP is known to affect the
sensory characteristics of meat products (Mor-Mor, & Yuste, 2003) while the
influence of HHP on sensory properties of dry-cured ham is currently unknown.
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Lipid oxidation is one of the main factors limiting the quality and acceptability of
meats and meat products (Morrissey, Sheehy, Galvin, Kerry, & Buckley, 1998).
Muscle proteins are also susceptible to oxidative reactions initiated by oxidizing
lipids, metal ions and other pro-oxidants generated during meat processing
(Xiong, & Decker, 1995; Estévez, Kylli, Puolanne, Kivikari, & Heinonen, 2008a).
The oxidation of muscle proteins involves the loss of essential amino acids and
decreases protein digestibility affecting the nutritional value of meat (revised by
Xiong, 2000). Moreover, colour and texture deterioration of meat has been
related to protein oxidation phenomenon (Estévez, Ventanas, & Cava, 2005).
The formation of carbonyl compounds is one of the most remarkable changes
occurring during the oxidation of proteins, with the quantification of the total
protein carbonyls using the 2,4-dinitrophenylhydrazine (DNPH) method being
routine technique for the assessment of protein oxidation in muscle foods
(Oliver, Ahn, Moerman, Goldstein, & Stadtman, 1987; Lund, Lametsch, Hyviid,
Jensen, & Skibsted, 2007; Estévez et al.,, 2008a). The DNPH method is,
however, a non-specific method since it is limited to measure the total amount
of a variety of carbonyl derivatives formed through unspecific pathways during
the oxidative process. More recently, Estevez, Ollilainen, & Heinonen, (2009)
developed a specific method to detect particular protein carbonyls namely, o-
aminoadipic and y-glutamic semialdehydes (AAS and GGS, respectively) using
liquid-chromatography-electrospray ionisation-mass spectrometry (LC-ESI-MS)
in myofibrillar proteins. This method has been successfully applied in various
meat products which confirm the potential use of both semialdehydes as
indicators of protein oxidation (Armenteros, Heinonen, Ollilainen, Toldra, &
Estévez, 2009). The impact of HHP on the oxidative degradation of myofibrillar
proteins is poorly understood and the specific oxidation products AAS and GGS
have never been detected in meats subjected to HHP. The aim of the present
study was to investigate the effect of HHP treatment (600 MPa) on the oxidative
stability of lipids and proteins of vacuum-packaged |berian dry-cured ham and
the impact on the sensory characteristics of the product. In order to study the
influence of different commercial presentations on the effectiveness and
consequences of HHP treatment, three different formats of presentation of

sliced and vacuum-packaged dry-cured ham were considered.
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MATERIAL AND METHODS
Sampling, packaging and pressure treatment

Dry-cured hams (7.5 kg average) from free-range reared Iberian pigs fed on
grass and commercial concentrates during the finish fattening period (60 days
prior to slaughter) and slaughtered at 160 kg live weight and 12 months of age
(Campo, DOP Dehesa de Extremadura). The hams were processed in a
traditional way that includes two defined steps: salting/post-salting and ripening
(Estévez, Morcuende, Ventanas, & Ventanas, 2008b). During the first period
(4—6 months), low temperatures (0—-3 °C) were combined with a high relative
humidity (80-90 %) to reduce the risk of bacterial spoilage. Then, the hams
were ripened for 15 months in a cellar at temperatures ranging from 10 to 27 °C
and relative humidity of 58-80 %. Once the ripening process was finished
(aw~0.90), dry-cured hams were deboned and subsequently the muscle Biceps
femoris was extracted. Afterwards, muscles were sliced (1 mm thickness) and
vacuum-packaged (polyamide and polyethylene in the upper film with 34.0
cm¥m? permeability to O, at 23 °C and 85 % HR; polyamide and polyethylene in
the lower film with 18.0 cm*m? permeability to O, at 23 °C and 85 % HR) in
Mobepack company (Salamanca, Spain) using three different formats of
presentation: i) intact format (IF) corresponding to non-sliced vacuum-packaged
dry-cured ham, ii) conventional sliced format (CSF) corresponding to dry-cured
ham slices placed stretched out in the package and iii) alternative sliced format
(ASF) corresponding to dry-cured ham slices piled up horizontally. A total of 104
packages (90 g) were obtained and half of the packages were subjected to HHP
treatment in CENTA Institute (Monells, Girona, Spain). Packages of dry-cured
ham were pressurized at 600 Mpa for 6 minutes in a thermostatic bath set at 12
°C (NC Hyperbaric Wave 6500/120; 120 litres and 6500 bars). Subsequently, all
batches (pressurized and control) were refrigerated (4 °C) under white
fluorescent light (620 lux) following a light/darkness cycle of 12 hours during

one month reproducing the preservation conditions during retail display.
Physico- chemical analysis

Proximate chemical composition of Iberian dry-cured hams for IF and non

pressurize samples was (meanszt standard deviation): pH 5.7 + 0.03, moisture
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48.04% £ 0.42 (AOAC, 1984), aw 0.9 = 0.002, intramuscular fat (IMF) 12.8 %
1+1.64 (Folch et al 1957), chloride content 3.5 % % 1.04 (AOAC, 1984), protein
37.4% = 0.56 (Kjeldahl, 1ISO, 1978) and myoglobin 1.8 % + 0.41 (Hornsey,
1956).

Colour analysis

Instrumental colour (CIE L* a* b*; CIE, 1976) was measured on the surface of
all Iberian dry-cured hams using a Minolta chromameter CR- 300 (Minolta
Camera Corp., Meter Division, Ramsey, NJ). All measurements were made in
triplicate. Three colour indices were obtained: L* (lightness), a* (redness) and b*
(yellowness) values. Before each measurement the equipment was
standardised against a white tile. D 65 illuminant and 0 ° standard observer
angle were used. Measurements were performed on the first, second and the
last slice for the CSF and ASF batches. Analyses were carried out at 18°C
before the sensory analysis of the same samples. A numerical total colour
difference (AE) between treated (t) and control (c) was calculated using the

following formula:

AEt_c= [(L*t_ L*C)2+ (a*t_ a*c)2+ (b*t _b*c)2]1/2

Analysis of AAS and GGS using LC-ESI-MS

Standard AAS and GGS were synthesised in vitro from N-acetyl-L-lysine and N-
acetyl-L-ornithine using lysyl oxidase activity from egg shell membrane following
the procedure described by Akagawa et al. (2006). AAS and GGS were
analysed in Iberian dry-cured ham samples following a derivatisation procedure
and a LC-ESI-MS technique described by Akagawa et al. (2006) and Estévez
et al. (2009), respectively. Dry-cured ham samples were cut, minced and
subsequently homogenized 1:10 (w/v) in 10 mM phosphate buffer containing
0.6 M NaCl using an ultraturrax homogenizer for 30 s. Aliquots of 200 pl were
dispensed in eppendorf tubes and precipitated with 2 ml of 10 % TCA and
centrifuged at 670 x g for 30 min. The supernatants were removed and the
resulting pellets treated with 2 ml of 5 % TCA and subsequently centrifuged at

4200 x g for 5 min. Then, protein carbonyl groups were derivatized as follows:
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first, 500 pyl of 260 mM 2-(N-morpholino)ethanesulfonic acid (MES) buffer
containing 1 % sodium dodecyl sulfate (SDS) and 1 mM
diethylenetriaminepentaacetic acid (DTPA) were added to each sample. In
addition, 500 pl of 250 mM MES buffer containing 50 mM of para-amino benzoic
acid (ABA) and 500 pl250 mM MES buffer containing 100 mM NaCNBH3 were
also added. The mixture was incubated in a bath at 37 °C for 1 h and stirred
regularly. Afterwards, the protein was again precipitated by the addition of 500
Ml of 50 % TCA, and centrifuged for 10 min at 16770 x g. The supernatants
were removed and the pellets were washed with 1 ml of 10 % TCA and then
washed twice with 1 ml of ethanol/diethyl ether 1:1 (v/v), shaken, and
centrifuged for 5 min at 16770 x g. Then, the precipitates were hydrolysed with
6 N HCI at 110 °C for 18 h. The protein hydrolysates were dried using a rotatory
evaporator at 40 °C and finally the dried extracts were redissolved in 200 pl
milliQ water. Samples (2 pl) were injected into an Agilent 1100 series HHPLC
(Agilent Technologies, Palo Alto, CA, USA) equipped with a Luna reversed-
phase (RP) column (5 ym C18 Il column, 150 x 1.00 mm i.d. Phenomenex
Torrance, CA, USA) eluted at a flow rate of 50 pl/min with isocratic water-2.5 %
acetic acid (solvent A; 95 %) and methanol-2.5% acetic acid (solvent B; 5 %).
The column was operated at a constant temperature of 30 °C. MS analysis was
carried out on an Esquire-LC quadrupole ion trap mass spectrometer equipped
with an ESI interface (Bruker Daltonics, Bremen, Germany) and LC-MSD Trap
software, version 5.2 (Bruker Daltonics). Capillary voltage was 3500 V, capillary
exit offset 25 V, skimmer potential 15 V, and the trap drive value was 36.
Conventional ESI-MS data were recorded using a scan range of 100— 700 m/z.
Nebulizer (nitrogen) pressure was 50 psi, dry gas (nitrogen) flow 8 I/min, and
dry temperature 300 °C. Identification of both semialdehydes was confirmed by
positive matches for retention time, mass spectra and fragmentation pattern
with the standard compounds. The peaks corresponding to the molecular ions
of AAS-ABA and GGS-ABA were manually integrated from extracted ion
chromatograms (EIC) and the resulting areas used as arbitrary indicators of the
abundance of both semialdehydes.
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Volatile aldehydes analysis

Volatile aldehydes were analysed by headspace-SPME and GC/MS (gas
chromatograph Hewlett—Packard 5890 serie Il coupled to a mass selective
detector Hewlett—-Packard HHP-5791A) following the method developed by
Andres et al. (2004). One gram of minced sample was weighed into a 4 ml vial.
All vials were closed with a teflon/silicone septum. An SPME fibre (50/30 um
divinilbenzene-carboxen-polidimethylsiloxane coating) was inserted through the
septum and exposed to the headspace of the vial. Vials were preconditioned for
15 min at 37 °C. Extraction was carried out at 37 °C for 30 min in a water bath.
After extraction, the SPME fibre was immediately transferred to the injector of
the chromatograph which was in splittess mode at 270 °C. The separation of
volatile compounds was performed on a 5 % phenyl-methyl silicone (HHP-5)
bonded phase fused silica capillary column (Hewlett—Packard, 50 m x 0.32 mm
i.d, film thickness 1.05 ym), operating at 6 psi of column head pressure. Oven
programme was: 40 °C for 10 min, 5 °C min™' to 200 °C, 15 °C min™ to 250 °C,
and held 250 °C for 10 min. Transfer line to the mass spectrometer was
maintained at 270 °C. The mass spectra were obtained using a mass selective
detector by electronic impact at 70 eV, a multiplier voltage of 1756 V and
collecting data at a rate of 1 scan s over the m/z range 30-500. Volatile
compounds were tentatively identified by comparing their mass spectrum with
those reported in the Willey Library and by comparing their mass spectrum
and/or LRI with those reported in the NIST data-base (www.webbook.nist.gov)

Results are given in area units (AU).
Sensory analysis

All Iberian dry-cured ham batches were evaluated using the quantitative
descriptive analysis (QDA) method (Ruiz, Ventanas, Cava, Timén, & Garcia,
1998) by a trained panel (n=12). Twenty-one attributes grouped in appearance,
odour, texture and flavour of lean and in appearance and texture of fat were
evaluated. The external fat and the lean of each slice were separately
evaluated. The intact batches were sliced (1mm) during the sessions using a
commercial slicing machine. A total of 8 sessions were done in a four-booth

sensory panel room equipped with white fluorescent light. Sample order was
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randomised following the William Latin Square Design. In each session, three
slices (1mm) per batch were given to the assessors and three batches were
evaluated within the same session. Firstly, slices were pre-conditioned at 16 °C
and subsequently served on glass plates at room temperature (~ 21 °C) with a
glass of water (150 ml). Assessors used a 10 cm linear non-structured
quantitative scale with verbal extremes, “less” to “more” for all attributes but for
red shade ‘“red” to “brown”. FIZZ Network (v. 1.01: Biosystemes, France)

program was used for collecting the data.
Statistic analysis

Data from instrumental colour, lipid and protein oxidation measurements were
analysed by two-way ANOVA (GLM procedure) with treatment (treated and
control) and type of format as main factors. Data from sensory analysis (QDA)
were analyzed by three way (repeated measures) (GLM procedure) ANOVA to
evaluate the main effects of treatment and type of format and their interaction.
In this model, type of treatment (control or HHP), type of format (IF, CSF or
ASF) and replications (session 1, 2, 3 or 4) were included as within-subject
factors. A principal component analysis (PCA) was carried out with data
obtained from sensory analysis, volatile aldehydes analysis, protein oxidation
analysis and instrumental colour measurements. All statistical analyses were

conducted using the software SPSS (v 15.0) for windows.

RESULTS AND DISCUSSION
Lipid and protein oxidation

Amongst all volatiles found in the headspace of dry-cured hams, four aldehydes
(pentanal, hexanal, heptanal and nonanal) were detected in all batches and
used as indicators of lipid oxidation (Table 1). Lipid oxidation is a major factor
reducing quality and acceptability of meat products (Morrissey et al., 1998).
Aldehydes are main secondary products of lipid oxidation and are considered
main contributors to Iberian ham flavour (Ruiz, Muriel, & Ventanas, 2002a).
Lipid-derived volatiles such as the aldehydes detected in the present study, are
formed from the breakdown of hydroperoxides and other reactive-oxygen
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species formed at early stages of the oxidative reaction (Estévez, Morcuende, &
Ventanas, 2008c). Amongst them, the most abundant in the headspace of the
present samples were hexanal and pentanal. Specific Strecker aldehydes, such
as 3-methylbutanal, were also found in large quantities. The Strecker
degradation of amino acids is a minor pathway of the Maillard reactions
(Cremer, & Eichner, 2000) and involves the oxidative deamination and
decarboxylation of a-amino acids in the presence of lipid carbonyls such as
volatile aldehydes (Hidalgo, & Zamora, 2004). HHP treatment significantly
enhanced the formation of lipid-derived aldehydes in dry-cured hams (Table 1).
According to Andrés et al. (2004), HHP has little effect on lipid oxidation below
300 MPa but this effect increases proportionally at higher pressures. In fact,
treatments between 300 and 400 MPa appears to be critical for inducing
marked changes in meat. Taking into account the relatively intense HHP
treatment applied to dry-cured ham in the present study (600 MPa) the impact
of HHP on lipid oxidation was expected. HHP accelerates the formation and
breakdown of hydroperoxides and hence, the chain reactions involved in lipid
oxidation (Cheftel, & Culioli, 1997). In addition, HHP is known to cause the
disruption of muscle tissue which enhances the catalyst effect of oxidation
promoters like transition metals (Cheftel et al., 1997). In fact, heme and non-
heme iron are thought to be also involved in the promotion of lipid oxidation in
meats treated with HHP and subjected to a subsequent refrigerated storage in
the presence of oxygen (Cheah, & Ledward, 1996). The above mechanisms
would explain the significant increase of lipid oxidation products recorded in dry-

cured hams in the present study.
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Table 1. Chromatographic areas (AU x 10°) (mean + standard deviation) of volatile aldehydes detected in non-treated or treated dry-cured ham

with high pressure (control vs. HHP) and vacuum-packaged in three different formats (Intact vs. Conventional-sliced format vs. Alternative-

sliced format). p-values® of both factors (treatment: T and type of format: F) and interaction (T*F).

Control

HHP

Intact

Conventional-sliced

Alternative-sliced

Intact

Conventional-sliced

Alternative-sliced

Hexanal

3-methylbutanal

2-methylbutanal

Pentanal

Heptanal

Octanal

57.04+ 0.34°

28.18+2.76°

14.28+4.70%°

12.67+2.11>

4.75+0.88°

1.69+0.33°

63.11+ 16.63°

39.36+2.89°

16.49+2.44°

16.74+2.13%

5.61+0.22%°

2.16+0.68%

65.57+ 15.91°

30.67+4.94%°

12.49+0.98%°

10.30+2.36

3.43+0.34¢°

1.87+0.25%

71.88+ 20.90°

36.86+1.82%

11.61+1.70%°

4.72+1.49°

5.71+0.31%°

2.52+0.46%
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111.41+ 13.46°

28.65+1.91°

10.90+1.20°

21.7414.39°

7.78+0.33°

2.44+1.42%

113.5+ 20.37°

34.06+5.35%°

12.05+1.562°

20.214+2.33°

5.95+0.12°

3.41+0.35°

p-values?
T F TF
*kk * nS

ns ns ***

*%

ns ns
* Kkk kkk
ke Kkk ok

** ns ns



Nonanal

1.35+0.13 0.73+0.05 1.17+0.66 1.37+0.48 1.65+0.71

1.63+0.48

ns

ns

4p-values: ns: p>0.05; *p<0.05, **p<0.01, ***p<0.001.

Different letters within the same row denote significant differences between means at p<0.05.
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The HHP had also a significant effect on muscle proteins. The relative amounts
of the protein oxidation products, AAS-ABA and GGS-ABA, as obtained from
EIC chromatograms, are shown in Figure 1a and 1b, respectively. Both
compounds were positively identified by the retention times (GGS: 14.5 min;
AAS: 28.4 min), mass spectra (GGS: m/z 253; AAS: m/z 267) and
fragmentation pattern, that were identical to those shown by the standard
compounds (Armenteros et al., 2009). In general, higher amounts of AAS were
detected in all batches compared to GGS. HHP treatment caused a significant
(p<0.001) increase of AAS and GGS counts in all batches.

Whereas the role played by muscle proteins on the occurrence and intensity of
oxidative reactions in HHP-treated meats has been profusely discussed, a
further updated reconsideration is required. Early studies dealing with the effect
of HHP on muscle proteins mainly focused on the effect temperature and
pressure on protein denaturation (Wada, 1992; Cheah et al., 1996). In fact,
Wada (1992) suggested that lipid oxidation after HHP treatment is influenced by
the co-operative effect of denatured proteins although the precise interaction
mechanisms between oxidizing lipids and denatured proteins were not fully
clarified. Other authors focused on the enhanced catalytic effect of non-heme
iron which is released from heme pigments as a result of the HHP treatment
(Cheah et al.,, 1996). The same authors consistently reported in subsequent
studies that the acceleration of lipid oxidation in meat treated by HHP might be
attributed to the release of iron from heme or non-heme compounds rather than
to other protein changes (Cheah, & Ledward, 1997; Ma, Ledward, Zamri,
Frazier, & Zhou, 2007). Thus far, the fact that myofibrillar proteins are also
targets for ROS and therefore, susceptible to oxidation has not been considered
in this discussion. The present study proves that muscle proteins are oxidized
as a result of HHP treatment and the following refrigerated storage. The
formation of carbonyl compounds is one of the most remarkable changes
occurring during the oxidation of proteins (Stadtman, & Levine, 2000; Requena,
Levine, & Stadtman, 2003). Previous studies approached the occurrence of
protein oxidation in HHP-treated meats although their results were partially
inconsistent. Cava, Ladero, Gonzalez, Carrasco, and Ramirez, (2009) found no

increase of protein carbonyls in meats subjected to mild HHP treatments (200-
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300 MPa). However, the methodology employed by the aforementioned authors
is much less sensitive and less specific than that used in the present study. The
protein semialdehydes analyzed in the present study were recently detected for
the first time in oxidized myofibrillar proteins using LC-ESI-MS and highlighted
as reliable indicators of protein oxidation in muscle foods (Estévez et al., 2009;
Armenteros et al., 2009). In general terms, the mechanisms and reaction
pathways for the oxidation of lipids and proteins are highly different but directly
linked as both processes may be affected by similar pro-oxidant and antioxidant
factors (Stadtman et al., 2000; Estévez et al., 2008a). Specifically, the formation
of AAS and GGS from myofibrillar proteins involves the oxidative deamination of
the original amino acids, namely lysine, proline and arginine, in the presence of
ROS and transition metals such as iron (Estévez et al., 2009). Therefore, the
enhanced ability of non-heme iron at promoting lipid oxidation in HHP-treated
meats (Cheah et al., 1997; Ma et al., 2007) might be also applied to protein
oxidation. The timely interaction between lipid and protein oxidation has been
profusely described in food systems (Viljanen, Killy, Kivikari, & Heinonen, 2004;
Estévez, Cava, & Ventanas, 2005) and it is plausibly taking place during
refrigerated storage of HHP-treated meats. In fact, the positive and significant
correlations between hexanal and the protein semialdehydes, AAS (r= 0.843)
and GGS (r= 0.651) reasserted the interaction between lipid and protein

oxidation phenomena.

The format used for vacuum-packaging dry-cured ham samples had a
significant influence on the extent of lipid and protein oxidation. Significantly
higher accounts of hexanal and pentanal were detected in the headspace of
HHP-treated CSF and ASF samples compared to the intact counterparts (IF)
(Table 1). Similarly, HHP-treated dry-cured ham slices from the ASF showed
significantly higher amounts of AAS than samples from the other formats and
larger amount of GGS than those from the IF (Figure 1). Vacuum-packaged
diminishes the extent of oxidative reactions in meat products through the
exclusion of oxygen and the protection against UV light. However, the
remaining oxygen within the package as well as the partial permeability of the
plastic material to oxygen and UV light as pro-oxidant factors explains the

development of oxidation in the samples from the present study. The
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differences between the different formats (IF, CSF and ASF) for the extent of
lipid and protein oxidation were more noticeable in pressurized samples which
confirms the great impact of this technology on oxidative reactions. The higher
counts of lipid-derived volatiles and protein semialdehydes in the HHP-treated
pre-sliced dry-cured ham samples than in the intact counterparts reflects that
pre-slicing increases the susceptibility of dry-cured ham to lipid and protein
oxidation. The disruption of muscle tissues during slicing could have promoted
the formation of lipid-derived volatiles and protein semialdehydes during HHP
treatment and the subsequent refrigerated storage. In addition, the total surface
exposed to the oxygen and other pro-oxidant factors is considerably higher in
pre-sliced dry-cured hams (CSF and ASF) than in the IF samples, which
supports the results obtained. LC-MS analysis of protein carbonyls detected
significant differences between the HHP-treated CSF and the ASF dry-cured
ham samples for the formation of AAS. The formation of this semialdehyde in
the ASF was more intense than in the pre-sliced dry-cured ham packaged
following the traditional procedure (CSF). These results refuted the original
hypothesis that ASF would have been less oxidized than CSF due to a lower
exposure of light. The present results may be explained by the impact of the
format on the plastic material used for packaging dry-cured ham samples.
During vacuum-packaged of sliced dry-cured ham samples, the plastic film was
forced to stretch considerably while wrapping piled up slices in the ASF,
whereas this plastic material gently covered outspread slices from the CSF.
Eventually, the ASF dry-cured ham might be covered by a thinner layer of
plastic material which involves a higher exposure to oxygen and other pro-
oxidants. This stretching effect could also have occurred during packaging of
intact pieces of dry-cured ham although the impact of the wrapping material was
obviously not as critical in these samples as in the pre-sliced ones.
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Figure 1. Levels of AAS (a) and GGS (b) in dry-cured ham as analysed by LC-MS.
Mean values correspond to area units from the peak integration of EIC for [M+H]+267
(AAS-ABA) and for [M+H]+253 (GGS-ABA) and were then corrected considering the
total protein content from each batch. Different letters on the bars denote statistical
differences (p<0.05) amongst means. IF (Intact format), CSF (Conventional sliced

format) and ASF (Alternative sliced format).

(a)
25 -
Control a
W Treated b
20 -
C
d d
& e
o
~ 15 4 I
S e [
< I
10 -
5 a
0 - T
IF CSF ASF
(b)
25 -
Control
W Treated
20 -
&
~ 15 i
X
-
< a
10 - ab
b 0 b
- [
5 - c I
T
O il

IF CSF ASF

296



Instrumental colour and sensory analysis

Table 2 shows L*, a* and b* values of all Iberian dry—cured ham batches. HHP
treatment significantly decreased redness (a*) in all samples. Type of format
also influenced the instrumental colour measurements leading to higher L*
(lightness) and lower a* values (redness) in samples from the ASF compared to
the counterparts. According to the total colour difference (AE .) between non-
pressurized and pressurized Iberian dry-cured ham samples, the highest colour
change was suffered by the ASF (AE (.- 5.18 £1.51) followed by the CSF (AE .
= 4.27 + 0.73). Samples from the IF showed the lowest values for the total
colour change (AE .- 3.74 + 0.65) whereas these differences were not
significant. HHP treatment also affected most appearance attributes of fat and
lean of dry-cured ham samples (Table 3). Regarding the attributes related to
appearance and texture of external fat, HHP treatment significantly reduced the
yellowness, the brightness and the fluidity of fat. Moreover, fat of CSF showed a
more intense pink colour than samples of IF and ASF batches. Regarding
appearance attributes of lean, pressurized samples were more brownish and
displayed a significantly less intense brightness than non-pressurized samples.
Dry-cured samples from the IF were less brownish compared to formats
containing sliced samples (ASF and CSF), although these differences were only
significant in pressurized samples. Pressurized samples of formats containing
sliced samples (ASF and CSF), showed significant lower scores for brightness
and red colour than samples of IF. This effect was less marked in non-

pressurized samples.

The concentration and chemical state of the nitrosylmyoglobin pigment and the
light scattering properties of the meat are main responsible for the colour
displayed by the lean of dry-cured hams. HHP is known to modify the colour
properties of muscle foods due to modifications of meat pigments and muscle
structure as a result of the high temperatures and pressure. According to
Andrés et al. (2004), pressurized dry-cured hams show lower L* and a*-values
than non-pressurized ones. The effect of HHP on colour is influenced by
treatment intensity as redness of dry-cured hams decreases with increasing
pressure, especially above 400 MPa. Therefore, this effect was expected in the
dry-cured hams from the present study which were treated with 600 MPa.
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Instrumental redness was significantly affected by HHP which suggests certain
modifications in the nitrosylmyoglobin molecule and/or the muscle structure.
The redness of lean, visually assessed by panellist as red shade, was also
significantly affected by HHP treatment. The clear consistency between
instrumental and sensory colour measurements was observed as a positive
relationship between instrumental redness and visual red colour (= 0.835) and
a negative relationship between those and red shade (r=-0.744) were found.
Three phenomena could have induced the colour changes observed as a result
of pressure processing: (i) denaturation of the globin moiety of the molecule
with possible displacement or separation of the heme from the globin; (ii)
modification of the porphyrin ring with a release of the iron atom; (iii) oxidation
of ferrous oxymyoglobin into ferric metmyoglobin (Carlez, Veciana-Nogues, &
Cheftel, 1995). Besides the effect of HHP on meat pigments, this treatment has
also an impact on the structure of myofibrillar proteins which can lead to a
decrease in the solubility of actin and myosin (Goutefongea, Rampon, Nicolas,
& Dumont, 1995). The decrease in instrumental lightness and visual brightness
of lean after HHP treatment could result from alteration of protein structure
caused by HHP, affecting the light scattering properties of the product. The
oxidation of muscle proteins (including myoglobin) during HHP treatment and
the subsequent storage could also have played a major role in colour changes.
In fact, the ASF hams suffered more intense discolouration and displayed
significantly lower a*-values after pressurisation than the hams from the other
formats. According to the calculated total colour difference (AE), pre-sliced
hams (ASF and CSF) suffered colour changes to a higher extent than intact (IF)
samples (p>0.05). In accordance with the instrumental analysis, the colour
displayed by pre-sliced hams after HHP treatment and chill storage was more
grey-brownish (significantly higher red shade values) than IF hams. These
results are also in agreement with those previously reported for lipid and protein
oxidation. A higher exposure to oxygen and other pro-oxidants in pre-sliced
hams, and particularly in the ASF samples, could have caused an increase in
the oxidation of meat pigments and myofibrillar proteins, as aforementioned.
The relationship between protein oxidation and colour changes has been

previously suggested in cooked sausages (Estévez et al., 2005), liver patés
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(Estévez, & Cava, 2004), cooked patties (Ganh&o et al., in press) and dry-cured
hams (Ventanas, Ventanas, Tovar, Garcia, & Estévez, 2007).
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Table 2. Instrumental colour measurements (mean + standard deviation) of non-treated or treated dry-cured ham with high pressure (control vs.

HHP) and vacuum-packaged in three different formats (Intact vs. Conventional-sliced format vs. Alternative-sliced format). p-values®f both

factors (treatment: T and type of format: F) and interaction (T*F).

Control HHP p-values?
Intact Conventional-sliced Alternative-sliced Intact Conventional-sliced Alternative-sliced T F T*F
Instrumental color
L* 41.2642.11°  40.79+1.91° 49.69+3.19° 43.96+1.99 39.86+2.12° 47.22+40.17% ns  ** ns
a* 15.77+2.15%® 17.40+0.7° 13.37+2.53" 15.34+2.09®  15.040.21% 11.02+1.47° * **  ng
b* 7.33£0.62°°  7.07+1.42%° 8.19+0.62° 5.73+0.58° 7.95+0.89° 6.79+0.65% ns ns ns

p-values: ns: p>0.05; *p<0.05, **p<0.01, ***p<0.001.

Different letters within the same row denote significant differences between means at p<0.05.
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Both, the HHP treatment and the packaging format had significant effects on
most texture parameters (Table 3). Higher values for hardness were obtained in
fat from ASF batches compared to the rest of batches. Pressurized samples
were harder, less juicy, less doughy and more difficult to chew than non-
pressurized samples. Samples of ASF were significantly harder and more
difficult to chew compared to the other formats. Pressurized samples of IF
showed significantly higher scores for doughtiness compared to pressurized
formats containing sliced samples (ASF and CSF). The texture deterioration
observed for dry-cured hams subjected to HHP can be considered a main
drawback as juiciness has a great impact on consumer’s acceptability of this
product (Ruiz, Garcia, Muriel, Andrés, & Ventanas, 2002b). The partial
denaturation of muscle proteins and their modification as a result of oxidative
reactions could have influenced texture changes. Carbonyl compounds
generated from protein oxidation (AAS and GGS) and assessed in the present
study are involved in cross-linking of damaged proteins via Schiff base
formation (Estévez et al., 2008a). Schiff bases are generated as a result of the
reactions between lipid oxidation products (aldehydes) and amino groups from
the side chain of proteins. It is plausible that the protein oxidation caused an
increase of hardness and loss of juiciness in dry-cured hams through the loss of
protein solubility and the formation of cross-links and aggregates between
proteins. In good agreement with results from protein oxidation and other
changes in sensory parameters, ASF hams turned out to be the hardest
amongst the three formats. Consistently, positive correlation coefficients were
found between AAS and hardness (r= 0.873) and doughtiness (= 0.907) as well
as between GGS and hardness (r= 0.732) and doughtiness (r= 0.818). On the
other hand, chewiness and juiciness were negatively connected with hardness
(r= -0.749 and r= -0.594, respectively), doughtiness (r= -0.855 and r= -0.721,
respectively) and with protein carbonyls AAS (= -0.882 andr= -0.765,
respectively) and (GGS) (r= -0.728 and r= -0.667, respectively). Other authors
have studied the effect of proteolytic enzymes on texture attributes of dry-cured
ham subjected to HHP treatments. Certain enzymes, namely, cathepsins and
calpains are involved in postmortem tenderization of meat and remain active
during ripening process and chill storage of dry-cured hams. Campus, Flores,
Martinez, & Toldra, (2008) reported that HHP-treatments (400 MPa) of vacuum

301



packaged dry-cured ham significantly diminished the activities of cathepsins B
and B+ L during the subsequent chill storage. Other authors (Homma, lkeuchi,
& Suzuki, 1996) observed that the activity of cathepsin B, D and L decreases in
meat subjected to HHP (500 MPa). Doughtiness attribute is directly connected
to these enzymatic activities, and according to results from sensory analysis,
the treated samples became less doughtiness than non-treated samples as a
result of the HHP treatment of 600 MPa. However, proteins modified by
oxidizing lipids are more difficultly degraded by proteases than the native
protein (Hidalgo, & Zamora, 2001). According to these authors, the formation of
some oxidized lipid/amino acid reaction products contributes to inhibit
proteolytic activity. Although enzymes could remain active in dry-cured hams,
the impact of their activity on texture attributes of fully processed dry-cured

hams might not be relevant.

Finally, most odour and flavour attributes were also significantly affected by
HHP treatment and vacuum-packaged format. HHP treatment significantly
decreased overall odour, particularly for IF and CSF, and increased rancid
odour particularly for IF. The type of format only influenced the overall odour;
with the ASF samples showing significant lower scores compared to others
formats. The acceleration of lipid oxidation and the formation of lipid-derived
volatiles as a result of the pressurisation are likely linked to the increase of most
odour and flavour attributes upon HHP-treatment. The lipid-derived aldehydes
have a very-low olfaction threshold, and therefore constitute an important group
of odorants (Ohloff, 1973; Tressl, Bahri, & Engel, 1981). Aminopeptidases and
dipeptidylpeptidases activity decrease after pressure treatment (Homma et al.,
1996; Campus et al., 2008). Whereas the activity of the enzymes responsible of
the generation of free amino acids is greatly reduced by pressure, a large
amount of free amino acids are already generated during ripening and may be
available for Maillard reactions. However, no significant increase of Strecker

aldehydes was observed in HHP-treated hams.

Regarding flavour attributes, HHP treatment significantly influenced all attributes
except rancid flavour increasing the intensity of saltiness, bitterness, overall
flavour, cured flavour and after-taste flavour perceived in the dry-cured ham
samples. Dry-cured ham samples of CSF were saltier and had a more intense
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overall and after-taste flavour compared to IF and ASF. Upon pressurisation,
pre-sliced hams displayed more intense cured, rancid, overall and after taste
attributes. As previously reported, these types of formats (ASF and CSF)
suffered the oxidative reactions to a higher extent than IF. Positive correlation
coefficients were found between hexanal and flavour attributes (= 0.875 for
saltiness, r= 0.334 for bitterness, r= 0.955 for cured, r= 0.043 for rancid flavour,
r= 0.842 for overall flavour and r= 0.732 for after taste), and between AAS and
flavour attributes (r= 0.760 for saltiness, r= 0.728 for bitterness, r= 0.903 for
cured, r= 0.711 for overall flavour and r= 0.689 for after taste) products which
suggest that some of these compounds might contribute particular flavours. It is
generally known that the oxidation of unsaturated fatty are highly responsible for
the odour and flavour formed during the processing of muscle foods (Ohloff,
1973; Tressl etal., 1981). On the other hand, the impact of protein oxidation on
meat odour and flavour is poorly understood. A likely relationship between
protein oxidation and particular flavour notes in dry-cured hams was reported in
a previous paper (Ventanas et al., 2007). In fact, the large variety of compounds
derived from protein oxidation comprise amino-containing molecules with taste
potential Davies, Shanlin, Wang, & Dean, 1999).
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Table 3. Sensory characteristics (mean * standard deviation) of non-treated or treated dry-cured ham with high pressure (control vs.HHP) and
vacuum-packaged in three different formats (Intact vs. Conventional-sliced format vs. Alternative-sliced format). p-values of main factors

(session: Se; treatment: T and type of format: F) and interaction (T*F).

-values®
Control? HHP" P
. ) . . . ) . . Se T F T*F
Intact Conventional-sliced Alternative-sliced Intact Conventional-sliced Alternative-sliced
External Fat

Appearance
Pink color 1.20°+0.52 2.25°+0.79 0.79°+0.42 1.14°*+0.55 2.09%+0.94 1.11°+0.58 "t ons "™ ns
Yellow color  4.13°+0.99 4.89° + 0.42 3.75° +1.18 3.60°+1.20 3.49°+1.10 3.58° + 1.32 ns ** ns *
Brightness ~ 5.40%° + 1.28 5.81% £ 1.07 4.97" £ 0.95 4.97°£110 3.88°+1.03 3.87° £ 0.89 T s

304



Texture

Hardness

Fluidity

Appearance

Red color

Red shade

Brightness

Marbling

Odour

Overall

1.95°+0.95 2.13°+0.77

5.35°+0.91 6.02% +0.91

5.23°°+1.06 5.71% +1.10

451°+1.09 469°+1.15

5.57°+1.03 5.76* +1.05

5472 +1.41 4.37°+1.11

5.72% £+1.09 5.72° +1.06

2.76* £ 1.03

5.44° + 117

4.84% + 0.97

4.95% + 1.47

4.39° +1.03

4.13%+0.93

5.11°° + 1.08

Lean
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1.89°+0.94

5.06% + 1.02

575+ 1.10

4.55° + 1.05

473 +1.08

4.41° + 1.01

5.25° + 1.02

2.03°+0.74

4.649+1.12

4.93“ +1.19

5.48° + 1.05

3.94° £1.05

4.70° + 1.09

5.33°+1.85

2.54° +0.71

4.38°+1.10

4.46% +1.24

5.79°+1.28

3.359+0.72

4.80° + 1.07

4.82° +0.80

*k%k

*k%k

ns

ns

*%

ns

*kk

ns

*kk

ns

%%

*k%k

ns

*%

*k%k

ns

*%

ns

ns

*k%*

ns

ns



Rancid

Texture

Hardness

Juiciness

Chewiness

Doughtiness

Flavour

Overall

Saltiness

Bitterness

Cured

0.77°+ 0.36

2.44%+0.74

4.30% £ 1.08

2.339+0.79

2.25+0.93

1.22°+0.30

1.99° + 0.80

3.92®° +1.26

2.36% +1.00

1.83% +1.02

4.98% +0.73 5.72°°+0.99

4.279+ 1.01

1.00° + 0.50

4.75°+ 1.06

4.95>+ 0.88

1.48%+0.71

5.14° + 1.33

1.11° + 0.41

2.97°+0.97

3.83%° £ 0.91

2.99°+1.08

2.08°+ 0.72

5.33°+ 0.87

4.37%+0.77

1.13°+ 0.59

5.01°+1.13
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1.67%+ 0.65

3.77° +1.03

3.40° +0.98

3.14% + 1.24

2.06° £ 0.94

5.42°+0.77

4.70%+ 1.03

1.72°+0.77

5.05% + 1.22

1.03°° + 0.46

3.39°+0.90

3.07°+0.98

3.56° + 1.14

1.58° + 0.57

6.2° £ 0.85

5.54° + 1.00

1.34% + 0.66

5.62° + 1.28

1.26° + 0.65

5.03%+1.25

3.41°+0.96

4.30°+1.13

0.93°+0.53

5.90° + 1.02

5.26° + 0.99

1.49% + 0.59

5.93% +1.09

*%

*k%k

ns

ns

*%

ns

%%

*kk

*%

*kk

*kk

*kk

*k%k

%%

*%

ns

*k%k

ns

*k%k

*%

*k%k

ns

ns

*k%k

ns

ns

*k%k

ns

ns

*%

ns



*%

Rancid 159+0.60 1.34 +0.48 1.49 +0.67 142 +0.48 1.40+0.51 1.62 +0.70 ns ns ns

After-taste  4.79° +0.70 5.74° + 0.81 5.16° + 0.96 5.07°+1.08 5.80°+ 0.90 5.83° + 0.84 ns * " ns

p-values®: ns: p>0.05; *p<0.05, **p<0.01, ***p<0.001.

Different letters within the same row denote significant differences between means at p<0.05.

307



Principal component analysis (PCA)

PCA was performed to evaluate the relationship among variables considered in
this study (Figure 2). The first two principal components accounted 68.98% of
the total variance. The first PC (49.98 % of the total variance) was positively
loaded by protein oxidation indices (GGS and AAS), the chromatographic areas
of octanal, hexanal and nonanal (lipid oxidation indices) and by red shade of
lean, doughtiness, hardness and cured flavour. Moreover, this component was
negatively defined by a* index, the yellowness, fluidity and brightness of fat and
by overall odour, juiciness, chewiness and brightness of lean and the
chromatographic area of 2-methylbutanal. The second PC (19 % of the total
variance) was positively defined by pink colour of fat and the chromatographic
area of 3-methylbutanal while L* index, hardness and rancid flavour showed
negative loadings in this PC. Loadings plots (Figure 2a) show that volatile
compounds derived from lipid oxidation (hexanal, octanal and nonanal), were
strongly correlated with semialdehydes derived from protein oxidation (AAS and
GGS) which supports the aforementioned interaction between lipid and protein
oxidation phenomena. Hardness and doughtiness of lean was positively
correlated with AAS and GGS while juiciness and chewiness were negatively
correlated with hardness and both semialdehydes. These results are in good
agreement with the arguments supporting the impact of protein oxidation on
texture parameters. Additionally, PCA found positive relationships between
flavour attributes such as saltiness, bitterness, cured, rancid, overall and after
taste and lipid and protein oxidation measurements. Fluidity of fat was strongly
correlated with brightness of both fat and lean. Red colour of lean and
yellowness of fat were positively correlated with a* index (redness). Finally,
taste attributes (saltiness and bitterness) were positively correlated with overall

and after-taste flavour and negatively with rancid flavour.

Factor scores plot (Figure 2b) shows great differences between the six
evaluated samples. Overall, pressurized formats containing pre-sliced samples
(ASF and CSF) were located in the positive axis of first PC and were associated
with high levels of protein oxidation index (AAS and GGS) and lipid oxidation-
derived volatiles (pentanal, hexanal, heptanal, octanal and nonanal). Moreover,
pressurized samples of ASF were also harder and doughtier and more brownish
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compared to the rest of batches. Pressurized samples of CSF were located in
the upper right quadrant of PCA associated with a high salty and bitter taste,
with a more intense after-taste and overall flavours. Non-pressurized batches
were located in the negative axis of first PC regardless the type of format. In
agreement with the previously mentioned results, non-pressurized samples of
IF were juicier and easier to chew whereas samples of ASF displayed a more
intense rancid flavour and higher L* values. Finally, non-pressurized samples of
CSF were associated with an intense pink colour of fat and with high levels of 3-

methylbutanal.

Figure 2. Principal component analysis (PCA) analysis of sensory profiling (O= odour
attributes, Fv= flavour attributes, F= fat attributes, L= lean attributes), chromatographic
areas of volatile compounds (lipid oxidation and protein oxidation) and instrumental
colour measurements. Parameter loadings (a) and factor scores (b) plots for the two

first principal components.
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CONCLUSIONS

Physical-chemical and sensory characteristics of vacuum-packaged Iberian dry-
cured ham are influenced by HHP treatment (600 MPa) followed by one month
of refrigeration storage. The oxidation of muscle lipids and proteins induced by
HHP treatment compromises oxidative stability and sensory traits of dry-cured
hams. Commercial presentation has also a marked influence on physical-
chemical and sensory characteristics of dry-cured hams, with the alternative

format showing the most remarkable changes.
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Abstract

The effect of high hydrostatic pressure (600 MPa) and intramuscular fat content
on colour parameters and oxidative stability of lipids and proteins in sliced
vacuum-packed Iberian dry-cured ham throughout refrigerated storage (120
days at 2 °C) were investigated. Several studies have investigated the influence
of HHP on lipid oxidation of meat products. However, its effects on protein
carbonylation, as the influence of IMF content on this carbonylation are still
poorly understood. Furthermore this study supplied information on likely effects
that IMF can have on changes caused by HHP. HHP treatment had a significant
effect on lean lightness after 0 and 120 days of storage while IMF content
increased lightness and yellowness over time. Regarding oxidative stability
HHP treatment had not a great impact on lipid and protein oxidation. However,
its effect depended on IMF content showing samples with a high IMF a larger

lipid instability while samples with a low IMF a larger protein carbonylation.
Keywords

Sliced dry-cured ham, AAS, GGS, Lipid oxidation, IMF, High pressure.
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INTRODUCTION

Intramuscular fat content (IMF) plays a major role in consumer’s acceptability of
dry-cured products owing to its influence on the appearance, juiciness and
flavour of these muscle foods (Ventanas, Ventanas, & Ruiz, 2007). While
colour, flavour and texture traits are the main quality factors in Iberian dry-cured
meat products the modification of these parameters during the application of
innovative technologies (i.e. high-hydrostatic pressure, HHP) and the
subsequent storage requires further investigation. Recent studies have related
protein oxidation and colour changes in meat products (Fuentes, Ventanas,
Morcuende, Estévez, & Ventanas, 2010; Utrera, Armenteros, Ventanas, Solano,
& Estévez, 2012). The formation of carbonyl compounds is one of the most
marked changes occurring during the oxidation of proteins (Estévez, 2011).
Estévez, Ollilainen, and Heinonen (2009) applied a method to detect particular
protein carbonyls namely, a-aminoadipic and y-glutamic semialdehydes (AAS
and GGS, respectively) using liquid-chromatography-electrospray ionisation-
mass spectrometry (LC—ESI-MS) in myofibrillar proteins. This method has been
successfully applied to various meat products confirming the potential of both
semialdehydes as indicators of protein oxidation (Armenteros, Heinonen,
Ollilainen, Toldra, & Estévez, 2009). In addition to the potential impact of protein
carbonylation of particular meat quality traits, the formation of protein carbonyls
is also responsible for the loss of nutritional value and impaired digestibility
(Estévez, 2011).

In recent years, as a result of new consumer concerns, industry demands the
use of preservation methods which increases the shelf life of manufactured
foods ensuring food safety. Among these innovative technologies, vacuum
packaging in combination with HHP, has been found to reduce efficiently
microbial counts and to prevent products from contamination (Hugas, Garriga, &
Monfort, 2002). Nevertheless, intense HHP treatments (> 400 MPa) induce
undesirable changes on meat and meat products, modifying their texture and
colour and increasing lipid oxidative reactions (Cheftel, & Culioli, 1997).
However, its impact on the oxidative degradation of myofibrillar proteins and the
potential impact on particular traits is still poorly understood. On the contrary,
lipid oxidation impact on features traits of meat products as the factors involved
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in its extent have been largely studied Gandemer, 2002). Overall, the IMF
content and storage conditions in meat and meat products are closely related to
lipid oxidation (Ruiz, Ventanas, Cava, Andrés, & Garcia, 1999; Ventanas,
Estévez, Andrés, & Ruiz, 2008). However, as far as the effect of IMF content on
protein carbonylation has been poorly studied. Furthermore, it is currently
unknown, whether the IMF content has an effect or not on the oxidative

changes induced by HHP.

The aim of this study was to evaluate the combined effect of HHP treatment and
IMF content on colour changes (external fat and lean) and oxidative stability
(lipid oxidation and protein carbonylation) as well as their evolution throughout
chilled storage and the implications of each factor on these traits in sliced and

vacuum-packed Iberian dry-cured ham.

MATERIALS AND METHODS
Sampling, packaging and pressure treatment

A total of 18 dry-cured hams (7.5 kg average) were obtained from free-range
reared Iberian pigs fed on grass and commercial concentrates during the
fattening period (60 days prior to slaughter) and slaughtered at 160 kg live
weight and 12 months of age (Campo, DOP Dehesa de Extremadura). Green
hams were processed according to the method described by Fuentes et al.,
(2010). Once the ripening process was finished (~ 30% weight loss), the hams
were deboned and two different sections (Quadriceps femoris: flank and gluteal
muscles: hip) varying in the IMF content, were extracted. Afterwards, muscles
were sliced (1 mm thickness) and vacuum-packed (polyamide and polyethylene
in the upper film with 34.0 cm*m? permeability to O, at 23 °C and 85 % HR,
polyamide and polyethylene in the lower film with 18.0 cm®/m? permeability to
O, at 23 °C and 85 % HR) (Mobepack Company, Salamanca, Spain).
Approximately 108 packages (54 packages of flank samples and 54 packages
of hip samples) containing 100 g of sliced Iberian dry-cured ham were obtained.
Half of the packages of each group were subjected to HHP treatment at the

CENTA Institute (Monells, Girona, Spain). Packages of sliced dry-cured ham
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were pressurized at 600 MPa for 6 min in a bath set at 12 °C (NC Hyperbaric
Wave 6500/120; 120 | and 6500 bars). Subsequently, all vacuum packages of
Iberian dry-cured ham slices, namely, (i) HHPHip (samples subjected to HHP
with high IMF content), (ii) HHPFlank (samples subjected to HHP with low IMF
content) (iii) CHip (non-pressurized samples with high IMF content) (iiii) CFlank
(non-pressurized samples with low IMF content) were stored in darkness at 2 +
1 °C. The samples were opened for subsequent analysis after 0, 30 and 120

days of storage.
Physico-chemical analyses

The proximate composition of sliced Iberian dry-cured hams was determined as
follows: moisture content, protein content and chloride content were determined
using official methods (AOAC, 2000). The Folch method (Folch, Lees, & Sloane
Stanley, 1957) was employed for determining IMF. |

Instrumental colour measurements

Instrumental colour (CIE L*, a* b*; CIE, 1976) was measured on the surface
and external fat of sliced dry-cured hams using a Minolta chromameter CR-300
(Minolta Camera Corp., Meter Division, Ramsey, NJ). The following colour
coordinates were determined: lightness (L*), redness (a*, red + green) and
yellowness (b*, yellow £ blue). Before each measurement the equipment was
standardised against a white tile. D 65 illuminant and O ° standard observer
angle were used. Analyses were carried out at 18 °C on randomly selected
slices at 0, 30 and 120 days of storage. All measurements were made in
triplicate on the surface of the external fat and the lean of vacuum-packed

slices.
TBARS analysis

Thiobarbituric acid-reactive substances (TBARS) were assessed following the
method described by Salih, Smith, Price, and Dawson, (1987). The standard
curve was prepared using a 1,1,3,3-tetraethoxypropane (TEP) solution (0.2268
g) in 3.86 % perchloric acid. TBARS are expressed as mg of malondialdehyde
(MDA) per kg™ of sample.
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Volatile aldehydes analysis

Volatile aldehydes were analysed by headspace-SPME and GC/MS (gas
chromatograph Hewlett—Packard 5890 series |l coupled to a mass selective
detector Hewlett—Packard HHP-5791A). One gram of minced sample was
weighed into a 4 mL vial. All vials were closed with a teflon/silicone septum. An
SPME fibre (50/30 ym divinylbenzene- carboxen-polydimethylsiloxane coating)
was inserted through the septum and exposed to the headspace of the vial.
Vials were pre-conditioned for 15 min at 37 °C. Extraction was carried out at 37
°C for 30 min in a water bath. After extraction, the SPME fibre was immediately
transferred to the injector of the chromatograph which was in splitless mode at
270 °C. The separation of volatile compounds was performed on a 5 % phenyl—
methyl silicone (HHP-5) bonded phase fused silica capillary column (Hewlett—
Packard, 50 m x 0.32 mm i.d, film thickness 1.05 Im), operating at 6 psi of
column head pressure. Oven programme was: 40 °C for 10 min, 5 °C min™ to
200 °C, 15 °C min™ to 250 °C, and held 250 °C for 10 min. The transfer line to
the mass spectrometer was maintained at 270 °C. The mass spectra were
obtained using a mass selective detector by electronic impact at 70 eV, a
multiplier voltage of 1756 V and collecting data at a rate of 1 scan s” over the
m/z range 30-500. Volatile compounds as pentanal, hexanal, heptanal,
nonanal, octanal and 1-octen-3-ol as indicators of lipid oxidation and 2-
methylbutanal and 3-methylbutanal compounds as the main branched
aldehydes derived from Strecker degradation reactions of amino acids were
measurement. All volatile compounds were tentatively identified by comparing
their mass spectrum and linear retention index with that of the standards.
Results are given in area units (AU). Ten repetitions per type of sliced ham

were performed.
Protein oxidation measurements

The protein oxidation markers, a-aminoadipic and y-glutamic semialdehydes
(AAS and GGS, respectively) were analysed using the method described by
Utrera, Morcuende, Rodriguez-Carpena, and Estévez, (2011) upon
derivatization with p-amino benzoic acid (ABA) and analysis by HPLC. Standard

AAS and GGS were synthesised in vitro from N-acetyl- L-lysine and N-acetyl-L-
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ornithine using lysyl oxidase activity from egg shell membrane as described by
Estévez et al. (2009). A Shimadzu ‘Prominence’ HPLC apparatus (Shimadzu
Corporation, Kyoto, Japan), equipped with a quaternary solvent delivery system
(LC-20AD), a DGU-20AS on-line degasser, a SIL-20A auto-sampler, a RF-10A
XL fluorescence detector, and a CBM-20A system controller, was used. An
aliquot (1 pL) from the reconstituted protein hydrosylates was injected and
analyzed in the above mentioned HPLC equipment. AAS-ABA and GGS-ABA
were eluted in a Cosmosil 5C18-AR-1l RP-HPLC column (5 um, 150 x 4.6 mm)
equipped with a guard column (10 x 4.6 mm) packed with the same material.
The flow rate was kept at 1 mL/min and the temperature of the column was
maintained constant at 30 °C. The eluate was monitored with excitation and
emission wavelengths set at 283 and 350 nm, respectively. Standards (0.1 pL)
were run and analyzed under the same conditions. ldentification of both
derivatized semialdehydes in the FLD chromatograms was carried out by
comparing their retention times with those from the standard compounds. The
peaks corresponding to AAS-ABA and GGS-ABA were manually integrated
from FLD chromatograms and the resulting areas plotted against an ABA
standard curve with known concentrations that ranged from 0.1 to 0.5 mM.

Results are expressed as nmol of carbonyl compound per mg of protein.
Data analysis

The effects of HHP treatment and IMF content on colour, lipid and protein
oxidation occurred during chilled storage of sliced and vacuum-packed dry-
cured ham, were analysed by two-way ANOVA with HHP treatment (control and
treated) and IMF content (Flank and Hip) as main factors. To analyse the effect
of storage time a one-way ANOVA was performed. The Tukey test was used at
the 5 % level to make comparisons between sample means when pertinent. All
statistical analyses were conducted using the software SPSS (v 15.0) for

windows.

RESULTS

Chemical composition
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Significant differences were found in the chemical composition between
samples obtained from the two different locations evaluated (Flank and Hip).
Proximate composition of Iberian dry cured hams were (means + standard
deviation): moisture content (Flank: 42.84 % * 1.57 and Hip: 39.66 % + 3.46; p<
0.01), chloride content (Flank: 3.76 % + 0.56 and Hip: 3.13 % + 0.65; p< 0.05),
intramuscular fat (IMF) content (Flank: 9.91 % + 0.78 and Hip: 15.81 % + 1.07;
p< 0.001) and protein content (Flank: 41.78 % £ 2.10 and Hip: 39.37 % * 2.66;
p< 0.05). These results are consistent with previous studies carried out in sliced

Iberian dry-cured ham (Fuentes et al., 2010).
Colour analysis

Table 1 shows L*, a* and b* values measured on the surface of the external fat
and the lean of sliced Iberian dry-cured hams at 0, 30 and 120 days of chilled

storage.

Table 1. Effect of HHP treatment (control (C) vs. HHP (HHP)) and IMF content (Flank:
low and Hip: high) on instrumental colour measurements (mean * standard deviation)
of sliced dry-cured ham during chilled storage at 2 °C. p-values of both factors

(Treatment: T and IMF content: F) and interaction (T*F).
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FAT

L*

b*

LEAN

L*

0d

30d

120d

0d

30d

120d

0d

30d

120d

0d

30d

120d

CFlank

CHip

HHPFlank

HHPHip

67.17+2.02%>Y

70.61+1.84%~

71.25+3.04"

2.64+0.33%

3.12+0.48°

2.68+0.87°

8.55+1.02*

11.22+1.19Y

12.88+1.12"

32.41+1.81°

33.92+2.04%~

31.4941.77°°

70.58+3.6%*

73.96+3.01*¢

74.4042.97"

2.09+0.60°%

2.55+0.58%*

1.45+0.65"

8.96+0.25"

11.06+0.47°

12.40£0.74"

34.69+0.89°

35.35+1.55%*

33.25+1.52"

65.96+2.99°Y

71.15+2.76%>

71.8914.32"

3.00+0.45°

3.07+0.57°

2.59+0.89°

8.35+1.19"

11.09+1.13"

12.50+1.69"

34.70+1.92°

34.86+2.47%

34.50+2.39%
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69.83+2.93%

73.44+2 273

75.00+2.36"

2.63+0.58%*

2.34+0.40°%

1.91+0.66°°Y

8.56+0.30"

11.10£0.34Y

12.93+0.69"

38.17+1.83%*

36.89+1.49%

35.67+1.03**

ns

ns

ns

ns

ns

ns

ns

*k%k

ns

*k%k

*kk

ns

ns

ns



b*

0d  15.80+1.36" 16.79+1.61* 15.48+1.70* 16.47+2.16" ns
30d  19.67+1.50" 19.95+1.46" 18.1842.21 19.86+2.32" ns
120d  18.43%1.51" 18.4042.02" 17.51+1.64" 19.3242.49" ns
0d  5.03+0.37%Y 6.50+£0.73°%Y 5.56+0.87°% 6.88+1.01%Y ns
30d  7.22+0.87"* 8.36+0.94°"* 7.060.80% 8.59+1.26%* ns
120d  6.89+0.82°~ 8.24+1.59°* 7.45+1.15> 9.11+1.22%* ns

ns

ns

ns

*k%k

*k*k

*%

ns

ns

ns

ns

ns

ns

p-values: ns: p> 0.05, * p< 0.05, ** p < 0.01, ** p < 0.001.

¢ Different letters within the same row denote significant differences between means at
p< 0.05: IMF and HHP treatment.

*% Different letters within the same column denote significant differences between
means at p< 0.05: storage time.

Colour parameters in external fat were not affected by HHP treatment except for
a* values which showed significant differences (p< 0.05) at the beginning of
storage period (0 days). Redness (a* values) of external fat in pressurized
samples was more intense than in control ones at this time of storage, but this
difference disappeared after 30 and 120 days of storage (p> 0.05). Moreover,
time of storage significantly affected L* (p< 0.001), a* (p< 0.01) and b* (p<
0.001) values of the external fat (Table 1). In general, lightness showed an
upward trend during storage, reaching statistical differences in all groups at the
end of the chilled storage (p< 0.05). Storage time significantly affected a* values
of external fat in Hip samples decreasing with the storage time particularly in
HHP samples (HHPHip). Finally, b* parameter constantly increased throughout

storage time in all studied groups.
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Regarding colour parameters of the lean in dry-cured ham slices, L* was
significantly influenced by HHP treatment after 0 and 120 days of storage (p<
0.001). Pressurized samples showed higher L* values compared to control ones
at the beginning and at the end of storage. The IMF content also affected the
instrumental colour measurements leading to higher L* and b* values in

samples with the highest IMF content (Hip group) along storage.

L* (p< 0.05), a* (p< 0.001) and b* (p< 0.001) of the lean were significantly
affected by storage time since these parameters varied over time. L* values
showed a significant decrease throughout storage time except for HHPFlank
samples. However, a* and b* parameters showed an upward trend during
storage in all groups although this effect was particularly marked during the first

30 days of storage.

TBARS and volatile aldehydes
TBARS

Figure 1 shows the effect of HHP treatment, IMF content and storage time on
the TBARS values of sliced and vacuum-packed Iberian dry-cured hams stored
at 2 °C. HHP treatment had a significant effect on all batches over time. Control
samples showed a larger extent of lipid oxidation compared to its pressurized
counterparts (p< 0.05) at the beginning of the storage. However, pressurized
samples showed the highest TBARS values at the end of the storage (p<
0.001). Moreover, the TBARS values were significantly affected by IMF content
after 0 and 120 days of chilled storage. Flank samples (with a lower IMF
content) showed a higher extent of lipid oxidation compared to Hip samples at 0
days of storage (p< 0.001). On the contrary, Hip samples (with a higher IMF
content) displayed a larger extent of lipid oxidation after 120 days of storage (p<
0.01). TBARS values displayed an upward trend during the storage of
pressurized samples particularly for those with the highest IMF content at 30
days of storage (HHPHip). At the end of the storage (120 days), CFlank
samples displayed the lowest TBARS values compared to the rest of samples

(p< 0.01) including the pressurized ones (HHPFlank). Nevertheless, no
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significant differences in TBARS values were found between CHip and HHPHip
samples.

Evolution of TBARS values along the storage (0, 30 and 120 days) was
significantly different between the four studied groups of sliced and vacuum-
packed dry-cured hams. CFlank samples showed a significant (p< 0.01)
decrease in TBARS after 120 days of storage while HHPHip ones showed a
significant increase in TBARS values after 30 days of chilled storage (p< 0.001).
The latter samples exhibited the most intense increase in TBARS values over
time. Finally, slight variations in TBARS values were found for HHPFlank and
CHip during the storage although the highest values were exhibited at 120 days
of chilled storage (p< 0.01) for both groups.

Figure 1. Thiobarbituric acid-reactive substances (TBARS) in treated or non-treated
dry-cured ham slices with high pressure (control (C) vs. HHP (HHP)) and with different
IMF content (Flank vs. Hip) stored in vacuum at 2 °C during 120 days. Different letters

within the same line denote significant differences between means at p < 0.05.
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Volatile aldehydes

Amongst all volatiles found in the headspace of sliced and vacuum-packed dry-
cured hams (Table 2), two of them were Strecker aldehydes, particularly 3-
methylbutanal and 2-methylbutanal, and six of them were aldehydes derived
from lipid oxidation, particularly pentanal, heptanal, 1-octen-3-ol, octanal,

nonanal, and hexanal which was the most abundant volatile in all samples.

Concentrations of 3-methylbutanal at 0 and 30 days of storage and of 2-
methylbutanal at 30 days of storage were significantly lower in pressurized
samples than in control ones (p< 0.001). However, no significant effect of HHP
treatment on the concentration of both compounds was found at the end of the
chilled storage (p> 0.05). Regarding to the rest of volatile aldehydes, most
volatile compounds showed higher headspace concentrations in control
samples compared to pressurized samples at 0 and 30 days of the chilled
storage although for nonanal and 1-octen-3-ol these differences were not
significant at 0 and 30 days of storage, respectively. After 120 days of storage,
differences in headspace concentration of all volatiie compound were not
significant between control and pressurized samples except for hexanal.
Pressurized samples exhibited a significant higher hexanal content than control

ones after 120 days of storage (main effect of HHP; p< 0.05).

Regarding the effect of IMF content on aldehydes concentrations, a significant
effect was found for all volatile compounds at all sampling times except for 1-
octen-3-ol at 120 days (p> 0.05). Both Strecker aldehydes, 3-methylbutanal and
2-methylbutanal exhibited higher concentrations in Hip samples (higher IMF
content) at the beginning of the chilled storage (p< 0.05 for 3-methylbutanal and
p< 0.001 for 2-methylbutanal). However, at 30 and 120 days, samples with the
lowest IMF content (Flank) exhibited the highest concentrations for both
compounds. A marked effect of IMF content on lipid-derived volatiles
compounds concentration was found and particularly on hexanal content,

increasing with the IMF content at all sampling times.

329



Regarding the effect of the storage time on studied volatile aldehydes, both 3-
methylbutanal and 2-methylbutanal concentrations significantly decreased with
the storage time except in CFlank samples where an increase after 30 days of
storage was detected for both compounds. Overall, the lipid-derived volatile
compounds showed a significant increase throughout storage except for
pentanal compound which showed a significant decrease over time. Regarding
hexanal, a significant decrease with the storage time was found in control
samples while pressurized samples showed an increase along chilled storage

although this effect was not significant in HHPHip samples (p> 0.05).

Table 2. Effect of HHP treatment (control (C) vs. HHP (HHP)) and IMF content (Flank:
low and Hip: high) on chromatographic areas (AU x 10”) (mean * standard deviation) of
volatile aldehydes detected in sliced dry-cured ham during chilled storage at 2 °C. p-

values of both factors (Treatment: T and IMF content: F) and interaction (T*F).

CFlank CHip HHPFlank HHPHip T F T
3-Methylbutanal
0d 3.05£0.42%Y  3.18+0.68%" 1.99+0.20° 2.67+0.54%" ¥x % ng
30d 4.79+0.79°*  3.20%0.85°~ 2.11+0.53° 2.02+0.45% R ke
120d 2.23+0.54**  1.53%0.33"Y 2.29+0.56° 1.49+0.33%* ns ** ns
2-Methylbutanal
0d 0.88+0.10°Y  1.22+0.25%* 0.80+0.09° 1.09+0.24%° ns ** ns
30d 1.43£0.39°*  0.91+0.09°Y 0.710.07°Y 0.77+0.09°Y R wk ek
120d 0.85+0.09*®Y  0.79+0.09°Y 1.03+0.36"~ 0.750.10°Y ns ** ns
Pentanal
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0d

30d

120d

Hexanal

0d

30d

120d

Heptanal

0d

30d

120d

1-Octen-3ol

0d

30d

120d

Octanal

0d

30d

120d

1.86+0.33"~

0.80+0.25%Y

0.80+0.10%Y

16.3£1.31°*

8.93+1.68%Y

8.82+0.10Y

1.2120.16°*

0.75+0.11%*

1.01+0.15%Y

0.42+0.09%Y

0.23+0.08°*

0.53+0.08"

0.47+0.10°Y

0.36+0.08°*

0.67+0.09°*

3.07+0.59**

2.55+0.80**

1.36+0.50°Y

22.9+3.81**

21.4+4.85*"

13.8+2.82%Y

2.42+0.77°

2.22+0.64°

2.00+0.56°

0.52+0.09%

0.43+0.09*Y

0.59+0.09"

1.05+£0.32%"

0.83+0.10*Y

1.0940.23%*
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0.64+0.14°

0.65+0.16°

0.72+0.10°

6.53+1.48%

8.35+1.85%*

9.45+1.12*

0.61+0.09%Y

0.76+0.11¢Y

1.0410.33°*

0.30+0.08"Y

0.26+0.09°Y

0.62+0.08"

0.46+0.10"Y

0.39+0.09*Y

0.69+0.10°*

2.53+1.05%%

1.63+0.28"Y

1.84+0.54*"

14.7+6.70°

17.00+1.75°

16.7+4.48°

1.32+0.71°Y
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Nonanal

0d

30d

120d

0.48+0.10%Y 0.90+0.10%* 0.79+0.16** 0.550.08"Y ns
0.26+0.06**  0.32+0.05*Y 0.21+0.06"Y 0.27+0.09%* *
0.95+0.10%* 1.03£0.22°°* 0.87+0.15* 1.13+0.16" ns

*%

*kk

ns

ns

p-values: ns: p > 0.05, * p < 0.05, ** p< 0.01, ** p< 0.001.

¢ Different letters within the same row denote significant differences between means
at p< 0.05: IMF and HHP treatment.

** Different letters within the same column denote significant differences between
means at p< 0.05: storage time.

AAS and GGS

Table 3 shows the concentration of protein oxidation markers measured in
sliced and vacuum-packed dry-cured hams throughout the storage. Results
revealed that the effect of HHP treatment was more marked on AAS levels at
the beginning of the storage time (0 and 30 days) (p< 0.05) while GGS levels
were more affected at the end of the chilled storage (120 days) (p< 0.01).
Pressurized samples showed lower levels of AAS at 0 and 30 days of storage.
These samples had higher concentrations of GGS after 120 days of chilled
storage. Moreover, T*F interaction revealed that the effect of HHP on GGS
levels was only significant in Flank samples. IMF content showed a significant
effect on AAS content after 30 days of storage and on GGS content after 30
and 120 days of storage.Flank samples containing lower IMF displayed higher
values of both carbonyls compared to Hip samples. Finally, storage time had a
significant effect on AAS concentration in samples obtaining from Hip section
(p< 0.05), decreasing after 30 days of storage and then remaining constant until
the end of the storage.
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Table 3. Effect of HHP treatment (control (C) vs. HHP (HHP)) and IMF content (Flank:
low and Hip: high) on levels of AAS and GGS as analysed by HPLC-FLD (Nmol/mg
protein) (10°) in sliced dry-cured ham during chilled storage at 2 °C.

AAS

0d

30d

120 d

GGS

0d

30d

120 d

CFlank CHip HHPFlank HHPHip T F TF
1.76+0.24 1.88+0.14" 1.48+0.16 1.71£0.26" * ns ns
1.71£0.62° 1.44+0.34°Y 1.44+0.32% 1.13+0.41°Y * * ns
1.24+0.11° 1.58+0.11% 1.76+0.17° 1.17+0.41° ns ns **

0.32+0.03 0.27+0.04 0.38+0.07 0.32+0.07 ns ns ns
0.2740.01° 0.3340.04% 0.45+0.09° 0.22+0.06° ns * v
0.3240.05° 0.2740.01° 0.430.05° 0.29+0.02° i

p-values: ns: p> 0.05, * p < 0.05, ** p < 0.01, *** p< 0.001.

¢ Different letters within the same row denote significant differences between means
at p < 0.05: IMF and HHP treatment.

*% Different letters within the same column denote significant differences between
means at p< 0.05: storage time.
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DISCUSSION
Effect of HHP treatment

Pressurized samples exhibited at 0 and 120 days of chilled storage, higher L*
values than control ones. Similarly, Clariana, Guerrero, Sarraga, and Garcia-
Regueiro, (2012) observed an increase in L* values in pressurized and sliced
dry-cured ham after 50 days of refrigerated storage. Previous studies related
the increase in L* values of pressurized meat products (500 MPa) to a new
arrangement of surface proteins promoted by HHP, resulting in the coagulation
or denaturalization of proteins, which would increase the reflected/absorbed
light ratio (Mor-Mur, & Yuste, 2003). HHP treatment has an impact on the
structure of myofibrillar proteins (Goutefongea, Rampon, Nicolas, & Dumont,
1995) and accordingly the HHP would have affected the lightness of the lean
surface of the sliced ham of the present study. As consequence of these
changes of structure and surface properties, most likely protein denaturation,
lean lightness varied over time, explaining the decrease in L* values mainly
after 120 days of storage. Other modification that might affect light diffusion is a
fat crystallization (McClements, & Decker, 2010). According to these authors,
decreasing of temperature contributes to fat crystallization. Therefore a fat
crystallization along storage time would support the constant increase in fat
lightness. Regarding a* parameter, no effect of HHP treatment was found on
these values which might be attributed to the high stability provided by the
vacuum-packing system. However, a previous study carried out by Fuentes et
al., (2010) reported a decrease of a* values in pressurized and vacuum-packed
samples after 30 days of refrigerated storage. In this previous study, vacuum-
packed sliced hams were refrigerated under white fluorescent light following a
light/dark cycle of 12 h. In contrast, in the present study vacuum-packed sliced
hams were stored in the darkness during the whole experiment. In this sense,
Clariana et al., (2012) observed the influence of different light conditions on a*
parameter in sliced skin vacuum-packed dry-cured ham and reported that a*
values decrease in the light as a potential photodegradation of the
nitrosylmyoglobin. Therefore, the presence or the lack of light during storage
would explain the difference found between these results and those derived

from the previous study.

334



Although HHP treatment had a significant effect on lipid oxidation, slight
differences in lipid oxidation phenomenon measured as TBARS values was
observed between pressurized and control samples. Previous studies carried
out in dry-cured hams, reported different results in TBARS values depending on
the pressure level, the storage time and the storage conditions (light or dark)
(Clariana et al., 2012). Regarding storage time several results have been found.
A previous study performed by Cilla, Martinez, Beltran, & Roncalés, (2006)
reported no differences in TBARS values throughout refrigerated storage in
vacuum-packaged boneless dry-cured hams, whereas others authors as Parra
et al., (2010) observed an upward trend during the storage of vacuum-packed
dry-cured ham. Diverse factors such as HHP and IMF content, present in this
study, have an influence on the extent of lipid oxidation, and thus, samples
subjected to HHP treatment and with a high IMF content (HHPHip) showed the
farthest and highest MDA formation over time. The decrease observed in
CFlank at the end of storage reflected that this compound (MDA) could be
involved in other reactions. According to Shahidi (1992) MDA values decline
due to further reaction with amino groups. Regarding levels of hexanal, an index
of lipid oxidation, were significantly higher in pressurized samples compared to
control ones particularly at the end of the storage time, supporting that the effect
of HHP treatment on lipid oxidation was particularly marked during the last
stages of the refrigerated storage. In good agreement with the present results,
several authors have reported a significant effect of HHP on the release of
volatile aldehydes from lipid oxidation in Iberian dry-cured ham (Fuentes et al.,
2010). The hexanal results over time reflected that this aldehyde could be
involved in further reactions and therefore, the amount of hexanal in meat
products varies considerably during processing and storage (Andrés, Cava,
Ventanas, Muriel, & Ruiz, 2004). Similarly to MDA evolution over time, CFlank
samples showed the lowest hexanal values and the strongest decrease after 30
days of storage. Overall, HHP accelerates the formation and breakdown of
hydroperoxides and hence, the chain reactions involved in lipid oxidation
(Cheftel & Culioli, 1997). Lipid-derived volatiles such as the aldehydes detected
in the present study, are formed from the breakdown of hydroperoxides and

other reactive-oxygen species formed in the early stages of oxidation (Estévez,
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Morcuende, & Ventanas, 2008a). These facts would explain the different results
observed between pressurized and control samples along storage time.

Control samples showed a higher headspace concentrations of 3-methylbutanal
at 0 and 30 days of storage and of 2-methylbutanal at 30 days of storage.
Fuentes et al., (2010) observed no effect of HHP treatment on 3-methylbutanal
headspace concentration and a higher 2-methylbutanal concentration in control
samples than in the pressurized counterparts. The Strecker degradation of
amino acids is a minor pathway of Maillard reactions (Cremer, & Eichner, 2000)
and involves the oxidative deamination and decarboxylation of a-amino acids.
According to Hidalgo, and Zamora, (2004), this reaction occurs in the presence
of lipid carbonyls such as volatile aldehydes. This fact would explain the similar
behaviour found between Strecker and lipid aldehydes. In the present study, at
the beginning of the storage both, Strecker aldehydes and lipid derived
aldehydes, showed a greater release in control samples than in the treated
ones. At the end of the storage this difference diminished between treated and
non-treated hams, except for hexanal values which showed a significant
difference during the whole experiment (p< 0.05).

Regarding protein oxidation, HHP treatment decreased the AAS concentration
at 0 and 30 days of storage but pressurized samples showed a higher GGS
concentration compared to non-pressurized samples at the end of the storage.
A previous study carried out by Estévez et al., (2009) observed that AAS, unlike
GGS, decreased in a late event during an in vitro oxidation assay, denoting that
this semialdehyde might act as a reactant for further reactions. In fact, AAS
formed as a result of lysine oxidation could be eventually involved in further
reactions during meat processing and storage (Estévez, 2011). And its
involvement in other reactions would explain the effect of storage time on AAS
levels (above mentioned). In the present study HHP treatment could have
promoted the formation of both carbonyls, AAS and GGS, while a lower stability
of the former might have caused the obtained results. The HHP treatment could
have promoted its involvement in further reactions explaining that control
samples had higher AAS values than pressurized ones. Regarding results from
GGS, previous studies have reported a significant effect of HHP treatment on
GGS generation (Fuentes et al., 2010). Moreover, several authors have
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observed that this compound is a more stable and more reliable protein
oxidation marker than AAS in meat products (Armenteros et al., 2009). Similarly
to lipid oxidation, protein oxidation measured by AAS and GGS did not show
great differences and thus no marked effect of HHP treatment was reported
along chilled storage. According to Stadtman, and Levine, (2000) and Estévez,
Killy, Puolanne, Kivikari, and Heinonen, (2008b), the mechanisms and reaction
pathways for the oxidation of lipids and proteins are different but directly linked
as both processes may be affected by similar pro-oxidant and antioxidant
factors. Accordingly, in the present study, lipid and protein oxidation showed a
similar behaviour. However, the significantly larger amount of GGS in HHPFlank
samples highlight the potential effect of HHP on protein oxidation in sliced dry-
cured ham which may lead to a deleterious impact on its nutritional and sensory
quality. Previous studies have reported modifications of redness as
consequence of the impact of protein oxidation on the integrity and properties of
myoglobin and myofibrillar proteins (Ganhao et al., 2010; Utrera et al., 2012).
Therefore the increase in a* values over storage time might be a likely result of
protein oxidation. However, it remains indefinite whether protein carbonylation

had a direct influence on these changes.
Effect of IMF content

A significant effect of the IMF content was found on L* and b* values of the
studied dry-cured ham samples. The highest L* values were recorded in
samples containing higher IMF content. Similarly, Fuentes et al., (data no
published) reported higher scores for brightness (sensory analysis) in Iberian
dry-cured ham slices with high levels of IMF content. A positive correlation
between IMF content and brightness was also reported by Ruiz, Ventanas,
Cava, Andrés, and Garcia, (2000). The effect on b* parameter might have been
promoted by a higher extent of lipid oxidation in samples with a higher IMF
content. Some authors have reported the influence of IMF content on lipid
oxidation in dry-cured loins (Ventanas et al., 2008). According to Garcia-
Esteban, Ansorena, and Astiasaran, (2004) an increase in b* parameter could
be related to the intensity of the oxidation process. Furthermore, in accordance
to results obtained in the present study, these authors found an increase in b*
parameter by the third week of storage in vacuum-packed hams. Consequently,
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the effect of IMF content with the effect of HHP on lipid oxidation (previously
reported), would lead to the extent of oxidation process over time and then the

increase of b* values in external fat and lean surface during the chilled storage.

Regarding the effect of IMF content on TBARS values (Figure 1) Flank samples
showed a higher extent of lipid oxidation compared to Hip samples at the
beginning of storage (p< 0.001). But finally Hip samples (with a higher IMF
content) showed the highest TBARS numbers compared to its counterparts
after 120 days of storage (p< 0.01). These results are in agreement with
previous studies carried out by Estévez, Ventanas, and Cava, (2005) and
Ventanas et al., (2008) who reported a positive effect of fat content on lipid

oxidation in different meat products.

Regarding the effect of IMF content on the formation and release of volatile
aldehydes, the concentration of volatile aldehydes derived from lipid oxidation
increased with the IMF content. The higher IMF content and then the higher
extent of lipid oxidation (Ventanas et al., 2008) would cause a higher formation
of volatile aldehydes derived from this reaction, particularly hexanal. However,
3-methylbutanal and 2-methylbutanal headspace concentrations were higher in
Flank samples compared to Hip ones. Furthermore, both aldehydes are
compounds of intermediate hydrophobicity (log P= 1.23 for both compounds)
and thus the IMF had a limited effect on the release of both compounds.
Consequently, the results for 3- and 2-methylbutanal could have been mainly
due to a higher formation of Strecker aldehydes as consequence of a larger
extent of protein oxidation in the Flank samples. In fact, authors such as
Estévez, Ventanas, and Heinonen, (2011) reported that AAS and GGS
carbonyls can promote the formation of Strecker aldehydes. According to
Toldra, (2004) the simultaneous occurrence of protein proteolytic and oxidative
reactions and the formation of Strecker aldehydes during ripening of meat
products suggests that protein semialdehydes may be implicated in the
formation of Strecker aldehydes by reacting with neighbouring free amino acids.

IMF content showed a significant effect on AAS content after 30 days of storage
and on GGS content after 30 and 120 days of storage. Unlike the results for

lipid oxidation, Flank samples displayed a higher amount of both carbonyls
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compared to Hip samples. A lack of correlation between protein and lipid
oxidation has been previously reported by Estévez et al., (2008b). In the
present study, the higher protein content in Flank involves a higher source of
protein oxidation products. An increase in protein content would decrease the
lipid/protein ratio which could result in a higher extent of protein oxidation. On
the contrary, a decrease in protein content as consequence of a higher IMF
content would increase the lipid/protein ratio which could results in a higher
extent of lipid oxidation. Therefore, the IMF content could have determined the
effect of HHP treatment on lipid and protein oxidation. In fact, this decrease in
lipid/protein ratio as consequence of the highest protein content in Flank section
might explain the increase in GGS after HHP treatment at 120 days of storage
in these samples. Consequently, both phenomena (lipid and protein oxidation)
were not directly linked due to the likely influence of the physico-chemical
composition of samples on their susceptibility to undergo changes induced by
the HHP treatment.

CONCLUSIONS

As far as we know, this study reports, for the first time, information concerning
impact of IMF content on changes caused by HHP treatment in sliced dry-cured
ham along storage. IMF content and storage time led to clear modifications in
colour unlikely HHP treatment. Similarly, oxidative stability was not specially
affected by HHP however a more marked impact was observed during the last
stages of storage. Nevertheless, IMF content and then the physico-chemical
composition of dry-cured ham determined oxidative changes promoted by HHP.
Taking into consideration the remarkable impact of IMF content on oxidative
effects caused by HHP, previous to each HHP treatment it should probably be
considered whenever top-quality products are to be produced. Therefore
depending on sliced section ham different strategies may be required to inhibit

the unpleasant consequences of colour changes, lipid and protein oxidation.

In summary, it could be concluded that despite a long period of chilled storage
after HHP treatment the quality of sliced and vacuum-packed dry-cured ham

was preserved.
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Abstract

This paper describes the effect of high pressure treatment (HHP) (600 MPa)
during refrigerated storage (120 days, +2 °C) on the oxidative stability (hexanal)
and the sensory properties of sliced and vacuum-packaged Iberian dry-cured
ham varying in intramuscular fat (IMF) content (low fat —flank and high fat - hip).
Both static and dynamic (time-intensity, Tl) sensory techniques were applied.
Samples subjected to HHP treatment and Hip samples showed the highest
hexanal content. Hip samples displayed higher scores for colour intensity,
marbling and brightness of lean. IMF content contributed to a more intense
temporal perception of hardness and fibrousness and to a more intense and
longer rancid flavour perception. External fat from pressurized samples showed
a higher colour intensity and hardness probably due to the extent of lipid
oxidation and the development of fat crystallization. Results of temporal
analysis indicated that pressurized samples turned out harder, juicier, more

fibrousness, saltier and displayed a more intense overall and rancid flavour.
Keywords

High pressure, IMF, Sliced dry-cured ham, TI.
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INTRODUCTION

Dry-cured Iberian ham is the most valuable meat product of Spain, with a first-
rate consumer acceptance (Ruiz, Garcia, Muriel, Andrés, & Ventanas, 2002a).
The high amount of intramuscular fat (IMF), the great concentrations of heme
pigments and the high levels of monounsaturated fatty acids (MUFA) have been
highlighted as some of the most relevant quality aspects in muscles from
Iberian pigs (Ventanas, Ventanas, Ruiz, & Estévez, 2005). IMF has a clear
effect on eating quality of meat as it reduces the shear force during chewing,
making easier muscle fibre separation, and hence, improving the juiciness and
tenderness sensation (Lawrie, 1998). Juiciness and flavour intensity seem to be
the most important features in determining dry-cured Iberian ham acceptability
(Ruiz et al., 2002a).

In recent years, the new trends in marketing and selling dry-cured meat
products include slicing and packaging in order to meet the consumers’
demand. Thus, it is extremely important to guarantee the safety of this product,
while maintaining its unique product quality (Andrés, Mgller, Adamsen, &
Skibsted, 2004). High hydrostatic pressure (HHP) is a very promising
preservation technology for sliced meat cured products (Hugas, Garriga, &
Monfort, 2002), which can be applied to the product upon vacuum packaging.
The use of HHP has been highlighted to ensure the safety of the products and
to extend their shelf-life without decreasing organoleptic properties (Rubio,
Martinez, Garcia-Cachan, Rovira, & Jaime, 2007). Nevertheless, in a previous
study, HHP at 600 MPa was observed to induce severe oxidative deterioration
of lipids and proteins and changes in texture or colour in Iberian dry-cured hams
after 1 month of storage (Fuentes, Ventanas, Morcuende, Estévez, & Ventanas,
2010).

The influence of different factors on the sensory characteristics of Iberian dry-
cured products has been extensively studied, with descriptive profile being the
routine technique used for this purpose (Ventanas, Ventanas, Tovar, Garcia, &
Estévez, 2007a; Ventanas, Ventanas, & Ruiz, 2007b). The descriptive profile is
a static sensory technique and thus can be useful for detecting the intensity

perception of different attributes measured as an overall impression during
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product consumption. Dijksterhuis, and Piggott, (2001) developed a sensory
evaluation method called time—intensity (Tl) which allows monitoring the
intensity over time and thus provides more real and valid information compared
to static techniques. Tl analysis has been successfully applied to evaluate the
taste, the flavour and the mouthfeel of model (Palsgard, & Dijksterhuis, 2000)
and food systems (Guinard, Wee, McSunas, & Fritter, 2002) including meat
products such as bologna-type sausages (Ventanas, Puolanne, & Tuorila,
2010). However, the TI technique has been, so far, poorly applied to meat
products although the information provided by this novel methodology may be
of great interest in the Meat Science field. In particular, TI may be a useful tool
to study the impact of HHP treatment and the IMF content on the dynamic
perception of texture and flavour in Iberian dry-cured ham. Flavour and texture
perception is, actually, a dynamic process since continuous changes in their
intensities are perceived during eating as a result of mixing with saliva and the

breakdown of the food matrix through chewing.

Moreover, most studies have evaluated the effect of HHP treatment on dry-
cured products characteristics after a variable period of refrigerated storage,
mainly ranged from 30 to 90 days (Andrés et al.,, 2004; Cava, Ladero,
Gonzalez, Carrasco, & Ramirez, 2009; Fuentes et al., 2010). To our knowledge
this is the first time that changes on sensory traits of Iberian dry-cured ham
subjected to HHP treatment were evaluated after 120 days of refrigerated

storage (+2 °C).

The aim of the present study was to determine the effect of IMF content and
HHP treatment (600 MPa) on the sensory characteristics of vacuum-packaged

Iberian dry-cured ham using dynamic sensory techniques.

MATERIALS AND METHODS
Sampling, packaging and pressure treatment

Dry-cured hams (7.5 kg average) were obtained from free-range reared Iberian
pigs fed on grass and commercial concentrates during the fattening period (60
days prior to slaughter) and slaughtered at 160 kg live weight and 12 months of
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age (Campo, DOP Dehesa de Extremadura). Green hams were processed
traditionally, according to the method described by Fuentes et al., (2010). Once
the ripening process was finished (~ 30 % weight loss), the hams were deboned
and two different sections (Quadriceps femoris; flank and gluteal muscles; hip)
varying in the IMF content were extracted (Flank section containing lower IMF
content compared to hip section) (Figure 1). Afterwards, muscles were sliced (1
mm thickness) and vacuum-packaged (polyamide and polyethylene in the upper
film with 34.0 cm®m? permeability to O, at 23 °C and 85 % HR; polyamide and
polyethylene in the lower film with 18.0 cm*m? permeability to O, at 23 °C and
85 % HR) (Mobepack company, Salamanca, Spain). A total of 110 packages
were obtained (55 packages of flank batch and 55 packages of hip batch). Half
of the packages of each batch were subjected to HHP treatment at the CENTA
Institute (Monells, Girona, Spain). Packages of dry-cured ham were pressurized
at 600 Mpa for 6 min in a bath set at 12 °C (NC Hyperbaric Wave 6500/120;
120 | and 6500 bars). Subsequently, all batches were storage at chilled
condition (2 °C) for 120 days.

Figure 1. Different sections of the deboned Iberian dry-cured hams. Quadriceps
femoris (flank) and Gluteal muscles (hip) were selected to carry out the present study.
These sections were selected based on the differences in the IMF content: flank (low
IMF content) and hip (high IMF content).

Gluteal muscles

Biceps femoris

Quadriceps femoris
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Physico-chemical analysis

The Proximate composition of all Iberian dry-cured hams batches was
determined: moisture content and chloride content were determined using an
official method (AOAC, 1984). Intramuscular fat (IMF) was determined by the
Folch method (Folch, Lees, & Sloane Stanley, 1957). Protein content was
determined by Kjeldahl method (Kjeldahl, ISO, 1978).

Hexanal analysis

Hexanal aldehyde was analysed by headspace-SPME and GC/MS (gas
chromatograph Hewlett—Packard 5890 series |l coupled to a mass selective
detector Hewlett—Packard HHP-5791A) following the method developed by
Andrés, Cava, Ventanas, Muriel, and Ruiz (2004). One gram of minced sample
was weighed into a 4 ml vial. All vials were closed with a teflon/silicone septum.
An SPME fibre (50/30 pm divinylbenzene-carboxen-polydimethylsiloxane
coating) was inserted through the septum and exposed to the headspace of the
vial. Vials were pre-conditioned for 15 min at 37 °C. Extraction was carried out
at 37 °C for 30 min in a water bath. After extraction, the SPME fibre was
immediately transferred to the injector of the chromatograph which was in
splitless mode at 270 °C. The separation of volatile compounds was performed
on a 5% phenyl-methyl silicone (HHP-5) bonded phase fused silica capillary
column (Hewlett— Packard, 50 m x 0.32 mm i.d, film thickness 1.05 m),
operating at 6 psi of column head pressure. Oven programme was: 40 °C for 10
min, 5 °C min™' to 200 °C, 15 °C min”' to 250 °C, and held 250 °C for 10 min.
The transfer line to the mass spectrometer was maintained at 270 °C. The mass
spectra were obtained using a mass selective detector by electronic impact at
70 eV, a multiplier voltage of 1756 V and collecting data at a rate of 1 scan s-!
over the m/z range 30-500. Hexanal was tentatively identified by comparing
their mass spectrum with those reported in the Willey Library. Results are given

in area units (AU).
Sensory evaluations

In the present study, sensory profile was used to evaluate the attributes related

to appearance and texture of external fat and the attributes related to
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appearance and odour of lean, while attributes related to texture and flavour of

lean were evaluated using the time intensity method.
Panellists

Ten panellists (five males and five females, range age 26-50 years) with
previous experience in sensory evaluation participated in the study (training and

evaluation sessions). All of them were staff of the University of Extremadura.
Sensory profiling

In order to select the evaluated attributes, samples (one slice) of each batch
were presented on a glass plate at room temperature (~ 21 °C) with a list of
potential attributes. After discussion the panel reached an agreement and
selected 12 attributes and their verbal anchors on the scale. The selected
attributes were in agreement with the attributes selected in a previous study
(Fuentes et al., 2010) but including some modifications. For most difficult
attributes, some references were presented in order to fix the anchors of the

scale (Table 1).

Table 1. Products employed as references for fixing the anchors of certain attributes.
The products employed to fix the “less” (left anchor) and “more” (right anchor) are

shown for the attributes related to both external fat and lean.
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Left anchors Right anchors

External fat

Appearance

Colour intensity Bacon fat Oxidized fat of dry-cured ham
Brightness Back fat at 7 °C Back fat 30 °C for 20-30 min
Tactile texture

Fluidity Back-fat at -18 °C Back-fat at 30 °C for 20-30 min
Hardness Back-fat at 30 °C for 20-30 min Back-fat at -18 °C

Lean

Appearance

Red colour intensity  Serrano dry-cured ham Dry-cured beef

Marbling Serrano dry-cured ham Iberian dry-cured ham

Brightness Dry-cured beef Iberian dry-cured ham at 50 °C greased with olive oil
Odour

Rancid Bacon fat Oxidized back-fat at 50 °C for 24h

Sensory profiling sessions were carried out over four consecutive days with one
session per day. Twelve attributes grouped in appearance and tactile texture of
external fat and appearance and odour of lean were evaluated. Four samples
were evaluated per session, thus a total of 4 sessions were performed. Each
sample consisted of a slice of dry-cured ham served on a glass plate marked
with random three digit codes. The external fat and the lean of each slice were
separately evaluated (Figure 2). For each panellist, the presentation order of
the four batches over the sessions was randomized following the Williams Latin
Square design. Evaluations were conducted in individual booths at room
temperature (~ 21 °C). Panellists rated the intensity of the selected attributes
using an unstructured scale (10 cm). The selected attributes were for
appearance of external fat; colour intensity, colour homogeneity and brightness;
for tactile texture of external fat: fluidity, hardness and sandy; for appearance of
lean: red colour intensity, marbling, brightness and for odour of lean: overall,
rancid and cured. The verbal anchors for most attributes were from less to more
whereas for colour intensity ranged from white to yellow. FIZZ Network (v. 1.01:
Biosystemes, France) program was used for collecting the data.
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Figure 2. Presentation of the slices of Iberian dry-cured ham to the panel during
sensory evaluation sessions (descriptive profile). The external and lean of each slice

were separately served on the same glass plate.

External fat

Lean

Tl training

Dynamic sensory properties of dry-cured ham affected by amount of IMF and
high pressure treatment were studied using Tl methodology. The training
procedure described by Peyvieux, and Dijksterhuis (2001) was applied with
some modifications. Three training sessions (2 h per session) were performed,
divided in different steps. During the first session, the Tl method (computer
screen instructions) and the product under investigation were introduced to the
panellist in general terms. Panellists got familiar with the Tl data collection (FI1ZZ
software). Panellist participated in two further training Tl sessions evaluating the
overall flavour intensity and the texture of three different traditional meat
products (dry-cured beef “cecina”, cooked ham and dry-cured Serrano ham)
using a 10 cm unstructured horizontal scale anchored “less” and “more”.
Sample size was standardised and the protocol was established as follows:
panellists should keep the sample in their mouths, chew for 10 s and then
swallow. After swallowing panellists should continue the evaluation until they did
not perceive anything. Panellists were instructed to move the cursor along the

scale according to the intensity of their perception. The time of the evaluation
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was fixed in 120 s, but panellists could stop before by moving the mouse
completely towards “less” extreme. During the data collection, specific
messages were displayed in the computer screen showing commands as
“indicate the intensity during chewing the sample by moving the cursor along
the scale”, “swallow the sample” and “move the cursor completely toward less if
you do not perceived anything more”. The final rinsing protocol between
samples was tap water and a piece of unsalted crackers. This standardised

protocol was used in the Tl evaluations.
Time-intensity evaluations

A total of seven attributes grouped in texture (hardness, juiciness and
fibrousness) and flavour (saltiness, overall, rancid and cured) were chosen after
discussion with panellist to be evaluated by Tl methodology. Evaluations were
carried out on eight consecutive days, with one session per day. Panellists
rated one attribute at a time and all attributes were evaluated four times, thus a
total of 40 Tl curves of each attribute were obtained for each sample. Two
samples were evaluated in the same session, thus a total of eight sessions
were performed. The serving order of the samples randomised according to the
Williams Latin Square design. Samples were served on a glass plate and coded
with three digit numbers. Once the panellist placed the sample in their mouth
they started to evaluate the texture or flavour intensity. Sessions took place in
individual booths under white light.

The intensity recordings started when assessors clicked on the scale and
stopped after 120 s or when the assessors returned the marker completely
‘less” in the scale. The message “swallow” was displayed after 10 s of
chewingfor overall, saltiness, rancid and cured flavour evaluation. In order to
evaluate texture attributes, the panellists were instructed to chew and to finish
the evaluation when they considered the sample was ready for swallowing.
Attributes were scored on a 10 cm unstructured horizontal scale anchored with
“less” and “more” for all evaluated attributes. Between samples, panellists were
required to follow the rinsing protocol. Data were collected using the FIZZ
software (Sensory Analysis and Computer Test Management) (Biosystemes,
France, 2002).

352



Data analysis

Data from chemical composition and headspace were analysed by two-way
ANOVA (GLM procedure) with treatment (Control and HHP) and IMF content
(flank and hip) as main effects and testing means differences by Tukey post hoc
test. Data from sensory analysis (QDA) were analysed by three-way ANOVA
(repeated measures) (GLM procedure) in order to evaluate the main effects of
HHP treatment, IMF content and their interaction. In this model, the HHP
treatment (Control and HHP), the IMF content (flank and hip) and replications
(session 1, 2, 3 or 4) were included as within-subject factors. Bonferroni
correction was applied for multiple means comparison of main factors (HHP and
IMF). Pearson’s correlation coefficients were also calculated.

Data from individual Tl curves were analysed and average Tl curves were
computed for each attribute over ten assessors and four replications using FIZZ
software. Four Tl parameters were extracted from Tl curves: (1) maximum
intensity (Imax), (2) computed end time (Tend) — total duration of the evaluation
in seconds, (3) duration of the plateau phase (DurPl) and (4) the total area
under the curve (AreaTse). Data from Tl parameters were analysed by three-
way ANOVA (repeated measures) (GLM procedure). In this model, treatment
(Control and HHP), IMF content (flank and hip) and replications (session 1, 2, 3
or 4) were included as within-subject factors. Bonferroni correction was applied
for multiple means comparison of main factors (HHP and IMF).

SPSS software (v 15.0) for windows was used for carrying out all statistic

analyses.

RESULTS AND DISCUSSION
Physico-chemical analysis

The proximate composition of the Iberian dry-cured hams (Table 2) is in
agreement with previous studies carried out in the same product (Fuentes et al.,
2010). Hip samples displayed higher IMF content compared to flank ones
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regardless the HHP treatment whereas flank samples showed the highest
protein, moisture and chloride content.

Table 2. Physico—chemical composition (expressed as %) of sliced and vacuum-
packed dry-cured ham with different IMF content (flank vs. hip) and treated or non-
treated with HHP (control vs.HHP). p-values® of both main factors (IMF content: F and

treatment: T) and interaction (F*T).

CONTROL HHP p-values®

Flank Hip Flank Hip F T FT
IMF 9.53+0.89° 16.2140.76°  10.29+0.47°  15.40+1.25% *** ps *
Protein 42.19+2.19  39.78+2.74 41.38+2.12 38.95+2.77 * ns ns
Moisture 43.42+1.92  39.98+3.47 42.26+0.96 39.34+3.75 * ns ns
CINa 3.71+0.64 3.09+0.47 3.80+0.52 3.18+0.84 *  ns ns

p-values®: ns p<0.05, * p<0.05, ** p<0.01, *** p<0.001.

Different letters within the same row denote significant differences between means at
p<0.05.

Hexanal analysis

The oxidative stability of pressurized and control dry-cured ham samples
measured as hexanal content is shown in Figure 3. IMF content significantly
affected (p<0.001) lipid oxidation since hip dry-cured hams showed a higher
hexanal content compared to flank ones regardless the HHP treatment (flank:
9.14E+07 + 6.15E+06 vs. hip: 1.53E £ 6.15E+06). These results were expected
since hexanal is derived from lipid oxidation and meat products with higher fat
content generally show higher amounts of oxidation products. In fact, several
authors have previously found significant correlations between fat content and
lipid oxidation (Estévez, Morcuende, & Cava, 2003; Estévez, Ventanas, & Cava,
2005). Regarding the influence of HHP treatment, a significant effect on lipid
oxidation (p<0.05) was also found. Headspace concentration of hexanal
increased in all pressurized batches compared control ones (HHP: 1.31E+08 +
6.15E+06 vs. control: 1.13E+08 + 6.15E+06). In a previous study carried out by
Fuentes et al., (2010) a similar effect of HHP treatment (600 Mpa) on lipid
oxidation was reported. The impact of HHP treatment on hexanal content was
higher in hip samples compared to flank ones suggesting that IMF content could
enhance the effect of HHP on lipid oxidation.
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Figure 3. Effect of IMF content and HHP treatment on lipid oxidation of sliced dry-
cured ham. Level of hexanal (means * standard deviation from ten replicates) are
expressed in AU. Different letters indicate significant differences between means (p<

0.05).
B Flank

2.50 - O Hip
2.00 |

1.50 -
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AU x 108

0.50
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CONTROL HHP

Sensory profiling

Results from the ANOVA in Table 3 show a significant effect (p<0.01) of HHP
treatment on colour intensity and homogeneity of external fat. External fat of
HHP-treated samples were more yellow and displayed lower colour
homogeneity compared to control samples. Consistently, a negative correlation
between intensity and homogeneity of colour was found (r= -0.362, p<0.05).
Accumulation of products derived from lipid oxidation promoted by HHP
treatment may have contributed to increase colour intensity in terms of
yellowness perception. An irregular yellow colour could explain the lower scores

for colour homogeneity obtained after HHP treatment.

Moreover, after HPP treatment external fat of samples turned out harder but
less sandy, with these differences being more marked in hip samples compared
to flank ones. Previous studies in meat (Cheftel, &Culoli, 1997) as well as in
dairy creams and emulsions (Dumay, Lambert, Funtenberger, & Cheftel, 1996)
reported that pressure enhances the formation of denser and most stable fat
crystals. In fact, lipids present in a liquid state at room temperature crystallise

under pressure. However, Fuentes et al., (2010) reported no effect of HHP
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treatment on hardness of external fat of Iberian dry-cured ham refrigerated
during 1 month under white fluorescence light. In the present study, the longer
time of the storage after pressurization (4 months) would partly explain that
variations in hardness caused by HHP treatment were more evident. (Cheftel, &
Culoli, 1997). Corona, (2012) reported a crystallization of bak-fat from Iberian
pigs during cold storage using ultrasonic measurements and similarly to
Nifioles, Mulet, Ventanas, and Benedito (2010) in stored fat for 2 months at 0
°C, a complete crystallization in the present study was expected. This
phenomenon together with modifications in the physical state of fat due to HHP
treatment could promote the formation of fat crystals and thus explaining the

reported results for hardness perception of external fat.

On the other hand, the perception of the “sandy” attribute has never been
assessed before in the external fat of dry-cured ham samples by means of
tactile perception. In the present study, this attribute was included in the list of
the definitive attributes after panel discussion during training sessions. External
fat of HHP-treated samples were perceived less sandy compared to control
ones, which could be partly linked to the increase of hardness perception. It was
expected that modifications of fat and protein due to HHP treatment could
promote the formation of fat or protein aggregates which could be perceived as
an increase of sandy perception. This attribute was evaluated by rolling the
finger across the fat surface and thus the higher hardness of external fat in HPP
samples could partly hinder the perception of the sandy attribute. According to a
previous study performed by Mor-Mur & Yuste, (2003), pressurized cooked
sausages were less grainy although this attributes was evaluated during

sausages consumption.

Fat content significantly influenced (p<0.001) the attributes related to the
appearance of lean of dry-cured ham samples but not the odour attributes. As
expected, hip samples displayed higher scores for marbling and brightness
attributes and consequently were less red compared to flank ones. In fact,
significant and negative correlations between red colour intensity and
brightness (r= -0.494, p<0.001) and between red colour intensity and marbling
(= -0.619, p<0.001) were found. Ruiz, Ventanas, Cava, Andrés, & Garcia,

(2000) reported that a higher amount of IMF linked to a higher oleic acid content
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causes a higher fluidity of fat in dry-cured ham. This argument could explain the
higher scores for marbling and brightness of lean in hip samples which is
supported by the significant and positive correlation found between both
attributes (= 0.763, p<0.001).

HHP had a different effect on red colour intensity of dry-cured samples
depending on the IMF content (main effect of T*F interaction, p<0.01). HHP
treatment decreased red intensity scores in hip samples whereas slight
variations were found in the flank counterparts. Similarly, Serra et al., (2007)
reported a lower colour intensity in pressurized hams than in control ones.
Carlez, Veciana-Nogues, & Cheftel, (1995) attributed the modifications in red
colour intensities caused by HHP treatment to an increase in protein
denaturation, resulting in a higher lightness (‘whitening’ effect). More recently,
several authors have been linked colour deterioration to protein oxidation in
different meat products, particularly in dry-cured hams (Ventanas et al., 2007a)
and cooked patties (Ganhao, Morcuende, & Estévez, 2010). Oxidation of
nytrosomyoglobine pigment as well as myofibrillar proteins during HHP
treatment could play an important role on colour modifications in dry-cured ham
samples (Fuentes et al., 2010). Moreover, pressurized samples displayed
significant higher marbling (p<0.01) and lower brightness (p<0.05) scores

compared to control ones.

Odour attributes were affected by HHP treatment, particularly cured odour
(p<0.05). Control samples showed a more intense cured odour compared to
HHP ones. Rivas-Cafedo, Fernandez-Garcia, and Nufez (2009) reported a
lower level of certain volatile compounds in Serrano hams after HPP treatment.
Moreover, Garriga, Grébol, Aymerich, Monfort, & Hugas (2004) reported the
effectiveness of pressurization treatment (600 MPa) on preventing microbial
growth in Serrano ham, and thus, in the level of volatile compounds mainly
derived from microbial metabolism (Rivas-Cafedo et al., 2009). These
arguments could partly explain the lower intensity of cured odour perceived in

dry-cured ham samples after HHP treatment.
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Table 3. Main effect of IMF content (flank; low fat vs. hip; high fat) and HHP treatment

(control: non-treated vs. HHP: treated) on attributes related to lean and the effect of

HHP treatment on attributes related to external fat (mean * standard deviation).

Significance level of main factors (IMF content: F, treatment: T and session: Se) and

interaction (T*F): ns, non significant, *p<0.05, **p<0.01, ***p<0.001.

CONTROL HHP

Flank Hip Flank Hip F T Se TF
External fat
Appearance
Colour intensity 3.7510.16 2.630.11 4.05+0.13 3.351£0.13 - * ns -
Colour homogeneity  5.90+0.24 5.8610.21 5.021+0.15 5.6910.21 - > * -
Brightness 5.19+0.13 5.66+0.16 5.83+0.20 5.47+0.18 - ns b -
Tactile texture
Fluidity 5.89+0.17 6.55+0.17 6.05+0.14 6.63+0.18 - ns b -
Hardness 2.28+0.15 1.821+0.14 2.65+0.13 2.65+0.15 - ** ns -
Sandy 2.92+0.11 2.01+0.16 2.69+0.11 1.0710.11 - ** * -
Lean
Appearance
Red colour intensity ~ 7.26+0.13 6.59+0.15 7.29+0.12 6.03+0.13 o ** * **
Marbling 0.97+0.07 2.840.13 1.3040.07 3.71+£0.24 o ** i *
Brightness 3.6210.15 5.7320.15 3.57+0.11 5.27+0.21 b * ns ns
Odour
Overall intensity 6.14+0.15 5.57+0.15 5.531£0.19 5.9910.13 ns ns ns >

358



Rancid

Cured

2.20+0.15 2.22+0.08 2.00+0.15 2.03+0.12 ns ns ns

4.73+0.18 4.43+0.22 4.09+0.12 4.36+0.13 ns * ns

ns

*%

Time-intensity analysis

Table 4 shows the extracted Tl parameters (means + sd) and the Figure 4
displays the average Tl curves for each evaluated attribute. Dynamic perception
of hardness, juiciness, fibrousness and rancid flavour were significantly affected
by the IMF content of samples. Hip samples displayed a significantly (p<0.05)
higher intensity perception of hardness (Imax and Area) compared to flank
ones. Maximum perception of fibrousness (Imax) significantly decreased
(p<0.05) with the IMF content as well as the duration of the maximum intensity
(DurPl). Dransfield (1994) in fresh pork and Ruiz et al., (2000) in dry-cured
hams reported that IMF content has a remarkable effect on the texture, being
negatively related to hardness and fibrousness. The effect of IMF on hardness
was unexpected. Taking into consideration that IMF has been recurrently
correlated to decreased hardness and increased juiciness, the present results
may be ascribed to differences between flank and hip muscles regarding other
aspects different o IMF such as muscle structure. The muscles of hip section
are located near of the coxofemoral joint and thus may content a higher amount
of collagen compared to those of flank section which would contribute to
increase the consistence and thus the hardness perception of these samples.
Regarding to flavour perception, flank samples displayed a significantly longer
duration of the plateau phase of saltiness (DurPI, p<0.05) compared to hip ones
which would be related with the higher chloride content quantified in flank
compared to hip dry-cured ham samples. Moreover, the intensity (Imax and
Area) and duration (Tend) of rancid perception increased as IMF content
increased. Similarly, Ventanas et al., (2007a) observed a positive and
significant correlations between IMF and the intensity and persistence of flavour
suggesting the possibility that the IMF would have influenced the generation
and release of aroma volatiles, affecting the aroma perception. The influence of
the fat level on the release of volatile compounds during mastication has been

reported in different products such as sausages (Carrapiso, 2007), dairy
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emulsions (Roberts, Pollien, & Watzke, 2003) and yogurts (Brauss, Linforth,
Cayeux, Harvey, & Taylor, 1999). It is known that the oxidation of unsaturated
fatty acids is mainly responsible for the odour and flavour formed during the
processing of muscle foods (Tressl, Bahri, & Engel, 1981). Ventanas, Estévez,
Andrés, & Ruiz, (2008) reported a higher generation of volatile compounds
derived from the oxidation of fatty acids in high IMF loins due to the higher
triglyceride content in those samples than in low IMF loins. In fact, in the
present study higher levels of hexanal were found in hip dry-cured samples
compared to flank ones, which would have contributed to increase the intensity
and duration of rancid flavour perception.

The dynamic perception of texture attributes was affected by HHP treatment.
HHP significantly affected the total duration (Tend) and the persistence of
maximum intensity (DurPl) of hardness (p<0.05). Persistence of hardness and
duration of the maximum intensity were longer in pressurized compared to
control dry-cured ham samples (Fig. 4a). The treatment also affected most TI
parameters of juiciness and fibrousness, (Fig. 4b and 4c). Persistence (Tend)
and intensity (Imax and Area) of both attributes significantly increased with HPP
treatment. Dry-cured ham samples subjected to HHP treatment were perceived
juicier and more fibrous for a longer time than non-pressurized ones. The effect
of HHP on the texture properties of meat products has already been observed
in previous studies (Mor-Mur, & Yuste, 2003; Bertram, Wu, Straadt, Aagaard, &
Aaslyng, 2006). Fuentes et al., (2010) using a descriptive sensory analysis
reported that pressurized dry-cured ham was harder, less juicy, less doughy
and more difficult to chew than non-pressurized samples. Bertram et al., (2006)
using Tl observed that pressured cooked ham was perceived as significantly
less tender compared to non-pressurized ones. Fuentes et al.,, (2010)
concluded that HHP treatment also has a significant effect on muscle proteins in
treated dry-cured ham at 600 MPa. Taking into account that HHP treatment
applied to the dry-cured hams in the present study was at 600 MPa, the impact
of HHP on protein oxidation can be expected. Fuentes et al., (2010) in dry-
cured hams and Estévez, Ventanas and Cava, (2005b) in frankfurters, have
related protein oxidation with texture changes. Serra et al., (2007) reported a

negative correlation between the hardness, the proteolysis index and the
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proteolytic activities in HHP-treated dry-cured hams (400 and 600 MPa). These
authors observed a higher fibrousness scores in treated ham (600 MPa) which
is consistent with the results obtained for fibrousness in the present study.
Campus, Flores, Martinez, & Toldra, (2008) in vacuum packaged dry-cured
ham and Homma, lkeuchi, & Suzuki, (1996) in meat reported that HHP
diminishes the activity of proteolytic enzymes. These arguments would explain
the highest intensity of fibrousness and the more persistence of hardness.
Moreover, Huff-Lonergan, & Lonergan, (2005) concluded a reduced proteolytic
activity of tenderising enzymes and cross-linking of myofibrillar proteins may
influence negatively water-holding capacity (WHC) and juiciness of muscle
foods. Fuentes et al., (2010) found a loss of juiciness in pressurized dry-cured
ham (600 MPa) which is not in agreement with the present results. The different
sensory method used in both studies could partly explain the different results,
demonstrating that static and dynamic sensory techniques can provide different
type of information (Dijksterhuis, & Piggott, 2001). In fact, a positive effect of
pressurization on juiciness has been suggested in cooked ham evaluated by Tl
(Bertram et al., 2006) and in cooked sausages by two triangle tests (Mor-Mur, &
Yuste, 2003). The highest juiciness observed in HHP-treated samples are in
agreement with a previous investigation and reveals that the pressure-induced
alteration in meat structure and water distribution is affecting how juicy the meat
is being perceived during consumption (Suzuki, Homma, Kim, lkeuchi,
Sugiyama, & Saito, 2001). Juiciness is related to the degree of lubrication of the
food during the chewing and the subsequent swallowing (Ruiz, et al., 2002a).
The juiciness of meat products is considered to arise from the moisture
released by the product during chewing and the moisture from saliva (Winger, &
Hagyard, 1994). The increase of the hardness perception, together with a
higher fibrousness may have led to an extension of the mastication process to
have the samples ready to be swallowed. Like this, HHP-treated samples may
have therefore been present in the oral cavity for a longer time, resulting in a
higher persistence and a higher stimulation of salivation compared to non-
pressurized ones. Like this, two circumstances apparently contradictory such as
hardness and juiciness may be compatible during the temporal perception of
meat samples as an initial perception of intense hardness may have led to an

eventual greater juiciness. In fact, in HHP-treated samples hardness was
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perceived faster compared to juiciness (Figure 4) which was reflected in the
results obtained for Sminc parameter (maximum slope of the initial phase) (1.05
+ 0.46 for hardness and 0.93 + 0.37 for juiciness) whereas juiciness perception
at maximum intensity (DurPl) was longer compared to hardness (Table 4). This

finding would have been unlikely using static techniques.

Regarding to temporal changes of flavour, the HHP significantly affected
saltiness, overall and rancid flavour perception. After HHP treatment samples
were perceived significantly saltier (Imax and Area) (p<0.05) while overall and
rancid flavour were significantly more persistent (Tend) and overall flavour was

significantly more intense (Imax and Area) (p<0.05) (Figure 4d).

Regarding saltiness perception, Bertram et al.,, (2006) reported that the
structure and biophysical characteristics of cooked ham is altered by
pressurization and suggested that pressurization may reduce the critical amount
of salt required in a ham product. According to Arnau, Hugas, and Monfort,
(1987) saltiness perception is increased by the weakening of the interaction
between ions Na® and HPP could induce changes in this interaction; leaving
ions Na+, responsible for the saltiness perception, more accessible and then
increasing saltiness perception. The increase in saltiness perception with HPP
was not related to an increase in the salt content, since no differences in salt
content with HPP were found (Table 2). These results is in good agreement
with those from a previous study carried out by Clariana, Guerrero, Sarraga,
Diaz, Valero, and Garcia-Regueiro, (2011). Regarding temporal flavour
perception, several studies have confirmed that HHP promotes lipid oxidation
and volatile formation in sliced dry-cured ham (Andrés et al., 2004). Lipid
oxidative of dry-cured Iberian ham lead to the formation of volatile carbonyls
which strongly affect the flavour of the final product (Ruiz, Muriel, & Ventanas,
2002b). The results obtained for overall flavour perception can be linked to the
acceleration of lipid oxidation and the formation of lipid-derived volatiles such as

hexanal as a result of pressurisation, as previously reported.
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Table 4. Main effect of IMF content (F) and HHP treatment (T) on Tl parameters (mean

+ standard deviation): Imax: maximum intensity observed for the curve, Tend: finish

time, DurPlI: duration of plateau and AreaTse: Total Area under the curve. Significance

level for IMF (F), treatment (T), session (Se) and interaction (F*T): ns, non significant,

*p<0.05, **p<0.01, ***p<0.001.

CONTROL HHP

Flank Hip Flank Hip F T Se F*T
Hardness
IMax 4.360.30 4.91+0.37 4.15+0.50 4.94+0.39 * ns ns ns
TEnd 12.86+0.33  13.28+0.24 14.8810.49 14.34+0.60 ns * ns ns
DurPI 3.3410.37 3.191£0.32 4.11+0.53 4.55+0.44 ns > ns ns
AreaTse 34.88+3.53  37.43+2.91 35.29+2.53 48.63+4.88 * ns ns ns
Juiciness
IMax 3.51+0.43 2.71+0.24 4.26+0.52 3.6410.40 ns * ns ns
TEnd 12.54+0.16  11.90+£0.17 13.07£0.49 14.75+0.36 ns b ns *
DurPI 3.7520.61 3.211+0.29 3.931£0.59 3.90+£0.55 ns ns ns ns
AreaTse 24.81+4.08 19.71+x2.19 35.43+7.38 32.26£5.46 ns * ns ns
Fibrousness
IMax 4.62+0.38 4.51+0.22 5.631£0.29 4.72+0.28 * * ns ns
TEnd 16.18+1.74  15.37+0.57 18.39%1.32 17.0241.28 ns * ns ns
DurPI 6.08+0.97 4.34+0.86 5.51+0.80 4.98+0.64 * ns ns ns
AreaTse 46.73+6.86 42.35+4.60 60.97+6.99 54.8516.20 ns > ns ns
Saltiness
IMax 3.44+0.30 4.11+0.37 4.62+0.28 4.52+0.39 ns * ns ns
TEnd 13.56+£0.39  13.10£0.29 13.92+0.46 14.12+0.55 ns ns fl ns
DurPI 4.61+0.41 2.88+0.50 4.91+0.50 4.32+0.64 * ns ns ns
AreaTse 28.59+2.61 32.53+3.82 43.69+5.85 40.88+5.77 ns > ns ns
Overall flavour
IMax 5.33+0.34 5.5410.25 5.561+0.16 6.14+0.29 ns * ns ns
TEnd 19.90+1.81  22.84+3.79  23.941+3.38 23.59%+3.34 ns * ns ns
DurPI 6.09+1.02 7.10£1.94 10.84+1.77 6.75x0.15 ns * ns *
AreaTse 72.21£11.20 80.74%£18.78 82.77+14.72 92.15+12.59 ns ns ns ns
Rancid flavour
IMax 2.30£0.37 3.61+0.18 2.7910.53 3.39+0.31 * ns ns ns
TEnd 17.43+1.92  23.255+3.49 22.52+2.97 24.00£3.85 * * ns ns
DurPI 6.14+1.15 7.42+1.76 6.80£1.20 7.041£1.92 ns ns ns ns
AreaTse 21.53+2.38 55.73+x11.24 40.96+12.05 49.78+10.32 ** ns ns ns
Cured flavour
IMax 5.31£0.34 4.50+0.18 4.77+0.42 5.15+0.43 ns ns ns ns
TEnd 19.90+2.20 22.18+1.78 21.17+2.25  21.7612.47 ns ns ns ns
DurPI 7.081£1.66 5.95+1.16 8.20+1.27 6.37+1.14 ns ns ns ns
AreaTse 64.70£11.58 61.3717.56 66.48+10.67 71.85+9.20 ns ns ns ns
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Figure 4. Average TI curves for the attributes hardness (a), juiciness (b), fibrousness (c), saltiness (d), overall flavour (e), rancid flavour (f) and

cured flavour (g) (n = 40; 10 panellists x 4 replications).
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CONCLUSIONS

Both static (sensory profiling) and dynamic sensory techniques (time—intensity)
resulted as successful methods to assess the effect of IMF and HHP treatment
on the sensory characteristics of sliced and vacuum packaged dry-cured hams.
Differences in the IMF content affected the appearance of lean and had a
remarkable effect on the temporal perception of hardness and fibrousness and
of rancid flavour. Lipid oxidation measured as hexanal content was enhanced
by both IMF content and HPP treatment contributing to increase the temporal
perception of rancid flavour. Finally, TI method revealed that HHP treatment of
sliced and vacuum packaged dry-cured hams samples affected the temporal
perception of both texture and flavour attributes.
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Abstract

The present study aimed to evaluate the influence of three serving
temperatures (7 °C, 16 °C and 20 °C) and two different hams sections varying in
the intramuscular fat (IMF) content on the sensory characteristics of sliced and
vacuum-packaged lIberian dry-cured hams using the time-intensity (T1) method.
Preceding the TI study, appearance and odour of dry-cured hams were
evaluated using a descriptive profile. Fluidity and brightness of the external fat,
brightness of lean and all odour attributes increased as serving temperature
increased whereas the hardness of external fat decreased with temperature.
Oral temperature would have disguised the effect of serving temperature over
time as consequence of a possible balance between both temperatures during
samples consumption. Tl revealed that the effect of serving temperature on
flavour and texture perception was more noticeable along the first seconds of
chewing. Odour intensities increased with the IMF content and temporal
perception of hardness, saltiness and rancid flavour were also significantly
influenced by the IMF content.

Keywords

Serving temperature, Iberian dry-cured ham, Time-intensity, Intramuscular fat

content.
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INTRODUCTION

Sensory characteristics are of a great importance for consumer preferences and
satisfaction with foods (Tuorila, & Monteleone, 2009). In fact, flavour and texture
have a clear relationship to meat palatability (Behrends et al., 2005; Calkins, &
Hodgen, 2007).

The serving temperature influences the ratings of sensory attributes (Engelen,
Wijk, Prinz, Janssen, Weenen, & Bosman, 2003) being an important factor
affecting both acceptability and intensity of odour and flavour attributes. The
effect of serving temperature on flavour perception depends on the food and the
sensory attribute evaluated (Ventanas, Mustonen, Puolanne, & Tuorila, 2010b).
Moreover, product temperature could influence the viscosity of the product and
the ratio of solid and melted fat and thereby affects the quality and the thickness
of the oral coating formed during product consumption (Engelen et al., 2003).

Iberian dry-cured ham is one of the most valuable derived meat products of
Spain, with a first-rate consumer acceptance. This high consumer preference is
mainly sustained on its unique and much appreciated sensory features, being
the juiciness and flavour the most important properties in determining Iberian
dry-cured ham acceptability (Ruiz, Garcia, Muriel, Andrés, & Ventanas, 2002a).
Traditionally, Iberian dry-cured hams have been sold as the whole leg including
the hoof whereas current purchasing trends involve portioning such as in sliced

and vacuum-packaged dry-cured hams.

Dry-cured ham is generally recommended to be consumed at room temperature
in order to improve the perception of its particular sensory properties. However,
sliced and vacuum packaged dry-cured ham is commonly stored under chilled
conditions in both domestic refrigerators and in display cabinets in the market
and thus, in most occasions, people consume this product just after take it out
from the fridge. The “room temperature” is considerably variable throughout the
year, particularly in Mediterranean countries where this product is mostly
consumed. Taking into consideration the variety of temperatures of dry-cured
ham consumption and the likely influence of this parameter on the sensory
features and hence, acceptability of dry-cured hams, it is of great interest to
investigate the impact of serving temperature on the sensory perception of this
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product. Additionally, most studies have investigated the effect of temperature
of consumption on sensory properties of solutions (Bartoshuk, Rennert, Rodin,
& Stevens, 1982; Calvino, 1986; Green, & Frankmann, 1987), model system
(Ventanas et al., 2010b), semi-solids products (Engelen et al., 2003), meals
(Ryynanen, Tuorila, & Hyvonen, 2001) or pork patties (Reinbach, Tgft, & Maller,
2009) but no scientific studies have been carried out in dry-cured products.

Several authors have reported the influence of different factors such as the
length of the ripening process (Ruiz, Ventanas, Cava, Andrés, & Garcia, 1999),
the pig feeding system (Ventanas, Ventanas, Tovar, Garcia, & Estévez, 2007)
or the fat content and composition (Ruiz, Ventanas, Cava, Andrés, & Garcia,
2000) on Iberian dry-cured ham sensory properties using the descriptive profile
analysis. However, temporal aspects of sensory perception affected by the
temperature of consumption have not been studied before in dry-cured meats
products and particularly in Iberian dry-cured hams. The time-intensity (TI)
method allows monitoring the intensity over time and thus provides more real
and valid information compared to static techniques (Dijksterhuis, & Piggott,
2001). The objective of the present study was to investigate the effect of serving
temperature (7 °C, 16 °C and 20 °C) on the dynamic perception of flavour and
texture in Iberian dry-cured ham using Tl methodology. Moreover, to evaluate
the effect of the IMF content and the possible interactions with the temperature
of consumption, two different sections of the lIberian dry-cured hams were

considered.

MATERIALS AND METHODS
Dry-cured ham samples

Eight dry-cured hams (7.5 kg average) were obtained from free-range reared
Iberian pigs fed on grass and commercial concentrates during the fattening
period (60 days prior to slaughter) and slaughtered at 160 kg live weight and 12
months of age (Campo, DOP Dehesa de Extremadura). Green hams were
processed traditionally, including two defined steps: salting/post-salting and

ripening (Estévez, Morcuende, Ventanas, & Ventanas, 2008). During the first
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period (4—6 months), low temperatures (0—7 °C) were combined with high
relative humidity (80-90 %) to reduce the risk of bacterial spoilage. Then, the
hams were ripened for 15 months in a cellar at temperatures ranging from 10 to
27 °C and relative humidity 58-80 %. In order to evaluate the effect of the IMF
content on sensory characteristics, once the ripening process was finished (~30
% weight loss), the hams were deboned and two different sections varying in
the IMF content were extracted (Quadriceps femoris (QF) containing lower IMF
content compared to Biceps femoris (BF)). Afterwards, muscles were sliced (1
mm thickness) and vacuum-packaged (polyamide and polyethylene in the upper
film with 34.0 cm®/m? permeability to O, at 23 °C and 85 % HR, polyamide and
polyethylene in the lower film with 18.0 cm®m? permeability to O, at 23 °C and
85 % HR) (Mobepack Company, Salamanca, Spain). A total of 244 packages of
slices (100 g each one) were obtained (89 packages of QF batch and 155
packages of BF batch). Subsequently, both batches (QF and BF) were stored at

chilled conditions (5 °C) for one month.
Chemical composition.

Moisture content and chloride content (ISO 1443) were determined using official
methods (AOAC, 2000). Folch method (Folch, Lees, & Sloane Stanley, 1957)
was employed for determining the intramuscular fat content (IMF). Protein
content was determined by Kjeldahl method (ISO 937:1978). Ten repetitions per
batch were performed.

Sensory evaluations

Descriptive sensory analysis and Tl evaluations were performed in all dry-cured
hams batches at different serving temperatures (7 °C, 16 °C and 20 °C). These
temperatures were selected based on: (i) 7 °C simulated chilled conditions in
domestic refrigerators, (i) 20 °C simulated samples consumption at room
temperature and (iii) 16 °C is an intermediate temperature between the others
and similar to the temperature reached in the last stage of dry-cured hams

ripening.

All the glass plates using for presenting the samples to the panellist were

conditioned at the different serving temperatures for at least 45 minutes.
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Afterwards, dry-cured ham slices were placed on different glass plates and
conditioned at the different serving temperatures for at least 30 minutes. This
preconditioning protocol of glass plates and samples was carried out in heat
cabinets (VELP Scientific, mod. FTC 90E and Aqua Lytic, mod. FKS 3600).
Samples were taken out from the heat cabinet and served to the panellists
immediately before samples testing.

Panellist

Ten panellists (five males and five females) with previous experience in sensory
evaluation participated in the study (training and evaluation sessions). All of

them were staff of the University of Extremadura.

During training sessions (2 h), assessors (n=10) were getting familiar with the
appearance, odour, texture and flavour attributes and the intensity rating
procedure with the FIZZ software system used for the evaluations. The
attributes were selected after panel discussion and were in agreement with
those previously reported by Fuentes et al.,, (2012 submitted). All panellists

have previous experience with the Tl technique.
Organization of the sessions

For practical reasons, the samples were presented in blocks representing one
group (QF with a lower IMF content and BF with a higher IMF content) per day.
In each daily session three samples at two different serving temperatures were
presented to the panel. Assessors participated in a total of sixteen sessions
consisted of eight sensory profiling sessions and eight Tl sessions. Each
sample (QF and BF) at each temperature (7 °C, 16 °C and 20 °C) was

evaluated four times.

In each session, three samples with random three digit codes were presented to
the assessors. Samples were allowed to equilibrate for at least 30 minutes at
the selected temperature in heat cabinets (VELP Scientific modelo FTC 90E y
Aqua Lytic modelo FKS 3600). Evaluations were conducted in individual booths.
The presentation order of samples for each assessor was randomized following

a William Latin Square design.
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Prior to TI, descriptive sensory analysis was carried out over eight consecutive
days. To generate and set up the list of attributes characterizing the dry-cured
ham samples, all batches at different serving temperature were evaluated.
Samples were presented on glass plates with a list of potential attributes
according to Fuentes et al. (2012, submitted). Panellists rated the intensity of
the selected attributes using an unstructured scale (10 cm). After discussion the
panel reached an agreement. The selected attributes were for appearance of
external fat: colour intensity, colour homogeneity and brightness; for tactile
texture of external fat: fluidity, hardness and sandy; for appearance of lean: red
colour intensity, marbling and brightness; for odour of lean: overall, rancid and
cured. Their verbal anchors were from “less” to “more” for all attributes, except
for fat colour intensity that anchors were from “white” to “yellow”. Panellist were
instructed to evaluate first the attributes of the external fat of the dry-cured ham

slice, and then those related to the lean (Fuentes et al., 2012 submitted)

Dynamic sensory properties of flavour and texture in dry-cured ham affected by
IMF content and serving temperature were studied using Tl methodology.
Sample size was standardised and the protocol was established as follows:
panellists should keep the sample in their mouths, chew for 10 s and then
swallow. After swallowing panellists should continue the evaluation until they did
not perceive anything. Panellists were instructed to move the cursor along the
scale according to the intensity of their perception. The time of the evaluation
was fixed in 120 s, but panellists could stop before by moving the mouse
completely towards “less” extreme. During the data collection, specific
messages were displayed in the computer screen showing commands as
“indicate the intensity during chewing the sample by moving the cursor along

” 13

the scale”, “swallow the sample” and “move the cursor completely toward less if
you do not perceived anything more”.The final rinsing protocol between
samples was tap water and a piece of unsalted crackers. This standardised
protocol was used in all Tl evaluations. Panellists rated one attribute at a time
and all attributes were evaluated four times, thus a total of 40 Tl curves of each

attribute were obtained for each sample at each serving temperature.

All sensory data were collected using the FIZZ software (Sensory Analysis and
Computer Test Management) (Biosystemes, France, 2002).
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Statistical analysis

Data from chemical composition were analysed by one-way ANOVA (GLM
procedure) with IMF content as main factor.

Three-way ANOVA (repeated measures) (GLM procedure) was applied for each
attribute measured by using descriptive profile to evaluate the main effects of
IMF content, serving temperature and their interaction. IMF content (QF or BF),
replications (1, 2, 3 and 4 sessions) and serving temperature (7 °C or 16 °C or
20 °C) were included as within-subject factors. Pearson’s correlation

coefficients were also calculated.

Regarding data from individual Tl curves of texture and flavour attributes were
analysed and average Tl curves were computed for each attribute over ten
assessors and four replications using FIZZ software. Four Tl parameters were
extracted from Tl curves: (1) maximum intensity (Imax), (2) computed end time
(Tend): total duration of the evaluation in seconds, (3) total area under the curve
(Area) and (4) duration of the plateau phase (DurPl). Three-way ANOVA
(repeated measures) (GLM procedure) was carried out for each Tl parameter.
In this model, IMF content, serving temperature and replications were included
as within subject factors. Tukey's tests were used when ANOVA showed a

significant effect within each studied batch.

All statistical analyses were conducted using the software SPSS (v 15.0) for

windows.

RESULTS
Chemical composition

Significant differences were found in the chemical composition between the
samples obtained form the two different locations evaluated (QF and BF).
Proximate composition of Iberian dry-cured hams were (means + standard
deviation): moisture content (QF: 43.86 % = 1.38 and BF: 42.51 % + 0.62;
p<0.05), chloride content (QF: 3.46 % + 0.29 and BF: 2.82 % £ 0.29; p<0.001),
intramuscular fat (IMF) content (QF: 10.51 % £ 0.64 and BF: 14.58 % % 0.62;
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p<0.001) and protein content (QF: 42.63 % + 1.99 and BF: 38.91 % + 3.63;
p<0.05). These results are consistent with previous studies carried out in

Iberian dry-cured ham (Fuentes, Ventanas, Morcuende, Estévez, & Ventanas,
2010).

Sensory profiling

Main effect of IMF content and serving temperature on sensory attributes is

shown in Table 1

All attributes related to appearance and odour of lean were significantly affected
by IMF content (Table 1) showing BF samples (higher IMF content) the highest
scores for brightness, marbling, overall odour, cured odour and rancid odour
compared to QF ones (lower IMF content). Moreover, increasing the IMF
content of dry-cured ham samples contributed to significantly decrease the

intensity of redness in the dry-cured ham samples.

Serving temperature had also a great influence on the sensory profile of the
evaluated samples (Table 1). Increasing the serving temperature significantly
increased the colour intensity, the brightness and the fluidity of the external fat
of samples regardless the IMF content. Nevertheless the main effect of
temperature on colour homogeneity was not significant (p>0.05) (Table 1),
increasing the serving temperature significantly decreased the colour
homogeneity in QF samples with samples served at 7° C showing the highest
scores for this attribute. The hardness of external fat was also significantly
affected by serving temperature. Fat of samples served at 20°C were less hard
compared to those served at 16 °C and 7 °C (Table 1). Moreover, most sensory
attributes related to the lean of samples was significantly affected by the serving
temperature (Table 1). Increasing the serving temperature resulted in a less
intense marbling perception in QF (lower IMF content) samples but not in BF
ones (higher IMF content). The brightness of lean increased with temperature
regardless the IMF content of samples. And finally, all odour attributes were
affected by serving temperature to similar extent, increasing with temperature

regardless the IMF content.
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Table 1. Main effect of intramuscular fat content (IMF) and serving temperature (T) on sensory attributes (mean * standard deviation) of sliced

and vacuum packed dry-cured ham (QF: Quadriceps femoris and BF: Biceps femoris) evaluated using descriptive sensory analysis.

Significance level for fat content (IMF), temperature (T), session (S) and interaction (IMF*T): ns, non significant, p> 0.05, * p< 0.05, ** p< 0.01,

*** n< 0.001.

QF BF

7°C 16°C 20°C meanzsd 7°C 16°C 20°C meanzsd IMF T S IMF*T
EXTERNAL FAT
Appearance
Colour intensity 2.46° 3.23° 3.03* 2.91x0.08 2.31° 3.08% 2.72* 2.71x0.08 - i
Colour homogeneity ~ 6.80% 6.12° 6.14° 6.36+0.11 6.34 6.71 6.54 6.53+0.10 - ns ns **
Brightness 2.21° 3.76° 4.75° 3.580.07 2.25° 4.98% 5.71* 4.31x0.10 A
Tactile texture
Fluidity 3.88° 4.76° 6.01° 4.88x0.08 3.37° 519" 6.31° 4.96%0.13 - we wm
Hardness 4.14% 3.32° 259° 3.35x0.15 4.30° 3.88° 2.46° 3.55+0.11 A T
Sandy 121 181 1.63 1.55+0.08 111 112 0.93 1.05+0.05 - ns ns *
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LEAN

Appearance

Red colour intensity 6.93 6.94

Marbling 1.19° 0.88%
Brightness 2.74° 3.22°
Odour

Overall intensity 3.95° 5.31°
Rancid 0.75° 1.12°
Cured 2.93° 347°

7.37
0.71°

3.89°

5.90°
1.42°

4.29°

7.08+0.95

0.93+0.43

3.28+0.28

5.05+0.89

1.10+0.58

3.56+0.88

6.45

3.67°

3.29°

5.28°

1.04°

4.30°

6.55
3.07°

4.40°

5.25°
1.28%

4.92°

6.74

3.89°

4.63°

6.53°

1.68°

5.80°

6.58+0.89

3.54+0.90

4.11+0.86

5.69+0.92

1.33+0.61

5.01+0.89

%%

*kk

*kxk

*%

*k*k

ns

%%

*kk

*k%k

ns

*kk

*k%k

ns

ns

*%

ns

*k%k

ns

*%

ns

ns

Different letters within the same row denote significant differences between means within the same batch (QF or BF).
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Time intensity evaluations

Tl parameters extracted from Tl curves are shown in Table 2 and averageTI
curves in Figure 1. Temporal perception of hardness (Imax and Area; p<0.01)
was significantly affected by the IMF content of samples, with BF samples
showing a more intense hardness perception compared to QF ones regardless
the serving temperature. No effect of IMF on dynamic perception of juiciness
and fibrousness was observed. Regarding flavour attributes, IMF content
showed a significant effect on the duration of the Plateau phase (DurPl; p<0.05)
of saltiness and on the persistence of rancid flavour (Tend; p<0.05), displaying
the BF samples the highest scores for DurPl of saltiness and the shortest

duration of rancid flavour.

On the other hand, persistence of hardness (Tend) was significantly affected by
the serving temperature (p<0.01) (Table 2), with hardness being more
persistent (p<0.001) in BF samples served at 16 °C compared to those served
at 7 °C or 20 °C (Figure 1a). Although main effect of serving temperature did
not significantly affect temporal juiciness perception, IMF*T interaction was
significant (p<0.01), increasing the persistence of juiciness (Tend) with
temperature in QF samples but decreasing in BF ones. Similarly, a significant
IMF*T interaction was obtained for the persistence of the maximum intensity
(DurPl) of fibrousness. Although main effect of temperature did not affected
fibrousness perception in a significant extent, in BF samples fibrousness
intensity significantly (Area; p<0.001) increased with temperature (Figure 1c)

showing the BF samples served at 7 °C the lowest intensity perception.

Persistence of saltiness (Tend) and intensity of overall flavour (Area under the
curve) were significantly influenced by the serving temperature (p<0.05) (Table
2). Persistence of saltiness was the longest at 16 °C in BF samples and at 7 °C
in QF ones. Overall flavour was more intense (Area under the curve) at 20 °C
compared to 16 °C and 7 °C (Table 2), although these differences (persistence
of saltiness and overall intensity) were only significant in BF samples but not in
QF ones (Fig. 1d and 1e). Persistence of overall flavour (Tend) was shorter at
7 °C compared to 16 °C and 20 °C in BF samples. Regarding rancid and cured
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flavour, a tendency of increasing the intensity perception over time (mainly Area
under the curve) with serving temperature was observed (Fig. 1f and 1g).

Table 2. Main effect of intramuscular fat content (IMF) and serving temperature (T) on
Tl parameters (means + SEM); maximum intensity observed for the curve (Imax),
computed end time (Tend), duration of plateau phase (DurPl), total area under the
curve (Area). Significance level for fat content (IMF), temperature (T), session (S) and
interaction (IMF*T): ns, non significant, *p<0.05, **p<0.01, ***p<0.001. QF: Quadriceps
femoris and BF: Biceps femoris.
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QF BF
7°C 16 °C 20°C 7°C 16 °C 20°C IMF T S IMFT

Hardness

IMax 3.72+0.28 4.07+0.30 4.29+0.25 4.76+0.12 4.88+0.27 5.20+0.40 ** ns ns ns
TEnd 11.90+0.20 11.9320.20 11.9240.34 11.25+0.20° 13.58+0.48° 12.36£0.35® ns ** ns **
DurPI 3.59+0.43 3.45+0.32 3.83+0.37 3.67+0.24 4.63+0.44 4.41+0.41 Nns ns ns ns
AreaTse 28.52+2.08 29.41+3.05 32.16+3.25 36.94+1.72 40.41+3.85 40.92+3.35 ** ns ns ns
Juiciness

IMax 2.52+0.27 2.41+0.26 2.80+0.33  2.24+0.27 2.52+0.31 2.30+0.24 ns ns ns ns
TEnd 11.17+0.15 11.61+£0.12 11.74+0.26 11.7940.15 11.69+0.22 11.06£0.14 ns ns ** **
DurPI 3.72+0.34 3.16+0.31 3.01+0.27  3.75+0.44 3.99+0.24 4.00+0.36 ns ns ns ns
AreaTse 18.67+2.11 17.02+1.96 21.35#3.79 17.21+2.50 18.23+2.65 17.64+2.21 ns ns ns ns
Fibrousness

IMax 41740.22 4.34+0.16 4.23+0.18  3.7040.13 4.0840.18 4.2040.16 ns ns ns ns
TEnd 19.84+2.29 17.9441.33 18.57+1.13 16.79+1.60 17.07+0.67 16.49+148 ns ns ns ns
DurPI 6.67+0.64 5.26+0.66 7.39+0.58 7.16+0.48 8.31+0.73 6.28+0.54 ns ns ns **
AreaTse 49.1614.96 45.9745.48 51.21+4.32 37.54+3.46 47.99+2.80 48.59+559 ns ns ns ns
Saltiness

IMax 2.95+0.27 3.10+0.36 2.65+0.26  2.7840.18 2.59+0.41 2.37+0.23 ns ns ns ns
TEnd 13.05+0.52 11.9420.16 12.43x0.23 12.02+0.31° 14.08+0.45° 11.65£0.16° ns * ** **
DurPI 4.89+0.72 3.26+0.40 3.79+0.62  5.05+0.49 5.53+0.73 4.5610.47 * ns ns ns

386



AreaTse

Overall flavour

IMax

TEnd

DurPI

AreaTse

Rancid flavour

IMax

TEnd

DurPI

AreaTse

Cured flavour

IMax

TEnd

DurPI

AreaTse

24.39+3.01

4.43+0.22

19.61+3.29

5.97+1.47

51.68+6.99

2.16+0.20

18.24+1.59

5.87+1.16

27.35%£3.73

4.44+0.29

19.39+2.18

6.37+0.80

20.56+3.26

4.38+0.25

19.40+2.28

5.43+0.64

54.75+6.90

2.50+0.18

19.87+2.04

5.86+0.68

33.97+4.43

4.71+0.28

19.20+1.98

5.76+£0.79

16.80+2.61

4.62+0.24

19.95+1.77

6.27+0.73

61.87+8.95

2.46+0.25

19.30+1.95

4.95+0.59

26.32+4.02

4.56+0.22

18.16+1.37

5.56+0.34

51.46+5.11 52.26+5.44 53.64+5.67

21.38+2.04

4.35+0.20

15.89+1.15

5.27+0.49

43.92+3.50

2.33+0.16

15.34+1.24

6.27+0.46

2454277

4.32+0.23

16.48+1.55

5.94+0.56

43.30+3.92

16.59+3.01

4.98+0.29

19.46+1.81

5.99+0.59

63.00+8.00

2.29+0.23

16.41+£1.09

5.82+0.76

26.59+3.81

4.25+0.37

18.25+1.24

5.99+0.67

47.4+5.30

16.74+1.86

5.24+0.26

19.92+2.62

7.74+0.77

71.87+11.61

2.13+0.26

15.26+0.96

4.98+0.48

32.71+8.71

4.34+0.18

17.71+1.86

6.45+0.58

51.36+7.27

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Different letters within the same row denote significant differences between means

within the same batch (QF or BF).

387



Figure 1. Average of Tl curves for the attributes hardness (a), juiciness (b), fibrousness (c), saltiness (d), overall flavour (e), rancid flavour (f)
and cured flavour (g). (n= 40, 10 panellist x 4 replications). Curves are sorted by dry-cured ham sections (QF: Quadriceps femoris-10.5 % of

IMF contentand BF: Biceps femoris-14.6 % of IMF content).
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d) Saltiness
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f) Rancid flavour
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DISCUSSION
Effect of IMF content

The high IMF content of dry-cured meat products from Iberian pigs is related to
both the rearing system and the genetic features of the pig breed (Mayoral, et
al., 1999). In addition, differences in the IMF content between muscles have
been previously reported in Iberian dry-cured ham (Antequera, Garcia, Lépez,
Ventanas, Asensio, & Cordoba, 1994). A positive effect of IMF content on the
proportion of oleic acid and a positive influence of oleic acid on oiliness and
brightness of dry-cured hams have been found by Ruiz et al., (2000), which
could explain the highest brightness scores obtained in BF samples compared
to QF ones. Moreover, regarding tactile texture of fat, Fuentes et al. (2012
submitted) also reported a significant decrease of sandy perception with fat

content.

Colour is an important characteristic of meat and meat products (Risvik, 1994;
Resurreccion, 2003) and particularly in dry-cured ham colour is one of the most
important property related to appearance (Gandemer, 2002). Moreover, the
influence of colour perception of sliced and vacuum packaged dry-cured ham in
consumers’ choice is well established (Gandemer, 2002). The concentration
and chemical state of the nitrosylmyoglobin pigment and the light scattering
properties of the meat are mainly responsible for the colour displayed by the
lean of dry-cured products (Fuentes et al., 2010). Consistently, Ruiz et al.
(2000) and Fuentes et al., (2012 submitted) reported a positive relationship
between IMF content of dry-cured ham and appearance traits such as
brightness and marbling, agreeing with the highest scores for these attributes

found in the present study in BF samples.

The ripening process of Iberian dry-cured meat products involves complex
chemical and biochemical changes in the main components of raw meat
(proteins and lipids), leading to the generation of volatile compounds with
distinct aromatic notes and/or low olfaction thresholds (Ruiz, Muriel, &Ventanas,
2002b). In whole meat products such as hams and loins, IMF could act as a
reservoir of precursors which subsequently undergo transformations leading to
volatile compound formation (Ventanas, Cordoba, Antequera, Garcia, Lépez-
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Bote, & Asensio, 1992; Ruiz et al., 2002b). Ventanas, Estévez, Andrés, and
Ruiz, (2008) concluded that in dry-cured meat products subjected to long
ripening processes, particularly Iberian dry-cured loins, lipid oxidative
phenomena can also affect triglycerides fraction. Therefore, in loins with high
IMF content and thus with higher triglyceride content, the generation of volatile
compounds derived from lipid oxidation phenomenon is higher than in low IMF
ones. Accordingly, the highest generation of volatile in high IMF content
samples (BF) could have contributed to increase the related odour attributes. In
the present study, the more intense odour perception, particularly rancid odour,
displayed by BF samples compared to QF ones could be related to the
enhancement of lipid oxidation reactions due to the higher IMF content of these

samples (BF).

Dynamic perception of hardness (intensity and persistence) was positively
affected by the IMF content of dry-cured ham samples which are inconsistent
with previous results reported by Ruiz et al., (2000) in Iberian dry-cured hams.
These authors found positive relationship of IMF with juiciness but negatively
with dryness, hardness and fibrousness. However, Buscailhon, Berdagué,
Bousset, Cornet, Gandemer, and Touraille, (1994) found no relationship
between textural traits and the lipid fraction in French dry-cured hams. These
inconsistent results can be due to different sensory techniques employed and
the different storage conditions. In the present study, dry-cured hams were
sliced and vacuum packed and then stored, while in the previous studies dry-
cured hams were sliced after storage and just before the sensory analysis.
Moreover, these studies employed static sensory techniques for carrying out the
sensory evaluation of samples while in the present study Tl method was used,
which allows monitoring the intensity over time, and thus, provides more real
and valid information compared to static techniques (Dijksterhuis, & Piggott,
2001). In a similar study carried out by Fuentes et al. (2012 submitted), the
results obtained for texture traits of sliced and vacuum packaged dry-cured
hams using Tl method were consistent with the present results. Furthermore,
these differences in results obtained may be ascribed to differences between
Quadriceps femoris and Biceps femoris muscles regarding other aspects

different to IMF such as muscle structure.
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Dynamic perception of saltiness was significantly affected by the IMF content
(Table 2), showing the BF samples the more persistent of Imax (DurPl)
compared to QF ones. A slower release of compounds related with saltiness,
mainly NaCl, from BF dry-cured hams would explain the more persistent
saltiness perception in these samples. Similarly, Ventanas, Puolanne, and
Tuorila, (2010a) in cooked bologna type sausages and using Tl method,
reported that loss of saltiness perception was slower in high fat samples.
Furthermore, De Loubens et al, (2011) modelling the salty release and dynamic
perception (Tl method) in dairy gels reported that fat addition increased the
Imax and the maximum perceived intensity of saltiness occurred later, contrary
to low-fat products. During food consumption, salt must be released from the
product and diluted in the saliva to reach the taste receptors located on the
tongue, and then, induce salty perception (De Loubens et al., 2011). Fat
presents in the matrix product could have stimulated the saliva production and
hence the salt dilution increased, contributing to extent the saltiness perception

in BF dry-cured hams compared to QF ones.

Fat could influence the release of volatile compounds from the food matrix to
the environment and the mouth, mainly by retaining non-polar compounds
(Ventanas et al., 2008). Carrapiso, (2007) and Seuvre, Espinosa Diaz, and
Voilley (2000), reported that increasing the fat content leads to a decrease in
the release of hydrophobic volatile compounds. The lower retention effect by a
lower IMF content would cause a higher release of non-polar compounds
derived from lipid oxidation contributing to rancid flavour perception and
explaining the longer persistence of this attribute found in QF compared to BF

samples.
Effect of serving temperature

Serving temperature is one of the most important conditions affecting
consumer’s responses to foods (Cardello, & Maller, 1982). If the serving
temperature is not appropriate, consumers may reject the food (Zellner,
Stewart, Rozin, & Brown, 1988). The colour intensity of external fat of samples
increased with temperature, being more yellow at 16 °C and 20 °C compared to

samples served at 7 °C. Furthermore, significant differences were found in
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colour homogeneity of fat in QF samples, which could be partly explain by the
higher colour intensity (yellowness) displayed by this samples compared to BF
ones. Accordingly, QF samples evaluated at 7 °C displayed the lowest values
for colour intensity and consequently, the highest scores for colour

homogeneity.

Certain sensory traits of Iberian dry-cured ham, particularly oiliness and
brightness, are highly dependent on the fat solid/liquid ratio at a given
temperature (Ruiz et al., 2000). Nifoles, Mulet, Ventanas, and Benedito, (2010)
reported that increase in the percentage of melted fat with temperature involves
a decrease in the solid/liquid ratio and thus, increasing the fluidity and
decreasing the hardness. These arguments would explain the increase of
brightness and fluidity and the decrease of hardness with serving temperature
found in the external fat of the studied dry-cured ham samples. Moreover,
decreasing of temperature contribute to fat crystallization (McClements, and
Decker, 2010) which is accompanied by changes in its internal structure,
morphological properties and molecular packaging (Awad, 2004). Solid fats are
duller since the presence of crystals lead to a higher light diffusion compared to
liquid fats (McClements, and Decker, 2008). At 16 °C and 20 °C of serving
temperature fat was more liquid which would explain that fat was perceived as
more yellowness at higher temperatures compared to 7 °C.

Regarding odour attributes previous studies in model systems (Ventanas et al.,
2010b) and custard dessert (Engelen et al., 2003) reported that increasing the
serving temperature contributed to increase odour intensities agreeing with the
results obtained in the present study. Increasing the temperature can affect
partition coefficient of volatile compounds between matrix and air (Ventanas et
al., 2010b) with the odorous compounds became more volatile, resulting in a
high concentration of these compounds reaching the receptors in the nose
(Engelen et al., 2003). At 20 °C, sample matrix was more fluid leading to a
weaker retention of volatile compounds and thus providing a higher intensity of
odour compared to the rest of serving temperature (7 °C and 16 °C). Ventanas

et al., (2010b) reported similar effects of serving temperature in model systems.
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Temperature effects on texture perception can be mediated by physico-
chemical changes in the product. Any change in the physical properties of food
would influence the texture sensation (Engelen et al., 2003). Therefore, it was
expected that variations in serving temperature determined physical changes of
product components, particularly in fat, and therefore modifications in perceived
texture. It seems that the probable changes in fat caused by the different
temperatures were not reflected in modifications in the dynamic perception of
texture since slight modifications in temporal perception of texture attributes
(hardness, juiciness and fibrousness) were found caused by the different
serving temperatures. Although no main effect of serving temperature was
obtained for most Tl parameters of texture attributes, some IMF*T interactions
were obtained. In this sense, results showed that temperature has a higher
effect on persistence (Tend) of harness in BF dry-cured hams samples
compared to QF ones. We expected that as increase the temperature,
persistence of hardness decreases in a more extent in samples with higher fat
content (BF) but results showed the opposite phenomenon. Differences due to
muscle structure related to the type of fibre or the different extent of dehydration
(moisture content) could have contributed more to the dynamic perception of

hardness than fat content.

The effect of serving temperature on flavour perception depends on the food
and the sensory attribute evaluated (Ryynanen et al., 2001). An increase in
product temperature is known to change the viscosity, causes melting of fats
and enhance flavour and odour release (Engelen et al., 2003). Persistence of
saltiness was the longest in BF dry-cured samples served at 16 °C while for QF
ones it was at 7 °C. Saltiness perception could be related to fat characteristics
of dry-cured hams and with the modification of fat properties with serving
temperature. In this sense, descriptive profile showed that brightness of lean
surface increased with serving temperature which could be related with an
increase in fat fluidity affecting the dynamic perception of saltiness, mainly in
terms of persistence. Engelen et al. (2003) reported that melted fat might be
more prone than solid fat to spread and to leave a fatty residue behind on the
mucosa after swallowing. Moreover, these authors proposed that higher serving

temperature weakened the food matrix and made the fat more available to form
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a fatty coating in the mouth. The formation of this coating in the oral cavity
would affect the saltiness perception as a result of a lower mixing of salt with

saliva.

Previous studies in model systems (Ventanas et al., 2010b) and semi-solids
products (Engelen et al., 2003) reported that increasing the temperature of
samples consumption contribute to increase flavour intensity. In the present
study, intensity perception over time (Area under the curve) of overall flavour
increased with serving temperature. Regarding rancid and cured flavour the
same effect was observed but without a significant effect. Moreover, for most
flavour attributes the persistence (Tend) tended to be longer at higher
temperatures. Higher temperatures promoted that volatile compound became
more volatile, and in addition, sample matrix was more fluid leading to more
readily release of compounds from the matrix as serving temperature increased.
Effect of serving temperature on temporal overall flavour perception in BF
samples was more evident compared to QF samples which could be caused by
the highest IMF content in BF samples, and therefore a higher percentage of

melted fat in these samples as temperature increased was expected.

If results obtained from odour and flavour perception are compared, differences
between both evaluations are found. The temperature influenced the volatility of
compounds and thus a high concentration of these compounds reaching the
receptors in the nose, however, this effect on dynamic flavour perception was
no such marked. During swallowing, others factors such as mixing with saliva
and the breakdown of the food matrix through chewing interceded in flavour
perception (Ventanas et al., 2010a), whereas an optimum sniffing and odour
perception may depend on the type of odour and its concentration (Cain, 1976).
Consequently, the role played by texture on release of aroma compound could
have been the main responsible for the differences found between odour and
flavour perception. In fact some studies have reported the effect of texture on
flavour release during product eating (Brauss, Balders, Linforth, Avison, &
Taylor, 1999; Voilley, Druaux, Goldschmidt, Isaanchou, & Molin, 2002 and De
Roos, 2003).

397



Moreover, the oral temperature should be considered since it could affect the
flavour perception. When the panellist placed the samples in their mouths the
serving temperature would be balanced with the oral temperature after some
seconds of chewing. Once the samples reached the oral temperature,
differences between samples served at different temperatures disappeared.
Therefore, Tl technique would be useful to evaluate the effect of serving
temperature mainly during the first seconds of sample consumption before the
balance between oral and sample temperatures was reached. Nevertheless,
this information only can be obtained using dynamic sensory techniques as TI
but no with static techniques as QDA.

CONCLUSIONS

The sensory evaluation revealed a marked effect of both IMF content and
serving temperature on the perception of appearance and odour of sliced and
vacuum packaged dry-cured ham. Tl resulted in the most useful tool for
evaluating the effect of serving temperature on temporal perception of flavour
and texture, particularly during the first period of sample consumption. Taking
into consideration the pronounced effect of serving temperature on the sensory
characteristics of sliced and vacuum packaged dry-cured ham, sensory scientist
as well as consumers should carefully consider this factor prior consumption

and/or sensory evaluation of these products.
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7. DISCUSION CONJUNTA

En esta seccién de la Tesis Doctoral, se discuten los resultados mas
relevantes en relacion con los diversos experimentos realizados. Aunque estos
resultados ya han sido parcialmente discutidos en la seccion de capitulos, el
objetivo de este apartado es aportar una vision mas global e integradora de los
mismos.

La discusion se ha dividido en tres apartados: El primer apartado
engloba todos los aspectos relacionados con el efecto del contenido en grasa.
El segundo discute los resultados obtenidos en referencia al efecto de las
caracteristicas de la grasa. Finalmente, el tercer apartado recopila los aspectos
mas interesantes obtenidos del estudio de los diferentes tratamientos post-
procesados sobre la calidad del jamon Ibérico loncheado y envasado a vacio.

7.1 Influencia del contenido en grasa.

El primero de los objetivos de la presente Tesis Doctoral planteaba el
estudio de la influencia del contenido en grasa intramuscular (GIM) sobre
aquellas caracteristicas determinantes de la calidad del jamén Ibérico
loncheado. Para la consecucién de este objetivo, en primer lugar se llevo a
cabo una modelizacibn en emulsiones carnicas de curacion rapida con
diferente contenido en grasa (sistemas modelos tipo salchicha, capitulos |, Il y
IV), y en segundo lugar, se estudio la influencia del contenido en GIM en
jamones |béricos loncheados envasados a vacio, empleando para ello
diferentes partes o secciones del jamoén con diferente porcentaje de GIM
(Capitulos VI, VIl y VIII). En ambos productos se evalué su impacto sobre la
estabilidad oxidativa de lipidos y proteinas, sobre la dinamica de liberacién de
compuestos volatiles, asi como, su influencia sobre las caracteristicas
sensoriales. Partiendo de una vision global de los resultados obtenidos en los
diferentes capitulos se puede hacer la siguiente consideracion: la influencia del
contenido en grasa sobre la estabilidad oxidativa y la calidad sensorial no
depende solamente de dicho contenido, sino del resto de cambios o
consecuencias que implican una variacion en el contenido en grasa, como son

variaciones en relacién al contenido lipido/proteina, o concretamente en los
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sistemas modelo variaciones en el perfil de acidos grasos, ademas de la
influencia de factores extrinsecos, como son las caracteristicas termodinamicas
de los compuestos volatiles, y en el caso concreto del jamén curado, las
variaciones en la composicion fisico-quimica que lleva consigo la distinta

localizacion anatémica del musculo.

7.1.1 Influencia del contenido en grasa sobre la estabilidad oxidativa.

En relacibn a los resultados obtenidos (Capitulos IV y VI), la
susceptibilidad a la oxidacion lipidica aumentaba con el contenido en grasa
presente en los productos evaluados, ya fuera en los sistemas modelo (grasa
afiadida) o en las muestras de jamén curado (GIM). En el caso de las muestras
de jamodn Ibérico, aquellos loncheados con mayor contenido en grasa (Hip;
‘cadera”) mostraron mayores niveles de TBARS y de aldehidos volatiles
derivados de la oxidacion lipidica, pero niveles mas bajos de los aldehidos de
Strecker, 2 y 3-metilbutanal. Ademas de la generacién de compuestos volatiles
el contenido en grasa interviene en la dinamica de liberacion/retencion. No
obstante, en el caso concreto del 2 y 3-metilbutanal, ambos aldehidos
presentan una hidrofobicidad intermedia (log P= 1.23), por lo tanto, el efecto del
contenido en GIM sobre la liberacién al espacio de cabeza seria limitado. Los
resultados derivados de un estudio previo llevado a cabo por Ventanas y cols.,
(2008) observaron la influencia del contenido en GIM y del tiempo de
maduracion sobre la generacién y liberacion de los compuestos volatiles,
mostrando ambas clases de compuestos tendencias similares en el lomo
Ibérico. No obstante, el tiempo de maduracién contribuye a las reacciones de
Maillard y degradaciones de Strecker (Ventanas y cols., 1992; Ventanas y cols.,
2008). Por lo tanto, el prolongado periodo de maduracién al que es sometido el
jamén Ibérico en comparacion con otro producto curado como el lomo Ibérico,
podria haber contribuido a los resultados observados en este estudio. También,
de acuerdo con la composicidn fisico-quimica los loncheados con un menor
contenido en GIM (Flank; “babilla”), mostraban a su vez, un contenido en
proteinas mas elevado, y por consiguiente, concentraciones mas elevadas de 2
y 3-metilbutanal, que en el parrafo siguiente comentaremos en relacion con los

resultados derivados de la oxidacion de proteinas. De forma similar, los
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resultados mostraron mayores niveles de TBARS vy del aldehido hexanal en los
sistemas modelo con un mayor nivel de grasa afadida (~ 15%). Estos
resultados coinciden con las observaciones realizadas por otros autores como
Estévez y cols., (2005a) en patés.

En relacién a la oxidacion de proteinas, el contenido en GIM de los
loncheados mostr6 un efecto marcado sobre los niveles de los carbonilos GGS
y AAS analizados mediante HPLC-FPD (Capitulo VI). A diferencia de la
oxidacion de lipidos, los niveles de ambos carbonilos fueron mas elevados en
los loncheados con un contenido en GIM menor (procedentes de la “babilla”;
Flank). Por lo tanto, y de acuerdo con los resultados obtenidos, ambos
procesos oxidativos no mostraron una conexién directa. En el presente trabajo,
se evidencid la influencia que tiene la composicion de los loncheados sobre
ambos procesos oxidativos. Cualquier cambio en el contenido en GIM lleva
consigo una variacion en el contenido en proteinas, y en consecuencia, la
magnitud de ambos procesos se vio comprometida en funcién de la proporcién
lipido/proteina, que fue en el caso de los loncheados procedentes de la
“babilla” 0.2, y en los loncheados procedentes de la “cadera” 0.4. Un mayor
contenido de proteinas supone una mayor fuente de productos de oxidacion de
proteinas, y por el contrario, un mayor contenido de lipidos supone una mayor
fuente de productos de oxidacion de lipidos.

Ademas, esta mayor generacidon de carbonilos derivados de la oxidacion
de proteinas podria haber contribuido a las concentraciones de los aldehidos
de Strecker, anteriormente comentadas. Autores como Estévez y cols., (2011)
observaron la implicacién de ambos carbonilos (AAS y GGS) en la formaciénde
2 y 3-metilbutanal. Asimismo, el hecho de que tenga lugar simultaneamente la
proteolisis y reacciones de oxidacién de las proteinas, y la formacién de
aldehidos de Strecker durante el proceso de maduracion de los productos
carnicos, sugiere que los semialdehidos proteicos pueden reaccionar con
aminoacidos libres, y por lo tanto, estar implicados igualmente en la generacién
de estos aldehidos de Strecker (Martin y cols., 1998; Toldra, 2004).

En los sistemas modelo (Capitulo IV), los resultados no mostraron una
clara correlacion con la oxidacion de lipidos. Los valores evidenciaron que las
muestras con un contenido intermedio de grasa (~ 10%) fueron las muestras

que mostraron las concentraciones mas elevadas de ambos carbonilos. Estos
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resultados pondrian de manifiesto la posible participacion de ambos carbonilos
(AAS y GGS) en otras reacciones (Estévez y Heinonen, 2010; Estévez y cols.,
2011). En este sentido, la evolucion observada en el desarrollo de ambos
procesos oxidativos en los sistemas modelo con un mayor contenido en grasa (
~ 15%), indicaria un desarrollo mas rapido de la oxidacion de lipidos en estas
muestras como consecuencia del mayor contenido graso, lo cual, podria
favorecer que la oxidacion de proteinas en estas muestras ocurriese mas
rapidamente en comparacién con el resto de lotes estudiados, y en
consecuencia, la intervencion de ambos carbonilos derivados de la oxidacion
de proteinas en otras reacciones durante el proceso de maduracion de los
sistemas modelo con un ~ 15% de grasa. Finalmente, estos resultados pueden
ser debidos al diferente contenido en proteinas encontrado en los lotes
planteados en funcion del porcentaje de grasa final (~ 4%, ~ 10% y ~ 15%)
segun se describe en el capitulo IV. Si consideramos los resultados
encontrados en los loncheados, se esperaba que los sistemas modelo con un~
4% de grasa como resultado de su mayor contenido en proteinas, mostrase
una mayor susceptibilidad a la oxidacion de las mismas. Sin embargo,
diferentes estudios llevados a cabo en emulsiones han identificado que
péptidos y aminoacidos pueden actuar como inhibidores de la oxidacién de
proteinas, y en consecuencia, las proteinas podrian protegerse a ellas mismas
de la oxidacion (Levine y cols., 1999; Estévez y cols., 2008a). En cambio, en
una matriz mas compleja como son los loncheados de jamon curado con
diferente contenido en GIM sometido a largos periodos de curacion, de
almacenamiento, o incluso a diferentes tratamientos de post-procesado, dicho
efecto protector no se evidencidé en los resultados obtenidos. En este caso
concreto, se observd como en funcidbn de la proporcion lipido/proteina
predominaba uno u otro fendmeno oxidativo. Sin embargo, en los sistemas
modelo, matriz carnica sencilla y sometida solamente a un breve proceso de
maduracion, se observé como la oxidacion de lipidos depende del contenido en
grasa, mientras que, la oxidacién de proteinas es el resultado combinado del
contenido en proteinas y el efecto protector de las mismas frente a dicha

oxidacion.
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7.1.2 Influencia del contenido en grasa sobre la dinamica de

liberacion/retencion de compuestos volatiles.

Teniendo en cuenta que la liberacion de los compuestos volatiles no
responde a un patron uniforme como consecuencia de su interaccion con los
macro-ingredientes de un alimento, entre los que destacan los lipidos
(Chevance y Farmer, 1999) y que variaciones en el contenido lipidico influyen
sobre la liberacién de los mismos, que a su vez, esta determinada por las
caracteristicas termodinamicas de cada compuesto (Carrapiso y cols., 2007).
Otro de los objetivos planteados fue evaluar el efecto del contenido en grasa
sobre la liberacion de compuestos volatiles responsables del aroma de los
productos carnicos (Capitulo 1l11). Los resultados evidenciaron que el papel
desarrollado por el contenido en grasa en la dinamica de liberacion/retencion
de los compuestos volatiles no es el factor predominante. Esta dinamica esta
mas determinada por diversos factores entre los que se encuentran; el perfil en
acidos grasos que origina diferencias en la fluidez de la matriz, el proceso de
maduracion que determina pérdidas de compuestos volatiles y el desarrollo de
reacciones y cambios en la estructura de la matriz de los sistemas modelo. El
estudio realizado sobre los sistemas modelo para evaluar el efecto del
contenido en grasa sobre la dinamica de liberacion/retencion de compuestos
volatiles, puso de manifiesto un efecto no significativo del contenido en grasa
(p>0.05) sobre la mayoria de los compuestos volatiles seleccionados. Estos
resultados no coinciden con los descritos por otros autores en emulsiones
carnicas tipo salchichas no sometidas a un proceso de maduracion (Chevance
y cols., 2000; Carrapiso, 2007). En el presente estudio, otros factores diferentes
al contenido en grasa parecen haber influido en mayor medida en la dinamica
de liberacion/retencion de los compuestos volatiles afiadidos que las propias
variaciones en el contenido en grasa. Durante el proceso de maduracion de los
sistemas modelo (15 dias), se puede producir una pérdida de volatiles, pérdida
que podria haber sido mas elevada en las muestras con un ~ 4% de grasa, ya
que, una reduccion del contenido en grasa puede contribuir a una mayor
pérdida de compuestos volatiles durante el procesado y almacenamiento de las

mismas, por un aumento en la volatilidad de estos compuestos (De Roos,
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1997). Ademas de ocasionar un aumento en la volatilidad de los compuestos
volatiles durante el proceso de maduracion, un descenso del contenido en
grasa incorporado implicaria diferencias en la solubilidad de los compuestos,
como consecuencia de un perfil en acidos grasos diferente entre los sistemas
modelo con un ~ 4% de grasa, y los que presentaban un ~ 15% de grasa
afiadida. En este sentido, los resultados derivados del perfil de acidos grasos
(Capitulo 1ll) mostraron que los sistemas modelo con un ~ 4% de grasa
presentaban un mayor porcentaje en acidos grasos poliinsaturados (AGPI), y
consecuentemente, una mayor proporcion de grasa liquido/sélido que podria
favorecer la solubilizacién de los compuestos volatiles en la grasa, y por lo
tanto, es de esperar una menor liberaciéon de los mismos al espacio de cabeza
(Relkin y cols., 2004).

7.1.3 Influencia del contenido en grasa sobre la calidad sensorial.

Finalmente, debemos considerar la influencia del contenido en GIM de
los loncheados y del contenido en grasa final de los sistemas modelo sobre las
caracteristicas sensoriales de ambos. Para evaluar la influencia del contenido
en GIM sobre la calidad sensorial de los loncheados se elaboraron dos
estudios que componen los capitulos VIl y VI, constituidos por loncheados
obtenidos a partir de tres secciones diferentes del jamén (“cadera”; musculatura
glutea, “maza”; Biceps femoral y “babilla”; Cuadriceps femoral). Destacar que
en ambos estudios la seccidn correspondiente a la “babilla” constituyd los
loncheados con un bajo contenido en GIM, mientras que, los loncheados con
un alto contenido en GIM lo constituyeron los loncheados procedentes de dos
secciones diferentes, la “cadera” y la “maza”. Ademas, los loncheados que
componen ambos capitulos fueron sometidos a diferentes periodos de
almacenamiento (1mes y 4 meses), antes de llevar a cabo la evaluacién
sensorial. Como se indico en la seccién de Material y Métodos, se empled la
técnica sensorial de analisis cuantitativo descriptivo (ACD) para la evaluacion
de los atributos relacionados con la apariencia, la textura tactil y el olor de las
muestras, y la técnica tiempo-intensidad (Tl) para la percepcién dinamica de los

atributos relacionados con la textura en boca y el flavor.
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En lineas generales, los resultados obtenidos en la presente Tesis
Doctoral confirmaron un efecto marcado del contenido en GIM sobre los
atributos relacionados con la apariencia de los loncheados de jamoén Ibérico,
constatando de una manera evidente su influencia sobre la intensidad de color,
mostrando de manera global una menor intensidad de color las muestras con
un mayor contenido en GIM (Hip en el capitulo VIl y BF en el capitulo VIII).
Asimismo, se obtuvieron mayores puntuaciones para el brillo y el veteado en
estos loncheados con un mayor contenido en GIM. De hecho, se encontraron
correlaciones negativas entre la intensidad de color rojo y los atributos brillo y
veteado (= -0.494 y r= -0.619; p<0.001, respectivamente). En estudios
anteriores realizados en jamén Ibérico (Ruiz y cols., 2000; Cava y cols., 2000;
Ventanas y cols., 2007) se confirmd la influencia marcada del contenido en GIM
sobre el brillo y la intensidad de veteado.

En armonia con los resultados derivados de la evaluacion de la
apariencia de los loncheados, el porcentaje de grasa incorporado a los
sistemas modelo mostré un efecto significativo sobre la apariencia de los
mismos (p<0.05), mostrando los sistemas modelos con el menor contenido en
grasa (~ 4%), una mayor intensidad y homogeneidad de color, y un mayor
grado de cohesion.

Con respecto a su influencia sobre la percepcién del olor, se encontraron
discrepancias entre las diferentes muestras y estudios planteados. Se observé
una relacion positiva entre el contenido en GIM y la percepciéon de los
diferentes atributos de olor, en concreto, con la intensidad general, el olor a
rancio y a curado, en los loncheados de jamén Ibérico evaluados tras 1 mes de
almacenamiento a refrigeracion. Sin embargo, en las muestras evaluadas tras
4 meses refrigeradas, el contenido en GIM no mostré ningun efecto sobre la
percepcion del olor (p>0.05). Las diferencias encontradas entre en ambos
estudios podrian ser originadas por el diferente periodo de almacenamiento al
que fueron sometidos los loncheados. Este efecto no significativo del contenido
en GIM sobre la percepcion del olor tras 4 meses de almacenamiento, podria
estar relacionado con la evolucién observada a lo largo de ese periodo de
almacenamiento en los compuestos derivados de la degradacién de Strecker
(3-metilbutanal y 2-metilbutanal), y algunos aldehidos derivados de la oxidacién

de lipidos (hexanal y pentanal), y que mas adelante mencionaremos mas
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detalladamente. Por lo tanto, a pesar del efecto significativo (p<0.05) del
contenido en GIM para la mayoria de los aldehidos derivados de la oxidacion
de lipidos, la evolucién de algunos de ellos a lo largo de este periodo de
almacenamiento, podria ocasionar los resultados derivados de la percepcion
del olor.

En los sistemas modelo (Capitulo IlI), se obtuvieron mayores
intensidades para los atributos de intensidad general, a tierra humeda, a curado
y a grasa, en aquellos sistemas modelo con el menor contenido en grasa (~
4%). Sin embargo, en el olor a champifidén el lote con un contenido intermedio
de grasa (~ 10%) presentd una mayor intensidad de percepcién de este
atributo, a pesar de la mayor liberacion que experimenta el 1-octen-3-ol al
espacio de cabeza (SPME) en los sistemas modelo elaborados con un ~ 4%.
En estos sistemas modelo la percepcion del olor depende de la generacion y
liberacion de los compuestos volatiles desde la matriz carnica al ambiente.
Considerando que la generaciéon de compuestos volatiles durante el periodo de
maduracion es insignificante, deberiamos tener en cuenta para explicar estos
resultados el papel ejercido por la grasa sobre la retencion de los mismos. No
obstante, dicha liberacion, y en consecuencia, su percepcion esta marcada por
las caracteristicas termodinamicas de cada compuesto (Carrapiso, 2007). En
definitiva, la liberaciéon de los compuestos volatiles responsables del olor en
estas muestras, con un ~ 4% de grasa final, seria mayor que en las muestras
con un mayor contenido en grasa (~ 15%), como resultado de ese efecto
supresor que tiene la grasa en la liberacion de los compuestos volatiles.

En relacion a los resultados derivados de la evaluacion sensorial de los
atributos de textura mediante TI, revelaron que los loncheados con un mayor
contenido en GIM presentaban una mayor intensidad de percepcién de la
dureza (Imax y Area; p<0.05). Estos resultados no coincidirian con los descritos
previamente por Ruiz y cols. (2000) para la dureza evaluada también en jamén
curado, pero empleando técnicas estaticas de evaluacion sensorial. Numerosos
estudios han demostrado un papel esencial del contenido en GIM sobre la
textura, tanto de la carne fresca como de productos carnicos (Dransfield, 1994;
Ruiz y cols., 2000). No obstante, al comparar los resultados obtenidos en la
evaluacion de los loncheados en la presente Tesis Doctoral, en relacion a

anteriores estudios llevados a cabo en jamén curado con diferente contenido
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en GIM, se pone de manifiesto la clara influencia de otros parametros, tales
como, la composicion del musculo evaluado, el loncheado del producto y el
método sensorial empleado. Ademas, debemos considerar que las muestras
evaluadas pertenecen a diferentes zonas anatémicas del jamoén con las
consecuentes diferencias en relacion no sélo al contenido en GIM, sino también
a otros factores que pudieran haber influido de forma mas importante, como el
tipo de musculo que determinara el tipo de fibra y la mayor o menor cantidad de
colageno, y/o el grado de deshidrataciéon (Ruiz y cols., 1998; Cava y cols.,
2000).

Ademas, hay que destacar que en estos estudios previos citados, el
método de evaluacion sensorial de eleccion fue el ACD, donde los catadores
generan un valor medio de la intensidad del atributo evaluado. Por el contrario,
la técnica Tl empleada en la presente Tesis Doctoral, los catadores reproducen
la intensidad percibida a lo largo de la masticacion, en un producto que
previamente a su evaluacion, a diferencia de los anteriores estudios, ha sido
loncheado y envasado a vacio, y posteriormente, almacenado en condiciones
de refrigeracion.

Las secciones correspondientes a la “babilla” y a la “cadera”, mostraron
en la percepcion de la fibrosidad diferencias significativas en la intensidad
maxima y en la duracion de la misma (Imax y DurPIl; p<0.05), observando en
las muestras procedentes de la “babilla” una mayor intensidad de percepcion.
Por el contrario, al evaluar las muestras procedentes de la “babilla” frente a las
muestras derivadas de la “maza”, no se detectaron diferencias significativas,
evidenciando de nuevo la influencia de la localizacion anatdmica, y por lo tanto
de su composicién fisico-quimica sobre la textura percibida.

Con respecto los resultados obtenidos en la evaluacion de la textura en
los sistemas modelo, ambos métodos de evaluacion sensorial ACD y TI,
revelaron que las muestras con el menor contenido graso (~ 4%) presentaban
una textura mas gomosa en comparaciéon con el resto. No se ha encontrado
literatura cientifica relativa al efecto del contenido en grasa sobre la gomosidad.
La formacion de un residuo graso en la boca durante la masticacién, como
consecuencia del mayor contenido graso en los lotes con un ~ 10% y ~ 15% de
grasa final, pudo ocasionar que estas muestras resultasen mas jugosas y mas

faciles de masticar que aquellas con un contenido graso menor, y por tanto,
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estas ultimas mostrasen una textura mas gomosa. De este modo, se observd
de manera clara y evidente la influencia del contenido en grasa sobre la
textura. En los sistemas modelo a diferencia de los loncheados de jamon, todos
los lotes planteados (~ 4%, ~ 10% y ~ 15%) presentaban la misma matriz
carnica sencilla, y como unico componente diferencial, el contenido en grasa
incorporado a los distintos lotes elaborados.

Sorprendentemente, en la percepcion dinamica de los atributos del
flavor, el contenido en GIM o el contenido de grasa incorporada en los sistemas
modelo, no presentd un marcado efecto sobre los atributos evaluados
(Capitulos 1, VIl y VIIl). En el caso de los loncheados de jamén, unicamente
algunos parametros de Tl extraidos (definidos en la tabla 8, ver secciéon de
Revisién Bibliografica) de los atributos sabor salado y flavor a rancio, se vieron
afectados por el contenido en grasa. Sin embargo, al comparar los resultados
obtenidos en ambos estudios (Capitulos VII y VIII) observamos tendencias
opuestas. Al comparar los valores obtenidos entre la “cadera” y la “babilla”, se
observd una mayor duracion de la intensidad maxima (DurPl) del sabor salado
en las muestras con un menor contenido en GIM, asi como, una menor
intensidad (Imax, Area) y duracion total (Tend) del flavor a rancio percibido en
estos loncheados con un menor contenido en GIM. Por el contrario, al
comparar los loncheados procedentes de la “maza” y la “babilla”, las
puntuaciones de la DurPI en el sabor salado aumentaron con el contenido en
GIM, mientras que, la duracidén total (Tend) del flavor a rancio percibido
disminuyé con éste. Teniendo en cuenta el contenido en GIM de todas las
secciones empleadas, la diferencia del contenido en GIM encontrada entre la
‘cadera” y la “babilla”, fue mayor a la diferencia del contenido en GIM entre la
“babilla” y la “maza”. Por lo tanto, los resultados mostraron la importancia de la
magnitud de la diferencia en el contenido en GIM en la percepcidén del sabor
salado y el flavor a rancio.

En general, la percepcion del sabor salado durante el consumo se debe
a la generacién de saliva y a la dilucion de la sal con ésta para alcanzar las
papilas gustativas, y asi, generar el sabor salado (De Loubens y cols., 2011).
En definitiva, los loncheados procedentes de la “cadera” y la “maza”, en
comparacién con aquellos derivados de la “babilla”, como consecuencia de su

mayor contenido en GIM, dejarian un residuo graso mayor en la boca durante
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la masticacion. Dicho residuo graso seria mas evidente y persistente en los
loncheados de la “cadera”, en comparacion con el resto de loncheados (“maza”
y “babilla”), e impediria la completa solubilizacion de la sal en la saliva,
originando una intensidad del sabor salado mas persistente en los loncheados
procedentes de la “babilla”. Por el contrario, considerando la menor diferencia
en el contenido en GIM entre los loncheados de la “babilla” y la “maza”, el
residuo graso dejado por los loncheados procedentes de la maza, podria no
serlo suficientemente importante para ver ese efecto “supresor” de la
solubilizacion de la sal, pero si suficiente para incrementar la produccion de
saliva estimulada por el mayor contenido en GIM en los loncheados de la
maza, permitiendo una mejor solubilizaciéon de la sal en la saliva, derivando en
una intensidad del sabor salado mas persistente.

En lo referente a los resultados derivados de la percepcion del flavor a
rancio, el contenido en GIM tendria un efecto condicionado tanto por su papel
como reservorio de compuestos volatiles generados a partir de las reacciones
de oxidacién, como por su papel en la dinamica de liberacidn/retencion. En
definitiva, y segun los resultados encontrados, un descenso en el contenido en
GIM pudo provocar una mayor liberacion de compuestos hidrofobicos
derivados de la oxidacion de lipidos, desencadenando un flavor a rancio mas
persistente en estas muestras procedentes de la “babilla”. No obstante, al
compararlo con los loncheados procedentes de la “cadera”, predomind la
mayor generacion de compuestos derivados de la oxidacién de lipidos, a pesar
de la mayor liberacion de compuestos hidrofébicos que pueden experimentar
las muestras procedentes de la “babilla”.

Del mismo modo que en el caso de la textura, para la evaluacion
sensorial del flavor de los sistemas modelo se emplearon ambas técnicas
sensoriales, ACD y TI. Este estudio que constituye el capitulo | de la presente
Tesis Doctoral, revel6 diferencias en la aplicacion de ambas técnicas. El
contenido en grasa tuvo un efecto significativo sobre la percepcion del flavor
evaluado mediante el ACD. Los catadores otorgaron las puntuaciones mas
elevadas de los atributos evaluados (intensidad general, a champifiones, a
rancio y a curado) a las muestras con un ~ 4% o ~ 10% de grasa. Por el
contrario, con la técnica de Tl unicamente se puso de manifiesto un efecto

marcado de la grasa sobre el flavor a champifion, vinculado a la presencia del
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compuesto volatil 1-octen-3-ol, mientras que, sobre el resto de atributos del
flavor su efecto no fue tan marcado y caracteristico. De forma similar a los
resultados derivados de la evaluacién sensorial de los loncheados de jamén
Ibérico mediante la técnica TI, en los que se observd que la grasa unicamente
presentaba un marcado efecto sobre la percepcién del sabor salado y el flavor
a rancio, flavores caracteristicos del jamoén curado. Al igual que los resultados
derivados en la presente Tesis, considerando los diferentes trabajos presentes
en la literatura cientifica no se observa un claro efecto del descenso del
contenido graso sobre la percepcion del flavor, y .autores como Jiménez-
Colmenero, (2000) y Crehan y cols., (2000) en emulsiones carnicas, describen
efectos opuestos en relacion al efecto del contenido en grasa sobre la
percepcion del flavor.

Las discrepancias entre ambos métodos sensoriales, podrian ser
consecuencia de la diferente metodologia y protocolos de evaluacion de las
muestras para la evaluacion de un proceso dinamico como el flavor. Con la
técnica de TI, a diferencia del ACD, se establece un tiempo minimo de
masticacion, lo cual, puede originar que el tiempo de permanencia en la boca
sea mayor en las evaluaciones con el Tl, desencadenando una masticacion
completa de la muestra, y en consecuencia, una mejor dilucion con la saliva y
transferencia via retronasal de los compuestos responsables del flavor. En
relacion a la textura, en ambas técnicas de evaluacion sensorial, los catadores
escupian o tragaban la muestra en el momento que ellos lo consideraron
oportuno, sin establecer un tiempo minimo de permanencia en la boca, lo cual,
podria explicar la mayor similitud encontrada en los resultados obtenidos por
ambas técnicas.

Ademas del contenido en grasa, las caracteristicas termodinamicas y las
caracteristicas quimicas de cada compuesto influyen sobre la liberacion del
mismo (Rabe y cols., 2004; Relkin y cols., 2004), lo cual, explicaria los
diferentes patrones de percepcién encontrados en funcion del atributo del flavor
evaluado. Ademas de estos factores, la textura es otro parametro que
interviene en la dinamica de liberacion/retencion de los compuestos
responsables del flavor, influyendo sobre su persistencia e intensidad (Brauss y
cols., 1999). En el caso de los sistemas modelo, la menor gomosidad percibida

en las muestras con un ~ 15% de grasa podria provocar una mayor liberacién
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del compuesto 1-octen-3-ol, en consistencia con estudios preliminares llevados
a cabo empleando la técnica Tl en alimentos como yogur o geles a las que se
les ha incorporado compuestos volatiles (Brauss y cols., 1999; Weel y cols.,
2002). No obstante, el efecto de la textura podria depender del tiempo de
permanencia de la muestra en la boca. Los catadores en la evaluacion
mediante el ACD establecen ellos mismos el tiempo de masticacion, vy
consecuentemente, puede ocasionar diferencia en la masticacion de las
muestras en funcion de la textura de las muestras y de los catadores, por lo
que, estas diferencias podrian verse reflejadas en las puntuaciones otorgadas
a la intensidad de percepcién de los atributos del flavor.

Del mismo modo que entre el ACD y el Tl, se observaron diferencias en
los resultados obtenidos entre la evaluacion sensorial dinamica del flavor y la
dinamica de liberacidn/retencion de compuestos volatiles, en particular del
compuesto 1-octen-3-ol, evaluada por técnicas instrumentales como la SPME
acoplada a CG-EM. De acuerdo con Carrapiso, (2007), los lipidos actuan como
reservorio de compuestos, por lo tanto, un aumento en el contenido en grasa
genera en el alimento un aumento en la concentracién de volatiles, sin
embargo, se observa un descenso general en las concentraciones detectadas
en el espacio de cabeza y en el espacio de cabeza de la cavidad nasal. En
definitiva, las diferencias detectadas entre ambas técnicas reflejaron que a
medida que el contenido en grasa final aumenta se produce una mayor
retencidn, y por lo tanto, una menor liberacidon de compuestos al espacio de
cabeza cuando se evalua mediante técnicas instrumentales. Sin embargo,
cuando el producto es consumido al haber una mayor cantidad de compuestos
retenidos en la fase grasa del producto, habra una mayor cantidad de
compuestos volatiles que entran en contacto con los receptores
correspondientes, incrementando de ese forma la percepcion de los atributos
del flavor asociados a la presencia de esos compuestos, en este caso el 1-
octen-3-ol (flavor a champiién). En este sentido, son numerosos los trabajos
que han detectado resultados contradictorios al comparar los resultados
obtenidos mediante técnicas diferentes (Linforth y cols., 2002; Roberts y cols.,
2003). Roberts y cols., (2003) observaron un descenso en la liberacion de
compuestos hidrofébicos con el contenido en grasa, sin embargo, su

determinacion mediante el analisis estatico del espacio de cabeza, no simula el
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proceso de deglucidn que implica una dilucion con la saliva y transporte de los
compuestos desde el alimento al aire, y de éste, a la cavidad nasal via

retronasal.

En definitiva los resultados evidenciaron la importancia en la eleccion de
la técnica sensorial mas apropiada para la evaluacién sensorial, principalmente,

para la percepcion del flavor.

7.2 Influencia de las caracteristicas de la grasa.

Al igual que el contenido en grasa, las caracteristicas de la misma,
particularmente, su composicion en acidos grasos tienen un papel primordial
sobre la calidad final de un producto (Gandemer, 2002). En la presente Tesis
Doctoral, el estudio de la influencia de la composicién de la grasa se plante6
desde diferentes puntos de vista. En primer lugar, se estudiaron las diferencias
en la estabilidad oxidativa tanto de lipidos como de proteinas de un sistema
modelo carnico elaborado con grasas de diferente naturaleza. En segundo
lugar, se evalud la influencia del perfil de acidos grasos sobre la liberacion de
compuestos volatiles olor-activos en estos mismos sistemas modelo carnicos.
Y en tercer lugar, se evaluaron las diferencias existentes en las caracteristicas
sensoriales debidas a las diferencias en el tipo de grasa empleada. Para la
consecucion de estos objetivos, se partieron de diferentes grasas, tres de
origen animal (tocino procedente de cerdos Ibéricos sometidos a dos
regimenes de alimentacion diferente, y manteca comercial de cerdo), y un
aceite vegetal (aceite de girasol comercial) para elaborar los diferentes lotes

planteados.

7.2.1 Influencia de las caracteristicas de la grasa en el perfil de acidos grasos

de los sistemas modelo elaborados.

Los resultados obtenidos en el perfil de acidos grasos de los sistemas
modelo reflejaron el perfil de acidos grasos de las diferentes grasas empleadas,
el cual, esta determinado por la alimentacién recibida por los animales (Daza y

cols., 2005; Rey y cols., 2006), asi como de los aceites vegetales (Liu y cols.,
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1991). El lote elaborado con grasa de cerdos Ibéricos en montanera (MF), asi
como, el lote elaborado con grasa de cerdos Ibéricos de pienso (CF), se
caracterizaron por mostrar niveles elevados de acido oleico (C18:1, n-9) y de
>AGMI (acidos grasos monoinsaturados). En las muestras elaboradas con
manteca (LF) se detectdé un alto nivel de ZAGS (acidos grasos saturados),
mientras que, los sistemas modelo elaborados con aceite de girasol (SOF),
presentaron niveles elevados de acido linoleico (C18:2) y de ZAGPI (acidos

grasos poliinsaturados).

7.2.2 Influencia de las caracteristicas de la grasa sobre la estabilidad oxidativa.

La oxidacién lipidica es una de las principales causas de deterioro de la
carne y productos carnicos (Morrissey y cols., 1998), siendo los fosfolipidos los
principales precursores de los productos derivados de la oxidacion lipidica,
debido al elevado numero de instauraciones de los acidos grasos que los
constituyen, junto con el hecho, de que al ser componentes estructurales de las
membranas celulares presentan una mayor exposicién a agentes pro-oxidantes
(Love y Pearson, 1971; Boylston y cols., 1996). De esta forma, modificaciones
en el perfil de acidos grasos de los fosfolipidos modificaran la susceptibilidad
de los mismos a los fendmenos de oxidacién. En la presente Tesis Doctoral, de
acuerdo con los resultados observados (Capitulo 1V), tanto el perfil de acidos
grasos como la presencia de sustancias con actividad antioxidante, podrian
haber jugado un papel determinante en la estabilidad oxidativa de los sistemas
modelo carnicos tipo salchicha elaborados. De acuerdo con los niveles de
hexanal detectados, los sistemas modelo elaborados con tocino procedente de
cerdos Ibéricos alimentados a base de piensos (CF) y aquellos elaborados con
aceite de girasol (SOF), mostraron una mayor susceptibilidad a la oxidacién
lipidica, en comparacion con aquellos elaborados con tocino procedente de
cerdos Ibéricos alimentados en montanera (MF), y manteca comercial (LF) en
cuya formulacion se encuentran antioxidantes como el E-320 (BHA: buitil-
hidroxi-anisol) y el E-330 (acido citrico), que por el contrario, mostraron los
niveles mas bajos de hexanal. En este sentido, Cava y cols., (1999) observaron
que el balance entre la composicion en acidos grasos y el nivel de

antioxidantes naturales como tocoferoles presentes en el musculo del cerdo,
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tienen un papel decisivo en las reacciones de oxidacién. De hecho, se han
cuantificado mayores niveles de a- y y-tocoferol en los tejidos procedentes de
cerdos criados en extensividad, en comparacion con cerdos criados en régimen
intensivo (Ventanas y cols., 2007; Estévez y cols., 2007). Detectando estos
autores, Ventanas y cols., (2007) niveles de 6.36 ug de a-tocoferol y 1.50 ug de
y-tocoferol por gramo de musculo en cerdos Ibéricos en régimen de montanera,
frente a 2.09 ug de a-tocoferol y 0.14 ug de y-tocoferol por gramo de musculo
en cerdo Ibéricos alimentados a base de concentrados. Por lo tanto, un posible
mayor nivel de antioxidantes naturales, probablemente tocoferoles, presente en
los sistemas modelo elaborados con tocino de montanera, explicarian las
diferencias observadas entre estos sistemas modelo (MF) y los elaborados con
tocino procedente de cerdos Ibéricos cebados con piensos comerciales (CF).
En lo referente al lote elaborado con manteca comercial de cerdo (LF), la
presencia de antioxidantes sintéticos (E-320 y E-330) en la formulacion de la
misma, explicaria la mayor estabilidad oxidativa mostrada por los sistemas
modelo elaborados con este tipo de grasa en comparacion con el resto. Con
respecto a los elaborados con aceite de girasol, se encontré una correlaciéon
positiva y significativa entre los niveles de hexanal y de AGPI (= 0.58;
p<0.001). De acuerdo con Shahidi y Pegg, (1994) el hexanal deriva de la
oxidacion de los AGPI, principalmente del acido linoleico (C18:2). Por lo tanto,
a pesar de la presencia de a-tocoferol en el aceite de girasol a unos niveles
elevados (51.90 mg tocoferol/100 g aceite) (Rodriguez-Carpena y cols., 2012)
este antioxidante no logro frenar de forma significativa la formacién de hexanal.
A diferencia de la oxidacion de lipidos, las repercusiones que puede
tener la composicion en acidos grasos en un producto carnico madurado sobre
la formacién de los carbonilos AAS y GGS derivados de la oxidacién de
proteinas, son hasta el momento desconocidas. De hecho, el capitulo IV de la
presente Tesis Doctoral, constituye el primer estudio encaminado a evaluar la
influencia de las caracteristicas de la grasa sobre la generacién de dos
carbonilos especificos de la oxidacién de proteinas en un sistema modelo
carnico curado cuya unica diferencia es la naturaleza de la grasa empleada.
Los resultados obtenidos revelaron un efecto combinado del perfil de acidos
grasos y de la presencia de compuestos con actividad antioxidante en las

grasas y en el aceite empleados sobre la mayor o menor susceptibilidad a la
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oxidacion de proteinas. De acuerdo con los valores obtenidos, los niveles mas
elevados de AAS y GGS, asi como de los carbonilos totales, se correspondian
a las muestras del lote CF, mientras que, las muestras correspondientes al lote
SOF mostraron los niveles mas bajos detectados.

En relacion a los resultados derivados de ambos fendmenos oxidativos
no se detectd una clara conexién entre la oxidacion de lipidos y proteinas. Los
elevados niveles de hexanal detectados en las muestras elaboradas con aceite
de girasol (SOF), no estuvieron en linea con los niveles de carbonilos derivados
de la oxidacion de proteinas, lo que pondria de manifiesto el papel primordial
que puede tener un elevado contenido en AGPI sobre la oxidacién de lipidos, y
la presencia de sustancias antioxidantes como compuestos fendlicos, sobre la
carbonilacién de las proteinas. En este sentido, son diversos los estudios que
han observado el efecto de compuestos naturales con actividad antioxidante
como el a-tocoferol y de una gran variedad de compuestos fendlicos (Estévez y
Heinonen, 2010; Ganhdo y cols., 2010a), o de compuestos antioxidantes
sintéticos como el BHT (Estévez y cols., 2006), sobre la formacion de
carbonilos derivados de la oxidacion de proteinas. En consecuencia, este
efecto protector ejercido por estos compuestos antioxidantes (naturales o
sintéticos) frente a la oxidacion de proteinas, explicaria los niveles mas bajos
de carbonilos en los lotes MF, LF y SOF, frente al lote CF. Efecto protector
previamente observado en relacion a los resultados derivados de la oxidacion
de lipidos. No obstante, en el caso concreto del lote SOF, con un elevado nivel
de a-tocoferol, a diferencia del efecto protector ejercido frente a la oxidacion de
proteinas, dicho compuesto no mostré la misma capacidad protectora frente a
la oxidacién de lipidos, evaluado mediante la determinacion de hexanal. En
este caso, los elevados niveles de AGPI tuvieron una mayor repercusion sobre
el desarrollo de las reacciones de oxidacion lipidica que el efecto protector del
a-tocoferol. Por tanto, el impacto de la composicion de la fraccion lipidica sobre
la oxidacion de lipidos o proteinas, en términos de perfil de acidos grasos y
compuestos antioxidantes, es diferente. Ambos parametros mostraron una
marcada influencia sobre la oxidacion de lipidos, mientras que, la oxidacion de
proteinas no se vio influenciada de forma significativa por la composicién en
acidos grasos. En definitiva, considerando las repercusiones que puede tener

la oxidacion de lipidos y proteinas sobre la calidad del producto, las
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caracteristicas de la grasa afiadida para la elaboracion de productos carnicos,
en términos de perfil de acidos grasos y presencia de antioxidantes enddgenos
o afadidos a los alimentos para la obtencion de productos carnicos de una
elevada calidad, deberian ser previamente consideradas para favorecer tanto

su valor nutricional, como para mejorar su calidad sensorial.

7.2.3 Influencia de las -caracteristicas de la grasa sobre la dinamica

liberacién/retencion de volatiles.

Las caracteristicas de la grasa determinan la calidad sensorial de un
producto por su influencia sobre la dinamica liberacién/retencién de los
compuestos volatiles liberados durante la masticacion (Hort y Cook, 2007), y
por consiguiente, sobre la percepcion del flavor (Vingerhoeds y cols., 2008).
Numerosos estudios han manifestado la influencia del estado fisico de la grasa
sobre la liberacion de compuestos volatiles (Maier, 1975; Guichard y cols.,
2002) observando una disminucién en la liberacion en la grasa en estado
liquido. En base a estos antecedentes, los resultados esperados en la presente
Tesis Doctoral eran que los sistemas modelo elaborados con aceite de girasol
mostrasen una mayor retencién de los compuestos volatiles incorporados. No
obstante, indepedientemente a las caracteristicas termodinamicas de cada
compuesto y a la fraccion lipidica, cualquier cambio en la estructura de las
emulsiones tienen una gran relevancia en la liberacion de los compuestos
volatiles (van Ruth y cols., 2002). De acuerdo con Relkin y cols., (2004)
cualquier cambio en la naturaleza de la grasa afecta a la estructura de las
gotas de grasa. Ademas, el tamano de las gotas de grasa de las emulsiones
tienen una gran influencia sobre la liberacion de los compuestos volatiles
(Charles y cols., 2000), observando una mayor liberacion de compuesos
hidrofébicos en emulsiones con grasa vegetal, como consecuencia del menor
tamano de las gotas grasas en comparacion con los glébulos grasos de la
grasa animal. Ademas, del estado fisico de la grasa, la longitud de la cadena y
el grado de instauraciones de un acido graso (Harvey y cols., 1995; Roudnitzky
y cols., 2003) influyen en la volatilidad de los compuestos En base a estos
estudios previos, los resultados reflejaron la influencia del tamafio del glébulo

graso o gota de grasa y del numero de instauraciones en la liberacion de los
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compuestos volatiles incorporados a la matriz de los sistemas modelo carnicos.
Las técnicas instrumentales de analisis de compuestos volatiles (SPME)
detectaron mayores areas cromatograficas en los sistemas modelo elaborados
con grasa vegetal (SOF) de manera independiente a las caracteristicas de
cada compuesto. En armonia con los resultados previamente observados por
van Ruth y cols., (2002) en emulsiones aceite-agua elaboradas con aceite de
girasol. Por lo tanto, estos resultados podrian deberse por un lado a
parametros que determinan su estructura, como el tamafio de los
glébulos/gotas de la grasa/aceite, el cual, es mayor en los los glébulos grasos
de la grasa animal que las gotas grasas del aceite vegetal (Dubois y cols.,
1996), y al perfil de acidos grasos del aceite de girasol. Asimismo, la liberacion
de los compuestos volatiles fue mayor en las muestras de los sistemas modelo
elaborados con tocino de montanera (MF), en comparacion con los sistemas
modelo elaborados con tocino de pienso (CF).

En conclusion, se observo una mayor liberacion de compuestos volatiles
en los sistemas modelo elaborados con grasa mas insaturada. Estos resultados
junto con los obtenidos en el Analisis de Componentes Principales (ACP)
mostraron una clara distincion entre los lotes elaborados con una grasa mas
saturada (CF), y aquellos elaborados con grasa con un mayor numero de
instauraciones (SOF y MF), apoyando el impacto ejercido por el perfil de acidos

grasos sobre la dinamica de liberacion/retencion de los compuestos volatiles.

7.2.4 Influencia de las caracteristicas de la grasa sobre la textura instrumental.

Ademas de por su repercusidén sobre el aroma y el flavor, la calidad
sensorial puede ser comprometida por la influencia que las caracteristicas de la
grasa pueden tener sobre la textura (Scheeder y cols., 2001). En este apartado,
consideraremos la influencia de las caracteristicas de la grasa sobre la textura
de los sistemas modelo medida por técnicas instrumentales (Perfil de textura;
TPA, Bourne, 1978). Los resultados revelaron que las caracteristicas de la
grasa afectaron de forma significativa a la mayoria de las determinaciones
(Capitulo 1l). Modificaciones en el perfil de acidos grasos del tejido adiposo
determinan modificaciones en el punto de fusién de la grasa, y en definitiva, en

las caracteristicas de textura de la misma, particularmente, en la firmeza (Teye
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y cols., 2006). Ademas, Youssef y Barbut, (2009) observaron en emulsiones
carnicas que el tamafio de los glébulos grasos podria determinar
modificaciones en la dureza. En el caso de las grasas vegetales tipo aceite, al
presentar un tamafo de gotas grasas menor, en comparacion con el tamano de
los globulos grasos presentes en las grasas de origen animal, es necesario una
mayor area de proteinas de membrana para rodearlas, lo cual, podria
incrementar la resistencia a la compresion de los sistemas que contienen aceite
de girasol, y en consecuencia, incrementar la dureza de los mismos. Estos
argumentos podrian explicar en parte los valores mas elevados de dureza,
gomosidad, masticabilidad, cohesividad y elasticidad, y los mas bajos para la
adhesividad de los sistemas modelo elaborados con aceite de girasol (SOF).
Por el contrario, los lotes MF, y LF resultaron ser las muestras menos duras,

gomosas y masticables.

7.2.5 Influencia de las caracteristicas de la grasa sobre la calidad sensorial.

Finalmente, el ultimo objetivo que se plante6 en la presente Tesis
Doctoral en relacion a las caracteristicas de la grasa, fue evaluar su influencia
sobre la calidad sensorial de los sistemas modelos, utilizando técnicas
dinamicas de evaluacion sensorial, en concreto la técnica Tl. Mediante esta
técnica se evalud tanto la textura como el flavor de los sistemas modelo,
utilizando un panel de catadores previamente entrenados.

En relacion a los atributos de textura evaluados, las muestras del lote
MF presentaron la mayor intensidad maxima, asi como, la mayor duracioén de la
misma (Imax, y DurPl; p<0.01) en la percepcion de la gomosidad, mientras que,
las muestras del lote CF exhibieron la mayor persistencia (Tend).

En relacion a los atributos del flavor, la técnica Tl puso de manifiesto que
la mayoria de los atributos se percibieron de forma mas intensa en los sistemas
modelo elaborados con grasa animal (MF y LF) mostrando, en general, valores
mas elevados en los parametros relacionados con la intensidad, como la Imax
y el Area (p<0.05), mientras que, la duracién de esa intensidad percibida fue
mayor en aquellos sistemas modelo elaborados con aceite vegetal (SOF),
mostrando comunmente los valores mas elevados en los parametros

relacionados con la duracion, como la DurPl y el Tend (p<0.05). La influencia
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de la temperatura durante la masticacién sobre la proporcion sélido/liquido de
las diferentes grasas empleadas para la elaboracion de los distintos lotes de
sistemas modelo elaborados planteados explicaria los resultados obtenidos en
la presente Tesis Doctoral. Previamente, Corona, (2012) mediante la técnica de
ultrasonidos caracterizaron las diferentes grasas empleadas en la elaboracion
de los distintos sistemas modelo, observando la influencia de la temperatura
sobre la fusion de la grasa. Ademas de la influencia que tiene el estado fisico
de la grasa y las propiedades termodinamicas de cada compuesto, la
volatilidad depende también de la temperatura (Harvey y cols., 1995). De
hecho, el efecto de la temperatura predomina frente al estado fisico de la grasa
(Meynier y cols., 2003). En este sentido, los resultados encontrados reflejaron
la influencia de la temperatura durante la masticacién de las muestras. Dichos
resultados indican un equilibrio entre la temperatura de consumo del producto
(temperatura ambiente, ~ 21 °C) y la temperatura oral (cavidad oral, 37 °C). De
acuerdo con un estudio anterior llevado a cabo Maier, (1975), un incremento en
la temperatura en las grasas en estado sdlido supone un descenso en la
liberacion de los compuestos volatiles, mientras que, en las grasas en estado
liquido supone todo lo contrario. Luego, la variacién de la temperatura a lo largo
de la masticacion hasta alcanzar un equilibrio, ocasionaria modificaciones en la
proporcion sélido/liquido durante la masticacion, lo cual, seria mas evidente en
las grasas de origen animal, como consecuencia del mayor % de grasa a
fusionar, en consistencia con los resultados previamente detectados mediante
ultrasonidos por Corona, (2012). En consecuencia esas mayores variaciones
en el estado fisico de las grasas origen animal podrian repercutir en mayor
medida en la dinamica de liberacién/retencién de los compuestos volatiles.
Ocasionando una mayor retencibn o menor liberacion de los compuestos
volatiles en comparacion con las muestras elaboradas con aceite de girasol a lo
largo de la masticacién. Por lo tanto, la mayor intensidad percibida en los
sistemas modelo elaborados con las grasas de origen animal se
corresponderia con una mayor liberacién de compuestos volatiles al comienzo
de la masticacion, previo al equilibrio entre ambas temperaturas durante la
masticacion. Lo cual explicaria, que tras ese equilibrio térmico las muestras
elaboradas con aceite vegetal experimentasen una menor retencion de

compuestos volatiles, a diferencia de las muestras elaboradas con grasa
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animal, que sufrieron una mayor retencion debido al efecto predominante de la
temperatura. Mostrando finalmente, las muestras elaboradas con grasa animal
(MF y LF) una mayor intensidad de percepcién, y las muestras elaboradas con
aceite vegetal (SOF) una percepcion mas duradera.

Del mismo modo que en el analisis instrumental de la dinamica de
liberacion/retencion de compuestos volatiles (desarrollado en el apartado
7.2.3), a pesar de la menor solubilidad que pueden tener los compuestos
volatiles en los sistemas modelo elaborados con grasa animal, un
acondicionamiento previo a 37 °C, de manera similar que en la evaluacion
sensorial, podria haber favorecido una menor retencion de los compuestos en
las grasas en estado liquido (SOF) seguido por la gasa con un mayor numero
de insaturaciones (MF), y por lo tanto, con una menor proporcion sélido/liquido.
Considerando la relevancia que tiene el flavor sobre la calidad sensorial y el
objetivo que se pretenda alcanzar, los productos carnicos elaborados a partir
de grasa animal podrian presentar una mayor calidad final si se pretende
potenciar la intensidad del flavor, mientras que, si lo que se quiere es prolongar
la duracién del flavor durante la masticacion, la eleccion seria productos
carnicos elaborados con aceite vegetal.

De acuerdo con todos los resultados obtenidos en los diferentes
capitulos que constituyen el estudio de la influencia de las caracteristicas de la
grasa (Capitulos Il, 1l 'y IV), se puede considerar que el efecto de las
caracteristicas de la grasa sobre la calidad de un producto no se atribuye
solamente a las diferencias en el perfil en acidos grasos, sino, al efecto
combinado de éste junto con la presencia de sustancias con actividad
antioxidante, parametros que pueden determinan su estructura, y con factores
extrinsecos, como la temperatura. No obstante, la grasa procedente de cerdos
Ibéricos en régimen de montanera, a diferencia del resto de grasas empleadas,
fue la grasa que mostré unas caracteristicas 6ptimas para la obtenciéon de
sistemas modelo carnicos tipo salchicha fermentadas, distinguidos por su
estabilidad oxidativa, la intensidad del flavor percibida y las caracteristicas de

textura.
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7.3 Factores post-procesado.

Otro de los principales objetivos descritos en la presente Tesis Doctoral
planteaba el estudio de la influencia de factores post-procesado sobre la
calidad del jamon loncheado envasado a vacio, entre los que destaca la forma
de presentacién (Intacto y locheado previo), el tratamiento con APH (600 MPa
durante 6 min), el tiempo de almacenamiento a refrigeracion (0, 30 y 120 dias),

y finalmente, la temperatura de consumo (7 °C, 16 °C y 20 °C).

7.3.1 Influencia de la forma de presentacion del jamén Ibérico.

En la comercializacion del jamén curado, particularmente en Serrano y
recientemente en |bérico, se constata que se ha producido un descenso
paulatino en las ventas por piezas enteras a favor a otros formatos
fraccionados, tales como loncheados. En este sentido, las industrias han
desarrollado diferentes tecnologias de corte y envasado entre las que destacan
el envasado a vacio y en atmosferas modificadas. Sin embargo, ningun estudio
previo ha evaluado en concreto, la influencia de la forma de presentacion en
jamén Ibérico loncheado envasado a vacio.

En este sentido, se establecieron tres formas de presentacién: formato
loncheado tradicional (CSF; lonchas de jamon extendidas a lo largo del
envase), formato loncheado alternativo (ASF; lonchas de jamén apiladas
horizontalmente), y un formato intacto (IF; bloque de jamén, sin un loncheado
previo) para evaluar su impacto sobre la estabilidad oxidativa de lipidos y
proteinas, y relacionarlo con las posibles repercusiones que puede tener sobre
la calidad sensorial y el color de los loncheados de jamdn envasados a vacio.
Para ello, son sometidos a un mes de almacenamiento bajo ciclos de
luz/oscuridad de 12 h diarias, simulando de esta manera, las condiciones en la
que los jamones se presentan en los expositores en los puntos de venta.

En relacion a los resultados derivados de la estabilidad oxidativa que
constituyen el capitulo V, evidenciaron que un loncheado previo al envasado a
vacio incrementa la susceptibilidad del jamén a las reacciones de oxidacion
frente al formato en bloque (IF), y dentro de estos formatos loncheados

(extendido -CSF vs. apilado-ASF), fue el formato ASF, el que mostréo una

427



mayor susceptibilidad a las reacciones de oxidacion. En este tipo de
presentacion (ASF) se detectaron mayores niveles de aldehidos derivados de
la oxidacion de lipidos, asi como, de los carbonilos caracteristicos de la
oxidacion de proteinas (AAS y GGS). Un mayor estiramiento de la pelicula de
plastico, y por lo tanto, una mayor deformacion ejercida por las lonchas en el
formato ASF sobre el material plastico empleado para el envasado, podria
haber causado una mayor exposicién al oxigeno y a otros factores pro-
oxidantes lo que explicaria los resultados obtenidos.

En relacion a su influencia sobre la calidad sensorial de los loncheados,
observamos que el panel de cata mediante la técnica de ACD, revelan un
efecto significativo del formato sobre el tono del color rojo (de rojo a marrén;
p<0.001) y la dureza del magro (p<0.001), destacando el formato ASF por sus
mayores puntuaciones para ambos atributos, asi como, las menores para el
brillo (p<0.001) y la intensidad del color rojo (menos a mas; p<0.01). Del mismo
modo, se observd que los formatos loncheados (ASF y CSF) frente al bloque
de jamén no loncheado (IF), presentaban unas puntuaciones de los atributos
del flavor significativamente mas elevadas (p<0.01) en cuanto a intensidad
general y persistencia. Igualmente es de destacar, que el formato ASF atenu6
el sabor salado percibido por los catadores en comparacién con el formato
CSF. Estos resultados derivados de la evaluacién sensorial junto con los
obtenidos en el Anadlisis de Componentes Principales (ACP), y en los
coeficientes de correlacién de Pearson (r), ponen de manifiesto la clara relacion
e influencia de la oxidacion de proteinas sobre los atributos de color y textura,
coincidiendo con estudios previos realizados en diferentes productos carnicos
mediante medidas instrumentales (Estévez y cols., 2005b; Ganhao y cols.,
2010b; Utrera y cols., 2012), asi como, la influencia de los aldehidos derivados
de la oxidacién de lipidos y de los carbonilos generados en la oxidacion de
proteinas en el flavor percibido (Ventanas y cols., 2007).

El color instrumental medido sobre la superficie del magro, revelé que
las lonchas del formato ASF mostraban los valores mas bajos del parametro a*,
y los mas elevados para el parametro L*, en comparacion con los otros
formatos planteados (CSF vy IF), coincidiendo con los resultados derivados de
la evaluacién sensorial del color rojo del magro. La presencia de una coloracién

mas marronacea junto con una mayor luminosidad en estas muestras (ASF),
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las cuales, presentaron un mayor nivel de compuestos carbonilos derivados de
la oxidacion de proteinas, constato la influencia de la oxidacion de proteinas
sobre el color, ya que, cualquier cambio en la estructura de las proteinas
induce cambios en la luminosidad de la loncha de jamén (Andrés y cols., 2004
y 2006).

Otro parametro determinado y relacionado con el color fue la diferencia
total de color (AE). Estos loncheados fueron sometidos a APH (600 MPa),
resultando un total de seis lotes en funcion del tratamiento (controles y
tratados), y de la forma de presentacién (CSF, ASF y IF). Determinando dentro
de cada formato la diferencia total de color (AE:.), el formato ASF mostro la
mayor diferencia de color (AEi; = 5.18 £ 1.51), seguido por el formato CSF
(AEtc = 4.27 + 0.73), y finalmente, el formato IF (AE. = 3.74 £ 0.65). Aunque
estas diferencias no fueron significativas, constatamos que estan en armonia
con los resultados derivados del color y con aquellos derivados de la oxidacion
de lipidos y proteinas. Una mayor exposicién al oxigeno y otros factores pro-
oxidantes, en los formatos loncheados (CSF y ASF), y particularmente en el
formato ASF, promovieron la oxidacién de los pigmentos carnicos y proteinas
miofibrilares, y en consecuencia, modificaciones tanto en la intensidad del color
rojo como en la luminosidad mostrada.

Finalmente, considerando los resultados en conjunto, se puede afirmar
que la estabilidad oxidativa es determinante en la calidad sensorial. Teniendo
en cuenta que un loncheado previo y un tratamiento con APH incrementan la
susceptibilidad a las reacciones de oxidacion, el formato en bloque (IF) seria la
mejor eleccion. No obstante, si se requiere de un loncheado previo del jamoén el
formato ASF es el formato menos idoneo para la obtencion de productos de
alta calidad. Esta consideracion seria de enorme interés para los industriales
del sector, puesto que, cada vez son mas las industrias con una linea de
loncheado-envasado a vacio de jamén curado para su exportacion tras el

tratamiento con APH.
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7.3.2 Tratamiento con altas presiones hidrostaticas (APH).

En la presente Tesis doctoral, en relacion al tratamiento con APH, uno
de los principales objetivo fue determinar su impacto sobre la calidad sensorial
del jamon Ibérico y relacionar los cambios con la estabilidad oxidativa, tanto de
lipidos como de proteinas. Por tanto, habria que destacar que este estudio
ademas de suponer el primero en evaluar las reacciones de oxidacion de
proteinas en un producto curado sometido a APH mediante la deteccion de dos
carbonilos especificos (GGS y AAS) derivados de la oxidacion de aminoacidos
concretos, ha demostrado que estas reacciones son la causa de los cambios
experimentados en la textura y en el color.

A diferencia de los trabajos referenciados en la literatura cientifica, en la
presente Tesis Doctoral, se evalu6 su efecto sobre la calidad sensorial
mediante el empleo de técnicas sensoriales dinamicas, en concreto el Tl, lo
que supone un avance importante en la percepcién real de los atributos del
flavor y la textura por parte del consumidor. Finalmente, se estudié como el
contenido en GIM modifica o no el efecto ejercido por las APH sobre la calidad
de los loncheados de jamon Ibérico.

El estudio de las repercusiones que las APH puedan tener sobre la
estabilidad oxidativa y la calidad sensorial de los loncheados envasados a

vacio, constituyen los capitulos V, V1 y VIl de la presente Tesis Doctoral.

7.3.2.1 Influencia de las APH sobre la estabilidad oxidativa.

De acuerdo con los resultados obtenidos en los capitulos V y VI, en
lineas generales, el tratamiento con APH favorecio la oxidacion de lipidos y de
proteinas, sin embargo, dicha inestabilidad oxidativa fue mas evidente en el
primer estudio que constituye el capitulo V, donde los loncheados tras el
tratamiento con APH (600 MPa, 6 min) fueron sometidos a 1 mes de
almacenamiento bajo ciclos de luz/oscuridad de 12 h diarias, que corresponde
con el periodo de rotacién en los lineales. Por el contrario, en el segundo
estudio que constituye el capitulo VI, tras un periodo de almacenamiento mas
prolongado, 0, 1 y 4 meses en oscuridad, el tratamiento con APH solamente

mostro un efecto mas marcado en las ultimas etapas (4 meses). Ello concuerda
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con estudios anteriores en los que se evalud el efecto de las APH sobre la
oxidacion lipidica (Andrés y cols., 2004 y 2006; Cava y cols., 2009). Sin
embargo, éstos ultimos (Cava y cols., 2009), no detectaron un efecto
significativo sobre los niveles de carbonilos totales derivados de la oxidacion de
proteinas, medidos por la técnica del DNPH en jamoén y lomo loncheados tras
90 dias de almacenamiento en ausencia de luz. En comparacién con la técnica
utilizada en la presente Tesis Doctoral (detallada en los capitulos V y VI), la
técnica de DNPH es un método mas inespecifico (Estévez y cols., 2008b). En
base a esto, se puede destacar la idoneidad de la cuantificacién de la oxidacion
de proteinas mediante la determinacion de los carbonilos AAS y GGS para la
determinacion de la oxidacién de proteinas.

Ambos procesos de oxidacién (lipidos y proteinas) se ven influenciados
por factores similares, lo cual, puede desencadenar una conexién directa entre
ambos procesos (Stadtman y Levine, 2000; Estévez y Cava, 2004). Por lo
tanto, es posible que dicha interaccion entre la oxidacion de lipidos y proteinas
tenga lugar durante el periodo de almacenamiento de los loncheados. No
obstante, en el capitulo V, en el cual, las APH mostraron un marcado impacto
sobre la oxidacion de lipidos y de proteinas, se obtuvieron correlaciones
positivas y significativas entre los niveles de hexanal y el de los carbonilos AAS
y GGS (r= 0.843 entre hexanal y AAS, y r= 0.651 entre hexanal y GGS;
p<0.05). Sin embargo, en los loncheados sometidos a un prolongado
almacenamiento en ausencia de luz, la relacion entre ambos procesos
oxidativos no fue tan evidente, observandose unicamente un aumento
significativo del compuesto GGS al final del periodo de almacenamiento. Estos
resultados se deben probablemente a diferencias tanto en la estabilidad como
en la reactividad de ambos compuestos, con lo que paradojicamente los niveles
de AAS disminuyeron a lo largo del almacenamiento (Estévez y cols., 2009;
Armenteros y cols., 2009). Las APH pudieron promover la intervenciéon del
carbonilo AAS en otras reacciones durante el prolongado almacenamiento. Por
lo tanto, los resultados obtenidos ponen de manifiesto la influencia de las
condiciones de almacenamiento sobre la estabilidad oxidativa tras el
tratamiento con APH, asi como, la eleccion de una técnica de analisis

adecuada, principalmente, para la oxidacién de proteinas.
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En relacidon a la influencia del contenido en GIM sobre los efectos que
las APH mostraron sobre la estabilidad oxidativa, los resultados revelaron que
dicho contenido en GIM determina el impacto de las APH sobre la oxidacion
tanto de lipidos como de proteinas. En cuanto a la oxidacién de lipidos, fueron
las muestras con un mayor contenido en GIM y sometidas a las APH, las que
mostraron una mayor susceptibilidad a la oxidacion. Por el contrario, en el caso
de la oxidacién de proteinas, los loncheados con un menor contenido en GIM y
sometidos a las APH fueron los que presentaron mayores valores de AAS y
GGS al final del almacenamiento. Estos resultados confirmarian la influencia de
la composicion fisico-quimica de los loncheados sobre los cambios inducidos
por las APH.

7.3.2.2 Influencia de las APH sobre parametros relacionados con el color

instrumental.

Se estudio igualmente el efecto de las APH sobre parametros de calidad
del producto final, como es el color medido instrumentalmente (CIE L*, a*, b*¥)
(Capitulos V y VI). Como ya se ha detallado anteriormente, en el estudio
desarrollado en el capitulo V los loncheados fueron almacenados durante 1
mes bajo ciclos de luz/oscuridad de 12 h diarias, mientras que, en el estudio
desarrollado en el capitulo VI los loncheados fueron almacenados durante 4
meses en ausencia de luz, tomando mediciones a los 0, 30 y 120 dias. Al mes
de almacenamiento bajo ciclos de luz/oscuridad, las APH tuvieron un efecto
significativo (p<0.05) sobre el parametro a* (color rojo), mientras que, en los
loncheados almacenados en oscuridad las APH no mostraron influencia
significativa sobre ninguno de los parametros de color medidos tanto en la
grasa de cobertura como en el magro. En este sentido, Clariana y cols., (2012)
estudiaron en jamon loncheado envasado a vacio, el efecto de las condiciones
de luz sobre el parametro a*, determinando que la luz podria causar una
fotodegradacion de la molécula de nitrosilmioglobina. Por tanto, ese descenso
observado en el valor del parametro a* medido en la superficie de los
loncheados, puede ser promovido por la exposicion a ciclos de 12 h diarias de

luz durante el almacenamiento.
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Concluyendo que, un almacenamiento en oscuridad o el envasado en
peliculas que limiten o minimicen la exposicion/filtracion a las radiaciones UV,
permitirian minimizar el impacto de las APH sobre el color, preservando asi la

calidad del producto durante mas tiempo.

7.3.2.3 Influencia de las APH sobre parametros relacionados con la calidad

sensorial.

En este ultimo apartado debemos considerar la influencia del tratamiento
con APH sobre las caracteristicas sensoriales de la grasa externa y del magro
de los loncheados evaluados mediante la técnica de ACD. En relacién a la
grasa externa, el tratamiento causdé cambios importantes tanto en la textura
como en la apariencia, que en funcion de las condiciones de almacenamiento
fueron diferentes. Tras un mes de almacenamiento bajo ciclos de luz/ oscuridad
de 12 h diarias, se observa una disminucién en la intensidad de color, el brillo y
la fluidez de las muestras tratadas con APH. Sin embargo, tras 4 meses de
almacenamiento la grasa de los loncheados mostr6 una coloracion mas
amarillenta, y menos homogénea, asi como, una mayor dureza al tacto y una
menor arenosidad. La acumulacion de productos derivados de la oxidacién
lipidica a lo largo del almacenamiento podria ser el causante de esa percepcion
mas amarillenta de la grasa. En relacion al aumento de la dureza o disminucion
de la fluidez tactil, estudios previos llevados a cabo por Cheftel y Culoli, (1997)
en carne, y Dumay y cols., (1996) en emulsiones y en lacteos, mostraron que
los lipidos bajo presion tienden a cristalizar (aumento del punto de fusion mas
de 10 °C/100 MPa). En relacion al almacenamiento a refrigeracién, Corona,
(2012) observaron mediante ultrasonidos la cristalizacion de la grasa tras el
almacenamiento a refrigeracion. Por lo tanto, del mismo modo que Nifioles y
cols., (2010) en tocino de cerdo tras 2 meses de almacenamiento a 0 °C,
podriamos asegurar tras 4 meses de almacenamiento una completa
cristalizacion de los lipidos que cristalizan a esa temperatura (triglicéridos
saturados y monoinsaturados). Consecuentemente, los diferentes periodos de
almacenamiento a los que fueron sometidos los loncheados (1 mes vs. 4

meses) podrian explicar las diferencias observadas en la coloracién y dureza

433



de la grasa, siendo los cambios mas marcados tras un periodo de
almacenamiento prolongado.

En relacién a los cambios en los atributos sensoriales evaluados en el
magro de la loncha, se observaron importantes modificaciones en atributos
relacionados con el color y la textura tras el tratamiento con APH.
Investigaciones previas han atribuido estos cambios en el color al impacto
ejercido por las APH sobre las proteinas (Carlez y cols., 1995), y a su vez, al
papel que juegan éstas sobre el color y la textura de diferentes productos
carnicos (Estévez y cols., 2005b; Ganh&o y cols., 2010b; Utrera y cols., 2012).
Estos argumentos apoyarian las variaciones observadas en la evaluacion
sensorial del color y la textura de los loncheados. Tras el tratamiento con APH
los loncheados mostraron una coloracién significativamente mas marronacea,
una disminucién en el color rojo del magro, un menor brillo, y una mejor
apreciacion del veteado, un aumento de la dureza y la masticabilidad, asi
como, un descenso de la jugosidad y la pastosidad. Ademas, la evaluacion
sensorial dinamica (TI), revelé un aumento en la duracién de la dureza (Tend y
DurPl) y la fibrosidad (Tend) percibidas, y una mayor persistencia de la
jugosidad (Tend) en las muestras tratadas con APH, probablemente debido a
una mayor generacion de saliva a lo largo del tiempo producida por ese
aumento en la dureza. Habria que destacar que estas modificaciones
temporales en la percepcion de la textura, solamente se pueden percibir
gracias al empleo de técnicas dinamicas de evaluacion sensorial tipo TI.

Respecto a los resultados derivados de la percepcion sensorial del olor,
las APH no mostraron un efecto claro. En los loncheados tras un
mesrefrigerados, las puntuaciones otorgadas a la intensidad general de olor
disminuyeron, mientras que, en el caso del olor a rancio aumentaron. Por el
contrario, en los loncheados evaluados tras 4 meses refrigerados, el
tratamiento solamente afecté a la percepcion del olor a curado, disminuyendo
sus puntuaciones. No obstante, las APH no mostraron un efecto siginificativo
sobre las concentraciones de la mayoria de los aldehidos estudiados en esa
etapa del almacenamiento, Segun Tressl y cols., (1985) los aldehidos
derivados de la oxidacién de lipidos debido a su bajo umbral de olfaccion
constituyen un grupo importante de compuestos aromaticos. Por lo tanto, la

magnitud de ambos procesos oxidativos podria haber influido en el olor
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percibido, asi como, a la evolucion de algunos de estos aldehidos derivados de
la oxidacion de lipidos a lo largo del periodo de almacenamiento (4 meses). En
armonia con los resultados anteriormente descritos en relacién a influencia del
contenido en GIM sobre la percepcion del olor tras 4 meses de
almacenamiento (Apartado 7.1.3).

Sin embargo, en relacion a la percepcion del flavor, aunque la
metodologia aplicada en ambos estudios fue diferente, un ACD para los
loncheados procedentes del primer estudio (Capitulo V), y la técnica Tl en los
loncheados que constituyen el segundo estudio (Capitulo VII), los resultados
revelaron de manera general un aumento en la intensidad y persistencia de los
atributos del flavor, tales como, la intensidad general, el sabor salado, el sabor
amargo y el flavor a curado. Ambos estudios evidenciaron una clara influencia
de las APH sobre la percepcién del flavor, mostrando un incremento
generalizado en la percepcion de los diferentes atributos evaluados mediante
una u otra técnica sensorial. De acuerdo con Arnau y cols., (1987) las altas
presiones en jamones curados pueden favorecer la movilizacion del ion Na®, lo
cual, explicaria los resultados obtenidos de la percepcion del sabor salado. En
relacion al resto de atributos, la aceleracion de la oxidacion de lipidos y la
formacién de volatiles derivados de éstos, como resultado del tratamiento con
APH, estaria probablemente relacionado con un incremento en las intensidades
de los atributos relacionados con el flavor. En este sentido, se detectaron
correlaciones positivas entre los atributos del flavor y las concentraciones de
hexanal y de AAS y GGS (Capitulo V). Aunque el impacto de la oxidacion de
proteinas sobre el flavor es escasamente conocido, al igual que en la oxidacién
de lipidos, una gran variedad de compuestos derivados de la oxidacion de
proteinas pueden intervenir en el flavor de los productos carnicos, como se ha
descrito en lomo curado (Ventanas y cols., 2007). Un estudio previo llevado a
cabo por Armenteros y cols., (2009) detectdé que en los productos carnicos
curados los niveles de los semialdehidos AAS y GGS son mas elevados. Mas
recientemente, Estévez y cols., (2011) observaron la implicacion de ambos
carbonilos en la formacion de aldehidos de Strecker. De acuerdo con estos
autores, es posible que ambos semialdehidos constituyan una importante
fuente de estos compuestos que contribuyen al flavor, particularmente, en los

productos sometidos a un proceso de curacion.
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En base a los resultados observados en los diferentes estudios llevados
a cabo, observamos que las APH limitan la estabilidad oxidativa y modifican la
calidad sensorial de los loncheados envasados a vacio.
En relacion a las repercusiones que las APH tienen sobre la estabilidad
oxidativa, son a su vez, condicionadas por el contenido en GIM y en proteinas.
Asimismo, un almacenamiento en oscuridad o envasado en peliculas filtro a la
luz UV, permitirian limitar las repercusiones que las APH tienen sobre la
estabilidad oxidativa de lipidos y proteinas, preservando la calidad del jamén
tras el tratamiento durante un tiempo mas prolongado. Por lo tanto, éstas
serian las condiciones idéneas para una mejor conservacion de la calidad de

loncheados envasados a vacio tras el tratamiento con APH.

7.3.3 Influencia del tiempo de almacenamiento.

La aplicacion de temperaturas bajas, tanto de refrigeracion como de
congelacioén, permite una prolongacién de la vida util de muchos alimentos
durante largos periodos de tiempo. En la presente Tesis Doctoral para evaluar
los cambios que puede ocasionar el tiempo de almacenamiento sobre la
calidad del jamén Ibérico loncheado envasado a vacio, se establecieron tres
periodos de almacenamiento a una temperatura de 2 °C: 0, 30 y 120 dias.

El tiempo de almacenamiento comprometio la estabilidad oxidativa y
ademas, en funcion de las caracteristicas o tratamientos aplicados a los
loncheados, el efecto ejercido por el tiempo de almacenamiento sufrid
variaciones. En este sentido, aunque el efecto principal del tiempo de
almacenamiento sobre los valores de TBARS fue significativo (p<0.05), dicho
efecto fue especialmente marcado en las muestras tratadas con APH o en
aquéllas que presentaban un mayor contenido en GIM. Aunque al inicio del
periodo de almacenamiento (0 dias), observamos que los loncheados no
tratados con APH presentaban niveles mas elevados de TBARS, y de forma
similar, los lotes con menor contenido en GIM presentaron mayores niveles de
TBARS al comienzo (0 dias). Sin embrago, tras 120 dias de almacenamiento
los loncheados con un alto contenido en GIM y sometidos a las APH (HHPHip),
presentaron los valores mas elevados de TBARS. Por el contrario, los

loncheados con un bajo contenido en GIM y no tratados con APH (CFlank), en
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cambio, experimentaron un descenso en los valores de TBARS a lo largo del
periodo de almacenamiento, probablemente como consecuencia de la
participacion del MDA en otras reacciones (Shahidi, 1992). Del mismo modo
que en el TBARS, los valores medidos de hexanal a lo largo del periodo de
almacenamiento también disminuyeron, lo que sugiere igualmente la posible
participacion de este aldehido en otras reacciones. Por otra parte, el tiempo de
almacenamiento mostré un efecto significativo sobre las areas cromatograficas
de la mayoria de los compuestos volatiles estudiados. En el caso de los
aldehidos de Strecker, principalmente en el 3-metilbutanal, se observé un
incremento en las areas cromatograficas a los 30 dias, disminuyendo
posteriormente a los 120 dias de almacenamiento. En relacién a los aldehidos
derivados de la oxidacion lipidica, se observa una tendencia general a
aumentar tras los 120 dias de almacenamiento. No obstante, algunos de ellos
como, el nonanal, el octanal y el alcohol 1-octen-3-ol, tras un descenso durante
los primeros 30 dias de almacenamiento, sus areas cromatograficas
experimentaron un incremento, detectando al final del almacenamiento
concentraciones superiores con respecto al inicio. La posible participacion de
determinados compuestos derivados de la oxidacion lipidica en el desarrollo de
otro tipo de reacciones como las degradaciones de Strecker, puede explicar el
descenso en los las areas cromatograficas detectados en volatiles derivados de
la oxidacion lipidica, y el incremento en las areas detectadas para el 3-
metilbutanal a los 30 dias de refrigeracion de los loncheados.

En relacion a la determinacién de los carbonilos AAS y GGS derivados
de la oxidaciéon de proteinas, el tiempo de almacenamiento tuvo un efecto
significativo sobre el carbonilo AAS en todos los lotes loncheados con mayor
contenido en GIM (Hip). De manera general, desde el comienzo hasta el final
del almacenamiento se detectd6 un descenso en el carbonilo AAS,
principalmente durante los primeros 30 dias. Por el contrario, el tiempo de
almacenamiento no mostré un efecto significativo sobre los niveles del
carbonilo GGS. En estos resultados al igual que anteriores estudios (Estévez y
cols., 2009; Armenteros y cols., 2009), detectamos una mayor inestabilidad del
compuesto AAS. Lo que indica que durante el proceso de almacenamiento de
los loncheados de jamén el carbonilo AAS podria haber intervenido en otras

reacciones.
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De los resultados derivados tanto de la oxidacién de lipidos como de la
oxidacion de proteinas, se puede concluir que el jamon Ibérico loncheado
envasado a vacio es un producto muy estable, por lo que, se puede someter a
un periodo prolongado de almacenamiento en oscuridad sin una gran
repercusion sobre su estabilidad oxidativa. No obstante, las caracteristicas del
jamon como es su contenido en GIM, asi como, el tratamiento con APH, juegan
un papel primordial en las repercusiones que el almacenamiento pueda tener
sobre su calidad.

El color instrumental (CIE L* a* b*) medido sobre la superficie del
magro y de la grasa de cobertura de los loncheados de jamdn, se vio
influenciado de forma significativa por el tiempo de almacenamiento. Durante
los primeros 30 dias de almacenamiento se observé un aumento en todos los
parametros de color evaluados (luminosidad: L*, color rojo: a* y color amarillo:
b*). Sin embargo, de manera general, al comparar los resultados obtenidos a 0
dias y 120 dias de almacenamiento, la luminosidad del magro disminuyd de
forma significativa (L*; p<0.05). Por el contrario en el resto de parametros
medidos, aunque a partir del primer mes de almacenamiento se observase un
descenso, el color rojo (a*) y el color amarillo (b*) incrementaron durante el
almacenamiento de 0 a 120 dias (p<0.001). En lo que se refiere a la grasa de
cobertura, tanto el parametro L* como el parametro b*, aumentaron de forma
progresiva a lo largo del periodo de refrigeracion en todos los lotes planteados
(p<0.001). Sin embargo, el parametro a* aumentd sus valores durante el primer
mes de almacenamiento, disminuyendo posteriormente en todos los lotes con
un mayor contenido en GIM, observando finalmente en este parametro, un
descenso general desde el comienzo hasta el final del almacenamiento en
estos lotes (p<0.001). El efecto significativo del tiempo de almacenamiento
sobre la oxidacién lipidica podria explicar el aumento del parametro b*, el cual,
ademas fue mas elevado en las muestras con un mayor contenido en GIM.
Asimismo, este incremento en la intensidad del color amarillo en la grasa de
cobertura tras 120 dias de almacenamiento, coincide con los resultados de la
evaluacion sensorial del color de la grasa realizada en estas mismas muestras,
y descrito en el capitulo VII. Autores como Garcia-Esteban y cols., (2004)
también detectaron un incremento del parametro b* tras tres semanas de

almacenamiento en jamon envasado a vacio, lo que relacionaron con un
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incremento en la intensidad de los procesos oxidativos que tienen lugar durante
el almacenamiento, y que por tanto, podrian incrementar la intensidad del color
amarillo. Por otro lado, cualquier cambio experimentado por las proteinas,
como coagulacion o desnaturalizacién, podria tener repercusiones sobre la
reflectancia/absorbancia de la luz (Mor-Mur y Yuste, 2003), afectando de este
modo a la luminosidad del magro, y explicando el descenso observado tras 120
dias de almacenamiento en el parametro L*. Igualmente como se ha
comentado anteriormente (Apartado 7.3.1), la oxidacion de proteinas ha sido
relacionada con descensos en el parametro a*. En la presente Tesis Doctoral,
la estabilidad encontrada en los resultados obtenidos de la oxidacion de
proteinas, podria haber contribuido a limitar el descenso en los valores del

parametro a* a lo largo de esos 120 dias de almacenamiento.

7.3.4 Influencia de la temperatura de consumo.

Entre los factores estudiados que determinan la calidad sensorial de un
producto se encuentra la temperatura de consumo. Dicha temperatura modifica
la aceptabilidad de un producto afectando la percepcion del olor y el flavor
(Ryynanen y cols., 2001; Ventanas y cols., 2010), siendo este ultimo, uno de
los atributos sensoriales que mas influencia tienen sobre la aceptabilidad del
jamén Ibérico (Ruiz y cols., 2002). En este sentido, hay que destacar que este
es el primer estudio encaminado a evaluar como la temperatura de consumo (7
°C, 16 °C y 20 °C) del jamén Ibérico repercute en la calidad sensorial del
mismo. Los resultados obtenidos en la presente Tesis Doctoral utilizando la
técnica de ACD muestran que un atemperado previo de las lonchas de jamén
Ibérico, a 16 °C, y aun mas a 20 °C, potencian de forma significativa la
intensidad de percepcidn de los atributos sensoriales relacionados con el
aspecto y la textura de la grasa de cobertura (brillo, intensidad de color, fluidez
y dureza), y el aspecto del magro (veteado vy brillo), asi como, las percepciones
olfativas antes de introducir el producto en la boca (intensidad de olor, olor a
rancio y a curado). Fenomenos relacionados con modificaciones de los lipidos
por la temperatura, como la proporcion sélido/liquido, la cual disminuye con la
temperatura (Relkin y cols., 2004; Nifioles y cols., 2010), explicaria los cambios

observados en la grasa de cobertura en relacion al aspecto, con un aumento en
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el brillo, y a la textura tactil, con un aumento en la fluidez y un descenso en la
dureza. Ademas, estas modificaciones de las caracteristicas fisicas de la grasa
con la temperatura, podrian explicar igualmente los cambios encontrados en el
magro del jamon en relacion a su aspecto y al olor, con un aumento en el brillo,
en el veteado, y en el olor percibido. Este aumento detectado en la fluidez de la
grasa implicaria una mayor liberacion de compuestos volatiles, que sumado a
un incremento en el coeficiente de particion de los mismos (Ventanas y cols.,
2010), explicarian los resultados derivados de la percepcién del olor.

El efecto de la temperatura de consumo sobre la percepcion dinamica
del flavor y textura evaluada mediante la técnica Tl, no fue tan marcado como
los cambios observados en la apariencia, el olor y la textura tactil evaluados
con la técnica de ACD. Segun Engelen y cols., (2003) cualquier cambio en las
propiedades fisicas de un producto semi-sdlido influirian en la textura percibida.
Sin embargo, de acuerdo con los resultados obtenidos tras la evaluacién
sensorial mediante Tl, los cambios sufridos por la grasa en un producto como
el jamon curado no habrian sido suficientes como para generar cambios en la
percepcion de la textura, al observarse unicamente un efecto significativo
(p<0.05) sobre la persistencia de la dureza (Tend), con una interaccion GIM*T?
significativa (p<0.01). No obstante, estos resultados derivados de la percepcion
del atributo dureza (aumento del tiempo de percepcion con la temperatura en
las muestras de alto contenido en grasa -BF) reflejaron que diferencias en la
estructura del musculo (tipo de fibra y proceso de deshidratacion) podrian
condicionar la dureza percibida, como anteriormente se ha discutido (Apartado
7.1.3).

En lo referente a los resultados derivados de la evaluacion dinamica de
los atributos del flavor, unicamente parametros como la persistencia del sabor
salado (Tend) y el area (Area) del flavor general, presentaron cambios
significativos (p<0.05) en funcion de la temperatura de consumo. Engelen y
cols., (2003) describieron que la grasa fundida podria ser mas propensa que la
grasa solida a dejar un residuo graso en la boca tras la deglucién. Por lo tanto,
la percepcidn del sabor salado podria haberse visto influenciada por una menor
solubilidad de la sal con la saliva, como consecuencia de una mayor presencia
de residuo graso en las muestras que presentaran una grasa mas fluida por la

mayor temperatura de consumo. Por lo tanto, las diferencias en las
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caracteristicas de la grasa, previamente comentadas y observadas en los
resultados obtenidos con la técnica ACD en los loncheados servidos a 20 °C,
podrian haber originado una mayor formacién de dicho residuo graso en la
boca, y en consecuencia, principalmente en las muestras con una mayor
contenido en GIM (BF), una menor persistencia del sabor salado en
comparacién con las muestras servidas a 7 °C y 16 °C. En relacion al resto de
atributos, igualmente que en la percepcién del olor, un aumento en la fluidez de
la matriz junto con un aumento en la volatilidad de los compuestos volatiles,
explicarian el aumento en la intensidad general del flavor (Area; p<0.05), asi
como, la tendencia observada de un aumento en la duracién de la intensidad
percibida (DurPl; p>0.05) y de la persistencia del resto de atributos evaluados a
medida que la temperatura de consumo se incrementaba (Tend; p>0.05). Este
efecto detectado sobre la intensidad general del flavor, fue mas evidente en las
muestras con un mayor contenido en GIM (BF), como resultado del mayor %
de grasa fundida esperado en estas muestras y de una menor retencién de los
compuestos volatiles responsables del flavor, como consecuencia del aumento
de la fluidez de la grasa con la temperatura.

A diferencia de los resultados derivados de la percepcion del olor
(p<0.05), la intervencién de otros factores durante el consumo de la muestra,
como la temperatura oral, podria haber mitigado los efectos esperados en la
percepcion del flavor, como consecuencia de un posible equilibrio entre la
temperatura de los loncheados y la temperatura oral. Estos resultados
coinciden con los obtenidos en la evaluacion sensorial dinamica mediante la
técnica de Tl de los sistemas modelo elaborados con diferente composicion
grasa (Apartado 7.2.5). Dichos resultados reflejaron un equilibrio entre la
temperatura de consumo de la muestra (~ 21 °C) y la temperatura oral (37 °C).

Por lo tanto, podemos concluir que el efecto de la temperatura fue un
factor predominante y determinante en la liberacion de los compuestos volatiles
responsables del olor y el flavor de los loncheados de jamén durante el
consumo de este producto. Ademas del efecto de la temperatura para explicar
las diferencias observadas en la evaluacion del olor y el flavor, se debe
considerar el efecto de la textura y microestructura de la matriz sobre la
liberacion de compuestos volatiles, previamente evaluada por diversos trabajos
(Voilley y cols., 2002; De Roos, 2003).
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El empleo de una técnica dinamica sensorial, como el Tl, permitio
observar que la temperatura de consumo de las muestras de jamon repercuten
en la percepcion temporal del flavor durante los momentos iniciales de
consumo del producto, hasta que la temperatura del producto se iguala a la
temperatura oral, y en consecuencia, las diferencias en la temperatura de los
loncheados desaparecen. Esta informacion unicamente puede obtenerse
utilizando técnicas dinamicas de evaluacion sensorial, y en consecuencia,
aportan informacion complementaria a la obtenida mediante las técnicas
estaticas como el ACD, empleada igualmente en este estudio.

En general, los resultados derivados de este estudio pusieron de
manifiesto la importancia de un atemperado previo al consumo del jamén
Ibérico loncheado para la optimizacién de parametros relevantes en la calidad
sensorial del mismo, y por lo tanto, que presente sus atributos caracteristicos
en el momento del consumo. Siendo, de entre las temperaturas empleadas en
el presente estudio la temperatura de consumo de 20 °C, la temperatura que
consigue una mayor optimizacién de dichas caracteristicas consideradas
relevantes, entre las que destacan un mayor brillo, una grasa mas fluida, una
mayor intensidad de olor, un sabor salado menos persistente, y una

potenciacion del flavor.
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7. CONCLUSIONES

1. La aplicacion por primera vez de técnicas sensoriales dinamicas tipo
tiempo-intensidad en sistemas modelo carnicos y en jamén curado loncheado
han aportado informacion relativa a la percepcion de la textura y el flavor a lo
largo del tiempo de consumo del producto. Esta informacion era desconocida
en este tipo de productos ya que hasta el momento era obtenida mediante
técnicas sensoriales estaticas. De esta forma, se ha podido tener un
conocimiento mas amplio y realista sobre la percepcion de la calidad sensorial

de estos productos por los consumidores.

2. En los sistemas modelo carnicos aromatizados con compuestos volatiles
olor-activos, modificaciones en el contenido en grasa afadida, un 4 % y un 15
%, no repercutieron de forma significativa sobre la liberacidon/retencién de los
compuestos volatiles evaluadas por técnicas instrumentales. Este efecto de la
grasa podria haber quedado enmascarado por el efecto de otros factores
relacionados con modificaciones de la estructura de la matriz o pérdidas de los
compuestos volatiles durante el proceso de maduracién. En este sentido, al
variar el tipo de grasa afadida, sin variar su contenido, el perfil de acidos
grasos determin6 un efecto marcado sobre la dinamica de liberacion/retencion
de estos compuestos, aumentando esta liberacion con el grado de insaturacion

de la grasa empleada.

3. Tanto el perfil de acidos grasos como la presencia de sustancias
antioxidantes en las grasas anadidas a los sistemas modelo influyeron sobre la
intensidad de las reacciones de oxidacion lipidica. Sin embargo, las reacciones
de oxidacion de proteinas estuvieron condicionadas por la presencia de
sustancias con actividad antioxidante, y en menor grado por el perfil de acidos

grasos.

4, El contenido en GIM de los jamones Ibéricos loncheados, un 10 % y un
15 %, fue un pardametro determinante de la calidad sensorial en atributos como
el brillo, la intensidad del color rojo del magro, y la intensidad de veteado
evaluados por ACD, y en la dureza, el sabor salado y la rancidez evaluados por
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Tl. No obstante, otros parametros composicionales derivados de la diferente
localizacion anatdomica de las muestras pueden ser también decisivos en

determinados atributos como la dureza.

5. En los formatos del jamén Ibérico loncheados, en comparacion con los
bloques intactos, las reacciones de oxidacién de lipidos y proteinas se ven
favorecidas, y en consecuencia, la calidad sensorial del producto. Resultando
particularmente afectados los atributos relacionados con el color y la textura.
En relacién a los formatos loncheados, la presentacion tradicional de lonchas
extendidas muestra una mayor estabilidad oxidativa en relacion con la
presentacion con lonchas apiladas durante el almacenamiento del producto a

refrigeracion.

6. El empleo de altas presiones hidrostaticas (APH) en jamoén Ibérico
loncheado envasado a vacio se traduce en modificaciones de la calidad
sensorial del producto. Con consecuencias positivas como son una mejor
apreciacion del veteado y un aumento de la intensidad del flavor general, y
negativas como son, una coloracion mas marronacea, un menor brillo, asi
como, incrementos de la percepcion del sabor salado y de la dureza de las

muestras.

7. En relacién a las dos anteriores conclusiones (6 y 7), se concluye que un
loncheado previo potencia los cambios originados por las APH, especialmente
en los formatos con las lonchas apiladas. En cambio, la calidad del producto en
un formato intacto no se veria especialmente comprometida tras un tratamiento
con APH (600 MPa).

8. La calidad sensorial de los locheados envasados a vacio de jamon
Ibérico se mantiene tras 4 meses de almacenamiento refrigerados. Durante el
almacenamiento refrigerado (0 - 4 meses) algunas caracteristicas de los
loncheados, como es su contenido en GIM y la aplicacion de un tratamiento
con APH, influyen de manera evidente sobre la estabilidad oxidativa del
producto, y en consecuencia, sobre la calidad del mismo principalmente por la
mayor rancidez percibida.
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9. Un atemperado a 20 °C de los loncheados de jamén curado previo a su
consumo permite potenciar de forma evidente los atributos sensoriales mas
relevantes relacionados con el aspecto, la textura tactil y olor del producto. En
relacion al flavor, se consigue potenciar aunque de forma menos marcada la
intensidad y persistencia de los atributos relacionados. Por tanto, resultaria de
gran interés indicar en el envase del producto una recomendacion a los
consumidores en relacion a la conveniencia de atemperar el producto antes del

consumo.
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