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PRESENTACION

PRESENTATION/PRESENTATION






Presentacion

Esta memoria de Tesis Doctoral, se presenta como compendio de publicaciones
cientificas, y cumple con los requisitos para la obtencion de la mencién de Doctorado

Internacional, de acuerdo con la normativa de la Universidad de Jaén.

El objetivo de esta Tesis, es asociar los cambios en la composicion de los
polisacaridos pécticos, con las propiedades texturales y reoldgicas de la pared celular
de la aceituna, en diferentes etapas de maduraciéon del fruto y del proceso de
extraccion de aceite de oliva virgen, con el fin de generar fundamentos de futuros

desarrollos tecnoldgicos en el control y la optimizacion de los rendimientos.

Para facilitar la lectura de esta memoria, primeramente, un Resumen recoge de forma

abreviada la investigacion realizada, sus resultados y conclusiones

Un segundo apartado sobre Antecedentes, ofrece los estudios mas relevantes

realizados en relacion a la tematica de la Tesis.

A continuacioén, la Justificacion, Hipotesis y Objetivos, centran la tematica de la tesis

y describen los objetivos de la misma.

En el capitulo Materiales y Métodos, se refiere brevemente la metodologia
desarrollada para llevar a cabo los objetivos planteados, cuyos resultados han dado

lugar a las publicaciones cientificas que se adjuntan en el capitulo de Resultados.

Posteriormente, se realiza una Discusion General de los resultados obtenidos, a la
gue sigue un capitulo con las Conclusiones mas destacadas que pueden extraerse de

la investigacion realizada.

Finalmente, se recogen los Anexos constituidos por la Producciéon Cientifica y la

Contribucién a Congresos.







Presentation

This Doctoral Thesis is presented as a compilation of scientific papers and it meets the
requirements for the application of the international Doctor mention according to the
University of Jaén.

The main objective of this Thesis was to associate the changes in the composition of
pectic cell wall polysaccharides with the textural and rheological properties of olive fruit
throughout ripening and extraction process with the aim of optimizing the process oil
yield.

This Thesis Doctoral begins with an Abstract reporting research results and

conclusions.

Then, the General Introduction includes the most relevant studies in relation to the

subject of the thesis.

Chapters on Justification and objectives explain the subject and describe the

objectives of the Thesis.

In the Materials and Methods chapter, we briefly describe the methodology and work

plan used. The scientific papers are included in Results chapters.

Then, a chapter global discussion of results followed by the chapter of the main
conclusions found in this Thesis are presented.

Finally, in the Annexes chapter are collected the different Congresses as well as the

scientific papers that have been developed in this Thesis.







Présentation

Cette Mémoire de Thése de Doctorat se présente sous forme d'un recueil de
publications scientifiques et répond aux exigences pour I'obtention de I'approbation du

Docteur International conformément aux reglements de I'Université de Jaén.

L’objectif principal de la présente Thése est d'associer les changements dans la
composition des polysaccharides pectigues avec les propriétés texturales et
rhéologiques de la paroi cellulaire de I'olive au cours du processus de maturation des
fruits et du procédé d'extraction de Il'huile d'olive, afin de trouver un moyen

technologique pour le contrdle et I'optimisation des rendements.

Pour faciliter la lecture de cette Mémoire de Theése, un Résumé recueille les

recherches réalisées avec les résultats et conclusions qui ont éteés tirées.

Ensuite, la partie Introduction Générale reporte les études les plus pertinentes

concernant le sujet de la These.

Apres, les deux parties Justification de la Thése et Objectifs, décrivent la thématique

de la these et les objectifs qui ont été visés.

La partie Matériels et Méthodes décrit brievement la méthodologie et le plan du travail
développé pour atteindre les objectifs décrits dans la These et dont les résultats ont

débouché sur des publications scientifiques annexées dans le chapitre Résultats.

Par la suite, un Résumé et une Discussion Complete des résultats a été faite dans la
partie Discussion des Résultats. Enfin, un chapitre avec les principales Conclusions

qui ont été tirées dans cette These.

Enfin la derniere partie de la These, Annexes, recueille la liste des différentes

participations aux congrés ainsi que les différents articles scientifiques élaborés.







RESUMEN/SUMMARY/RESUME







Resumen

El objetivo principal de esta Tesis Doctoral ha sido, profundizar en los conocimientos
del efecto que podrian tener las sustancias pécticas, sobre la formacién de las
emulsiones durante la operacion de batido de la pasta de aceituna; los mecanismos
fisicos de actuacion del microtalco natural (MTN) sobre la ruptura de estas
emulsiones, y el papel que desempefan dichas sustancias, en el control de las
propiedades texturales y reoldgicas, de la pared celular de la aceituna, durante el

proceso de maduracion de la misma.

Los resultados revelaron que dosis incrementadas de pectina, generan un aumento
de la actividad emulsionante (AE) que se va debilitando, a medida que aumenta la
dosis de talco adicionado. La capacidad del microtalco para romper las emulsiones
aceite-agua (A/E) podria explicarse por su caracter hidréfobo responsable de la
actividad superficial de las sustancias pécticas. Asimismo, se ha observado que las
caracteristicas fisicoquimicas de los talcos, afectan notablemente a la ruptura de
dichas emulsiones. Sin embargo, su efecto depende de la dosis de talco aplicada a la
emulsién. De hecho, los valores mas bajos de la AE se obtuvieron utilizando dosis de
0.5% del talco MNT1, caracterizado por el porcentaje de carbonato mas alto (4 %) y
el diametro de particula mas bajo (2,4 um). Este talco, permitio obtener los porcentajes
de mejora de rendimiento en aceite mas altos, cuando se compar6 con los demas

talcos ensayados y con tratamiento control al que no se afadié talco.

Las proteinas son otras sustancias presentes en abundancia en la pared primaria de
las aceitunas, y junto a las pectinas, se caracterizan por tener una accion
emulsionante. En un ensayo, realizado a la escala de la almazara experimental del
Centro IFAPA “Venta del Llano”, se observé que durante el batido, estas sustancias
sufren una degradacion sustancial que influye sobre su solubilidad. Se observé
también, que la aplicacién de dosis bajas de talco (<0.5%) disminuye fuertemente las
pérdidas de aceite en el orujo, probablemente a través de la formacion de enlaces
guimicos, resultado de las interacciones electrostaticas entre pectinas, proteinas y
particulas de talco contribuyendo a su complejacion. Mientras que dosis mas altas
(1%), estorba su agregacion, promoviendo la formacion de emulsiones y reduciendo

la cantidad del aceite extraido durante el batido.
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Otro objetivo de la Tesis ha sido, contribuir a aclarar la involucracion de una de las
prinicipales enzimas pectoliticas: pectinmetilesterasa (PME) en la degradacion de las
sustancias pécticas. Asi como, los cambios texturales asociados a la pérdida de
firmeza de la aceituna de tres variedades: ‘Arbequina’, ‘Picual’ y ‘Hojiblanca’, durante
la maduracién de la misma. Los resultados de este estudio, revelaron que en el
transcurso del proceso de maduracion de las aceitunas, la degradacion de los
compuestos pécticos podria resultar de una accion sinérgica entre una reaccion no
enzimatica por B-eliminacién, conduciendo a la formacion de los urénidos 4,5-
insaturados, y una reaccion enzimatica, principalmente controlada por la actividad de
la PME. Esta enzima, cataliza la hidrolisis de los esteres metilicos de los &cidos
poligalacturdnicos, liberando metanol al medio, y convirtiendo a las pectinas en &cidos
pécticos. Estas reacciones, son responsables del debilitamiento de la cohesion entre

los diferentes componentes de la pared celular, y causan el ablandamiento del fruto.

Todas estas alteraciones estructurales, son cruciales en la determinacién de las
propiedades reoldgicas de la aceituna. Es por ello, que en la tltima parte de esta Tesis
Doctoral, se plante6 determinar la magnitud de la contribucion de la solubilizacion de
las sustancias pécticas de la pared celular, en la definicion de las propiedades
reolégicas de las aceitunas de las tres variedades estudiadas. Los resultados
revelaron que la solubilizacién de las pectinas, afecté notablemente la firmeza vy el
comportamiento reologico del fruto. De hecho, las aceitunas inmaduras, ricas en
protopectinas (PP), tienen tejidos mas firmes y son mas rigidas. Gradualmente, con el
avance de la maduracion, esta fraccion péctica se solubiliza y se transforma en pectina
soluble en agua (PSA) y pectato de calcio (PCa). El examen de las diferentes muestras
de pulpa de aceituna, utilizando la técnica de microscopia confocal laser de barrido
(CLSM), revela una degradacion continua de la estructura de la pared celular a medida

gue avanza la maduracion del fruto.

Por otra parte, los datos reoldgicos revelaron que para todas las variedades
estudiadas, la pasta de pulpa de aceituna exhibe un comportamiento tipo sélido bajo
una tension de fluencia (comportamiento viscoplatico) tipico de suspensiones

concentradas, que evoluciona notablemente a medida que avanza la maduracién de
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Resumen

los frutos. Ademas, se observd que el aumento gradual de la fraccion oleosa,
contribuy6 activamente en la disminucion de las fuerzas de fricciones internas entre

las diferentes particulas de la pulpa de aceituna.
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Summary

The main objective of this Doctoral Thesis was to obtain deeper insights into the role
that play pectin polysaccharides on the formation of emulsions during olive oil
malaxation process, the physical mechanisms of action of MNT particles on the
breakdown of these emulsions, and the role played by these substances in the control
of the textural and rheological properties of the olive fruit cell wall during the course of

ripening process.

Results revealed that increasing pectin concentration gave a rise in the emulsifying
activity (EA) and that the emulsifier effect of pectins was weakened, by the addition of
increasing MNT dose. The capacity of MNT to break the oil-in-water emulsions (O/W),
could be explained by its hydrophobic character, which is responsible for the surface
activity of the pectic substances. It was also found that MNT physicochemical
characteristics, markedly affected the breaking of O/W emulsions. Nonetheless, its
effect depends on the dose of MNT applied to the emulsion. Results also revealed that
the highest decrease in EA was observed for MNT1, with the lowest D50 (2.4mm) and
the highest carbonate rate (4%) at 0.5%. In general, this talc showed better capacity
for breaking O/W emulsion. In addition, the use of this talc allowed to achieve the
highest improvement of the process industrial yield when compared to the others

tested MNTs and the control treatment carried out without talc addition.

Proteins are others components present in the primary cell wall of the olive fruit, which
together with pectins, may have an emulsifying action during olive oil extraction
process. In an experiment performed in the oil mill of IFAPA “Venta del LIano” Center,
it was observed that these compounds undergo substantial degradation that influences
their solubility. Addition of MNT at doses lower than 0.5%, reduced the oil losses in the
pomace by favoring the formation of a chemical bound through electrostatic
interactions between proteins and pectic polysaccharides which are held together and
adsorbed onto the talc surface giving a decrease in their content in the malaxed olive
paste. However, greater dose (1%) led to the increase of all above-mentioned
parameters, concluding that an excess of MNT could not adsorb protein and pectic
polysaccharides, remaining oil-in-water emulsions during kneading and then reducing

the process oil yield.
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Part of this thesis was, conducted to investigate the involvement of one of the main
pectolytic enzymes: pectinmethylesterase (PME) in pectin degradation and textural
changes associated with the loss of firmness during the ripening of three of the major
olive cultivars: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’. Results of this study indicated that
during the course of ripening process, the degradation of cell wall pectins could result
from a synergistic action between a non-enzymatic reaction through a 3-elimination,
resulting in the formation of unsaturated uronides and an enzymatic reaction mainly
governed by the of activity of PME. This enzyme, catalyzes the de-esterification of the
methyl esters groups of the galacturonic acid units releasing methanol and converting
pectins into pectic acids. These reactions, are responsible for the weakening of the
cohesion between the different cell wall components leading to the softening of the

fruit.

All these structural alterations, are crucial in determining the rheological properties of
the olive fruit. That’'s why in the last part of this Thesis, we intended to determine the
magnitude of contribution of cell wall pectin solubilisation to the rheological properties
of the three studied cultivars. Results revealed that pectin solubilisation, affected
markedly the fruit firmness and the rheological behavior of the fruit. In fact, for the three
studied cultivars, unripe fruits are rich in protopectin (PP), having firmer tissues and
are more rigid. Gradually as ripening progressed, this pectic fraction was solubilized
and transformed into water soluble pectin (WSP) and chelate soluble pectin (CSP).
The examination of the different olive pulp paste samples, using a confocal scanning
laser microscopy (CLSM), revealed a continuous disruption of the cell wall structure as

ripening progressed.

Rheological data revealed that for all cultivars, olive pulp pastes showed a solid-like
behavior under a vyield stress (viscoplastic behavior), typical of concentrated
suspensions, which evolved markedly as ripening progressed. Furthermore, it was
observed that that the gradual increase of the oily fraction, contributed actively to the
decrease of the internal friction forces between the different olive pulp particles.
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Résumé

L'objectif principal de cette Thése Doctorale a été, d’apporter une meilleure
compréhension de l'effet que pourraient avoir les substances pectiques, sur la
formation des émulsions au cours du processus de malaxage de la pate d'olive, les
mécanismes d’action des particules de microtalc naturel (MTN) sur la rupture des
emulsions huile dans I'eau (H/E) ainsi que leur role dans le contrble des propriétés
texturales et rhéologiques de la paroi cellulaire des olive au cours du processus de

maturation de celles-ci.

Les résultats de cette étude ont révélé que 'augmentation progressive de la dose de
pectines conduit a une augmentation de I'activité émulsionnante (AE) qui, cependant
s'atténue avec l'augmentation progressive de la dose de talc ajoutée. La capacité du
MTN a rompre les émulsions H/E, peut étre expliquée par son caractere hydrophobe
responsable de l'activité superficielle des substances pectiques. En outre, il a été
observé que les caractéristiques physicochimiques des MTN, affectent
considérablement la rupture de ces émulsions. Cependant, son effet dépend de la
dose de talc appliqguée a I'émulsion. Les résultats obtenus ont révélé que la plus forte
baisse de I'AE a été observée pour le traitement auquel lui a été ajoutée une dose de
0.5% du talc MTN1, caractérisé par le pourcentage de carbonate le plus élevé (4%) et
le diamétre de particule le plus faible (2.4 um). L’ajout de ce talc, a permis d’obtenir le
pourcentage d’amélioration du rendement d’extraction en huile le plus éleve, comparé

aux autres talcs testés et au traitement témoin auquel le talc n’a pas été appliqué.

Les protéines sont d'autres composants présents en abondance dans la paroi
cellulaire primaire des olives, qui comme les pectines, possedent un pouvoir
émulsifiant. Dans une étude réalisée a I'échelle de I'huilerie expérimentale du Centre
IFAPA "Venta del Llano", il a été observé que pendant le processus de malaxage de
la pate d’olive, ces substances subissent une dégradation importante affectant leur
solubilité. Il a été aussi observé, que I'ajout du MTN a des doses inférieures a 0.5%
diminue considérablement les pertes d’huiles dans le grignon, probablement suite a la
formation de liaisons chimiques résultant des interactions électrostatiques entre les
protéines et les polysaccharides pectiques qui se relient ensemble et s’adsorbent a la

surface du talc, entrainant ainsi une diminution de leurs teneurs dans la pate d'olive
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malaxée. En revanche, des doses plus élevées (1%), empéchent leur agrégation

favorisant la formation d’émulsions et réduisant ainsi la quantité d’huile extraite.

Une autre partie de cette Thése, a été orientée a I'étude de I'activité de I'une des
principales enzymes pectolytiques: pectinmethylesterase (PME) impliquée dans la
dégradation des substances pectiques et les changements de texture associés a la
perte de la fermeté au cours du processus de maturation des olives des trois variétés:
‘Arbequina’, ‘Picual’ y ‘Hojiblanca’. Les résultats de cette étude ont révélé, que pendant
le processus de maturation des olives, la dégradation des substances pectiques de la
paroi cellulaire pourrait résulter d’'une action synergique entre une réaction non-
enzymatique de B-élimination, conduisant & la formation des uronides 4,5-insaturés et
une réaction enzymatique principalement contr6lée par la PME. Cette enzyme,
catalyse I'hydrolyse des esters méthyliques des acides polygalacturoniques libérant
du méthanol et transformant les pectines en acides pectiques. Ces réactions, sont
responsables de 'affaiblissement de la cohésion entre les différents composants de la

paroi cellulaire provoquant ainsi le ramollissement du fruit.

Toutes ces modifications structurelles, sont cruciales pour déterminer les propriétés
rhéologiques de l'olive. C’est ainsi que la derniére partie de cette Thése, a été
consacrée a I'étude de I'implication de la solubilisation des substances pectiques de
la paroi cellulaire, dans les principales modifications rhéologiques des pates de pulpes
d’olive tout au long du processus de maturation des fruits des trois variétés étudiées.
Les résultats ont révélé, que la solubilisation des pectines influe considérablement sur
la fermeté et les propriétés rhéologiques des fruits. En effet, pour les trois variétés
étudiées, il a été observé que les fruits immatures riches en protopectines (PP),
possedent des tissus plus fermes et plus rigides et qu'avec I'avancement de la
maturation, cette fraction pectique, est solubilisée puis transformée en pectines
solubles dans l'eau (PSE) et pectate de calcium (PCa). L'examen des différents
échantillons de pulpe d'olive, effectué utilisant un microscope confocal a balayage
laser (CLSM), révele une dégradation progressive de la paroi cellulaire avec

'avancement de la maturation des fruits.
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Résumé

Les données rhéologiques ont révélé que pour les trois variétés étudiées, les pates de
pulpe d’olive ont montré un comportement solide sous une contrainte de rendement
(comportement viscoplastique), typique de suspensions concentrées, qui a évolué de
maniere importante avec I'avancement de la maturité des fruits. Il a été aussi observe,
que l'augmentation progressive de la fraction huileuse, contribue activement a la
réduction des forces de frottement interne entre les différentes particules de péte

d'olive.
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Antecedentes

1. El fruto del olivo (Olea europaea L.)

La aceituna es el fruto del olivo (Olea europaea L.), de forma elipsoidal o globosa, mide
normalmente de 1 a 4 cm de longitud y de 0.6 a 2 cm de didmetro. Botanicamente, la
aceituna es una drupa. Se trata de un fruto con una sola semilla compuesto por tres
tejidos principales: endocarpio (hueso), mesocarpio (pulpa) y epicarpio (piel). El
conjunto de estos tejidos se denomina pericarpio, y tiene su origen en la pared del
ovario. Los tejidos del fruto, se desarrollan del ovario mediante los procesos de
division, expansion y diferenciacion celular, a partir de la fecundacion y del cuajado

inicial.

Desde el punto de vista cualitativo, el crecimiento de la aceituna, como cualquier otra
drupa, se ajusta a una doble sigmoide (Rallo y Cuevas, 1999), con cuatro etapas
diferentes. En algunos casos, las delimitaciones de las cuatro fases no estan claras,
variando segun cultivares, carga y estado nutritivo del éarbol, y condiciones

ambientales y de cultivo (Lavee, 1986).

Durante la primera fase de crecimiento, contribuyen al aumento del tamario tanto la
division como la expansion celular. Esta fase concluye aproximadamente con el final
de la esclerificacion o endurecimiento del endocarpio que sucede entre unas 7y 9

semanas después de la floracién.

Tras un periodo durante el que el crecimiento se ralentiza o se detiene, el fruto
experimenta un nuevo incremento de tamano, cuya fase final ocurre en el envero o

cambio de color de la epidermis, que determina el comienzo de la maduracion.

Cuando el fruto esta completamente desarrollado, la pulpa representa un 70-90%, el
hueso un 9-27% y la semilla un 2-3% del peso total del fruto, dependiendo del cultivar,

madurez del fruto, condiciones de cultivo, carga de los arboles etc.

Los componentes mayoritarios de la pulpa y de la semilla son el agua y el aceite, le
siguen en importancia los azucares y polisacaridos. En la pulpa, los azicares mas

importantes son los reductores destacando la glucosa, seguida de fructosa y

23



Sadkaoui A

sacarosa. Entre los polisacaridos se encuentran fundamentalmente celulosa, lignina 'y
hemicelulosa. Relacionadas con la textura de los frutos, se encuentran las sustancias
pécticas. En la semilla, el contenido de proteinas es mas elevado que en la pulpa. En

la Tabla 1, se recoge la composicion quimica de la aceituna.

Tabla 1. Composicidon quimica de las principales partes de la aceituna (% peso)
(Fernandez, 1971)

pulpa hueso semilla
Agua 50-60 9.3 30
Aceite 15-30 0.7 27.3
AzUcares 3-7.5 41 26.6
Celulosa 3-6 38 1.9
Materia nitrogenada 2-5 3.4 10.2
Cenizas 1-2 4.1 1.5
Polifenoles 2-2.5 0.1 1-1.5

La acumulacion de aceite en las aceitunas, tiene lugar paralelamente al
ensanchamiento activo de las células del pericarpio. Se segregan pequefias gotas de
aceite en los extremos del reticulo endoplasmatico, que se fusionan seguidamente
para formar gotas mayores que son impulsadas hacia la vacuola, y se incorporan
lentamente a ella. La curva que representa la pauta de acumulacion de aceite que
caracteriza los frutos recién formados tiene una fase de acumulacion rapida donde la
cantidad de aceite aumenta rapidamente y linealmente, y una fase de ralentizacion de
la sintesis lipidica, caracterizada por una tasa casi estable de materia grasa (Lavee y
Wodner, 1991).

Esta dltima fase estacionaria, favorable para una buena recoleccion cualitativa y
cuantitativa, abarca unas cuatro semanas y precede al fenémeno de sobremaduracion
de la aceituna. Diversos factores, entre ellos la luz y la disponibilidad de agua por parte

del cultivo, pueden influir en la biosintesis de lipidos.
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2. La pared celular

La pared celular de los vegetales, constituye una envoltura resistente y extensible
que rodea al plasma. Es una estructura dindmica que permite el desarrollo de las
células jovenes, determinando su tamafio y forma (Jaramillo, 2004), y constituye
un sistema tampon entre el medio exterior y el contenido protoplasmico. Es un
compartimiento permeable al agua y a los metabolitos auxiliares, del que el
citoplasma toma los elementos necesarios para su metabolismo y retorna
componentes que elabora (secreciones y residuos), asegurando la rigidez y la

cohesion de las células en oposicion a los choques osmoticos.

2.1. Estructuray composicién

La pared celular es una estructura sumamente compleja. Sus principales funciones,
las mas reconocidas y estudiadas tradicionalmente, son el dar forma y sostén a
las células, determinando asi los distintos tipos celulares que conforman tejidos y
organos (Keegstra, 2010), y en parte también la morfologia del organismo. Gracias a
la pared celular, las células vegetales son capaces de afrontar las fuerzas de
gravedad, tension y compresion, asi como la presidon osmotica proveniente de su
propio interior (Burton et al.,, 2010). Su funcion estructural, se relaciona con la
adhesion celular y la porosidad o permeabilidad de las células. En algunos casos,
constituye ademas una fuente de energia metabolizable, y ha sido relacionada con
numerosos procesos como la proteccion ante patdgenos, reconocimiento,
sefalizacion (generalmente asociado a la pérdida de integridad de la pared),

crecimiento y morfogénesis (Keegstra, 2010).

Los principales componentes de la pared celular son polisacaridos, junto con
glicoproteinas y lignina (Somerville et al., 2004). Los polisacaridos de la pared
celular, se pueden agrupar en dos categorias: celulosa y polisacaridos no
celulésicos (pectinas y hemicelulosas). La celulosa se encuentra formando una
estructura de microfibrillas, embebidas en una matriz conformada por polisacaridos

hemiceluldsicos; que a su vez esta inmersa en una matriz de pectinas (Figura 1).
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Figura 1. Estructura de los polisacéridos que conforman la pared celular

En la Tabla 2, se detalla la composiciébn de los constituyentes polisacaridicos

comunmente encontrados en las paredes celulares vegetales.

En términos generales, la pared celular esta compuesta de tres partes fundamentales:
la lamina media o sustancia intercelular, la pared primaria y la pared secundaria,

aunque esta Ultima no siempre aparece.

Durante la division celular, se deposita la primera capa (mas externa) originando la
lamina media, que se comparte entre células adyacentes (Figura 2).

En células viejas, la pectina ubicada en los bordes, suele estar degradada y
reemplazada por aire. Entre la lamina media y la membrana plasmética, se contintia
depositando el material que va a constituir la pared celular. Esta acumulacién de
material, dara lugar a la pared celular primaria, que caracteriza a tejidos jovenes y en

crecimiento (Albersheim et al., 1994).

Al finalizar el crecimiento celular, aparece la pared celular secundaria, por lignificacién

de los tejidos.
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Tabla 2. Componentes estructurales de los polisacaridos de la pared celular vegetal

(Contreras, 2003).

Polisacaridos Mondmeros Monomeros Estructura quimica
mayoritarios minoritarios
Celulosa Glc Glc unida por enlaces (1—4)
Hemicelulosa
Xilanos Xil Ara, Gal, Xil unida por enlaces B-(1—4),
sustituciones de Ara, Gal, GIuA. Algunas
xilosas y residuos laterales estan
acetilados o contienen Afe
Galactoglucomanano Man, Glc Gal Man y Glc unidas por enlaces 3-(1—4) con
sustituciones de Gal
Xiloglucanos Glc, Xil Gal, Ara, Glc unida por enlaces B-(1—4) con reiduos
Fuc B-(1—6) de Xil. Sustituciones de Ara, Gal,
Fuc
Sustancias pécticas
Homogalacturonano  AGA Ram, Xil AGA unido por enlaces a-(1—4),
parcialmente esterificado con metanol o
acetilado. Algunos residuos de Ram y Xil
Ramnogalacturonano AGA, Ram Ara, Gal, RG tipo I (1—»2) Ram(1—4) AGA con
Fuc cadenas laterales de arabinanos vy
Xil arabinogalactanos. Algunos AGA estan
acetilados y las cadenas contienen Afe
Arabinanos Ara Ara unida por enlaces a-(1—5) con
ramificaciones a-(1—2) y a-(1—3)
Arabinogalactanos Gal Ara Gal unida por enlaces [B-(1—4) con
tipo | ramificaciones de Ara
Arabinogalactanos Gal Ara Gal unida por enlaces B-(1—3) con

tipo Il

ramificaciones 3-(1—6) de Gal y Ara

Abreviaturas: Ara: Arabinosa; Fuc: Fucosa; Gal: Galactosa; Glc: Glucosa; AGA: Acido galacturénico;
Ram: Ramnosa; Xil: Xilosa; GIuA: Acido glucurénico; Afe: Acido ferdlico

Durante el proceso de maduracion de los frutos, se produce una degradacion de los

polisacéaridos de la lamina media y de la pared primaria (Waldron et al., 1997), la pared

celular se debilita, y hay un descenso en la adhesion entre las células (Ishimaru y

Kobayashi, 2002).
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2.2. Sustancias pécticas

Las sustancias pécticas se encuentran en la mayor parte de los tejidos vegetales, y
muy especialmente en los tejidos parenquimaticos y meristematicos. En ellos, las
zonas mas ricas en estas sustancias, corresponden a la pared primaria de las células
y a la lamina media que las separa (Uenojo y Pastore, 2007). Esta, forma una capa
intercelular entre las paredes de células adyacentesy se considera que es el primer
material depositado por el citoplasma. Es una zona libre de celulosa y esta
compuesta por polimeros pécticos, tanto en su forma libre como de sales célcicas.
La pared primaria, es la estructura que se expande y acomoda durante el
crecimiento de la célula. La localizacidén de estas sustancias ha sido precisada por
micrografia electrénica (Albersheim et al., 1960).

2.2.1. Estructura

Las pectinas son heteropolisacaridos complejos que contienen dos regiones bien
definidas: la region lisa y la region pilosa (De Vries et al., 1982). La primera, region
denominada ‘“lisa” o también homogalacturonano (HG), estd compuesta

principalmente por los esqueletos de restos de acido galacturénico (AGA). Los grupos

28



Antecedentes

carboxilos del AGA, pueden estar parcialmente esterificados con metanol, y parcial o

completamente neutralizados por una 0 mas bases.

La segunda region definida dentro de la estructura de la pectina es la regiéon “pilosa”,
también denominada ramnogalacturonano (RG), dentro de la cual, a su vez, pueden

distinguirse dos tipos de estructuras diferentes:

a) RG tipo |, es una region que se caracteriza por la presencia de dimeros de AGA y

L-ramnosa unidos entre si (AGA-a(1—-2)-Ram- a(1- 4)-AGA-Ram; forma pirandsica)
(Aspinall, 1980). A estos residuos de ramnosa se unen cadenas de D-galactosa unidas
por enlaces B-1,4 y en otros casos, cadenas de L-arabinosa, unidas por enlaces a-
1,5. A partir de estos azUcares pueden originarse otras ramificaciones del mismo tipo,
0 en ocasiones formadas por otros azucares como D-xilosa, D-glucosa, D-manosa, L-
fucosa y acido D-glucurénico, dependiendo del origen vegetal de la pectina. Estas

ramificaciones representan un 20-40 % de la cadena total (Darvill et al., 1980).

b) RG tipo Il, esta conformado por cadenas laterales de diferentes azlcares unidos
directamente a los residuos de AGA (Aspinall, 1980). El RG tipo Il puede ser
considerado incluso como una modificacion estructural del HG y normalmente esta en

una posicion adyacente al RG tipo I.

En la Figura 3, se muestra una estructura esquematica de la pectina, en la que se

identifican claramente las regiones principales que la conforman.
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Figura 3. Estructura de la pectina (Willats et al., 2006)

2.2.2. Clasificacion

Las pectinas se pueden clasificar de acuerdo a las modificaciones que sufren en su
cadena principal. Sin embargo, el término genérico pectina puede aplicarse a:
protopectinas, acidos pécticos, acidos pectinicos y pectinas.

2.2.2.1. Protopectinas

Son sustancias, constituidas por una matriz de sustancias pécticas, que por un
proceso de hidrolisis dan origen a la pectina o al acido pectinico. Con el término de
protopectina, se describen las sustancias pécticas que se encuentran en los tejidos
vegetales y son insolubles en agua. De ellas, se forman posteriormente las sustancias
pécticas solubles (Bravo, 1981). Durante la etapa de maduracion, la protopectina
insoluble que posee un 100% de metoxilacién o GE (Badui, 1995), se transforma en
pectina soluble al perder metoéxilos, lo que conlleva a la pérdida de firmeza de los
frutos. Por ello, la mayor cantidad de protopectina se encuentra en los tejidos de frutos

no maduros (Brummell y Harpster, 2001).

Las protopectinas, extraibles con disoluciones alcalinas o acidos diluidos en

caliente, presentan una estructura molécular similar. Mostrando un alto contenido
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de azlcares neutros, principalmente galactosa y arabinosa. La dificultad de la
extraccion de la protopectina, puede ser debida a los puentes acidos o basicos que

la anclan a la matriz de la pared.

Gran parte de las cadenas de protopectina, se encuentran en la pared primaria y
secundaria, el resto se encuentra en la lamina media; mientras que las pectinas

solubles en agua y en quelantes derivan de la lamina media (Walter, 1991).

2.2.2.2. Acido péctico o poligalacturénico

Se trata de galacturonatos que no contienen grupos metilos. También se les
denomina acidos poligalacturonicos. A las sales que conforman, se les llama
pectatos o poligalacturonatos (Kashyap et al., 2001). Son cadenas formadas
simplemente por la unién de acidos galacturonicos, cuyos grupos carboxilicos no se
encuentran esterificados ni por el grupo metilo (COOCHS3), ni por bases, por lo que
su GE es de 0%.

2.2.2.3. Acidos pectinicos

Estos compuestos, son acidos poligalacturonicos con cantidades variables de grupos
metilos esterificados con los grupos carboxilo del C6. Las sales de los acidos
pectinicos, son denominadas pectinatos. Tienen la propiedad de formar geles con
azucares, acidos, y cuando los contenidos de metilo son muy bajos, tienden a formar
geles con sales de calcio (Kashyap et al., 2001). Se generan a partir de la
protopectina cuando esta ha perdido grupos metoxilo que estan unidos al acido
galacturdnico; es decir, son acidos poligalacturénicos que presentan algun grado de

esterificacion.

2.2.2.4. Pectinas

Estos compuestos, constituyen aquellas sustancias pécticas de composicion variable,
cuyo componente principal son los acidos pectinicos solubles en agua, de contenido
de metoxilo y grado de neutralizacion variables. Poseen la capacidad de formar

geles con azucares y acidos en condiciones adecuadas. Generalmente, presentan
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entre 60 a 70% de sus grupos carboxilos esterificados con metanol (Kashyap et al.,
2001). Las pectinas también se pueden clasificar de acuerdo a su proceso de

extraccidon de la pared celular en:

Pectinas solubles en agua, son extraibles en agua o disoluciones salinas. Estan

conformadas primordialmente por homogalacturano, y el acido galacturdnico esta
esterificado con alcohol metilico, variando el grado de esterificacion de la pectina de

acuerdo a su origen.

Pectinas solubles en quelantes, extraibles mediante disoluciones de agentes

quelantes de calcio como el EDTA (acido etilendiaminotetracético), CDTA (acido
ciclohexanodiaminotetraacético) o hexametafosfato de sodio. Su composicién es muy
similar a las pectinas solubles en agua; sin embargo, se diferencian en que pueden
presentar un 2% de ramnosa, sustituyendo principalmente al acido galacturdnico en

la cadena principal y de 10 a 20% de otros azucares en las cadenas laterales.

En la Tabla 3, se resumen los criterios de clasificacién de pectinas. Hay una amplia
gama de grados de esterificacion dependiendo de las especies, de los tejidos y de la
madurez. En general, las pectinas del tejido tienen una gama de grados de
esterificacion que va del 60% al 90%, teniendo dicho grado un papel muy importante
en la firmeza y cohesién de los tejidos vegetales. La reduccion del grado de
esterificaciéon tiene como consecuencia una disminucion de la cohesion que
particularmente es evidente en tejidos vegetales de frutos maduros. En tejidos
inmaduros, la formacion de carboxilos libres incrementa las posibilidades y la fortaleza
de los enlaces calcio entre polimeros. En los tejidos maduros se da la combinacion de
un descenso de los enlaces de calcio y un incremento de la susceptibilidad de la

pectina a despolimerizarse por la B—eliminacién (Van Buren, 1991).
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Tabla 3. Clasificacion de las sustancias pécticas de acuerdo a diferentes criterios

(Contreras, 2003).

Criterio de clasificacion

Componente

Solubilidad

Idem (ACS)

Estructura

Comercial

Pectina soluble en agua

Pectina soluble en agentes quelantes

Pectina soluble en élcalis o acidos

Acido péctico (pectato)* = acido poligalacturénico**
Acido pectinico (pectinato)* = pectinas**
Protopectina

Sobre la base de la cadena principal:
homogalacturonano

Ramnogalacturonano |, ramnogalacturonano Ii
xilogalacturonano, apiogalacturonano
Basandose en las cadenas laterales:
arabinogalactanos

Pectinas de alto metoxilo

Pectinas de bajo metoxilo

Pectinas de bajo metoxilo amidadas

Pectinas acetiladas

* En forma de sal ** Nombre comun. ACS: American Chemical Society

2.2.3. Grado de esterificacion

El grado de metilacion (GM) o esterificacion (GE), constituye un factor importante para

la caracterizacion y determinacion de la aplicacion de la pectina. Se puede definir,

como el nimero de moles de metanol por 100 moles de acido galacturonico. De

acuerdo a este criterio, se pueden clasificar en dos grupos: pectinas de alto metoxilo

(HM) y de bajo metoxilo (LM), lo que depende del grado de esterificacion (Figura 4).

2.2.4. Propiedades fisicoquimicas de las pectinas

e Solubilidad: El agua es el mejor disolvente para las pectinas, también son

solubles en formamida, dimetilformamida y glicerina caliente (Acosta, 1984). Las

pectinas son insolubles en disolventes organicos y en disoluciones de detergentes

cuaternarios, polimeros, proteinas y cationes polivalentes. Estos agentes, se

emplean para precipitar las pectinas de las disoluciones, después de una hidrélisis

de la materia prima (Rincon, 1990).
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Figura 4. Clasificacion de las pectinas de acuerdo al contenido de metoxilos.

Acidez: Las pectinas son neutras en su estado natural; en disolucion tienen un
caracter acido, el cual, depende del medio y del grado de esterificacion. El pH de
las disoluciones de pectina varia entre 2.8 y 3.4, en funcién del grado de
esterificacion. Las pectinas tiene una constante de disociacion de 0.1 a 10 x 10# a
19 °C (Cayodn, 2004).

Viscosidad: Las pectinas forman disoluciones viscosas en agua; ésta propiedad,
depende del grado de polimerizacién de la pectina, el pH, la temperatura, la
concentracion y la presencia de electrolitos. El calcio y otros iones polivalentes,
aumentan la viscosidad de las disoluciones de pectinas y algunas pectinas de bajo
metoxilo, pueden gelificar si la concentracion de calcio supera un cierto limite
(Cayédn, 2004).

Poder de gelificacidon: Para las pectinas con alto metoxilo, se considera que a un
pH de 3.4, al menos un 40% de los ésteres metilicos estan desesterificados y, por
lo tanto, sera dificil lograr la formacion de un gel estable con presencia de
concentraciones de 65% de azucares. Un exceso en la concentracion del azdcar,

puede producir cristalizacion en el almacenamiento.

En el caso de las pectinas de bajo metoxilo, los geles son menos rigidos y se
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pueden trabajar con menos soélidos solubles, no dependen tanto del pH. De hecho,
se pueden obtener buenos geles entre valores de pH de 2.5y 6.5, pero requieren
calcio en una concentracion adecuada que varia entre 0.01 y 0.1% p/p en base
hameda. Una mayor concentracion de calcio puede conducir a una sinéresis

excesiva.

Longitud de las cadenas: En las pectinas, la longitud de sus cadenas determina
la consistencia del gel y esta, por ello, intimamente relacionada con el poder

gelificante (Owens et al., 1948).

Peso molecular: ElI peso molecular de las pectinas esta relacionado con la
longitud de la cadena. Es una caracteristica muy importante, de la que dependen
la viscosidad de sus disoluciones y su comportamiento en la gelificacion. La
determinacién cuidadosa del peso molecular es dificil, parcialmente debido a la
extrema heterogeneidad de las muestras y a la tendencia de las pectinas a
agregarse, aun bajo condiciones no favorables a la gelacion. Los pesos
moleculares de pectinas y su distribucion, fueron estudiados sistematicamente por

viscosimetria y se observé que variaban de 20.000 a 300.000 (Owens et al., 1948).

Accion de los hidréxidos: La adicion de hidroxido de sodio, permite obtener
primero las sales acidas, luego los pectinatos neutros y después ocurre el
fenbmeno de demetoxilacién, es decir, la ruptura de los ésteres metilicos.
Pudiendo ser separados de la molécula los grupos éster, que se han descrito como
agente emulsificante (Hasenhuettl, 2008), aun a baja temperatura, sin

despolimerizacion (Henao, 2012).

Accion de los acidos: Los acidos solubilizan la protopectina. Por esta razén, se
emplea medio acido controlado en los procesos de extraccion de la pectina,
aceleran la separacion de los metoxilos; si su efecto se continla, se afectan los
enlaces glicosidicos 1-4 y se pueden romper, y a pH fuertemente acido,
temperaturas altas y tiempos largos, se presenta la decarboxilacion con formacion

de CO.y furfural (McCready y Owens, 1944). A bajas temperaturas predomina

35




Sadkaoui A

la saponificacion, y altas temperaturas la despolimerizacion (Walton y Sinclair,
1984).

e Accion de los enzimas: Sobre las pectinas pueden actuar la pectinmetilesterasa
(PME) y la poligaracturonasa (PG). La primera actua sobre los grupos carboxilos
esterificados con metanol, liberando los grupos acidos y el metanol; la PG actia
sobre las uniones de las unidades de &acidos galacturénicos disminuyendo el
peso molecular, cambiando asi todas las propiedades que dependen de éste
(Contreras, 2003).

2.2.5. Enzimas pectoliticas

Existe una pléyade de proteinas, con o sin actividad enzimatica demostrada, que
son responsables, potenciales o actuales, de la modificacion de polimeros de la
pared celular. A continuacion, se realiza una breve descripcion de las principales
enzimas pectoliticas que, ademas de ser investigadas en otros frutos, fueron
estudiadas en la aceituna, centrandose en las principales proteinas pectoliticas

objeto de estudio de esta Tesis.

Las pectinas son degradadas por enzimas pectinoliticos, pectinasas, los cuales
presentan gran diversidad, debida en parte a la compleja naturaleza del sustrato
degradado. Las plantas y los microorganismos son los principales productores de
estos enzimas (Naidu y Panda, 1998). La mayoria de las modificaciones de la pared,
durante la maduracion de los frutos, estan asociadas con la degradacion de los
polisacaridos pécticos (Brummell et al., 2004), pero el momento y la velocidad a la que
estos cambios ocurran, variaran en funcién de las caracteristicas del fruto y de la
variedad estudiada (Ali et al., 2004). Las pectinasas, cuya accién enzimatica se
muestra en la Figura 5, se clasifican en tres tipos principales: enzimas
desesterificantes (pectinesterasas), enzimas despolimerizantes (hidrolasas y liasas) y
protopectinasas (Kashyap et al., 2001).
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Figura 5. Esquema de la accidén enzimética de las pectinasas.

PMGE: polimetilgalacturonato esterasa (pectinesterasa); PMGL: polimetilgalacturonato liasa (pectina liasa); PMG:
polimetilgalacturonasa (pectina hidrolasa); PGL: poligalacturonato liasa (pectato liasa); PG: poligalacturonasa (pectato hidrolasa).

Asi, la pectin metilesterasa (PME) cataliza la desesterificacion de la pectina, y los
enzimas despolimerizantes catalizan la escision del enlace glicosidico a-(1—4) de la
cadena de galacturonano de la molécula de pectina. Los enzimas despolimerizantes
pueden clasificarse, asimismo, en funcion del mecanismo de rotura de los enlaces
glicosidicos. La Poligalacturonasa (PG) escinde los enlaces por medio de hidrdlisis,
mientras que la pectin liasa (PL) y la pectato liasa, lo hacen mediante 8- eliminacion.
Ademas, el prefijo endo- o exo- denota el modo de accion de estos enzimas, al azar

(enlaces internos) o terminal (Tabla 4).
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Tabla 4. Clasificacion de los enzimas pectinoliticos y su nombre de acuerdo con

la Comision de Enzimas (EC) (Soriano, 2004).

Nombre recomendado por EC Nombre comin Nimero EC  Sustrato g/lcoc(ijgnde

Desesterificacion de sustratos

Pectin metil esterasa Pectinesterasa 3.1.1.11 Pectina Endo

Depolimerizacién de sustratos

Hidrolasas

Endopoligalacturonasa Poligalacturonasa 3.2.1.15 Pectato Endo

Exopoligalacturonasa 1 Poligalacturonasa 3.2.1.67 Pectato Endo_
(terminal)

Exopoligalacturonasa 2 Poligalacturonasa 3.2.1.82 Pectato Exo
(pendltimo
enlace)

Endopolimetilgalacturonasa Pectina hidrolasa Pectina Endo

Exopolimetilgalacturonasa Pectina hidrolasa Pectina Exo

Liasas

Endopoligalacturonato liasa Pectato liasa 4222 Pectato Endo

Exopoligalacturonato liasa Pectato liasa 4229 Pectato Exo

Endopolimetilgalacturonato liasa  Pectato liasa 4.2.2.10 Pectina Endo

Exopolimetilgalacturonato liasa Pectato liasa Pectina Exo

2.2.5.1. Enzimas desesterificantes: pectin metilesterasas (PME; EC 3.1.1.11)

Son enzimas que catalizan la desesterificacion de los grupos metilo de la pectina,
dando lugar a acido poligalacturénico o pectato (Kashyap et al., 2001). Su actividad
se puede determinar midiendo la liberacibn de metanol. Las PME, catalizan la
desmetilacion del grupo carboxilo en la posicion C-6, de los restos de acido
galacturénico de las pectinas de alto peso molecular, lo que conlleva a la eliminacion

de los grupos metilo de los galacturonanos esterificados.

De la bibliografia se deduce, que la eliminacion de los grupos metilo incrementa el
acceso a los polisacaridos del enzima PG, resultando en la interrupcion del gel péctico
(Barnavon et al., 2001). Varios autores establecieron que los niveles de PME son muy
altos en frutos inmaduros y disminuyen hasta poco antes de la maduracién. Esta
correlacion negativa, entre los niveles de esta enzima y el grado de maduracion, es
empleada por algunos investigadores como indicador del tiempo que falta para que el

fruto madure (Nemecek-Marshall et al., 1995).

38



Antecedentes

2.2.5.2. Enzimas despolimerizantes o despolimerasas

Se clasifican atendiendo a tres aspectos, que se refieren al modo de ataque al

esqueleto del acido poligalacturdnico, y siguen los siguientes criterios:

a) El mecanismo quimico de ruptura de los enlaces: hidrdlisis o transeliminacion.

b) La naturaleza del sustrato preferido: pectina o acido poligalacturoénico.

c) El modo de corte del polimero: endo o exo (Alkorta et al., 1998) (Tabla 4).

Los enzimas despolimerizantes pueden romper los enlaces a-(1—4) glucosidicos,

entre los monomeros de acido galacturonico de las pectinas, por hidrélisis (hidrolasas)

o por transeliminacion (liasas).

Hidrolasas: Estos enzimas, rompen los enlaces entre los mondémeros de acido
galacturonico por adicién de agua. Son activas a pH acido y pueden ser inhibidas
por el ion calcio (Guevara et al., 1997). Se pueden dividir en dos grupos principales

atendiendo al sustrato que hidrolizan:
- Poligalacturonasas (PG) o pectato hidrolasas

Las PG degradan la pectina desmetilada, es decir, el acido poligalacturonico o
pectato. Pueden tener modo de accion endo o exo. La endo-PG actiua al azar a lo
largo de la cadena, lo que se traduce en una acusada disminucién de la viscosidad
del sustrato para un bajo nivel de actividad. La exo-PG cataliza la ruptura hidrolitica
de enlace a-(1—4) terminal de la cadena de galacturonano, liberando acido
galacturonico como producto de reaccion. A diferencia de la endo-PG, la exo-PG

también escinde el acido digalacturonico.

La PG esta implicada en el ablandamiento de los frutos durante la maduracion. El
aumento de la solubilidad de las pectinas durante este proceso se puede deber,
principalmente, a la despolimerizacion de las pectinas por la accion de esta enzima
(Lohani et al., 2004).
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- Polimetilgalacturonasas o pectin hidrolasas

Estos enzimas degradan el polimero metilado, la pectina. Aunque hay algunas
publicaciones que describen este tipo de actividad catalitica, la existencia de estos
enzimas parece ser cuestionada, pues es posible que preparaciones de
poligalacturonasas contaminadas con pectinesterasas, hayan sido consideradas

por error como preparaciones de polimetilgalacturonasas (Alkorta et al., 1998).

Liasas: Estos enzimas, también llamadas transeliminasas, rompen los enlaces

glucosidicos por B-eliminacién en presencia de Ca*" obteniéndose una molécula
de pectina de menor grado de polimerizacion, con un extremo reductor, y otra
en cuyo extremo no reductor, se genera un doble enlace entre los C4 y C5.
Segun el sustrato sobre el que actien, sea pectina o acido poligalacturénico,
se clasifican en polimetilgalacturonato liasas o poligalacturonato liasas,
respectivamente. Estos enzimas debilitan las estructuras de la pared celular en
laminas paralelas, afectando principalmente a la lamina media (Amrani- Joutei et
al., 2003).

- Poligalacturonato liasas o pectato liasas (PcL)

Las PcL, catalizan la ruptura de las uniones glicosidicas entre moléculas de &cido

2+
galacturonico no metiladas, en pectinas de baja metoxilacion. Es Ca
dependiente, y puede actuar tanto al azar como en posicion terminal (Whitaker,
1990). Estos enzimas actuan a pH alcalino, entre 8 y 10, y pueden tener modo de

accion endo o exo (Sakai et al., 1993).
- Pectin liasas (PL)

Son enzimas, que catalizan la ruptura de los enlaces en sustratos altamente
esterificados. Actian al azar, no habiéndose identificado ninguna PL que pueda
escindir el enlace terminal (Ros, 1989).
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2.2.5.3. Protopectinasas

Segun Sakai et al. (1993), son enzimas que solubilizan la protopectina, y se clasifican
en dos tipos. El tipo A degrada el acido poligalacturénico de la protopectina, mientras
que el tipo B degrada las cadenas de polisacaridos que conectan el acido
poligalacturénico con otros constituyentes de la pared celular. En este tipo de enzimas
se incluirian las hidrolasas y liasas que degradan el ramnogalacturonano (De Vries y
Visser, 2001).

2.3. Metabolismo de la pared celular durante la maduracion del fruto

2.3.1. Cambios generales

La maduraciéon de la mayoria de los frutos carnosos, incluye una combinacion de
cambios texturales significativos y a veces drasticos, que son usualmente

agrupados bajo el término “ablandamiento” (Rose et al., 2003).

En el ablandamiento de los frutos durante la maduracién, se pueden presentar
diferentes mecanismos como la despolimerizacion vy la solubilizacién de diferentes
clases de polisacaridos de la pared celular, como las pectinas y los glicanos de
matriz, por la pérdida de azucares neutros de la pared celular y, al mismo tiempo,
por el elevado nivel de expresion de los ciertos genes, codificantes de
proteinas/enzimas asociadas con la degradacion de la pared celular (Brummell y
Harpster, 2001). La naturaleza y extension de estos cambios, varia entre las distintas

especies y aun entre variedades de una misma especie.

El ablandamiento que sufren los frutos durante la maduracién, esta caracterizado
por una disminucion en la firmeza de los tejidos (Wakabayashi, 2000). Este es
resultado de una pérdida de la adhesion celular producida por la degradacion de la
lamina media, cuyos constituyentes principales son los polisacaridos pécticos, y en
particular los poliurénidos. Actualmente, se propone que la degradacion de
xiloglucanos iniciaria el proceso de ablandamiento de los frutos, mientras que la

degradacion de las pectinas, contribuiria principalmente al ablandamiento hacia el
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final de la maduraciony en los estadios sobremaduros (Wakabayashi, 2000).

Durante el proceso de maduracion de los frutos hay, un incremento en la
solubilizacién parcial de pectinas, celulosa y en la solubilidad que da como resultado
una despolimerizacion progresiva de estos compuestos. Existe ademas, una
degradacion de almidon, asi como una acumulacion de azlcares y acidos organicos.
En muchos casos se ha demostrado la acciéon de diversas enzimas cataliticas;
algunas de ellas inducen la expansion celular, por la ruptura de enlaces covalentes
y no covalentes entre la hemicelulosa y las microfibrillas de la pared celular,

durante el proceso de maduracion del fruto.

Ademas, se ha descrito que, al principio de la maduracién, los cambios de pared
celular catalizados por varias enzimas pueden regular y/o limitar las actividades de
otras enzimas necesarias para el ablandamiento (Vicente et al., 2007). Sin embargo,
se demostro que el principal determinante no es una sola proteina, sino un conjunto
de ellas que se encuentran implicadas en el ablandamiento de muchos frutos
(Goulao y Oliveira, 2008). Cabe indicar, que hasta finales de la década de los afios
80 del pasado siglo, se sefalaba a la poligalacturonasa (PG) y a la pectin
metilesterasa (PME) como las principales enzimas responsables de los cambios en
la pared celular que ocurren durante el ablandamiento de los frutos (Brummell y
Harpster, 2001).

2.3.2. Maduracion de la aceituna

Durante el proceso de maduracion, las aceitunas experimentan un conjunto de
cambios quimicos y bioquimicos, que se producen principalmente en la pared celular
primaria del fruto. Una de las modificaciones més notorias esta relacionada con la
composicion de las fracciones pécticas. A medida que avanza la maduracion, la
estructura de estas sustancias se altera por la accidbn de enzimas endogenas,
causando la ruptura de las cadenas de pectinas. Estas contribuyen al ablandamiento
del tejido vegetal y afectan a las caracteristicas texturales y reoldgicas del fruto. Estos
cambios estructurales, aumentan la capacidad de romper las estructuras celulares

facilitando la liberacion del aceite de oliva de las células vacuolares. Por tanto, el
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estudio de los cambios que sufren los polisacéaridos pécticos de la pared celular de la
aceituna, principalmente controlados por las enzimas pectoliticas, durante el proceso
de maduracién, puede utilizarse como herramienta para establecer el punto éptimo de

cosecha.

Los modelos propuestos durante los muchos afios de investigacion, atribuyen el
fendmeno de la pérdida de firmeza de la aceituna, al desensamblaje de la lamina media
y de las interconexiones, entre los distintos polisacaridos, que forman las paredes
primarias (Jiménez et al., 2000; Minguez-Mosquera et al., 2002; Mafra et al., 2006a).
La falta de progreso en la identificacion de los factores clave determinantes de la
pérdida de firmeza de los tejidos de la aceituna durante la maduracién podria explicarse
por la hipétesis actualmente vigente de que la desestructuracion de las paredes
celulares se debe a la accidon concertada de numerosos enzimas sobre diversos

componentes estructurales de la pared.

2.3.2.1. Pérdida de firmeza

El ablandamiento de los tejidos de la aceituna, que se manifiesta en una disminucién
de su firmeza, es uno de los cambios mas visibles y comunes entre los que tienen lugar
durante la maduracion. Este proceso tiene consecuencias directas sobre las
propiedades texturales finales de las aceitunas destinadas a mesa (Marsilio et al.,
1996; Jiménez et al., 2000; Marsilio et al., 2000; Mafra et al., 2006a). Asi como, sobre
el potencial de extractabilidad de las aceitunas destinadas a la produccion del aceite,
pues éste se extrae mas facilmente de los tejidos poco firmes (Minguez-Mosquera et
al., 2002).

Los cambios texturales que experimenta el fruto durante la maduracion, se acompafian
de importantes modificaciones en la composicion y estructura de las paredes celulares,
y particularmente de la degradacion de los polisacaridos que la constituyen. Debido a
ello, la disminucion de la firmeza de la aceituna, durante el proceso de maduracion, se
ha atribuido tradicionalmente a estos cambios, que incluyen solubilizacion y
despolimerizacién de los polisacaridos de la pared celular, y reorganizacién de sus
interconexiones asi como la pérdida de azlcares neutros (Huisman et al., 1996; Mafra
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et al., 2001; Coimbra et al., 1994; Minguez-Mosquera et al., 2002).

2.3.2.2. Cambios en las paredes celulares

La pérdida de firmeza de la aceituna se acompafa, habitualmente de la disrupcién de
las paredes celulares y de la disolucion de la lamina media, que contribuye de manera
decisiva a la adhesion intercelular, y esta formada mayoritariamente por pectinas
unidas entre si por puentes de calcio (Minguez-Mosquera et al., 2002; Mafra et al.,
2001). Se observa solubilizacién y, en algunos casos, despolimerizacién tanto de
pectinas como de hemicelulosas (Vierhuis et al., 2000), asi como, reorganizacion de

las interacciones entre los distintos polisacaridos de pared.

La solubilizacion de estos polimeros, se manifiesta por un aumento en su
extractabilidad con disolventes acuosos (Mafra et al.,, 2001), mientras que la
despolimerizacion representa una disminucion del peso molecular debida a la accion
de hidrolasas especificas y/o a la disgregacion de los complejos pectinicos mantenidos

por fuerzas no covalentes (Vierhuis et al., 2000).

Varios trabajos de investigacion, se llevaron a cabo con el fin de identificar los
diferentes polisacaridos pécticos de la aceitunas fresca y su evolucion durante la
maduracion, destacando los de Huisman et al. (1996). En este estudio, se describi6 en
detalle la extraccion secuencial de diferentes fracciones pécticas, de la pared celular,
a partir de los sodlidos insolubles al alcohol, utilizando una serie de agentes de
extraccion especificos. Estos autores, mostraron que es dificil de extraer el material
péctico con alto grado de ramificacion a partir de aceitunas inmaduras. Sin embargo, a
medida que avanza la maduracién, estas pectinas se extraen mas facilmente. En otro
trabajo posterior (Jiménez et al., 2001a), se establecio que las fracciones pécticas de
la aceituna se ven marcadamente afectadas por el proceso de maduracion. En general,
se observo una liberacion de homogalacturonanos y una pérdida y/o acortamiento de
las cadenas de ramnogalacturonanos. Las pérdidas mas importantes de
homogalacturonanos, junto con la liberacibn de las cadenas laterales de
ramnogalacturonanos, se produjeron entre el estado de envero y el estado de plena

madurez. Asimismo, se observd un aumento drastico del contenido de los azucares
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relacionados con la pectina (acido uronico, ramnosa y arabinosa), a la vez que los
azucares relacionados con la hemicelulosa (xilosa, manosa, galactosa y glucosa),

aumentaron durante las ultimas fases de la maduracién del fruto.

En otro trabajo, se establecid que los contenidos de celulosa y hemicelulosa
disminuyeron marcadamente durante el proceso de maduracion de las aceitunas. Las
cromatografias de intercambio i6nico y de exclusién por tamafio (SEC), revelaron que
la disminucién del peso molecular de la hemicelulosa, se produce principalmente
durante las primeras fases de maduracion del fruto, es decir, entre el estado fruto verde
y el estado envero, mientras que la disminucion del peso molecular de la celulosa se

produce con posterioridad (Jiménez et al., 2001b).

Trabajando sobre los xiloglucanos, que representan la fraccidbn hemicelulésica méas
abundante en la aceituna, Vierhuis et al. (2001) encontraron que estos compuestos de
la pared celular del fruto, se forman principalmente a partir de dos tipos de
oligosacéaridos: XXSG y XLSG. La estructura de estos compuestos confirma la
presencia de unos xiloglucanos especificos con un nucleo XXGG en la aceituna,

identificados por la presencia de cadena lateral tipo a-L-Araf-(1 — 2)- a-D-Xylp.

Mafra et al. (2006b) describieron que con el avance del proceso de maduracion de las
aceitunas, se observa un aumento de la solubilizacién de los polisacaridos pécticos y
hemiceluldsicos, y del contenido de arabinosa en los extractos pécticos, acomparado
por una disminucién marcada del grado de metilesterificacion de dichos compuestos.
Ademas, estos autores observaron la sintesis de nuevos polisacaridos, como los
glucoronoxilanos y xiloglucanos durante las ultimas fases de maduracion de las

aceitunas.

Cardoso et al. (2007), encontraron que el proceso de maduracion de las aceitunas,
induce modificaciones en la estructura de los polisacaridos pécticos profundamente
inmersos en las paredes celulares. Estos autores, establecieron que al comparar las
aceitunas inmaduras y las recolectadas en su estado envero, las maduras tienen mas

cadenas laterales cortas de arabinanos altamente ramificados, y que la presencia de
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dichos compuestos, podria utilizarse para indicar la presencia de compuestos pécticos

en la pulpa de aceituna.

Trabajando sobre la misma linea de investigacion Minguez-Mosquera et al. (2002)
determinaron la evolucion, a lo largo de la maduracion, de las aceitunas de la variedad
‘Hojiblanca’ de diferentes fracciones de sustancias pécticas: pectinas solubles en agua
(PSA), pectinas solubles en quelatos de calcio o pectatos de calcio (PCa), pectinas
insolubles o protopectinas (PP), asi como el contenido en sdlidos insolubles en alcohol
(SIA). Se ha observado que la concentracion de SIA disminuye durante ese periodo,
incrementandose notablemente las fracciones PSA y PCa como consecuencia del
aumento de la actividad enzimatica del fruto. La fraccion de PP, experimentd un
descenso que fue correlativo al aumento en las fracciones PSA y PCa, lo que parece

indicar la conversion de PP en pectinas solubles.

En un estudio realizado por Coimbra et al. (1998), se llevd a cabo una extraccion
secuencial del material de la pared celular de la pulpa de aceituna y su fraccionamiento,
por precipitacién con etanol y cromatografia de intercambio aniénico. Los resultados
revelaron que la pared celular esta caracterizada por una amplia gama de fracciones
de polisacaridos. Los espectros de FT-IR en la regién 1200-850 cm™, permitieron la
prediccion de la presencia de los &cidos urdnico y los azlcares neutros en las muestras

de los extractos pécticos de las pulpas de aceitunas.

Se ha observado, que tanto la composicidon como la solubilidad de los polisacaridos
pécticos, carecen de importancia en el control de las propiedades estructurales de la
aceituna durante la maduracion del fruto. Asi, Mafra et al. (2001), estudiaron los
cambios estructurales que sufre la aceituna en tres fases claves de maduracion: fruto
verde, fruto en estado envero y fruto negro. Los resultados de este estudio revelaron,
que la solubilizacion de las sustancias pécticas de la aceituna esta relacionada con el
relajamiento de las paredes celulares y con la pérdida de cohesién de los tejidos. La
solubilizacién de las pectinas, puede ser consecuencia de la disrupcion de las
conexiones entre los distintos componentes de la pared celular, como resultado de la

pérdida de residuos de galactosa o de otros azUcares neutros a partir de las
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ramificaciones de los ramnogalacturonanos, lo que resultaria en una disminucion de
las propiedades cohesivas de la matriz péctica. Estas modificaciones, suelen
manifestarse en la disolucion de la lamina media, lo que disminuye la adhesion
intercelular (Figura 6) y causa la pérdida de firmeza del fruto (Minguez-Mosquera et al.,
2002; Mafra et al., 2001)

Figura 6. Alteraciéon progresiva de las células parenquimaticas de la lamina media
durante la maduracion de la aceituna (Mafra et al., 2001).

(a) aceitunas verdes; (b) aceitunas en estado envero (c) aceitunas negras

2.3.2.3. Enzimas modificadoras de la pared celular

La modificacion de la estructura de la pared celular de la aceituna, durante la
maduracién, es un proceso integrado que implica toda una red de interconexiones
entre numerosas rutas metabdlicas. Virtualmente, todos los genes implicados en este
proceso se expresan diferencialmente, en respuesta a distintos estimulos internos y
externos. Consecuentemente, todas estas rutas responden, de un modo u otro, a la
manipulacién, tratamientos y/o condiciones de conservacion a que es sometido el fruto
una vez cosechado, lo que causa cambios generalizados en el metabolismo del mismo,
y dificulta la comprensién y el control de determinados aspectos del proceso. Se
conocen numerosas proteinas enzimaticas y no enziméaticas, cuya actividad modifica
la composicion y estructura de las paredes celulares de la aceituna. Asi pues, las
modificaciones que sufre la pared celular de la aceituna durante la maduracion, son

paralelas al aumento en la expresion de estos enzimas potencialmente relacionados
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con su degradacion.

En general, para asignar un papel potencial a un determinado enzima se siguié una
aproximacion “culpable por asociacion” segun la cual se proponia un posible papel en
el proceso si la maduracion coincidia con un aumento en sus niveles de transcritos, de

proteina o de actividad in vitro (Goulao y Oliveira, 2008).

En un trabajo realizado sobre aceitunas de la variedad ‘Hojiblanca’ (Minguez-Mosquera
et al., 2002), se observo que, durante la maduracion, el ablandamiento de los tejidos
es muy drastico y rapido. En este fendmeno, juegan un papel importante las sustancias
pécticas presentes en el fruto, asi como, las enzimas pectoliticas implicadas en el
mecanismo biolégico de degradaciéon de las primeras, debido al fuerte incremento en
sus niveles de expresion y actividad durante la maduracion. Asimismo, la actividad de
la PME tiende a aumentar hacia el inicio de maduracion de la aceituna para luego
disminuir de forma gradual en los estados maduros y sobremaduros. En cuanto a la
PG, se observo que su actividad aumenta en los frutos inmaduros, disminuye en el

estado envero para aumentar de nuevo en los frutos maduros (Figura 7).

La funcién de estos dos enzimas en la aceituna, se puede sintetizar de la forma

siguiente:

- Accion de la pectinmetilesterasa (PME, EC 3.1.1.11), produce la eliminacion de los
grupos metilo de los residuos de acidos galacturénicos presentes en las pectinas.
Esta desmetilacion tiene importantes consecuencias, puesto que la exposicion de
los grupos carboxilo libres cambia el pH y la carga de la pared celular, ademas de
permitir la agregacion no-covalente de los poliurénidos mediante puentes de calcio
(Minguez-Mosquera et al., 2002). Por otro lado, la desmetilacion hace a estos
polimeros susceptibles al ataque hidrolitico por parte de PG y de otros enzimas
pectoliticos como los pectato-liasas (PL; EC 4.2.2.2), por lo que la actividad PME
ejerce un papel dual sobre las propiedades de la pared celular, dependiendo del
estadio fisiologico en que se encuentre la aceituna (Minguez-Mosquera et al.,
1978).

48




Antecedentes

- Accion de la poligalacturonasa (PG), tanto de tipo exo (EC 3.2.1.67) como endo
(EC 3.2.1.15), una vez producida la desesterificacion, escindiendo la cadena
desesterificada y facilitando la solubilidad del material péctico constitutivo de la
lamina media que actia de cemento de union entre las células del fruto con el

consiguiente ablandamiento (Minguez-Mosquera et al., 1978).
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Figura 7. Evolucion de la actividad de la PME y PG durante la maduracion de las
aceitunas (Minguez-Mosquera et al., 2002).

RG: piel de color verde maduro; SRS: piel con pequefias manchas rojizas; TC: color cambiante; P: piel
de color morado; B: piel de color negro; RB: piel de color negro maduro; B-1: frutos con superficie de
color negro y pulpa blanca; B-2: fruto con superficie de color negro y y pulpa morada; pEquiv:
microequivalentes; PE: pectinmetilesterasa; PG: poligalacturonasa.

Confirmado el rol central que podrian tener la PG y la PME, en la pérdida de firmeza
durante la maduracién de las aceitunas, las investigaciones se centraron en la
identificacion de otras proteinas que pudieran cooperar con ellas en el desensamblaje
de las paredes celulares de las aceitunas. Se ha sugerido que el alto grado de
ramificacion de las pectinas, que presentan abundantes cadenas laterales ricas en
galactosa y arabinosa, podria controlar la porosidad de la pared celular, restringiendo
el acceso de los enzimas pectoliticos a sus substratos y evitando su despolimerizacion
(Brummell y Harpster, 2001). Por tanto, se ha propuesto un papel importante para las

glicosidasas que eliminan azucares neutros a partir de las ramificaciones de los
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ramnogalacturonanos, y que incluyen entre otros menos estudiados a 3-galactosidasa
(B-Gal; EC 3.2.1.23) y a-L arabinofuranosidasa (AFasa; EC 3.2.1.55).

En un estudio realizado por Heredia et al. (1990), con objeto de demostrar la presencia
de a y B-galactosidasas, a-manosidasa y a-arabinosa en el fruto del olivo, se observo
que las actividades de estos cuatro enzimas, obtenidos bajo condiciones estandares,
eran muy bajas incluso nulas en algunos casos. Sin embargo, la aplicacion de
condiciones ¢éptimas dio lugar a un aumento marcado de la actividad de estos
enzimas. Posteriormente, se estudié la evolucidn de la actividad de varios p-nitrofenil-
o-glicosidasas durante el desarrollo y maduracion de la aceituna, observandose que la
actividad de estos enzimas no aparece en los frutos verdes, para detectarse con
posterioridad en frutos maduros. Asimismo, se observé una correlacion temporal entre
el proceso de ablandamiento de la aceituna, la disminuciéon de la actividad de varias
glicosidasas y el contenido de los azucares neutros de la fraccion no-celulésica de la
pared celular (Heredia et al., 1992). También hay evidencias experimentales que
apuntan a la relevancia de las celulosas en el proceso de ablandamiento de las

aceitunas durante la maduracion (Heredia et al., 1993).

Por altimo, cabe destacar que las sustancias pécticas, involucradas en la formacion de
las emulsiones durante el batido, afectan de manera significativa las caracteristicas
reoldgicas de la pasta procesada y por tanto, al contenido del aceite extraido (Minguez-
Mosquera et al., 2002). Por ello, es de gran interés estudiar con profundidad la
participacion de estas sustancias, en el control de las caracteristicas reolégicas de la
pasta de aceituna, con el fin de mejorar la eficiencia del proceso de extraccion de aceite

de oliva virgen, pues no se habia llevado a cabo ningun estudio al respecto.

3. Elaboracion de aceite de oliva virgen

A continuacion, se describe el proceso de elaboracion de aceite de oliva virgen.
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3.1. Etapas preliminares

Son aquellas etapas necesarias para que el fruto llegue, a las siguientes fases de
elaboracion, en las condiciones idoneas para obtener un aceite de oliva virgen de

calidad.
3.1.1. Recepcion, limpieza y lavado

En el momento de entrada a la almazara, las aceitunas deben separarse segun su
estado, para su procesado por vias diferentes segun su potencial de calidad (Jiménez
et al., 2001). La aceituna que llega a la almazara, lleva un porcentaje variable de
materias extrafias de muy diversa indole, como tierra, piedras, hojas, tallos o hierbas.
Para poder obtener aceites de calidad y evitar la interferencia de estos productos en
las caracteristicas organolépticas, y disminuir en gran parte el desgaste y averias de
la maquinaria, es indispensable eliminar todos estos cuerpos extrafios. La limpieza se
realiza mediante limpiadoras, que utilizan corrientes de aire para la separacion de los
objetos menos pesados que la aceituna (Bueno, 2001), y con lavadoras que utilizan
el agua como medio de solubilizacion y eliminacion de los cuerpos mas pesados. Los
frutos procedentes del arbol, en principio y salvo circunstancias especiales, no deben
someterse a un lavado pues se pierde extractabilidad en el proceso y los aceites

obtenidos son menos estables y fragantes (Uceda et al., 2004).

3.1.2. Almacenamiento de aceituna

El fruto una vez preparado, limpio y/o lavado, se almacena en las tolvas pulmoén o de
espera para ser molturado. Los frutos deben molturarse dentro de las 24 horas
siguientes a su recoleccién, para evitar alteraciones que modifican la calidad del
aceite. El atrojado (almacenamiento prolongado del fruto), es la principal causa de
deterioro de la calidad de los aceites, produciendo una grave alteracion de los
caracteres sensoriales, elevacion de la acidez, debido esencialmente a la actividad de
los microorganismos (Rodriguez de la Borbolla et al., 1955) y una disminucion de la
estabilidad (Garcia et al., 1996).
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3.2. Preparacion de la pasta

Con el fin de facilitar la extraccion del aceite contenido en los frutos, es necesario
someter a la aceituna a una operacion de molturacion y posteriormente al batido de la

pasta resultante, como se indica seguidamente.
3.2.1. Molienda

La molienda tiene por objetivo la rotura de los tejidos de la aceituna donde se aloja la
materia oleosa. Se realiza mediante molinos de matrtillos y debe hacerse con la mayor

uniformidad posible. Los aspectos fundamentales a considerar en esta operacion son:
- Uniformidad. Para alcanzar la méxima eficacia en el batido.

- Grado de molienda. Para conocer el tamafio medio en el que quedan las partes
mas duras de la pasta; es regulable en los molinos en funcién del diametro de los
orificios de las cribas o distancia entre listellos. Debe ser mas fino para las aceitunas
de principio de campafa y mayor para frutos mas maduros.

Cabe sefalar, que una molienda gruesa implica una débil rotura de los tejidos y se
obtienen orujos con alto contenido graso. En el caso de que se realice una molienda

fina, se originan papillas en los tamices y aparecen finos en los alpechines.

- Aireacion. Se debera limitar en lo posible, mediante la reduccion de la superficie y

del tiempo de contacto de la pasta con el aire.

- Impurezas. Se evitara la incorporacion de cualquier tipo de materias extrafas,
incluyendo trazas metalicas, que afectan a las caracteristicas organolépticas y

actuan como catalizadores de la oxidacion del aceite (Paz y Molero, 2001).

- Velocidad de trituracion. Este parametro, incide en las caracteristicas sensoriales
del aceite (Hermoso et al., 1998) por la incorporacion de trazas metalicas a la masa,
lo que produce alteraciones en el color y sabor de los aceites, al tiempo que

catalizan los procesos oxidativos (Uceda, 2004).
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3.2.2. Batido

Como es conocido, la extraccion de aceite de oliva virgen, se lleva a cabo utilizando
Unicamente métodos fisicos. Alrededor del 80% de aceite, contenido en las vacuolas
de las células de pulpa de la aceituna, puede extraerse facilmente. El resto se

encuentra disperso en el citoplasma como microgeles y, por tanto, es dificil de extraer.

Con el fin de perturbar las peliculas interfaciales del fruto, se mezcla la pasta poco a
poco, modificando el grado de dispersion de las gotas de aceite, favoreciendo asi los
fendmenos de coalescencia. Este proceso, debe llevarse a cabo de forma que permita
el mayor contacto posible entre las gotas de aceite sin provocar emulsiones, que luego

dificulten el proceso de extraccion.

El batido ha sido ampliamente estudiado por su influencia sobre la calidad del aceite
(Morales y Aparicio, 1999), y los principales factores que condicionan esta operacion

son la temperatura y el tiempo de batido (Aguilera et al., 2015).

Las condiciones de batido de la pasta afectan el rendimiento del proceso; asi, cuando
el tiempo de batido se prolonga de 50 a 75 minutos, incluso con tiempos de batido
excesivamente largos (105 minutos) no producen resultados significativamente
mejores segun ya indicaba Hermoso et al. (1998). Por otra parte, un aumento de la
temperatura de batido de la pasta, disminuye la viscosidad del aceite de oliva y
favorece los fenomenos de coalescencia (Di Giovancchino et al., 2002). En este
sentido, la extraccion de aceite a 40°C produce orujos con contenido graso inferior a
los obtenidos a 30°C y a 18°C, aunque la alta temperatura, puede afectar
negativamente a la composicion y a las caracteristicas sensoriales del aceite (Aguilera
et al., 2010; Aguilera et al., 2015).

En la extraccion de aceite de oliva virgen, se pueden presentar con frecuencia pastas
emulsionadas o “pastas dificiles” que presentan dificultades en las distintas fases del
proceso de extraccion del aceite, e inciden negativamente en el rendimiento final (Alba
et al., 1990). Estas se producen por la textura de la pulpa de las aceitunas, y por la

situacion en que se encuentra el aceite en el protoplasma de la célula, formando una
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emulsion extraordinariamente fina y dispersa, que permanece en suspension gracias
a la accion de distintos tipos de coloides protectores de estructura proteinica (Martinez
Moreno, 1972).

Las pastas dificiles suelen formarse en aceitunas en las que han podido ocurrir las

siguientes circunstancias:

- Condiciones climatoldgicas anormales o criticas que afectan el desarrollo biol6gico
del fruto.

- Ataque de ciertas plagas o enfermedades.

- Tipo de abonado, forma y época en que se realice.

- Epoca de recoleccion (Beltran et al., 2003).

Estas pastas emulsionadas, se observan principalmente en ciertas variedades de
olivo, como ‘Hojiblanca’ y ‘Picual’ con indices de madurez bajos, que son molturadas
inmediatamente después de su recoleccion, provocando bajos rendimientos

industriales.

Para mejorar el rendimiento del proceso de extraccion de estas pastas dificiles se
suelen utilizar coadyuvantes tecnoldgicos con efecto meramente fisico (Reglamento
CE 1513/2001).

Se ha descrito el empleo de diferentes coadyuvantes como agua, talco, cloruro sédico,
carbonato célcico y arcilla caolinitica. Sin embargo, actualmente los Unicos
autorizados por la reglamentacion Europea son el talco y la arcilla caolinitica (BOE,
2015; (Reglamento CE 1513/2001).

3.2.2.1. Aqua

La adicién de agua a la pasta como coadyuvante puede ser muy eficaz, especialmente
cuando la humedad de las aceitunas es baja; no obstante, se puede afadir en la
batidora o en el decanter. Diversos autores indican que la adicion de agua al decanter
es significativamente mas eficaz que la adicion a la batidora; cuando el agua se

adiciona a la batidora, se necesita una cantidad sustancialmente mas elevada
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(Hermoso et al., 1998). La adicién de agua implica una reduccién del contenido de
fenoles de los aceites y de los parametros sensoriales relacionados con ellos: amargor

y picante.

3.2.2.2. Cloruro de sodio

El uso de la sal puede tener (sobre todo a la concentracién de 1.2%) una eficacia
similar a la del talco en cuanto al rendimiento obtenido, y no produce efectos negativos
sobre la calidad del aceite (Cruz et al., 2007). No obstante, la presencia de NaCl en la
pasta de aceituna, aumenta la densidad y la fuerza idnica de la fase acuosa que podria
afectar la solubilidad de ciertos compuestos, e incluso modular la actividad de ciertas
enzimas activas durante el proceso de batido (Clodoveo, 2012). El uso de este
coadyuvante no se ha autorizado por la Comision Europea (BOE, 2015).

3.2.2.3. Carbonato calcico

Ha sido estudiado como coadyuvante tecnolégico para la extraccion de aceite de oliva
virgen (Moya et al., 2010), aunque no se ha autorizado su empleo (BOE, 2015). La
estructura cristalina de este compuesto y su afinidad por el agua hacen que no
reaccione con el aceite. Ademas, debido a su alta densidad (2.72 g/cm?), se elimina
durante el centrifugado junto con el residuo sélido (orujo) (Espinola et al., 2009). Se
han descrito mejoras en el rendimiento del proceso de extraccion, incluso con pastas
no dificiles. La dosis a emplear depende del estado de las aceitunas, no siendo

necesario superar el 0.3%.

3.2.2.4. Arcilla caolinitica

La utilizacién de este aditivo alimentario ha sido evaluada por el Comité Cientifico de
la Agencia Espafiola de Consumo, Seguridad Alimentaria y Nutricion y ha sido
autorizado recientemente como coadyuvante tecnolégico para la elaboracion de
aceites de oliva (BOE, 2015).

No existen trabajos publicados sobre el efecto de este coadyuvante en el rendimiento
del proceso de extraccion de aceite.Si bien en el informe de la Agencia Espafiola de
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Seguridad Alimentaria y Nutricion (AESAN), se describe que para dosis del 2.5% se
obtienen rendimientos similares a los obtenidos para el microtalco natural (MNT)
(AESAN, 2011). Asimismo, se describié que no hay efecto sobre la calidad del aceite

extraido.

3.2.2.5. Microtalco natural

En la Unidn Europea, el Gnico coadyuvante autorizado en la elaboracion de aceites de
oliva virgenes, por su exclusivo efecto fisico, es el talco (Cert et al., 1996). El talco es
un producto natural obtenido en forma bruta en canteras o minas. Para su utilizacion
como coadyuvante, el talco se prepara en forma micronizada con tamafios de

particulas que pueden estar en el rango de 5 a 75 um (Sanchez et al., 2007a).

El Microtalco Natural (MTN), se utiliza como coadyuvante tecnologico debido a sus
propiedades organofilicas reduciendo las emulsiones de aceite/agua y favoreciendo

la liberacion de aceite para su extraccion.

Un mecanismo puramente fisico, explica el comportamiento del talco al contacto con

la pasta:

- Adsorbe las microgotas de aceite retenidas en las paredes de las células, dando
lugar a la formacion de macrogotas incrementando de esta manera la cantidad de
aceite suelto.

- Impide la formacion de emulsiones, o rompe las ya formadas

- Disgrega los microgeles y cambia la estructura de la pasta hacia un comportamiento
hidrofilico, lo que permite una recuperacion significativa de los rendimientos de
extraccion y un aumento de la capacidad de molturacion de la planta (Martinez
Moreno, 1972).

Su uso se recomienda para las “pastas dificiles" que presentan emulsiones y tienen
bajos rendimientos grasos (Martinez et al., 1975). Este coadyuvante, aglutina las
pequefias gotas de aceite, facilitando su extraccion y produce una clarificacion del
aceite y un descenso del nivel de sdlidos y grasa en el alpechin.
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La adicion de talco exige un continuo control analitico (grasa y humedad) de los orujos
y de los alpechines (si se trabaja con sistemas en tres fases). De esta manera, se
podra regular la dosis de talco adecuada al tipo de pasta que se esta procesando, y
gue puede variar desde el 0,5 al 2% en peso de aceituna (Hermoso et al., 1998). En
general, cuanto mayor es el contenido en agua de la aceituna (principios de campafa),

la dosis de talco es mas elevada, reduciéndose a medida que avanza la recoleccion.

Por otra parte, el talco es un producto mineral natural en el que los parametros de
produccion (grado de molienda y contenido en carbonato) pueden variar de un origen
a otro. Alba et al. (2007) observaron cémo estos dos factores, ejercen una influencia
muy significativa en la correccion de la textura de las pastas fluentes y en el aumento
del rendimiento de aceite, corroborando los resultados obtenidos por Sanchez et al.
(2007Db).

Los experimentos a escala industrial, propusieron el cuerpo intermedio de la batidora
de tres cuerpos, como el lugar 6ptimo para la adicién de talco, pues asi se observaron

las menores pérdidas de aceite (Hermoso et al., 1998).

Diferentes dosis de MTN han sido probadas, y los resultados mostraron que los
mejores rendimientos de aceite se han obtenido cuando se adicion¢ talco al 1%. Sin
embargo, cuando se afiadi6 talco al 2% no se observaron diferencias significativas a

pesar de la presencia de pastas dificiles (Hermoso et al., 1998).

Sin embargo, su utilizacion, ha de realizarse de forma razonada y soélo cuando la pasta
de aceituna lo exija, pues un uso indiscriminado de éste, tanto en dosis, momento y
lugar de adiciéon, puede provocar el efecto contrario al deseado, pues el talco puede
retener aceite en su superficie y, dado que el MTN es eliminado a través del orujo,
puede producir un aumento del contenido graso del mismo (Hermoso et al., 1998).

En cuanto a la calidad del aceite, la adicion de microtalco natural no produce
diferencias significativas, aunque se observa una tendencia a incrementar el contenido
en fenoles, al tiempo que se incrementa el amargor y el atributo picante de los aceites,

aumentando su estabilidad y disminuyendo el atributo dulce (Cert et al., 1996, Aguilera
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et al., 2015).

3.3. Extraccion del aceite

En la extraccion de los aceites de oliva virgenes, hay que diferenciar dos etapas

fundamentales:

- Separacion Sélido-Liquido

- Separacion Liquido-Liquido
A continuacion, se van a considerar dichas etapas.
3.3.1. Separacion Solido-Liquido

Segun Hermoso et al. (1998), esta operacién constituye la parte fundamental del
proceso de obtencion del aceite. Esta basada en la separacion de las fases liquidas
contenidas en la pasta de aceitunas. Se puede realizar por diferentes sistemas:
filtracion selectiva, extraccion por presion, o extraccion por centrifugacion de la pasta.

En la actualidad, los sistemas predominantes son los realizados por centrifugacion.

En los sistemas de centrifugacion continua, la utilizacién de un sistema de separacion
de dos fases (aceite y alperujo), o de tres fases (aceite, orujo y alpechin), incide sobre
la composicion del aceite de oliva. Asi, en un sistema continuo de dos fases, la adicion
de agua es escasa, lo que se traduce en aceites con un mayor contenido en fenoles
(Di Giovacchino, 2002), mayor estabilidad y caracteres sensoriales mas acusados
(Ranalli y Angerosa, 1996), fundamentalmente en frutado, amargo, verde y picante
(Hermoso et al., 1998).

3.3.2. Separacion Liquido-Liquido

El mosto oleoso obtenido de la separacion de las fases sélida y liquida, tiene una
proporcién variable, pero significativa, de humedad e impurezas que es necesario

eliminar.

La separacion de las impurezas y humedad que contiene el aceite, puede realizarse
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por decantacion natural, o por medio de centrifugas verticales, basadas ambas
técnicas en las diferencias de densidades de los componentes del mosto oleoso.
Actualmente, se emplean mas las centrifugas verticales, que ofrecen un trabajo de
forma continua y rapida. Durante esta etapa de clarificacion del aceite, es esencial
controlar la temperatura y la cantidad de agua de adicién a la centrifuga vertical.
Temperaturas elevadas y un aumento del agua adicionada, pueden producir, en el
aceite, pérdidas de caracteristicas organolépticas, descenso del contenido en
polifenoles y de la estabilidad (Jiménez et al., 1995; Cert et al., 1999).

3.4. Almacenamiento del aceite

Obtenidos los aceites, es necesario conservarlos en depdsitos, bajo condiciones
adecuadas, con objeto de preservar las caracteristicas fisico-quimicas vy
organolépticas. Son varios los aspectos que se deben considerar para preservar la
calidad del aceite durante el almacenamiento previo a la comercializacion (Uceda et
al.,, 2004). El aceite separado del mosto oleoso presenta siempre impurezas,
generalmente inferiores al 0,5%, formadas por agua (en estado libre, en suspension
coloidal o en emulsion), sustancias ajenas al aceite que son necesarias eliminar
durante su almacenamiento (Ranalli, 1992). La construccion de los depositos es
esencial para realizar una buena operacion de eliminacién de las impurezas
decantadas (sangrado), evitando fermentaciones y pérdida de calidad de los aceites.
Deben de ser de material inerte a fin de prevenir la incorporacion de trazas metalicas
a los aceites, que inician oxidaciones, pérdida de color y del atributo frutado del aceite

(Angerosa y Di Giancinto, 1993).

4. Reologia

El comportamiento reoldgico de la pasta de aceituna, es uno de los aspectos que

influyen en el proceso de extraccion de aceite de oliva.

El término ‘Reologia’ describe el estudio de la deformacién y el comportamiento de flujo
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de materia.

A pesar de que la interpretacion de los datos reoldgicos en ocasiones es compleja, los
métodos reoldgicos en la industria agroalimentaria han demostrado la necesidad
urgente de disponer de datos reoldgicos de diferentes materias primas y productos

derivados.

En este trabajo de investigacion, se estudiaran principalmente los médulos mecénicos
(médulo de pérdida, G”, médulo de almacenamiento, G’), por lo que se describen

también aspectos como fluidos pseudoplasticos y viscoelasticidad.

4.1. Conceptos reoldgicos

Para empezar a desarrollar algunos aspectos reolégicos de interés, es necesario
establecer algunos conceptos que se manejan en los estudios sobre reologia, tales
como: esfuerzo, deformacién, velocidad de deformacion, flujo, viscosidad cortante,

entre los mas importantes.
4.1.1. Esfuerzo

El esfuerzo se define como la fuerza dividida por el &rea sobre la cual es aplicada. En
general, sobre un elemento material cualquiera pueden actuar dos tipos de esfuerzos,
los esfuerzos normales, que se refieren a la componente en direccion perpendicular a
la superficie considerada, y esfuerzos de cizalla o cortantes, que son las componentes
tangenciales a dichas superficies (Figura 8) (Dealy, 1982). Las unidades en las que se

mide el esfuerzo son Pascales (Pa).
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Figura 8. Espacio euclideo con esfuerzos normales y de cizalla

4.1.2. Deformacion

Cuando un esfuerzo es aplicable a un material (o), se genera una deformacion (y),
como resultado de este esfuerzo. Asi pues, se define la deformacion relativa como la
deformacién por unidad de longitud (y). La longitud que se utiliza es aquella en la que
ocurre la deformacién (Figuras 9 y 10, Goodwin y Hudhes, 2008).

Figura 9. Deformacion extensional a volumen constante € = y,,, = (Yxx + ¥yy), Y €s €l
modulo de Young
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Figura 11. Deformaciones y esfuerzos de tensores

Algunas caracteristicas que se observan en las Figuras 10 y 11 son:

- ElI modulo elastico es constante para deformaciones y esfuerzos pequefios. Esta

linealidad viene dada por la ley de Hooke. Segun la cual, los esfuerzos son
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directamente proporcionales a las deformaciones.

- La deformacion de cizalla, producida por la aplicacién de un esfuerzo cortante (o),
se ilustra en la Figura 10. La seccién inferior de la figura, muestra el caso general
donde no hay rotacion de los ejes principales de deformacién. Las deformaciones

son las diagonales del elemento material, una de las cuales es mas corta que la otra.
- Para grandes esfuerzos y deformaciones se observa no linealidad.

- Los esfuerzos y las deformaciones son cantidades tensoriales y no escalares, esto
pone en evidencia la complejidad matematica (Figura 10).

4.1.3. Velocidad de deformacion y flujo

Cuando un fluido es estudiado por la aplicacion de un esfuerzo, se genera un
movimiento hasta que el esfuerzo desaparece. Consideremos dos superficies
separadas por una pequefia apertura en la cual se mantiene el liquido, como se

muestra en la Figura 12.

o *«' g /i J_r”"
% !__a i F
r F/ r'/ i =
I.f I: 4 _»_a .rf“_
- F, G ¥ i ”
7 y/ J-_‘_J
“ X ;-"/ .
! ,;;'- ~
. / A ~
N P 74 -~
A ( J/

Figura 12. Gradiente de velocidad generado durante el cizallamiento de un fluido

Un esfuerzo cortante, debe mantenerse en la superficie superior para que ella se
mueva a una velocidad constante, u. Este esfuerzo de cizallamiento, produciria un
cambio continuo en la velocidad a través de la abertura hasta llegar a ser cero para
superficies bajas (Goodwin y Hudhes, 2008). Ahora, en cada segundo, los

desplazamientos producidos estan en X, y la deformacion vendra dada por:
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X

Y= 1)

Z

donde, x es el eje en el que se producen los desplazamientos horizontales; y es el eje
en el que se producen los desplazamientos diagonales, z es el eje en el que se

producen los desplazamientos verticales.

dx . . L.
y comou = a0 S€ puede escribir la velocidad de deformacion como:

dy u
dt Z 2)
Los términos velocidad de deformacién, gradiente de velocidad y velocidad cortante,
son utilizados como sinénimos. Para grandes aperturas, la velocidad de deformacion
variara a través de la abertura por lo que se puede expresar como:

du

V= 3)

4.1.4. Viscosidad

La viscosidad, se puede definir como una medida de la resistencia a la deformacion de
un fluido. La Ley de Newton, relaciona el esfuerzo cortante con la velocidad de
deformacioén (gradiente de velocidad), y puede expresarse en una dimensién (ec. 4)

o= Wy (4)

donde, O es el esfuerzo cortante en Pa, L es la viscosidad dinamica o absoluta en

Pa.s, Y es la velocidad de deformacién en s™.

Para un fluido Newtoniano, el parametro u es una constante en la ecuacion 4 (aunque
la viscosidad puede ser funcidbn de la presion, temperatura, composicion). La
viscosidad de los materiales, es de importancia y se utiliza en muchos célculos de
ingenieria, pues en reologia los materiales se caracterizan de acuerdo con su

comportamiento viscoso.
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Generalmente, el comportamiento de los materiales es de fluidos no-Newtonianos, por

lo que se utiliza el concepto de viscosidad aparente (viscosidad cortante) para describir

este tipo de materiales. La viscosidad aparente 1 viene dada por la siguiente relacion:

n= (5)

o
.‘y
siendo o el esfuerzo cortante en Pa, N es la viscosidad aparente en Pa.s, Y es la

velocidad de deformacion en s,
4.1.5. Viscoelasticidad lineal y viscoelasticidad no lineal

Se habla de comportamiento viscoelastico, cuando el material exhibe simultaneamente
algunas de las propiedades elasticas de un sélido ideal, y algunas de las propiedades
de flujo de un liquido ideal. EI comportamiento viscoelastico podria dividirse en dos

grupos generales:

- Viscoelasticidad lineal, en la que las propiedades reoldgicas dependen Unicamente
del tiempo y no de la magnitud o tasa de aplicacion de un esfuerzo. La mayoria de

los alimentos muestran viscoelasticidad lineal por encima de ligeras deformaciones.

- Viscoelasticidad no lineal, donde las propiedades mecéanicas estan en funcion del
tiempo del esfuerzo aplicado, la magnitud de este y en ocasiones, de la velocidad
con la que se aplica. El estudio de la viscoelasticidad no lineal es experimental y
tedricamente mas complicado que la viscoelasticidad lineal, estando alin en el rango
en el cual muchos alimentos son comprimidos o cizallados en la boca (Bourne,
2002).

Los componentes viscosos Yy elasticos de fluidos viscoelasticos, pueden medirse
mediante pruebas oscilatorias de pequena amplitud. EI material de prueba, usualmente
se ubica entre un cono y plato o platos paralelos, puestos en un reémetro con esfuerzo
controlado. El cono o el plato, oscila con respecto a un punto central con una velocidad
angular sinusoidal a baja amplitud, mientras que el esfuerzo de cizalla es medido. Es

una prueba no destructiva cuando la amplitud es pequefia. Para un sélido elastico, el
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esfuerzo cortante estara en fase con la deformacién, mientras que para un fluido
newtoniano el esfuerzo cortante estara a 90° fuera de fase con la deformacion. Para
un fluido viscoelastico el esfuerzo cortante estd una onda mas atras de la deformacion
para un angulo de diferencia entre 0° y 90°. La curva experimental, esfuerzo de cizalla-

tiempo, puede dividirse en dos componentes (Bourne, 2002):

- El componente del esfuerzo en fase con la deformacion por cizalla, que se define
como el médulo de almacenamiento (o elastico) G, es la relacion del esfuerzo en

fase con la deformacion.

G'=— (6)

siendo 6’ el esfuerzo cortante en fase, y la deformacién.

- El componente del esfuerzo 90° fuera de fase con la deformacion de cizalla,
definido como el médulo de pérdida (o viscoso) G”, es la relacién del esfuerzo de

cizalla fuera de fase con la deformacion.

G'= — (7)

siendo 6"’ el esfuerzo cortante 90° fuera de fase, Y la deformacién.

Estas funciones, a su vez se relacionan mediante el factor o tangente de pérdida:

% = factor o tangente de pérdida (tan 6) (8)

4.2. Clasificacion de los fluidos sequn su comportamiento reoldgico

En una primera clasificacion, destacan dos grupos principales: los fluidos newtonianos

y los no newtonianos, segun obedezcan a la ley de Newton de la viscosidad o no.

Para los fluidos newtonianos, la funcién viscosidad es constante, siendo precisamente

su valor el de la viscosidad newtoniana. En los fluidos no newtonianos, ya no se puede
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hablar de la viscosidad, pues la relacion entre el esfuerzo y la velocidad de
deformacion no es constante, y en este caso, se define la viscosidad aparente, que es
funcion de la velocidad de deformacion.

Una segunda clasificacion, distingue entre los fluidos dependientes e independientes
del tiempo. Los fluidos cuyo comportamiento solo depende del esfuerzo cortante, se
denominan independientes del tiempo, y su viscosidad, a una determinada
temperatura, sélo depende de la velocidad de deformacién. Los fluidos dependientes
del tiempo, son aquellos cuya viscosidad depende, ademas, del gradiente velocidad
del tiempo que actua dicho gradiente. Por otra parte, existe un tipo de alimentos que
tienen un comportamiento intermedio entre fluido viscoso y sélido elastico, son los
denominados fluidos viscoelasticos. Se puede realizar una clasificacion de los fluidos

alimentarios segun se recoge en la Tabla 5.

Tabla 5. Clasificacion de los diferentes comportamientos reoldgicos

Grupo Denominacién Caracteristicas
Fluidos independientes Seudoplasticos La viscosidad aparente disminuye con el
del tiempo aumento del esfuerzo cortante
Plasticos Presentan un limite o =00 por debajo del cual
no se presenta flujo
Dilatantes La viscosidad aparente aumenta con el
esfuerzo cortante
Fluidos dependientes del Tixotropicos La viscosidad aparente disminuye con el
tiempo tiempo de aplicacién de esfuerzo
Reopécticos La viscosidad aparente aumenta con el
tiempo de aplicacién de esfuerzo
Fluidos viscoelasticos Viscoelasticos Presentan caracteristicas elasticas y viscosas

simultaneamente

En la Figura 13 se recogen los reogramas caracteristicos de los fluidos newtonianos

y no-newtonianos en condiciones de flujo.
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Figura 13. Viscosidad aparente vs velocidad de corte en fluidos Newtonianos y no-
Newtonianos independiente del tiempo (a); esfuerzo cortante contra velocidad de corte
en fluidos Newtonianos y no-Newtonianos independiente del tiempo (b) (Nufiez-
Santiago et al., 2002).

4.3. Reologia de la pasta de aceituna

Mientras que las caracteristicas de composicion y textura de las aceitunas intactas,
han sido objeto de numerosos estudios, no ocurre igual con las caracteristicas
reoldgicas de la pasta molida. Su conocimiento pretende ser de utilidad, para el disefio
de equipos de extraccion de aceite, asi como para la optimizacion de las variables del

proceso de extraccion y la adaptacion de estas a las caracteristicas del fruto.

Durante el proceso de extraccion de aceite, las propiedades reoldgicas de la pasta de
aceituna dependen tanto del estado de madurez del fruto del que procede, como de
los tratamientos que se hayan realizado. Di Renzo y Colelli (1997) indicaron, que la
pasta de aceituna procesada exhibe determinados comportamientos mecéanicos y
reacciones cuando esta sometida a un esfuerzo de deformacion. Este comportamiento,
esta influenciado por su composicién en soélidos solubles totales/concentracion y
tamafio de particulas (Ahmed et al., 2004; Manayay e Ibarz, 2010), que difieren
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substancialmente segun el estado de madurez del fruto procesado. Por otra parte, es
bien sabido que la temperatura y el tiempo de batido de la pasta, tiene una gran
influencia sobre las propiedades fisicas de las pastas de aceituna y en concreto, sobre
sus propiedades reoldgicas, indispensables para el disefio de los equipos de

procesado y para la optimizacion del proceso de extraccion del aceite.

Muchos investigadores han utilizado modelos mateméticos para describir las
propiedades de flujo de productos derivados de frutas (Rao y Anantheswaram, 1982).
El comportamiento de estos ultimos, puede describirse mediante la ley de la potencia
(Saravacos, 1970; Holdsworth, 1971), o mediante el modelo de Herschel-Bulkley, en
el caso que presenten una tension de fluencia diferente de cero (Crandall et al., 1982).
Otros modelos matematicos han sido utilizados para describir el comportamiento
reoldgicos de los derivados de frutas, entre los que se citan: el modelo de Mizrahi-Berk,
el modelo de Casson y el modelo de Bingham (Marcotte et al., 2001). Algunos de estos
modelos son potencialmente aplicables para describir el comportamiento de la pasta

de aceituna.

Estudiando el comportamiento del flujo de la pasta de aceituna durante el proceso de
batido, Di Renzo y Colelli (1997) establecieron, que los datos reoldgicos se ajustan

perfectamente con los modelos de Herschel-Bulkley y la Ley de Potencia.

En un trabajo de investigacion realizado por Tamborrino et al. (2012), se estudio el
efecto que podrian tener el tiempo de batido, asi como, el oxigeno disuelto en la pasta
de aceituna sobre sus propiedades reologicas. Los resultados obtenidos revelaron, que
tanto el tiempo de batido como la concentracion de oxigeno inyectado durante el batido,
son factores que influyen marcadamente sobre la viscosidad de la pasta de aceituna
procesada, disminuyendo con el aumento del tiempo de batido corroborando asi los

resultados previamente reportados (Di Renzo y Colelli, 1997).

Boncinelli et al. (2013), comprobaron una serie de modelos matematicos para estudiar
el comportamiento reologico de muestras de pasta de aceituna, durante el proceso de
extraccion del aceite, a diferentes porcentajes de dilucion con agua. Estos autores

encontraron, que tanto las pastas de aceituna como el agua de vegetacion, se
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ajustaron perfectamente al modelo de Ley de Potencia. Se observo también que la
dilucién de las muestras con agua, reduce la viscosidad aparente de manera uniforme
en el rango de velocidad de deformacion-cizallamiento estudiado. Los resultados
indicaron una variacion progresiva del comportamiento reoldgico, de la pasta de
aceituna procesada, de no newtoniano en la salida del molino, a casi newtoniano en la

salida del decanter.

Masella et al. (2008) estudiaron la posibilidad del uso de la consistencia de la pasta
de aceituna, como indicador del estado Optima para extraer el aceite de oliva. Los
resultados de este estudio, mostraron la existencia de una relacion estrecha entre la
consistencia de la pasta de aceituna batida y su extractabilidad. Al incrementar el
tiempo de batido y la humedad de la pasta, disminuye significativamente su
consistencia y aumenta su extractabilidad, obteniéndose una correlacion lineal

altamente significativa entre la consistencia de la pasta batida y su extractabilidad.
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Justificacion

La investigacion realizada, que da origen a esta Tesis Doctoral, se justifica
considerando que el sector del olivar y del aceite de oliva tiene una importancia
decisiva en la economia agraria espafola, y particularmente en algunas zonas de
Andalucia, donde las aceitunas proporcionan la base de dos industrias importantes:

produccion de aceites de oliva y elaboracion de aceitunas de mesa.

El estudio del proceso de maduracion de la aceituna tiene un gran interés, pues varios
trabajos de investigacién establecieron, que durante la maduracién del fruto, los
componentes de la pared celular y de la lamina media de la célula vegetal,
experimentan notables variaciones estructurales que ocasionan cambios en la textura
de los frutos. Las sustancias pécticas, hemicelulosa y celulosa, son sometidas a
procesos de despolimerizacién que contribuyen al ablandamiento del tejido vegetal.

Por otra parte, en algunas regiones olivareras, se presentan serias dificultades
técnicas en la elaboracion del aceite con ciertos tipos de aceitunas, pues dan lugar a
pastas que presentan dificultades durante su extraccion (pastas fluentes, fuertes o
dificiles). Estos problemas, se ponen de manifiesto en la retencion u oclusién de las
fases liquidas en la pasta, en la retencion del aceite, fugas de sdlidos, y por tanto,

menor rendimiento de extraccion de aceite.

La emulsion es un fendmeno que tiene lugar en la pasta de aceituna procesada, entre
las dos fases liquidas “agua y aceite”, por la accion de un agente emulsionante que
facilita este proceso. Ello se produce, cuando los frutos se recogen durante la primera
etapa de maduracion con un nivel de humedad (por lo general superior al 55%), y se
molturan inmediatamente. La pasta de aceitunas emulsionada, tiene una textura
suave y muy homogénea. Cuando este tipo de emulsién ocurre en la pasta de

aceituna, esta se denomina dificil.

Durante el proceso de extraccion de aceite, los agentes emulsionantes son,
generalmente, polimeros pécticos de alto peso molecular, que se derivan de los
polisacéaridos de la pared celular, y promueven la formacion de emulsiones por accion
interfacial, alterando asi las caracteristicas reoldgicas y texturales de la pasta de
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aceituna. Estas sustancias representan un factor determinante que condiciona el
potencial de extractabilidad de la pasta de aceituna, independientemente del método
de elaboracién empleado. En términos reoldgicos, este tipo de pasta pertenece a los
fluidos no newtonianos o fluidos de Bingham.

Cuando una tension se aplica a la pasta de aceituna emulsionada, ésta actia como
un semi-solido a viscosidad de plastico. Estas pastas suelen causar problemas
durante todo el proceso de extraccion de aceite. La separacion del aceite es menos
facil, reduciendo el rendimiento industrial del proceso de extraccion, debido a la gran
cantidad de aceite que queda atrapado en los tejidos coloidales del citoplasma o
emulsionada con el alpechin, llamado aceite “no libre”, y como consecuencia de ello,

el orujo es mas rico en aceite.

La adicion de coadyuvantes tecnologicos, como el microtalco natural (MTN), se ha
comprobado que permite incrementar el rendimiento de aceite sin alterar los
parametros fisico-quimicos del mismo. El empleo de dicho coadyuvante, esti
undnimemente reconocido en el sector de elaboracion de Aceite de Oliva Virgen, por
su interés en el tratamiento de las pastas dificiles, que se observan en ciertas
variedades de aceitunas como “Hojiblanca®. Al ser un producto natural, su
composicién puede variar si las canteras de donde se extrae, estan situadas en zonas
geograficas diferentes, afectando a sus caracteristicas fisico-quimicas como la
granulometria y el contenido en carbonato. La preparacion del MTN para su posterior
aplicacion, también puede ser otro factor diferenciador. En este sentido, se ha
comprobado a nivel de laboratorio, como la procedencia del MTN y su preparacion,

podrian tener cierta influencia sobre el rendimiento en materia grasa de los aceites.

Las revisiones bibliograficas realizadas, indican que se ha ensayado con diferentes
dosis de talco, y los resultados mostraron que dosis altas pueden conducir a pérdidas
de aceites en los orujos, pues el talco puede retener mas materia grasa de lo normal,

y éste se elimina con el orujo.

No obstante, ningun estudio cuantitativo se hizo a nivel de laboratorio para dilucidar el
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mecanismo fisico de actuacion del talco, como coadyuvante tecnoldgico, sobre la
ruptura de las emulsiones, aceite-agua que se generan durante la operacion de batido

por la accidn de las sustancias pécticas.

En consecuencia, se hace necesario un mayor conocimiento de las interacciones
electrostaticas entre el talco y las pectinas, asi como, los cambios bioquimicos,
reoldgicos y texturales que sufre la aceituna durante el proceso de maduracion, lo que
permitird mejorar el control, tanto de la calidad, como de la eficiencia del proceso de

extraccion de aceite de oliva y determinar el momento 6ptimo de recoleccion.
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Objetivos

HIPOTESIS DEL TRABAJO

El fruto varia en caracteristicas pomoldgicas, fisicas y bioquimicas durante su
maduracion lo que da lugar a cambios, entre otros, en la estructura y composicién de
la pared celular. Los cambios asociados a las sustancias pécticas, podrian afectar a
las caracteristicas reoldgicas de la pasta de aceituna y determinar, en gran medida, la
extractabilidad del aceite de oliva virgen durante su proceso de extraccidén, por su
capacidad como agentes emulsionantes.

Esta variacion en la composicion de la fraccion pectica y la carga enzimatica asociada,
puede variar, ademas de por la propia maduracion del fruto, por el componente

genético de las variedades de olivo.

El conocimiento de la bioquimica asociada a la pared celular, y de la formacion de las
denominadas ‘pastas dificiles’, permitira profundizar en el mecanismo de accién del
microtalco natural (MTN) como coadyuvante tecnoldgico, y en definitiva, permitira

mejorar el rendimiento del proceso de extraccidén del aceite de oliva virgen.

En esta Tesis Doctoral, una de las hipo6tesis que se pretende validar es que la
diferencia en las velocidades de ablandamiento de las tres variedades de aceituna
mas cultivadas en Espafia (‘Arbequina’, ‘Picual’ y ‘Hojiblanca’), se debe a la
degradacion diferencial de alguno o algunos de los componentes de la pared celular,
lo que supondria la accién de alguna o algunas de las enzimas implicadas en dicha
degradacion (poligalacturonasa (PG), pectinmetilesterasa (PME), pectato-liasa (PcL),

pectin-liasa (PL).

Estas sustancias serian las pectinas, polisacéaridos de la pared celular del fruto, que
estan involucradas en la formacion de emulsiones durante la operacion de batido y
cuya accion es reducida por la adicion de un coadyuvante tecnolégico como es micro
talco natural (MTN).

Otra hipétesis a considerar, es la existencia de una estrecha relaciéon entre las
propiedades reoldgicas y fisicas del fruto del olivo (viscosidad y elasticidad),
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principalmente controladas por las sustancias pécticas, la actividad de las enzimas

pectoliticas, y la liberacion del aceite contenido en las células mesocarpicas del fruto.

OBJETIVOS

Con el fin de comprobar las hipotesis planteadas, es necesario fijar unos objetivos a

alcanzar, como son:

OBJETIVO GENERAL

El objetivo general de la presente investigacion, es asociar los cambios en la

composicion de los polisacaridos pécticos, con las propiedades texturales y reologicas

de la pared celular de la aceituna, en diferentes etapas de maduracion del fruto y del

proceso de extraccion de aceite de oliva virgen, con el fin de generar fundamentos

para futuros desarrollos tecnologicos en el control de la optimizacién de proceso de

extraccion del aceite de oliva virgen.

OBJETIVOS ESPECIFICOS

Los objetivos especificos que se han establecido son los siguientes:

>
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Evaluar el efecto de las caracteristicas fisicas y quimicas (granulometria D50 y
porcentaje de carbonato) y de la dosis de talco, sobre el rendimiento del proceso

de extraccion y la ruptura de las emulsiones aceite-agua.

Analizar la influencia de las sustancias pécticas en las emulsiones aceite-agua, y

el mecanismo de su ruptura mediante la adicién de microtalco.

Conocer el efecto de la operacion de batido sobre la solubilizacion de las

sustancias pécticas y proteicas de la pared primaria de la pasta de aceituna.

Profundizar en el conocimiento de los mecanismos involucrados en el
ablandamiento de la aceituna, a través un estudio detallado del proceso de
reconversion y solubilizacion de las diferentes fracciones pécticas, durante la

maduracion de la aceituna.




Objetivos

» Caracterizar las propiedades reoldgicas de la aceituna a lo largo de la maduracion
del fruto y su relacion con la composicién de los polisacaridos pécticos de la pared

celular.
Para alcanzar los objetivos previstos, el estudio se dividio en cuatro fases.

» En la primera, se estudiaron los cambios bioquimicos y la actividad de la
pectinmetilesterasa involucrada en la biosintesis de metanol, y la degradacion de
los polisacéaridos pécticos durante la maduracion de aceituna.

» En la segunda, se estudio la relacion entre la composicion de los polisacaridos
pécticos de la pared celular y la evolucion de las caracteristicas texturales y
reoldgicas a lo largo de la maduracion del fruto, asi como, su influencia sobre el

rendimiento del proceso de extraccion del aceite obtenido.

» En la tercera, se estudid el efecto de las caracteristicas fisicas y quimicas
(porcentaje de carbonato y granulometria D50) y de la dosis de talco, sobre la
ruptura de las emulsiones aceite-agua y el rendimiento del proceso de extraccion

del aceite de oliva virgen de la variedad ‘Hojiblanca’

» En la cuarta, se efectud el estudio del efecto de la adicion de diferentes dosis de
microtalco natural, sobre la disolucion de las sustancias pécticas y proteinas de la

pasta de aceituna, durante la operacién de batido.
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Materiales y Métodos

Con el fin de alcanzar los objetivos establecidos en esta Tesis Doctoral, se utilizaron

los materiales y se aplicaron los métodos que a continuacion se consideran:

1. Materiales

1.1 Material vegetal

Para el ensayo del efecto de las caracteristicas fisicas y quimicas del talco, sobre el
rendimiento del proceso de extraccién (2009/2010), y la ruptura de las emulsiones
aceite en agua (2012/2013), se tomaron muestras de fruto de la variedad ‘Hojiblanca’

cultivada en el Centro IPAFA ‘Venta del LIano’ Mengibar (Jaén).

Para el ensayo del efecto del uso de microtalco natural, sobre la disolucién de las
sustancias pécticas y proteinas de las aceitunas, durante el proceso de extraccion de
aceite, se tomaron muestras de aceitunas de la variedad ‘Hojiblanca’, pertenecientes
a la coleccion del Centro IPAFA de Cabra (Cérdoba) durante la campafia 2012/2013.

Para el ensayo del efecto del proceso de maduracion del fruto, sobre la evolucién de
las sustancias pécticas, metanol, urénidos 3,4 insaturados, proteinas en los frutos,
actividades enzimaticas y propiedades reoldgicas, se tomaron muestras de tres
variedades: ‘Arbequina’, ‘Picual’ y ‘Hojiblanca’, de la finca experimental del Centro
IFAPA ‘Venta del Llano’ Mengibar (Jaén). En estos ensayos, las aceitunas fueron
muestreadas a lo largo de su maduracion, entre los meses de septiembre de 2011 y
febrero de 2014. La descripcion detallada de las fechas de toma de muestras, se

recoge en los correspondientes capitulos de resultados

1.2. Microtalco natural

La denominacion y la casa comercial de cada tipo de talco, empleado en los ensayos,

se recogen en la Tabla 1.
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Tabla 1. Denominacion y casa comercial de los distintos talcos utilizados en el estudio

Talco Nombre Comercial Casa Comercial
MTN1 Micro-Talco FC8 - AW Mondo Mineral B.V
MTN2 TalcolivaM Luzenac

MTN3 Talco Miber Indutal C-20 Minerales Roset, C.B.
MTN4 Talcoliva Luzenac

En la Tabla 2 se recogen las caracteristicas fisicas y quimicas de los cuatro tipos de
talco ensayados.

Tabla 2. Caracteristicas fisicas y quimicas de los talcos ensayados

Tipo de Carbonato Granulometria Densidad real Superficie especifica

Talco (%) D50 (um) (g/lcm?3) B.E.T (m?/g)
MTN1 4.0 2.4 2.77 7.0
MTN2 0.8 7.1 2.78 9.0
MTN3 0.5 13.0 2.77 7.0
MTN4 1.1 16.3 2.78 6.0

2. Métodos

2.1. Determinaciones en el fruto

2.1.1. Caracterizacion pomologica

De cada una de las muestras, una vez homogeneizadas, se toman 100 frutos al azar

a los que se lleva a cabo las siguientes determinaciones:

2.1.1.1 indice de madurez

Se trata de un método basado en la variacion de pigmentacion de la piel y la pulpa, a
lo largo del proceso de maduracion del fruto (Uceda y Frias, 1975). Se toman 100
aceitunas al azar de la muestra previamente homogenizada, clasificando los frutos en

cada una de las clases o categorias que se recogen en la Tabla 3, que oscilan entre
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Oy7.

El indice de madurez (I.M), se define como el sumatorio de los productos de los frutos
de cada clase o categoria, multiplicado por el valor numérico asignado a cada clase,
dividido por el nimero total de frutos (ec. 1). Por tanto, el indice de madurez puede

variarde 0 a 7.

ag'0+bq-1+cy-2+d3-3+e44+f5-5+7ge-6+h,-7
IM = 2 1 2 3 1004 5 6 7 1)

siendo: a, b, c, d, e, f, g, h, el nimero de frutos de las clases 0, 1, 2, 3, 4, 5, 6, 7,

respectivamente.

Tabla 3. Categorias o clases de frutos del indice de madurez

indice de madurez Coloracion de la piel de la aceituna

Clase O Piel verde intenso

Clase 1 Piel verde amarillento

Clase 2 Piel verde con manchas rojizas en menos de la mitad del
fruto. Inicio de envero

Clase 3 Piel rojiza en mas de la mitad del fruto. Final de envero.

Clase 4 Piel negra y pulpa blanca

Clase 5 Piel negra y pulpa morada sin llegar a la mitad de la pulpa

Clase 6 Piel negra y pulpa morada sin llegar al hueso

Clase 7 Piel negra y pulpa morada totalmente hasta el hueso

2.1.1.2. Peso medio de la aceituna

La determinacion del valor medio del peso del fruto (g), se lleva a cabo pesando 100
frutos tomados al azar y dividiendo por el numero de frutos, utilizando para la pesada

una balanza con una sensibilidad de + 0.01g.

2.1.1.3. Peso medio del hueso

De la misma muestra de fruto, se separan los huesos y se determina su peso medio

(g), empleando para la pesada una balanza con una sensibilidad de + 0.01g.
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2.1.1.4. Relacién pulpa/hueso

A partir de los datos de peso de fruto y de hueso, proporcionados por la muestra
analizada, se establece la relacion pulpa/hueso.

2.1.2. Determinacion de la humedad

Se muele una muestra representativa de aceitunas, obteniéndose una masa de la que,
una vez homogeneizada, se pesan 30 g en un recipiente de acero inoxidable cubierto
con una lamina de plastico resistente a altas temperaturas. La muestra se lleva a
desecacion a 105 + 1°C hasta pesada constante, en una estufa de circulacion forzada.
La diferencia de peso, después de la desecacion, referida a %, expresa la humedad
de la muestra (ec. 2).

HMV = =20 x 100 )

4

Siendo:

HMV: Humedad y materia volatil de la muestra (%)
Pi: Peso inicial de la muestra (g)

Pf: Peso final de la muestra después la desecacion (g)
2.1.3. Determinacién del contenido graso

La muestra de pasta molida y desecada, se introduce en un tubo de forma que no
supere los 3 cm de altura. La medida del contenido graso, se realiza por Resonancia

Magnética Nuclear (R.M.N), en un equipo Bruker (modelo minispec mq10).

La técnica estd basada en la medida de energia emitida por muestras previamente
sometidas a un impulso magnético. La masa de aceituna desecada y molida, se
introduce en un vaso de vidrio para muestras de 100 cm? de volumen, realizandose
dos lecturas de cada muestra en el equipo R.M.N. La respuesta obtenida de una
determinada muestra, se compara con que se la obtiene de unos patrones que se

preparan sobre un soporte solido inerte (papel) con una cantidad conocida de aceite.
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El analizador determina el contenido en aceite en humedo (GMH) de la muestra,
utilizando la recta de calibrado realizada previamente con tres patrones de peso de
aceite conocido. El aparato interpreta la respuesta e indica la cantidad de aceite de la
muestra y el porcentaje que representa del total. EI contenido graso en base seca
(GMS) se determina mediante la expresion (3).

GMH
100—-HMV

GMS =

x 100 3

Siendo:

GMS: Contenido graso en base seca (%)
HMV: Humedad y materia volatil de la muestra (%)

GMH: Contenido graso en base humeda (%)
2.1.4. Rendimiento industrial

El rendimiento del proceso, se determina mediante el sistema de extraccion “Abencor”
(Abengoa, Sevilla) (Martinez et al., 1975). Se pesan 800 g de pasta de aceituna que
se bate durante 30 minutos a la temperatura de 28°C. La pasta una vez batida, se
centrifuga para la separacion de las fases soélida y liquidas. Las fases liquidas se
recogen en una probeta. El mosto oleoso, se deja decantar durante 10 min. Una vez
decantado y claramente separado el aceite del alpechin, se lee el volumen del aceite

y se calcula el rendimiento industrial (Rl) mediante (4).

RI (%) = VMLd x 100 (4)

Siendo:

RI: Rendimiento Industrial del proceso de extraccion
V: Volumen de aceite extraido (mL)
d: densidad del aceite= 0,915 g.cm-3

M: peso de la pasta de aceituna (g)
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2.1.5. Firmeza

Para determinar la firmeza de las aceitunas, se realizaron ensayos de puncién con un
penetrometro de reloj, marca Bertuzzi FT 327, con puntas de 4 mm de didmetro. Las
medidas se efectuaron en tres zonas diferentes del ecuador de cada fruto, pues se
debe tener en cuenta que la firmeza no es constante en todo el fruto. Los resultados

se expresaron en kg.cm-?,

2.2. Determinaciones analiticas en el orujo

Se han determinado la humedad (%) y el contenido graso del orujo. La humedad se
ha determinado siguiendo la misma metodologia descrita para el fruto. El contenido
en aceite sobre materia humeda, se ha determinado mediante un analizador de
contenido graso por R.M.N (Resonancia Magnética Nuclear), Bruker, modelo minispec

mq10.

El contenido graso del orujo en base seca (GMS), se obtiene mediante (5).

GMS (%) = % x 100 (5)

Siendo:

GMH: Contenido graso en base humeda del orujo (%)

HMV: Humedad y materia volatil del orujo (%)

2.3. Determinaciones del contenido en pectinas

2.3.1. Preparacion de los sdlidos insolubles al alcohol

Los sdlidos insolubles al alcohol (SIA) fueron preparados segun el método propuesto
por Levi et al. (1988). Asi, cinco gramos de pasta de aceituna se mezclaron cuatro
veces con 6 mL de etanol (70%) y la mezcla fue homogeneizada durante 2 min 30 s,
usando un politrén a velocidad maxima. Posteriormente, la muestra fue sometida a
dos extracciones con 6 mL de acetona, centrifugando a 4600 rpm durante 6 minutos.

El residuo resultante, se dejo secar a temperatura ambiente hasta obtener un peso
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constante de la muestra (Figura 1). A partir del peso del residuo seco, se evalué el
porcentaje de SIA presente en la muestra.

Aceitunas
deshuesadas (59)

4 homogenizaciones en sucesion con 6mL de etanol al 70%
2 extracciones con 6 mL de acetona

Centrifugacion a 4600 rpm durante 6 minutos

Secado a temperatura ambiente

N

? SIA: Sélidos insolubles al alcohol

—

Pectinas totales (PT)  Pectinas fraccionadas

SIA (5mg) SIA(0,29)
Agregacion de 2 mL de acido sulflrico y 1 4 extracciones con 20 mL de agua destilada
mL de agua destilada Agitacion durante 10 minutos
Agitacion durante 30 minutos Centrifugacion at 27,000 g durante 15 minutos
Filtracion a través de un filtro de fibra de
vdrio y ) > PSA: Pectina soluble en agua
Extracto péctico: PT Residuo

4 extracciones con 20 mL de buffer Tris/HCI, 0,1 M y 0,2% EDTA a un
pH de 6,2

Agitacion durante 10 minutos

Centrifugacion at 27,000 g durante 15 minutos

N

> PCa: Pectato de calcio

Residuo

2 extracciones con 50 mL de NaOH, 0,05 M
Agitacion durante 10 minutos
Centrifugacion at 27,000 g durante 15 minutos

PP: Protopectinas

v

Residuo

Figura 1. Proceso de extraccion de pectina
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2.3.2. Extracciones de las fracciones pécticas
200 mg de SIA fueron secuencialmente extraidos del siguiente modo:

Pectinas solubles en agua (PSA): Se efectuaron cuatro extracciones con 20 mL de
agua destilada. Una vez homogeneizadas a temperatura ambiente utilizando un
vortice-mezclador a velocidad maxima durante 10 min, las muestras fueron
centrifugadas a 27000 rpm durante 15 min a 23°C. Los extractos se decantan y se
filtran a través de un papel de filtro Whatman N°1, siendo enrasados a 100 mL con

agua destilada para su posterior analisis.

Pectinas solubles en pectato de calcio (PCa): Se efectuaron cuatro extracciones
con 20 mL de soluciéon tampén 0.1 M Tris/HCI y 0.2% EDTA, pH 6.2. Una vez
homogeneizadas a temperatura ambiente utilizando un vortex a velocidad maxima
durante 10 min, las muestras fueron centrifugadas a 27000 rpm durante 15 min a 23°C.
Los extractos se decantan, y se filtran a través de un papel de filtro Whatman N°1,

enrasando a 100 mL con agua destilada para su posterior analisis.

Pectinas insolubles o protopectinas (PP): Se efectuaron dos extracciones con 50
mL de NaOH 0.05 M. Una vez homogeneizadas a temperatura ambiente, utilizando
un vortex a velocidad maxima durante 10 min, las muestras fueron centrifugadas a
27000 rpm durante 15 min a 23°C. Los extractos se decantan, y se filtran a través de
un papel de filtro Whatman N°1, y se enrasan a 100 mL con agua destilada para su

posterior analisis.

Pectinas totales (PT): La fraccion total de pectinas se extrajo a partir de los SIA
siguiendo el método propuesto por Ahmed y Labavitch (1977). Se tomaron 5 mg de
los SIA a los que se agregaron 2 mL de acido sulfarico concentrado y 1 mL de agua
destilada. Se agitd la mezcla durante 30 minutos hasta disolucion total de los SIA 'y se
filtro a través de un filtro de fibra de vidrio, para asegurarse de que el sobrenadante
no contenga particulas de las muestras, como se detalla en la Figura 1. El filtrado
resultante de la hidrolisis, fue recolectado y diluido con agua destilada hasta 25 mL.

106




Materiales y Métodos

Todas las extracciones anteriores fueron conservadas a 5°C durante 24 h, previo a la

cuantificacion analitica del acido galacturénico (AG).
2.3.3. Cuantificacion del contenido en acido galacturénico

El contenido de AG en las diferentes fracciones pécticas, fue determinado mediante
el método espectrofotométrico de determinacion cuantitativa de acidos uronicos
propuesto por Blumenkrantz y Asboe-Hansen (1973) y modificado por Kinter y Van
Buren (1982), por incubacién de los extractos pécticos con acido sulfarico y el
consiguiente desarrollo del color mediante el metahidroxidifenilo (MHDP) en medio

alcalino, que tiene un maximo de absorbancia a la longitud de onda de 520 nm.

Para ello, se mezclaron en un tubo de ensayo 400 pL del extracto obtenido (PSA, PCa,
PP o PT segun corresponda) con 2400 uL de una disolucion de &cido sulftrico
concentrado/tetraborato de sodio (0.0125 M) en un bafio de agua con hielo. La mezcla
se realiz6 utilizando un vortex a velocidad maxima, con paradas intermitentes a fin de
asegurar la mezcla completa. Posteriormente, los tubos fueron calentados en un bafio
a 100°C durante 5 min e inmediatamente enfriados en un bafio con hielo durante 10
min. Seguidamente se adicioné 40 yL de una disolucion de MHDP al 0.15%
(preparada en NaOH 0.5%) y se mezcldé usando un voértex durante 1min 30 s.
Finalmente, las muestras se mantuvieron en reposo a temperatura ambiente durante

20 min, para estabilizar el color formado antes de realizar la lectura de la absorbancia.

La presencia de carbohidratos no uronicos que contiene la muestra (celulosa, almidén,
glucosa, fructosa y sacarosa), pueden producir cierta coloracion cuando son
calentados con la disolucion de acido sulfurico/tetraborato de sodio. Esta coloracion
adicional, afectaria a la lectura de la absorbancia de las muestras. Para descartar esta
interferencia, de forma paralela, se preparo otro tubo de ensayo siguiendo el mismo
procedimiento descrito, pero afiadiendo 40 ul de NaOH 0.5% en vez de la disolucion
de MHDP. Este segundo tubo corresponde al blanco de cada muestra. La absorbancia
del blanco de la muestra fue restada a la absorbancia total, a fin de cuantificar
Unicamente la absorbancia debida a la reaccion entre los acidos urénicos y el MHDP.

Cada medida, se realizd por duplicado, y se prepararon disoluciones con
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concentraciones conocidas de acido galacturonico (Sigma Aldrich) para construir la

recta de calibrado (Figura 2).
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Figura 2. Recta de calibracion del acido galacturénico

Este método, tiene la ventaja de la sensibilidad y especificidad de los acidos urdnicos
en relacién con los azlcares solubles, y de la estabilidad del color formado con el
tiempo (Carbonell et al., 1990). Los resultados fueron expresados como gramos de
acido galacturonico contenidos en 100 gramos de solidos insolubles al alcohol (g
AG/100 g SIA). Las medidas espectrofotométricas se realizaron a 520 nm, en un
espectrofotometro UV-VIS de Helwett Packard, modelo 8452A, con 'diode array'.

2.4. Determinaciones del contenido en metanol

5 mg de SIA se dispersaron en 2 mL de agua destilada, se homogeneizaron durante
1 min utilizando un voértex y se sonicaron durante 10 min en un sonicador con bafio de
agua. Las muestras se saponificaron, agregando 0.8 mL de una disoluciéon de
hidroxido de sodio (NaOH, 2mol/L), se incubaron una hora a 20°C bajo agitacion, luego
se neutralizaron con una disolucion de acido clorhidrico (HCI, 2 mol/L) y por ultimo, se

colocaron en un bafio de agua a 25°C, manteniéndose en reposo durante 15 minutos.
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La disolucion resultante, se filtr6 a través de un filtro de fibra de vidrio. EI metanol
liberado, se determind mediante el método propuesto por Klavons y Bennett (1986).
La reaccion se llevo a cabo mezclando 1 mL del filtrado obtenido, con 1 mL de alcohol
oxidasa (previamente diluida en agua destilada). La mezcla se incub6 durante 15
minutos a 25°C para permitir la oxidacion del metanol a formaldehido. Posteriormente,
se agregaron 2 mL de una disolucion de acetilacetona conteniendo, 20 mM de 2,4-
pentanodiona, 2 M de acetato de amonio y 0.05 M &cido acético, que reaccionan con
el formaldehido para formar un cromégeno amarillo. Las disoluciones obtenidas, se

homogeizaron en vértex durante 1min 30s, incubandose a 58°C durante 15 minutos.

Finalmente, las muestras se dejaron reposar durante 40 minutos a temperatura
ambiente y se ley0 la absorbancia a 412 nm, utilizando un espectrofotometro UV-VIS

de Helwett Packard, modelo 8452A, con ‘diode array'.

Para cuantificar la concentracion de metanol, se elaboré una curva patron utilizando

distintas concentraciones de metanol (Figura 3).

Los resultados se expresaron como micromoles de metanol por gramo de SIA (umol
MeOH/g SIA).
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Figura 3. Recta de calibracién del metanol
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2.5. Determinaciones del grado de esterificacion

El grado de esterificacion (ec. 6), se determind dividiendo los moles de los grupos
metoxilos y los moles de acido galacturdnico anhidro tal como describid anteriormente
(Fertonani et al., 2006).

NMeoH

— |—s1a__
DE = NaG
SIA

x 100 (6)

Siendo:

NwmeoH: nUmero de moles de metanol
Nac: numero de moles de acido galacturonico anhidro

SIA: sélidos insolubles al alcohol

2.6. Ensayo enzimatico

2.6.1. Extraccidn enzimatica

La metodologia que se utilizé para la obtencion de los extractos enzimaticos, se
adopto de Olias et al. (1993). Para la preparacion de los extractos, se utilizaron pulpa
de aceituna de las variedades ‘Arbequina’, ‘Picual’ y ‘Hojiblanca’, recolectados a

diferentes estados de madurez, desde el fruto verde inmaduro hasta el negro maduro.

Para la extraccion de la poligalacturonasa (PG) y la pectinmetilesterasa (PME), se
homogeneizaron trozos de aceitunas deshuesadas en un Ultra-Turrax T-25 a 24000
rpm durante 2 min, con un buffer fosfato de sodio (NazHPO4-NaHPOQO4, 20 mM, pH 7)
conteniendo 60 mM de NaCl, 0.5 M fluoruro de fenil metil sulfonil (PMSF) y 20% de

polivinilpolipirrolidona (PVPP), y con una relacién buffer: material vegetal 1:4.

Para la extraccion de las pectato-liasas, se utiliz6 como buffer el fosfato de sodio (20
mM, pH 7) conteniendo 20 mM de cisteina, 0.5 M fluoruro de fenil metil sulfonil (PMSF)

y 20% de polivinilpolipirrolidona (PVPP) con una relacion buffer: material vegetal 1:4.
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El homogeneizado, se filtré a través de 2 capas de miracloth y luego se centrifugo a
20000 rpm durante 20 min a 4°C, utilizando una centrifuga refrigerada Benchtop de
alta velocidad, modelo SIGMA 3-30KS. La fase acuosa intermedia es el extracto

enzimatico.

La concentracion de proteina presente en el extracto enzimatico, se determiné
utilizando el método propuesto por Bradford (1976) utilizando como estandar albumina
de suero bovino (ASB).

2.6.2. Determinacion de la actividad enzimatica

Seguidamente, se considera el procedimiento seguido para determinar la actividad

enzimaética.

2.6.2.1. Pectinmetilesterasa (PME)

Dado que la enzima pectinmetilesterasa, cataliza la reaccion de demetoxilacion de la
pectina dando como resultado cadenas de pectina de bajo metoxilo y metanol, en este
trabajo se ha empleado la cantidad de metanol liberado durante el proceso de
maduracion de la aceituna como un indicador de la actividad de la PME.

Para determinar la cantidad de metanol formado en el fruto, se uso el método
colorimétrico elaborado por Klavons y Bennet (1986). La reaccion se llevé a cabo
mezclando 100 pL de extracto enzimético con 150 pL de una solucion tampén fosfato
de sodio (NazHPO4-NaH2PO4, 0.1 M, pH 6.5) y pectina citrica al 0.1%. La disolucion
formada, se incubd a 25°C durante 15 min, deteniendo la reaccidn por calentamiento

en un bafo de agua a 100°C durante 10 min, para posteriormente dejar enfriar a 25°C.

A continuacién, la mezcla de reaccién se diluyé a 2 mL agregando 20 mM Tris/HCI,
pH 7.5. Seguidamente, el metanol se oxidd a formaldehido mediante el agregado de
1 unidad de alcohol oxidasa (previamente diluida en agua destilada) e incubacion
(25°C, 15 min). Finalmente, se agregd 1mL de una disolucion conteniendo 20 mM 2,4-
pentanodiona y 2 M de fosfato de amonio, que reaccionan con el formaldehido para

formar un cromogeno amarillo que absorbe a 412 nm. La absorbancia de las muestras
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se leyo utilizando un espectrofotdmetro UV-VIS de Helwett Packard, modelo 8452A,

con 'diode array'.

Para cuantificar la concentracién de metanol se elabord una curva patrén utilizando

distintas concentraciones de metanol (Figura 4).
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Figura 4. Recta de calibracion del metanol

La actividad especifica es la cantidad de PME que forma lumol MeOH/mg

proteina-min.

2.6.2.2 Poligalacturonasa (PG)

La actividad de la poligalacturonasa (PG), se determiné cuantitativamente midiendo la
cantidad de grupos reductores producidos durante la reaccion de esta enzima en acido
poligalacturénico (APG). La cantidad de los grupos reductores, se determind
colorimétricamente por el método propuesto por Gross (1982) utilizando 2-
cianoacetamida (Honda et al., 1982). De cada uno de los extractos, se tomaron 50 uL
de enzima, se incubaron a 35 °C durante 10 min con 150 pL de acido poligalacturénico

al 0.3% preparado en buffer acetato 40 mM pH 4.4. La reaccion se detuvo al tratar con
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2 mL de buffer borato 0.1M pH 9.0 frio, y 400 uL de 2-cianacetamida al 1% en agua.
Las mezclas se agitaron en vortex durante 5 segundos y se incubaron en bafio maria
a 100 °C durante 10 min, se colocaron en bafo de hielo durante 10 minutos y se
mantuvieron en reposo a temperatura ambiente durante 40 min. Finalmente, se leyo
la absorbancia a 276 nm utilizando un espectrofotometro UV-VIS de Helwett Packard,

modelo 8452A, con 'diode array'.

Para cuantificar la concentracion de los grupos reductores, se elaboré una curva
patrén utilizando distintas concentraciones de acido monogalacturénico disuelto en un
buffer acetato de sodio (40 mM, pH 4,4) suponiendo que la concentracion de acido
monogalacturénico (mM) es proporcional a la cantidad de los grupos reductores (mM)
(Figura 5).
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Figura 5. Recta de calibracion del &cido galacturénico

La actividad especifica de la PG es la cantidad de acido galacturénico liberado

formando 1 pmol de grupos reductores/mg proteina-min a 30°C.
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2.6.2.3. Pectato-liasa (PcL) y pectin-liasa (PL)

Las actividades de pectato-liasa (PcL) y pectin-liasa (PL), se determinaron mediante
la cuantificacién de los productos C4 y C5 insaturados espectrofotométricamente a
235 nm (Hasegawa y Nagel 1966; Collmer et al., 1988). La reaccién se llevd a cabo
incubando 100 del extracto enzimatico con 1 mL de acido poligalacturénico al 0.4% a
los que se agregaron 500 pL de buffer Tris/HCI (200 mM, pH 8) y 0.4 mL de dicloruro
de calcio (CaClz, 25 mM) durante 10 min a 40°C. Posteriormente, la reaccién se detuvo
agregando 2 mL de una solucion de acido clorhidrico (HCI, 50 mL). La absorbancia se
leyd utilizando un espectrofotometro UV-VIS de Helwett Packard, modelo 8452A, con

'diode array'.

Para cuantificar los urénidos 4,5-insaturados liberados durante esta reaccion, se ha
propuesto que el coeficiente de extincion molar para PcL es de 4600 M-icmy 5500

M-lcmpara PL (Hasegawa y Nagel 1966).

Una unidad de la actividad especifica de PLs se define como la cantidad de enzima
gue libera 1 nmol de productos insaturados por minuto y mililitro de sobrenadante bajo

la condicion anterior.

2.7. Determinaciones del contenido en proteinas

2.7.1. Proteinas del fruto

Para determinar el contenido de proteinas en los frutos, se tomaron 3 gramos de la
pulpa de aceituna y se homogenizaron con 10 mL de agua destilada durante 1 minuto
utilizando un ultra-turrax T25 a 2400 rpm. Las muestras fueron luego centrifugadas a
10000 rpm durante 10 min utilizando una centrifuga refrigerada benchtop de alta
velocidad modelo SIGMA 3-30KS. El contenido total de proteinas, se determiné de
acuerdo a una modificacion del método descrito por Bradford (1976) el cual implico la
adicion del colorante acido azul brillante de Coomassie G-250. Se tomaron 900 pL del
sobrenadante obtenido tras la centrifugacion, a los que se agregaron 3.5 mL de agua
destilada y 600 pL del reactivo de Bradford. Después de una agitacion de 5 segundos
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a temperatura ambiente, las muestras se dejaron en reposo durante 15 minutos y se
leyé la absorbancia a 595 nm utilizando un espectrofotbmetro UV-VIS de Helwett
Packard, modelo 8452A, con 'diode array'. Para cuantificar la concentracién de
proteinas, se elabor6 una curva patréon utilizando distintas concentraciones de
albumina de suero bovino (ASB) (Figura 6). Los resultados fueron expresados en

miligramos de proteinas por gramos de peso fresco.
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Figura 6. Recta de calibracion de la albumina de suero bovino (ASB)
2.7.2. Proteinas en los sélidos insolubles al alcohol

Para determinar el contenido de las proteinas en los solidos insolubles al alcohol (SIA),
se pesaron, en unos tubos Eppendorf, 10 mg de los SIA a los que se agreg6 1 mL de
hidroxido de sodio (NaOH, 1N). Posteriormente, las muestras se agitaron durante
1min 30s utilizando un vortex, y se colocaron en un bafio de agua caliente a 100°C
durante 10 min luego se mantuvieron en reposo a temperatura ambiente durante 20
min y se centrifugaron durante 5 min a 13000 rpm, utilizando una centrifuga refrigerada
benchtop de alta velocidad modelo SIGMA 3-30KS.

El contenido total de proteinas, se determiné de acuerdo a una modificacion del
método descrito por Bradford (1976). Se tomaron 10 pL del sobrenadante obtenido
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tras la centrifugacion, a los que se agregaron 70 yuL de agua destilada y 20 pL de
reactivo de Bradford. La mezcla se mantuvo en agitacion a temperatura ambiente
durante 15 minutos y se ley0 la absorbancia a 595 nm, utilizando un espectrofotdmetro
UV-VIS de Helwett Packard, modelo 8452A, con 'diode array'.

Para cuantificar la concentracion de proteinas en los SIA, se utilizé la curva patron que
se muestra en la Figura 6, y los resultados fueron expresados como miligramos de

proteinas por gramos de SIA.

2.8. B-eliminacioén

La B-eliminacion es una reaccion mediante la que se forma un doble enlace en el
residuo de &cido galacturénico, cuando los enlaces glicosidicos de las cadenas
pécticas se rompen. Para cuantificar el grado de B-eliminacién, se mezclaron 2 mL de
los extractos pécticos con un buffer fosfato de sodio (NaPi, 0.1 M, pH 0.8). Las
disoluciones obtenidas, fueron agitadas mediante vortex durante 1min 30s, se
colocaron en un bafio de agua caliente a 80°C, y se incubaron durante 8 horas para
permitir la hidrolisis de las muestras. La reaccion se detuvo colocando las muestras

en un bafo de hielo durante 10 minutos y se midié la absorbancia a 235 nm.

La concentracion de los uronidos 4,5-insaturados se calcul6 utilizando un coeficiente

de extincion molar de 5412 mol* cm* (Krall y Macfeeters, 1998).
Los resultados se expresan como pmol residuos insaturados/umol acidos urénicos.

2.9. Caracterizacion de las pastas de pulpa de aceituna

2.9.1. Preparacion de las muestras

Se hicieron dos coloraciones sobre las muestras: la primera con un sensor de
peroxidacion lipidicas: BODIPY 665/676 (Invitrogen, Carlsbad, NM, USA), la segunda
con una disolucion alcalina de rojo congo (Sigma Aldrich), para visualizar los lipidos y

las paredes celulares, respectivamente.

Las muestras diluidas 20 veces con agua destilada fueron incubadas con 40 pL de
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rojo congo (10 g/L) y 2 uL de Bodipy (2.5 mg/mL en dimetilformamida (DMF)). Tras un
reposo de 3 horas a 20°C, las muestras coloradas se colocaron sobre el portaobjetos,
se cubrieron con el cubreobjetos y se sellaron con una capa autoadhesiva de 0.25 mm

de espesor.
2.9.2. Observaciones microscopicas

Se empled un microscopio laser confocal de barrido (CLSM) TCS SP2 (LEICA)
equipado con una fuente UV-vis y un plano focal motorizado con un objetivo (x40),
para visualizar la evolucion de las particulas de pulpa de aceitunas durante tres fases

de maduracion del fruto: fruto verde, envero y fruto maduro.

El microscopio dispone de tres laseres: dos de helio-nedn que emiten fluorescencia a
longitudes de onda de 633 y 543 nm, respectivamente, y un laser de argon que emite

fluorescencia a una longitud de onda de 488 nm.

En las imagenes, la pared celular aparecié en verde, la materia grasa en rojo y la

superposicion de los dos materiales en amarillo.

2.10. Ensayos reoldgicos

Las medidas reoldgicas se llevaron a cabo dentro del intervalo viscoelastico lineal,
utilizando un redmetro de deformacion controlada (MCR301, Anton Paar, Austria).

Todas las muestras se analizaron a temperatura constante de 20°C.

Las pruebas oscilatorias de las muestras de pulpa de aceituna, se realizaron usando

una geometria de seis paletas, con radio interior de 11 mm y altura de 16 mm (Fig. 7).

Las muestras se colocaron en una copa estacionaria exterior, de un radio externo de

13.92 mm y un hueco de 2,92 mm.

Para determinar el dominio viscoelastico lineal, las pruebas de barridos oscilatorios de

esfuerzos se llevaron a cabo a una frecuencia angular de 2 Hz.
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Figura 7. Geometria de seis paletas

La Figura 8, muestra un ejemplo de curva de flujo, ilustrando los cambios de

deformacion en funcion del esfuerzo cortante en escala logaritmica.
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Figura 8. Diagrama de flujo (escalas logaritmicas) de pasta de pulpa de aceitunas

de la variedad ‘Arbequina’ cosechadas en diferentes estados de madurez
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Como se aprecia en la Figura 8, a medida que aumenta el esfuerzo cortante, se
incrementa la deformacion unitaria del material que se estd ensayando, hasta la

observacion de un importante aumento de la deformacién marcando el inicio del flujo.

El limite de elasticidad dinamico (owLp), se estimO a partir de la interseccion de las

tangentes de dos segmentos distintos de la curva esfuerzo cortante-deformacion.

Las mediciones de los barridos de frecuencia, se realizaron dentro de la regién
viscoelastica lineal en el intervalo 0,5 a 100 Hz. Las amplitudes de los médulos G’

(mddulo de almacenamiento) y G" (mddulo de pérdida) se tomaron a 2 Hz.

El factor de amortiguacion (tan 8), que mide la contribucion del médulo viscoso
respecto al modulo elastico de un material a una frecuencia dada (Ahmed y
Ramaswamy, 2007), se determind en la misma frecuencia a la que se determinaron
GyG"

Para proporcionar una buena repetitividad, se hicieron tres repeticiones de cada

tratamiento, y sélo los valores medios fueron utilizados para construir las curvas.

2.11. Determinacién de la actividad emulsionante

La actividad emulsificante (AE), se determind siguiendo el método de Dalev y
Simeonova (1995) adaptado: en tubos graduados, las emulsiones se prepararon
afadiendo 1 mL de aceite de oliva virgen a 2.5 mL de disolucion acuosa de acido
poligalacturénico (APG) (0.5% wi/v) como fuente de pectina.

Una vez homogeneizadas a temperatura ambiente, mediante un vortex, a velocidad
maxima durante 3 min, las muestras fueron centrifugadas a 527 G durante 5 minutos,

a 23°C. La actividad emulsificante fue calculada a través de la ecuacion (7):

CEy

AE = 2% 100 7)

Siendo:

T, : Volumen total de la disolucién
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CE,: Volumen de la capa emulsionada

2.12. Analisis estadistico

Se harealizado el analisis de la varianza para la mayoria de los ensayos. Cuando las
diferencias fueron significativas, la separacién de medias se realizé mediante el Test

de Tukey para un nivel de significacion (p< 0,05).

Letras minusculas en las Tablas de resultados, indican diferencias significativas entre
tratamientos. Ademas se ha calculado el porcentaje de varianza con cada factor que
contribuye a la variacion total observada para cada uno de los parametros estudiados.

Para la realizacion de los analisis estadisticos se ha empleado el programa Statistix,

version 9.0 Analytical Software U.S.A.
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Micronized natural talc with a low particle size and a high
carbonate rate is more effective at breaking down oil-in-water
emulsion

Abir Sadkaoui', Antonio Jiménez', Rafael Pacheco?® and Gabriel Beltran'

T IFAPA Centro “Venta del Llano”, Junta de Andalucia, Mengibar, Jaén, Spain
2 Departamento de Ingenieria Quimica, Ambiental y de los Materiales, Universidad de Jaén, Jaén, Spain

ABSTRACT

Micronized natural talc (MNT) has demonstrated to be very useful to break down

emulsions formed during virgin olive oil extraction process improving the oil yield.

This study was aimed to obtain more insights into the mechanisms of MNT to break
down oil-in-water emulsions. For this purpose, laboratory scale experiments were
performed in order to evaluate the effect of different pectin concentrations (0.5%, 1%,
1.5% and 2%), used as emulsifier agent, on the behavior of oil-in-water interface.
Afterward, to evaluate the effect of MNT dosage as well as its physicochemical
characteristics on breaking o reducing emulsions, four MNTSs differing in their particle

size (D50) and carbonate rate were assayed at doses ranging from 0% to 1%.

Increasing pectin concentration gave a rise in the emulsifying activity (EA). The
emulsifier effect of pectins was weakened by the addition of increasing MNT dose.
MNT physicochemical characteristics markedly affected the breaking of oil-in-water
emulsions. Nonetheless, its effect depends on the dose of MNT applied to the
emulsion. The highest decrease in EA was observed for that MNT with the lowest D50
(2.4 um) and the highest carbonate rate (4%) at 0.5 %.In general, MNT containing
lower D50 and high rate of carbonate showed better capacity in breaking oil-in-water

emulsion.
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Practical applications: So far as can be ascertained, no quantitative study has been
made, in vitro, on the relative merits of the MNT addition as technological aid in
breaking down the oil-in-water emulsions. This study provides deeper insights into the
clarification of the effect of the pectins as emulsifier agent, on agueous emulsions of
‘Hojiblanca’ Virgin olive oil and how the addition of different doses of MNT, with
different physicochemical characteristics, carried out the breaking of the oil-in-water

emulsions.

Keywords: Micronized Natural Talc / Pectins/ Emulsifying Activity / Carbonate rate /

Particle size / Oil-in-water emulsion / Virgin olive oil.

Abbreviations: ANOVA - analysis of variance, D50 - particle size, EA - emulsifying
activity, ELv - emulsified layer; HSD - honest significant difference, MNT — micronized
natural talc, PGA - polygalacturonic acid, PSD - patrticle size distribution, SD - standard
deviation, w/v — weight/volume, Wy - whole volume of the solution. Graphical
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1. INTRODUCTION

Virgin olive oil production, unlike that of other vegetable oils, is a mechanical process
that consists of crushing, malaxation and oil separation [1, 2, 3]. Several studies
showed that the most fundamental phase of the extraction process is the olive paste
malaxation since it let to increase the oil yield. During this mechanical step, oil remains
inside the unaltered cells or is left in the colloidal system of the olive paste (microgels)
and some is bound in an emulsion with the vegetable water [4]. The difficulty of
releasing this “bound” oil can be explained because the droplets of dispersed or
emulsified oil are surrounded by a lipoprotein membrane (phospholipids and proteins)
[5]. Furthermore, an important potential factor in determining extractability of olive
paste is the high molar mass of polymeric substances derived from cell wall
polysaccharides during processing. These substances are natural emulsifier agents
present in olives. They promote emulsion formation and short-term stabilization by
interfacial action [6]. This effect is more important when the fruits are harvested at the

first stage of ripening and have high moisture content, usually above 55% [7].

Some olive varieties, such as ‘Hojiblanca’, achieve their highest content of pectic
substances during veraison stage [8] which represents the usual picking period.
Harvesting at this stage may produce emulsions during malaxation due to the presence
of cell wall pectic polysaccharides with emulsifying activity. These emulsions lead to
the formation of the so-called ‘difficult pastes’ which lessen substantially the oil yield.To
break down these emulsions, some technological coadjuvants have been successfully
developed. A combination of pectolytic, cellulolytic and hemicellulolytic plant enzymes
have been used to break emulsions improving not only the oil yield but also the
nutritional quality of the oil [9, 10]. Nevertheless, the use of technological coadjuvants
with chemical or biochemical activity is forbidden by European regulations on virgin

olive oil production [11].

The use of common salt (NaCl) could represent a feasible mean for the improvement
of oil extraction [12; 13]. Its action, which is exclusively physical, is based on the

repulsion between the oil and the hydrophilic phases due to the increased ionic charge
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as well as its density [13]. Koprivnjak et al. (2015) [14] found that a significantly higher
extractability of oil from 25 to 29% compared to the control, p < 0.05) was obtained by
adding 3% of NaCl. Furthermore, in a research study describing the effect of salt
addition on the solubility of phenolic compounds in olive mill waste water, Noubigh et
al. (2006) [15] found that as the concentration of the NaCl increases, more and more

water is bound up in hydration shells depending on the salt ability to coordinate water.

Another powerful emulsion breaker authorized by European Union regulations (CE
Directive 30/2001) is the calcium carbonate (E170) [4]. This aid does not react with oils
because of its crystalline structure and it is easily removed by centrifugation together
with olive pomace due to its high density (2.72 g/cm3) and water affinity [4]. A recent
research study conducted by Ben Brahim et al. (2015) [16].revealed that adding a ratio
of 1.6% of calcium carbonate to the olive paste at a malaxing temperature of 31 °C
during 20 min has important advantages. Indeed, it increases oil yield by 2% phenol
and pigments contents without affecting the oil quality, as well as improves the

antioxidant activity.

Currently, micronized natural talc (hydrated magnesium silicate) is the most widely
used coadjuvant for oil extraction [17, 18] due to its exclusively physical action [4]. The
use of talc as coadjuvant during malaxation has been proved to improve the
extractability [7, 13], but it has not a marked effect on the quality parameters of olive
oil [10, 19]. The same was observed by Carrapiso et al. (2013) [17] for laboratory trials
used on ‘Carrasquefa’ and ‘Picual’ cultivars. In general, the amount of talc used ranges
from 0.3% to 1% of fresh weight [20] although an over dose can reduce the process
yield.

The hydrophobicity of talc has been thoroughly studied; its breakage during milling
forms two surfaces [21, 22]. One surface results from the easy breaking of the Van der
Waals bonds of a surface from its neighbour [23] which forms a basal face that is
hydrophobic. The other surface is generated from the ionic/covalent bonds within the
layers and form edges that are hydrophilic in nature [21, 22, 24].
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From the chemical point of view, the hydrophilic or ionic face would be in an unstable
state immediately after the bond breakdown and would seek to react with ions of the
opposite charge in order to return to their stable state. Furthermore, micronized natural
talc (MNT) physicochemical characteristics vary from deposit to other. Among the most
studied MNT characteristics, particles size and carbonate rate may affect substantially

the break of oil-in-water emulsions and thus industrial oil yield [25, 26, 5]

The purpose of this study was to determine the effect of the pectin addition, as
emulsifier agent, on aqueous emulsions of ‘Hojiblanca’ Virgin olive oil and how the
addition of different doses of MNT with different physicochemical characteristics affects

to breakdown of oil-in-water emulsions.
2. MATERIALS AND METHODS

For this work, olive trees (Olea europaea, L.) of ‘Hojiblanca’ cultivar with uniform
characteristics were selected. The trees were spaced 7*7 m and grown in the
experimental orchard of Center IFAPA “Venta Del Llano’-Mengibar, Jaén (Spain)
using standard growing techniques. This work was performed during the crop year
2012/13.

Fruit samples were harvested by hand at the ripening index 4.53, according to the fruit
classification based on skin and flesh colour described in the ripening index method
[27].

The virgin olive oil was extracted in the pilot oil mill of IFAPA Venta Del Llano equipped
with a continuous extraction system (Pieralisi, Spain) working at two phases way. In
this experiment, has been determined the effect of the physicochemical properties of
the MNT on the emulsifying activity (EA) of an oil-in-water system prepared with
different pectin amounts. Four commercial MNTs have been used; their main physical
and chemical characteristics are shown in Table 1. In the experiment a factorial design
was selected considering three variables: type of MNT (MNT1; MNT2; MNT3 and
MNT4), MNT dose added to the emulsion (0, 0.25%, 0.5% and 1%); and the
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concentration of pectin added to the emulsion (0, 0.5%, 1%, 1.5% and 2%). The assay

was carried out by triplicate.

Table 1 Basic data of the used micronized natural talc (MNT) used in the experiment

Coadjuvant Carbonate Medium particle size Density Specific surface

% D50, um g/lcm®  B.E.T, m?/g
MNT 1 4 24 2.77 7
MNT 2 0.8 7.1 2.78 9
MNT 3 0.5 13 2.77 7
MNT 4 1.1 16.3 2.78 6

Emulsifying activity (EA) was assessed using the Dalev and Simeonova procedure
[28]. In graduated tubes, emulsions were prepared by adding 1 mL of virgin olive oil to
2.5 mL of polygalacturonic acid (PGA) aqueous solution (0.5%, w/v), as a source of
pectin. The mixture was homogenized at room temperature in a vortex mixer at
maximum speed, for 3 min. Samples were centrifuged at 5279, for 5 min, at 23°C then
the whole volume of the solution (Wy) and the emulsified layer volume were measured
(ELv). EA was calculated using the Equation (1):

EA = 2¥ x 100 (1)
Wy

Statistical analysis: In the Tables, results are expressed as mean values + standard
deviation (SD). Analysis of variance (ANOVA) was applied. Tukey’s HSD test was used
to determine significant differences between means (p<0.05). These determinations

were carried out using the software Statistix, Version 9.0.
3. RESULTS AND DISCUSSION

Changes in the emulsions were tested by measuring their Emulsifying activity (EA).
Among the factors studied, pectin amount used for oil-in-water emulsion (either with or
without use of the MNT) was the main factor affecting the EA since represents around
86 % of variability observed in the ANOVA (Table 2).
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Table 2. Partial mean squares from analysis for the effect of pectin concentration and

talc physic-chemical characteristics and dosage on the Emulsifying activity (EA)

Factor DF2 MSP SST¢ pd
Total 239

Talc (A) 3 162.46 1.43**  0.0000
%Talc (B) 3 426.73 3.75**  0.0000
Pectins (C) 4 7336.23 86.01*** 0.0000

AxB 9 23.70 0.63* 0.0245
AxC 12 17.89 0.63" 0.0799
BxC 12 37.35 1.31* 0.0001
AxBxC 36 11.28 1.19™ 0.4069
Error 160 10.77 5.05

ns: no significance; *Significance level p, 0.05; ***Significance level p, 0.001; 2 Degree of freedom; °
Mean squares; ¢ Partial mean square for the effect expressed as percentage of the total corrected sum
of square

d Statistical significance.

Both, Talc type and its dose showed a highly significant effect too, although explained

a lower variability percent.
3.1. Effect of pectin concentration on emulsifying activity (EA)

Figure 1 shows the changes in EA with increasing pectin concentrations. EA increased
with pectin percent, achieving significant differences between the higher pectins
concentrations (1.5 and 2 %) and the rest. However pectin content higher than 1.5 %
did not produce significant raise. For the control, without pectin addition, EA was not
detected although a thin emulsion was formed after mixing. This emulsion may be due
to virgin olive oil phospholipidic components that show amphiphilic character [29].
However, these emulsions were unstable and could be separated into two layers after
centrifugation. Pinoti et al. [30] proposed that pectin molecules adsorbed to the surface
of the oil droplets of emulsion could act as polymer bridges holding the droplets
together. Once pectins are strongly adsorbed to the oil-in-water interface, they can
stabilize emulsions for long periods probably enhancing the electrostatic repulsion
among the emulsified droplets [6]. Therefore pectin may be considered the main
responsible of the oil emulsified during processing olive ‘difficult pastes’. This short-
term stability can be explained by the fact that emulsions formed between oil and water

are thermodynamically unstable systems that break down over time.
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Figure 1 Effect of pectin concentration on the EA considering the four types and doses
of MNT

Different letters means significance differences at *p: 0.05, **p: 0.01; ***p: 0.001.

3.2. Effect of MNT dose on the emulsifying activity (EA)

Other significant factor affecting to the EA is the MNT dose added to the emulsion.
Because pectin concentration was the main responsible of EA variability and its
interaction between MNT dosage and MNT type was significant, a separated ANOVA
analysis for each pectin concentration was established (Table 3) in order to clarify the

results discussion.

As can be seen, independently of the pectin concentration, the physicochemical
characteristics of MNT used as well as its dose affected significantly (p< 0.001) to the
EA. Moreover, the main factor explaining the variability of EA values for all the tested

pectin concentrations was the MNT dose.
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Table 3 Partial means squares from analysis for the effect of MNT physicochemical
characteristics and dosage on the EA for each of the percentages of pectin (0.5%, 1%,
1.5% and 2%).

Pectin dose Total MNT (%) MNT AxB Error
(A) type(B)
DF2 47 3 3 9 32
0.5% MSP 215.747 171.077" 36.234™ 6.925™ 1.511
SSTo 70.06 14.84 8.51 6.60
1% MSP 196.036 156.167 32.184 6.095 1.590
SSTo 69.84™ 14.39™ 8.18™ 7.58
1.5% MSP 155.5227 85.8794™ 62.7089™ 5.5870" 1.3474
SSTo 47.78 34.89 9.33 8.00
2% MSP 128.6811 76.9103™ 46.767™ 4.4200™ 0.8741
SSTo° 52.69 31.84 9.08 6.39

a Degree of freedom; ® Mean squares; ¢ Partial mean square for the effect, expressed as percentage, of
the total corrected sum of square; * Significance level p: 0.05;™ Significance level p: 0.01;™ Significance
level p: 0.001

Considering the pool of MNT and pectin concentrations, the addition of MNT at doses
between 0.25 and 1% reduced the emulsifying effect of the pectins (Fig. 2) although in
general, significant differences could be detected only for the highest MNT dose.

30
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0,25%  0,50% 1%

MNT (%)

Figure 2 Effect of MNT dosage on the EA considering the four coadjuvant and the five
pectins concentrations
Different letters means significance differences at *p: 0.05, **p: 0.01; ***p: 0.001.

In Figure 3 can be observed how the four MNTSs, at different doses, affect to EA for

each pectin percent.
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Figure 3. Effect of the physicochemical talc characteristics (used at different doses)

and pectin concentration on the emulsifying activity of ‘Hojiblanca’ virgin olive oil

(A): MNT1: (4% (CaCOg3); 2.4um); (B): MNT2: (0.8% (CaCOz); 7.1um); (C): MNT3: (0.5% (CaCO3);
13um); (D): MNT4: (1.1% (CaCO3); 16.3um).

MNT1 produced the most important decrease in EA even at low doses; the best
reduction was achieved at 0.5%. MNT3 showed lesser EA reduction even for the

greatest dose. The effectiveness of the MNTs was lowered as pectin percent was
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increased in the emulsion. The capacity of MNT to break the oil-in-water emulsions
could be explained by its hydrophobic character which is responsible for the surface
activity of pectin substances. In fact, the hydrophobic or ionic face of the talc would be
in an unstable state and would seek to react with ions of the opposite charge in order
to return to their stable state. As pectins are anionic hydrocolloid emulsifiers [31], they
represent a negative charge, acting as a strong anchor point at the oil-in-water
interface; therefore producing the attraction of the positive face of talc particle and the
formation of pectin-talc complex [32]. Therefore, the addition of MNT to the oil-in-water
emulsions may generate electrostatic interactions between the coadjuvant and pectins

because they are two oppositely-charged components.

As can be observed in Figure 4, the emulsified layer decreases when MNT was added.

Pectin/Talc complex

Figure 4. Visual observation of 1% pectin oil-in-water emulsion with addition of MNT
at dose of 0.5% (T1) and 1% (T2) MNT

This suggests that there was enough talc present with positive charge to completely
compensate the negative charge of the pectin. It can lead to a macroscopic phase

separation and formation of pectin/talc complex that sediments after centrifugation.
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The pectin molecules adsorbed to the surface of the oil-in-water system are lowered,
giving the breaking of the emulsions and the decrease of the EA caused by pectins. It
depends on the MNT dose and its physicochemical characteristics. These results are
in agreement with previous works [33] that described when the amount of positive
charge on the talc and negative charge on the pectin are equal, the full charge
compensation could lead to aggregation of the soluble complexes and, finally, to
complex coacervation/precipitation. Pectin-MNT complexation may affect to the pectin
adsorption rate at oil-in-water interfaces. Various factors may contribute to this: (i) due
to complexation, the positive talc particles are partitioning over polysaccharide bound
and the free state, implying that less talc is ‘available’ for direct adsorption; (ii) the
bound state diffuses much more slowly than the free state, because of the larger
hydrodynamic radius of the pectin ‘carrier’ and (iii) the attachment of the bound talc to
the oil-in-water interface may be hindered by the presence of the surrounding pectins
[34].

3.3. Effect of MNT physicochemical characteristics on emulsifying activity (EA)

When the MNTs assayed were compared, considering the pool of MNT and pectin
doses, (Fig. 5) significant differences were not found between them. The highest value
of EA was obtained using MNT 4, characterized by the highest particle size (D50, 16.3
pm) and a carbonate rate relatively low (1.1%). The lowest EA value was obtained
using MNT1 characterized by the highest carbonate rate (4%) and the lowest particle
size (2.4 pm). These findings confirm the results found by others authors [25, 26]
reporting as MNT physicochemical characteristics play an important role in breaking
oil-in water emulsions and then, on oil yield. Therefore the efficiency of talc to break
down emulsions is not only affected by the dose applied to the emulsion but also by its

mineralogical composition, morphology and particle size distribution (PSD).
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Figure 5. Effect of MNT physicochemical characteristics on the EA considering the

four MNT doses and the five pectins concentrations
Different letters means significance differences at *p: 0.05, **p: 0.01; ***p: 0.001.

The excellent effectiveness of MNT1 was due to its fine particle size and its high
carbonate content. MNT1 had the lowest D 50 and thus the greatest active surface
area which let to adsorb a great amount of pectin and water molecules. Furthermore,
this talc (MNT 1) had the highest rate of carbonate enhancing the breaking of oil-in-

water emulsion by releasing oil droplets that merge into larger drops.

In order to confirm these results and explore the influence of physical and chemical
characteristics of the MNT on the EA, the effect of these two parameters on emulsions
has been analyzed.

Increased particle size seems to have a greater negative effect on EA and thus on oill
extraction. For each MNT dose, EA showed a rising trend as particle size increased
(Fig. 6A). The surface hydrophobicity of MNT increases as particle size was smaller
due to an increase in the value of contact angles [35]. Therefore, the high
hydrophobicity of MNT1 was predominantly due to the high surface area generated by

its smaller particle size.
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Figure 6. Correlation between EA and MNT physicochemical characteristics applied
at different doses

(A): Particle Size: D, 50; (B): Carbonate rate

MNT for oil mill contains significant amounts of by-minerals such as carbonate. Several
studies have showed that this component plays a major role in breaking down
emulsions during olive paste kneading step [4]. In Figure 6B, is shown as the use of
different MNT doses induced an increase in the EA as the MNT carbonate rate
increased in the range 0.5 — 1.1%. For higher carbonate content (4%) a marked EA
decrease was obtained. Therefore, MNT containing high carbonate content showed a
better capacity to break oil-in-water emulsions. Carbonate is a rich-calcium component
and therefore can enhance the formation of electrostatic complexes between the

anionic pectic and calcium anions [36].
4. CONCLUSIONS

Results showed the effect of pectins on the oil-in-water interface giving an increase of
the EA. It can confirm the role of pectins making oil-in-water emulsion during
processing olive ‘difficult pastes’. However, this emulsifier effect of pectins can be
weakened by the addition of MNT.
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The capacity of MNT to break the oil-in-water emulsions could be explained by its
hydrophobic character which is responsible for the surface activity of the pectin
substances. The addition of MNT to the oil-in-water emulsions generated the apparition
of electrostatic interactions between the coadjuvant and pectins due to their opposite
charges. After olive paste centrifugation, the formed complex is sedimented, leading
to a reduction of the pectin molecules adsorbed in the surface of the oil-in-water
system; thus generating the break of the emulsions and the decrease of the EA caused

by the pectic polysaccharides.

The effectiveness of MNT to breaking emulsions depended not only on the dose but
also on its physicochemical characteristics. The most efficient MNT was characterized
by the highest carbonate rate and the lowest particle size achieving the lowest EA for
a dose of 0.5%. Likewise, the effect of MNT physicochemical characteristics depended
on the dose applied to the oil-in-water emulsion. Therefore a higher efficiency for other
MNTs with lower carbonate rate and larger particle can be achieved by applying higher
MNT doses.
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ABSTRACT

The aim of this work was to assess the effect of physicochemical characteristics of
micronized natural talc (MNT) and its dosage on the industrial oil yield (1Y) during virgin
olive oil (VOO) extraction of Hojiblanca fruits. For this purpose, laboratory scale
experiments were performed testing four commercial MNTs differing in their particle
size (D50) and carbonate rate at doses ranging from 0% to 3%. The most efficient MNT
was characterized by the highest carbonate rate and the lowest particle size achieving
the highest improvement of the IY for a dose of 2%. It was also found that the effect of
particles size and carbonate rate depends on the MNT dose, being much more
pronounced at lower doses and that the use of MNTs with low carbonate levels or high

particle size could be compensated using higher doses of talc.

Practical applications: This study provides deeper insights into the clarification of the
effect of the addition of different doses of MNT, with different physicochemical
characteristics on oil yield of ‘Hojiblanca’ olive fruits. The information contained in this
study should be taken into account to choose the suitable MNT dose considering its
physicochemical characteristics in order to improve the oil yield for the so-called
‘difficult pastes’.

Keywords: Carbonate rate / Micronized natural talc / Particle size / Process industrial

yield / Talc dose
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Abbreviations: analysis of variance; DF: degree of freedom; D 50: particle size
diameter; FW: fruit weight; 1Y: process industrial yield; MNT: micronized natural talc;
M: moisture content; MS: mean squares; OFDW: fruit oil content on dry weight basis;
OFFW: fruit oil content on fresh weight basis; P: statistical significance; r2: coefficient
of determination; RI: ripening index; S BET: specific surface area; SD: standard error;
SSTO: partial mean square for the effect, expressed as percentage of the total
corrected sum of squares; SW: stone weight; T: temperature; X Carb: percentage of

carbonate content in the talc.
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1. Introduction

Virgin olive oil is extracted from olive fruit using only mechanical processes including
olives crushing, malaxation of resulting pastes and separation of the oily phase

essentially by pressure or centrifugation [1].

Oil contained within the mesocarp cells is released during the crushing and malaxing
process. In some cases, oil is retained within the cell walls rather than being released
during the crushing and malaxation [2]. Such pastes are called ‘fluent’ or ‘difficult’, and
are typically obtained from varieties as the Spanish ‘Hojiblanca’ and ‘Picual’, and
occasionally from other varieties when freshly harvested olives are processed [3].
Among the factors affecting to extractability of the olive paste can be considered the
pectic substances derived from cell wall polysaccharides. These substances are
natural emulsifier agents present in olives. They promote emulsion formation and
short-term stabilization by interfacial action [4] as confirmed by Sadkaoui et al. (2015)
[5] who established that increasing pectin concentration gave a rise in the emulsifying
activity. These emulsions are surrounded by lipoproteic membranes preventing the
merging of the oil droplets spread in the malaxed olive paste [6]. This phenomenon
eventually leads to the production of intermediate phases of very similar density to olil
and water difficult to separate and then, affecting the oil mill working capacity and
increasing the oil losses in in the pomace [7]. In order to break these emulsions and
improve the oil yield, different strategies have been successfully developed such as
increasing time and temperature of the malaxation and using technological
coadjuvants. Regarding the use of technological coadjuvants, a number of trials proved
that the addition of enzymes during malaxation step determines an increase in oil
extraction yield [8; 9]. However, the use of technological coadjuvants [3] with chemical
or biochemical activity is forbidden by European regulations on virgin olive oll
production [10]. The use of talc powder [11; 12; 13], salt [14; 15] and calcium carbonate
[16] has been proposed as physical acting coadjuvants alternative to enzymes.
Actually, micronized natural talc, the natural form of the hydrated magnesium silicate,
Mgs(SisO10)(OHy), is the most widely used coadjuvant for oil extraction [11; 13] due to
its exclusively physical action [17]. According to Caponio et al. (2016) [18], this mineral
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is widely used due to its intrinsic properties such as chemical inertness [19]. Talc shows
both hydrophilic and hydrophobic behavior at its breaking surfaces. After milling,
charged and non-charged surfaces are formed as a consequence of particle breaking
[20]. This mineral has been found to destabilize emulsions making solid/liquid
separation easier and increases the oil yield; reduces notably the amount of fine solids
in the oil and does not produce any changes in physical, chemical or organoleptic
properties of the oil [2]. At the end of the extraction process, the talc ends up in the
olive pomace, because of its specific weight (2.8 g/cm3), while the oil is free of this
substance [18]. However, because talc is a natural product, its physicochemical
characteristics vary depending on the deposit and the production location. Each talc
mine has its own characteristics and that is why talc grades differ in their performance
in the end applications. Among the most studied MNT characteristics, particles size

and carbonate rate may affect substantially the industrial oil yield [21; 22; 23].

The current work was carried out under controlled laboratory scale conditions in order
to gain a better understanding of the effect of different doses of MNTs with different
physicochemical characteristics on the industrial oil yield during virgin olive 2.1. Raw

material

Olive trees (Olea europaea, L.) of ‘Hojiblanca’ cultivar with a similar crop load were
selected. The trees were spaced 7 x 7 m and grown in the experimental orchard of
IFAPA “Venta Del Llano” Mengibar, Jaén (Spain) using standard growing techniques.
The study was performed during 2009/10 crop year. A lot of 200 kg of olives was
harvested by hand, homogenised, cleaned and processed immediately. 100 fruits were
taken at random in order to determine their fresh weight, stone weight and their

ripening index determined according to the method described by Uceda and Frias [24].

Some fruits were destoned and the flesh (pulp) was separated. Fruit and flesh were
crushed and 60 g of olive paste were dried in a forced air oven at 105°C for 24 hours.
The dried paste was weighed and the moisture content recorded. The oil content in the
fruit was determined using a Nuclear Magnetic Resonance (NMR) fat analyzer mq

10NMR (Bruker, Spain) and expressed as a percentage on both a fresh and a dry
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weight basis. The equipment was calibrated periodically by Soxhlet analyses using n-
hexane as extracting solvent. Characteristics of the olive fruit used for the experiment
are given in Table 1. All the analysed parameters were those normally detected in

olives harvested at a ripening index of 4.5.

Table 1 Initial composition of ‘Hojiblanca’ olive fruit employed in the technological

assays

RI M (%) OFFW (%) OFDW (%) FW(g) SW (g)
45 53.87 2045 44.34 370 0.66

RI: ripening index; M: moisture content; OFFW: fruit oil content on fresh weight; OFDW: fruit oil content
on dry weight; FW: fruit fresh weight; SW: stone weight.

Four commercial MNTs have been used; their main physical and chemical

characteristics are shown in Table 2.

Table 2 Basic data of the micronized natural talc (MNT) used in the experiment

Coadjuvant Carbonate Medium particle size Density Specific surface

(%) D50 (um) (g/cm?) B.E.T (m?/g)
MNT 1 4 2.4 2.77 7
MNT 2 0.8 7.1 2.78 9
MNT 3 0.5 13 2.77 7
MNT 4 1.1 16.3 2.78 6

B.E.T, Brunauer, Emmett and Teller method is the most widely used procedure for the determination of
the surface area of solid materials.

2.2. Processing and olive oil extraction conditions

Experiments were performed at laboratory scale, using Abencor extraction unit
(Abencor series 100, MC2 ingeneria y Sistemas, S.L. Seville, Spain), simulating
commercial oil extraction systems. 64 samples (16 treatments x 4 replicates) were
processed. Olives were crushed using a 6 mm sieve diameter. The olive paste was
then malaxed in a thermo-beater at 28°C for 45 min. In the experiment a factorial
design was selected considering two variables: type of MNT (MNT1; MNTZ2; MNT3 and
MNT4) and MNT doses (0, 1%, 2% and 3%). Four replicates were carried out for each

treatment. The MNT, when applied, was added at the beginning of malaxation.
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The process industrial yield (1Y) was defined as the percentage of oil obtained using
the Abencor laboratory oil extraction system from 700 to 800 g of olives paste. The
volume of olive oil was measured on graduated cylinder and the oil yield was calculated
using the olive oil density of 0.915 kg/L Eq. (1). Results were expressed as percent.

(0Vx0.915)

Iy = [ WOP

| x 100 Eq. (1)

Where OV is the volume of olive oil obtained from the Abencor system (L) and WOP

is the weight of olive fruit paste used (kg).
2.3. Statistical analysis

In the Tables, results are expressed as mean values + standard deviation (SD).
Analysis of variance (ANOVA) was applied. Tukey’s HSD test was used to determine
significant differences between means (p<0.05). These determinations were carried

out using the software Statistix, Version 9.0.
3. RESULTS AND DISCUSSION

From the ANOVA (Table 3) was observed as both MNT dose and MNT type showed a
very level of significance on the process industrial yield (IY). However MNT dose could
explain the highest percent of variability (55 %) over the value achieved by MNT type
(12.4 %). Interaction between both factors was not significant. These results agreed

with previous works [2, 22].

These results agree with previous works [12; 25, 26] that reported higher yields when
MNT was used. The capacity of talc to increase oil yields could be explained by its
exclusively physical action since it adsorbs the droplets of oil retained in the cell walls,
forming larger drops, thereby facilitating the oil extraction [6]. In the olive paste oil and

water can get entrapped in agglomerating microgels.
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Table 3 Partial mean squares from analysis for the effect of talc physicochemical

characteristics and dosage on the process industrial yield (1Y) of ‘Hojiblanca’ fruits

Total MNT(T) Dose (D) TxD Error

DF2 63 3 3 9 48
MSP 6.47 28.62 1.12 0.86
SSTo® 12.39 54.81 6.46 26.34
pd 0.0003 0.0000 0.2579

apDegree of freedom; » Mean squares; ¢ Partial mean square for the effect expressed as percentage of
the total corrected sum of square; 9 Statistical significance.

In general, the addition of MNT improved the oil yield in all cases when compared to
control without MNT addition (Table 4).

Table 4 Effect of MNT dose and physicochemical characteristics on the process

industrial yield (1Y)

MNT Carbonate D50 MTN Oil yield Improvement respect to

(%) (um) (%) (%) the control (%)
0 8.34+0.40 -
MTN 1 4 2.4 1 11.27+0.56 26
2 11.84+0.03 29.56
3 11.80+0.03 29.32
0 8.34+0.95 -
MTN 2 0.8 7.1 1 9.08+£1.02 8.15
2 10.77+1.00 22.56
3 10.11+1.63 17.51
0 7.49+0.48 -
MTN 3 0.5 13 1 8.86+0.33 15.46
2 10+0.33 25.1
3 11.15+0.33 32.83
0 8.42+0.28 -
MTN 4 1.1 16.3 1 9.42+0.32 10.62
2 10.99+0.35 23.38
3 10.98+0.86 23.32

D 50: particle size; MNT: micronized natural talc; MNT 1, (4% (CaCO3); 2.4mm); MNT 2, (0.8%
(CaC03); 7.1 mm); MNT 3, (0.5% (CaCO03); 13mm); MNT 4, (1.1% (CaC03); 16.3mm)

Additionally, both olive paste and talc have lipophilic characteristics, therefore, they
tend to combine with or retain the oil. The talc helps counteract the paste further

releasing oil into an extractable form, breaks up these micro gels and release the oll

157




Sadkaoui A

[27]. It also prevent the formation of oil-in water emulsions and breaks up emulsions

previously formed, allowing the oil to be extracted [5, 28; 29].

Because of the higher effect of MNT dose on oil yield, MNT dose effect was analysed
for each MNT independently. It could be observed as the four MNTs behaved
differently depending on the dose applied to the olive paste (Table 4). The highest IY
values were obtained for MNT1 which produced a lineal increase of the 1Y as talc was
higher. The lowest values were obtained when MNT3 was added at doses ranging
between 1% and 2%. Similar trend was observed for the trials carried out with MNT2
and MNT4 only up to the dose of 2 % beyond which either a stabilization (MNT 4) or a
slight decrease of the IY (MNT 2) was observed. Considering the pool of four MNTs
together (Figure 1), the addition of MNT at doses ranging between 1 and 2% gave a
rise in the Y, while greater doses (3%) did not produce any significant variation on the
Y. The doses for talc addition referred in the literature for olive oil extraction range
between 0.5 and 2% [28; 29]. However excessive doses can have a negative effect on

the extraction process [28].

12 -

~ D ”
@
“ D™

MTN (%)

Figure 1 Effect of the MNT dose on the process industrial yield (1Y) of ‘Hojiblanca’

fruits considering the four MNTSs together.

Different letters means significant differences at p, 0.05
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In general, at lower doses (1% and 2%), MNT1 showed to be the best coadjuvant in
term of extraction efficiency while MNT3 gave the worse results (Table 4). Considering
the pool of MNT doses, among the MNT assayed can be observed as MNT 1 gave the
highest oil yield achieving significant differences respect to MNT2 and MNT3 (Figure
2).

14 -
12 -
10

1Y (%)
Q
(e

o N E=3 (o)) oo
1 1 1 1

7 pka

7
7 g

7

Control MNT1 MNT2 MNT3 MNT4

Figure 2 Effect of MNT physicochemical characteristics on the process industrial yield

(1Y) considering the four MNT doses togheter.
Different letters means significant differences at p, 0.05

Table 4 shows the percentage of the IY improvement obtained for each talc dose
compared to the control. Results indicated that the oil yield improvement was not the
same for the different MNTs. The most efficient talc, with an IY improvement of 26%
at low dose (1%) was MNT1; while using the same dosage, MNT2 and MNT4 improved
the IY only by 8.15 and 10.62%, respectively.

These differences observed in the IY as a response to MNT doses of each MNT tested
may be explained by their different physicochemical properties (Table 2) which vary
with their original deposit and preparation process. These results agree with those

found by others authors [5; 22; 23] reporting as MNT physicochemical characteristics
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such as the particle size (D 50) and the carbonate rate play an important role in

breaking oil-in water emulsions and then improving the oil extraction process.

Lower D 50 and thus, greater active surface area allow a better adsorption of the
droplets of oil retained in the cell walls, forming larger drops, thereby facilitating the
extraction of this oil. Higher carbonate rate allows the enhancement of the breakdown
of oil-in-water emulsions by releasing oil droplets that merge into larger drops as
described by Alba et al. (2005) [23] and Sadkaoui et al. (2015) [5].

When 1Y is represented as function of carbonate content (Figure 3A) can be observed

that IY increased as the carbonate rate in the talc was higher.

A Y1 = 0,6779x + 8,5729; 12 = 0,996 B Y15 = 0,0336x2 - 0,7532x + 12,844; r2 = 0,99
Y25 = 0,4205x + 10,227; r* = 0,808 Yoo = 0,0236x2 - 0,518 + 13,031; r2 = 0,91
13 - Y3y = 0,3151x + 10,506; r* = 0,537 13 o Ys%=0,0217x*-0,4329x + 12,546; r* = 0,57
12 - 12 1
g 11 11 1
g X
> <
= 10 - > 10 -
9 - 9 -
8 - 8 -
7 T T 1 7 T T T 1
0 2 4 6 0 5 10 15 20
()
Carbonate (%) D, 50 (um)
1% M2% A3% *1% H2% A3%

Figure 3 Correlation between the process industrial yield (1Y) and MNT
physicochemical characteristics applied at different doses. (A) Carbonate rate; (B)

particle size.

Furthermore, the effect of carbonate rate depended on the talc dose being much more
pronounced at lower doses. The highest IY value was obtained using the higher MNT
concentration (2 and 3%) of MNT with the highest carbonate rate (4%) while the lowest

value was achieved using the smallest concentration (1%) of MNT with the lowest
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carbonate rate (0.5%). Therefore, MNTs with lower carbonate rate need higher doses

to achieve IY similar to those obtained from low carbonate rate MNT.

Considering the patrticle size (Figure 3B), higher D 50 seems to have a negative effect
on the IY although it depended on the talc dose. At 1%, the extraction efficiency
showed highest differences for smallest particle size. For higher doses, differences
between MNT with higher carbonate rate and the others was lesser. This result
suggests that higher doses are recommended to improve the extraction efficacy when
MNT with high D 50 are used. In general, 1Y was greater when MNT with small particle
size and high carbonate rate are used. This results confirms those published by Alba
et al. (2005) [23], Sanchez et al., (2007) [22] and Sadkaoui et al. (2015) [5] reporting
that MNT containing high carbonate content and low D 50 shows a better capacity to

break oil-in-water emulsions and gives higher oil yields.

According to Oksiiz et al. (2006) [30] the surface hydrophobicity of the MNT increases
as particle size is smaller due to an increase in the value of contact angles. Based on
this finding, it can be deduced that MNT 1 had the highest hydrophobic surface area.
Likewise, Casanova et al. (2007) [31] found that a decrease in particle size produces
an increase in the surface area (SBET) of the adsorbed oil. Therefore, 1Y may have a
direct relationship with the SBET of the talc. Because the effectiveness of the MNT
depended not only on its surface area but also on its carbonate fraction (XCarb) (as
observed in this work) it's possible to bring this two terms together as SBET/ XCarb in

order to study its influence on the IY.

Considering the four MNTSs together, Figure 4 shows as the increase of SBET/ XCarb
induced a lineal decrease of the 1Y, then a close relationship between the 1Y and the
SBET/ XCarb was obtained (p<0, 01) with a r2 value of 90%.
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Figure 4 The process industrial yield (1Y) as a function of the specific surface area/

weight carbonate fraction.
4. CONCLUSION

The use of MNT improves the IY. In general, the use of MNT doses ranging between
1 and 2% gave rise to a lineal increase of the IY whereas higher doses did not improve
the oil extractability. The effectiveness of MNT to increase the IY depended not only
on the dose but also on its physicochemical characteristics. The most efficient MNT
was characterized by the highest carbonate rate and the lowest particle size achieving
the highest improvement of the IY and oil loss for a dose of 2%. Besides, it was found
that low carbonate levels or high particle sizes could be compensated with higher
doses of talc. Therefore, MNT doses should be adapted to MNT physical and chemical
characteristics in order to optimize the oil yield. These results can be easily scaled for
its application at industrial scale since Abencor system has been considered as a

useful method for olive oil extraction studies.
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ABSTRACT

This work studies how using MNT affects cell wall polysaccharides and proteins of
‘Hojiblanca’ paste during virgin olive oil extraction. Four doses of MNT were assessed:
0, 0.25%, 0.5% and 1%. Three pectic fractions were extracted from alcohol insoluble
solids (AIS): water-soluble pectin (WSP), chelate-soluble pectin (CSP) and non-soluble
pectin (NSP). In general, the content of the three pectic fractions decreased throughout
the kneading step. This indicated a significant degradation and solubilisation of pectins
during processing. The same trend was observed for protein content and total pectin
content while AIS yield increased. Addition of MNT at doses lower than 0.5% favored
the formation of a chemical bound through electrostatic interactions between proteins
and pectic polysaccharides which are held together and adsorbed onto the talc surface
giving a decrease in their content. Higher MNT doses (1%) produced the opposite
behavior. The lowest dose of MNT (0.25%) reduced the oil losses in the pomace. A
certain tendency for the loss of oil in the pomace to decrease as the amount of total
pectin and protein decreased was observed, indicating that the oil yield is at least in
part, related to the pectin and protein content depending on the dose of MNT added

during malaxation step.

Practical application: We have demonstrated that the use of talc during the
malaxation step greatly lessens the effect of the pectic substrates and proteins,
principal emulsifier agents that influence the formation of oil-in-water emulsions during

oil extraction process and enhance the extraction of the oil from the mesocarp cells by
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reducing its loose in the pomace. Excess of talk addition presented a reverse effect,
though. It is therefore of the utmost importance that the information contained in this
study is fully taken into account to establish the suitable dose of talc that should be
applied when difficult pastes are formed during malaxation step and which at least
partially depends on the content of proteins and pectin compounds of the processed

olive paste.
Keywords: oil yield, micronized natural talc, pectin, protein, electrostatic interaction

Abbreviations: AIS - alcohol insoluble solids, AK - after kneading, ANOVA - analysis
of variance, BSA - bovine serum albumin, CSP - chelate-soluble pectin, CWP - cell
wall protein, GA - galacturonic acid, MNT - micronized natural talc, NMR - nuclear
magnetic resonance, NSP - non-soluble pectin, PG - polygalacturonase, PM - pomace
moisture, PME - pectinmethylesterase, PODW - pomace oil content on dry weight,
POFW - pomace oil content on fresh weight, P-PS - protein-polysaccharide complex,

Pr - protein, TP - total pectin, VOO - virgin olive oil, WSP- water-soluble pectin.
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1. INTRODUCTION

Virgin olive oils are obtained from the fruit of the olive tree solely by mechanical or
other physical means under conditions that do not lead to alteration in the oil [1]. It
involves three successive operations: olive crushing, kneading of olive paste and
separation of the oil by pressure or centrifugation [2]. The objective of fruit milling is
breaking the plant tissues in order to liberate the oil drops contained in the mesocarp
cells. Olive paste malaxation helps the small oil droplets formed during the milling to
merge into larger drops [3]. The efficiency of kneading operation depends on olive
paste rheological characteristics and kneading variables such as time, temperature
and technological coadjuvant addition [4]. During oil extraction process, olive paste
shows some physicochemical changes in the structural constituents of the cell wall and
intercellular tissues. The resulting texture and other characteristics of the processed

tissue are different from those of untreated plant tissue [5].

Pectins are components of the fruit cell walls that make important contributions to the
olive paste texture [6]. They are bound to cellulose microfibrils in the cell wall and
during processing; their structures are broken by naturally occurring enzymes.
Minguez-Mosquera et al. (2002) [6] reported that pectinases are responsible for the
changes occurring in the pectic composition of olive fruits during processing. During
fruit milling and/or paste malaxation a significant part of the oil may be emulsified and
then, it could not be extracted by centrifugation. This lower oil yield is characteristic of
the so-called “difficult pastes” [4, 7]. The high pectin and protein content of unripe olive

fruits may contribute to the formation of these emulsions [8, 9].

To break down such emulsions, some technological coadjuvants have been
successfully developed, e.g. cellular walls degrading enzymes [10] using a
combination of pectolytic, cellulolytic and hemicellulolytic plant enzymes which
degrades these cell walls or the vegetable colloids (pectins, hemicelluloses, etc.) and
allows a significant improvement of the oil extracted from these “difficult” pastes [10].
Nevertheless, the use of technological coadjuvants producing a chemical or
biochemical actions is forbidden by European Regulations on virgin olive oil production
[1]. The use of talc powder [11; 12; 13; 14], salt [15; 16] and calcium carbonate [17]
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has been proposed as physical acting coadjuvants alternative to enzymes. The
addition of these physical coadjuvants in olive oil processing during the malaxation
phase is known to promote the breakdown of oil/water emulsions and consequently
make oil extraction easier, thus iincreasing the yield [18]. However, calcium carbonate
and salt are not permitted for use as processing aids in the production of virgin olive
oil according to European standards [1]. Actually, micronized natural talc, the natural
form of the hydrated magnesium silicate of particle size lower than 40 pm,
Mgs(Si4O10)(OH?2), is the most widely used coadjuvant for oil extraction [19; 11; 14] due
to its exclusively physical action [20]. This coadjuvant has been authorized and
regulated by the Spanish Ministry of Health [21] and due to its exclusive physical action
does not contradict to the EU restrictions. The talc has a laminate microcrystalline
structure with a neutral electric charge and a high lipophilic character (that is, a high
capacity of absorption of oil) [20]. It is added to the olive paste during the malaxation
process at different doses between 0.3% and 1% of the weight of the olive being milled
to help for processing these difficult pastes [22]. This treatment achieves an effective
physical blockage of the emulsifying action of the cell wall derivatives, producing higher
oil yields and oils with lower water and suspended solids content [19]. Even though the
improvement in oil yield reached by this coadjuvant, the main disadvantage is that talc
can adsorb a third part of its weight in oil [23]; therefore, an excessive amount of talc
may produce a big loss of oil since the oil disappears during the centrifugation together
with the solid residues [20].

The technological effect of this coadjuvant may be attributed to the adsorption of
proteins and polysaccharides such as pectins [24, 25], however, the mechanism of
adsorption of these polymers at the talc-aqueous-oily solution interface is poorly

understood.

So far as can be ascertained, no quantitative study has been established on the relative
merits of MNT as technological aid in decreasing the emulsifying effect of pectin and
protein compounds, principal emulsifying agents of the olive fruit.
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This study was aimed to provide deeper insights into the clarification of the effect of
the addition of micronized natural talc (MNT) at different doses on the content of pectin

and protein compounds, during ‘Hojiblanca’ olive oil extraction at industrial scale.
2. MATERIALS AND METHODS
2.1. Raw material

For this work, olive trees (Olea europaea, L.) of ‘Hojiblanca’ cultivar with a similar crop
load were selected. The trees were spaced 7x7 m and grown in the experimental
orchard of IFAPA Center in Cabra, Cdérdoba (Spain) using standard growing
techniques. The study was performed during 2012/13 crop year. 6000 kg of olives were
harvested by mechanical shaker with a ripening index of 4.53 determined according to
the method described by Uceda and Frias (1975) [26].

2.2. Olive oil extraction conditions

The oil extraction was carried out at industrial scale in the IFAPA "Venta Del Llano’ oil
mill. The olives were leaf-removal and not washed. Olive batches of 600 kg were
crushed in a metallic hammer mill with a sieve size of 6 mm, filling each batch a malaxer
container. The IFAPA ‘Venta Del Llano’ oil mill (Pieralisi, Spain) was equipped with a
thermobeater formed by three containers, a two—three phases horizontal centrifuge
SC-90 (working at two phases way) with a theoretical processing capacity of 45000
kg/day and a vertical centrifuge for oil cleaning P1500. The process was controlled and
monitored by Procioleo automation software (Procisa, Seville). The olive paste was
loaded at 950 kg/h in the horizontal centrifuge. Talc was added at the beginning of the
malaxation phase by an automatic MNT dispenser previously calibrated. Four doses
of Micronized natural talc (MNT) were added (0%, 0.25%, 0.5% and 1%). Talc
characteristics (Microtalc FC8-AW, Mondo Mineral, Spain) were as follows: average
particle size, 2.4 um; percentage of carbonate (mainly of calcium), 4%; specific area,

7 m?/g and density, 2.77 g/cm3. The olive paste was kneaded at 27 °C for 60 minutes.
2.3. Sampling

Olive paste samples were collected just crushed and at the end of malaxation for each

experiment of MNT doses. Pomace samples were taken from the horizontal centrifuge
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outlet for the last 15 min of each assay in order to accurate the stabilization of the
decanter performance. All samples were collected by triplicate. Replicates were taken

at 5 min intervals.
2.4. Oil and moisture content

Crushed olives and pomace were weighted (30 g) and dried until constant weight in an
oven at 105°C. The moisture was expressed as percent. Oil content was analysed by
a Nuclear Magnetic Resonance (NMR) fat analyzer mq 10NMR (Bruker, Spain) and
were expressed as percent on dry weight basis. The equipment was calibrated
periodically, for both fruit and pomace, by Soxhlet analyses using n-hexane as

extracting solvent.
2.5. Olive paste analysis
2.5.1. Extraction of Alcohol-Insoluble Solids

Alcohol insoluble solids (AIS) were prepared following the procedure previously
described by Levi et al. (1988) [5]. 5 g of olive paste was grinded in a polytron three
times with 70% EtOH followed by two extractions with acetone. The AIS were dried at
room temperature until constant weight. AIS content was expressed as percent on a

fresh matter basis.
2.5.2. Fractionation of pectic polysaccharides

Fractions of different cell wall components were obtained by sequential chemical
extraction of the cell wall material (AlS) using water (to extract water-soluble pectins,
WSP), 0.1 M buffer Tris/HCI and 0.2% EDTA (to extract ionically bound pectins or
chelate-soluble pectin, CSP) and 0.05 M NaOH (to obtain covalently bound pectins or
non-soluble pectin fraction, NSP) as described previously by Levi et al. (1988) [5]. Total

pectin content was obtained summing the three pectic fractions.
2.5.3. Galacturonic acid analysis

Pectin fractions, extracted as described above, were analyzed for galacturonic acid
(GA) content using m-hydroxydiphenyl (MHDP) following the procedure used by
Blumenkrantz and Asboe-Hansen (1973) [27] and modified by Kinter and Van Buren
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(1982) [28]. Absorbance was measured at 520 nm in a UV-Vis spectrophotometer
(Varian Cary 50 Bio, Spain). Results were expressed as milligram of GA per 100 grams
of AIS.

2.5.4. Extraction and quantification of total protein in the Alcohol Insoluble Solids

Aliquots of AIS (15 mg) were homogenized for 30 sec in an Eppendorf tube with 1.5
mL of NaOH 1M and heated in a water bath at 100 °C for 10 min. The suspension was
centrifuged twice at 13200 g for 10 min. The crude extract used for the determination
of total protein content in the AIS was quantified using the dye-binding method of
Bradford (1976) [29] using BSA (bovine serum albumin) as standard. Proteins are

expressed as milligrams per gram of AlS.
2.6. Statistical analysis

Analysis of variance (ANOVA) was performed. When a significant F value was found,
Turkey’'s HSD test was used to determine significant differences between means

(p<0.05). Statistical analyses were carried out using the software Statistix, Version 9.0.
3. RESULTS AND DISCUSSION
3.1. Changes in cell wall components during malaxation

The influence of malaxation process using different amounts of talc doses on the
content of alcohol insoluble solids, pectic cell-wall polysaccharides and proteins in the
olive paste was studied.

3.1.1. Alcohol Insoluble solids (AIS)

As can be observed in Table 1, AlS of olive paste samples before kneading accounted
about 35.3 % and increased after kneading step with a final paste showing an AIS
value of 40 % probably due to a decrease in the soluble solid content of the processed
olive paste [30]. These changes during kneading may affect substantially the
rheological properties of the malaxed paste [5], its behavior during the solid-liquid

separation step and its oil yield.

The use of MNT affected significantly the alcohol insoluble solids content of the

malaxed olive paste (Table 2).
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Table 1 Effect of malaxation on the alcohol insoluble solids (AIS), total pectin (TP) and

cell wall proteins content of olive paste

Before Kneading After Kneading

AIS (%) 35.3+1.2"b* 40+1.4a
TP (mg/100gAlIS) 1738+79a 1275+83b
Pr (mg/gAlS) 7.83+0.10a 7.10+0.22a

* Different letters within a row mean significant differences (p<0.05) with respect to process step
T Mean + SD (n=3)

Table 2 Partial mean squares from analysis of the effect of MNT addition on alcohol
insoluble solids, pectic fractions, proteins content of the malaxed olive paste and

moisture and oil content of the pomace

Parameter DF? Total MNT Error

11 3 8

AlSak MSP 35.22 16.68
SSTo® 88.74 11.26
P 0.0004

WSPak MSP 22313.7 2061.8
SSTo® 80.23 19.77
P 0.0034

CSPak MSP 16801.7 361.5
SSTo® 94.57 5.43
P 0.0000

NSPak MSP 35119.4 4275.4
SSTo® 75.49 24.51
P 0.008

TPak MSP 149912 10824
SSTo® 83.85 16.15
P 0.0016

Pr MSP 0.75 0.006
SSTo® 97.90 2.10
P 0.0000

PM MSP 1.87 0.38
SSTo® 64.95 35.05
P 0.03

Podw MSP 3.11 0.58
SSTo® 66.74 33.26
P 0.03

a degree of freedom; ® Mean square; ¢ Partial mean square for the effect expressed as percentage of the
total correct sum of squares; P: statistical significance
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The highest AIS value (40 %) was obtained for the control carried out without talc

addition (Figure 1).

The addition of MNT up to 0.5% reduced the AIS, while greater dose (1%) led to its
increase. These results indicate that the use of MNT at doses ranging between 0.25%
and 0.5% resulted in a greater adsorption of alcohol-insoluble polymers onto the talc

surface when compared to higher doses (1%) [24].
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Figure 1 Effect of MNT addition on the alcohol insoluble solids (AlS) content of olive

paste during malaxation
Significant differences at *p: 0.05, **p: 0.01; ***p: 0.001

3.1.2. Pectic cell wall polysaccharides

The distribution of the GA in the different pectin fractions during olive paste malaxation
is shown in Figure 2. For the three studied fractions, a decrease was observed
throughout the olive paste kneading. Before malaxation, among the pectic cell wall
polysaccharides, CSP was found to be the minor fraction (around 424 mg GA /100 g
AIS) showing a slight decrease (p<0.05) after malaxation (359 mg GA / 100 g AIS).
Similar decreases in the content of CSP have been reported for Jalapefio peppers as

a consequence of processing [31]. WSP was detected at higher content than CSP in
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all the analyzed olive pastes. Its content varied between 473 mg GA / 100 g AIS in
olive paste before kneading and 434 mg GA / 100 g AIS after kneading.

The lower amount of CSP comparing to WSP could be explained by a decreased ionic
cross-linking as a result of the increased degree of methyl esterification during
processing. Before kneading, both soluble fractions (WSP and CSP) represent pectins
that have been solubilized from cell wall during ripening process, mainly composed by
the initially soluble material and pectins solubilized from the tightly cell wall-bound
fractions. The decrease observed for both of them after malaxation indicates that
chemical changes occur in the pectin cell wall polysaccharides leading to their

solubilization [32].
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Figure 2 Effect of malaxation on the pectin fractions content of olive paste: WSP, CSP,
NSP

Significant differences at *p: 0.05, **p: 0.01; ***p: 0.001

In regard to NSP (Figure 2), considered as the main pectic fraction, it showed a similar
reduction in its content after malaxation. This phenomenon was also observed in
broccoli and was attributed to the conversion of protopectin into soluble pectin by the

solubilization and/or B-eliminative depolymerization of this material [33].
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Total pectin content (TP) decreased after olive paste kneading (Table 1) and results
are in agreement with those published by Camara Hurtado et al. (2002) [32] who
noticed a loss of pectin content accompanied by a steady and substantial decrease in
pectin polymer size during processing. The fact that the malaxed paste showed lower
pectin content than that before kneading suggests that olive paste heating during
malaxation may produce depolymerization of these compounds. Significant
correlations were found between NSP fraction and WSP (r? = 0.76), CSP (r’ = 0.98)
and TP (r?=0.99) probably associated with their degree of solubilization [6]. Generally,
de-esterified pectins mainly composed by NSP are less susceptible to degradation and
less soluble [34]. From these observations and the results of previously reported
works, it can be deduced that during malaxation, specific biochemical and/or chemical
transformations occur in the pectin cell wall polysaccharides of the olive paste. Three
different mechanisms have been proposed to explain these structural alterations: (1)
the activity of endogenous pectin degrading enzymes including pectinmethylesterase
(PME) and polygalacturonase (PG) [35, 6], (2) depolymerization by B-elimination [36]
and (3) acid hydrolysis [37]. The significance of these biochemical processes depends
mainly on enzymatic levels in olives, characteristic of each olive cultivar as well as
some other factors exogenous to the paste itself [38]. However, the modification of the
chemical characteristics of pectin by processing induces alterations in its functional
properties such as rheological behavior and gelling ability [39] affecting to its capacity
to bind with MNT. In fact, as shown in Table 2, the use of MNT affected significantly
the content of pectic substances following the same trend observed for AIS (Table 3).

The addition of MNT up to 0.5% produced a decrease in the three pectic fractions and
the total pectin content in the malaxed olive paste. This could be explained by the
occurrence of electrostatic interactions between the coadjuvant and pectins because
of their opposite charge leading to higher adsorption of pectic polymers onto the talc
surface [40]. In this case, there was enough talc present with positive charge to
completely compensate the negative charge of the pectins. However, increasing the
dose of talc to 1% resulted in a decrease in pectin adsorption onto the talc surface due

to the apparition of free pectic polysaccharides that couldn’t be complexed with MNT.
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Table 3 Effect of talc addition on pectin fractions and total pectin content of olive paste

after malaxation

MNT (%)
0 0.25 0.5 1
WSP (mg/100gAIS) 434+59Ta* 293+30b 244+51b 261+26D
CSP (mg/100gAIS)  359+35a 236x11b 220+7b  354+4a
NSP (mg/100gAIS) 483+6lab 387+55b 348+23b 590+62a
TP (mg/100gAIS)  1275#83a 915+76b 812+76b 1206:88a

* Different letters within a row mean significant differences (p<0.05) with respect to process step
T Mean + SD (n= 3)

As pectins are anionic hydrocolloid emulsifiers [41], they interact with the positive face
of the talc particles [40]. Formation of pectin-MNT complexes contributes to the
weakening of the emulsifying effect caused by pectic polysaccharides affecting to VOO
extractability and oil yield [40].

Changes in the pectic fractions content of the malaxed olive paste using different MNT

doses respect to that obtained before kneading are shown in Table 4.

Table 4 Changes in the pectin fractions content after malaxation using different doses
of MNT

MNT (%)

0 0.25 0.5 1
WSP (%) 8.370.1* 10.9+0.1 17.880.3  22.510
CSP (%) 15+0.1  7.9+0.13 -11.6+0.12 -11.6+0.10
NSP (%) 42.7+0.05 37.5+0.17 7.0+0.07  1.0+0.24
TP (%) 26.7+0.06 24.2+0.11 7.7+0.08  4.4+0.11

* Mean £ SD (n= 3)

Addition of MNT during malaxation allowed a reduction of most of the pectic fractions
content. As MNT dose was increased, the reduction percentage of NSP and TP was
lower. For WSP fraction, the opposite occurred with an increase in the reduction
percent of between 10.9 and 22.5%. The best reduction was achieved for NSP fraction
at 0.25% while the lowest one was achieved for the same fraction at 1%. This result
seems to indicate that NSP showed higher capacity to bind and adsorb onto talc
particles at lower doses, while higher doses decreased its adsorption properties.
However CSP increased about 11.6% when MNT doses of 0.5% and 1% were added
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showing its highest adsorption at lower doses (0.25%). All these differences indicate
that during kneading step, the use of MNT differently altered the content of each pectin
type suggesting that the chemical characteristics of the pectic compound considerably

affects to its adsorption onto the talc particles.
3.1.3. Cell wall proteins (CWP)

Cell wall proteins (CWP) are essential constituents of the olive fruit involved in
modifications of cell wall components, wall structure, signalling, and interactions with
plasma membrane at the cell surface [42]. Table 1 shows the effect of olive paste
malaxation on the cell wall proteins. Protein content of AIS in the olive paste before
kneading was around 7.83 mg / g AIS and decreased until 7.10 mg / g AIS after
kneading. This decrease after malaxation may be explained by their complexation with
pectic polysaccharides [43]. In this case, the attraction involves positively charged local
patches on the protein interacting with the anionic polysaccharide [44, 45]. Formation
of protein-polysaccharide (P-PS) complexes depends on many factors such as pH,
ionic strength, protein to polysaccharide ratio, total solid concentration, charge density
molecular weight and conformation [46]. Leroux et al. (2003) [47] found that some
pectin fractions are able to improve the emulsification of oil in water, presumably as a
consequence of their protein content, low degree of esterification and low molecular
weight. The ability of pectins to interact with proteins as a function of their esterification
degree and ions content, which are ripening-dependent, has been recently
documented [34]. Electrostatic interactions between pectic polysaccharides and
proteins may improve the stability of oil-in-water emulsions [48] formed during
kneading step. Therefore, an adsorption of proteins-pectin complexes with MNT during

olive paste kneading may occur as described for MNT-pectins complex.

The use of MNT affected significantly the protein content of the malaxed olive paste
(Table 2). The adsorption of the proteins onto talc was enhanced with doses ranging
between 0.25% and 0.5%. Greater dose (1%) resulted in high protein content (Figure
3). We can deduce from this result that an excess of MNT could not adsorb protein and
pectic polysaccharides, remaining oil-in-water emulsions during kneading and then

reducing the process oil yield.
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Figure 3 Effect of MNT addition on the cell wall protein content of olive paste during

malaxation
Significant differences at *p: 0.05, **p: 0.01; ***p: 0.001

3.2. Changes in moisture and oil content of the olive pomace during malaxation
Table 5 reports moisture (PM) and oil content of the olive pomace obtained in this work.

Table 5 Effect of talc addition on oil and water content of pomace

MNT (%)
0 0.25 0.5 1
PM (%) 63+0.37ab* 63.3abx0.6ab 63.7a+0.9a 61.8ab+0.5b
PODW (%) 13.6#0.7a  11.3#0.7b  11.6x1.2ab  12+0.2ab

*

Different letters within a row mean significant differences (p<0.05) with respect to process step
T Mean + SD (n=3)

Oil yield is usually expressed as pomace oil content on fresh weight (POFW), the main
oil mill by-product, although when expressed on dry weight basis is not affected by the
water addition in the process. Therefore results and discussion will be based on
pomace oil content on dry weight (PODW). The results showed that MNT affected
significantly to PM and the PODW of the pomace (Table 2). MNT led to an increase of
the oil extraction yield (p<0.05). These results agree with previous studies carried out
on other cultivars such as ‘Picual’ [4] and ‘Coratina’ [7]. The addition of MNT up to
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0.25% decreased the PODW, while higher doses led to its increase. As observed, the
use of talc during malaxation step greatly lessens the effect of the pectic substrates
and proteins of the olive paste facilitating the release of the cellular oil. The loss of oil
in the pomace was lower as the amount of total pectin and protein decreased.
Correlations between PODW content and TP content (r? = 0.62) and protein content
(r> = 0.83) were observed, indicating that the differences observed for PODW are, at
least in part, related to the content of the pectin and protein fractions and then to the
dose of talc added to the olive paste. During malaxation, the degree of esterification of
the pectins contributes to the modulation of their binding to cations [49] and therefore
to their complexation with proteins and their adsorption capacity with MNT particles.
The high hydrophilic nature of pectin [50] and protein substances [51] enhances their
solubility in the water-rich phase of the olive paste favoring their adsorption onto the
talc surface through electrostatic interactions which could lead to the weakening of

their emulsifying activity and increase the process oil yield.
4. CONCLUSION

During the olive paste processing, the content of the different pectin fractions as well
as that of cell wall proteins changed strikingly. Malaxed olive pastes were
characterized by lower amounts of WSP, CSP, NSP and proteins and higher amount
of AIS. This indicates that substantial degradation and solubilization of pectic cell wall
polysaccharides and proteins occur during processing. The use of MNT during
kneading process markedly reduced the pectin as well as protein content in the olive
paste, principal emulsifier agents implied in the formation of oil-in-water emulsions
during oil extraction process. This reduction may be explained by the apparition of
attractive interactions between protein and pectic polysaccharide in the olive paste
during malaxation which are held together and adsorbed onto the talc. This gave rise
to their complexation and their elimination with pomace residue. Addition of the MNT
in a range of 0.25-0.5% increased the adsorption tendency of the proteins and pectic
cell wall polysaccharides onto the talc surface while greater dose (1%) resulted in a
decrease in their adsorption capacity. Similar changes were observed for oil content

of the pomace residue. Our results highlight the importance of protein and pectic
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compounds in the talc/cell wall material interactions and how MTN addition helps to
break down emulsions during kneading process enhancing the separation and the
extraction of the oil from the mesocarp cells and reducing its loose in the pomace.
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Involvement of Pectin methylesterase in the Regulation of Pectic Cell Wall
Disassembly, Methanol Accumulation and Softening of Olive Fruit during

Ripeness
ABSTRACT

Background. Methanol oxidation to CO2 could result in the incorporation of methanol
carbon into metabolites via the Calvin-Benson cycle. The role of pectin methylesterase
(PME) in methanol accumulation in olive fruit has not been firmly established. In this
work, we investigated whether this enzyme is involved in pectin degradation and
methanol accumulation during olive fruit ripening of three of the major olive cultivars

for oil extraction in Spain: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.

Results. For the three studied olive cultivars, PME activity increased as ripening
progressed reaching a maximum at veraison stage followed by a marked decrease
and then remained unchanged until the end of fruit ripeness. The same trend was
observed for total pectin content, methanol content and 4,5 unsaturated uronides
content. Interestingly, the degree of esterification and fruit firmness showed a
progressive decrease and for the latter parameter most of this decline occurred when

the highest activity of PME was detected.

Conclusion. We provide biochemical evidence that a major source of methanol in
olive fruit may be pectin methyl esters that are de-esterified to methanol and pectic
substances by a PME-catalyzed reaction. We also suggest that PME-generated
methanol may be a by-product of cell wall disassembly that mainly occurs at veraison

stage.

Keywords: olive fruit / ripening process / pectinmethylesterase / pectin / methanol /

degree of esterification / cell wall disassembly
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INTRODUCTION

The maturation of the olive (Olea europaea L.) is a slow and long process that takes
several months and varies according to the latitude of the growing area, variety, water

availability, temperature and growing practices .

During the course of ripening process, olive fruit undergoes a number of external

modifications in skin, pulp color and firmness, including changes in fruit composition.

The first stage of olive ripening is known as the green stage corresponding to green
mature fruits which have reached their final dimensions. Afterwards, chlorophylls in the
skin are gradually replaced by anthocyanins giving the transition to a ‘spotted’, ‘purple’
and ‘black’ stage 1. At the veraison stage, the phase between the yellow green and
purple skin, softening, cell expansion and oil accumulation in the mesocarp cell

vacuoles are observed 2.

In fruit tissues, adjacent cells are linked by the pectin-rich middle lamella. During fruit
ripeness, the polysaccharides forming the cell wall (cellulose, hemicelluloses and
pectins) depolymerize 3. One of the effects of these biochemical changes in both the
cell wall and the middle lamella is a decrease in firmness. Thus the structural changes
occurring in the cell wall and the middle lamella during ripening lead to cell separation,
tissue weakening, rupture and release of the cell content, giving the fruit juiciness 4.
Marin-Rodriguez et al. ° reported that fruit softening is mainly associated with cell wall
disassembly and modification in the pectin fraction. These changes are presumably

the results of both enzyme-catalyzed and non-enzymatic mechanisms.

Chemical B-elimination is one of the mechanisms of non-enzymatic degradation of
pectins. The rate of this reaction is accelerated with increasing the methylation degree,

temperature and pH &7,

Enzyme-catalyzed changes in cell wall structure and composition are considered as
the major factor in fruit softening, although turgor loss and starch degradation during
ripening might contribute to this process 8. There are several enzymes able to modify
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cell wall structure such as pectin methylesterase (PME) (EC, 3.1.1.11). Studies have
shown that this enzyme is involved in fruit softening, abscission and senescence, cell
wall maturation and regeneration, cell growth, plant responses to infection and salinity
stress 9. It produces the de-esterified fraction of pectins and generates the fixed
negative charges that originate a Donnan potential between the inside and the outside
of the cell wall matrix °. A major source of methanol in fruits may be pectin methyl
esters that are de-esterified to methanol and pectic substances by a PME-catalyzed
reaction ' as described in developing tomato fruit relating both PME activity and

methanol production 12 13,

Studies about pectin methylesterase (PME) have been very limited especially in olive
fruit. Furthermore, its role in methanol accumulation in this non-climacteric fruit has not
been established despite olive cell wall disassembly plays an important role in the ease

of oil extraction 14

This study was conducted to investigate changes in pectic substances and the activity
of PME in order to determine its involvement in pectin degradation, methanol
accumulation and loss of firmness during the fruit ripening of three olive cultivars for

oil extraction: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.
MATERIALS AND METHODS
Plant Material

The study was carried out for the crop year 2012/2013. Olive trees of three olive
cultivars, ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ were selected by their crop load
homogeneity. Twelve trees for each olive cultivar were pooled into three groups of four
trees. The trees were spaced 7 x 7 m and grown in the experimental orchard of IFAPA

Venta del Llano in Mengibar, Jaén, Spain, under irrigation and traditional techniques.
Olive Samples

Two kilograms of olives were collected from each pool of trees for each olive cultivar
at each sampling date. Sampling was carried out every two weeks, at nine harvest
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dates from the beginning of October until the end of January. Fruit ripening index was
measured according to the method proposed by the Estacion de Olivicultura y
Elaiotecnia 5. The fruit sampling dates and ripening index are shown in Table 1. After
harvesting, the fruits were washed using Milli-Q water, dried with filter paper, and

processed immediately (15 min) to avoid any alteration.

Table 1 Ripening index of Olive Fruits from ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’

cultivars
Olive Oct Oct Oct Nov Nov Dec Dec Jan Jan
cultivar 12 15 29 12 26 10 20 8 21
‘Arbequina’ 0.74 1.27 2.08 2.63 3.43 3.81 4.03 527 531
‘Picual’ 0.17 1.03 3.37 434 4.65 5.22 5.94 6.67 6.70

‘Hojiblanca’ 0.08 0.87 2.02 210 225 325 325 5 5.09

a Harvest dates for the three olive cultivars

Fruit Firmness

Olive firmness (kg.cm?) was measured at middle region of each fruit subjected to axial
puncture by making three perforations with a penetration probe (a Bertuzzi FT-327
model with a 0.5 cm™? head and 0-13 kg.cm™ scale). For each olive variety, 18 fruits

for each harvesting date were measured (six fruits for each repetition).
Enzyme assay

Enzyme extraction. A modified method of Olias et al. ® was used. For pectin
methylesterase extraction, fresh destoned olive fruits were homogenized in an Ultra-
Turrax T-25 at 24000 rpm for 2 min with 20 mM of sodium phosphate buffer, pH = 7,
containing 60 mM NacCl, 0.5M phenyl methyl sulphonyl fluoride (PMSF) and 20%
hydrated polyvinylpolypyrrolidone (PVPP) with a fruit buffer ratio of 1:4. The
homogenized fruit is vacuum-filtered through Miracloth filter and centrifuged at 20000
g for 20 min using High speed refrigerated bench top centrifuge SIGMA 3-30KS. The
intermediate aqueous phase is the enzymatic extract. All operations were carried out

at 4 °C. The protein concentration in the enzymatic extract was determined according
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to the method of Bradford (1976)!" using a calibration curve made with bovine serum
albumin (BSA).

Measurement of PME activity. The PME activity was determined by methanol
production. The methanol content was estimated as the amount of formaldehyde
produced from methanol by alcohol oxidase from Pichia pastoris, applying a
modification of the method of Klavons and Bennett (1986)'8. The absorbance was
measured at 412 nm. A calibration curve, using methanol as a standard, was prepared
ranging from 0 to 435 nmoles/mL of methanol. One unit of specific PME activity was

defined as the amount of enzyme forming 1Umol MeOH x mg proteint x min-L.
Total pectin content.

Pectic polysaccharides were extracted from alcohol insoluble solids (AlS) following the
procedure previously described by Levi et al. 1°. The AIS were prepared by grinding 5
g of the sample in a polytron three times with 70% EtOH followed by two extractions
with acetone. The AIS were dried at room temperature until constant weight.

Total pectin (TP) fraction of AIS was extracted using concentrated sulfuric acid as
described by Ahmed and Labavitch 2°. Aliquots of the pectic digestion were assayed
for galacturonic acid quantification using m-hydroxydiphenyl (MHDP) following the
procedure used by Kinter and Van Buren 21, Absorbance was measured at 520 nm in
a UV-Vis spectrophotometer (Varian Cary 50 Bio, Spain). Results were expressed as

milligram of galacturonic acid (GA) per 100 grams of AlS.
Methanol analysis in cell wall extracts

Sample of AIS were dispersed in water, vortexed for 1 min and sonicated for 10 min in
a water bath. Saponification of the polysaccharides was processed with a modification
of the method described by Waldron and Selvendran ?2. The polysaccharides were
saponified with 2 mol/L NaOH for 1 h at 20 °C with occasionally shaking. The sample
was neutralized by the addition of 2 mol/L HCI and allowed to equilibrate at 25°C in a

water bath for 15 min. The resulting solution was filtered through a glass fiber filter.
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The amount of released methanol was determined according to Klavons and Bennett
(1986) '® method. The absorbance of the blank sample was subtracted from the
absorbance of each sample. Results were expressed as micromoles of methanol per
gram of AIS (Umol MeoH/g AlS).

Determination of degree of esterification (% DE) of pectin

The DE of the olive pectin was determined by taking the ratio of moles of methoxyl
groups to the moles of anhydrous galacturonic acid as previously described by

Fertonaniet al.23.

NMeOH
AIS
Nga
AlS

DE = x 100

Where Nwmeon IS the number of moles of methanol, Nga is the number of moles of

galacturonic acid and AIS is the amount (g) of alcohol insoluble solids.

The degree of esterification was expressed as moles of methanol per 100 moles of GA
(mol MeOH/100 mol GA).

B-elimination

B-elimination produces a double bond in a galacturonic residue when a pectin
glycosidic bond is broken. To quantify the extent of B-elimination, the absorbance of
diluted samples of pectic extracts at 235 nm was measured. The concentration of 4,5-
unsaturated uronides (UU) was calculated using an extend coefficient of 5412 mol-tcm-
124 Results were expressed as moles of unsaturated uronides per grams of AIS (mol
uu/g AIS).

Data Analysis

Data were reported as mean value of three repetitions and standard deviation. ANOVA

was performed to establish the effect of the cultivar and ripening stage on the different
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analyzed parameters. Tukey’'s test was applied to establish differences between

means, p = 0.05. Statistical analyses were performed with Statistix 9.0 software.

Pearson correlation analysis at 5% probability level was performed using the XLSTAT-

PRO (2014.6) software.
RESULTS AND DISCUSSION

The link between the production of methanol, loss of fruit firmness and the activity of
pectin methylesterase was examined during the course of ripening process of three
olive cultivars: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’. In Fig. 1 can be observed the

variation of PME activity in the fruits from the olive cultivars analysed.

PME (U.mg)

1
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12-11 A
26-11
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21-1 -

--------- 'Arbequina’ — — - 'Picual’ 'Hojiblanca'

Fig. 1 Changes in pectin methylesterase (PME) activity during fruit ripening from the

olive cultivars ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.

Data are meanz SD (n=3)

When ANOVA was performed, the harvest date was observed to be the main factor
responsible for the variability of PME activity, although the cultivar and the interaction

between the two above- mentioned factors showed significant influence as well (Table

2).
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Table 2 Partial Mean Squares from Analysis of Variance for the effect of Cultivar and
Harvest date on PME activity, total pectin (TP), methanol (MeOH), 4,5 unsaturated
uronides content (4,5 UU), degree of esterification (DE) and fruit flesh firmness (FIR)

from the olive cultivars ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.

Parameter DF? Total Cultivar Harvest date Cul x HD Error

80 2 8 16 54

PME MSP 0.51 15.04 0.49 0.13
SSTe° 0.75 88.39 5.80 5.05
p 0.0239 0.0000 0.0001

TP MSP 980 24523 1428 39
SSTo¢ 8.14 81.50 9.49 0.86
p 0.0000 0.0000 0.000

MeOH MSP 143.83 702.53 25.40 2.78
SSTe° 4.45 86.94 6.29 2.32
p 0.0000 0.0000 0.0000

4,5 UU MSP 0.00369 0.02349 0.00252  0.0005
SSTo¢ 2.67 67.97 14.60 14.76
p 0.0112 0.0000 0.0005

FIR MSP 1.61 5.11 0.27 0.02
SSTe° 6.52 82.51 8.66 231
p 0.0000  0.0000 0.0000

DE SSTe° 38.52 82.65 4.02 0.80
MSP 9.11 78.16 7.60 5.13
p 0.0000  0.0000 0.0000

aDF, degree of freedom; PMS, mean squares; °SSTo, partial mean square for the effect expressed as
percentage of the total corrected sum of square

The three cultivars exhibited similar pattern in the variation of enzyme activity. In
general, very low PME activity was found in unripe fruits followed by a slight increase
at the beginning of maturation and then, a fast increase was detected at the third
harvest date (veraison stage). This raise was about 91% for ‘Arbequina’ and
‘Hojiblanca’ olive cultivars and 87% for ‘Picual’ olive cultivar. The highest PME activity
(6 U.mgt) was recorded for ‘Arbequina’ olive cultivar whereas ‘Hojiblanca’ showed the
lowest value (4.59 U.mg?). These differences in PME activity between cultivars were

previously described for apricot 2°> and cherry 26,

From the veraison stage, PME activity decreased markedly and then remained
unchanged until the fruits reached their full maturity. The reductions for ‘Picual’ and
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‘Hojiblanca’ olive cultivars were of 42% and 46% respectively, whereas ‘Arbequina’
showed a higher loss (55%). The increase of PME activity during veraison stage
agreed with that previously described for non-climacteric fruits such as raspberry . In
general, the de-esterification of pectin by PME may be considered as a prerequisite for
ripening-associated changes in cell wall pectin substances 28 as described in our study
since similar trends were observed in changes of PME activity and total pectin content
(TP) during fruit ripeness (Figs. 1, 2A).

A 40 B
35 - 270
@ -
2 30 -
< Z 220
T 25 - <
e 2] g 170
(]
E 20 T .... E
- [ 5
]
E 15 S E
S / S 120 k
g 10 - &
9 70
s 2
0 o IO IO \I—| IH (I\j (I\‘ ‘I_i IH 20 T T T T T T T T
S 2 22292 d RS 2 2 2 2 8 8 o %%
4 n o & O o % ~N S s 3 3 s I~ ¢d
— o~ - o~ — (o] - ~ 9 ~ = N
-------- 'Arbequina’ — — 'Picual' 'Hojiblanca'  «+-+---- 'Arbequina’ — — 'Picual’ ‘Hojiblanca'

Fig. 2 Variation of total pectin (TP) and methanol (MeOH) content in fruits from

‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ olive cultivars during ripening process.
Data are meant SD (n=3)

For non-climacteric fruits 2° 0 was described as the maximum activity of PME during
fruit maturation coincided with the concentration of methyl esters of the carboxylic
groups. This trend was observed in our experiments since the highest PME activity
was found for high esterification degree of the pectins (Fig. 3). Deuel and Stutz 3t
reported how the activation of PME requires highly esterified pectins. It catalyzes the

de-esterification of galacturonosyl residues to generate methanol within the cell wall,
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thus demethoxylation of pectins may be, at least in part, a metabolic origin of

methanol!®.
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Fig. 3 Changes in the degree of esterification (DE) in fruits from ‘Arbequina’, ‘Picual’

and ‘Hojiblanca’ olive cultivars during ripening process.
Data are meanz SD (n=3)

Total pectin (TP) and methanol contents were significantly affected by harvesting date
(Table 2). Both parameters showed similar variation during fruit ripeness. Unripe fruits
showed a basal level of total pectin and methanol that increased as maturation goes
on. For both, maximum levels were reached at veraison stage, followed by a reduction
and remaining stable until the full maturity as observed for PME activity (Figs. 2A, 2B).

Dependence between the induction of PME activity and the pectin concentration can
be explained by the similar evolution of PME and TP. For the cultivars studied, the
maximum PME activity was achieved at veraison stage. This may explain the high
levels of methanol and pectic substances achieved at this ripening stage derived from
pectin methyl esters by a PME-catalyzed reaction. The lower methanol amounts
observed for immature fruits and fruits harvested between their purple color and black

color stage compared with those at veraison stage may reflect the inaccessibility of cell
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wall pectin methyl esters as substrate for PME at these maturation stages. According
to Fischer and Bennett 32, the activity of several cell wall hydrolases, including
polygalacturonase, (PG) reduces the availability of pectinic substrate for PME and
therefore the production of methanol. Pearson's correlation showed a significantly (p <
0.05) high relationship (0.96) between total pectin and methanol content (Table 3) and
between total pectin content and PME activity. These results support the hypothesis
that methanol can be synthetized by a PME-catalysed reaction.

Table 3 Person’s correlation coefficient between PME activity, fruit firmness and some

cell wall components in fresh olive fruit

Variables PME MEOH TP 45UU FIR

PME 1

MEOH 0,687 1

TP 0,692 0,962 1

4,5 UU 0,674 0,718 0,715 1

FIR -0,028 0,588 0,508 0,267 1

Values in bold are different from 0 with a significance level alpha= 0.05

Additionally, for all the studied cultivars the concentration of the unsaturated uronides,
obtained from B-elimination, showed the same variation that PME activity, total pectin

and methanol concentration (Fig. 4).

Significant correlations between unsaturated uronides and PME activity (0.67) and
between the former, methanol and total pectin content (0.72) were observed (Table 3).
Therefore, the degradation of pectin compounds may result from a synergic action
between a non-enzymatic reaction through B-elimination producing unsaturated

uronides and an enzymatic reaction governed by PME activity.
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Fig. 4 Changes in 4,5-unsaturated uronides (4,5 UU) content in fruits from ‘Arbequina’,

‘Picual’ and ‘Hojiblanca’ olive cultivars during ripening.
Data are meanz SD (n=3)

Several studies have reported the involvement of PME in the softening of many fruits
during the maturation 3. Taylor et al. 34 established a correlation between plum texture
and PME activity. In our study, a close association between the decrease observed in
the fruit firmness, the degree of esterification (DE) and PME activity during fruit ripening

was detected.

Olive firmness showed a progressive reduction during ripening being more important
between the veraison and the black color stages (Fig. 5) as reported for guava .

At the beginning of ripening process, ‘Hojiblanca’ olives showed the highest firmness
whereas the lowest was found for ‘Arbequina’. The reduction of firmness was faster for
‘Picual’ and ‘Hojiblanca’ fruits whereas a slower decrease was observed for
‘Arbequina’. These important differences observed in the loss of fruit firmness between
olive cultivars may result from differences in the patterns of cell wall disassembly and
the reduction of cell to cell adhesion due to middle lamella dissolution 3. Pearson’s

correlation revealed a moderate positive correlation between fruit firmness and total
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pectin content (0.51) and between the former and methanol content (0.59) suggesting
that PME-generated methanol may result from cell wall disassembly and contribute

actively to the loss of fruit firmness during the course of ripening process.

Firmness (kg.cm-2)
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Fig. 5 Changes in fruit flesh firmness in fruits from ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’

olive cultivars during ripening.

Data are meant SD (n=3)

According to Boeriu et al.®’ the chemical composition of pectins (i.e. degree of
esterification) and the interaction with other cell wall polysaccharides and glycoproteins
determine the firmness of the fresh and processed plant tissue. For all studied olive
cultivars, an almost complete loss of fruit firmness for low PME activity was observed
in ripen and over-ripen fruits. Therefore, several mechanisms operating independently
or synergistically, but influenced by PME activity, may be responsible for this loss of
tissue integrity at advanced ripening stages. It is likely that the continuous action of
several cell wall hydrolases, including PG, on structurally altered cell walls results in
the loss of fruit integrity at advanced ripening stages®?. According to Buescher and
Hobson 38, an increase in PG activity due to reduced bound Ca?* levels may be partly

responsible for the loss of tissue integrity.
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Minguez-Mosquera et al.'4, studying the modifications caused by the endogenous
pectinolytic activities in the pectic fraction of ‘Hojiblanca’ olive fruits, demonstrated that
during ripening PME activity increased up to a maximum when anthocyanin synthesis
in the fruit became marked (turning color stage). From then, PME activity decreased.
When anthocyanin formation began, PG activity in the ripe-green fruit decreased
abruptly and then increased, reaching a maximum in the ripe-black fruit. This could
justify the reduction of texture and pectin contents of the olives during ripening. The
same association between PME activity and loss of fruit firmness was reported in

apple®°.

The degree of esterification (DE) did not follow the variation observed for PME activity.
It decreased between the green and the black color stages (Fig. 3). The decrease of
DE during fruit ripeness has largely been described in many others fruits. De-
esterification is presumed to be primary the consequence of PME activity which
removes the methyl ester groups from the C6 position on the galacturonosyl residues
of pectic polysaccharide backbones %°. Furthermore, changes in the DE seem to be
cultivar-dependent. At the beginning of ripening process, DE remained stable for four
weeks for ‘Arbequina’ and ‘Picual’ olive cultivars and for 6 weeks for ‘Hojiblanca’, then
decreased markedly and most of this decline occurred at the second half of December.
From this harvesting date, DE decreased continuously for ‘Picual’ cultivar, whereas for
‘Arbequina’ and ‘Hojiblanca’ showed an increase. The slight increase in DE values
observed for ‘Arbequina’ and ‘Hojiblanca’ olive cultivars may be explained by a loss of
homogalacturonan fragments of low methylesterification from the cell wall or during
sample preparation 4. Working on grape berries, Barnavon et al. 4% attributed the
differences observed in the patterns of evolution of DE and PME activity to the
presence of other PME isoforms and a precise regulation mechanism of the activity of

these isoenzymes which could be expressed at specific stages of development.

The low DE values observed for those fruits of 'Picual’ and 'Hojiblanca' cultivars
harvested between the ripe green and the veraison stage (Fig. 3) could be responsible
for the late activation of PME at and its lower activity compared with ‘Arbequina’.

Furthermore, the amount of unsaturated uronides in the pectin solution was much
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higher in ‘Picual’ olive cultivar harvested between the ripe green and the veraison stage
(Fig. 4). Because the activation of the endogenous PME is generally carried out at
lower DE, the pectin breakdown in ‘Picual’ olive fruits seems to be mainly due to a non-
enzymatic degradation through a B-elimination reaction, and, to a lesser extent by an
enzymatic degradation causing lower DE and therefore lower PME activity (Fig. 1).
The low extent of non-enzymatic degradation (Fig. 4) and the high PME activity (Fig.
1) observed for fruits of ‘Arbequina’ cultivar harvested at their veraison stage compared
with the other cultivars indicate that the degradation of the pectic substrates for its fruits
is mainly due to PME- catalyzed reaction. Besides, the lower enzymatic and non-
enzymatic activity observed for ‘Hojiblanca’ olive fruits may partially explain their higher
firmness compared with that observed for fruits of ‘Arbequina’ and ‘Picual’ cultivars

(Fig. 5).

Therefore, during olive fruit ripening, PME activity may change varying the firmness of
the fruit. Olive PME activity was found to be low at early fruit developmental stages
and increases during the veraison stage, contributing to the fruit softening. Thus PME
activity and its influence on fruit firmness affect to the rheological behavior of the olive
paste during the industrial process of olive oil extraction. According to Clodoveo et al.
43, three main factors are crucial in establishing the final quality of VOO when
harvesting the fruits: the harvesting time, the harvesting methods, and the post
harvesting storage. Olive fruit texture may have a great influence on its behavior during
transport and processing. The soft texture of olive fruits render them susceptible to
mechanical wounds during processing. When the outer skin of olive fruit is damaged,
fungi and bacteria can enter, leading to a rapid decay and increased water loss from
the damaged area causing a gradual disintegration of the cell wall structure. The rate
of respiration may also increase resulting in a rise in temperature in the transport
containers or in the storage hoppers. All these alterations can affect the quality of the
oil producing oils with high acidity, low stability 44, low polyphenols content and off-
flavors 43. Therefore, these data indicate that depending on the cultivar characteristics,

the knowledge of the PME activity and related pectin concentration may be considered
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as an efficient tool to establish the optimal picking date in order to preserve the fruit

integrity and then, the quality of the VOO.
CONCLUSION

In this study we provide evidence that methanol production in olive fruit is regulated by
PME. For all studied cultivars, fruit ripening was accompanied by an increase in the
abundance of PME activity reaching a maximum at veraison stage followed by a
marked decrease and remained unchanged until the end of fruit ripeness. The same
trend was observed in total pectin, methanol and unsaturated uronides contents. The
close correlation between PME activity and levels of methanol and pectin in the primary
cell wall indicates that PME is the primary biosynthetic pathway of methanol production
in olive fruit and that demethoxylation of pectins is, at least in part, a metabolic origin
of this component. Results also suggests that during ripening process degradation of
cell wall pectic polysaccharides is, inter alea, the result of a synergistic action between
a non-enzymatic reaction through a 3-elimination mechanism resulting in the formation
of unsaturated uronides and an enzymatic reaction mainly governed by PME activity
giving methanol and others pectic compounds. Furthermore, it was found that PME
seems to be involved in changes of the degree of esterification (DE) and loss of fruit
firmness which showed a progressive decrease during ripening process and most of
this decline occurred when the highest activity of PME was detected.
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Pectic cell wall polysaccharides and oil Content modulate the rheological

behavior of the olive fruit pulp during ripening process
ABSTRACT

This work was initiated to establish the effect of fruit ripeness on pectic cell wall
composition as well as the rheological behavior of the olive pulp paste of three of the
major olive (Olea europaea L) cultivars in Spain: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.
The rheological measurements were carried out using a stress-controlled rheometer

with a six-blade vane geometry.

Results revealed that for all cultivars, olive pulp pastes showed a solid-like behavior
under ayield stress (viscoplastic behavior), typical of concentrated suspensions, which
evolved markedly as ripening progressed. A large decrease of the dynamic modulus
and yield stress is observed with ripening for the three cultivars showing that their
structures were not affected in the same way. The partial solubilization of pectic
polysaccharides within the cell wall matrix prominently affects the mechanical behavior
of the fruit by causing an intensive softening and loss of cell wall elasticity and cohesion
and consequently facilitating the release of the mesocarpic oil from the cell wall of the

fruit.

Keywords: olive pulp paste / pectic polysaccharides / rheological behavior / dynamic

modulus / yield tress
Chemical compounds studied in this article

Hydroxyacetone (PubChem CID: 8299); Ethanol (PubChem CID: 702); Tris
(Hydroxymethyl)aminomethane (PubChem CID: 6503); Chloridric acid (PubChem
CID: 28153); Ethylenediaminetetraacetic (PubChem CID: 6049); Sodium hydroxide
(PubChem CID: 14798); Sulfuric acid (PubChem CID: 1118); Polygalacturonic acid
(PubChem CID: 445929); m-Hydroxydiphenyl (PubChem CID: 11381); Tetraborate
decahydrate (PubChem CID: 57357412).
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‘Arbequina’, "Picual’ and "Hojiblanca™ harvested at different stages of ripening.
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1. INTRODUCTION

The olive fruit is a very important crop in Spain, particularly in Andalucia, where olives
provide the basis for two important industries: olive oil and table olive production
(Jiménez et al., 2001). The study of olive fruit shows a great interest because of its
influence on the quality of the fruit as well as on the oil yield due to cell wall components

during VOO extraction process (Fernandez-Diez, 1979).

The structure of the cell wall material and how it is disintegrated and swollen during
fruit ripening is of key importance to control the rheological behavior of the olive paste
during kneading as it supports the turgor pressure due to its elasticity and mechanical
resistance (Jarvis, 2011). These characteristics are, inter alia, due to the chemical
composition and functional properties (rheological performance, hydration properties)
of the pectic polymers that constitute the cell walls (Leverrier, Almeida, Espinosa-
Mufioz, & Cuvelier, 2016; Toivonen & Brummell, 2008). Several works have already
been carried out in order to characterize the pectic cell wall polysaccharides from fresh
olives, among them Coimbra, Waldron, & Selvendran (1994) reported changes in the
composition and solubility of these compounds during maturation that play a major role
in olive texture (Mafra et al., 2001). Recently, Sadkaoui, Jiménez, Pacheco, & Beltran,
(2015, 2016) found as high pectin content in the olive paste contribute to the formation
of oil-in-water emulsions affecting markedly its rheological behavior and lowering the
oil yield. Therefore, the knowledge of the rheological behavior of this material is crucial
for oil yield assessment and calculations in engineering processes, such as: flow
calculation. It is also essential for the design, sizing and selection of proper equipment
for the olive oil industry, such as settling and centrifugation devices, including pumps,

pipes, filtration systems, etc (Gila, Jiménez, Beltran & Romero., 2015).

One of the rheological parameter of great interest for VOO extraction process is the
yield stress which means the stress that must be exerted simply to move one fluid layer
past another (Charm, 1962). The most common method used to determine the yield
stress of food suspensions is by extrapolating the stress-strain rate flow curve to zero

strain rate through the use of an appropriate model (Tattersall, 1976) such as Casson,
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Herschel-Bulkley and Mizrahi-Berk models (Qiu & Rao, 1988). The most widely used
model for flow of a viscoelastic material is Bingham’s linear approximation (Barnes,
Hutton, & Walter, 1989). Although the simplicity of the Bingham model is attractive, the
stress—strain rate relationship of concentrated suspensions, such as olive paste from
unripe fruits, is highly pseudoplastic and only approximates linearity at very high shear
rates (Saak, 2000). Besides, the yield stress value estimated from flow curves depends
on the estimation equation model (Canet, Alvarez, Fernandez, & Luna, 2005);
consequently, it is interpreted as a model parameter. Therefore, it makes more sense
to determine the actual yield stress value which is a physical property of the olive pulp
paste itself determined by mean of oscillatory strain sweeps (Hoffmann & Rauscher,
1993). Furthermore, this dynamic rheological measurement may be useful for oil yield
control during extraction process. However, as can be ascertained, there is a lack of
knowledge about the effect of the fruit maturity stage on the degradation of the cell wall
polysaccharides which considerably affects the textural and rheological properties of
olive paste during malaxation step.

In this work has been studied the contribution of primary cell wall pectic
polysaccharides degradation to the dynamic rheological properties of the olive paste
of three of the major olive cultivars cultivated in Spain: ‘Arbequina’, ‘Picual’ and
‘Hojiblanca’.

2. MATERIALS AND METHODS
2.1. Plant Material

The study was carried out for the crop year 2013/2014. Olive trees of three olive
cultivars ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ were selected by their crop load
homogeneity. Twelve trees for each olive cultivar were pooled into three groups of four
trees. The trees were spaced 7 x 7 m and grown in the experimental orchard of IFAPA

Venta Del Llano in Mengibar, Jaén, Spain, under irrigation and traditional techniques.
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2.2. Olive Samples

Two kilograms of olives were collected from each pool of trees of each olive cultivar.
Sampling was carried out every two weeks at three harvest dates from mid-October
until mid-January. Fruit ripening index was measured according to the method
proposed by the Estacion de Olivicultura y Elaiotecnia (Uceda & Frias, 1975). The fruit

sampling dates and ripening index are shown in Table 1.

Table 1 Harvest dates and fruit ripening stages for the three olive cultivars studied

14/10/2013 13/12/2013 13/01/2014

Cultivar RG TC B

‘Arbequina’ 0.69 2.45 4.99
‘Picual’ 0.08 2.22 6.59
‘Hojiblanca’ 0.05 1.88 4.72

RG: Ripe Green stage; TC: Turning Color stage; B: Black color stage

2.3. Process industrial yield

The process industrial yield (1Y) was defined as the percentage of oil obtained using
the Abencor laboratory oil extraction system (Abengoa, Seville) from 700 to 800 g of
olives paste. The volume of olive oil was measured on graduated cylinder and the oll
yield was calculated using the olive oil density of 0.915 kg/L Eq. (1). Results were
expressed as percent.

(0Vx0.915)

Iy = [ WOP

| x 100 Eq. (1)

Where OV is the volume of olive oil obtained from the Abencor system (L), and WOP

is the weight of olive fruit paste used (kg).
2.4. Confocal laser scanning microscopy

Confocal laser scanning microscopy (CLSM) TCS SP2 (Leica, Germany), equipped
with UV-vis sources and a motorized focal plane with a (x40) objective was used to

visualize the dispersed particles by colouring the cell wall materials and oil drops. The
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microscope had three lasers: two helium/neon lasers, used at excitation wavelengths
of 633 and 543 nm respectively, and one argon laser used at an excitation wavelength
of 488 nm. Images were taken at the three stages of olive fruit ripening: ripe green
stage (RG), turning color stage (TC) and Black color stage (B). A two-step labelling
process was performed using solution of Red Congo (Sigma Aldrich) and Bodipy
665/676 (Invitrogen, Carlsbad, NM, USA) to label cell wall and fat phases, respectively.
Samples were diluted 20 times with distilled water and they were stained with 40 pL of
congo red dye (10g/L) and 2 uL of 2.5 mg mL-1 of Bodipy in dimethylformamide (DMF)
at 20°C for 3 h. The stained samples were placed on glass slides covered with the
cover slips and finally sealed with self-adhesive layer (0.25 mm thick). Cell wall
materials are represented in Green; fat content are represented in red; and finally, a
superimposition of the two images where the co-localized fat-cell / wall material areas
appeared in yellow. Images shown in the present study are superimpositions and were

considered by the authors to be representative of the three replicates.
2.5. Firmness

Olive firmness (kg.cm) was measured at middle region of each fruit subjected to axial
puncture by making three perforations with a penetration probe (a Bertuzzi FT-327
model with a 0.5 cm? head and 0-13 kg.cm scale) in each fruit. For each olive variety,

18 fruits from each maturity stage were measured (six fruits for each repetition).
2.6. Olive paste analysis
2.6.1. Extraction of Alcohol-Insoluble Solids

Alcohol insoluble solids (AIS) were prepared following the procedure previously
described by Levi, Ben-Shalom, Plat & Raid (1988). 5 g of destoned olive sample (pulp)
was grinded in a polytron three times with 70% EtOH followed by two extractions with
acetone (Figure 1). The AIS were dried at room temperature until constant weight. AIS

content was expressed as percent on a fresh matter basis.
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Destoned
olives (5g)

4 homogenizations in succession with 6 mL of 70% ethanol in a polytron
2 extractions with 6 mL of acetone

Centrifugation at 4600 rpm during 6 min

Drying at room temperature

> AIS

g

AlS (0,29)

(=)

4 extractions with 20 mL of distilled water at room temperature
Stirring for 10 min
Centrifugation at 27,0009 during 15 min

> WSP

A

Res

¢]

idue \

4 extractions with 20 mL of 0,1 M buffer Tris/HCI and 0,2% EDTA at pH
6,2 at room temperature

Stirring for 10 min

Centrifugation at 27,0009 during 15 min

Res

>| CSP

4]

y

idue \

2 extractions 2 with 50 mL of 0,05 MNaOH water at room temperature
Stirring for 10 min
Centrifugation at 27,0009 during 15 min

> NSP

\

)

y

‘ Residue \

Fig. 1 Flow charts of the procedures for extraction of alcohol insoluble solids and

fractionation of the cell wall pectic polysaccharides of the olive fruit

AIS: alcohol insoluble solid; WSP: water-soluble pectin; CSP: chelate-soluble pectin; NSP: non-soluble

pectin
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2.6.2. Fractionation of pectic polysaccharides

Fractions of different cell wall components were obtained by sequential chemical
extraction of the cell wall material (AlS) using water (to extract water-soluble pectin,
WSP), 0.1 M buffer Tris/HCI and 0.2% EDTA (to extract ionically bound pectins or
chelate-soluble pectin, CSP) and 0.05 M NaOH (to obtain covalently bound pectins or
non-soluble pectin, NSP) as described previously by Levi, Ben-Shalom, Plat & Raid
(1988) (Figure 1). Total pectin content was obtained summing the three pectic

fractions.
2.6.3. Galacturonic acid analysis

Pectin fractions, extracted as described above, were analyzed for galacturonic acid
(GA) content using m-hydroxydiphenyl (MHDP) following the procedure used by
Blumenkrantz & Asboe-Hansen (1973) and modified by Kinter & Van Buren (1982).
Absorbance was measured at 520 nm in a UV-Vis spectrophotometer (Varian Cary 50

Bio, Spain). Results were expressed as milligram of GA per 100 grams of AlS.
2.7. Rheological measurements

Rheological measurements were carried out using a thermostatically Peltier controlled
MCR301 (Anton Paar, Austria). All the samples were analysed at a fixed temperature
of 20°C.

Oscillatory tests of olive pulp paste were carried out using a six-blade vane geometry,
with an inner radius of 11 mm and a height of 16 mm. The outer stationary cup had an

outer radius of 13.92 mm giving a gap of 2.92 mm.

Oscillatory stress sweep tests were performed at an angular frequency of 2 Hz in order
to determine the linear viscoelastic domain. Figure 2 shows the corresponding
changes in strain with stress amplitude in log scale. All pulp paste samples showed
essentially the same rheological behavior, an increasing strain with an increase in
shear stress until the observation of a marked increase in the deformation marking the
onset of the flow.
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Fig. 2 Strain-stress amplitude curves (logarithmic scales) in oscillatory measurements

for olive pulp pastes made from fruits of ‘Arbequina’, "Picual” and "Hojiblanca™ olive

cultivars harvested at different stages of ripening

(A) “Arbequina”; (B) “: Picual”, (C): “Hojiblanca”; RG: Ripe Green stage; TC: Turning Color stage; B: Black color stage

The dynamic yield stress (ody) was estimated as the intersection of tangents of two

segments of the strain-shear stress curve.

Frequency sweep measurements were performed within the linear viscoelastic region,

in the range of 0.5-100 Hz. G’ (storage modulus) and G” (loss modulus) values were

taken at 2 Hz. The damping factor (tan d) which measures the relative importance of

viscous to elastic contributions for a material at a given frequency was also determined
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at the same frequency (2 Hz) as the ratio between the loss and the storage moduli
(Eq.2):

tan (8) = = (2)
To provide a good repeatability, each treatment was replicated three times. Only the

mean values were used to build the curves.
2.8. Statistical analysis

Analysis of variance (ANOVA) was performed. When a significant F value was found,
Turkey’'s HSD test was used to determine significant differences between means

(p<0.05). Statistical analyses were carried out using the software Statistix, Version 9.0.
3. RESULTS
3.1. Changes in fruit firmness and cell wall components

As can be observed in Table 2, there was a linear decline in AIS throughout fruit

ripening for all cultivars.

This reduction was faster between the ripe green and the turning color stage.
According to Ben-Arie & Lislev (1979) the progressive reduction of AIS with advancing
fruit ripening reflected in part the loss in pectic substances indicating that large alcohol-
insoluble polymers are degraded to alcohol-soluble polymers (El-Zoghbi, 1994) and

starch to soluble sugars (Selvaraj & Pal 1989).

Regard to pectic substances (Table 2), for all cultivars there were clear differences in
pectin fraction between fruits harvested at their earlier ripeness stage and those
harvested at their turning color and black color stages. For ‘Arbequina’ and ‘Picual’
cultivars, total pectin content showed a decrease during the ripening period. The same
trend was observed for ‘Hojiblanca’ cultivar remaining constant for the last ripening

stage.
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Table 2 Changes in pectic components and the process industrial yield of olive fruit

during ripening process

Parameter Cultivar 14/10/2013 13/12/2013 13/01/2014
AlS Arbequina 29.80+0.10aA 26.97+0.83bA 23.09%0.34cA
Picual 24.69+0.17aB 22.19+0.17bB 20.36+0.14cB
Hojiblanca 22.04+0.49aC 20.47+0.21bC 19.56%0.32cC
WSP Arbequina 356+35bA 479+29aA 512+34aB
Picual 328+15bA 339+17bB 463+49aB
Hojiblanca  311+37bA 329+16bB 573+31aA
CSP Arbequina 241+19bB 318+19aC 340+46aB
Picual 372+13aA 421+29aB 416+59bC
Hojiblanca  335+20bA 525+30aA 539+37aA
NSP Arbequina 947+42aB 399+51bA 326+29bA
Picual 1011+38aB 477+37bA 271+2cA
Hojiblanca 1267+35aA 463157bA 319+24cA
TP Arbequina  1544+46aC 1196+40bB 1178+29bB
Picual 1712+55aB  1238+22bAB  1150+28bB
Hojiblanca  1913+50aA 1316+55bA 1431+86bA
Y Arbequina  7.99+0.63cA 11.63+0.32bB 13.70+0.14aB
Picual 5.83+x0.09bB 14.42+0.24aA 14.61+0.34aA
Hojiblanca 3.51+0.08cC 7.93+1.8aC  7.28+0.11bC

AIS: alcohol insoluble solid; WSP: water-soluble pectin; CSP: chelate-soluble pectin; NSP: non-soluble
pectin; TP: total pectin; IY; process industrial yield; Values within a common lowercase letter are
significantly different (p<0.05) with respect to picking date for each cultivar independently; Values within
a column lacking a common uppercase letter are significantly different (p<0.05) with respect to cultivar
for each crop year independently.

NSP, the most abundant polysaccharide fraction found at the ripe green stage,
progressively decreased during ripeness whereas the soluble pectin fractions (WSP
and CSP) increased gradually. Furthermore, for the three studied cultivars, correlation
between AIS and TP were found (Figure 3) suggesting that TP reduction corresponded
to the decline observed for AIS. This result obviously indicates the importance of pectin
solubility in relation to the mechanism of reconversion of the different pectin fractions

during fruit ripeness as reported by Pressey, Hinton, & Avants (1971).

Differences in the changing pattern of pectic substances might be at least in part due
to different activities of pectic enzymes between the three cultivars, principally PME
and PG (Benkova & Markovic 1976).
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Fig. 3 Correlation between alcohol insoluble solids and total pectin content during

ripening process

Process oil yield (1Y) increased linearly as fruit ripening progressed as reported by
Rotondi & Magli (2004); nonetheless, a slight decrease was observed for mature fruits

of ‘Hojiblanca’ cultivar.

Fruit firmness during ripening is shown in Figure 4. In general firmness decreased as
fruit ripeness went on as reported for many other fleshy fruits such as mango (Jha et
al., 2013) and cherry (Fils-Lycon & Buret, 1990).

In general, ‘Hojiblanca’ fruits showed the highest firmness whereas ‘Picual’ olives were
softer at least for the last ripening stages. Differences in the reduction of firmness were
observed for the cultivars studied. ‘Arbequina’ olives did not show any change in fruit
firmness between the ripe green and the turning color stages, although a significant
reduction was observed for mature fruits (black color stage). For ‘Picual’ cultivar, the
highest softening was observed between the ripe green and the turning color stage
achieving a firmness loss close to 60%; then fruit firmness showed a slight decrease
for the last ripening stage. ‘Hojiblanca’ fruits were the firmest at earlier ripeness, then

a decrease of about 50% was observed for fruits harvested at their turning color stage.
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For the last ripening stage, a reduction of 50% was observed again. Therefore, the fruit

softening pattern observed was different for each cultivar.
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Fig. 4 Changes during ripening process in flesh firmness of fruits from the olive
cultivars ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’
Data are meanz SD for three sets of observations; RG: Ripe green stage; TC: Turning color stage; B:

Black color stage; Different letters for each olive cultivar means significant differences at p, 0.05 between
the different ripening stages

Changes in AIS and pectic fractions coincided with a softening reflected in a marked
firmness decrease (Figure 4) then a substantial change in the cell wall material was
observed. This finding is comparable to results found for apples by Wiley &
Worthington (1961) who attributed the softening to a decrease in total AlIS and changes
in components of AIS, mainly pectins and possibly other substances. Based on
observations from other species, a correlation between cell wall swelling and pectin
solubilisation has been also established in kiwifruit (Redgwell et al., 1997; Redgwell &
Percy, 1992).

During ripening, progressive disruption of the cell wall material was observed. Based
on visual observations and confocal micrographs (discussed later), a hypothetical

simplified evolution of the analysed samples is illustrated in Figure 5.
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Fig. 5 Schematic representation of olive pulp paste structure during ripening process

a: Fibrous reticular framework of the pseudo-colloidal pulp; b: Small droplets of cellular oil; ¢: Proportions
of occluded vegetation water between the framework and the oil droplets; d: Proportion of lipophilic
laminar pulp; e: Big free oil droplets; f: Aqueous phase of free olive vegetation water; RG: Ripe green
stage; TC: Turning color stage; B: Black color stage

Samples made from fruits harvested at their ripe green stage are basically composed
by large portions of lipophilic laminar and large fragments of pulp with occluded small
droplets of oil and vegetation water (Figure 5). As ripening progresses, the physical
and chemical characteristics of these systems are highly modified. One of the most
important changes was the increase of the cell oil globules and portions of occluded
vegetation water from the interior of the cell wall. Besides, the pulp fragments become
smaller and the oily globules, together with the vegetation water are incorporated to
the free oily must.

Confocal Laser Scanning Microscopy (CLSM) was performed in order to extract more
accurate information about the main changes affecting the pulp pastes during the
ripening period. As can be seen in Figure 6, pulp tissues for all olive cultivars showed
the parenchyma of the green fruits quite compact with small air-filled intercellular
spaces which became larger as ripening progressed as a result of a decrease in cell-
cell adhesion (Harker & Suthrland., 1993).
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Fig. 6 CLSM micrographs (40x) from olive pulp paste of ‘Arbequina’, ‘Picual’ and
‘Hojiblanca’ olive cultivars during ripening process
Pictures are three-dimensional projections from 60-65 sections; a “Arbequina”; p “: Picual’, h:

“Hojiblanca”; 1: Ripe green stage; 2: Turning color stage; 3: Black color stage; AS: Air Spaces; CW: Cell
Wall; ICJ: Intercellular Junctions; LB: Lipid Body; V: Vacuole

The cells of ‘Arbequina’ tissues (Figure 6a1) were larger compared to those of ‘Picual’
(Figure 6p1) and ‘Hojiblanca’ (Figure 6hi) tissues. Also, closer contacts between the
cells of ‘Hojiblanca’ tissues were observed with tighter intercellular spaces (or pores)
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while there was more spaces between the cells of ‘Arbequina’ and ‘Picual’ tissues. As
ripening progressed, these systems differed drastically in their shape and size. The
cellular morphology appeared more degraded and the size of the cell lipid bodies and
the vacuoles was increased. The air-filled intercellular spaces became larger as a
result of a decrease in cell-cell adhesion (Harker & Suthrland., 1993). The cells grow
and the cell wall thickness decreases, being the main factors to cause losses in the
mechanical properties of the cell wall materials (Goncalves et al., 2005). Our results
are in agreement with those of Mafra et al. (2001) who using a Scanning Electronic
Microscopy (SEM) found that during ripening, a progressive disruption of the middle

lamella parenchyma cells was observed.
3.2. Association between cell wall degradation and pulp paste rheological properties

Figure 2 reports strain-stress curves showing the location of the yield stress when a
linear increase in the stress was applied to the olive pulp paste samples during the
course of ripening process. For all cultivars, as the shear stress amplitude increased
the strain increased until a critical value recorded as yield stress (Ody). Therefore, olive
pulp pastes showed a solid-like behavior under a yield stress (viscoplastic behavior),

typical of concentrated suspensions as previously report by Di Renzo & Colleli (1997).

Besides, it was observed as this viscoplastic behavior evolved markedly as ripeness
progressed. For pulp pastes from ‘Hojiblanca’ and ‘Picual’ cultivars, the dynamic yield
stress (Ody) gradually decreased during ripeness, whereas for ‘Arbequina’ cultivar, it
was higher at veraison stage than at green and black color stages6 (Figure 7). This
behavior indicated that olive pulp pastes from mature fruits are more structured and

viscous than those made from unripe fruits which are more elastic.
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Fig. 7 Changes in the dynamic yield stress (oay) of olive pulp pastes made from fruits
of ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ olive cultivars harvested at different stages of
ripening

Data are meanz SD for three sets of observations; RG: Ripe green stage; TC: Turning color stage; B:

Black color stage; Different letters for each olive cultivar means significant differences at p, 0.05 between
the different ripening stages

Dynamic frequency sweep tests were performed in the linear viscoelastic range to
determine the frequency dependence of the elastic and viscous moduli. Figure 8
illustrates the mechanical spectra of olives pastes from the olive cultivars studied

throughout fruit ripeness
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loss modulus G” (empty symbol)) versus frequency (w) of olive pulp pastes made from
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For all cultivars, G’ was substantially higher than G” in the range of frequency studied.
Both moduli increased with frequency indicating that olive pulp pastes corresponded
to structured viscoelastic products with soft-solid-like behavior presenting a yield stress
typical of concentrated suspensions. Therefore, the attractive forces become dominant
due to the strong hydrogen bond and hydrophobic association (Basu, Shivhare, Singh,
& Beniwal, 2011). This behavior was similar to that found for other fruits and vegetables
pastes (Massa, Gonzalez, Maestro, Labanda, & Ibarz, 2010). Furthermore, a well-
developed plateau region in the mechanical spectra, characterized by a low
dependence of G’ with frequency and a minimum in G”, was found for olive cultivars

studied throughout the different ripening stages.

Figure 9 shows the values of G’ and G” and the damping factor (tand) for a frequency

of 2 Hz as a function of ripening stages.

For ‘Picual’ and ‘Hojiblanca’ pastes, the magnitudes of both moduli significantly
decreased as ripening progressed (Figures 9A, 9B). This moduli reduction indicates
that the internal cell wall matrix of the pulp paste became less structured, less elastic
and more viscous as a result of a decline in the consistency of the suspension.
Nonetheless, for ‘Arbequina’ olive pulp paste, a marked increase of G’ and G” was
observed at the turning color stage probably as a metabolic response of the fruit to the
gelling temperature occurred at this stage of ripening and which caused an increase in
the dehydration process and affected markedly the mechanical properties of the

processed olive pulp pastes.

Tand indicates the relative importance of both viscous and elastic behaviors of
materials, whereby tand <1 exhibits more elastic behavior and may behave like solid,
while tand > 1 exhibits more viscous behavior and behaves more like liquid (Fateme,
2006). Results indicated as the range of tand was < 1, and then, all olive pastes
behaved like a solid. Furthermore for all cultivars, ‘olive pulp pastes made from fruits
harvested at their ripe green stage were found to have a significantly lower tand values
than those pulp pastes from fruits harvested at their black color stage.
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Fig. 9 Changes in some rheological parameters of olive pulp pastes made from fruits
of ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ olive cultivars harvested at different stages of
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Damping factor; RG: Ripe green stage; TC: Turning color stage; B: Black color stage; Different letters
for each olive cultivar means significant differences at p, 0.05 between the different ripening stages

Many researchers agreed that the fruit firmness has a close relationship with its
mechanical and rheological properties (Afkari Sayyeh, 2003; Davi, Banks, Jeffery, &
Studman (1996). In order to highlight the close relationship between the loss of fruit
firmness and the rheological changes during ripening process, correlation between
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elastic modulus (G’) decrease and fruit firmness (FIR) decrease was carried out. As
can be observed in Figure 10, G’ and FIR showed highly significant correlation. Ours
results confirmed those of Kojima, Fujita, & Tanaka (2004) who associated the fruit
softening of pears to changes in elastic modulus (G") as a result of the weakening of

intercellular bonds/cell walls and/or loss of turgor.
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Fig. 10 Correlation between G’ and fruit firmness during ripening process

Furthermore, it was observed that for all cultivars the loss of the cell wall integrity was
accompanied by an increased concentration of oil (Table 2). Therefore, the sizable
alterations of the rheological properties of the olive pulp paste during ripening may be
the result of a coordinated interaction between several cumulative factors as the pectic

composition and the oil content.
4. CONCLUSION

The main purpose of this research was to study the involvement of pectic cell wall
degradation on the alteration of the rheological properties of olive pulp pastes made
from olive fruits harvested at different stages of ripening. Results revealed that the
structure and the extent of solubilisation of pectic cell wall polysaccharides govern the
rheological and textural properties of the olive fruit including, among others, firmness,
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elasticity and viscosity. For all cultivars, hard unripe olive fruits are rich in pectin, having
firmer tissue and the fruit pulp is more structured and rigid. As ripening progressed,
pectin is partially solubilized within the cell wall matrix and a decrease in cell-cell
adhesion and cell thickness were observed. It produced a weakness and disruption of
the cell wall and middle lamella structures leading to a marked softening of the olive
fruit and a decrease of the viscoelastic properties. Furthermore, the gradual increase
of the oily fraction also contributed actively to the changes in the viscoelatic properties
of the olive pulp paste since olive oil behaves as soft-filler that produces a softer system

as oil increases throughout ripeness.
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Durante el proceso de maduracién de la aceituna, los componentes de la pared celular
experimentan notables variaciones estructurales que generan cambios en la textura
del fruto generando su ablandamiento (Seymour y Gross, 1996). Una de las
modificaciones mas notorias esta relacionada con la composicion de las fracciones
pécticas (Marin-Rodriguez et al., 2002). Dado que las pectinas son polimeros
naturales, formados por acido galacturdnico polimerizado y parcialmente esterificado
con metanol, estas sustancias son sometidas a procesos de despolimerizacion
principalmente controlados por la actividad de ciertas enzimas pectolicas, que
contribuyen al ablandamiento de los tejidos vegetales, y por tanto afecta a las
caracteristicas fisicas de la aceituna. Estos cambios fisicos en la pared celular del
fruto facilitan la rotura de las estructuras celulares provocando la liberacion del

contenido vacuolar, en este caso del aceite de oliva virgen.

La pectinmetilesterasa (PME) es una de las enzimas pectoliticas implicadas en el
ablandamiento de la aceituna durante el proceso de su maduracion. Es por ello, que
uno de los objetivos de la presente Tesis, ha sido estudiar la posible implicacion de
esta enzima de la pared celular, en los cambios asociados al proceso de
despolimerizacion de las cadenas pécticas, que contribuyen al ablandamiento y a la
pérdida de firmeza durante la maduracién de la aceituna.

El estudio se realizé empleando aceitunas de tres variedades: ‘Arbequina’, ‘Picual’ y

‘Hojiblanca’ recolectadas desde el estado verde hasta el maduro.

Conforme avanza la maduracion del fruto, los parametros pomoldgicos (indice de
madurez), texturales (firmeza y grado de esterificacién), composicionales (contenido
en aceite, pectinas, metanol y uronidos 4,5-insaturados) y bioquimicos relacionados

con la actividad de la PME, tuvieron un elevado componente genético.

Las tres variedades exhibieron una variacion similar de la actividad de la PME. Los
frutos inmaduros muestran una actividad muy baja, que posteriormente aumenta casi
linealmente y alcanza un nivel maximo en el estado de envero. De entre las variedades

estudiadas, la actividad PME mas elevada (6 Umg™) se observé en los frutos de la
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variedad ‘Arbequina’, mientras que el de mas baja se aprecidé en ‘Hojiblanca’. El
aumento de la actividad PME durante el envero, concuerda con la observada en otros
frutos no climatéricos como la frambuesa (lannetta et al., 1999). A partir del envero, la
actividad PME disminuyé notablemente estabilizandose hasta el final de la
maduracion. Esta reduccion fue mas acusada en los frutos de la variedad ‘Arbequina’.
Las diferencias observadas entre los cultivares, ha sido previamente descrita en otros
frutos como albaricoque (Abaci y Asma, 2014) y cereza (Barrett y Gonzélez, 1994).
Los resultados indicaron que la desesterificacion de las sustancias pécticas, por la
accion de la PME, podria ser un paso previo a los cambios de maduracion asociados

a los polisacaridos pécticos de la pared celular (El Rayah y Labavitch, 1980).

El contenido de pectinas totales (PT), mostro una evolucién similar a la actividad de la
PME lo que indicaria una relacion entre la induccion de la actividad de esta enzima 'y
la concentracion en pectinas, principalmente las metilesterificadas, que representan
sus sustratos potenciales. Como se ha descrito anteriormente, la actividad Optima
PME coincide con el estado envero lo que explicaria los altos niveles de metanol
obtenidos en este estado de maduracion del fruto. Los contenidos bajos de metanol
observados en los frutos, recolectados entre el estado de envero y maduro, podrian
atribuirse a la dificultad para acceder a los esteres metilicos de las pectinas por la
PME. Segun Fischer y Bennett (1991), la reduccion de la disponibilidad de sustratos
pectinicos para la actividad de la PME, esta inducida por la produccion de enzimas
hidrolasas en la pared celular. En definitiva, las sustancias pécticas contribuyen
significativamente a la actividad PME, confirmando asi la hip6tesis de que la
biosintesis de metanol esta controlada por ésta, que cataliza la hidrolisis de los ésteres
metilicos de los acidos poligalacturonicos, liberando metanol al medio, y convirtiendo

a las pectinas en acidos pécticos.

Aunque no existe acuerdo sobre los mecanismos de degradacion de las sustancias
pécticas, se establece que la solubilizacion de estos compuestos, es el resultado de

los efectos acumulativos de procesos: enzimaticos y no enzimaticos.

Los resultados obtenidos en nuestro estudio, revelaron que para las tres variedades
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estudiadas, los urdnidos 4,5-insaturados obtenidos por B-eliminacién mostraron la
misma tendencia que la observada para la actividad de la PME, el contenido del
metanol y de la PT. Este resultado sugiere que el proceso de degradacion de los
compuestos pécticos, podria resultar de una accion sinérgica entre una reaccion no
enzimatica por B-eliminacion (induciendo la formacion de los urénidos insaturados) y
una reaccién enzimatica, principalmente controlada por la PME, para la produccion de
metanol y otros compuestos pécticos.

La firmeza, mostré una disminucién progresiva durante la maduracion de las
aceitunas. Una disminucion marcada se produjo entre el estado envero y el estado de
plena madurez, tal y como se ha descrito para otros frutos como la guayaba (Bashir y
Abu-Gouth, 2003). Al comienzo de la maduracion, la firmeza fue mas elevada en la
variedad ‘Hojiblanca’ mientras que los valores mas bajos se obtuvieron en los frutos
de la variedad ‘Arbequina’. La pérdida de firmeza fue mas rapida en las variedades
‘Picual’ y ‘Hojiblanca’ siendo mas lenta en ‘Arbequina’. La diferencia en firmeza
observada entre las tres variedades estudiadas, podria atribuirse a la existencia de
diferentes patrones de degradacion de la pared celular entre las variedades (Pressey
y Avants, 1978).

Segun Boeriu et al. (1998), la composicion quimica de las pectinas (grado de
esterificacién) y la interaccibn con los polisacaridos de la pared celular y las
glicoproteinas, determinan la firmeza de los frutos. Una pérdida de firmeza, casi
completa, fue observada en los frutos maduros para los que no se detect6 actividad
PME. Es probable que la accidén continua de varias hidrolasas de la pared celular,
incluyendo PG y PLs, sea el principal factor responsable de la degradacion de las
paredes celulares, induciendo de esta manera la pérdida de firmeza de los frutos en

los estados avanzados de madurez (Fischer y Bennett, 1991).

Buescher y Hobson (1982) describieron que el aumento de la actividad de la PG como
resultado de los bajos niveles de puentes calcicos, puede ser, en parte, responsable
de la pérdida de la integridad de los tejidos. Por tanto, la pérdida de firmeza de las

aceitunas durante los estados avanzados de madurez, podria ser consecuencia de
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varios mecanismos, operando de forma independiente o sinérgica, principalmente

controlados por la actividad de la PME.

El grado de esterificacion (GE) de las pectinas no siguio la evolucion observada para
la PME, disminuyendo entre el estado verde y el estado maduro. La disminucion del
GE ha sido previamente descrita en otros frutos. La desesterificacion de las pectinas
se debe principalmente a la actividad de la PME, que elimina los grupos de ésteres
metilicos de la cadena principal de los polisacaridos pécticos (Steele et al., 1997).
Para las tres variedades estudiadas, este parametro mostré un descenso a medida
que progresa la maduracion del fruto. Los valores mas altos del GE fueron obtenidos

en los frutos inmaduros para luego disminuir cuando alcanzaron su estado envero.

En la uva (Barnavon et al. 2001), las diferencias observadas en el patron de evolucion
de GE se debe a la actividad de la PME, y a la presencia de otras isoformas de esta
enzima con un mecanismo de regulacion preciso, que en el caso de la aceituna

podrian expresarse en unas etapas especificas de la maduracion.

Los bajos niveles del GE observados en frutos inmaduros de las variedades 'Picual' y
'Hojiblanca’, podrian ser responsables de una activacion mas tardia de la PME y por
tanto, de una baja actividad de esta enzima en dichas variedades. Por otro lado, la
concentracion de los urdénidos insaturados generados por el mecanismo de [3-
eliminacion, fue mas alta en los frutos de la variedad ‘Picual’ recolectados entre el
estado verde y el estado envero. En general, la activacion de la PME se lleva a cabo
en presencia de sustratos pécticos con bajos GE, por lo que la degradacion de la
pectina en los frutos de la variedad 'Picual’, podria resultar principalmente de una
reaccion no enzimatica por B-eliminacién y, en menor medida, por una reaccion
enzimatica; esto explicaria los bajos GE y por tanto, la baja actividad de la PME en las
aceitunas de dicha variedad. Sin embargo, la baja concentracion de los urdnidos
insaturados y la alta actividad de la PME observada en los frutos de la variedad
‘Arbequina’, recolectados entre el estado verde y el estado envero, indican que la
degradacion de los sustratos pécticos de los frutos de la variedad 'Arbequina’ se debe

principalmente a una reaccion catalizada por la PME. La baja actividad enzimatica y
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no enzimatica observada para los frutos de la variedad 'Hojiblanca’, podria, al menos
en parte, explicar su elevada firmeza en comparacion con los frutos de las otras

variedades.

Por tanto, la actividad de la PME juega un papel muy importante en la pérdida de
firmeza del fruto durante la maduracion, lo que podria tener una incidencia directa
sobre su comportamiento durante el transporte y el proceso de extraccion del aceite.
Las aceitunas blandas son mas susceptibles a las lesiones mecanicas, que pueden
ocurrir en cualquier etapa desde la recoleccion hasta el procesado del fruto en la
almazara. Las aceitunas dafiadas por abrasiones del epicarpio, pueden alojar una
serie de hongos y bacterias contribuyendo a una descomposicion rapida y una pérdida
importante del agua de la zona dafiada, causando una desintegracion gradual de la
estructura de la pared celular. Todas estas alteraciones, pueden afectar
negativamente a la calidad de los aceites extraidos de estas aceitunas dafadas, que
pueden mostrar valores de acidez mas elevados, una menor estabilidad oxidativa, una
reduccion del contenido en polifenoles y podrian mostrar defectos de caracter
sensorial. Por tanto, el conocimiento de la actividad de la PME y la concentracion de
pectina relacionada podria considerarse como una herramienta eficaz para elegir el

momento oportuno de recoleccion del fruto de cada variedad.

Una vez aclarados los factores quimicos y bioquimicos implicados en la degradacion
de las sustancias pécticas del fruto durante su maduracion, y como se ven afectadas
por la variedad, habria que aclarar la implicacion de estas sustancias de la pared
celular en la formacién de pastas dificiles y describir el mecanismo de accién del MTN

en la rotura de las emulsiones y su efecto sobre el rendimiento en aceite.

Durante la extraccion del aceite de oliva virgen, los agentes emulsionantes son,
generalmente, polimeros pécticos de alto peso molecular que derivan de los
polisacaridos de la pared celular. Estas sustancias promueven la formacién de
emulsiones, alterando asi las caracteristicas reolégicas de la pasta de aceituna
procesada y condicionado en gran medida el porcentaje de aceite obtenido.
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En términos reoldgicos, este tipo de pasta pertenece a los fluidos no newtonianos o
fluidos de Bingham, pues al aplicar una tension se comporta como un semisolido de
viscosidad plastica. Estas pastas, también llamadas ‘dificiles’, provocan la reduccién
del rendimiento del proceso de extraccion del aceite de oliva virgen. Para romper estas
emulsiones y recuperar parte del aceite retenido, se utiliza como coadyuvante
tecnoldgico el microtalco natural (MTN), aunque recientemente se ha aprobado la
utilizacién de arcillas caoliniticas. Asi, se planteé como otro objetivo de esta Tesis el
estudio del mecanismo fisico de actuacion de cuatro microtalcos comerciales,
diferenciados por sus contenidos en carbonato y granulometria, y su efecto sobre la
ruptura de las emulsiones aceite-agua, similares a las formadas durante la
preparacion de la pasta. Para conseguir este objetivo, se evalu6 a escala de
laboratorio el efecto emulsificante de la adicion de diferentes dosis de pectina (0.5%,
1%, 1.5% y 2%), sobre la formacion de emulsiones aceite-agua procedente de la
variedad ‘Hojiblanca’. Asimismo, se evalud el efecto de las caracteristicas
fisicoquimicas del talco sobre la ruptura de estas emulsiones aplicando diferentes
dosis (0 a 1%).

El aumento de pectina, generé un incremento de la actividad emulsionante (AE)
obteniéndose diferencias significativas cuando se afiadieron las dosis méas elevadas.
Por otra parte, la adicion del 2% de pectina, no produjo ningn aumento significativo
de la AE; no apreciandose AE para el tratamiento control al que no se afiadio pectina.
Pinotti et al. (1997) indican que las moléculas de pectinas, adsorbidas en la superficie
de las gotas de aceite de la emulsion, podrian actuar como polimeros que les
sostienen juntas. Una vez que las pectinas estan fuertemente adsorbidas a la interfase
aceite-agua, pueden estabilizar las emulsiones durante un largo periodo de tiempo,
probablemente mejorando la repulsion electrostatica entre las gotas emulsionadas
(Dickinson, 2003). Por tanto, las pectinas podrian considerarse como uno de los
agentes emulsionantes presentes en las pastas dificiles. En cuanto a la adicién del
MTN, independientemente de la concentracion de pectina afiadida a la emulsion, las
caracteristicas fisicoquimicas de los talcos, asi como las dosis aplicadas, afectan

significativamente (p < 0.001) a la AE.
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De forma genérica, considerando el conjunto de las concentraciones de pectinas y
MTN adicionadas a las emulsiones, la adicion de dosis de MTN comprendida entre el
0.25% y el 1%, reduce notablemente la actividad emulsionante de las pectinas. Los
valores mas bajos de la AE se obtuvieron adicionando MTNL1 incluso a baja dosis
(0.5%).

En general, la accién emulsionante de las pectinas se debilita a medida que aumenta
la dosis de talco adicionado; asimismo la eficiencia de este coadyuvante fue menor al
incrementar la concentracion de pectinas. La capacidad del MTN de romper las
emulsiones aceite-agua, podria explicarse por su caracter hidrofobo responsable de
la actividad superficial de las sustancias pécticas. De hecho, la superficie hidréfoba o
ibnica del talco, seria en estado inestable y tendria tendencia a reaccionar
guimicamente con iones de carga opuesta para volver a su estado estable. Dado que
las pectinas son hidrocoloides aniénicos (Moreau et al., 2003) que tienen una carga
negativa, por el fendbmeno de atraccion de las cargas opuestas, estas sustancias
actuarian como un fuerte puente de anclaje en la interfase aceite-agua, atrayendo la
superficie positiva de las particulas de talco y generando la formacion de un complejo

pectina-talco (Weinbreek et al., 2003).

Las caracteristicas fisicoquimicas de los talcos afectan notablemente a la ruptura de
dichas emulsiones, aunque su efecto depende de la dosis de talco aplicada. Los
mejores resultados, en cuanto a diminucion de la AE, se observaron utilizando dosis
de 0.5% del talco MTN1, caracterizado por el diametro de particula (D50) mas bajo
(2.4 um). Debido a su pequefio tamafio de particula, este talco muestra una mayor
area de superficie activa que le permite la adsorcion de una mayor cantidad de
moléculas de agua y pectinas. Ademas, su mayor porcentaje de carbonato (4%), le
permite mejorar la ruptura de las emulsiones mediante la liberaciéon de mayor cantidad

de gotas de aceite.

De hecho, se observa que el aumento progresivo del tamafio de particula del MTN,
parece tener un efecto negativo sobre la AE pues aumenta con el D50. Seguin Oksiiz
et al. (2006), el hecho de que la hidrofobicidad de la superficie de los MTNs aumente,
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a medida que disminuye el tamafio de sus particulas, puede explicarse por un

aumento del angulo de contacto entre las diferentes particulas del talco.

En cuanto al porcentaje de carbonato, se observo una tendencia general a aumentar
la AE a medida que lo hace éste, solo en el rango de dosis de 0.5-1.1%. Sin embargo,
dosis mas altas inducen una diminucién marcada del parametro estudiado. Por tanto,
los MTNs con altos contenidos de carbonatos tienen mayor capacidad para romper
emulsiones. El carbonato es un componente rico en calcio y por tanto, puede contribuir
activamente a la formacion de complejos electrostaticos con las pectinas (Nguyen y
Savage, 2012). Por tanto, la eficiencia del talco para romper las emulsiones, no
depende sélo de la dosis aplicada, sino también de su composicion mineraldgica, su
morfologia y el tamafio de la distribucién de sus particulas. De hecho, la excelente
eficiencia del MTN1 puede explicarse por su alta hidrofobicidad debida a los valores
bajos de D50 y su alto contenido en carbonato. Estos resultados coinciden con los

descritos previamente (Alba et al., 2007; Sanchez et al., 2007).

Con objeto de corroborar estos resultados, se realizdO un estudio a escala de
laboratorio sobre el efecto de la adicion de los talcos descritos anteriormente, sobre el
rendimiento industrial del proceso de extraccion del aceite de oliva virgen de la
variedad ‘Hojiblanca’. En este caso las dosis ensayadas fueron (0,1, 2 y 3%). Como
era previsible, en general, la adicion de microtalco natural provocd un aumento del
rendimiento industrial (RI) con respecto al testigo. Asimismo, se aprecio un incremento
lineal del rendimiento industrial a medida que aumento la dosis de talco del 0 al 2%,

no observandose diferencias significativas para dosis mas elevadas.

En cuanto al tipo de talco, considerando el conjunto de las dosis de talco ensayadas,
los mejores RI se obtuvieron afadiendo talco tipo MTN1, obteniéndose diferencias

significativas (p<0.001) respecto a otros talcos.

En general, para las diferentes dosis de talco ensayadas, se observd que hay una
tendencia general a aumentar el Rl del proceso, a medida que lo hace el porcentaje

de carbonato contenido en el talco, obteniéndose una correlacion entre ambos
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parametros (p<0.01). Estos resultados coinciden con los descritos por Alba et al.
(2007). Por tanto, aquellos talcos con elevado contenido de carbonato pueden
funcionar a dosis mas bajas, mientras que aquellos con porcentajes de carbonato mas
bajos han de ser aplicados a dosis mas altas para alcanzar rendimientos de extraccion

elevados.

La granulometria del microtalco, expresada por el didmetro medio de particulas D50,
afectd al RI del proceso de extraccion de aceite. Asi, se ha obtenido una correlacion
altamente significativa entre el D50 y el RI, fundamentalmente para dosis de 1 y 2%.
Asi, tamafio de particula mas pequefio da lugar a mejores rendimientos. Este efecto
es mucho mas marcado en el caso de dosis elevadas (3%). Resultados similares
fueron aportados por Alba et al. (2007), que encontraron una mejora del rendimiento
con un didmetro de particulas més fino del talco. En trabajos posteriores, Espinola et
al. (2009) y Moya et al. (2010) demostraron que el aumento del tamafio de particulas
de talco suele tener una influencia negativa sobre el proceso de extraccidon de aceite.
Esta influencia es mucho mas marcada a medida que se aumenta la dosis de talco

adicionada.

La adicion del talco MNT1, caracterizado por el porcentaje de carbonato mas alto (4%)
y el diametro de particulas mas bajo (2.4 um), permitié obtener los porcentajes de
mejora de rendimiento industrial del proceso de extraccion mas altos, incluso a dosis
bajas (1%), confirmando asi los resultados obtenidos en el ensayo anterior sobre la
eficiencia de este talco en debilitar la actividad emulsionante de las sustancias

pécticas.

Los rendimientos mas elevados en talcos, con un tamafio de particula mas pequefio,
podrian ser explicados por su elevada superficie hidréfoba (Oksuiz et al., 2006).
Casanova et al. (2007), describieron que la disminucién del tamafio de particula (D50)
genera un aumento del area de la superficie de adsorcion de las particulas de talco
(Seer). Por tanto, el RI podria tener una relacién directa con la Sger. Se ha confirmado
gue la eficacia del talco depende, no solo de su superficie sino también de su fraccion

de carbonato (Xcarb). De hecho, se observd que el incremento gradual de Sget/Xcarb
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induce un aumento lineal del aceite extraido, obteniéndose una correlacion

significativa (p<0.01).

Se ha estudiado, a escala industrial, el efecto de la adicion de diferentes dosis del
talco con mayor eficiencia descrito en los trabajos anteriores, caracterizado por un
menor tamafio de particulas y un elevado porcentaje de carbonato (0%, 0.25%, 0.5%
y 1%), sobre el rendimiento y su interaccion con las fracciones péctica y protéica de
la pared celular de la pasta de aceituna de la variedad ‘Hojiblanca’, pues ademas de

las pectinas, las proteinas podrian tener un papel en la formacion de emulsiones.

La determinacion del acido galacturénico (AG), se llevo a cabo a partir de los solidos
insolubles en alcohol (SIA) que se cuantifico y se utilizdé para la extraccion de tres
fracciones de sustancias pécticas: pectinas solubles en agua (PSA), pectinas solubles
en agentes quelantes o pectato de calcio (PCa) y pectinas insolubles o protopectinas

(PP). Asimismo, se determino el contenido en proteinas de los SIA.

Los resultados obtenidos, indicaron que el contenido de los SIA aument6 después del
batido, reflejando una disminucion del contenido de los sélidos insolubles en la pasta
de aceituna procesada (Berry y Uddin, 1991). Ello afecta sustancialmente a las
propiedades reoldgicas de la pasta procesada (Levi et al., 1988), su comportamiento

durante la etapa de separacion soélido-liquido y su rendimiento en aceite.

Asimismo, la adicién del talco al 0.5% disminuy6 el contenido de los SIA mientras que
una dosis mas elevada (1%) dio lugar a un incremento. Por tanto, el uso de dosis de
MTN comprendidas entre 0.25% y 0.5% permitieron una mayor adsorcion de los

polimeros insolubles al alcohol en la superficie de talco (Liu et al., 2006).

Las tres fracciones de sustancias pécticas cambiaron notablemente durante el batido
de la pasta, apreciandose una disminucion del contenido de las tres después del
batido. La misma tendencia fue observada para el contenido total de pectinas, lo que
indica que durante la extraccidon del aceite, estas sustancias sufren una degradacion
sustancial que influye sobre su solubilidad; resultados que estan de acuerdo con los

descritos por Minguez-Mosquera et al. (2002).
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Los contenidos tanto de los PCa como los PSA disminuyeron ligeramente después el
batido. Las bajas concentraciones de los PCa respecto a las de PSA en la pasta,
podrian explicarse por una disminucién de los enlaces i6nicos cruzados, como
resultado de un mayor grado de metilesterificacion que se suele producir durante el
procesado de las pastas. Las fracciones de PCa y PSA encontradas en la pasta que
no ha sido batida, representan probablemente las pectinas de la pared celular que han
sido solubilizadas durante la maduracion del fruto (Camara Hurtado et al., 2002),
mientras que las encontradas en la pasta de aceituna batida, representan el material
inicialmente solubilizado y la pectina solubilizada a partir de las fracciones

covalentemente ligadas a la pared celular durante el procesado del fruto.

En cuanto al contenido de PP, que fue la fraccion péctica mayoritaria, mostré un
descenso después el batido de forma similar a la descrita tras el procesado del brocoli
gue Christiaens et al. (2012) atribuyeron a la conversion de protopectina en pectina
soluble por solubilizacién y/o como consecuencia de una despolimerizacion por [3-

eliminacién de este material vegetal.

Las PT mostraron una reduccion de su contenido después del batido, lo que esta de
acuerdo con los resultados previamente obtenidos por Cadmara Hurtado et al. (2002)

guienes a su vez indicaron niveles bajos de PT en los frutos procesados.

El hecho de que los extractos de la pasta de aceituna batida muestren menos pectinas,
sugiere que un aspecto del procesado, como es el calentamiento de la pasta de
aceituna, provoco la despolimerizacion y la solubilizacion de las pectinas. Esto
explicaria los bajos niveles de PT encontrados en la pasta batida. Minguez-Mosquera
et al. (2002) indicaron, que durante esta etapa del proceso de extraccion del aceite de
oliva virgen, la actividad de algunas enzimas pectoliticas, principalmente la
pectinmetilesterasa (PME) y la poligalacturonasa (PG), da lugar a la formacion de
cadenas cortas de pectinas desesterificadas y a cambios en la solubilidad de las
diferentes fracciones pécticas.

La correlacion positiva, altamente significativa, entre el contenido de la fraccion de PP
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y las fracciones PSA (r?=0.76), PCa (r?=0.98) y PT (r>= 0.99), indica la existencia de
una interaccion coordenada entre las tres fracciones pécticas durante el proceso de
extraccidbn de aceite, principalmente asociada con su grado de solubilizacion
(Minguez-Mosquera et al.,, 2002). En general, las pectinas esterificadas,
principalmente compuestas por pectinas insolubles, son menos solubles y menos

susceptibles a la degradacion (Ramos et al., 2015).

No obstante, es poco probable que todos los cambios apreciados en las diferentes
fracciones pécticas, puedan explicarse Unicamente por los cambios de solubilidad de
estas sustancias. Para explicar estas alteraciones estructurales se han propuesto tres
mecanismos diferentes: (a) La actividad de ciertas enzimas enddgenas que degradan
las pectinas incluyendo la PME y la PG (Duvetter et al., 2009); (b) La B-eliminacion
(De Roeck et al., 2008) y (c) La hidrolisis acida (Diaz et al., 2007).

La importancia de estos procesos bioquimicos depende principalmente de los niveles
enzimaticos del fruto, las caracteristicas de cada cultivar y de otros factores exégenos
a la propia pasta procesada (Gémez, 2007). La modificacién de las caracteristicas
quimicas de las pectinas por el batido, induce alteraciones en sus propiedades
funcionales, tales como su comportamiento reoldgico y su capacidad gelificante (Sila
et al., 2006), lo que afectaria a su capacidad para unirse con las particulas de MNT y

en definitiva, a la efectividad de éste como coadyuvante tecnolégico.

De hecho, el uso del MNT afectd significativamente al contenido de las diferentes
fracciones pécticas, siguiendo la misma tendencia observada para los SIA. Asi, la
adicion del talco, hasta una dosis limite del 0.5%, disminuy6 considerablemente el
contenido de las tres fracciones pécticas y de PT de la pasta de aceituna batida. Esto
podria explicarse por la aparicion de interacciones electrostaticas entre el
coadyuvante (MTN) y las pectinas debido a sus cargas opuestas, lo que favoreceria
una mayor adsorcién de los polimeros pécticos en la superficie del talco. En este caso,
la cantidad de talco con carga positiva fue suficiente para compensar la carga negativa
de las pectinas. Sin embargo, una dosis mas alta (1%) condujo a la disminucién de la

adsorcion de las pectinas sobre la superficie de talco, probablemente como resultado
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de la aparicion de polisacaridos pécticos libres que no pudieron complejarse con el
talco. Al tratarse de hidrocoloides anionicos, las pectinas interactdan con la superficie
positiva de las particulas de talco (Moreau et al., 2003). La formacion del complejo
pectina-MTN contribuye activamente a debilitar el efecto emulsionante generado por
los polisacéaridos pécticos durante la operacion de batido de la pasta de aceituna

afectando asi a la cantidad de aceite extraido.

La adicion del MTN durante el batido, permitié una disminucién del contenido de la
mayoria de las fracciones pécticas. Se observo, al aumentar la dosis de talco, una
pequefia reduccion de las fracciones PP y PT, mientras que para la PSA se observo
una mayor pérdida. El porcentaje de reduccién mas elevado se observé en la fraccion
de PP adicionando talco al 0.25%, mientras que el menor se consiguié para la misma
fraccion adicionando talco al 1%. Este resultado indica que las PP tendrian una mayor

capacidad para unirse con las particulas de talco a bajas dosis.

El contenido de los PCa aument6 en un 11.6% cuando se afnadieron dosis de talco al
0.5% y 1%. Sin embargo, a dosis mas baja (0.25%), esta fraccidbn mostré6 una mayor

capacidad de ser adsorbidas en las particulas de talco.

Por tanto, la adicibn de MTN modifica de manera diferente el contenido de cada
fraccidn péctica, lo que sugiere que las caracteristicas quimicas de estas afectan

considerablemente a su adsorcion en las particulas de talco.

Las proteinas, poseen propiedades que facilitan la formacion de pastas dificiles. Los
resultados mostraron que el batido tiene un impacto sustancial sobre la solubilidad de
la fraccion proteica de la pared celular de la aceituna. El contenido de proteinas
presentes en los SIA, disminuyé después el batido lo que podria deberse a su
complejacién con los polisacaridos pécticos (Dickinson, 1994). En este caso, la
atraccion implica parches de proteinas cargadas positivamente que interactian con
polisacaridos pécticos anionicos (Nguyen, 1986, Park, et al., 1992). La formacion de
complejos proteina-polisacarido (P-PS), depende de muchos factores como el pH, la
fuerza ionica, la proporcién de proteina respecto a la del polisacéarido, la concentraciéon
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total de los solidos, la densidad de carga del peso molecular y la conformacion
(Schmitt et al., 1998).

Leroux et al. (2003), establecieron que algunas fracciones de pectina son capaces de
mejorar la emulsidn aceite-agua, presumiblemente como consecuencia de su
contenido en proteinas, bajo grado de esterificacion y bajo peso molecular.
Recientemente, Ramos et al. (2015) describieron que la capacidad de las sustancias
pécticas para interactuar con las proteinas, depende principalmente de su grado de

esterificacion y de su contenido en iones.

Se ha observado, que las interacciones electrostaticas entre las pectinas y las
proteinas de la pared celular, pueden mejorar la estabilidad de las emulsiones aceite-
agua (Lietal., 2012). En el caso de la aceituna, durante la molienda y posterior batido
de la pasta, las emulsiones aceite-agua que se suelen formar podrian estar
estabilizadas por dichas interacciones. Al igual que se ha observado con las pectinas,
se podria dar la adsorpcién de los complejos pectina-proteina en la superficie del talco.
Para comprobar esta hipoétesis, se estudio el efecto de la adicién del MTN sobre la

solubilizacion de las proteinas durante el batido de la pasta.

Al igual que los polisacéaridos pécticos, la adicion de MTN en dosis comprendidas entre
0.25% y 0.5% dio lugar a una mejor adsorcién sobre la superficie de las particulas de
talco; sin embargo, una dosis mas alta (1%) condujo al aumento de su contenido. Las
particulas de talco en exceso, no pudieron adsorber las proteinas y sustancias
pécticas contenidas en la pasta de aceituna procesada, lo que impidié su agregacion

y por tanto, que parte de las emulsiones permanecieran durante el batido.

Ademas de los cambios de las fracciones pécticas y protéicas de la pasta procesada,
la adicion de talco dio lugar a un aumento del porcentaje de aceite extraido lo que
coincide con los datos descritos por otras variedades como la variedad ‘Picual’

(Aguilera et al., 2010) y la variedad ‘Coratina’ (Caponio et al., 2014).

La adicion del talco mejor6 el rendimiento industrial del proceso, dando lugar a
contenidos en aceite sobre materia seca (RG/MS) mas bajos. En cuanto al efecto de
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la dosis aplicada, se observé como los mejores agotamientos se produjeron a bajas
dosis de MTN (0.25%)

Tal como se comento anteriormente, el uso de MTN durante el batido atenud, en gran
medida, el efecto emulsionante que podrian tener los sustratos pécticos y proteinas
de la pasta de aceituna, facilitando asi la liberacion del aceite celular. Se observo que
las pérdidas de aceite en el orujo fueron menores en las pastas de aceitunas con bajos
contenidos de pectinas y proteinas. Asi, el RG/MS pudo correlacionarse positivamente
con el contenido en pectinas (r> = 0.62) y el contenido en proteinas (r> = 0.83),
indicando que las cantidades de aceite perdido en el orujo esta influenciado de forma
considerable por el contenido de sustancias pécticas y proteinas de la pasta
procesada, ademas de la dosis de talco afiadido durante el batido de ésta.

Mientras que las caracteristicas de composicion y textura de las aceitunas intactas ha
sido objeto de numerosos estudios, no ocurre igual con sus caracteristicas reoldgicas.
Desde el punto de vista reoldgico, los derivados de frutas no cumplen con la ley de
Newton de la viscosidad, por lo que se dice que se comportan como fluido no
newtonianos (Rao et al., 2005). Las propiedades reoldgicas de la pasta de aceituna,

dependen tanto del estado de madurez del fruto, como de las condiciones de proceso.

Los polisacaridos pécticos de la pared celular, condicionan las propiedades texturales
y reoldgicas de la aceituna que varian durante la maduracién del fruto (Minguez-
Mosquera et al., 2002; Mafra et al.,, 2001). Sin embargo, no existe suficiente
informacion, a nivel industrial, sobre el efecto que podrian tener los polisacaridos
pécticos sobre las propiedades texturales y reoldgicas de la pasta durante la
extraccidon de aceite, cuyo contenido cambia drasticamente a lo largo del proceso de

maduracion del fruto.

Caracterizar el comportamiento reolégico de la pasta, podria ser muy uatil para
optimizar el rendimiento del proceso de extraccién de aceite (Tabilo-Munizaga y
Barbosa-Canovas, 2005). Segun los valores obtenidos de los mdédulos elasticos (G’)
y los médulos de pérdida (G”), la pasta de pulpa de aceituna puede mostrar un
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comportamiento tanto solido como liquido, dependiendo del estado de madurez de los
frutos procesados. Petrakis (2006) indicO, que durante el procesado de derivados de
frutas y verduras, el limite elastico, determinado en el punto de cruce entre G’y G”, es
un parametro muy importante a determinar, puesto que permite optimizar los

rendimientos del proceso industrial.

Entre los métodos empleados para determinar y comparar los limites elasticos de las
suspensiones de alimentos, el método mas frecuente es el que emplea la
extrapolacion de los datos del esfuerzo cortante y los de velocidad de cizallamiento,
ajustandolos a varios modelos matematicos como el de Casson, Herschel-Bulkley y el
de Mizrahi-Berk (Qiu y Rao, 1988). Sin embargo, el valor del limite de elasticidad
estimada a partir de las curvas de flujo depende de la ecuacion del modelo empleado
en la estimaciéon (Canet et al., 2005), por lo que se interpreta como parametro del
modelo. Por ello, se determina el valor real del limite de elasticidad por medio de
barridos dinamicos oscilatorios de deformacién, y asi se trataria de una propiedad
fisica especifica del producto analizado (Hoffmann y Rauscher, 1993).

En la dltima parte de esta tesis, se planteé como objetivo estudiar la implicacion de
las sustancias pécticas en los cambios estructurales, microestructurales y reoldgicos
de la pasta de aceituna de las tres variedades durante la maduracion del fruto. Ademas
de las determinaciones reoldgicas y del contenido en pectina, se realizaron
observaciones de la estructura de la pared celular primaria de los frutos utilizando un

microscopio confocal laser de barrido (CLSM).

Para las variedades estudiadas, el contenido de los SIA disminuyé linealmente a
medida que progresé la maduracion del fruto. Esta disminucion, refleja en parte la
degradacion de las sustancias pécticas (Ben Arie y Lislev, 1979), indicando que
durante la maduracion del fruto, los polimeros insolubles en alcohol se degradan y se
transforman en polimeros solubles en alcohol (El Zoghbi, 1994) y el almidon en
azucares solubles (Selvaraj y Kumar, 1994). En cuanto a la evolucion de las diferentes
fracciones pécticas, por las variedades ‘Arbequina’ y ‘Picual’ el contenido de pectina

total (PT), obtenido sumando las tres fracciones pécticas, disminuye gradualmente a
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medida que avanzé la maduracion de los frutos. Sin embargo, para los frutos de la
variedad ‘Hojiblanca’, el contenido de las PT disminuyé tan sélo entre el estado fruto
verde y el envero, para aumentar otra vez en los frutos maduros aunque sin diferencias
significativas. Asimismo, se observé que a medida que avanzo la maduracion del fruto,
se produjo una disminucion significativa del contenido de PP acompafada por un
aumento significativo de PSA y PCa, sugiriendo que la disminucion gradual del
contenido en pectina esta principalmente asociada con la conversién de la PP en PSA
y PCa. Ademas, para las tres variedades estudiadas, se obtuvo una correlacion
altamente significativa entre los SIA y PT, sugiriendo que las disminuciones
observadas en el contenido de la PT corresponderian a las disminuciones observadas
en el contenido de los SIA, y poniendo de manifesto la importancia del proceso de
solubilizacion de las sustancias pécticas durante la maduracion de la aceituna. Estos
resultados corroboran con los previamente reportados por Pressey et al. (1971),
quiénes atribuyeron la conversion de pectinas insolubles a pectinas solubles, a la
disminucién del contenido de PT y PP, y al aumento del contenido de las fracciones
PSAy PCa.

Los cambios observados en el contenido de los SIA y las diferentes fracciones
pécticas al alcanzar el estado de envero, en todas las variedades, coincidieron con la
observacién de un marcado ablandamiento de los frutos reflejado por una pérdida de
la firmeza y una degradacion sustancial de la estructura de la pared celular. Estos
resultados coinciden con los previamente aportados por Wiley y Worthington (1961)
gue atribuyen el ablandamiento de los frutos a la disminucion del contenido de los SIA
y de sus componentes principalmente las pectinas.

A escala macroscopica, el analisis visual mostré una degradacion continua de la
estructura de la pared celular a medida que avanza la maduracion del fruto. La pulpa
de aceituna inmadura, estd compuesta principalmente por fragmentos grandes de
pulpa llenos de pequefios cuerpos lipidicos y pequefias gotas de agua de vegetacion.
El avance del proceso de maduracion lleva a un aumento notable del tamafio de los
cuerpos lipidicos y de las gotas de agua de vegetacion. Para las tres variedades

estudiadas, el rendimiento industrial del proceso de extraccion (RI) aumento
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linealmente con el avance de la maduracion del fruto.

El examen microscopico mediante el CLSM, mostré una degradacion continua de la
estructura de la pared celular a medida que avanza la maduracién del fruto. La pulpa
de aceituna inmadura esta compuesta por células parenquimaticas rodeadas por una
pared celular rigida, que contiene azucares disueltos, acidos grasos, taninos,
pigmentos y minerales solubles en agua (Kailis y Haris, 2007). Este material disuelto,
de componentes estructurales de las células, contribuye a la textura firme de las
aceitunas verdes. A medida que avanz6 el proceso de maduracion de los frutos, se
observd une degradacion marcada de la morfologia celular, acompafiada por un
aumento notable del tamafio de los cuerpos lipidicos y de las vacuolas. Las paredes
de algunas células se colapsan mientras que otras se unen con otras células.
Asimismo, se observé una disminucién de la adhesion intercelular principalmente
causada por una solubilizacion parcial de los polisacéaridos pécticos que se encuentran
en la matriz de la pared celular (Gabriele et al.,, 2001). Todas estas alteraciones
incrementan el debilitamiento de la pared celular conduciendo al ablandamiento

progresivo de los frutos.

Asimismo, se observo que la firmeza de los frutos se redujo drasticamente del estado
fruto verde al estado fruto maduro. No obstante, el patron de ablandamiento de los
frutos varia entre variedades, Asi, en ‘Hojiblanca’ se observé un descenso lineal de la
firmeza. En el caso de la variedad ‘Picual’ se produjo un descenso brusco entre el
estado verde y el envero, seguido por una reduccion menos importante en el estado
maduro. En cuanto a la variedad ‘Arbequina’, su firmeza no varié entre el estado verde
y el envero, alcanzando un descenso notable cuando los frutos alcanzaron su

completa madurez.

Los datos reologicos de las pastas de pulpa de aceituna, mostraron un
comportamiento tipo solido bajo una tension de fluencia (comportamiento
viscoplatico), tipico de suspensiones concentradas, que evolucioné notablemente a
medida que avanzaba la maduracion de los frutos. Nuestros resultados corroboran

con los previamente encontrados por Di Renzo y Colelli (1997).
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En cuanto al limite de elasticidad dinamico (og4y,), las pastas de aceituna de las

variedades ‘Picual’ y ‘Hojiblanca’, mostraron una disminucioén lineal de este parametro
durante la maduracion del fruto. En cuanto a las pastas de la variedad ‘Arbequina’, se

observé un leve aumento de o, en el estado envero, probablemente como respuesta

metabdlica de los frutos a las bajas temperaturas, que se produjeron durante esta
etapa de maduracion, y que causaron cambios drasticos en las propiedades

mecanicas de las aceitunas. Esto fue seguido por una marcada disminucion del o,

para las pasta de pulpa hechas a partir de frutos recogidos en su plena madurez.

Con respecto a las pruebas oscilatorias, los espectros mecanicos se han realizado
dentro de la region viscoelastica lineal con el fin de determinar la dependencia de los

modulos elasticos y viscosos.

Para las tres variedades estudiadas, la amplitud G’ fue substancialmente mas grande
que la de G” en el rango de frecuencias estudiado. Ambos médulos aumentaron con
el aumento de la frecuencia, confirmando que las pastas de pulpa de aceitunas son
estructuras viscoeldsticas con comportamiento solido y con limite elastico. Este
resultado sugiere que las fuerzas atractivas se vuelven dominante debido a la
presencia de fuertes enlaces de hidrégeno y asociaciones hirofébicas (Basu et al.,
2011). Por otra parte, se observo una zona plana bien desarrollada en los espectros
mecanicos de las tres variedades estudiadas, caracterizados por una baja
dependencia de G’ con la frecuencia y un valor minimo de G”. Esta zona plana, podria
explicarse por la formacion de una red tridimensional (Morris et al., 1984).

Cuando las amplitudes de los modulos G’, G” y del factor de amortiguacion (tan d) se
tomaron a 2 Hz, los resultados revelaron que les mdédulos G’ y G” siguieron la misma
evolucion que la observada para gy, , indicando que las pastas de pulpa de aceituna
procedente de frutos maduros son mas estructuradas y mas viscosas que los de frutos

inmaduros, que en contraste son menos estructuradas y elasticas.

En cuanto a tan 9, los resultados indicaron que todas las pastas de pulpa de aceituna

analizadas exhibieron un comportamiento sélido ya que tan &<1. Asimismo, se
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observé que las pastas de frutos inmaduros, mostraron valores significativamente mas
bajos de tan ® que los procedentes de pastas de frutos recolectados en su plena

madurez.

La relacion entre la firmeza de los frutos y las propiedades mecanicas y reoldgicas de
la pasta (Bourne, 1982), se confirma con los resultados obtenidos, pues se observo
una relacion estrecha entre la pérdida de firmeza del fruto y los cambios del médulo
elastico (G’) de las pastas de pulpa de aceituna durante la maduracion, siendo ésta

mas marcada en el caso de la variedad ‘Hojiblanca (r? = 94%).

Kojima et al. (2004) establecieron que el ablandamiento en peras, esta asociado con
los cambios del mddulo elastico (G’) como resultado del debilitamiento de los enlaces
intercelulares de la pared celular y/o de la pérdida de la turgencia.

Por tanto, para las tres variedades estudiadas, el proceso de maduracion del fruto
afecta marcadamente al comportamiento viscoelastico de la pasta de pulpa de
aceituna. Las alteraciones quimicas y estructurales que sufre el fruto, son el resultado
de una interaccién coordinada entre varios factores acumulativos. Si se asume que el
limite elastico (8), expresa la cohesion entre las diferentes particulas de la pasta de
aceituna, dado que las sustancias pécticas son abundantes en la lamina media de los
frutos inmaduros, una de las funciones que estos polisacaridos pueden desempefiar
es la de cimentar las paredes celulares de las células adyacentes (Rees y Wight,
1969), participando activamente en el reconocimiento (Ulvskov, 2011) y el
mantenimiento de la cohesion de los tejidos, y actuando como sustancia adhesiva

intercelular (Pilnik y Voragen, 1970).

De una manera general, las aceitunas inmaduras se caracterizan por su alto contenido
en pectinas y bajo contenido en grasa. Sus tejidos son firmes, rigidos y menos
viscosos. A medida que avanza la maduracion, las sustancias pécticas se degradan y
se solubilizan por la accion de las enzimas hidrolasas principalmente la PME y la PG
induciendo el ablandamiento del fruto (Waldron y Selvendran 1990).
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Por otra parte, el aumento del contenido graso en la célula, segun avanza la
maduracién, es uno de los principales factores que podria desempefiar un papel
‘lubricante’, entre las membranas celulares de la lamina media mediante la reduccion
de las fuerzas de friccion, el aumento de la viscosidad y la limitacién de las cohesiones
entre las diferentes particulas de la pared celular, a medida que avanza la maduracion

de los frutos.
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Conclusiones

A partir de los resultados obtenidos en esta investigacion, se han deducido las

siguientes conclusiones:

1.

El analisis de distintas variedades de aceitunas, ‘Arbequina’ ‘Picual’ y ‘Hojiblanca’,
permiti6 comprobar que conforme avanza la maduracion del fruto, los parametros
pomoldgicos (indice de madurez), texturales (firmeza y grado de esterificacion),
composicionales (contenido en aceite, pectinas, metanol y urénidos 4,5-
insaturados) y bioquimicos relacionados con la actividad de la PME, tienen un
elevado componente genético.

La desesterificacion de las sustancias pécticas por la accion de la PME, podria
ser un paso previo a los cambios de maduracién asociados a los polisacaridos
pécticos de la pared celular. De hecho, se observé que el contenido de pectinas
totales (PT) mostro una evolucion similar a la actividad de la PME lo que indicaria
una relacion entre la induccion de la actividad de esta enzima y la concentracion
en pectinas, principalmente las metilesterificadas, que representan sus sustratos

potenciales.

Durante el proceso de maduracion de las aceitunas, la degradacion de los
compuestos pécticos podria resultar de una accion sinérgica entre una reaccion
no enzimatica por B-eliminacion, induciendo la formacion de los urdnidos 4,5-
insaturados, y una reaccion enzimatica, principalmente controlada por la actividad
de la pectinmetilesterasa que cataliza la deesterificacion del grupo carboxilo del
acido poligalacturoénico, liberando metanol al medio y convirtiendo a las pectinas

en acidos pécticos.

La pared celular otorga rigidez a los tejidos de la aceituna, en consecuencia,
contribuye a su firmeza que viene dada por la composicion y grado de

polimerizacion de sus componentes pécticos.

Las aceitunas inmaduras son firmes, y se caracterizan por un alto contenido en
protopectinas (PP). A medida que avanza la maduracion, se observa un descenso
del contenido de PP, acompafiado por una marcada pérdida de firmeza y un
aumento progresivo del contenido de pectina soluble en agua (PSA), y de los

pectatos de calcio (PCa) hacia el final de la maduracion, hecho que podria
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10.

280

vincularse de un cambio progresivo en el equilibrio y la composicion de los
polisacaridos pécticos, confirmando la existencia de una interaccion coordinada
entre las tres fracciones estudiadas, incluyendo una despolimerizacion y un

aumento de la solubilidad de las mismas.

La pérdida de firmeza gradual del fruto es debida, principalmente, a cambios en
la estructura de la pared celular. Estos implican la actividad de enzimas
pectoliticas capaces de degradar los componentes de la misma, dentro de los mas

importantes cabe citar a la pectinmetilesterasa (PME).

El conocimiento de la actividad de la PME y la concentracion de pectina
relacionada, podria considerarse como una herramienta eficaz para elegir el

momento oportuno de recoleccion del fruto de cada variedad.

El aumento progresivo de la concentracion de pectina afiadida a las emulsiones
aceite-agua, generé un incremento de la actividad emulsionante (AE). Por ello, las
pectinas podrian considerarse como uno de los agentes emulsionantes que
derivan de los polisacéridos de la pared celular de la aceituna. Estas sustancias
promueven la formacion de emulsiones durante el procesado del fruto, alterando
asi sus caracteristicas reologicas y condicionado, en gran medida, el porcentaje

de aceite obtenido.

Utilizando modelos de laboratorio, el efecto emulsionante de las pectinas se va
debilitando, a medida que aumenta la dosis de microtalco natural (MTN)
adicionado a las emulsiones aceite-agua. A escala industrial, el uso de este
coadyuvante a las pastas de aceitunas, provoca la ruptura de las emulsiones
aceite-agua, generando un aumento del rendimiento industrial del proceso de

extraccion de aceite cuando se comparan con el testigo al que no se afiadio talco.

Las caracteristicas fisicas y quimicas del talco (porcentaje de carbonato y
granulometria de las particulas, D 50), influyen en la ruptura de las emulsiones, y
por tanto, en el rendimiento del proceso de extraccion. La capacidad del MTN para
romper las emulsiones aceite-agua, podria explicarse por su caracter hidréfobo,




Conclusiones

11.

12.

13.

14.

15.

responsable de la actividad superficial de las pectinas, que representan el principal

agente emulsionante durante la operacién de batido de las aceitunas

Durante el proceso de batido, las proteinas y las sustancias pécticas sufren una

degradacion sustancial que influye sobre su solubilidad.

La aplicaciéon de dosis bajas de talco (<0.5%), genera la aparicibn de una
interaccién electrostatica entre pectinas, proteinas y particulas de talco,
contribuyendo a su complejacion. Dosis mas altas (1%), estorban su agregacion

y promueven la formacion de emulsiones durante el batido de la pasta de aceituna

El examen de las diferentes muestras de pulpa de aceituna, utilizando la técnica
de microscopia confocal laser de barrido (CLSM), revela una degradacion
continua de la estructura de la pared celular a medida que avanza la maduracion

del fruto.

La pasta de pulpa de aceituna, exhibe un comportamiento tipo solido bajo una
tensiéon de fluencia (comportamiento viscoplatico), tipico de suspensiones
concentradas que evoluciona notablemente a medida que avanzaba la

maduracion de los frutos.

El aumento del contenido graso de la aceituna, segun avanza la maduracion, es
uno de los principales factores que puede contribuir activamente a la disminucién
de las fuerzas de friccidn internas, entre las diferentes particulas de la pulpa de

aceituna.
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Conclusions

From the results obtained in this investigation, the following conclusions have been

deduced:

1. The analysis of different olive fruit cultivars, ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’
allowed us to assess that as ripening progresses, pomological (ripening index),
textural (firmness, degree of esterification), compositional (oil content, pectins,
methanol and 4,5-insaturated uronides) and biochemical parameters related to
pectinmethylesterase (PME) activity have a high genetic component.

2. The desesterification of pectin by PME may be considered as a previous step for
ripening-associated changes in cell wall pectin substances. Similar trends in
changes of PME activity and total pectin content (TP) during fruit ripeness were
observed indicating a close relationship between the induction of PME activity and
the pectin concentration mainly the methyl-esterified ones which represent their

potential substrates.

3. During the course of ripening process, the degradation of cell wall pectins could
result from a synergistic action between a non-enzymatic reaction through a (-
elimination resulting in the formation of unsaturated uronides and an enzymatic
reaction mainly governed by PME enzyme which catalyzes the de-esterification of
the carboxylic group of the polygalacturonic acid releasing methanol and
converting pectin to pectin acid.

4. The cell wall provides rigidity to the tissues of the olive fruit and contributes to its
firmness mainly influenced by the composition and the degree of polymerization of

its pectic compounds.

5. Unripe fruits are firm and rich in protopectin (PP), having firmer tissues and are
more rigid. Gradually as ripening progressed, this pectic fraction was solubilized
and transformed into water soluble pectin (WSP) and chelate soluble pectin (CSP).
This data suggests a progressive change in the equilibrium and composition of the

pectic compounds and confirms the existence of a coordinated interaction between
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the three pectic fractions inducing their depolymerization and an increase in their

solubility.

The gradual loss of olive fruit firmness is mainly due to changes in the cell wall
structure involving the activity of some pectolytic enzymes able to degrade its
different components among the most important ones: pectinmethylesterase
(PME).

The knowledge of the PME activity and related pectin concentration may be
considered as an efficient tool to establish the optimal picking date for each olive

cultivar.

Increasing pectin concentration gave a rise in the emulsifying activity (EA),
obtaining significant differences when higher doses were applied. Therefore,
pectins may be considered as ones of the emulsifying agents derived from olive
cell wall polysaccharides. These substances promote the formation of oil-in-water
emulsions during fruit processing, thus altering its rheological characteristics and
largely influencing the oil produced from it.

In vivo, the emulsifier effect of pectins was weakened by the addition of increasing
micronized-natural talc (MNT) dose to oil-in-water emulsions. At industrial scale,
the use of this coadjuvant during the malaxation of the olive paste caused the
breakdown of these emulsions improving the oil yield when compared to control

without talc addition.

The physical and chemical characteristics of the talc (carbonate rate and particle
size: D50) affect markedly the breaking of oil-in-water emulsions and therefore the
extraction oil yield. The capacity of MNT to break the oil-in-water emulsions could
be explained by its hydrophobic character which is responsible for the surface
activity of the pectic substances, main emulsifiers agents during olive paste

malaxation process.
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Conclusions

During olive oil extraction process, the proteins and the pectins undergo

substantial degradation that influences their solubility.

The use of MNT at lower doses (£ 0.5%) generates electrostatic interaction
between these components and talc particles contributing to their complexation.

Higher dose (1%) disturbs their aggregation and promotes emulsions formation.

The examination of the different olive pulp paste samples using a confocal
scanning laser microscopy (CLSM) revealed a continuous disruption of the cell

wall structure as ripening progressed.

Olive pulp pastes showed a solid-like behavior under a yield stress (viscoplastic
behavior), typical of concentrated suspensions, which evolved markedly as
ripening progressed.

The gradual increase of the oily fraction contributed actively to the decrease of the

internal friction forces between the different olive pulp particles.

285






ANEXOS







Anexos

| PRODUCCION CIENTIFICA

Articulos cientificos publicados

Por orden cronoldgico:

1

Sadkaoui A., Jiménez A., Pacheco R., Beltran G. 2016. Micronized natural talc
with a low particle size and a high carbonate rate is more effective at breaking
down oil-in-water emulsion. European Journal of Lipid Science and Technology
L8, 550, i

Sadkaoui A., Jiménez A., Pacheco R., Beltran G. 2016. Micronized natural talc
affects the proteins and pectic cell wall polysaccharides during ‘Hojiblanca’ virgin
olive oil extraction. European Journal of Lipid Science and Technology. DOI:
10.1002/€j1t.201600039.......ccceeiieeeeeeeeee e

Sadkaoui A., Jiménez A., Aguilera M.P., Pacheco R., Beltran G. 2016. Virgin olive
oil yield as affected by physicochemical talc properties and dosage. European
Journal of Lipid Science and Technology. DOI: 10.1002/ejlt.201600112. ............

Articulos cientificos enviados en fase de revision

1

Sadkaoui A., Jiménez A., Pacheco R., Beltran G. 2016. Involvement of pectin
methylesterase in the regulation of pectic cell wall disassembly, methanol
accumulation and softening of olive fruit during ripening. Journal of the Science
of Food and Agriculture.

Sadkaoui A., Leverrier C., Jiménez A., Pacheco R., Cuvelier G, Beltran G. 2016.
Pectic Cell Wall Polysaccharides and Oil Content Modulate the Rheological
behavior of the Olive Fruit Pulp during Ripening Process. Food Hydrocolloids.

Articulos cientificos en curso de publicaciéon

1

Sadkaoui A., Jiménez A., Pacheco R., Beltrdn G. 2016. Changes in Biochemical
Composition and Activity of Some Cell Wall Degrading Enzymes Involved in the
Ripening Process of Olive Fruit. BMC Plant Biology.

Sadkaoui A., Leverrier C., Jiménez A., Pacheco R., Moulin G., Beltran G.,
Cuvelier G. 2016. Olive pulp paste viscosity as affected by ripening stage and
mixing process. Industrial Crops and Products.

Sadkaoui A., Leverrier C., Jiménez A., Pacheco R., Moulin G., Beltrdn G.,
Cuvelier G. 2016. Modeling of Rheological Behavior of Olive Fruit Pulp Harvested
at Different Stages of Ripening. Journal of Food Engineering.

Sadkaoui A., Leverrier C., Jiménez A., Pacheco R., Moulin G., Beltran G.,
Cuvelier G. 2016. Rheological Properties of Mesocarp Olive Oil as Influenced by
Ripening Process. European Journal of Lipid Science and Technology.

Sadkaoui A., Jiménez A., Pacheco R., Beltran G. 2016. Industrial Extracted Oil
Yield as affected by Crushing Level, Malaxation Conditions and Talc addition.
European Journal of Agronomy.

289




Sadkaoui A

290

Sadkaoui A.., Jiménez A., Pacheco R., Beltran G. 2016. Effect of Micronized
Natural Talc Addition on Olive Oil Quality and Physicochemical Composition of
Hojiblanca Cultivar. Postharvest Biology and Technology.

Sadkaoui A.., Jiménez A., Pacheco R., Beltran G. 2016. Influence of Different
Harvest Date on Fruit (Olea europaea. L) Quality during Ripening Process using
Chemometric Approach. Journal of Food Composition and Analysis.

Sadkaoui A.., Jiménez A., Pacheco R., Beltran G. 2016. Influence of Different
Harvest Date on Quality and Physicochemical Composition of Olive (Olea
europaea. L) Oils during Ripening Process using Chemometric Approach.
Scientia Horticulturae.




Ear J Upd Sa. Tednmol 2016, 118 S45-52

Hesearch Article

Micronized natural talc with a low particle size and a high
carbonate rate is more effective at breaking down oil-in-water
emulsion
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Micronized narumal @ ke (MWT) has demonstrated to be veryusefitl rohreak down emmukions formed during
the virgin alive od extraction process, improving the oil yield This study was aimed to obtain more nsighs
inm the mechanisms of MINT to break down il -in-water emnulsions. For this purpase, labomtory scale
exper iments were perftmmed n order 1o evahate the effect of different pectin concmtrations (0.5, 1, 1.5;
anad 2%, used 25 an emuk ifier agent, an the hehavior of an od-ine wader interface. Aferward, vo evaliate the
effectof MINT dosage 2 well 2= its physi cochermical char soteris tics on hreakdng o-reducing el ins, four
MMNT's di ffering in thedr particle size (M50 and carhonate mte wene semayed af doses mngng from 0 to 134
Inoreasing pectin conoceniration gave a rise in the emuls fring ectivity (EA ). Theemulsifier effect of pectins
was weakened by the addition ofincreasing MINT dose. MINT physicochem ical chamecteristics markedly
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Anexos

1 Introduction

Virgin olive oi production, unlike that of other vegetahl = odls,
is & mechanical process that comsists of aushing, malaation,

Comeapond an o Dv. Gabricl Boltdn Maza, IFAPA Canam "Verta dal
Uara” Jurka daArdalueda, PO Bow S0, Mergbar, Jadn E-25500, Spaln
E-mnail: Qabwriol bod vardl | urmdeandilud s

Fam 434 SSEEaREED

AbbresiaBonx ARDVA, amlysis of wadarce; D54 paddde sz EA,
amadaiyirg adviy. ELV, emusfad kyer HSD, Forssd dorfloant
d™omncs; MINT, mioonized rasral Ble POA, podyRiac i add;
PSD, pariche szo daboton; S0, strdae dodaion; vy, weaghy
WOILETE, W, WD N LIl O Tl S LT

and od seppmton [1-3]. Several sindies showed that the
mast fimdamental phase of the extmection process is the olive
pas® malawation sinoe it can increase the ol vield. Durning
this mechanical step, 0d remaing inside the imalrered cells or
is leftin the colloidal sys tem af the alive paste (micogels) and
same is bound in an emulkion with the vegerable water [4].
The difficulty of releasing this bound od can be explained
because the droplerss of dispersed or emulkkifisd ol are
surmounded by a lipoprotein membrane (phospholipids amnd
proteing) [5]. Furthermore, an important potential factor
in determining extractahility of olive pase & the high
malar mass of pal ymenic substances derived from cell wall
pohsaccharides during processing. Thee substances ane
narmural emulkfier agents present in olives. They promoz
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emubion formation and short-erm sabizaton by imbers
fcial actian [§]. This effect is mone impartant when the frdrs
are harvested at the fire stage of ripening and have high
moisture omtent, usually shove 55% [7].

Some olive varietes, such ax Hojiblanca, achieve their
highest content of pectic substances during verzisonsmge [H]
which represents the usual picking period. Harveting at this
stage may produce emulsions during malaxarion dus to the
presence of oell wall pedtic pal ysaocharides with emulsifying
activity. These amulsions lead to the formation of the so-
call=d difficult pastes which lessen subsrantially the od yiekd.
To hreak down these emmuilsions, some =chnological oo
adjurans have besn successfully developed. A combination
of pecmhytic, cellulohvtic; and hemicell alytic plantenrymes
hawe been used m break ek ions improving notondy theaod
yvield but akao the numitional quality of the ofl [9, 10].
Mevertheless, the use of technological coadjuvants with
chemical or hiochemical acrivity & farbidden by European
regulations on virgin olive odl production [11].

Theuseof common salt (NaCI) could representa feasihle
mean for the mprovement of ail exrecton [12 13]. Is
woticn, which is exchusivel y physi cal, is based on the repulsion
betwesn the il and the hydrophilic phases due to the
mcreased ionic charge as well 2 its density [13] . Koprvnjak
etal. [14] found thatra significantly higher extracrabiliny ofod
from 25 to 29% compared to the commol, p< 005, was
abvrained by adding 3% of MaCl Firtermare; in a reseanch
study describing the effect of saltaddition on the sohbility of
phenolic compounds in olive mill waste water, MNoubigh
et al. [15] found thar as the concenmaton of the N0l
increases, more and mare water & bound up in hydm=ton
shell depending on the salr ahility 1o coordinate water.

Annther powerfirl ermilsion breaker suthoarized by Eunos
pean Union regnlations (CF D recti ve 3002200 1) i the calcnm
carbonate [E 1700 [4]. Thisaid does not react with odk bemise
af is oystalline suchee and 7t & ey removed by
centrifugation mgether with olive pomace due to its high
density [E.Tﬂg.hn‘}lmﬂmzﬁnh}-[d].ﬁmrmch
study conduaed by Ben Brahimet al. [146] revealed that adding
= matie of L.6% of calcum carhwnare to the olive paste ata
mzlaxing temperature of 31°%C dwring 20min has imp<rtant
edwmrages. Indead; it mcoresses od yvield by 2% phenol and
Figments comrents without affecting the ol qualiny, s well 2
improves the antimddam aaivin.

Currently, micronized natural tale (hydrered magnesum
silicate) is the most widely used co-adjuvantfor oil extraction
[17: 18] due tois exchesively physical action [4]. The use of
mk as coeadjuvant diring malaxation has besn proved to
mmprove the extractabdlity [7, 13], but it has naot 2 marked
effect on the quality pammeters of alive o [10; 19]. The
same was ohmerved by Camrapiso ot al. [17] for baomtary
ik used on Carresquena and Picual cultvars. In general,
the amount of ke wed mnges from 0.3 o 1% of fesh
weight [201] although an over dose can reduce the process
yickd.

& 200 S WILEY - WVICH Veriag GmbH & Co WG b, Welnraim,
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The hydrophohicity of talc has heen thoroughly studied;
its breakage during milling forms reo surfaces [21; 22]. One
surface results fam the sy breaking of the Van der Waak
bonds of & surface from its neighbar [ 23] which forms a basal
face thatis hydrophohic. The other surfce is genemted fiom
the imicoovalent bonds within the layers and form edges
that are hydrophilic in namere [21, 22, 24].

From the chemical point of view, the lpdrophilic arionic
face would be in an uns tahle state immedia el ya frer the bond
breakdaom and wrould sesk to react with jons of the opposiz
charge in order to retum to their smhble swte. Furthemore,
micronized natural talc (MINT) physicochemical chamcner-
isrics vary from deposit to other. Among the most studied
affect substantially the hreak of oil-in=water emulkimns and
thus industrial ail yield [25, 246, 5].

The purpase of this sudy was o determine the effect of
pectin addition; 25 an emulsifier agent, onaquesis emulkions
aof H i bl aneca virgin ol ive ailand how the addition of different
affects the breakdown of oi Fin-waer emulskons.

2 Materials and methods
21 Methods

Far this sk, alive tess [l acgpaza L) of Haojiblanca
il tivar with uniform chamscteristics were selected The trees
were spaced T x Tmand growm in the experimental archard
of Center IFAPA "Venm el Llano™Mengibar, Jadn
[Spain) using standard growing techniques. This wark was
performed during the crop year 201 2-2013.

Fruit samples were harvested hy hand at the ripening
index 453, sccording to the fruit clssfication based
an skn and fi=sh color described in the mipening index
methad [27].

The virgin olive oil was extracted in the piot oil mill of
IFAFA Venm DDel Llano squipped with 2 contiuous
e cion s ystem | Fieralisi, Spain)workingat ten phases way.

In this experiment, has been deermined the offecr of the
physicochermical properties of the MIWNT on the emmilsifying
actvity (EA) of an oi-in~water system prepared with
different pectin amounts. Four commercial MNT: have
been used; their main physical and chemical characreristics
are showen in Tehle 1. In the experiment, 2 facorial design
was selected comidering three variables: type of MNT
(MINT 1, MINT2, MINTS, and MNT ) ; MINT dose added to
the emmmds i ({, 1025, 0.5, and 1% ); and the cmncenimiion of
pectin added to the emulskon ({0, 0.5, 1, 1.5, and 23], The
ammay was camied o by miplicats.

Emulsifying sctivity was assessed using the Dalev and
Simeonova procedure [28]. In gaduasted mibves, emulkons
were prepaned by adding 1 ml. of virgin olive od to 2.5ml. of
polvgalacruronic acid (FEA) aquecus sohetion (005%,; wiv);
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Table 1. Basic dataofthe used miomnzsed na o | sl (MNT) wusad
m . exponimani

Moo Hpacile
il ol & Pl s Dendry swfice BET
Chadiaea (%} D50 Jpunr) {hemn”) (o0 g
MNT 1 4 4 77 T
MMNT 2 s 7.1 TR L]
MINT 3 05 13 7T T
MOIT 4 11 6.3 ] L]

2% 2 source of pectin. The mixture was homogenized at rToom
Emperanre n 2 vortex miker at maod mum speed, for 3 min.
Samples were canmrifiged ar 527 g, for Smin, et 25C then
the whale volume of the solution (W) and the emmlsfied
layrer wolume were messured [ FlLy ). EA was calculated using
Equatian [ 1):

Ly
EA'_W\.

* 100 (1

22 Statistical analysis

In the tables, results areexpressed a5 meanvahess 4 standard
deviation (SI)). Analysic of variance (AMOVA) was applisd.
Tukey's HED} t=t was used to determine significant
i ferences beroreen means (p < {.05). Thess determi natons
were carried out using the sofrorare Statistix, Version 9.0.

3 Results and discussion

hanges in the emulkions were tested by messuring their
FEA. Among the factors smdied, pectin amount used for ol
mewater ermnlsion {either with or without use of the M TS
was the main fctor affecting the EA, since it represents
amound 86% of varability observed in the ANOVA
[Tahble 2}. Bath, talc rype and fx dose showed a highly
significant effect too, although explained 2 lower varishiliy
peTCEnt.

i1 Effect of peclin concentration on emulsitying
activity

Figure | shows the changes in EA with incressing pectin
omcentrations. EA increased with pectin percent, achisving
sigmificare differences betoeen the higher pectins concen-
matkms (1.5 and 2% ) and the rest. Fiowever, pactin content
higher than 1.5% did not prodwce significant raise.

Far the contral, without pectin additon, FA was not
detected although a thin emulsion was formed affer mixing.
This emulsion may be due to virgin olive oil phaspholipidic
campanents that show amphi philic charscrer [29] . Howerver,
these smulkions were unstable and oould be sspamated into

& DA S WILEY-WCH Veriag Gmbé & Co. MEaA, Welrkcm

Efad O Wic addilon on T beeakown of O8O amul shons =47

Table 2. Parfal maan squares from analysis for e effed of padin
conaa i fon and talc physicochamical chamclorisios and dosaga
an tha amuisiying actsity (EA)

Fadtos DF* »as" EET #
Tl 239

Tabe {A) 3 16246 LAT™ LB
WTade (H} 3 42673 AT LD
Peating {7} 4 T3B623 B6O1 LD
AnE 2 2370 LTy QLOEAT
AnE 12 1759 eI QLT
Boxi 12 3735 ) QLBBI1
AnBEw 35 1028 g L4060
Erroe 150 0T 505

ma oo sgadficance.,
* Signifi cance beved p, 005 S gpnificance lavd p, 0,001
:L'lcpc: wof fresdom.
Ml g
“Pasmial mean squase for the effect expmased @ pocemage of the
notal cowreced wom of sgoase
5 s cal el canc e

e laypers after centrifugation. This short-term stabdlity can
be explainad by the fact that emubions formed betwem o
and water are thermodymamically unsrable sysrems thar
break dowmn over ime.

Pinati et al. [30] propased that pectin mal ecul & adsorbed
ta the surface of the ail droplerss of emukion could mcr e
pohmer hridges holding the droplets together. Omnoe pectins
are strmngly adsarhed to the ol -in-water mterface, they can
stahilze emukions for kng periods probebly enhancing the
electretatic repukion among the amukified droples [6].
Therefire, pecrinmay be congidered the main responsible of
the qil emukified during processing olive difficult pestes.

BRBEES

[y
(2]
L

Ermulsifying Acthity (%)

ﬂ\nE

s 1 1,5 ?
pectin (%)

Figura 1. Efiact of pactn cnoaniration on tha EA considaring tha
four tpes and dosos of MNT. Diflorom ipttos moans significam
difemnons a1 p, 005,
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Table 3. Parfal maans squams from analyss for the offod of MINT physicocha mica | characteristics and dosage on tha EA foraach of the

pormmages of pactn (05, 1, 1.5, and 2%)

Peain dese [N nE Tl 47 MNT (%) {A) 3 MNT rgpe (B} 3 AxBE R Esor 32

05 s ZIET4T 17107 J6 TR [0 1511
HET" T00E 1484 a5 660

1 aas" 16035 156067 JZOE4 [ 1580
HET,” R B 14 34 B 18- T.58

15 nas" 155 5227 B ETMM &2 TOER 5RETI 1.3474
55Ty 4T.TE 34 E0 .33 B.00
nas" 1E5.&E11 T Rl0%e 46 TET 4. 4300 O.ET41

2 EETy" el ILE4 08 5.3

kg fieance bewel p, 0001 " Spndficance bkevdd p, 0001
Diegree of freedom .
Ehean sguars.

“Partal mean squre ke the iy expransd @ promngs of e oal cormoed sam of sjaane

A2 Effedt of MNT dose on the emulzitying activity

Crher significant factor affecting the EA & the MNT dose
added to the emmulkion. Becaus e pectin concentration was the
mzin responsible of BEA varishdliny and its interzcrion betoesn
MNT dosage and MNT fype was significant, a sepamted
AMNOVA analysis for each pectin concemmation was estah.
blished (Table 3) in order to clarify the resuls discusion
As can be seen, independently of the pectin conoen-
matkm, the plysicochemical characerirics of MINT used 2x
well s its dose affeced significantly (p < 0L001) o the EA
Moreover, the main factor explaining the varishility of EA
vahes for all the tes=d pectin concentrations was the MNT
dmse. Considering the pool of MIWNT and pectin concen-
tratkms, the sddition of MiBWT at dos e heroeen 3 25and 1%

k|
E]

- 25 - o ab

= b

ﬁm

w15

£ 10

£

-

0 4
% 0I5% 505 1%
MNT (%)

Figure 2. Efiact of MNT dosaga on tha EA consdaring e four
m-adwani and fhe fwe pooins amnoonirations. Diflomnt loSons
maoan s signiicant difierences af p, 0.05.

& DA S WIILEY WICH Veriag Gmbd & Co BS ol Welraim

in genem |, significant diferences could be dewected only for
the highest MNT dose.

In Fig. 3 can be abserved howr the four MNTS, at different
doses; affect EA for each pectin percent. MWT | prodwced
the mast impara e decrease in FA even atlow dases; thebest
reduction was achieved at (.5%. MINT3 showed leser EA
reduction even fior the greats: dose. The effect veness of the
MMNTs was lowered 25 pectin percent was increased in the
emulsion.

The capacity of MINT to hrezk the oil-in-water amulsons
wmuld be explamed by its hydrophobic charecter which &
resgpamnei ble fr the surface scrivi wof pect nsuhs tances . Infact,
the hydrophobic or jonic face of the take would be in an
mmswhle state and would s sekto react with dons ofthe opposie=
charge in arder 1o renen to their stahle srate. As pectins
are animnic hydrocolleid emubifiers [31], they represent a
negatve charge, acting as & strong anchar point at the od-in-
water interface; therefore, producing the attraction of the
positive face of talc particle and the formation of pectin—talc
mmplex [33]. Therefore, the addition of MINT @ the odkin-
water smukims may genemate slecrostatic ineTactions
appas itely-charged comp-ments.

As can be observed In Fig. 4, the emubkified layer
decrea e when MNT was addad. This suggests that there
was enaugh talc present with positive charge to completely
mmpensate the negative charge ofthe pectin. It can lead 102
macroscopic phase separation and formaton of pectinfale
mmplex that sediments afer cemmifugation. The pectin
malecules adsorbed o the surface of the odl-in-water s ysrem
are lowered, giving the breaking of the emulsions and the
decrease of the EA caused by pectins. It depends on the
MNT dose and its physicochemical chamcteristics.

These results are n agreement with previous works [33]
that described when the amowunt of positve change an the talc
and negative charge on the pectin are equml; the full change
mmpensation @uld lead 0 aggregation of the saluble
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ocomplexes and, finally, ™
precipitati

complex  oosceTvaton'

eCipitation.

Pectin-MMN T complexation may affect the pectin adsarp-
dan rate 2t ailin-waer interfaces. Vanous facros may
omiribute to this: (i) due to complexarion, the positive talc
paricles are partitioning over pal vsaccharide bound and the
free state, mplying thar lss mk is svailahle for direct
adsorprion; (i) the bound stae dffuses much mare sowly
than the free state; baraise of the larger hydrodynaemic mdius
of the pectin carrier; and (ifi} the artachment of the hound
mk to the olkin-water interface may be hindered by the
presence of the surrounding pectns [34] .

33 Eftedt of MNT physicochemical character stics
on emulsitying activity

When the MWNT: ascayed were compared, considering the
poal of MINT and pectin doses, (Fig. 5) significant differ-
ences were not fiund betoeen them. The highes vahie of FA
was obmained using MMWTH, chamcrerized by the highest
pariclke se (X540, 16.3 pm) and a carbonate mate relatively

& 20 S WILEYWCH Veriag GmbH & Co. BEad, Wisnbsdim

(0] MNTE, (1.1% §Cal0d); 16.3um).

low (1.1%). The lowestEA vahee was obtained using MINT 1
chamacerized by the highest carbonate rare [4%) and the
lowest particle size (2.4 pm). These findings cmfirm the
results found by other authors [25, 26] reporting s MNT
physicochemical chamacteristics play an imporiant role n
breaking odl-in water emulkons and then, on ol yield.
Therefare, the efficiency of take to break dowrn emulsions i
nat anly affeced by the dose applied 1o theemulkion b alko
by it minemlogical composition, maphology; and particle
size distrbution (FSIY).

The excellent effecrivensss of MINT | was due m its fine
particlk size and irs high carbonare conent. MWNT] had the
lovmresst TS0 and thus the greatest active surfacearea whichlet
o adsorh @ great amount of pectin and water molecules.
Furthermare; this tale (MNWT1) had the highest me of
carhbonate enhancing the hrealdng of odl-i n=waner em wlki on by
releasing oil droplers that merge into larger drops.

In order @ confirm these results and explore the infiuwence
of physical and chemical chamscreristics of the MNT an the
EA, the effiect of these rwo pamam eers an ek ions has been
analyzed
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PectinTale comphex

Fgure 4. Visuad observation of 1% pocin ollimwater amulson
with additon of MNT atdoss of 0.5 (T1) and 1% (T2) MMT.
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Fgure 5 Effact of MNT physimdhemical characteristcos an
o EA omedeing e fow MNT dosss and e fiee pactns
onmnraions. Difosnt leSes means significan ditesmnoes 2
& 005

Increased particle size seems to have a greater negative
ffecton BEA and thus on ol extrection. For each MIWT dose,
FA showed 2 rising trend 2 particls size increased (Fig. GA).
The surface hydmphobiciy of MINT incresses as particle
size was smaller dus 10 an incresse in the value of conmct
angles [35]. Therefore, the high hydrophobicity of MINT ]
was predominantly due to the high surfce area generated
by its smaller particle cae.

MNT for 0dl mill contains significant amounts of by-
minerals such 2s carbonate. Several sudies have shoored
that this component plays 2 major male in breaking down
amulkkions during olive peste kneading srep [4]. In Fig. 68,
# showm, the use of different MNT dosss mducsd an
increase in the EA 2x the MNT carbonat rate mcressed in
the range 0.5-1.1%. For higher carhomate content (4%) a
marked EA decrmse was obtained. Therefore, MNT
mntaining high carhmnare content showed o betrer capaciny
o break oil-in-waer emukions. Carbonate i 2 riche calcum
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Figure §. Cormlasion betwesn EA and MNT
piysicochemical characterstcos appied =t
difforent doses. (A) Paticlo siza, D50; (B)
carhonala rade.
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oomponent and therefore; can enhance the formation of
elecrretatic complexes berween the aniomic pectic and
calcium anians [346].

4 Conclusions

Resuls showed the effect of pectinge on the ailin-waer
interface giving an increase ofthe EA. It can confirm the rale
of pectins making oil-n=water emulkion during processing
dificult alive pestes. However, this emukifying effect of
pectins can be weskenad by the addition of MINT.

Thecapacity of MIWT to hreak the od-in-water emmulsons
omuld he explained by it hydrophobic chamcrer which &
respamsible for the swrfece activity of the pactin substances,
The addiion of MNT to the oiin-water emulsions
generated electrostatic interactions betwesn the co-adjuvant
and pecting due to their oppasite charges. After olive paste
cereTifirga fon, the formed complex is sedimened, leading 1o
areduction of the pectin maolecul ex adsorhed inthesurface of
the adl-in~water systemm; thus generatng the break of the
emulkions and the decresse of EA comed hy the pectic
pohsaccha rides,

The ofectveness of MNT = bresking emukions
depended not only an the dose bot also on irs physicochems
ical characteristics. The most efficient MIWNT was chamc-
w=rized by the highest carhonate rate and the lowest particle
size achisving thelowstEA fior a dose of (1L.5%. Likewise, the
effect of MINT physicodhemical characteristics depended on
the dose appled 1o the od-newater emulsion. Therefore; a
higher efficiency for aother MM Th with kower carhamate rate
and larger parricle size can be achizved by applyving higher
MIMNT doses.

This work has beem suppormd by a MARC-MARC pranr
Culneral and Soaengfic Reanons (Nfice of dhe Spawich 4 gney
Bor memaronal Cooperagm), dhe research-prgexe FEDER
Pro-AGR-#690 Tumea & Andaluss) and FEDER-INLA
RTAZ008-00066-C03-00. The aughors pravgfully ackneomlaipe

dhair finameral ogpparr.
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Micronized natural talc affects the proteins and pectic cell wall
polysaccharides during “Hojiblanca™ virgin olive oil extraction

Abir Sadkaoui ", Amonio Jimenes', Rafael Pacheoo” and Gabria Belran®

VIFAPA Comer “Vamta dol Lana™, Jurta da Andalucia, Mangiaar, Jagn, Span
? Dopartnemn of Chamical, Environmenial and Matordal Enginoarng, Univamsity of Jain, Jaan, Spain

This warksmdiss how using MINT afiecrs cell wall palyseccharides and proteing of " Haojiblanca™ pase
during virgin olive ol extraction. Four dases of MINT were sssessed: (3, 3025, 0.5, and 1%, Thres pactic
fadions were exracted from alooha msoluble solids (ALS): water-soluble pectin (WEP), chelais-
soluble pectin (CSF), and non-soluhle pectin (NSF). In general, the conent of the three pectic fractons
decressed throughout the kneading step. This indicared a significant degradation and soluhilation of
pectins during processing. The same tmend was observed for protein conent and otal pectin content
while AIS yield incressed. Addition of MNT 2t doses bower than 0.5% ESrvored the brmarion of 2
chemical bound through electrostatic nteractions betwsen proteins and pectic paol ysacchanides which
are held together and adsorbed onto the talc surfce giving a decrease in their content. Figher MNT
doses (1%) produced the opposie behavior. The lowest dose of MNT (1. 25%) reduced the od losses in
the pomace. A certain rendency for the loss of ol in the pomace  decrease 2x the smountoftom] pectin
and protein decressed was observed, ndicating that the ol yisld iz at leasr in parr, related 1o the pactin
and protein content depending on the doss of MNT added during malaxation step.

Practical app Bcation: We have demonstrated that the use of ralc during the malexation se=p greathy
lessems the effect of the pactic substrates and prowins, principal emulkifier agents that influence the
frmation of oil- in-water ermulkdans during ail extraction process and enhance the extraction of the of
from the mesocarp cells by reducing its loose inthe pomace, Excess of talk addition presenied 2 reverse
effect, though. It i, therefore, of the wmast importance that the nfarmation contained in this study &
fully raken into acoount 1o esmhlish the suirahle dose of ralc that should he applied when difficulr pastes
are formed during malaxation sep and which at least partially depends on the conent of proteins and
pectin compounds of the procesced olive peste.
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Virgin olive oik are obmined from the frdt of the olive mee
salely by mechanical or other physical means wunder
conditions that donot lead to alteration in the od [1]. It
inmwol ves thres swoosss fve operati mns: olive crus hing, Ineading
of olive peste, and sepamation of the ol by presure or
centrifugation [2]. The objactive of fruit milling is breaking
the planttizsues inarder to iberae the oll drops conminadin
the mesocarp cells. (Hive paste malaxation helps the small od
droplers formed during the milling to merge into larger
drops [3]. The efficdiency of meading operation depends on
alive paste theological chara ceristics and Imeading variahles
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such a5 time, temperaiure and technological cosdjuvant
i tion: [4]. During odl extraction process,; olve paste shows
some physicochemical changes in the sTuoum] oms trens
af the czll wall and inrercelhular tissues. The resulting =xmre
and ather charscteris tics of the processed tisue are different
from thase of mntreared plant tissue [5].

Pecting are companents of the fruir cell walls thar make
impartant comributions to the olive paste =xnmre [§]. They
are bound tocel ulose mi crofibrils in the czll wall 2nd during
Processing their strucires are broken by natumlly ocourming
emmymes. Minguer-Mosquera et 2l [6] reported that
pectinases are responsible for the changes occurring in the
pectic compasition of alive fruits dJuring procesing. During
fruit mil ling and’or paste malaveation a significant part of the
il may he emmubs fied and then, it could not be exoaced by
cemrifigation. This lower odl vield is characeristic of the so-
called “difficult pastes™ [4, 7]. The high pectn and prowein
cmtentafunripe olive fruits may onmmibute to the formation
of these emulsions [8; 9].

To break down suwch emukions, some rechnological
coadjurants have besn successfully developed, 2 2., cdhlar
walk degrading enzymes [I0] using =2 combinatin of
which degmdes these cell walk or the vegetable colloids
(pectins, hembicelluloses, etc) and allows a significant
improvement of the od extraced from these *d&ficul™
pastes [10]. Mevertheless, the e of tecdmological coad-
juvants producing a chemical or biochemical actions &
fnrhidden by Furopean Feguladons on VOO producion [1].
The use of talc powder [11-14], salt [15, 16], and calcium
carbsmate [17] has besn propased 2= physical acting
omdjuvants alfernative o enzymes. The additon of these
physical cadiwams in olive oil processing during the
malaxation phase, iz lnown o promate the hreakdowm of 0d”
water emulsans and comnsequently make ol extraction sasier,
thus increasing the vield [18]. However, calcum carbonate
and salt are not permitted for use a5 procesing aids in the
moduction of vingin olive oil sccording o European
standards [1]. Actually, micronized natural talc, the natuml
frrm of the lpdmted magnesum silicate of particle selower
than 40pm, Mgy (SiyOwdi0HL), & the most widely used
omadjuvant for ol exoecton [19, 11, 14] duweto i exc] s vely
physical sction [20]. This coadjwamn has been sutharized
and regul aed by the Spanish Minis tryof Health [21] and due
o it exchsive physical action does not contradict oo the FLT
resrictions. The tak has 2 laminate micoorystalline
structure with 2 neutral slectric charge and a high Epophilic
characer (that s, a high capacity of sbsorpdon of odly [20]. Ix
5 added to the alive paste during the malaxation process at
different doses berween .3% and 1% of the weight of the
alive being milled to help for processing these difficult
pastes [22]. This treatment achieves an effecrive plorsical
Haockage of theemulkfiing action aofthe o2l wall deriva tves,
producing higher ail vields and ailks with lower water and
suspended solids ocontent [19]. Fen though the
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mmprovement n ol yield reached by this cmdimeant, the
main disadvantage is that takc can adsorh a thind part of its
weight in odl [23]; therefore, an excess fve amount of talc may
praduce @ hig loss of 0il since the ol disappear diring the
entrifugation together with the salid resduss [20].

The technological effect of this coedjuvant may be
atributed 1o the adsarprion of prowins and polvssccharides
such 2= pectins [24, 25], however, the mechanizsm of
adapton of these pohmers at the mk-aquecus-oily
salution interface is poory undemsmad

S0 far as can he ascertained; no quentirative smdy has
been established on the melative mers of MNT 2=
=chnalogical 2id in decressing the emulsifying =ffacr of
pectin and provein compounds; principal emulsfing sgents
af the alive frudt.

This smdy was aimed @ provide desper insighs into the
darification of the effectof the addition of micronized natural
wlc {MMNT) at different dose on the contem of pactin and
protein compounds,; during *H ofibl anca™ olive 0dl extracrion
ot industrial scale.

2 Materials and methods
21 Raw material

Far this work, olive trees [l cwrspaza, L) of * Hajiblanca™
] tvar with asimilar crop load were selacted. The trees were
spaced T x Tm and growm in the experimental orchard of
IFAPA Center in Cabm, Cordoba [Spain) using smndard
growing techniques. The study was parfirmed during 20127
13 crop vear. About 6000 kg of olives were harvested by
mechamnical shaker with 2 ripening index of 4. 53 determined
acoarding © the method desaribed by Uceda and Fries [246].

22 Dlive ol extraction cond itions

The ail extracrion was carried our ar industrial scale in the
IFAFA *WVenta Del Llano™ odl mill. The alives were leaf
remaval and ne washed. Ofive batches of G0 kg were
aushed i a metallic hamomer moll with 2 sieve gz of Gmm,
filing each barch a malaxer container. The IFAPA *Verra
Dl Llano™ ail mill (Fiemalisi, Spain) was equippad with a
thermaobeater formed by thres containers, 2 two to thres
phases horimnntal centrifuge SC-90 [(working at two phases
way) with a thearetia] procesing capacity of 45 (00 kgiday
and = vertical centrifuge for ail cleaning P1 500, The process
was contralled and monitored by Procioleo sutomation
safreare (Procisa, Seville)l. The olive peste was boaded at
950 kg'h in the harizontal centrifuge. Tale was added ot the
beginning of the malaxation phase by an sutomatic MNT
dispenser previmuly calibrated. Four doses of MNT were
aedded ({0, .25, (.5, and 1%). Thlcchamcteristics | Microtalc
FCAAW, Mmdo Mineral, Spain) were as llows: average
pardcle size, 2.4 pm; percentage of carboma® [mainly of
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calcium), 4%; spacific ares Tm'/g and density 277 glom .
The alfve peste was meaded 21 27°C for &) min.

23 Sampling

Ofive: pass te s armples were call ected justorished and et the end
of mala xarion for each experiment of MINT doses. Pomace
samples were taken from thehar tonm | centifige outlerfirthe
lzst 15 min of =ach s 2y in orderto sccumte the s tabil aton of
wiphcare. Feplia e were taken at 5 min imrervals.

24 Oil and moisture content

Crushed olives and pomace were weighted (30 g) and dried
wntl consnt weightin anoven at 1053%C., The maisture was
expresed s percent O] conterr was anahyred by & nuclear
magnetic resonance (MMR) far snahzer mq 10NMR
[Bruker, Spain) and were expressed s percent an dry weight
basis. The equipment was calibrated peradically, for both
fruit and pomace, by Smchler analyees using n-hexane 2=
extracting solvent.

25 Olive paste analysis

251 Extraction of alcchokinzoluble solids

Alcohol immaluble solids [ALS) were prepared llowing the
procedure previously described by Levi etal. [ 5] AboutSgof
alive paste was grinded in 2 polytron thres times with 70%
EDH followed by oo extractions with acetone. The ALS
were drisd 2t room temperature untl constant weight. ALS
content was expressed 2 percent on a fresh matrrer hasis.

252 Fractionation of peelic polysacchar des

Fractions of diferent c2ll wall componens were obtained by
sequential chermical extraction of the cell wall material (ALS)
s ing water (1o extract water-saluble pecrins, WSF), (.1 M
buffer TrsHJ and (.2% FD'TA (o exmmct ionicall y bound
pectins ar chelate-sal uble pecting CSP) and {05 M NaOH
[t obtain covalently bound pectins or non-soluhle pectin
faaion, MNEP) = described previously by Levi et al. [S5].
Ton]pectin coment was obtained summing the three pactic
fraaions.

25.3 Galacturonic acld analysis

Pectin fractions, extracted as desoribed above, were anahzed
for gala cruronic acid (GFA) conterns using m=hydrmydipheny]
[MHDF; fallowing the procadure used by Blumenlrant and
Ashoe-Hansen [27] and modified by Kiner and Van
Buren [28]. Ahsorbance was messured ar 520nm in a
UWV-Vis spectophotameter (Varizn Cary 50 Bio, Spain).
Pesults were expressed a5 miligram of GA per 100 g of ALS.

A& B0 WILEYWCH Veriag GmbiH & o BGaA, Wisinbaim
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2.54 Extraction and quantilication of total proten in
the aloohol ineso uble solids

Aliquors of AIS (15mg) were homogenized for 305 in an
Eppendorf tube with 1.5mL of Ma0OH | M and heated Ina
water bath ar 1(WFC for 10min. The suspension was
centrifiged reice at 15 2y for 10min. The crude exmmact
used for the determination of toral protein content in the ALS
was quantified using the dye-binding method of Brad-
ford [29] using bovine serum albumin (BSA) s srandarnd.
Promins are expressed as milligrams per gram of AIS.

2.6 Statistical analysis

Amalsis of variance (ANOVA) wes perfimmed. When a
significant Frahie was found, Turkey's FISTD test was usad o
determine significant & ferences herween means (p< (.05
Smristical anahmes were cammied out wing the sofroare
Swtistx, Version 9.0

3 Results and discussion

3.1 Changes in cell wall components during
malaxation

The influence of malaxation process 1sng different amoundts
of @l doses on the content of aloohn] insoluble solids, pectic
oell-pall pohsaccharides, and proteins in the olive pas= was
sTuded.

3.1 Aleohol insoluble solids (A1S5)

As can he ohlierved in Tahle 1; AIS of alive paste samples
hefare Ineading acoounted ahout 35.3% and ncoreased affer
kneading step with a final paste showing an ALS value of 40%
probably dus to 2 decreage in the sohuble solid content of the
may affect suhsmntially the rhealogical properties of the
malaxed paste [5], is= behavior during the salid-liquid
sepamation sep; and its od yield.

The use of MNT affected significandy the aloohol
insaluhle solids content of the malaved olive pasrs (Table 2.

Table 1. Efact of malaxation on $e aloohal insoluble solids: {AlS),
total pactn {TF), and call wall proteins conmtent of olive pesie

Baefore loncading Aller kneading
AIS (W) 353 1.2 40144
TP {sag/100g ATS) 1738+ T IZT5 =83
P {mghg ALE) TR0 104 T 102022

* Dffereqn bomars with in o s mmeean significans diffesnces (p < 0L05)

with SERpECT IO JEiCSa SIS,
ol =500 fu—31.
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Table 2. Partal maan squarss from analyss of e ofiact of MMT
addiion on aloohd noubes soids, pocic kacions, poicns
mriant of fha malmasd ove pasia, and mosium and ol oon ot of
0 porma e

Parsneies F™ Tl MAT p= )
1 3 B
AlEa s 35 23 1668
EE T =574 1126
F 000N
WEF s FFINAT 20615
5T =023 1977
B [T
(HPFux s 16501.7 3615
EE T 457 543
B a
ISP g s 351094 43754
5T TE. 49 24.51
B oo
TPax s 1459 12 10524
5T =385 1615
B anals
B s 0TS 0D0E
5T 7.9 21
B a
BS s 1LET k=
5T 6495 3505
B on3
PO »s" 311 -]
EET,S 6674 33,26
B o.a3

Tiegres of fresdom.

Ehian sqmne

‘“Parsal mean sguase for the effert expresmed as percenmge of the
notal onere sorn of squesy Frosascal sopodficance.

The highest AIS value (40%) was obtained for the contral
carmied out withour mk additon (Fig. 1). The addition of
MINT up to 0.5% reduced the ALS, while greater dose [1%)
bty it imecrease. These nesults indicad that the meof MNT
atdosss mnging berwesn (.25 2nd (1.5% remlted in 2 greer
adsorption of alcchal-insaluble polymers mto the talc
surface when compared o higher doses (1%) [24].

112 Pectic eell wall polysaccharides

The distribution of the GA in the different pectin Factons
diring ofive pas & malaxation is shown in Fig. 2. For the three
studisd fractions, it was observed that there was a decreasein
their coments throughout the olive paste Ineading. Before
malaxation, among the pectic cell wall pohsacchari des, CEP
was fiound to be the minar frection { around 424 mg GAS 100 g
AIS) showing a slight decreame (p < (L05) affer malscarion

& Sl e WILEY-WOH Veriag GmbH & Co. PG, Weirksim

Euwr. | Upid Sa. Tl 2006, § 15, Ci00-0000

&4
45 o F kil
& A ]
35 b b
2 30 |
2 o5
i
15 4
W 4
5 1
o 4 T T
0% 0L25% 0,507 1%
MTN (%)

Fgure 1. Efiact of MNT addifion on e aloohol insoluble solids
{AlS) comant of olive paste dudng malmation. Signifiom difler-
anons &t *p: 0,08, *p: A1; *o 0001,

(359 mg GA/100 g ALS). Similar deoesses in the content of
CEP have besn reparied for Jalapefio peppers 25 2
mnssquence of processing [31].

WEF was detacted 2t higher content than CEP in 2ll the
amalyred alive pastes. Its omtent vared hetwesn 473mg
GAT00g AIS in olive peste before kneading and 434 mg
GAND g AIS affer Ineading. The wer amount of CSP
mmparing 0 WSF could he explained by a decre sed ionic
ams-linking 2= & resuh of the increaged degres of methyl
aterification during procesing. Before kneading, both
saluble frections (WEF and CSP) represent pectins that
have hesn solubilized faom <2l wall during ripening process,
mainly compased by the inirial by soluhle material and pecting
solubilized from the tightly cell wall-bound fractions. The
decrease ohserved for both of them affer malaxation

1mj F

GA (me/ 1008 AIS)
228 EE 8

and -
o]
200

Eafare Kreading after Knoading
EW5P BECSP  ONSP

Fgure 2. Efisct of makxaton on tha pootn fadions comam of
oiwe paste: WSP, C5P, NEP. Significant difleronces af *p: 0105,
o 01+ 0001
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indicares that chemical changes oocur in the pectin cell wall
pohsaccha rides leading o their spluhdli mrion [32] . In regard
= MEP (Fig. 2), cmsidered 25 the main pecric fracton, it
showed 2 similar reduction in its content affer malaeati on.
This phenomenon was ako observed In broccoli and was
arribied to the convemion of prompectn nto soluble
pectin by the soluhilration andior f-eliminative depal ymer-
mmtion of this material [33].

Total pectin omtent [TF) decressed afrer olive paste
Imeading (Tahle 1) and results are in agreement with those
published by Cdmam Hurtsdoeral. [32] who noticsd aloss of
pectin omtent acompanisd by 2 sEady and subsmntial
decreas & inpect n polymers e dwring processing. The Bctthat
the malaxed pese showed lower pactin conent than thar
before knemding suggesrs thar olive paste heating during
malaxation may produse depohmerzaion of these com-
pounds. Sigmfict comeletions were found  between
NEF frecion and WEF (=076, C5F (=098, and
TP (=099 pobably sssocdawd with their degres of
solubilraton [6]. Generally, de-ssterified pectine mainly
campased by MNEP are les suscepible to degradation and
ks soluble [3]. From these ohservations and the resuls of
previously reported works, it can be dednced that during
malaation, specific hiachemical andior chemical transfiorma-
Hans accur in the pectin call wall polysaccharides of the alive
pasie. Three different mechanisms have been propased o
explain these stucrural aherations: (1) the acrvity of
endogenaus pectin degrading enmymes induding pectinme-
thylsemse {PME) and polygalacturonase (PG [35; 6]; (5

hmerization by fechmination [36]; and (%) acid hydnoby-
sis [37]. The significance of these biochemicl processes
depends mainly on ereymatic levels in alives, chamcteristic of
each alive cultivar s well 25 some ather facors exogenous 1o
the paste it <l [34]. However, the madification aofthe chenmical
characteris tics of pectin by procesing ndwes al emations nits
functimnal propertes such 2= rheological hehavior and gelling
ahiliry [30] affecting o its capecity to bind with MINT. In fct,
a5 showmn in Table 2, the useof MNT afiected significantly the
cmnten of pect ¢ substances fallowing the same trend obcerved
for ALS (Tahle 5). The addition of MINT up to (. 5% prodwceda
decrease in the thres pectic fractions and the toral pectin

Efeat off falc o o emidsiting agerts o dive it 5

conent in the malawed ol ive pes e, This could heexplained by
the occumence of elecmostaric interactions bemween  the
coadfuvan and pecting because of their opposite charge
leading 1o higher adsorption of pectic polymers omnto the talc
pasitive charge to completely compensate the negatve charge
of the pactine. However, increasing the doge of take 1o 1%
resulted ina decresss inpectin adsorpton onto the talc surfae
duwe to the appariton of free pectic pohsaccharides thet could
nat be complexed with MINT. As pecting are animic
hydmcalloid emmulifiers [41], they ntemct with the positive
fazce of the mak parmicles [4)]. Formation of pectin-MNT
complexes cmirbuts to the wakaing of the amulkifiing
effect comed by pectic polmaccharides affecting to VOO
ex mactahility and odl vield [440].

‘Changesin the pecticfractions contere of the malaved olive
pase using differers MINT doses respect to that obtained
hefore Imeading are shown in Table 4 Additon of MNT
during malaxation allvwed a reduction inthe coment of mostof
the pecticfactions. As MM Tdose wasincreasad, the reduction
percentage of MEF and TP was lower. Foar WET fraction, the
apposie acmrmed with anincresseinthe rednction percentof
berorsen 109 and 22 5%, Thebest reducrion was achieved for
W EF fraction at 1.25% while the lowest one was achieved for
the same fraction at 1%. This resulseems to indicate that MEF
showed higher capacity to bind and adsorh onto talo particles at
lower doses, while higher doses decreased it adsarption
propartes. However , CEPinoessed shaut | 1 6% when MNT
dases of (.5 2nd 1% were added showing ishighestadoarption
at lower doses ({(L25%). All these differences mdicae that
during Imeading step; the use of MWT differersty altered the
contere of each pectin fype suggesting that the chemical
chamacterisfics of the pectic compound considerahly affects 1o
it adsorpidan anta the tak particls.

3.1.3 Cell wall proteing (CWP)

Cell wall proteins (CWE) are essential constments of the
alive fruit mvohed in modifications of cell wall components,
wall structure, signalling, and interactions with plasma
membrane ot the call surfiee [42]. Table 1 shows the effect

Table 3. Efiact of talo addifion on pacin facfons and fotal pacin contert of olve paste aber mamxaton

MINT (%)

a

[ ] 0%

-

WEF [y 100 g ATS)} 43= 50Ty 03 = 30 ZH=51h 261 =28k
CEP (ang' 1005 AIX) 3T 15 236 =11k ZX£ I da
TIEF (g 100 g ATS) 4E3=Glak IET = 55 TR -= T F0-= &
TF {eng/000 g ATS) 175 =83 PUT5 =Tl BI1I=TEh 1206+ 58
*Ifferemn bomers wikdn & row mosan sgnifcan dffsrencea (oo DL0S) Wk Saped 10 Pt A1

Tz =500 (s =3
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Table 4. Changas in e pactin fractons comant afer malacation
using diffass dosos of MNT

M (%)
a 05 05 1
WEF (W] 23700 9=l 172203 250
L-h oY 15=0.0 T.ex0l3d 1162002 -—-106=0.00
MEPH} 4272005 3752007 T0E2007 10£0234
TP (%) 2672008 24220001 T.T=0.08 44=0.01

“Mlsan =500 [m=— 3.

of olive paste malaxation on the cell wall proteins. Prowin
cmntent of ALS in the olive paste before Ineading was around
T8 mgig AIS and decressed unil 7.10mgfg AIS afier
Imeading. This decresse after malaxarion may be explained
by their complexation with pectic palysaccharides [43]. In
this @mse, the atmaction imvolves positively charged local
mtches on the potein ineracting with the anionic
pahseccharnide [44, 45]). Fomation of protein—polys acche-
nde [F-P5) complxes depends on many factos such
2= pH, ionic strength, protein to pohsaccharide ratia, total
solid concemmaton, charge density malecular weight and
omformarion [46]. Leroux et al [47] found thar some
pectin fractions areahls o improve the e ficad onoof ol in
water, presumably 25 2 conssquence of their protein conent,
low degree of esterification and low molecular weight. The
ahility of pectins 10 interact with proteins 2= a fimction of
their esterification degree and ioms content, which are
ripening-dependent, has heen recently documented [34].
Hecomnmtic interactions berwesn pectic  palysaccharides
and proteing may improve the sebiliy of ailinewaer
emulkions [48] formed during kneading step. Therefre,
dwring olive peste knmding may ooccur as described for

The use of MNT affeced significantly the prowin
cmntentof the malaxed alfve paste (Tahble 2). The adsorption
of the proteine onm malc was enhanced with doses mnging
between (125 and {.5%. Greater dose (1) resulted in high
pratein conent (Fig. 3. We can deduce from this result that
an ewcess of MNT ocould not sdsorb provein and pectic

Table 5. Efoci of talo addifion on ol and waler comlant of pomacs
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Fgure 3. Efiact of MNT addition an the call wall protein comem of
olve paste duing malaxaton. Significam differences a1 “pc 005,
T 001 000,

pohsaccharides, remaining oil-in-water emulsions during
Imezding and then redudng the process o yidd.

12 Changes in molsture and oll content of the alive
pomace during malaxation

Table 5 reports maisture (PM) and ail content of the olive
pomzce obrained in this work Od yield s uswmlly expresced
25 pomace gl conent on fresh weighe [POFW ), the main o
mill by-product; although when expressed on dry weight
hesis & not affeced by the water addition in the process.
Therefore, results and discussion will be hased on pomace o
mntent on dry weight (PODW ). The results shomed thar
MNT affeced significandy 1o PM and the PODYW of the
pomace (Table 20 MNT led @ an mcresse of the ol
extraction yvield (p < (L05). These remults agres with previous
smdies carried o1 on other cultivams suchas *Fioml ™ [4] and
*Comrina” [7]. The addition of MNT up » 025%
decreased the PODW,; while higher doses led toits increa se.
As ohserved, the use of ralc diring malaxation step greathy
lemsens the effecr of the pectic substrates and proteins of the
alive paste facilitating the release of the cellular odl. The koss
of odl in the pomace was kever ax the amount of m1al pectin

MHNT {%)
Q OE5 0% 1
PM %) LEELE L LR R 3 Ta=0%a GlRa =05
PO (%) 136 =0.Ta IL3=0Th 1L6E 1.2k 12 20 2ah

*Dfferenn lemers within a mow mean significant differences (p o 0.05) with saped 1o e sl

Tz =500 (s =3}
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and prodin decress ad . Comelations betw een PODW oontent
and TP content [ = {Lf2) and protein coment [F =085
were abserved, indicating that the differences observed for
PODW are, at least in part; related to the conters of the
pectin and protein fractions and then to the doseof rale added
= the olve paste. During malacaton, the degree of
esterification of the pectins contmbues o the modulation
of their hinding to catins [49], and therefore o their
complexation with proteing and their adsorption capecity
with MNT particles. The high hydrophilic nature of
pectin [50] and protein suhstances [51] enhances their
solubility in the waer-rich phase of the afve paste Bvoring
their adsorption anto the tale surfce through elecrosmtic
interactions which could lead to the weakening of their
emulkifiring sctivity and ncreace the process oi yisld.

4 Conclusions

During the olive poste processing, the conem of the
differem pectin frections as well as that of cell wall proteins
changed srrikinghy. Malaxed ol fve pas tes were charscreri zed
by lower amounts of WEF, CEF, NEF and proteins, and
higher amount of AIS. This indicates that substantial
degradarion and soluhilizmtdon of pecric cell wall poly-
saccharides and proveine occur during processing. The use
of MINT during kneading process markedly reduced the
pectin 2s well a< protein content in the olive paste, principal
emukifier agents impliad in the rmmatdion of od-in~water
emmubiions during ol extraction proocess. This reduction may
betwesn praovein and pectic polysaccharide in the olfve paste
diring malaxation which ar= held together and adsorbed
anto the talc. This gave rise 1o their complexation and
their elimination with pomace residus. Addition of the
MNT m a mnge of .250.5% moeased the adsorption
endency of the proteins and pectic cell wall polvs sccharides
anta the talc surface while greater dose (1%%) remired ina
decrease in their adsorption capacity. Similar changes wene
ahserved fiorodl content of the pomace residue. Our resuls
highlight the imp<artance of protein and pectic compounds
in the mlkfcell wall material interactions and how MTHN
eddirion helpe 10 hreak down emukions during Imeading
process enhancing the sepamaton and the & xmction of the
il from the mesocarp cells and reducing its loose in the
PoImACe.
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RTAZ 00000000 301 The aurhors grargully acknemladpe
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Virgin olive oil yield as affected by physicochemical tale
properties and dosage
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The aim ofthis work was 10 assess the effect of physicochemical chamscteristics of micronized natural talc
(MINTH and its doszge on the industial odl yield (1Y) dwring virgin alive ail (VO0) exmaction of
Hojiblanca fruits. For this purpose; bboratary scale experiments were performed testing four
commercial MIWNTs differing in their particle size (IX50) and carbonate mte ot doses mnging from 0 1o
3%. The most efficient MWNT was characerizmed by the highestcarbonae rare and the lowest particls iz
echieving the highest improvemn enr of the TV fior a dose of 2%, It was also found that the effect of particles
size and carbomate e depends on the MNT dose; being much more pronounced a1 lower doses and
that the use of MIWNTs with lowr carbonate levels ar high perticls size could be compens ated 1ming higher
doses of tak.

Practical applications: This study provides desper insights into the clarification of the offect of the
eddition of different doses of MIWT, with differem physionchemical chamcreristics on ol yield of
Hojiblanca olive fruit. The informaton contained in this study should be taken into scocount o choose
the suirable MNT dose considering is physicochemical cha ecreristics in arder @ improve the od yield

for the so-called dfficul pastes.

Meywords: Carbonate rate | Maonzed natua| talb /! Particle gze ! Poosss industrial yied ! Tale dosa
Romiwd: Maxh 4, 2016 ! Revisod: July 7, 2016 [ Accepted: July 20, 2016
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1 Introduction

Virginalive ail (WO i extractad from olive frudt using only
mechanical proceses mnchuding olives cushing, malaxstion

Cooergeinoaned amn o AR Sackaod IFAPA Contro ™ Varnta dal Lame " Junta
o Ardaieo, PO Box 5, Mengbar, Jade E 2620, Spain

[E-mnaaill: abir_s acacl 8w

Fax +33 1 47 56 54 50

Abtresiaons ANOVA, araiyss of vasarca D 50, padide sEZe
damstior; IF,, dogrss of S FW, Sl wad gt TV, pocedss. |ndusrial
i, M, moisee contort, MINT, mioorized rateal tic, MIS, mean
sopuarcs; DIFDW, fral ol conter? on Oy welg basis; OFFW, it dl
aoraant of fedh wel it basls) P, sadaical sigrdflaanas; T, aoeticions of
doemmiratan; Rl dpering Ircb: Segy. Specfic arface ama: S0,
sanchrd e, 55T, pasial moan souare for o ofied, copeasod a5
peroersage of e il aormected sum O souanca; SW, sors weaght T,
ST, Ky, PCEniage of Glorate aoniant [n e taic

& 20E WILEY-VCH Veriag GmbH & Co. FGal, ‘Widrbsim

of resulting pastes, and sepamtion of the ol y phase essendally
by pressure or centrifugation [1].

(rl contained within the meso@p celk is releazed during
the crushing and malawving process. In some cases; ol &
remined within the cell walk mather than being released
during the crushing and malaxation [2]. Such pestes are
called fluent or difficult; and are nypically obmined fom
varieties 25 the Spanish Hojiblanca and Picual, and
occasianally from other varietiess when frechly harvested
olives ar= processed [3]. Among the Scrors affecting 0
extractahility of the alive paste can be considered the pectic
substances derived from o2ll wall polysaccharides. These
substances are natural emulsifier agents presem in olives.
They promote emukion formation and short-term stahdlizme-
tion by interfacial action [4] == confirmed by Sadkaoud
et al. [ 5] whao esmhlished that increasing pectin concentration
gave a rise in the emukifiing scrivity. These smulsions are
surmpunded by lipoproteic membranes preventing the
merging of the ol droplets spread in the malaxed aolive
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past= [§]. This phenomenm eventually lmds o the
production of intermediate phases of very similar density
= ail and water difficult o separate and then, affecting the od
mil]l warking capacity and incressing the il khsss in the
pomace [7]. In arder to break these emulsions and impoove
the oil wield, different stategies have heen successfully
developed such ax incressing fime and temperature of the
malaxation and using technalogical coedjuvants. Regarding
the use of technological coedjuvants;, & number of trak
proved that the addition of enmymes during malayation srep
datermiines anincrease in ol exoactim vield [8, 9]. Howerver,
the use of technological oradjuvants [3] with chemical or
Thinchermd cal activiry is forbidden by Furopean regulations on
VOO production [10]. The use of talc powder [11-13],
salt [ 14, 15], and calcum carbmate [ 16] has been proposed
s physical acting coadjuvans alermetive o enzymes.
Acnelly, micronized natural talc, the natural form of the
hydmed magnesium silicas, Mg, (56,0,0H,) & the
most widely used coadjuvant for ol exoaction [11; 13] due 1o
irs exchisively plasical sction [17]. According to Capondo
et al. [18], this mineral & widely used due to its ntrinsic
praperties such as chemical inermess [149]. Tak shows bath
hvdrophilic and hwdrophobic behavior ar i bhreaking
surfaces. Afier milling, charged and none-charged surfaces
are formed 25 2 conssquence of particls breaking [20]. This
minerzl has been found to destabilize emulsions making
solidliquid sepamation eacier and incresses the ol wield;
redues nowbly the amawnt of fine solids in the of and does
nex produce any changes in physical, chemical, or argana-
lepdic properties of the odl [3J]. Ar the end of the extraction
process, the talc ends up in the ofive pomace, hecause of i
specific weight (2.8g/ond), whilke the ail & free of this
substance [ 18]. However, becanse talc i 2 natural product,
irs physiochemical chamcreristics vary depending on the
depasit and the production location. Each talc mine has i
aen chareceristics and that is why talc grades differ in their
performance in the end applications. Among the most
studiad MINT chamaceristics, particles size and carbonare
mate may affect substantially the industrial o yield [21-23].

The curment work was camied out under commolled
kboramry scale omditions in order to gein @ heter
undemstanding of the effact of different doses of MINTs with
different plysicochemical characteristics on the industrial ad
vield during VO extraction of Haojiblanca fruits.

2 Matedals and methods

21 Raw material

Olive trees (e cwropara; 1) of Hojiblanca cultivar with a
similar crop load were ssleced. The tress were spaced
7 x7m and grown in the sxperimental orchard of IFAPA
*Wenta Dl Llano™ Mengibar, Jatn (Spain) using standard
growing mchniques. The smdy was perfirmed during 204080/

S 200 & WILEYWCH Variag Gmb & Co. MG, Weinoim

Ewr. J Upid Sd. Tacirol. 2008, 118, CO00-=0000

1 cropyear. A lot of 200 kg ofolives was harvested by hand,
homogenined; cleaned, and processed mmediately. A toral
af 100 fruirs were mken ot mndom in order o determine
their fresh weight, stone weight; and their fpening mdex
determined scoording v the method described by Uceda
and Fras [24].

Some fruirs were destoned and the flech (pulp) was
separated. Fruit and fiesh were crushed and 6l g of alive
peste were dried in a forced adr oven at 1057 C for 24 h The
driad paste was weighed and the maisture conent recorded.
The ail content in the fruft wes determined using a Nuclear
Magnetic Resonance (WME) far analyzer mq 10WNME
(Bruker; Spain) and expressed 2s @ percemrage on both a
frexh and 2 dry weight basis. The aquipmen was calibrared
periadica iy by Saxhlet anahses using ne-hexane 25 extracting
salvent Chamacteristics of the olive fruit used for the
s periment are given in Table 1. All the snahmed porameters
were thase namally detected in olives harvested 2t 2 fpening
index of 4.5.

Four commencial MINTs have hesn used; their main
physical and chemical cha rcreristics are shosn In Tahle 2.

22 Processing and olive oll extraction conditions

Eperiments were pofimmed 2t hbommory scale, using
Abencor extraction unit [Abencor series 100, MC2 mgeneria
v Sistemas, 51.. Seville, Spain), simulating commercial od
=traction systems. A total of 64 samples (16 meatments « 4
replicates) were processed. O ves were crushed wing 2 6mm
sieve diametsr. The olive pase was then malawed in o
thermaodbeater ar 25°C for 45min. In the experimernr, o
fecrorial design was selectad considering two varizhles: npe
of MIWT (MMNT1; MNT2; MWNTS; and MNTA) and MWNT
doses (0, 1, 2, and 5%). Four replicates were cartied out for
=ch mreatment. The MNT, when applied, was added at the
beginning of malaxation

The process mdusmial vield (IY) was defined as the
percentage of odl obmined using the Abencor hhvramry odl
=tractin system from 700 o 800z of olives pasre. The
valume of olive 0dl was messured on graduated cylnder and
the od yvield was calculated using the olive oll density of
0.915kg/1. BEg. (1). P=mls were exprescad 2x percent.

[OW x 0.915)
v = [—wm:' = 100, [
Tabde 1. Inital compasitaon of Hojiblanca dive fut empoydin fe
fochnologoal assays

Kl M) OFF% () OFDE (%] ¥ g Ol

4% S1ET 045 4434 370 QLbh

Hl..apen:ng:m.tr.m.w;ﬂcmeﬂ.l.!k'l-'w.h::-:n]menm
ey wigha; OFTW, ool o compent on dry weighs FW, feoi frsd
weighn SW, o e weight
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Table 2. Basicdata of fam ioronized natural talo {MNT ) usad in #ha

VOO ok 35 aacted by tale paopeian and domage 3

Table 4. Efioct of MNT dose and physicochamical characlorsios

iy e an tha proosss indussial yiald {IY)
Mk S ific Tenguers e
0l el e le dan Dengny swlie BEET Chashosmite D50 MIN sl b Bhe
Clnt Fure el %] TE0 ] (igfemn”) {en ") MNT (%]} I e e e e b
MNT 1 4 4 XTT T MTH 4 4 1] 34 = 040 -
MNT 2 o] 7.1 ITE L] 1
MINT 3 s 13 XTT T 1 NIET = Q56 -}
MIMNT 4 [} 163 TR ] 2 TL.84 £ 003 ey}
3 1180 = Q03 o vl
BET, Bromoes, Emmen and Tels mabod & the mon widely MTH o8 7.1 L BEM = 095 -
e procadore for the desrminamion of the sorfice area of solid = 2
TR T 1 U0E & 102 a2I1%F
2 1077 £ 100 2256
. o ) 3 1l 143 1751
where OW i the volume of olive ol obtained fom the pno s 13 a T4T = 045 _
Abhencor system (L) and WOPF & the weight of alive fut 3
peste used (kg 1 B8+ 033 1546
2 0= 033 51
23 Statistical analysis 3 TLIS & 033 32 B3
MTH 1.1 163 L] BA42+ 028 -
In the tahles, resubis are expremed os mean vahpes+ standard = 4
deviation (ST3). Analysis of variance (ANOVA) was apphied. 1 waiom 1n.e3
Tukey's HED tmt was used - [ i 2 1090 £ O35 23138
i I [ 0,057, These d nations 3 I09E £ 086 2333
were carmied out using the sofware Stadistic, Version 9.00 - . i
I 50, parsds sive; MNT, mecronised naveral vale MRT 1, 4%
(003 24 oy MMT 2, (0U8% (RO03) 7.0 oen ) MNT 3,

3 Results and discussion

From the AMOVA (Thble ) was observed as both MNT
dose and MINT typeshosed 2 verylevel of significance an the
process IV, Howerer, MINT dose could explain the highest
percers of variahdlity (55%) over the valie achisved by MNT
wpe (12.4%). Interaction beteeen both factors was not
sigmi ficare. These results agreed with previous waorks [2, 22].

Ingeneral, the addition of MNT improved the ol vieldin
2ll cases when compared & conirel without MMNT additon
[Table 4). These results agree with previous warks [12; 25,

Table 3. Parfal maan squams from analyss for tha ofiact of talc
physoochanical charafeistae and domgas on e procoss
ndusiEal yiald (1Y) of “Hofiblenca’ fruits

Toal MINT (T} Dheme {1} T=Id Esor
oFE a3 3 3 ] 45
s 64T IR&2 12 086
EETw" 123 oEl L i )
M QOO QL0 OZFTR

Trggree of fresdom.

“Mean squass.

“Paseal mean squase fof the effecy expremed as pacmnge of the
ol conmeded sum of sqmase

degamrical sgnificance.

& 20 & WILEY-VCH Veriag Gmbé & Co. KiGad, Wik

[0.F% (03, 13 maom); MMNT 4, (1.0% (a3 146 Smm).

26] that reported higher yvields when MNT was wmed. The
capacity of ok toncrease ail yields could be explained by its
exchusively physical action since it adsorbs the droplets of
odl rerained in the cell walk, forming larger drops, thereby
facilitating the il extraction [6]. In the alive paste; oil and
water can gef entrapped in agglomerating mucrogels.
Additionally, hoth olive pase and talc have lipophilic
characeristics, therefore, they tend to combine with o
remin the ail. The takc helps comnteract the paste firder
releasing odl into an exrracable form, breaks up these micm
gek and release the odl [27]. It also prevent the formation of
oil-in~water emmulkimns and breaks up emumlkdons previoushy
formed,; allowing the od to be extraced [5; 28, 20].

Because of the higher efiect of MINT dose on il yield,
MNT dose ofiect was snalyzed for sach MNT indepen-
dently. It could be observed as the four MNTs behaved
differently depending on the dose applied to the olive pas=
[Tible 43 The highes I'V values were obrained for MINT 1
which produced a lineal increase of the TV as ralc was higher.
The lowest valies were obtained when MNT3 was added
at doses mnging between 1 and 2%. Similar trend was
observed for the triak carried out with MNT2 and MNT4
andy up tothedose of 2% beyond which efther astahilizmtion
[MNT 4) or a slight decrease of the TV (MINT 2) was
ohserved.
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Figurel. Efat of tha MNT dasaon tha process industal yiald (1Y)
of Hojiblanca fruits consideing $he four MNTs fogethar. Difloramt
iofes maan s sgnifcam dfforances & o, 005

Considering the pool of four MIWNTs together (Fig. 1), the
addition of MNT at doses mnging betoesn | and 2% gave a
rise in the IV, while greater doses (3%) did not praduce amy
sigmi ficart variation an the IV . The doses for @lc additon
referred inthe literature for ol fve ol ex traction mnge berwesn
0.5 and 2% [28, 29]. Howerver, excessive doses can have 2
negative effect on the extra cion process [28].

In general, at lower doses (1 and 2%), MINT1 showed
= be the hest coadjuvant in terms of exraction efficiency
while MMNTS gave the worse resulis (Tahle 4). Comsidering
the poal of MINT doses, among the MNT sscaped can be
abserved a5 MNT 1 gzve the highest ail yield achisving
sigmi ficars differenaes respectto MINT2 and MNTS (Fig. 2.

(=

\ &
%
%
\
%
A\

\
\

Control BANT1 MNT? BANTI MANT A

Figura 2. Efaa of MNT physicodhamical chaadeistts on $a
poms industal yield (1Y) considedng $he four MNT doses
ftogeth ar. Diflaram inSors maans sSgnificant diffemncas &t p, 0L05.

& 2l e WILEY-WVOH Veriag Gmbd-H & Co. FiGal, Weirksim

Euwr. J Upld Sd. Teckreod. S0AE, § 48, OO00-0000

Tahle 4 shows the percenmge of the IV imprwvement
abvrained for each mk dose compared to the omimol. Resules
indicated that the ol yvield improvement was not the same
for the different MM Ts. The maost efficient talc, with an TY
improvement of 26% at ow dose (1%) was MNTI1; while
Eing the same dosage, MINT2 and MMNTY improved the TV
anly by 8.15 and 10.62%, respecrively.

These differences ohserved in the IV a5 2 response o
MNT daoses of each MNT ested may be explained by their
different physicochemical properties (Table 2) which vary
with their original depasit and prepamaton process. Thess
results agres with thoss found by athers authars [5, 22, 23]
reporting & MNT physicochemical chamscteristics such as
the particle size (I 50) and the carbonas mre play an
imparam mole in hreaking oil-m-water emulsions and then
improving the od extractim prowess.

Lower T} 50 and thas, greater active sirfce area allowa
hetter adsorption of the droplers of od retained in the cell
walk, farming larger drops, therehy fcilitating the sxtraction
af this ail. FHigher carbomnate rate allowrs the enhancement of
the breakdoen of ol-inewater emukims by relessing od
droplets that merge into larger drops 2s described by Alba
e gl [25] and Sadkaoui et al. [5].

When IV is represented 2= function of carbanate content
(Fig. 3A) can he observed that IV increased as the carbonae
mate n the tale was higher, Fuwrthermare, the offec of
@mrbonate rae depended on the talc dose being much mone
ponounced at bwer doses. The highes IV wvalue was
abtained wing thehighe MMNT concentration {2 and 3% of
MNT with the highest carhonate rate (4% ) while the lvwest
vahie was achieved using the smallest concentmation (1%) of
MWWT with the lowest carbanate mares (5% Theredfne,
MNTs with lower carhonate mate nesd higher doses 10
echieve IV similar to those obtained from low carbanate rae
MNT.

Comidering the particlesize (Fig. /), higher D50 seems
= have a negarive effect on the IV although it depended on
the take dase. At 1%, the extraction efficiency showed highest
differences for smallest particle size. Far higher doses,
di fferences hemysen MIWNT with higher carbonate mate and the
athers was lesser. This result suggests that higher doses are
recammendad toimprove the extracrion efficacy when MNT
with high I} 50 are used. In genemal; IY was greater when
MNT with small particle size and high carhmate rate are
wmed. This reuls confams those published by Alba et al
[Z3]; Sdncher ot 2l [22]; and Sadksoas =t 2l [5] reporting
that MINT comaining high carbanate content and low I 50
shaows a better capecity 1o break oll-mewater ermmkions and
gives higher ol yields.

According m Oksiiz et al. [30], the surface hy drophobic=
ity ofthe MNT incresses 2 particle size & smaller due tozn
incresse inthe value of contact angles. Based on this finding,
it can be deduced that MINT | had the highest hydrophaohic
surface area. Likewise, Coasanova et 2l [31] found that a
decrease in partcle size produces an increase in the surfce
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area (Spur) of the adsarbed odl. Therefore, I'Y may have a
direct relationship with the S5, of the mlc. Becanse the
effectivenes of the MNT depended not only on its surface
area bax also on irs carbnare fraction [ Xoes) (as observedin
this work) it is possible 1o hring this w0 terms mgether as
S Xrwes in order to study is influence an the TV
Considering the four MINTs together; Fig. 4 shows as the
increase of Smrrf Xows nduced a lineal decrease of the IV,

11 -
y=-0,001 1% + 10,815
10,5 A% = 0,3054
£ 0
=
55 -
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o 500 1000 1500
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Figure 4. Tha proces ndustal yiald (1Y) 2= a functon of e
spaciic suriace amal weight carbonate fraction {méig).
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then a chose relationship herween the IV and the Smr' Xoes
was obrained (p < & M) with a P value of 90%.

4 Conclusicns

The use of MINT improves the IV. In genemal, the use of
MMNT doses ranging betwesn | and 2% gave rise to 2 lneal
increase of the TY whereas higher doses did not improve the
all extractahility. The effactivensss of MNT to ncrease
the TV depended not only on the dose but also on s
physicochemical chamecreristics. The mast efficient MNT
was characerioed by the highest carbona®e mte and the
It particle size achisving the highest improvementof the
IV and mil boss for 2 doseof 2% . Beades, 1iwas found that losr
carhonate levels or high particle sizes could be compensatad
with higher doses of mlc. Therefore, MINT doses should he
adapred to MINT physical and chemical chamcreristics
arder @ optimize the ol yield. These resuls can e easily
scaled for i application at indusrrial scale since Ahenoor
systemn has heen considered 25 2 useful method for olive od
e TrRction s hudies.
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Anexos

Changes in Biochemical Composition and Activity of Some Cell Wall
Degrading Enzymes Involved in the Ripening Process of Olive Fruit.
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Research paper written for publication in BMC Plant Biology
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Abstract

Background. The olive is one of a major agricultural importance in Spain and the
majority of countries with Mediterranean climate as the source of olive oil. The study
of ripening in the olive is of great interest, because it influences the industrial production
of olive oil and olive processing. Ripening is usually associated with fruit softening
resulting from modification and/or degradation of cell wall polysaccharides and cell-
wall associated enzymes. A two-year laboratory filed experiment was carried out
during 2011 to 2013 in order to study the main compositional and biochemical changes
affecting to the olive cell walls during the course of ripening of three of the major olive
cultivars in Spain: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’.

Results. It was found that the three cultivars had very high levels of non-soluble fraction
at early maturity that decreased markedly as ripening progressed. The gradual
decrease in the non-soluble fraction (NSP) was parallel to an increase in water-soluble
(WSP) and chelate-soluble (CSP) fractions. This data suggests a progressive change
in the equilibrium and composition between pectic fractions and confirms the existence
of a coordinated interaction between all of them. Results also revealed that for all
cultivars polygalacturonase (PG) activity was detected both in ripe green and ripe black
fruits, confirming the coexistence of two PG isoforms: Endo-PG and Exo-PG. Pectate-
liase (PcL) and pectin-liase (PL) activities significantly increased as ripening
proceeded, decreasing markedly as fruit ripened.

Conclusion. Results obtained in this study revealed that the major compositional

changes in the fruit are developmentally regulated due to the action of multiple
enzymes among the most important ones PG and PLs which act to promote the
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coordinated disassembly of primary cell wall components leading to the increase of the
oil released from the mesocarpic cells.

Keywords: olive fruit / ripening process / cell wall degrading enzymes / pectin /
firmness / water-soluble pectin (WSP) / chelate-soluble pectin (CSP) / non-soluble
pectin (NSP) / Total Pectin (TP) / oil yield.
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Anexos

Olive pulp paste viscosity as affected by ripening stage and mixing

process
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Abstract

This study was performed to replicate a mixing process of olive pulp pastes at a
laboratory scale using a controlled stress rheometer in order to evaluate the main
changes affecting their flow behavior as well as their viscosity that would be difficult to
determine at a mill scale. Two mixing temperatures were tested: 20°C and 30°C.
Weltman model was used to describe the time-dependent behavior of these products.
Results revealed that olive pulp pastes exhibited a time-dependent behavior, in which,
the apparent viscosity (napp) decreases with time and temperature of shearing. This
behavior was more or less pronounced depending on the maturity stage of the fruit. At
a macroscopic level, these variations in viscosity are often associated with structural
changes affecting the cell wall materials. The main factors that could better explain the
differences in napp Of olive pulp pastes during mixing process are: particle shape,
particle concentration, rigidity, deformability, distribution of the liquid phases among
them the oily phase, coalescence rate of oil droplets, particle—particle interactions and
hydrodynamic forces exerted by the mobile in motion on the different paste particles
and those exerted between the latters and the measurement body.

Keywords: ripening process/ mixing temperature / industrial extracted oil yield /
viscosity / pectin content
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Modeling of Rheological Behavior of Olive Fruit Pulp Harvested at
Different Stages of Ripening
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Beltran!, Gérard Cuveliers.

LIFAPA Center “Venta del Llano”. Junta de Andalucia. Ctra. Bailén-Motril Km 18.5, E-23620, Mengibar
(Jaén), Spain.

2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

SUMR Ingénierie Procédés Aliments, AgroParisTech, Inra, Université Paris-Saclay, 91300 Massy,
France

Research paper written for publication in Journal of Food Enginnering

i

journal of
food engineering

Abstract

This work was initiated to establish the effect of state of ripening on the rheological
behavior of the olive pulp paste of the major olive (Olea europaea L) cultivars in Spain:
‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ harvested at three stages of ripening from ripe
green to black color stage. Results revealed that olive pulp pastes presented a typical
shear thinning (pseudoplastic) behaviour and had a good correlation with the Power
Law model. The values of the flow behaviour index (now) and consistency index (Kow)
were influenced by the genetic and the climatic factor. It was also found that this
pseudoplastic behavior decreased as ripening progresses probably as a result of cell
wall disassembly and oil accumulation which may lessen the internal frictions forces
between the polymers, reduce the viscosity thus producing softer systems.

Keywords: ripening stage / olive pulp paste / rheological behavior / shear thinning
behavior / flow behavior index / consistency index
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Rheological Properties of Mesocarp Olive Oil as Influenced by

Ripening Process
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Abstract

This research is done on three of the major olive oil varieties cultivated in Spain
(‘Arbequina’, ‘Picual’ and ‘Hojiblanca’). Fresh fruits were harvested randomly between
the ripe green and black color stage for oil extraction in order to determine the effect
of ripening process on the flow behavior of the olive oil. Data obtained from apparent
viscosity (n) were used to describe the flow behavior by the power law model in the
forward (increasing shear rate) measurement. Results indicated that n changed
significantly over sampling time following an exponential rate. With regard to the
consistency coefficient (Kow), a linear increase in its value was observed throughout
ripening process for all cultivars with an average value being less than the unity.
Concerning the flow behavior index (now), its value was around the unity characterizing
a Newtonian fluid behavior. However, this behavior was only observed for oils
extracted from fruits harvested at their ripe green and turning color stages; for those
extracted from fruits harvested at their full maturity, it exhibited a shear thinning
behavior characterized by a value of the now being less than the unity. The more
general trend was that the now decreased with increasing ripening stage.
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Practical Applications: Knowledge of the viscosity of virgin olive oils (VOOSs) is of a
great interest since it determines the overall quality and stability of the processed oil.
Furthermore, investigation of the changes in viscosity of the olive oil throughout
ripening process can be considered as a key indicator to optimize the time required for
the settling step at the end of the production chain for the studied sampling stages.

Due to the lack of knowledge on the flow behavior of this product and in order to have
deep information on the physical changes affecting such edible oil, the purpose of this
paper was to study the effect of ripening stage on the rheological properties of three of
the main monovarietal oils produced in Spain: Arbequina’, ‘Picual’ and ‘Hojiblanca’.

Keywords: olive oil / viscosity / flow behavior index / consistency index / ripening
process
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Industrial Extracted Oil Yield as affected by Crushing Level,

Malaxation Conditions and Talc addition
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Abstract

This study was carried out with the aim to evaluate the effect of some variables
involved in crushing and malaxation process on the industrial oil yield (1Y) of extra
virgin olive oils from ‘Hojiblanca’ olives that represent one of the most influential
Mediterranean olive oils cultivars. Results showed that the main factor affecting the IY
was talc addition whereas the effect of crushing level and kneading temperature varied
depending of the MNT dose. When adding talc, the 1Y was significantly higher than in
case of control. The highest increase was observed crushing the olive with a 6mm
sieve diameter, malaxing the paste at 20°C and adding MNT at a dose of 3%. The
same result was obtained using a thinner milling (5mm) and adding MNT up to a dose
of 2% due to a better breakage of fruit tissues and release of oil drops contained in the
vegetable cell vacuoles.

Keywords: extra virgin olive oil / ‘Hojiblanca’ cultivar / crushing level / malaxation
temperature / talc addition / industrial extracted oil yield
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Effect of Micronized Natural Talc Addition on Olive Oil Quality and
Physicochemical Composition of Hojiblanca Cultivar

Abir Sadkaouil2, Antonio Jiménez!, Rafael Pacheco?, Gabriel Beltran?!
1IFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Research paper written for publication in Postharvest Biology and Technology

Abstract

The effect of micronized natural talc (MNT) addition during kneading process of
‘Hojiblanca’ olive fruits at oil mill scale on oil yield, some quality parameters,
polyphenols, pigments and tocopherols was examined. Fruits were at the outset
processed without MNT and then with incremented doses of MNT. Results indicate
that the addition of MNT to the olive paste during malaxation has important advantages
such as an increase in the industrial extracted oil yield (IEOY) without affecting
negatively the quality parameters which are relevant in the official olive oil grading
(K232, K270, peroxide index and acidity). It also caused a substantial increase in total
phenol, a-tocopherols and total tocopherols content and contributes in obtaining clean
oils from the decanter with a lower water and fine particles content.

Keywords: Micronized natural talc / malaxation process / quality parameters /
industrial extracted oll yield / polyphenols / tocopherols / pigments
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Abstract

Characterization of pomological characteristics of olive fruits from three Spanish
cultivars: ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’ throughout ripening process were
investigated. The study was achieved during the crop years: 2011/2012 and
2012/2013. Results indicated that the majority of pomological characteristics of the fruit
are mainly affected by maturation stage. The majority of these parameters, i.e.
moisture content of pulp and fruit, oil content both in pulp and fruit expressed as
percentage on fresh mater, increased throughout ripening process, whereas moisture
content of pomace residue diminished lineally for all cultivars during the ‘on year’
(2011/12) while varied apparently erratically during the ‘off year’ (2012/13). Principal
component analysis confirmed the main correlations among characters and showed
them to be dependent of harvest time, cultivar and climate factor. Furthermore, from
the results of analyses achieved in this work, we can deduce that the harvest time of
the olives is dependent on variety and climate. Moreover, in order to ensure a good
extraction yield with high quality oils, maturity indexes might be applied as being
between 2.5 and 3.5 for all cultivars.

Keywords: harvest date / maturation stage / pomological parameters / principal
component analysis / cultivar / climate
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Influence of Different Harvest Date on Quality and Physicochemical
Composition of Olive (Olea europaea. L) Oils during Ripening

Process using Chemometric Approach
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Research paper written for publication in Scientia Horticulturae

Abstract

Characterization of virgin olive oils from three Spanish cultivars: ‘Arbequina’, ‘Picual’
and ‘Hojiblanca’ throughout ripening process was investigated. The study was
achieved during the crop years: 2011/2012 and 2012/2013. Olive samples were
harvested every two weeks throughout the period from the end of September to the
end of January. Results revealed that as ripening progresses, extinction coefficients,
natural antioxidants (polyphenols and tocopherols), bitterness index as well as
pigments content showed more complex behavior depending both on genetic and
climatic factors. With advancing maturity stages, the oil becomes less stable due to
decreasing total polyphenol content and decreasing chlorophyll content. Significant
correlations were found between several characters including bitterness index and
total polyphenol content throughout ripening process whereas lower correlations were
obtained between K232 and whole analyzed physicochemical parameters. Principal
component analysis confirmed the main correlations among characters and showed
them to be dependent of harvest time, cultivar and climate factor. We also concluded
that in order to ensure a good extraction yield with high quality oils, maturity indexes
might be applied as being between 2.5 and 3.5.

Keywords: Virgin olive oil / ripening process / polyphenols / bitterness index /
tocopherols / extinction coefficients
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Anexos

Evaluacion del Efecto de las caracteristicas fisicas y Quimicas del
Talco en el rendimiento del proceso de Extraccion de Aceite de

Oliva de la Variedad ‘Hojiblanca’.

Abir Sadkaoui'?, Antonio Jiménez?!, Rafael Pacheco?, Gabriel Beltran?
LIFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Comunicacion Oral en Congreso. Afio 2011. Jaén, Espaia

XV Simposio cientifico-técnico del aceite de oliva: Foro de la Industria
oleicola, Tecnologia y Calidad

Resumen

El objetivo del trabajo fue estudiar el efecto de las caracteristicas fisicas y quimicas
del microtalco natural (granulometria de particula y contenido en carbonato) sobre el
rendimiento del proceso de extraccion de la variedad “Hojiblanca”. Se han empleado
cuatro tipos de microtalco comerciales y para cada uno de ellos, se establecieron
cuatro dosis (0,1, 2 y 3%). En general, el rendimiento industrial (RI) del proceso se
incrementa linealmente a medida que aumenta la dosis de talco adicionado del 0 al 2
%, dosis superiores no mejoraron la extractabilidad observada. Asimismo, se ha
demostrado que las caracteristicas fisico-quimicas de los talcos tienen una gran
incidencia sobre el RI. En general, hay una tendencia a aumentar linealmente dicho
pardmetro a medida que aumenta el porcentaje de carbonato contenido en el talco.
Sin embargo, se observé una disminucion del Rl a medida que aumenta el diametro
de las particulas D50 de 2.4 a 13 um, aumentando ligeramente para D 50 superiores
(16.3um).

El efecto tanto de la granulometria como del porcentaje de carbonatos depende de la
dosis de talco empleada, siendo mucho mas marcado a bajas dosis. Por tanto, niveles
bajos de carbonato o tamafios de particulas elevados se podrian compensar con dosis
altas de talco (2%). En definitiva, la eficiencia de los diferentes talcos depende no sélo
de la dosis sino también de sus caracteristicas fisico-quimicas.

Keywords: dosis de talco / granulometria y contenido en carbonato de los talcos /
batido / rendimiento industrial del proceso de extraccion
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Anexos

Cell Wall Pectic Polysaccharides of Olive (Olea europaea L) Fruit
Pulp (Cv. ‘Arbequina’, ‘Picual’ and ‘Hojiblanca’) and their Evolution
during Ripening

Abir Sadkaoui'?, Antonio Jiménez?!, Rafael Pacheco?, Gabriel Beltran?
LIFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Poster en Congreso. Afio 2013. Jaén, Espafia

XVI Simposio cientifico-técnico del aceite de oliva: Foro de la Industria
oleicola, Tecnologia y Calidad

Abstract

The aim of the present research is to investigate the effect of harvest date on the pectic
fractions of three of the major olive cultivars for oil extraction in Spain: “Arbequina”,
“Picual” and “Hojiblanca”.

Pectic polysaccharides in olive fruits (Olea europaea L) have been studied at different
stages of ripening. The alcohol-insoluble solids (AIS) obtained from the fruit were
fractioned into three groups of pectic polysaccharides, namely water soluble pectin
(WSP), chelator soluble pectin (CSP) and non-soluble pectin (NSP). The amount of
total pectin (TP) was calculated summing all the pectic fractions.

Variations in AIS are related to the change of the fruit weight (FW) throughout ripening
process. Indeed, the increase of FW was accompanied by a lineal decrease of the AIS
content. Nevertheless, at the final stage of ripening, FW decline induced a gradual
increase in the yield of AIS which can be attributed to a rise of both intercellular and
starch as a metabolic response of the fruit to the dehydration.

The three cultivars had very high levels of NSP fraction at early maturity, the step from
ripe-green to small reddish spot, which decreased markedly as the fruit matured.

At the same time, the gradual decrease in the NSP fraction was parallel to an increase
in WSP and CSP fractions. This data suggests a progressive change in the equilibrium
and composition between pectic fractions and confirms the existence of a coordinated
interaction between the three pectic polysaccharides groups. Moreover, there were
evidences of a solubilisation of the non-soluble pectic substances (NSP) to a soluble
pectic fraction (WSP and CSP) during fruit ripening.

Keywords: olive fruit / cell wall polysaccharides (CWP) / ripening process / water
soluble pectin (WSP) / chelator-soluble pectin (CSP) / non-soluble pectin (NSP) / Total
Pectin (TP)
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Anexos

Influencia de la Actividad de la Pectinmetilesterasa sobre el Proceso
de Degradacién de la Pared Celular y la Regulacion de la Biosintesis
de Metanol durante el Proceso de Maduracion de la Aceituna (Olea
europeal.)

Abir Sadkaouil2, Antonio Jiménez!, Rafael Pacheco?, Gabriel Beltran?!
LFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Comunicacion oral en Congreso. Afio 2013. Cérdoba, Espafa
VII Congreso Ciencia y Tecnologia de los Alimentos

Introduccion y objetivos

Durante el transcurso del proceso de maduracion, los componentes de la pared celular
del fruto experimentan notables variaciones estructurales que generan cambios en la
textura (Seymour et Gross, 1996). Una de las modificaciones mas notorias estan
relacionadas con la composicion de las fracciones pécticas (Marin-Rodriguez,
Orchard, & Seymour, 2002). Estas sustancias son sometidas a procesos de
despolimerizacion que contribuyen al ablandamiento del tejido vegetal y afectan las
caracteristicas fisicas de las aceitunas. Estos cambios fisicos aumentan la capacidad
de romper las estructuras celulares facilitando la liberacion del aceite de oliva.

El fendmeno de ablandamiento ocurre por la participacién de las enzimas pectoliticas,
entre otras, la pectinmetilestreasa (PME), que degrada la pectina y el acido
poligalacturénico presente en la pared celular (Imsabai et al., 2002) mediante la
catélisis de la hidrolisis de los grupos estéricos metilo a partir de residuos
galacturonosilos (Barnavon et al., 2001; Denes et al., 2000).

El objetivo central de este estudio fue contribuir al conocimiento del fenomeno de
ablandamiento enzimatico de la aceituna mediante la cuantificacion de la actividad
enzimatica de la PME y la posible influencia que éste puede tener sobre el
metabolismo de biosintesis de metanol y el contenido total de las sustancias pécticas
durante el transcurso de maduracién de la aceituna.

Material y método:

Material Vegetal. El trabajo se realizé durante la campafia 2012/2013.Se emplearon
aceitunas de tres variedades de olivo espafolas “Arbequina”, “Picual” y “Hojiblanca”
procedentes de la finca experimental del centro IFAPA “Venta del Llano”, Mengibar,
Jaén.

Medida de la actividad de la pectinmetilesterasa. La extraccidon enzimatica fue
realizada segun la metodologia establecida por Olias et al. (1993). La evaluacion de
la actividad de la enzima se determiné por el método de Klavons y Bennett (1986).
Una unidad de actividad enzimatica se define como la cantidad de enzima capaz de
liberar 1 umol de MeOH por minuto y por gramo de proteina.
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Contenido de pectina total. La fraccion de pectina total se extrajo a partir de los
sélidos insolubles al alcohol que fueron preparado segun el método propuesto por Levi
et al. (1988). La pectina se hidrolizé con acido sulfurico concentrado segun el método
de Ahmed y Labavitch (1977). Posteriormente, el contenido de acido galacturonico se
determind colorimétricamente segun el método descrito por Blumenkrantz y Asboe-
Hansen (1973).

Contenido en metanol. El contenido de metodxilo se determind por hidrdlisis de los
enlaces éster de la pectina con NaOH (Ng & Waldron, 1997). El metanol liberado se
cuantificd segun el método descrito Klavons y Bennett (1986).

Firmeza. Este parametro se determind mediante la medida de consistencia del fruto
a través la resistencia que éste presenta a la penetracion utilizando un penetrémetro
(Bertuzzi, model FT 327).

Resultados

Para las tres variedades estudiadas, se pudo constatar que la actividad de la PME
tiende a aumentar hacia el estado inicio de maduracion de la aceituna, para luego
disminuir de forma gradual en los estados maduro y sobremaduro. En cuanto a la
firmeza, se observd una diminucidn acusada de este parametro en la misma fase en
la PME fue mas activa, indicando una estrecha correlacion entre la firmeza y la
actividad enzimética de la PME.

La concentracion en metanol y pectina total se correlacionaron con la actividad de la
PME, indicando que las sustancias pécticas contribuyen significativamente a la
actividad de la PME.

Conclusiones

En general, nuestros resultados muestran que la biosintesis de metanol asi como la
degradacion de la pared celular (pérdida de firmeza) estan controladas por la actividad
de las enzimas hidrolasas como PME. En efecto, esta enzima cataliza la hidrolisis de
los esteresm metilicos de los acidos poligalacturdnicos liberando metanol al medio y
convertiendo a las pectinas en acidos pécticos.

330




Anexos

Involvement of Cell Wall Degrading Enzymes in the Regulation of
Pectic Cell Wall Disassembly and Methanol Accumulation during
Olive (Olea europaea. L) Fruit Ripeness

Abir Sadkaouil2, Antonio Jiménez!, Rafael Pacheco?, Gabriel Beltran?!
LIFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Poster en Congreso. Ao 2013. Niza, Francia

3" EPNOE International Polysaccharide Conference: Polysaccharide and
polysaccharide-derived products, from basic science to applications’.

Changes in firmness, methanol, pectin content, degree of methyl esterification (DE)
and activites of cell wall degrading enzymes, polygalacturonase (PG),
pectinmethylesterase (PME), pectate-liase (PcL) and pectin-liase (PL) were studied
during the fruit ripening of three of the major olive cultivars for oil extraction in Spain:
“Arbequina”, “Picual” and “Hojiblanca”. For the three cultivars evaluated, the PME
activity increased with fruit maturation reaching a maximum in veraison stage followed
by an important decrease, remaining unchanged until the end of fruit ripeness. The
same trend was observed in total pectin and methanol content supporting the
hypothesis that demethoxylation of pectins is, at least in part, a metabolic origin of
methanol. PG activity was detected both in ripe-green fruit and in the ripe black fruit,
confirming the coexistence of two PG isoforms: Endo-PG and Exo-PG. PcL and PL
activities significantly increased as ripening proceeded, decreasing markedly as fruit
ripened. Furthermore, the pectolytic enzymes during ripening are involved in changes
of olive fruit texture and DE. In fact, both of them showed a progressive decrease
during ripening. Most of this decline occurred when the highest activity of pectolytic
enzymes was detected.

Keywords: olive fruit / ripening process / cell wall degrading enzymes / pectin /
firmness / degree of esterification / methanol
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Anexos

Effect of Micronized Natural Talc Physico-Chemical Characteristics
and Dosage on the Breakdown of Oil-in-Water Emulsions

Abir Sadkaouil2, Antonio Jiménez!, Rafael Pacheco?, Gabriel Beltran?!
LFAPA Centro “Venta del Llano”. Junta de Andalucia. P.O. Box 50, Mengibar, Jaén E-23620, Spain.
2Department of Chemical, Environmental and Material Engineering. University of Jaén, Spain.

Abstract: Congreso Ao 2014, Barcelona, Espana

13th Mediterranean Congress of Chemical Engineering: Food
Technologies. Innovations in Food Processing

Abstract

The use of micronized natural talc (MNT) has proven to be very useful to break down
emulsions formed during olive oil kneading process and improve the extraction rate.
This study was aimed to obtain more insights in the mechanisms of MNT to break-
down oil-in-water emulsions. For this purpose, laboratory scale experiments were
performed in order to evaluate the effect of different pectin concentrations (0.5%, 1%,
1.5% and 2%), used as emulsifier agent, on the behavior of oil-in-water interface.
Afterward, to evaluate the effect of MNT dosage as well as its physicochemical
characteristics on breaking o reducing emulsions, four MNTs differing in their particle
size (D50) and carbonate rate were assayed at doses ranging from 0% to 1%.
Increasing pectin concentration gave a rise in the emulsifying activity (EA). The
emulsifier effect of pectins was weakened by the addition of increasing MNT dose.
MNT physicochemical characteristics markedly affected the rupture of oil-in-water
emulsions. Nonetheless, their effect depends on the dose of MNT applied to the
emulsion. The highest decrease in EA was observed for that MNT with the lowest D50
(2.4 ym) and the highest carbonate rate (4%) at 0.5 %.In general, MNT containing
lower D50 and high rate of carbonate showed better capacity in breaking oil-in-water
emulsion.

Keywords: Micronized Natural Talc / Pectins/ Emulsifying Activity / Carbonate rate /
Particle size / Oil-in-water emulsion / Virgin olive oil.
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Effect of Micronized Natural Talc Addition on the Dissolution of
Proteins and Pectic Cell Wall Polysaccharides during Industrial

Processing of ‘Hojiblanca’ Olive oil
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Abstract

In the present research, we intended to study in more detail the effect of oil extraction
process using MNT on the changes in cell wall polysaccharide composition of:
‘Hojiblanca’ olive cultivar. Industrial scale experiments were performed in the IFAPA
pilot plant. Different doses of MNT were assessed: 0, 0.25%, 0.5% and 1% in order to
evaluate their effect on protein and pectic cell wall dissolution. The cell wall material
was isolated as an alcohol insoluble solid (AIS) and then, three distinct pectic fractions
were extracted from it: water soluble pectin (WSP), chelator soluble pectin (CSP) and
non-soluble pectin (NSP).

In general, for the three pectic fractions, it was observed a decrease throughout the
kneading step and then, a rise in olive pomace. The same trend was observed for total
protein content and total pectin content. Conversely, the opposite trend was observed
for the yield of AIS which significantly decreased in the pomace respect to the crushed
olive paste. This decline may be explained by the degradation of AlS to alcohol soluble
polymers. MNT addition strongly decreased both the yield of AIS, protein content as
well as the different pectic fractions up to a dose of 0.5%. This finding confirms the
existence of an electrostatic interaction between pectins, proteins and MNT (used at
doses <0.5%), contributing to their complexation and their elimination within pomace,
which obviously explains the increase of their content in this remnant solid after oil
extraction. Greater MNT dose (1%) led to a substantial increase in all the studied
parameters. Accordingly, we can infer that the excess of MNT couldn’t adsorb both
protein and pectic polysaccharides, thereby preventing their aggregation and leading
to the increase of free-binding pectin and protein in the olive paste which indeed
promote to formation of oil-in-water emulsions during kneading process.

Keywords: oil yield / micronized natural talc / pectin / protein / electrostatic interaction.
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