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ABREVIATURAS 

AMDIS: Sistema automático de deconvolución e identificación de espectros 

de masas (Automated Mass Spectral Deconvolution and 

Identification System). 

APCI: Ionización química a presión atmosférica (Atmospheric Pressure 

Chemical Ionization). 

API: Ionización a presión atmosférica (Atmospheric Pressure 

Ionization).  

CID: Disociación inducida por colisión (Collision-Induced Dissociation). 

DAD: Detector de diodos en filas (Diode-Array Detector).  

DPPH●: 2,2-difenil-1-picrilhidrazil. 

EE. UU.: Estados Unidos. 

EI: Ionización por impacto electrónico (Electron Impact). 

ESI: Ionización por electroespray (Electrospray Ionization). 

ETD: Disociación por transferencia de electrones (Electron Transfer 

Dissociation). 

eV: Electronvoltio. 

FAB: Bombardeo con átomos rápidos (Fast Atom Bombardment). 

FAO: Organización de las Naciones Unidas para la alimentación y la 

agricultura (Food and Agriculture Organization of the United 

Nations).  

GC: Cromatografía de gases (Gas Chromatography). 

ha: Hectáreas. 
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HPH: Homogenización a Altas presiones (High Pressure 

Homogenization). 

HPLC: Cromatografía líquida de alta resolución (High Performance Liquid 

Chromatography). 

HS/SPME: Microextracción en fase sólida de espacio de cabeza 

(HeadSpace/Solid-Phase MicroExtraction). 

ICR: Resonancia ciclotrónica de iones (Ion Cyclotron Resonance). 

LC:  Cromatografía líquida (Liquid Chromatography). 

MAGRAMA: Ministerio de Agricultura, Alimentación y Medio Ambiente de 

España. 

MALDI: Ionización/desorción por láser (Matrix-Assisted Laser 

Desorption/Ionization). 

MPa: Megapascal. 

MS: Espectrometría de masas (Mass spectrometry). 

MSn: Espectrometría de masas en tándem (Multiple stage mass 

spectrometry). 

m/z: 

M-/M+: 

NIST: 

PEF: 

RAE: 

s: 

SIM: 

SPME: 

Relación masa/carga (mass-to-charge ratio). 

Iones moleculares (Ionización negativa/positiva). 

Instituto nacional de estándares y tecnología (National Institute of 

Standards and Technology). 

Pulsos eléctricos de alta intensidad (Pulsed Electric Field). 

Real Academia Española. 

Segundos.

Monitoreo del ión seleccionado (Single Ion Monitoring). 

Microextracción en fase sólida (Solid-Phase MicroExtraction).  
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                           Cromatograma de iones totales (Total Ion Current). 
           
TMS-derivados:    Trimetilsilil-derivados. 

TOF: Tiempo de vuelo (Time-Of-Flight). 

Torr: 

UV-Vis: 
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1. INTRODUCCIÓN

1.1. FRUTAS Y SUS DERIVADOS. ZUMOS 

Según la Real Academia Española (RAE), las frutas son frutos comestibles de 

ciertas plantas cultivadas, como la pera, guinda, fresa, etc. El Código Alimentario 

Español las define como: “Frutos, infrutescencias o partes carnosas de órganos florales 

que han alcanzado un grado adecuado de madurez y son propias para el consumo 

humano”. Es decir, se denominan frutas a los frutos comestibles de naturaleza carnosa, 

que se pueden comer sin preparación. 

Desde la antigüedad, las frutas han estado presentes en la alimentación humana 

como fuente de energía y de nutrientes necesarios para sobrevivir, siendo 

probablemente la base de la alimentación de los primeros homínidos; además, 

constituyen, junto a otros grupos de alimentos, la esencia de lo que entendemos por 

dieta mediterránea. 

En los últimos años, se ha tomado conciencia de la importancia de su valor 

nutricional para la salud; su riqueza en vitaminas, elementos minerales, fibra, etc., hacen 

que su consumo sea imprescindible para conseguir una alimentación sana y equilibrada. 

Además, son una excelente fuente de otros compuestos bioactivos, denominados 

“fitoquímicos”, cuya biodisponibilidad y actividad biológica han sido objeto de muchas 

investigaciones (Acosta-Estrada et al., 2014; Benzie y Choi, 2014; Chen et al., 2007; 

Dillard y German, 2000; Thilakarathna y Rupasinghe, 2013).  

El consumo de frutas y verduras tiene una evolución moderada en España, 

siendo uno de los países con mayor consumo en Europa, pero dicho consumo está por 

debajo de las recomendaciones de las guías alimentarias. Dietary Guidelines for 

Americans 2010 (U.S. Department of Agriculture and U.S. Departamente of Health and 

Human Services, 2010) recomienda tomar cada día, al menos 5 raciones de frutas y 

verduras. En España, este consejo está siendo fuertemente impulsado por el movimiento 

internacional “5 al día” que promociona el consumo de frutas y hortalizas en el mundo y 
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A lo largo de los años, los hábitos alimentarios han evolucionado, pasando de las 

necesidades basadas en la supervivencia del hombre primitivo a las demandas que en las 

sociedades desarrolladas los consumidores plantean en lo relacionado con los alimentos, 

como son la calidad nutricional, sensorial y la seguridad de los mismos, además de 

aumentar la demanda de alimentos procesados y cuya preparación ocupe el menor 

que está presente en más de 40 países (Cullum, 2003). Según el Ministerio de 

Agricultura, Alimentación y Medio Ambiente (MAGRAMA) durante el año 2013 el 

consumo de frutas frescas en España descendió un 2,2% con respecto al año anterior 

(Figura 1), observándose un estancamiento en la tendencia de consumo.  

Figura 1. Evolución del consumo de frutas en España durante los últimos 10 

años. Datos MAGRAMA 
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tiempo posible. Esta situación ha llevado a la industria alimentaria a aumentar la 

producción de este tipo de alimentos, así como a los investigadores y tecnólogos de 

alimentos a realizar un gran esfuerzo para que la calidad de los productos procesados se 

vea mínimamente afectada durante su procesado y el almacenamiento, desarrollando 

nuevas tecnologías en lo referente a la manipulación de los alimentos.  

Por su parte, los zumos de frutas son un claro ejemplo de esta nueva tendencia 

en la obtención de alimentos procesados de alta calidad, ajustándose a los gustos de los 

consumidores y resultando ser una fuente de salud fácil de adquirir y consumir. 

Actualmente, se dispone en el mercado de una amplia oferta de zumos con infinidad de 

sabores, propiedades y beneficios para el organismo. 

1.1.1. Naranja 

La naranja se originó hace unos 20 millones de años en la región tropical y 

subtropical de Asia; fue introducida en Europa por los árabes a través del sur de España, 

en el siglo X, aunque el naranjo dulce no comenzó a cultivarse hasta los siglos XV-XVI. 

Desde entonces hasta ahora ha sufrido numerosas modificaciones debido a la selección 

natural e hibridaciones tanto naturales como inducidas por el hombre. 

El naranjo es uno de los frutales más extendidos por todo el mundo; siendo los 

principales productores mundiales por orden decreciente: Brasil, EE. UU., China, 

México, India, España (Valencia, Murcia, Sevilla y Huelva), Egipto, Italia, Indonesia, 

Turquía, Sudáfrica, Pakistán e Irán. Según la FAO, en el año 2012, a nivel mundial se 

destinó una superficie total de 3.816.962 ha para el cultivo de la naranja, con una 

producción de 68.223.759 toneladas, de las cuales aproximadamente 2.940.000 

toneladas las produce España (sexto productor mundial); siendo el principal productor 

la Comunidad Valenciana con 1.422.679 toneladas, seguido por Andalucía con 

1.291.507 toneladas. Se trata de una producción orientada hacia el mercado en fresco, 

solo un pequeño porcentaje se destina a la industia de zumos, que habitualmente se 

corres-
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corresponde con destríos o segundas calidades retiradas del circuito en fresco 

(FAOSTAT, 2012; MAGRAMA, 2012). 

Existen dos grupos principales de naranjas, las cuales son fácilmente 

distinguibles por el sabor: las naranjas amargas (Citrus aurantium), son ácidas y 

amargas, por lo que no se consumen en fresco y se reservan para la elaboración de 

mermeladas y aceites esenciales; y las naranjas dulces (Citrus sinensis), también 

conocidas como naranjas de mesa, donde encontramos 4 subgrupos:  

 Navel: presentan un ombligo característico y no tienen semillas. No son

adecuadas para hacer zumos, por su sabor amargo (liberación de limonina),

aparte de proporcionar una menor cantidad de jugo que otras variedades. Dentro

de este grupo encontramos: Lane Late (menor cantidad de limonina), Navel,

Navelate, Newhall, Washington o Naranja Bahía.

 Naranjas blancas: forma esférica achatada y sin ombligo, posee una acidez

inferior a la de otros grupos de variedades y ausencia de sabor amargo en su

zumo, con lo que las hace muy interesantes para la industria. En este subgrupo

encontramos: Ambersweet, Hamlin, Pera, Salustiana, Jaffa o Shamouti, Valencia

Late (la variedad más ampliamente cultivada del mundo).

 Naranjas pigmentadas (sanguina o roja): muy similares a las del grupo de las

naranjas blancas, aunque se diferencian en que sintetizan pigmentos rojos

(antocianinas) en la pulpa, y a veces en la piel, que necesitan del frío para

activarse. El zumo obtiene un sabor especial parecido al de las cerezas o las

frambuesas. El grupo de naranjas sanguinas solamente se cultivan en la región

mediterránea, y encontramos variedades como: Doble fina, Maltaise, Moro,

Sanguinelli (variedad española muy cultivada antiguamente), Sanguinello.

 Naranjas sucreñas: variedades ligeramente insípidas y con menor acidez, por

esto actualmente son poco cultivadas. Las variedades más importantes de este

grupo son: Succari, Sucreña, Lima, Vaniglia.
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Entre los zumos de frutas, el de naranja es el de mayor producción y consumo 

(principalmente a partir de concentrado), representando el 50% del consumo total de 

zumos a nivel mundial; siendo Brasil y EE. UU. los principales productores, 

suministrando un 85% del zumo total. En España, la cantidad de naranja que se destina 

a la obtención de zumos depende fundamentalmente de la demanda del mercado en 

fresco (exportación y consumo nacional). Tradicionalmente, el elevado precio de la 

naranja como fruta de mesa había impedido el interés hacia la obtención de zumos en 

países como España. Sin embargo, la generación de beneficios comerciales a partir de 

destríos y de excesos en la producción, ha promovido durante los últimos años el 

desarrollo de nuevas metodologías destinadas a la obtención industrial de zumos de alta 

calidad. Así pues, el zumo de naranja ha sido objeto de numerosos estudios científicos y 

técnicos, que han cubierto prácticamente todos los aspectos de importancia. 

1.1.2. Granada 

La granada (Punica granatum), originaria del medio oriente, ha sido 

tradicionalmente un fruto valorado y admirado en numerosas civilizaciones, cuyo 

cultivo se conoce desde la antigüedad. Se trata de uno de los frutales bíblicos, como la 

vid, el olivo o la palmera, cuya característica principal es su adaptación a tierras pobres 

y su resistencia a la sequía. Existen diferentes variedades de granada, en España las más 

conocidas y comerciales son las siguientes: Mollar de Elche, Mollar valenciana y 

Wonderful, se trata de una fruta más grande de lo normal con un sabor más agradable. 

Actualmente su cultivo se extiende por países como España, EE. UU., Irán, 

Turquía, India, Israel, China y países de la costa norte de África, entre otros. España se 

sitúa como el productor más importante y el mayor exportador de Europa, cuya 

producción se centra en la Comunidad Valenciana, Andalucía y Región de Murcia. La 

superficie actual de granado en España supera las 2.500 ha, con una producción 

próxima a las 37.000 toneladas (MAGRAMA, 2012). 
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La granada, se consume generalmente en fresco. Sin embargo, existe una gran 

parte de la cosecha que no posee suficiente calidad visual como para ser destinada al 

consumo en fresco, ya que su aceptación por parte del consumidor es muy baja, la cual 

se destina a la producción de otros productos industrializados como: zumos de granada 

(ampliamente comercializados en EE. UU. y con un gran potencial en España); arilos en 

IV gama; mermeladas; vinos, vinagres y licores; productos nutracéuticos elaborados a 

partir de extracto de corteza, etc. (Calín-Sánchez y Carbonell-Barrachina, 2012).  

La composición del zumo de granada varía dependiendo de la variedad de la 

granada utilizada, las condiciones de crecimiento y maduración del fruto, así como de 

las técnicas de extracción del zumo y los tratamientos de estabilización del mismo para 

alargar su vida útil. Para la extracción del zumo, la fruta puede procesarse de distintas 

maneras, influyendo en la concentración final de compuestos bioactivos (Miguel et al., 

2004).  

1.1.3. Caqui 

El caqui (Diopyros kaki) es un frutal que comprende más de 2.000 especies y 

tiene una gran importancia en algunos países asiáticos, especialmente en China, de 

donde es originario y donde su cultivo empezó algunos siglos antes de Cristo. En 

España, el caqui fue introducido a finales del siglo XIX, siendo un cultivo, 

especialmente de la costa Mediterránea, de árboles aislados, mezclados con otros 

frutales en los jardines, huertos  familiares o en pequeñas plantaciones destinadas al 

consumo local. Se consumía totalmente blando, en su forma clásica, pues era la única 

forma en la que el fruto perdía su astringencia y era comestible. A mitad de los 70, se 

detectó una mutación de la variedad histórica “Picudo”, en la zona de la Ribera del 

Xúquer (Carlet, L’Alcudia), que mejoraba notablemente el producto, y que se identificó 

con el nombre “Rojo Brillante” (Llácer y Badenes, 2002). 
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En los últimos 15 años, el cultivo de caqui en España ha experimentado un 

importante incremento, centralizado principalmente en la variedad “Rojo Brillante”; 

cuya producción en la Ribera del Júcar representa el 96% de la producción total en la 

Comunidad Valenciana y el 83% de la producción española, habiendo superado ya a la 

producción italiana que durante muchos años ha sido la más importante de Europa 

(Bellini et al., 2008). 

Según la FAO, en el año 2012 se cultivaron 813.536 ha a nivel mundial, de las 

cuales solo 2.257 ha, pertenecían a la Unión Europea, donde se obtuvo una producción 

de 47.681 toneladas de las 4.468.955 toneladas totales producidas a nivel mundial. 

Algunos países como España, Portugal, Turquía y otros, no figuran en las estadísticas de 

la FAO sobre el caqui, aunque actualmente sobrepasan largamente las cifras anteriores, 

probablemente porque este frutal se incluye en las estadísticas de esos países junto con 

otras especies frutales menores (FAOSTAT, 2012).  

Los frutos de caqui se clasifican en cultivares “no astringentes” y 

“astringentes”, dependiendo de si pierden o no la astringencia en el árbol o durante su 

postrecolección (Yamada et al., 2012). Los primeros son aquellos que pueden 

ser consumidos inmediatamente tras la recolección; los segundos por el contrario, 

deben ser sometidos a procesos de sobremaduración o eliminación de la astringencia 

antes de ser consumidos. El caqui “Rojo Brillante” pertenece al grupo de los 

cultivares astringentes en el momento de la recolección, proporciona frutos muy 

grandes y atractivos por su forma y color con buen sabor y aroma, sin presentar 

dificultad para la eliminación de la astringencia (Arnal y del Rio, 2003; Besada et 

al., 2008).  

Habitualmente, el caqui se comercializa en fresco, cuando su textura es firme y 

el producto puede resistir adecuadamente el estrés mecánico. Además, es un fruto muy 

perecedero, de consumo estacional, y su comercialización se restringe a zonas próximas 

a las de producción, pues no soporta una conservación frigorífica prolongada y aún no 

se han desarrollado casi productos derivados de él, debido a que es un producto difícil 

de industrializar pues cuando se transforma en puré tiende a gelificar y pardear. Por otra 
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parte, si se aplica un tratamiento térmico intenso de conservación y en condiciones 

ácidas las formas no astringentes de tanino se hidrolizan y dan lugar a taninos solubles, 

con lo que el producto se vuelve astringente. 

1.2. PROCESADO DE FRUTAS. TRATAMIENTOS INDUSTRIALES 

La estacionalidad y el carácter perecedero de las frutas explican la necesidad de 

aplicar tratamientos industriales y tecnologías de conservación. La demanda de 

alimentos mínimamente procesados ha aumentado en los últimos años y además, el 

consumidor prefiere alimentos de alta calidad semejantes a los productos frescos 

(aroma, sabor, color y valor nutritivo). El interés del consumidor por los productos 

frescos puede satisfacerse con productos refrigerados. Sin embargo, en estas 

condiciones la vida útil de estos es limitada, lo cual representa una oportunidad 

comercial para la industria de los alimentos tratados por alta presión que consiguen 

incrementarla (Torres y Velázquez, 2005). Adaptarse a las nuevas corrientes y 

exigencias del consumidor ha sido uno de los objetivos prioritarios de la industria 

alimentaria, por lo que desde hace algunos años se están elaborando zumos más 

parecidos a los naturales, con una ligera pasteurización, que se comercializan bajo 

refrigeración con un tiempo de vida útil limitado. El objetivo es combinar el aumento de 

la vida media con el mantenimiento de las características nutritivas y sensoriales del 

alimento (Giannakourou y Taoukis, 2003).  

Tradicionalmente, el tratamiento térmico ha sido el método más utilizado para la 

conservación de los alimentos. Aunque esta tecnología sea económica, efectiva para la 

inactivación de microorganismos, en muchos casos su aplicación induce modificaciones 

fisicoquímicas que producen pérdidas importantes en la calidad de los alimentos, 

destruyendo constituyentes deseables a nivel nutricional, color, aroma y textura, sobre 

todo cuando se utilizan temperaturas elevadas durante largo tiempo (Nagy et al., 1989). 

Las tendencias actuales en la producción de alimentos tratan de desarrollar 

nuevas tecnologías no térmicas para la conservación de los mismos con el mínimo 
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tratamiento, y así obtener alimentos con una mayor calidad nutritiva y sensorial; el 

procesado por altas presiones dinámicas (HPH) o por pulsos eléctricos de alta intensidad 

(PEF) permiten la inactivación de microorganismos patógenos y enzimas, con cambios 

mínimos en su textura, color y sabor (Sentandreu et al., 2006; Torres y Velazquez, 

2005; Vervoort et al., 2011).  

En este estudio se han empleado los siguientes tratamientos de conservación en 

los zumos de naranja: 

 Pasteurización: tratamiento por calor que reduce la carga microbiana e inactiva

las enzimas del alimento, propiciando en función de la temperatura alcanzada

diferentes pérdidas de aroma, sabor, textura y calidad nutritiva, además de

inducir una destrucción selectiva de la población microbiana patógena. El

producto resultante tiene una vida media acorde con la intensidad del

tratamiento aplicado y necesita de otro método de conservación (como la

refrigeración o la congelación) en los tratamientos suaves. Actualmente, los

zumos de alta calidad se someten a temperaturas entre los 70-95 ºC durante

15-30 segundos, obteniendo así una vida útil en refrigeración de entre dos y

cuatro semanas. En el zumo de naranja, y como se ha mencionado

anteriormente, los efectos no deseables de este tratamiento varían en

función del vigor del tratamiento aplicado, variando entre unas pérdidas

apreciables de aroma, sabor y valor nutritivo (Marcotte et al., 1998) hasta

cambios poco significativos de los mismos (Sentandreu et al., 2005).

 Altas Presiones dinámicas: tratamiento de conservación que emplea presiones

elevadas (hasta 870 MPa), con o sin aplicación de calor, inactivando

microorganismos perjudiciales y produciendo perdidas mínimas en la calidad del

alimento. Los cambios químicos y microbiológicos que se producen en los

alimentos dependen de la temperatura alcanzada y del tiempo de tratamiento.

Estudios realizados han demostrado que los productos tratados por HPH

mantienen casi en su totalidad las características originales de los productos
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frescos (Oey et al., 2008). Actualmente, los tratamientos por HPH están siendo 

aplicados en una amplia gama de alimentos para garantizar su seguridad y 

aumentar su vida útil, entre los que se encuentran productos lácteos, zumos y 

bebidas.  

1.3. IMPORTANCIA DEL CONSUMO DE FRUTAS Y ZUMOS COMO 

FUENTE DE SALUD  

Las frutas y sus derivados, en forma de zumos principalmente, se han convertido 

actualmente en alimentos imprescindibles para cualquier dieta sana y equilibrada ya que 

contienen elevadas cantidades de minerales, vitaminas, provitaminas, fenoles y 

carotenoides (Figura 2). Dichos componentes, además de tener un papel bioquímico y 

fisiológico importante en las plantas, tienen un gran interés a nivel farmacológico y 

nutricional (Chen et al., 2007) derivado principalmente de su carácter como 

antioxidantes.  

A lo largo de este último siglo, el papel de la nutrición en relación con la salud 

ha pasado por distintas etapas, desde la prevención de las llamadas enfermedades 

carenciales, hasta más recientemente, su papel potencial en la consecución de una salud 

óptima. Uno de los objetivos clave de la investigación en nutrición se centra en 

establecer relaciones evidentes entre los componentes de la dieta y las enfermedades 

crónicas, considerando que determinados nutrientes podrían proporcionar resultados 

beneficiosos para la salud, en este sentido, el consumo de frutas y verduras tiene un gran 

efecto protector frente al riesgo de determinadas enfermedades degenerativas y otras 

disfunciones relacionadas con el estrés oxidativo como el cáncer, enfermedades 

cardiovasculares, cataratas, disfunciones del cerebro entre otras (Dillard y German, 

2000; Grassi et al., 2009;  Kaur y Kapoor, 2001; Krajcovicova-Kudlackova, 2005; 

Scalbert et al., 2005), aunque no se conocen con exactitud todos los mecanismos 

bioquímicos por los cuales los componentes de un alimento afectan a las funciones 

fisiológicas del individuo.  
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Según Lampe (1999), los efectos potencialmente beneficiosos del consumo 

de frutas y hortalizas son:  

 Actividad antioxidante.

 Modulación de enzimas detoxificantes.

 Estimulación del sistema inmune.

Compuestos 
bioactivos en 
los alimentos 

Inorgánicos Minerales 
Ca, Se, Zn, 

K, Cu 

Orgánicos 

Isoprenoides 
(terpenoides) 

Carotenoides 
 Saponinas  

Tocotrienoles 
Tocoferoles  

Terpenos simples 

Compuestos 
fenólicos 

Ácidos fenólicos 
Flavonoides 

Lignanos 
Taninos 

Lípidos 

Ácidos grasos 
insaturados  (ej. 

omega 3) 
Fitoesteroles 

Carbohidratos y 
derivados 

Ácido ascórbico 
Oligosacáridos 
(prebióticos) 

Polisacáridos (ej. 
almidón) 

Proteínas, amino 
ácidos y derivados 

Aminoácidos 
Isotiocianatos 
Capsaicinoides 

Compuestos alil-S 
Indoles 
Folato 

Figura 2. Algunos de los compuestos bioactivos que se pueden encontrar en los 

alimentos, clasificados según su naturaleza química (Martínez-Hernández y Martí 

del Moral, 2005). 
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 Disminución de la agregación plaquetaria.

 Alteración del metabolismo del colesterol.

 Modulación de la concentración de hormonas esteroideas y del metabolismo

hormonal.

 Disminución de la presión sanguínea.

 Actividad antiviral y antibacteriana.

El efecto beneficioso de los compuestos bioactivos y otros nutrientes presentes

en los alimentos depende de la cantidad que dicho compuesto consigue alcanzar 

determinados lugares del organismo en la forma químicamente activa. Hay que tener en 

cuenta que algunos de los compuestos bioactivos incorporados por la dieta no llegan en 

cantidades óptimas a los tejidos, bien porque no están presentes en cantidades 

suficientes o porque su biodisponibilidad, cantidad de un nutriente que se absorbe y 

puede ser utilizado por el organismo, es baja debido a otros factores asociados al 

alimento como por ejemplo, la acción de estructuras celulares que dificultan su 

liberación e interacción con otros nutrientes que puede potenciar o inhibir su absorción 

y/o captación por los tejidos (Granado et al., 2003). Durante el procesado de los 

alimentos se favorece la reacción de las enzimas con sus correspondientes sustratos y la 

salida de nutrientes y compuestos bioactivos desde los orgánulos y otros 

compartimentos celulares. Este hecho da lugar a modificaciones relacionadas con la 

calidad sensorial (color, textura, aroma) y nutricional de los alimentos. De esta manera y 

de manera adicional, la biodisponibilidad de los nutrientes es afectada por las 

modificaciones de la microestructura como consecuencia del procesado (Parada y 

Aguilera, 2007). 

Como ejemplo tenemos el estudio de los componentes bioactivos de la granada y 

sus efectos sobre la salud. Se ha comprobado que tanto la granada como sus productos 

derivados contienen componentes que pueden servir para la prevención de 

enfermedades y para el mantenimiento de la salud (Lansky y Newman, 2007). La 

granada posee numerosos compuestos químicos de alto valor biológico en sus diferentes 

partes: corteza, membranas carpelares, arilos y granos (semilla y vesícula). Los 
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compuestos fitoquímicos de mayor relevancia presentes en la granada son una gama de 

diferentes compuestos fenólicos tales como los antocianos, taninos condensados 

(proantocianidinas) y taninos hidrolizables (elagitaninos y galotaninos) (Aguilar et al., 

2008; Jaiswal et al., 2010).  

Los antocianos son los compuestos considerados responsables del color rojo de 

las granadas, los cuales presentan una potente acción antioxidante y antirradical que 

protege frente a los radicales libres, retrasando el proceso de envejecimiento celular (El 

Kar et al., 2011; Gil et al., 2000). Los elagitaninos y antocianos son los principales 

compuestos fenólicos de la granada, teniendo a la punicalagina y punicalina como 

específicos de este fruto, confiriéndole una potente actividad antirradical (Lu, J. et al., 

2008; Machado et al., 2002). Los diferentes compuestos fenólicos son extraídos en 

niveles significantes en el zumo durante el proceso hidrostático industrial, confiriéndole 

al zumo comercial de granada una potente actividad antioxidante (Aguilar et al., 2008).  

Por su parte, el caqui ha desempeñado un papel importante en la medicina 

tradicional china desde hace más de 2.000 años, principalmente por sus propiedades 

diuréticas, antihipertensivas, antioxidantes, antiinfecciosas y anticancerígenas (Giordani 

et al., 2011). Algunas investigaciones (Daood et al., 1992; Gorinstein et al., 1998; 

Wright y Kader, 1996) han demostrado que el caqui es una fuente abundante de 

polifenoles (taninos y ácidos fenólicos principalmente), vitamina C, minerales y 

carotenoides (principalmente localizados en la piel), lo que contribuye en gran medida 

al color naranja intenso de la fruta madura (Giordani et al., 2011). En esta línea y de 

gran interés organoléptico, el caqui contiene una importante cantidad de taninos 

condensados (proantocianidinas del grupo B), que tienen la propiedad de formar 

complejos estables con metales y proteínas siendo los responsables de la astringencia 

característica de estos frutos (Nakatsubo et al., 2002; Santos-Buelga y Scalbert, 2000), 

los cuales se convierten a taninos insolubles (no astrigentes) durante la maduración 

(Arnal y Del Río, 2003). Como curiosidad indicar que los cultivos no astringentes 

tienen muchos menos polifenoles, catequinas y taninos que los cultivos astringentes 

(Chen et al., 2008;  Giordani et al., 2011).  
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1.4. CARACTERIZACIÓN DE FRUTAS Y SUS ZUMOS  

La caracterización de frutas y sus zumos presenta numerosos motivos de interés, 

entre los que encontramos: 

 En primer lugar y como se ha mencionado anteriormente, son muchos los

efectos beneficiosos del consumo de frutas y sus derivados sobre la prevención

de múltiples enfermedades, y las recomendaciones nutricionales tienden a un

mayor consumo de este tipo de alimentos; así pues el conocimiento concreto de

la composición de cada fruta tendría muchas aplicaciones prácticas en el campo

de la nutrición.

 En segundo lugar, es muy conocido el fenómeno de fraude por adulteración en la

fabricación de zumos, mermeladas y otros productos derivados de las frutas, a

los que en algunas ocasiones se les añade agua, azúcares, colorantes o se utilizan

frutas de menor valor económico. Algunos compuestos como los azúcares y los

compuestos polifenólicos pueden ser utilizados como marcadores específicos

para la evaluación del proceso de elaboración y vida útil, así como la

autenticidad, de los productos derivados (Elkins et al., 1988). En este sentido, es

muy útil el conocimiento de la composición química de las distintas especies de

fruta a considerar ya que al realizar los pertinentes análisis composicionales

podrían detectarse adulteraciones no percibidas sensorialmente. En concreto, es

de gran ayuda en la determinación de la autenticidad de los productos derivados

de las frutas el conocimiento de la composición de compuestos polifenólicos, ya

que cada especie tiene unos constituyentes concretos y en una proporción

determinada, aún variando en función de múltiples factores como el grado de

madurez, variedad y origen geográfico.

 Por último, el estudio de los cambios producidos en la composición/proporción

de compuestos volátiles, azúcares, ácidos orgánicos y compuestos fenólicos

durante el procesamiento y almacenamiento de frutas y sus derivados, ayuda a
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conocer los efectos producidos sobre su calidad organoléptica y nutricional. Esto 

facilita la toma de decisiones encaminadas a la mejora del producto final.  

Por todo esto, es de gran interés científico la obtención de cualquier información 

acerca del perfil composicional característico de las frutas y de sus derivados. En el 

presente trabajo, dicha caracterización se ha llevado a cabo mediante diferentes métodos 

de preparación de muestra y su posterior estudio por técnicas de  cromatografía de gases 

(GC) y cromatografía líquida de alta resolución (en inglés High performance liquid 

chromatography, HPLC) acopladas a la espectrometría de masas (MS). 

1.4.1. Determinación de compuestos volátiles en zumo de naranja por GC-MS 

El “flavor”, aroma y sabor, de los zumos de cítricos es un atributo muy complejo 

ya que está determinado por el equilibrio entre sus ácidos, azúcares y componentes 

volátiles principalmente. Su estudio constituye un criterio básico para la evaluación de 

la calidad de los productos frescos y procesados, y es uno de los factores determinantes 

de la aceptación del producto final por el consumidor (Pérez-Cacho y Rouseff, 2008). 

El perfil aromático de los zumos cítricos se debe a un grupo de sustancias tales 

como alcoholes, aldehídos, cetonas, ésteres y compuestos hidrocarbonados 

(monoterpenos y sesquiterpenos), constituyendo una fracción complicada cuyo análisis 

requiere de una técnica instrumental de gran poder analítico como la GC-MS.  

Estos compuestos se encuentran dentro de una matriz no volátil compleja 

formada principalmente por agua y carbohidratos, por lo que es necesaria su extracción 

previa al análisis por GC-MS. Así pues, en los años 90, Pawliszyn y colaboradores 

desarrollaron la técnica de Microextracción en fase sólida (Solid Phase Microextraction, 

SPME) (Arthur et al., 1992) como solución práctica para su extracción eficaz. Esta 

técnica se basa en la extracción y concentración de los analitos de una matriz compleja 

mediante una fibra de sílice fundida, de muy pequeñas dimensiones, recubierta con una 
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fase estacionaria polar o no. Es un método sencillo, fácil, rápido, barato y de gran 

versatilidad debido al amplio número de fibras comerciales existentes.  

Una variación de la técnica SPME, es la extracción de espacio de cabeza o 

headspace (HS/SPME) donde la fibra se expone en el espacio de cabeza del recipiente 

que contiene la muestra produciéndose un proceso de equilibrio entre tres fases del 

sistema: el espacio de cabeza, la fase estacionaria de la fibra y la solución acuosa 

(Zhang y Pawlinszyn, 1993). Una de las principales ventajas de este modo de extracción 

es que se alarga la vida útil de la fibra ya que se evitan interferencias con otros 

componentes de la muestra, sobre todo aquellos de elevado peso molecular. Por esta 

razón, es el tipo de extracción más utilizado en el análisis de volátiles y semivolátiles en 

alimentos (Kataoka et al., 2000; Stashenko y Martínez, 2007).  Los volátiles en zumos 

de naranja, por lo general, han sido determinados por HS/SPME combinado con GC-

MS, identificándose entre 50-90 volátiles en total (Barboni et al., 2009; González-Mas 

et al., 2011; Högnadóttir y Rouseff, 2003; Riu-Aumatell et al., 2004). 

El procedimiento de HS/SPME (Figura 3) aplicado a los zumos de naranja 

consta de las siguientes fases: 

 Acondicionamiento de la fibra: Consiste en la desorción térmica de los

compuestos volátiles retenidos en la fase procedentes del ambiente o de

anteriores determinaciones. Normalmente se trata de una desorción térmica que

se lleva a cabo exponiendo la fibra a temperaturas que dependen de cada fase

polimérica, por lo general superiores a 250 ºC.

 Equilibrio: La muestra líquida se coloca durante cierto tiempo en un vial sellado,

bien a temperatura ambiente o calentada a una temperatura moderada, hasta

alcanzar en el espacio de cabeza el equilibrio termodinámico de los compuestos

entre la fase de la muestra y la fase gaseosa que la rodea.

 Extracción: Cuando los analitos volátiles de la muestra están en equilibrio con la

fase gaseosa que los rodea, la fibra se introduce en el espacio de cabeza del vial.
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En esta etapa se produce la migración de los analitos desde el espacio de cabeza 

hacia la fibra hasta alcanzar una nueva situación de equilibrio.  

 Desorción: En esta etapa se liberan los analitos retenidos por la fibra. La más

común es la desorción térmica, que se lleva a cabo cuando la fibra se acopla al

inyector del cromatógrafo de gases, que se encuentra a una temperatura

suficientemente elevada para que de forma instantánea se desorban los analitos

entrando en la columna cromatográfica.

Figura 3. HS/SPME  

La fila superior 

muestra el proceso 

para la recogida de 

una muestra con una 

fibra de SPME. 

Y la fila inferior 

muestra el procedi-

miento para la 

transferencia de la 

muestra al instru-

mento. 
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1.4.2. Determinación de compuestos polares no volátiles en zumo de naranja 

por GC-MS 

Para esta determinación es necesaria la derivatización previa de los azúcares, 

aminoácidos y ácidos orgánicos contenidos en la muestra, inicialmente no volátiles, 

para convertirlos en compuestos de mayor volatilidad, y por tanto analizables por esta 

técnica. De este modo, podremos llevar a cabo la determinación simultánea de todos 

ellos. Entre las distintas derivatizaciones utilizadas para la determinación de estos 

compuestos por GC-MS se encuentran los acetatos, metil éteres, trifluoroacetatos y 

trimetilsilil (TMS) derivados. 

En el caso particular de los TMS-derivados, el proceso consiste en la sustitución 

de los grupos hidroxilo de los analitos por el radical Si(CH3)3, tal y como ilustra la 

Figura 4. Los derivados obtenidos presentan unas características de volatilidad y 

estabilidad muy adecuadas, por lo que han sido ampliamente utilizados en el análisis 

composicional de vegetales (Katona et al., 1999; Roessner-Tunali et al., 2003; Sheperd 

et al., 2007), aunque de escasa aplicación en el  caso de los zumos cítricos (Füzfai y 

Molnár-Perl, 2007). 

1.4.3. Determinación de compuestos fenólicos en zumo de granada y en pulpa de 

caqui por HPLC-DAD/ESI-MSn  

En la mayoría de las ocasiones, se trata de componentes minoritarios que se 

encuentran en concentraciones muy pequeñas por lo que son necesarias técnicas 

Figura 4. Formación de TMS-derivados 

C      OH 
RSi (CH3)3 

C      O    Si 

CH3 

CH3 

CH3 
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analíticas sensibles, selectivas y con gran capacidad de resolución. En los últimos 20 

años, la técnica analítica que ha predominado a la hora de llevar a cabo la separación y 

caracterización de los compuestos fenólicos ha sido mediante HPLC. Existe una amplia 

variedad de equipos y fases móviles disponibles para la determinación de flavonoides, 

proantocianidinas, ácidos benzoicos, etc.  

La variación de polaridad de los diferentes compuestos fenólicos permite su 

extracción con disolventes, solos o en mezclas (agua, etanol, metanol, acetona, 

acetonitrilo etc.). Algunos métodos implican la extracción primaria con disolventes muy 

apolares para la eliminación de grasas y ceras principalmente para con posterioridad, 

utilizar mezclas acuosas con disolventes orgánicos menos agresivos de polaridad 

intermedios (Lock y Cabello, 2006).  

En ocasiones, a los compuestos fenólicos conjugados se les somete a un proceso 

de hidrólisis, consiguiendo la liberación de la fracción no azucarada (aglicona) y su 

posterior identificación. Esta hidrólisis preliminar de las muestras se ha usado como 

herramienta para la elucidación estructural y caracterización de compuestos 

glicosilados, para eliminar interferencias en futuros análisis por técnicas separativas, así 

como para simplificar los datos obtenidos de los análisis sobre todo en aquellos casos en 

los que no existen estándares comerciales (Markham, 1982). No obstante, hay que tener 

en cuenta las posibles reorganizaciones de las agliconas liberadas durante el proceso de 

hidrólisis, dando lugar a complejos cuya identificación se ve dificultada. 

1.4.4. Determinación in vitro de la actividad antirradical de zumo de granada. 

Método del DPPH● (2,2-difenil-1-picrilhidrazil) 

Debido al interés que suscita la relación entre la presencia de radicales libres y el 

riesgo de padecer ciertos tipos de enfermedades, se han desarrollado diferentes métodos 

in vitro para determinar la capacidad antirradical de los alimentos. Estos métodos se 

basan en comprobar cómo los agentes antioxidantes de los alimentos reducen un 

sustrato oxidado. 

27

Introducción



El fundamento del método DPPH● consiste en determinar la capacidad de  los 

antioxidantes de la muestra para captura del radical libre DPPH●. Este radical presenta 

en su estado oxidado un pico máximo de absorción a 515 nm.  Tras la incorporación del 

antioxidante (o mezcla de varios) se produce una disminución de la absorbancia de la 

solución que contiene la sonda oxidada la cual es proporcional a la concentración y 

actividad de los antioxidantes adicionados tal y como muestra la Figura 5 (Brand-

Williams et al., 1995). La sonda antirradical, que muestra un intenso color púrpura, es 

estable y está disponible comercialmente, lo que reduce el tiempo de análisis al no tener 

que ser generado antes del ensayo. Además, este método es fácilmente comparable con 

otros métodos de medida basados en la captura de radicales libres. 

Este método ha sido aplicado a diferentes alimentos y bebidas tales como vinos 

(Villaño et al., 2006), aceites (Gorinstein et al., 2003), zumos de naranja (Sendra et al., 

2006). Hay que hacer constar que tan importante como la determinación de la capacidad 

antirradical in vitro de los extractos naturales es la medida de sus cinéticas de actividad 

(ultrarápida, rápida y lenta), las cuales pueden ser utilizadas como marcadores 

específicos (huella dactilar) de las muestras estudiadas (Sentandreu et al., 2008). 
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1.5. TÉCNICAS ANALÍTICAS BASADAS EN LA CROMATOGRAFÍA 

ACOPLADA A ESPECTROMETRÍA DE MASAS 

En 1910, el botánico ruso M. Tswett introdujo por vez primera el término de 

“cromatografía” tras su aplicación a la separación de pigmentos de plantas, dándole 

dicho nombre en referencia a las bandas coloreadas de pigmentos que se separaban por 

su adsorción selectiva sobre columnas de yeso. Un hecho importante en el desarrollo de 

la cromatografía lo constituyó el desarrollo de la cromatografía gas-líquido (James y 

Martin, 1952), técnica que encontró rápidamente aplicaciones de gran importancia, lo 

que llevo a su vez al desarrollo de la teoría de la separación cromatográfica (Van 

Deemter et al., 1956) así como al desarrollo de una instrumentación que permitía un 

mayor control de las condiciones de trabajo.  

La cromatografía permite separar entre sí los componentes de una matriz 

compleja, encontrando que su gran aplicabilidad se debe a la variedad de condiciones 

que pueden utilizarse para separar dichos componentes. Se pueden utilizar diferentes 

fases móviles (gases, líquidos o fluidos supercríticos) y estacionarias 

(minerales, polímeros orgánicos e inorgánicos o sólidos recubiertos de líquidos)  

(Rubinson y Rubinson, 2001). Hoy en día, en casi todos los campos de las ciencias 

experimentales (química, biología, medicina, etc.) se utiliza la cromatografía en 

alguna de sus formas, tanto en su vertiente preparativa como en la analítica; por otra 

parte, el desarrollo del uso conjunto de la cromatografía con otras técnicas analíticas, 

así como el desarrollo de otros tipos de cromatografía hace previsible una extensión aún 

mayor de su uso. 

La característica que distingue a la cromatografía de la mayoría de los métodos 

físicos y químicos de separación es que se ponen en contacto dos fases mutuamente 

inmiscibles (una estacionaria y otra móvil). La muestra se introduce en la fase móvil 

donde es transportada a lo largo de la columna que contiene la fase estacionaria. Los 

componentes de la muestra experimentan interacciones repetidas (repartos) entre la fase 

móvil y la fase estacionaria, provocando que los diferentes constituyentes de la muestra 

se separen gradualmente en bandas en la fase móvil. Al final del proceso los 
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componentes separados emergen en orden creciente de interacción con la fase 

estacionaria, el componente menos retenido emerge primero mientras el más afín con la 

fase estacionaria eluye el último.  

En comparación con la cromatografía líquida (LC), la GC tiene la ventaja de 

disponer de detectores mucho más versátiles (por ejemplo, el de ionización de llama), 

por lo que permiten el análisis de un número mayor de especies diversas de analitos. 

Además, para numerosas aplicaciones los métodos son más simples, rápidos y sensibles 

que los correspondientes a HPLC. La instrumentación requerida para GC también es 

mucho más sencilla y económica que la empleada en HPLC. Sin embargo, en GC, la 

influencia de la temperatura sobre la estabilidad de los analitos es considerable, a 

diferencia de la HPLC, por lo que la GC se emplea cuando los componentes de la 

mezcla problema son volátiles o semivolátiles y térmicamente estables a temperaturas 

de hasta 350-400 ºC. En cambio, cuando los compuestos a analizar son poco volátiles 

y/o termolábiles, la técnica separativa adecuada suele ser HPLC (Gutiérrez y Doguet, 

2002). 

Por su parte, la espectrometría de masas es una herramienta analítica muy 

completa, de elevada capacidad y de aplicación muy general, pudiéndose utilizar en 

investigación básica, análisis de rutina, en controles de calidad entre otras aplicaciones. 

Se basa en la generación de los iones correspondientes a las moléculas de los analitos 

que constituyen la muestra  para posteriormente, determinarlos de acuerdo con su 

relación masa/carga (m/z). Los espectros de masas suministran información sobre la 

estructura de especies moleculares complejas, las relaciones isotópicas de los átomos en 

las muestras y la composición cualitativa y cuantitativa de analitos orgánicos e 

inorgánicos en muestras complejas. 

 Existe diferentes tipos de espectrómetros de masas destacando los de simple y 

triple cuadrupolo, trampa de iones, tiempo de vuelo (TOF), sectores magnéticos, 

transformador de Fourier-ICR y orbitales. Una característica común a todos ellos es la 

necesidad de trabajar en condiciones de muy baja presión (<10-4 Torr) así como la 

separaci
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separación de los iones se realiza en fase gaseosa en función de su relación m/z. Sin 

embargo, difieren en los medios empleados para llevar a cabo la ionización y 

separación, haciendo variar la sensibilidad y la información suministrada por cada uno 

de ellos en cuanto a la resolución de masas, la precisión, el rango de masas y la 

velocidad de escaneo. 

El sistema de ionización más frecuente en GC es mediante impacto electrónico 

(sus siglas en inglés, EI), en el cual las moléculas neutras de la muestra se hacen 

colisionar con iones cargados con una energía de 70 eV, provocando la emisión de un 

electrón de las moléculas del analito y así ionizarlas mediante la generación de una 

carga residual positiva. Además de los iones moleculares (M+) también se generan sus 

correspondientes iones fragmento debido a la fractura de su estructura molecular 

durante el proceso de ionización, lo cual será utilizado para la posterior identificación de 

los analitos estudiados. En el caso de compuestos no volátiles, la ionización se produce 

por otros métodos como la inducida por electrospray (ESI-MS), por ionización química 

(APCI-MS), por bombardeo con átomos rápidos (FAB-MS) y por ionización/desorción 

por láser (MALDI-MS). 

Una vez ionizadas las moléculas estas son aceleradas y conducidas hacia el 

sistema de detección mediante campos eléctricos o magnéticos. La detección de los 

iones formados a partir de las moléculas de la muestra así como de sus correspondientes 

fragmentos tras aplicar diferentes condiciones de ruptura (normalmente por disociación 

inducida por colisión, CID, aunque recientemente han surgido otras vías como la ETD, 

disociación por transferencia de electrones) produce el espectro de masas característico 

de los constituyentes detectados.  

El espectrómetro de masas además de ayudar en la identificación de compuestos 

a través de la generación de sus iones moleculares y espectros de fragmentación, actúa 

como detector cromatográfico al registrar la corriente iónica total (en inglés, TIC 

chromatogram) generada. La corriente iónica generada por todos los iones da lugar a 

picos gaussianos cuyas áreas bajo la curva están relacionadas con la concentración del 
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analito. En el caso de mezclas complejas, el cromatograma obtenido puede presentar 

muchos picos, algunos de ellos muy próximos o totalmente solapados, resultando difícil 

la identificación rápida y fiable de los compuestos implicados. Cuando se desea 

explícitamente localizar la presencia de uno o varios compuestos en concreto se recurre 

a la técnica de detección por seguimiento del ión aislado (SIM, del inglés Single Ion 

Monitoring). En esta modalidad de trabajo se visualizan únicamente las masas de interés 

y no todas como en el caso del TIC, aumentando por tanto la selectividad del método. 

La introducción de la MS ha supuesto un gran avance en las técnicas analíticas 

por su gran sensibilidad y su alto grado de fiabilidad. Su principal ventaja sobre otras 

técnicas de detección (UV-Vis, fluorimetría, detección electroquímica) es por un lado, 

su capacidad para suministrar información útil desde el punto de vista cualitativo, 

teniendo que el espectro de masas pueda ser una prueba casi inequívoca de la identidad 

del compuesto considerado. Por otro lado, se trata de detectores universales basados en 

la separación de las especies cargadas de acuerdo con su relación m/z. La MS se 

presenta como uno de los métodos de detección más sensibles, específicos, fiables y de 

mayor capacidad para el análisis molecular. 

1.5.1. Cromatografía de gases acoplada a espectrometría de masas (GC-MS) 

La GC es una técnica que posee una inmejorable capacidad separativa 

(propiciada por la resolución cromatográfica de las columnas capilares empleadas), 

pudiendo analizar una gran variedad de compuestos termoestables, volátiles o 

susceptibles de serlo, en muestras complejas. Su sensibilidad y selectividad aumentan 

enormemente cuando ésta se combina con la MS.  

El acoplamiento de la MS a la GC surge a finales de la década de 1950 (Abian, 

1999). En la actualidad, esta metodología es robusta y se utiliza de forma rutinaria en 

los laboratorios de análisis, resultando ser una técnica de cribado indiscutible. Esto se 

debe a la gran reproducibilidad de la ionización por EI, dando lugar a la fragmentación 

estable de los compuestos independientemente de la instrumentación utilizada. Esto ha 
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posibilitado la creación de librerías que incorporan los espectros de masas 

característicos de una gran multitud de compuestos, pudiendo llevar a cabo labores de 

caracterización sistemática y automatizada de las muestras sometidas a estudio (Bogusz, 

2000). Sin embargo, el principal inconveniente de la GC es la dificultad en el análisis de 

determinados compuestos, como sustancias poco volátiles, polares o termolábiles, 

haciéndose necesaria la utilización de laboriosos procedimientos de derivatización. 

En GC-MS, la muestra se introduce en el analizador a través de un puerto de 

inyección calentado a elevada temperatura (alrededor de 250 ºC), siendo posteriormente 

arrastrado y conducido a la columna de separación mediante un gas portador 

(generalmente helio), la cual se encuentra dentro de un horno con programación de 

temperatura. Una vez separados generalmente mediante una rampa de temperatura, 

pasan al espectrómetro de masas donde son identificados. Cada uno de los componentes 

se registra en forma de pico cromatográfico, y por tanto integrable/cuantificable, 

llevando a cabo el proceso de identificación a partir de su respectivo espectro de masas. 

Generalmente, la muestra a inyectar se encuentra en estado sólido o líquido, por 

lo que debe ser vaporizada. La temperatura óptima del inyector se determina 

experimentalmente y en general es igual o superior a la temperatura máxima alcanzada 

por la columna durante la separación.  

 Inyectar una muestra en una columna capilar de diámetro inferior a un 

milímetro es complicado porque el volumen de muestra debe ser pequeño para no 

causar una sobrecarga de la fase estacionaria. Para mantener la cantidad de muestra en 

el intervalo correcto se emplea el inyector en modo con o sin división (en inglés, 

split/splitless respectivamente), el cual permite reducir la cantidad de muestra que llega 

a la cabeza de la columna capilar. Las muestras con concentración baja de analito se 

inyectan por el método splitless y se arrastran mediante el gas acarreador a la columna. 

Por otro lado, si se utiliza el método split sólo una fracción del gas portador de muestra 

llega a la columna. 

33

Introducción



1.5.2. Cromatografía líquida de alta resolución con detector de fotodiodos acoplada 

a la espectrometría de masas con electroespray (HPLC-DAD/ESI-MSn ) 

La separación por HPLC (aparecida en 1969) ha sido frecuentemente utilizada 

en bioquímica y química analítica para separar los componentes de una mezcla 

basándose en diferentes tipos de interacciones químicas que se dan entre los analitos, la 

columna cromatográfica y la fase móvil. Actualmente, es la técnica analítica más 

utilizada para la separación y caracterización de compuestos fenólicos en cualquier 

extracto natural. Esta técnica permite el acoplamiento de numerosos sistemas de 

detección como UV-Vis (espectroscopía ultravioleta-visible), detector de fotodiodos (en 

inglés, Diode Array Detector, DAD) (Chen et al., 2006) y MS (Nicoletti et al., 2008), 

entre otros. El desarrollo de sistemas que permiten el acoplamiento entre un sistema 

HPLC y un detector de masas ha dado lugar a la gran expansión de esta metodología 

analítica en las últimas décadas, ya que en su origen aparecieron numerosos problemas 

debidos a la ionización a presión atmosférica de la muestra en fase líquida procedente 

del HPLC. Las principales interfaces generalmente usadas para ionizar a presión 

atmosférica (API) son: la ionización química a presión atmosférica y la ionización por 

electrospray (APCI y ESI, respectivamente, Vékey, 2001). 

La fuente ESI ioniza las muestras en estado líquido mediante la formación de un 

espray de gotas, es decir, la evaporación e ionización del analito se producen 

simultáneamente. En ESI se puede trabajar en modo positivo o negativo (ESI+ o ESI-) 

en función de la polaridad del voltaje aplicado en el capilar de la sonda de ionización. 

Además del ion pseudomolecular, la presencia de ciertas especies iónicas procedentes 

del material de laboratorio (generalmente, cationes Na+ y Ca2+), del solvente (p.ej. ácido 

fórmico) y reacciones de polimerización (dimerización principalmente) puede dar lugar 

a la formación de aductos.  

La respuesta originada en ESI depende en gran medida de la naturaleza del 

compuesto a analizar, permitiendo el análisis de compuestos de polaridad alta e 

intermedia. Una de sus principales aplicaciones es el análisis de biomoléculas polares de 

34

Introducción



elevado peso molecular y termolábiles como es el caso de péptidos y proteínas, ambos 

difícilmente analizables mediante otras técnicas.  

Por otra parte, la tendencia más importante en el desarrollo de la cromatografía 

líquida desde sus inicios hasta la actualidad ha sido conseguir métodos de análisis cada 

vez más rápidos y eficientes. En la pasada década, se propusieron diferentes soluciones 

para mejorar la velocidad de análisis mediante LC, siendo este un reto importante para 

los instrumentalistas. En general, la tendencia se orienta hacia el uso de columnas con 

partículas cada vez de menor tamaño, con el correspondiente uso de presiones más 

elevadas. Las columnas más utilizadas son las de fase reversa (con diferentes rellenos, 

dimensiones y tamaños de partícula), quedando el uso de las de fase normal reducido a 

un limitado número de aplicaciones (compuestos muy polares como los azúcares). En 

este sentido, destacar que los avances (referidos principalmente a la electrónica 

implicada en el proceso de toma de medidas) orientados a aumentar la velocidad de 

muestreo de los detectores de masas han contribuido de manera esencial a acortar los 

tiempos de análisis. 

1.6. AMDIS 

Los detectores de masas generan una inmensa cantidad de datos experimentales 

que necesita ser procesada adecuadamente. Hasta hace poco, este análisis se llevaba a 

cabo de forma manual o semiautomática mediante el uso de algoritmos matemáticos 

ofrecidos por los propios fabricantes de las diferentes plataformas de análisis (tales 

como XcaliburR de Thermo Scientific o ChemStationR de Agilent Technologies) 

permitiendo el procesado de datos de manera manual o semi-automático. Estos 

programas resultan ser bastante caros, tediosos, poco flexibles, complejos y requieren 

demasiado tiempo para el procesamiento de datos teniendo a su vez limitaciones 

operacionales en el caso de tener que procesar espectros contaminados con interferentes 

o bien, en el caso de iones procedentes de picos superpuestos (Colby, 1992; Halket et

al., 1999; Stein, 1999). 
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Hoy en día, algunos fabricantes ofrecen softwares de procesamiento automático 

de alto rendimiento, con capacidad de deconvolución, capaces de procesar archivos MS 

en poco tiempo. En este contexto, el Automated Mass Spectral Deconvolution and 

Identification System  (AMDIS, desarrollado por el  National Institute of Standards and 

Technology, NIST) es un programa de descarga gratuita para el procesamiento 

automático de los datos obtenidos mediante el empleo de sistemas GC-MS, el cual 

puede procesar archivos generados por cualquier tipo de plataforma de análisis con 

independencia de su fabricante. Este programa elimina los sesgos y deconvoluciona los 

iones presentes en el TIC, extrayendo una serie de espectros de masas limpios, 

asociándolos a un único componente. Una vez que ha sido aislado el espectro de un 

componente, AMDIS lo compara conjuntamente con el tiempo de retención con los 

componentes recopilados en la librería de referencia correspondiente (comercial o 

creada por el propio investigador) donde se encuentran recogidos los espectros y 

tiempos de retención característicos de cada componente, obteniendo así la 

identificación del compuesto (NIST, 2014). 

En definitiva, AMDIS trabaja en cuatro pasos: 

 Análisis del ruido

 Percepción del componente

 Deconvolución espectral

 Identificación del compuesto

AMDIS se ha utilizado para la determinación de varios analitos como:

marcadores urinarios de trastornos metabólicos, venenos y drogas (Meyer et al., 2010), 

pesticidas (Zhang et al., 2006), contaminantes (Gómez et al., 2010) y volátiles 

(Miladinovic et al., 2014) entre otros.  

Sin embargo, AMDIS puede crear falsos positivos cuando los picos son muy 

amplios o presentan varios máximos, ya que puede llevar a que un mismo componente 

sea identificado varias veces (Lu, H. et al., 2008). En cambio, Smart y colaboradores 

(2010) señalan que AMDIS es fiable a la hora de realizar identificaciones correctas 
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incluso en los casos de picos parcialmente co-eluidos, pero fue incapaz de cuantificar 

con precisión muchos de los compuestos identificados. Así pues, la optimización de los 

parámetros y condiciones de análisis implicados en el funcionamiento del AMDIS 

resulta ser un reto de gran interés para conseguir emplear de manera fiable y eficaz 

(tanto cualitativa como cuantitativamente) este programa analítico.  
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3. OBJETIVOS

El objetivo fundamental de la presente Tesis Doctoral es llevar a cabo una 

aproximación metabolómica detallada de diferentes productos naturales (zumos 

cítricos, zumos de granada y pulpa de caqui) mediante el empleo de sistemas de LC-MS 

y GC-MS convencionales como son los espectrómetros de tipo trampa iónica 

tridimensional. 

Este trabajo pretende demostrar como con una adecuada formación del 

investigador, tanto de la materia sujeta a estudio como de los equipos de análisis de 

rutina empleados, se pueden llevar a cabo estudios de elevada calidad científica. Así 

pues, los objetivos a realizar en esta tesis doctoral son los siguientes:  

1. Optimización de los parámetros de muestreo y de análisis del sistema GC-MS y

del procesado automático de datos mediante el AMDIS. Así pues, se plantea

llevar a cabo el análisis masivo, rápido y fiable de los metabolitos detectados en

las muestras estudiadas.

2. Caracterización de los zumos de naranja (Citrus sinensis) en fresco y  procesados

obtenidos mediante diferentes tratamientos (despulpado, pasteurización y

homogenización a altas presiones) y almacenamiento refrigerado a través del

análisis GC-MS/AMDIS de su composición en volátiles, azúcares, ácidos

orgánicos y aminoácidos. Como consecuencia, se evaluarán los efectos del

procesado y almacenamiento sobre la calidad (composicional/sensorial) de los

zumos con el fin de obtener productos de elevado valor comercial con una

prolongada vida útil.

3. Caracterización de los zumos de granada (Punica granatum) obtenidos de 

manera industrial en base a su perfil de compuestos fenólicos de bajo y elevado 

peso molecular (aductos) mediante una metodología HPLC-DAD/ESI+/--MSn. Se 

prestarà
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prestará especial atención a la elucidación estructural de compuestos no 

descritos con anterioridad en los zumos de granada. 

4. Caracterización de fenoles de bajo y elevado peso molecular (aductos)

procedentes de la pulpa de caqui (Diospyros kaki) mediante metodologías HPLC-

DAD/ESI+/--MSn. Se prestará especial atención a la elucidación estructural de

compuestos no descritos con anterioridad en el caqui.

5. Correlación de los perfiles de compuestos fenólicos dilucidados en las muestras

estudiadas con su capacidad y cinéticas de actividad antirradical in vitro mediante

el empleo del DPPH ̇
• como sonda antirradical.
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4. JUSTIFICACIÓN DE LA UNIDAD TEMÁTICA Y

PRESENTACIÓN DE LOS TRABAJOS 

Durante los últimos años, como ya se ha comentado en la Introducción, los 

diferentes sectores comerciales y políticas de mercado así como los propios 

consumidores han orientado sus posturas hacia la consecución de hábitos alimentarios 

equilibrados desde el punto de vista nutricional. En este sentido, los metabolitos 

presentes en frutas y sus derivados ejercen un papel esencial sobre la salud humana y su 

buena preservación. Sin embargo, la mayoría de las frutas tienen un perfil 

metabolómico muy complejo y variado por lo que se requiere el uso de metodologías de 

análisis de alto rendimiento para su estudio, destacando aquellas fundamentadas en la 

GC-MS y LC-MS. 

En lo concerniente al estudio de la fracción aromática de los alimentos, el 

análisis GC-MS ha sido la solución analítica elegida de manera tradicional. Además, su 

uso ha permitido la determinación simultánea de compuestos polares no volátiles 

(azúcares, ácidos orgánicos y aminoácidos) presentes en los extractos naturales 

mediante la conversión de dichos compuestos en sus correspondientes TMS-derivados. 

Asimismo, la elevada sensibilidad de los detectores de masas genera una inmensa 

cantidad de datos experimentales que necesita ser procesada adecuadamente. 

Convencionalmente, el procesado de datos se ha llevado a cabo de forma manual o 

semiautomática mediante el uso de algoritmos matemáticos que se encuentran en los 

programas informáticos ofrecidos por los propios fabricantes de las 

diferentes plataformas de análisis (como XcaliburR de Thermo Scientific o 

ChemStationR de Agilent Technologies). Estos programas informáticos son, 

normalmente, bastante caros, tediosos, incompatibles con otros fabricantes, poco 

intuitivos y no demasiado rápidos dada su complejidad, teniendo a su vez 

limitaciones operacionales en el caso de tener que procesar espectros contaminados 

con interferentes (p. ej. sangrado de columna y ruido de fondo) o bien, en el caso 

de iones procedentes de picos cromatográficos superpuestos (coelución de señales). 

De este modo e idealmente, se debería disponer de programas que permitieran el 

procesa
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procesado automático y simultáneo de los archivos generados por los detectores de 

masas además de ser baratos, fáciles de usar, versátiles, rápidos y capaces de aislar 

(deconvolucionar) picos solapados, lo que proporcionaría unos resultados fiables 

desde el punto de vista cualitativo y cuantitativo. En este contexto, el AMDIS 

(desarrollado por el NIST) es un programa de descarga gratuita para el procesado 

automático de los datos obtenidos mediante el empleo de cualquier sistema GC-MS 

con independencia del fabricante. Este programa elimina los sesgos y deconvoluciona 

los iones presentes en el TIC, extrayendo una serie de espectros de masas 

"limpios" que conjuntamente a los tiempos de retención, realiza la identificación de 

todos los componentes presentes en la muestra a cada tiempo considerado (espectros y 

tiempos de retención característicos se compilan en la correspondiente librería). En el 

Capítulo 1, se describe la optimización del AMDIS para su uso en el análisis masivo de 

volátiles y compuestos polares no volátiles en zumos cítricos. 

En lo referente a la calidad composicional de los alimentos, la industria 

alimentaria está realizando durante los últimos años un gran esfuerzo para preservar 

aquellos compuestos de elevado valor nutricional y organoléptico presentes en los 

alimentos durante las etapas de procesado y almacenamiento. Para ello se buscan 

nuevos protocolos analíticos que permitan seguir, de manera rápida y sencilla, la 

evolución de un amplio espectro de analitos durante la manipulación de los alimentos, 

pudiéndose minimizar la pérdida de compuestos valiosos mediante la optimización de 

las operaciones tecnológicas empleadas. Como ejemplo ilustrativo tenemos el caso de 

los zumos de cítricos los cuales tras su extracción mecánica son sometidos a diferentes 

procesos tecnológicos como la tamización, centrifugación, estabilización 

(tradicionalmente mediante tratamiento térmico), envasado y almacenamiento. En esta 

línea, durante los últimos años el grupo de Zumos del IATA-CSIC ha estado trabajando 

en el desarrollo de nuevos procesos industriales encaminados a la obtención de zumos 

de mandarina y naranja de larga vida comercial (hasta tres meses en refrigeración) y de 

elevada calidad sensorial. Para ello, se ha desarrollado un nuevo procedimiento por el 

que los zumos de cítricos se estabilizan mediante una homogeneización dinámica a alta 
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presión (150 MPa) como alternativa a los métodos clásicos de pasterización. En el 

Capítulo 2 se estudia la evolución de la calidad de zumos de naranja sometidos a 

diferentes procesos industriales y tiempos de almacenamiento en refrigeración. Para 

ello, se estudiaron los volátiles y compuestos polares no volátiles de los zumos 

aplicando la metodología desarrollada para su análisis en el Capítulo 1, esto es 

mediante el análisis por GC-MS y procesado automático de los datos mediante el 

AMDIS. 

 Por su parte, los sistemas LC-MS facilitan el estudio detallado de aquellos 

compuestos que no pueden ser analizadas por metodologías GC-MS, es decir, analitos 

con escasa volatilidad y/o estabilidad térmica como es el caso de los compuestos 

fenólicos. Por tanto, se ha estudiado el perfil de compuestos fenólicos de los zumos de 

granada (Capítulo 3) y de los extractos procedentes de la pulpa de caqui (Capítulo 4) 

con el claro objetivo de identificar nuevos compuestos anteriormente no descritos 

mediante el empleo de un sistema rutinario de análisis como es una trampa iónica 

tridimensional. 

Teniendo en cuenta todo lo anterior, la presente Tesis Doctoral plantea llevar a 

cabo una aproximación metabolómica de diferentes extractos naturales (zumos de 

naranja, zumos de granada y pulpa de caqui) mediante el empleo de sistemas GC-MS y 

LC-MS de rutina. Así pues, este trabajo pretende demostrar como a través de una 

formación adecuada del investigador, tanto en lo referente a la materia sujeta a estudio 

como de los equipos de análisis convencionales empleados, se pueden llevar a cabo 

actividades de máxima calidad científica. 
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Los resultados obtenidos en este trabajo de tesis doctoral han dado lugar a las 

siguientes publicaciones científicas: 

Capítulo  1. Optimización de los parámetros de muestreo y de análisis del sistema GC-

MS/AMDIS. 

1.1. Gas chromatography coupled to mass spectrometry analysis of 

volatiles, sugars, organic acids and aminoacids in Valencia Late 

orange juice and reliability of the Automated Mass Spectral 

Deconvolution and Identification System for their automatic 

identification and quantification. (2012). Journal of 

Chromatography A, 1241, 84– 95. 

 Capítulo 2. Caracterización del perfil de volátiles y compuestos polares no volátiles de 

los zumos de naranja (Citrus sinensis). 

2.1. Valencia Late orange juice preserved by pulp reduction and high 

pressure homogenization: Sensory quality and gas 

chromatography-mass spectrometry analysis of volatiles. (2013). 

LWT - Food Science and Technology, 51(2), 476-483. 

2.2. Evaluation of minimal processing of orange juice by automated 

data analysis of volatiles and nonvolatile polar compounds 

determined by gas chromatography coupled to mass 

spectrometry. (2014). International Journal of Food Science and 

Technology, 49(6), 1432-1440. 
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Capítulo 3. Caracterización del perfil de fenoles de los zumos de granada (Punica 

granatum) de la variedad “Wonderful”. 

3.1. Phenolic profile characterization of pomegranate (Punica 

granatum) juice by high-performance liquid chromatography 

with diode array detection coupled to an electrospray ion trap 

mass analyzer. (2013). Journal of Food Composition and Analysis, 

30(1), 32–40. 

3.2. Determination of the antiradical activity and kinetics of 

pomegranate juice using 2,2-diphenylpicyrl-1-hydrazyl as the 

antiradical probe. (2014). Food Science and Technology 

International. (En prensa). 

Capítulo 4. Caracterización del perfil de fenoles de la pulpa de caqui (Diospyros kaki) 

de la variedad “Rojo Brillante”. 

4.1. Metabolite profiling of pigments from acid-hydrolyzed 

persimmon (Diospyros kaki) extracts by HPLC-DAD/ESI-MSn 

analysis. (2014). Journal of Food Composition and Analysis. 

(Aceptado para su publicación). 

4.2. Rapid screening of low molecular weight phenols from 

persimmon (Diospyros kaki) pulp using liquid chromatography-

UV/Vis-electrospray mass spectrometry analysis. (2014). Journal 

of the Science of Food and Agriculture. (En prensa). 
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Capítulo 1. Optimización sistema GC-MS/AMDIS
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Ø·¹¸ Ó»¼·«³ Ô±©

Ì¿®¹»¬­ Ý±³°±²»²¬­ Ì¿®¹»¬­ Ý±³°±²»²¬­ Ì¿®¹»¬­ Ý±³°±²»²¬­

Ê»®§ ¸·¹¸ Ø·¹¸ éè ïììï éé çëç éè êðè

Ó»¼·«³ èé ïêëê èë ïïïë èì éíç

Ô±© èè ïêéè èé ïïíê èé éëê

Ø·¹¸ Ø·¹¸ èð ïïçë éç èðï èð ëîí

Ó»¼·«³ èë ïíðç èë èêì èì ëéê

Ô±© èé ïíïë èé èéï èé ëèð

Ó»¼·«³ Ø·¹¸ éé çîê éê êïè éé ìïî

Ó»¼·«³ èê çéë èë êíç èë ìíð

Ô±© èè çéç èé êíç èé ìîè

Ô±© Ø·¹¸ éð éîî êç ìéë éð íïê

Ó»¼·«³ éç éêë éè ìçî éè ííì

Ô±© èï ééð èð ìçí éç ííì

Ê»®§ ´±© Ø·¹¸ êì ëêë êë íêè êë îëë

Ó»¼·«³ éí êðí éí íèë éî îêè

Ô±© éê êðí éê íèî éë îêè

Ì¸»®» ©»®» ¿´­± ¬»­¬»¼ ¬¸» ­»¬¬·²¹­ º±® ½±³°±²»²¬ ©·¼¬¸ ø®¿²¹»
ë�íð÷ ¿²¼ ¿¼¶¿½»²¬ °»¿µ ­«¾¬®¿½¬·±² ø®¿²¹» ð�î÷ò Ì¸» ¼»º¿«´¬ ª¿´«»

º±® ¬¸» ½±³°±²»²¬ ©·¼¬¸ ·­ ïîô ¾«¬ ·¬ ©¿­ º±«²¼ ¬¸¿¬ ¬¸» ±°¬·³«³
ª¿´«» ®¿²¹»¼ ©·¬¸·² ïî�îðò Þ»´±© ¬¸» ª¿´«» ïîô ¬¸» ²«³¾»® ±º
�½±³°±²»²¬­� ¿²¼ ¬¿®¹»¬­ ¼»½®»¿­»¼å ¿¾±ª» ¬¸» ª¿´«» îðô ¬¸» ²«³ó
¾»® ±º �½±³°±²»²¬­� ·²½®»¿­»¼ ¾«¬ ¬¸» ²«³¾»® ±º ¬¿®¹»¬­ ®»³¿·²»¼
½±²­¬¿²¬ò Ì¸»®»º±®»ô ¬¸» ª¿´«» ±º îð©¿­ ­»´»½¬»¼ò Ì¸» ¼»º¿«´¬ ª¿´«»
º±® ¿¼¶¿½»²¬ °»¿µ ­«¾¬®¿½¬·±² ·­ ïòÉ¸»² ¬¸·­ ª¿´«» ©¿­ ­»¬ ¬± ðô ¬¸»
²«³¾»® ±º ¬¿®¹»¬­ ¼»½®»¿­»¼å ©¸»² ·¬ ©¿­ ­»¬ ¬± îô ¬¸» ²«³¾»® ±º
�½±³°±²»²¬­� ·²½®»¿­»¼ ¾«¬ ©·¬¸±«¬ ¿² ·²½®»¿­» ±º ¬¸» ²«³¾»® ±º
¬¿®¹»¬­ò Ì¸»®»º±®»ô ¬¸» ¼»º¿«´¬ ª¿´«» ±º ï ©¿­ ­»´»½¬»¼ò

íòîòîò ÌÓÍ ¼»®·ª¿¬·ª»­ ±º °±´¿® ½±³°±«²¼­

Ý±²½»®²·²¹ ¬± ¬¸» ±°¬·³·¦¿¬·±² ±º ßÓÜ×Í ­»¬¬·²¹­ º±® ¼¿¬¿ °®±ó
½»­­·²¹ ±º ¬¸» ÌÓÍ ¼»®·ª¿¬·ª»­ô ·¬ ©¿­ º±«²¼ ¬¸¿¬ ¬¸» ±°¬·³·¦»¼
­»¬¬·²¹­ ½±·²½·¼»¼ ©·¬¸ ¬¸±­» ±¾¬¿·²»¼ º®±³ ¬¸» ª±´¿¬·´»­ò

íòíò Ì»­¬·²¹ ±º ßÓÜ×Í º±® ¼»½±²ª±´«¬·±² ±º ±ª»®´¿°°»¼

½¸®±³¿¬±¹®¿°¸·½ °»¿µ­

Ì¸» ®»´·¿¾·´·¬§ ±º ßÓÜ×Í ¬± ¼»½±²ª±´«¬» ±ª»®´¿°°»¼ ½¸®±³¿¬±ó
¹®¿°¸·½ °»¿µ­©¿­ ¬»­¬»¼ «­·²¹ ¬¸» ¿¾±ª» ±°¬·³·¦»¼ ¼»½±²ª±´«¬·±²
­»¬¬·²¹­ò Ú·¹ò íß­¸±©­¿ ­·³°´»»¨¿³°´»±º¬©±°¿®¬·¿´´§±ª»®´¿°°»¼

°»¿µ­ º®±³ ¿ ­¿³°´» ±º ±®¿²¹» ¶«·½»ô ©¸·½¸ ½±®®»­°±²¼ ¬± ¬¸»
ª±´¿¬·´»­ ½¿®ª±²» ¿²¼ ²»®¿´ò Ì¸» ¼±¬­ ½±®®»­°±²¼ ¬± ¬¸» ¼¿¬¿ °±·²¬­
º®±³ ¬¸» Ì×Ý ±º ¬¸» ­¿³°´»ô ¿²¼ ¬¸» °»¿µ­ ¿®» ®±«¹¸´§ ®»½±²­¬·¬«¬»¼
¾§ ¬¸» ­¬®¿·¹¸¬ ´·²»­ ½±²²»½¬·²¹ ¬¸»³ò ßº¬»® ßÓÜ×Í ¼»½±²ª±´«ó
¬·±² ¿²¼ °®±½»­­·²¹ô ¬©± ½±³°±«²¼­ ©»®» ¼»¬»½¬»¼ô ·¼»²¬·�»¼ ¿²¼
¯«¿²¬·�»¼ò Ì¸» ¼±©² ¬®·¿²¹´»­ ø ÷ ½±®®»­°±²¼ ¬± ¬¸» °»¿µ ¹»²ó
»®¿¬»¼ º®±³ ¬¸» »¨¬®¿½¬·±² ±º ¬¸» ·±² ³±¼»´ ø¿¬ ³ñ¦ ëì÷ ±º ¬¸»
·¼»²¬·�»¼ ½¿®ª±²»ô ©¸·´­¬ ¬¸» «° ¬®·¿²¹´»­ ø ÷ ½±®®»­°±²¼ ¬± ¬¸»
°»¿µ ¹»²»®¿¬»¼ º®±³ ¬¸» »¨¬®¿½¬·±² ±º ¬¸» ·±² ³±¼»´ ø¿¬ ³ñ¦ ïïç÷

±º ¬¸» ·¼»²¬·�»¼ ²»®¿´ô ©¸·½¸©»®» «­»¼ ¬± °»®º±®³ ¬¸»½±®®»­°±²¼ó
·²¹ ¯«¿²¬·�½¿¬·±²ò Ì¸» ·¼»²¬·�»¼ ½±³°±«²¼­ ¿®» ³¿®µ»¼ ©·¬¸ ¬¸»

Ú·¹ò íò Ü»½±²ª±´«¬·±²ô ·¼»²¬·�½¿¬·±²¿²¼ ¯«¿²¬·�½¿¬·±²¾§ßÓÜ×Í±º ¬¸» ½±³°±«²¼­°®»­»²¬ ·²°¿®¬·¿´´§ ½±ó»´«¬»¼½¸®±³¿¬±¹®¿°¸·½ °»¿µ­ò øß÷ Ì©±½±ó»´«¬·²¹½¸®±³¿¬±¹®¿°¸·½

°»¿µ­ô ø ÷ Ì×Ý±º ¬¸» ­¿³°´»ô ø ÷ ²»®¿´ ø·±²³±¼»´³ñ¦ïïç÷ô ø ÷ ½¿®ª±²» ø·±²³±¼»´³ñ¦ëì÷ò øÞ÷ Ì¸®»» ½±ó»´«¬·²¹ ½¸®±³¿¬±¹®¿°¸·½°»¿µ­ô ø ÷ Ì×Ý±º ¬¸» ­¿³°´»ô ø ÷ óº»´´¿²¼®»²»

øÎ¬ãïíòëç³·²ô ·±² ³±¼»´ ³ñ¦ çï÷ ¿²¼ óíó½¿®»²» øÎ¬ã ïìòðî³·²ô ·±² ³±¼»´³ñ¦ çï÷ô ¿²¼ ø ÷ ±½¬¿²¿´ ø·±² ³±¼»´ ³ñ¦ êé÷ò

Resultados
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Ì¿¾´» î

Î»¬»²¬·±² ¬·³»ô ·±² ³±¼»´ô ©»·¹¸¬ ·²¬»®ª¿´ô ®»´¿¬·ª» ®»­°±²­» º¿½¬±®ô ¿²¼ ´·²»¿®·¬§ ±º ¬¸» ½±²½»²¬®¿¬·±² ®»­°±²­» º®±³ È½¿´·¾«®ÌÓ ¿²¼ ßÓÜ×Í º±® ¬¸» ¿­­¿§»¼ ÌÓÍ ¼»®·ª¿¬·ª»­

±º °±´¿® ½±³³»®½·¿´ ­¬¿²¼¿®¼­ò

ÌÓÍ ¼»®·ª¿¬·ª» Î¬ ø³·²÷ ×±² ³±¼»´ ø³ñ¦÷ ¿É»·¹¸¬ ·²¬»®ª¿´ ø³¹÷ È½¿´·¾«®ÌÓ ßÓÜ×Í

¾Ú¨ô·­
½Îî ¾Ú¨ô·­

½Îî

Í«¹¿®­

´óÈ§´±­» øÌÓÍ÷ì îéòçð íðé ðòðïîê�ðòðêíð ïòçð ðòççë ïòçï ðòççí

ß®¿¾·²±­» øÌÓÍ÷ì îèòîç íðé ðòðïïí�ðòðëêë ïòéï ðòççì ïòêé ðòççï

Î·¾±­» øÌÓÍ÷ì îèòéï íðé ðòðïðé�ðòðëíë ïòíç ðòççð ïòíê ðòççð

Î¸¿³²±­» øÌÓÍ÷ì îçòèð ïïé ðòðïîï�ðòðêðì ðòêé ðòççî ðòêè ðòççì
¼Ú®«½¬±­» øÌÓÍ÷ë ííòçîñíìòïè íðé ðòðïîð�ðòïïèð ïòïï ðòççê ïòïê ðòççì
¼Ù´«½±­» øÌÓÍ÷ë íìòëîñíìòçí íïç ðòðïïï�ðòïïìð ðòéï ðòççé ðòéð ðòççí

Ó¿²²·¬±´ øÌÓÍ÷ê íëòîé íïç ðòðïîê�ðòðêíð ðòìï ðòççé ðòìï ðòççê

Í±®¾·¬±´ øÌÓÍ÷ê íëòìë íïç ðòðïðé�ðòðëíë ðòìì ðòççé ðòìì ðòççé

Í½§´´±ó×²±­·¬±´ øÌÓÍ÷ê íëòëì íïè ðòððèî�ðòðìïð ðòîë ðòççç ðòîë ðòççê

Ó§±ó×²±­·¬±´ øÌÓÍ÷ê íèòèè íðë ðòðïîí�ðòðêïë ðòïè ðòççí ðòïè ðòççð

Í«½®±­» øÌÓÍ÷è ëðòìé íêï ðòðïðé�ðòëëìì ðòïç ðòççë ðòïç ðòççè

Ó¿´¬±­» øÌÓÍ÷è ëîòíï íêï ðòðïðç�ðòðëìé ðòéð ðòççí ðòéð ðòççì

Î¿º�²±­» øÌÓÍ÷ïï êîòçï íêï ðòððçêé�ðòðìèìð ðòçë ðòççë ïòðî ðòççè

Ñ®¹¿²·½ ¿½·¼­

Ñ¨¿´·½ ß½·¼ øÌÓÍ÷î ïðòéï ïìé ðòðïðç�ðòðëìë ðòîê ðòççë ðòîê ðòççì

Í«½½·²·½ ß½·¼ øÌÓÍ÷î ïêòçê îìé ðòðïíè�ðòðêçð ìòëð ðòççé ìòìð ðòççé

Ú«³¿®·½ ß½·¼ øÌÓÍ÷î ïèòðê îìë ðòðïðì�ðòðëîð ðòîë ðòççì ðòîë ðòççí

Ó¿´·½ ß½·¼ øÌÓÍ÷í îîòèç îìë ðòðïðì�ðòðëîð ïòèè ðòççï ïòèê ðòççë

Ì¿®¬¿®·½ ß½·¼ øÌÓÍ÷ì îéòëî ïèç ðòðïíî�ðòðêêð ðòëê ðòççï ðòëê ðòççì

Ý·¬®·½ ß½·¼ øÌÓÍ÷ì íîòîê îéí ðòðîíë�ðòïïéë ðòîé ðòççë ðòíð ðòççè

Ï«·²·½ ß½·¼ øÌÓÍ÷ë ííòìê íìë ðòðïîî�ðòðêïð ðòïé ðòççí ðòïé ðòççë

Ù´«½¿®·½ ß½·¼ øÌÓÍ÷ì íëòëï îìì ðòðïðí�ðòðëïî îòïë ðòççë ïòçë ðòççì

Ù¿´¿½¬«®±²·½ ß½·¼ øÌÓÍ÷ë íëòêï ííí ðòðïêê�ðòðèíð ðòíê ðòççè ðòíë ðòççë

ß³·²±¿½·¼­

¼óß´¿²·²» øÌÓÍ÷î çòëî ïïê ðòðïîî�ðòðìèè ðòíê ðòççì ðòíê ðòççð

´óÊ¿´·²» øÌÓÍ÷î ïíòêî ïìì ðòðïîí�ðòðêïë ðòîî ðòççë ðòîï ðòççë

´óÔ»«½·²» øÌÓÍ÷î ïëòêî ïëè ðòðïîê�ðòðëðì ðòíð ðòççé ðòíð ðòççð

´óÐ®±´·²» øÌÓÍ÷î ïêòíï ïìî ðòðïîè�ðòðëïî ðòîë ðòççë ðòîê ðòççí

´ó×­±´»«½·²» øÌÓÍ÷î ïêòíê ïëè ðòðïíî�ðòðêêð ðòîï ðòççì ðòîï ðòççð

Ù´§½·²» øÌÓÍ÷í ïêòéð ïéì ðòðïíç�ðòðëëê ðòïç ðòççé ðòîð ðòççé

´óÍ»®·²» øÌÓÍ÷í ïèòéç îðì ðòðïïê�ðòðëèð ðòîî ðòççë ðòîî ðòççî

´óÌ¸®»±²·²» øÌÓÍ÷í ïçòêé ïðï ðòðïïï�ðòðëëë ðòëð ðòççé ðòëï ðòççé

´óÓ»¬¸·±²·²» øÌÓÍ÷î îíòìç ïîè ðòðïïí�ðòðìëî ðòìï ðòççê ðòíç ðòççè

´óß­°¿®¬·½ ¿½·¼ øÌÓÍ÷í îíòèð îíî ðòðïïè�ðòðìéî ðòíé ðòççç ðòíê ðòççê

Ø§¼®±¨§ó´ó°®±´·²» øÌÓÍ÷í îíòçð îíð ðòðïðê�ðòðëíð ðòïç ðòççç ðòïç ðòççð

´óÝ§­¬»·²» øÌÓÍ÷í îìòéï îîð ðòðïðç�ðòðìíê ðòìð ðòççè ðòìð ðòççè

ß®¹·²·²» øÌÓÍ÷î îêòìì ïìî ðòðïìê�ðòðéíð ëòíé ðòççï ëòïè ðòççì

´óÐ¸»²§´¿´¿²·²» øÌÓÍ÷î îêòëï îïè ðòðïîí�ðòðêïë ðòëí ðòççí ðòëë ðòççï

¼óÙ´«¬¿³·½ ß½·¼ øÌÓÍ÷í îêòêì îìê ðòðïíé�ðòðëìè ðòêð ðòççé ðòëê ðòççê

´óß­°¿®®¿¹·²» øÌÓÍ÷í îèòðê ïèè ðòðïïê�ðòðìêì ìòðì ðòççí ìòðê ðòççî

Ù´«¬¿³·²» øÌÓÍ÷í íðòéë ïëê ðòððçè�ðòðìçð ïòéë ðòççì ïòéë ðòççé

´óØ·­¬·¼·²» øÌÓÍ÷í íìòìè îëì ðòðïðè�ðòðëìð ëòçï ðòççé ëòçð ðòççë

´óÔ§­·²» øÌÓÍ÷í íìòëï ïëê ðòðïðê�ðòðëíð ðòïì ðòççè ðòïí ðòççð

¼óÌ·®±­§²» øÌÓÍ÷í íìòèç îïè ðòðïðç�ðòðëìë ðòíë ðòççí ðòíé ðòççì

´óÌ®§°¬±°¸¿² øÌÓÍ÷í ìðòéì îðî ðòðïíë�ðòðêìð îòíï ðòççí îòíð ðòççî

Ñ¬¸»®­

Ð«¬®»­½·²» øÌÓÍ÷ì îçòêð ïéì ðòðïçì�ðòðëèî ðòîè ðòççì ðòîè ðòççï

Ý¿¼¿ª»®·²» øÌÓÍ÷ì íîòïí ïéì ðòðïéî�ðòðèêð ðòíç ðòççê ðòíç ðòççê

¿ Ü·´«¬»¼ ·² ïïð Ô ±º ÓÛÑÈóÓÍÌÚß ­±´«¬·±²ò
¾ Î»´¿¬·ª» ®»­°±²­» º¿½¬±® ±º ½±³°±«²¼ �¨� ¿¹¿·²­¬ ¬¸» ·²¬»®²¿´ ­¬¿²¼¿®¼ �·­� ø®·¾·¬±´÷ò
½ Ý±®®»´¿¬·±² ½±»º�½·»²¬­ º®±³ �ª» ¼·ºº»®»²¬ ¿­­¿§»¼ ½±²½»²¬®¿¬·±²­ò
¼ Ú®«½¬±­» ¿²¼ ¹´«½±­» ¿°°»¿® ¿­ ó ¿²¼ ó·­±³»®­ò

­§³¾±´ �Ì�ô ¿¬ ¬¸» ¬±° ±º ¬¸» ½¸®±³¿¬±¹®¿³ô ¿¬ ¬¸»·® ½±®®»­°±²¼·²¹
®»¬»²¬·±² ¬·³»ò Ú·¹ò íÞ ­¸±©­ ¿ ®¿¬¸»® ³±®» ½±³°´»¨ ±ª»®´¿°°·²¹

½¿­»ò Ì¸» Ì×Ý ®»°®»­»²¬¿¬·±² ø ÷ ­«¹¹»­¬­ ¬¸» °®»­»²½» ±º ¿ ³¿¶±®
°»¿µ ¿²¼ ¿ ½±«°´» ±º ­¸±«´¼»®­ô ¬¸¿¬ ·­ô ¿ ¬±¬¿´ ±º ¬¸®»» °¿®¬·¿´´§
½±ó»´«¬»¼ ½±³°±«²¼­ò ßº¬»® ¼»½±²ª±´«¬·±² ¿²¼ °®±½»­­·²¹ô ßÓÜ×Í
¿½½«®¿¬»´§ »¨¬®¿½¬»¼ô ·¼»²¬·�»¼ ¿²¼ ¯«¿²¬·�»¼ ¬¸®»» ½±³°±«²¼­æ
óº»´´¿²¼®»²» ø ô Î¬ ãïíòëç³·²ô ·±² ³±¼»´³ñ¦ çï÷ô ±½¬¿²¿´ ø ô ·±²

³±¼»´³ñ¦êé÷ ¿²¼ óíó½¿®»²» ø ô Î¬ãïìòðî³·²ô ·±²³±¼»´³ñ¦çï÷ò

íòìò Ô·²»¿®·¬§ ±º ¬¸» ßÓÜ×Í ¯«¿²¬·�½¿¬·±² ®»­°±²­»

Ì¸» ¿¾­±´«¬» ¯«¿²¬·�½¿¬·±² ±º ¬¸» °±´¿® ½±³°±«²¼­ °®»­»²¬ ·²

¬¸» ¶«·½»ô ²¿³»´§ô ­«¹¿®­ô ±®¹¿²·½ ¿½·¼­ ¿²¼ ¿³·²±¿½·¼­ô ·­ ®¿¬¸»®

­¬®¿·¹¸¬º±®©¿®¼¾»½¿«­» ¬¸»§¿®»¼»®·ª¿¬·­»¼ º®±³¿¼®·»¼ ­¿³°´»±º
±®¿²¹» ¶«·½»ô ©·¬¸±«¬ ¿²§ ´±­­ ¾§ »ª¿°±®¿¬·±²ò Ø»²½»ô ¬¸» °®»ª·±«­

¿¼¼·¬·±² ±º ¿ µ²±©² ¿³±«²¬ ±º ·²¬»®²¿´ ­¬¿²¼¿®¼ ø®·¾·¬±´÷ ¬± ¬¸»
­¿³°´»ô ¾»º±®» ·¬­ ¼®§·²¹ ¿²¼ ¼»®·ª¿¬·­¿¬·±²ô ¿´´±©­ ¬¸»·® ¿¾­±´«¬»
¯«¿²¬·�½¿¬·±² «­·²¹ ¬¸» µ²±©² º±®³«´¿

É¨ ã Ú¨ô·­
ß¨

ß·­
É·­

©¸»®» É¨ ¿²¼ ß¨ ¿®»ô ®»­°»½¬·ª»´§ô ¬¸» ©»·¹¸¬ ø·² ³¹÷ ¿²¼ ¬¸»
¿®»¿ «²¼»® ¬¸» °»¿µ ½±®®»­°±²¼·²¹ ±º ¬¸» ·¼»²¬·�»¼ ½±³°±«²¼å
É·­ ¿²¼ ß·­ ¿®»ô ®»­°»½¬·ª»´§ô ¬¸» ©»·¹¸¬ ø·² ³¹÷ ±º ¿¼¼»¼ ·²¬»®ó
²¿´ ­¬¿²¼¿®¼ ¿²¼ ¬¸» ¿®»¿ «²¼»® ·¬­ ½±®®»­°±²¼·²¹ °»¿µå ¿²¼ Ú¨ô·­
·­ ¬¸» ®»´¿¬·ª» ®»­°±²­» º¿½¬±® ±º ¬¸» ·¼»²¬·�»¼ ½±³°±«²¼ ¿¹¿·²­¬
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Capítulo 1. Optimización sistema GC-MS/AMDIS
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Ì¿¾´» í

Î»¬»²¬·±² ¬·³»ô ·±² ³±¼»´ô ©»·¹¸¬ ·²¬»®ª¿´ô ®»´¿¬·ª» ®»­°±²­» º¿½¬±®ô ¿²¼ ´·²»¿®·¬§ ±º ¬¸» ½±²½»²¬®¿¬·±² ®»­°±²­» º®±³ È½¿´·¾«®ÌÓ ¿²¼ ßÓÜ×Í º±® ¬¸» ¿­­¿§»¼ ½±³³»®½·¿´

ª±´¿¬·´» ­¬¿²¼¿®¼­ò

Ý±³°±«²¼ Î¬ ø³·²÷ ×±² ³±¼»´ ø³ñ¦÷ ¿É»·¹¸¬ ·²¬»®ª¿´ ø ¹÷ È½¿´·¾«®ÌÓ ßÓÜ×Í

¾Îº ½Îî ¾Îº ½Îî

ÆóíóØ»¨»²¿´ íòçî ìí ðòðê�ðòíð íçòïí ðòççì íêòîí ðòççð

Û¬¸§´ ¾«¬§®¿¬» ìòðï èè ðòïð�ðòëð íïòìð ðòççç îèòíì ðòççì

Ø»°¬¿²¿´ éòêè ìí ðòðê�ðòíð éòèë ðòçèé êòëë ðòççð

óÐ·²»²» çòïè çï ðòíð�ïòëð ïéòëé ðòççè ïìòîè ðòççð

óÐ·²»²» ïïòêé çí ðòëð�ìòðð ìòçë ðòççè ìòéë ðòççç

óÚ»´¿²¼®»²» ïíòêï çï ðòðê�ðòíð îëòëð ðòççð îçòíí ðòçèï

Ñ½¬¿²¿´ ïíòèî êé ðòîð�ïòðð ìòçç ðòççî ìòêë ðòççð

óíóÝ¿®»²» ïìòðî çï ðòðê�ðòíð ïðòëì ðòççç èòéè ðòççê

óÌ»®°·²»²» ïìòéí çí ðòðê�ðòíð ìòèí ðòçèè íòèë ðòççè

¬®¿²­ó óÑ½·³»²» ïéòìí çï ðòíð�ïòëð ïðòðî ðòççí ïðòðì ðòçèî

óÌ»®°·²»²» ïéòçí çï ðòíð�ïòëð êòïè ðòççé ëòéî ðòççð

ïóÑ½¬¿²±´ ïçòîè ëë ðòíð�ïòëð ïòëç ðòçèê ïòéë ðòçèé

óÌ»®°·²±´»²» îðòðï çí ðòðë�ðòîë ðòéí ðòçêï ðòéì ðòçèï

Ô·²¿´±±´ îïòëë çí ïòðð�ëòðð ìòêê ðòççë ìòéç ðòççð

Ò±²¿²¿´ îïòèî êé ðòïð�ðòëð ðòèë ðòççð ðòçï ðòçèé

Ý¿³°¸±® îìòîë çë ðòðê�ðòíð ïòçé ðòççð ïòèë ðòçèë

Ý·¬®±²»´´¿´ îìòèè éç ðòðê�ðòíð ëíòèç ðòççð ëëòðé ðòççð

ïóÌ»®°·²»²óìó±´ îéòìí éï ðòíð�ïòëð îòîí ðòçéç îòéé ðòçéí

óÌ»®°·²»±´ îçòðî ëç ðòêð�íòðð ëòïï ðòççï ëòéì ðòççì

Ü»½¿²¿´ íïòíè ìï ðòìð�îòðð ðòêî ðòççè ðòêç ðòççç

½·­óÝ¿®ª»±´ íîòðî ïðç ðòðê�ðòíð êòëì ðòçèï éòîè ðòçèé

´ó½¿®ª»±´ íîòëí çï ðòðê�ðòíð ïèòíë ðòççë îîòîð ðòççî

Ò»®±´ ííòêí çï ðòðê�ðòíð îòéî ðòççð îòèë ðòççï

óÝ·¬®±²»´´±´ íìòïî êé ðòððì�ðòðîð ðòðì ðòççð ðòðí ðòççî

Ý¿®ª±²» íëòðë ëì ðòîð�ïòðð ìòïë ðòççç ìòðï ðòççì

Ð»®·´´¿´¼»¸§¼» íçòðï éç ðòïð�ðòëð ïòêè ðòçèê ïòéç ðòçèï

Ù»®¿²·¿´ íçòëí ìï ðòîð�ïòðð îòëê ðòçèç îòïé ðòçèî

ïóÜ»½¿²±´ ìðòìî ìï ðòðè�ðòìð ðòîé ðòççì ðòíí ðòççç

îôìóÜ»½¿¼·»²¿´ ììòìï èï ðòðê�ðòíð ðòîè ðòççï ðòîê ðòçèé

óÌ»®°»²§´ ¿½»¬¿¬» ìéòìé çí ðòðê�ðòíð ðòîï ðòççï ðòîé ðòççé

Ý·¬®±²»´´§´ ¿½»¬¿¬» ìèòíî êé ðòðê�ðòíð ðòìë ðòççé ðòíé ðòçèé

Ò»®§´ ß½»¬¿¬» ìçòíé çí ðòðê�ðòíð ðòìð ðòççè ðòìï ðòççì

Ý¿³°¸»²» ëïòðï ìï ðòðê�ðòíð ðòéç ðòççí ðòëê ðòççç

óÝ¿®§±°¸§´´»²» ëîòìë çï ðòïð�ðòëð íòîï ðòççë íòðð ðòçèî

Ù»®¿²§´ ¿½»¬¿¬» ëîòéï ìï ðòðê�ðòíð ìðòîë ðòççï ííòéï ðòçèð

¿´´±óß®±³¿¼»²¼®»²» ëíòçð ïðë ðòïð�ðòëð ëòðï ðòççè ëòîì ðòççí

óÝ¿®§±°¸§´´»²» ëëòðí çí ðòïð�ðòëð ðòíê ðòççë ðòíí ðòççé

Ê¿´»²½»²» ëèòðî ïðë ðòðê�ðòíð ðòïè ðòççç ðòïè ðòççç

Ò±±¬µ¿¬±²» éëòçï ïìê ðòðê�ðòíð îìòçì ðòççï îîòìè ðòçèï
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Óò Ý»®¼?²óÝ¿´»®± »¬ ¿´ò ñ Öò Ý¸®±³¿¬±¹®ò ß ïîìï øîðïî÷ èì�çë çí

Ì¿¾´» ì

ß®±³¿ °®±�´» ±º º®»­¸ Ê¿´»²½·¿ Ô¿¬» ¶«·½» ¼»¬»®³·²»¼ ¾§ È½¿´·¾«®ÌÓ ¿²¼ ßÓÜ×Íò

Ò± Ý±³°±«²¼ Î¬ ø³·²÷ ×±² ³±¼»´ ø³ñ¦÷ ¿Î»´¿¬·ª» ½±²¬»²¬ ø³»¿²o ÍÜ÷

È½¿´·¾«®ÌÓ ßÓÜ×Í

ï ÆóíóØ»¨»²¿´ íòçê ìí ïòïð o ðòïï ðòçç o ðòðë

î Û¬¸§´ ¾«¬§®¿¬» ìòðé èè îòðì o ðòîð îòîç o ðòîì

í ÛóîóØ»¨»²¿´ ëòëê ìï ðòïï o ðòðï ðòïï o ðòðï

ì Ø»°¬¿²¿´ éòêí ìí ðòíð o ðòðë ðòíí o ðòðí

ë óÌ¸«¶»²» èòèí çï ðòëð o ðòðî ðòëì o ðòðì

ê óÐ·²»²» çòðç çï éêòëê o íòðì éçòîï o ðòìê

é Í¿¾·²»²» çòèç çí ðòìé o ðòðê ðòëð o ðòðë

è óÐ·²»²» ïïòëé çí èòíð o ðòèê èòêë o ïòðè

ç óÓ·®½»²» ïîòçë çí îêíòêî o íòëï îëèòîí o îêòìç

ïð óÚ»´´¿²¼®»²» ïíòëç çï ïíòéç o ïòëð çòíê o ïòïî

ïï Ñ½¬¿²¿´ ïíòéç êé íïòïç o ïòéî íîòíè o íòðè

ïî óíóÝ¿®»²» ïíòçê çï êòîé o ðòïë êòðé o ðòïí

ïí óÌ»®°·²»²» ïìòëð çí êòéë o ðòïï éòðè o ðòîê

ïì ¬®¿²­ó óÑ½·³»²» ïéòíí çï çòêê o ðòîð çòéé o ðòìð

ïë óÌ»®°·²»²» ïéòçî çï îìòëð o ðòîê îïòîì o ïòíï

ïê ïóÑ½¬¿²±´ ïçòîï ëë íéòçð o îòêç ìðòîë o ðòèí

ïé óÌ»®°·²±´»²» îðòðê çí êòïë o ðòéí êòìî o ðòêé

ïè êóÝ¿³°¸»²±²» îðòëí çí ïòéè o ðòîï ïòéè o ðòïì

ïç Ô·²¿´±±´ îïòëë çí îêðòëï o íòîì îëèòðë o éòðë

îð Ò±²¿²¿´ îïòéê êé éòìì o ðòîï éòëï o ðòíê

îï °óÓ»²¬¸¿óïôíôèó¬®·»²» îïòèç ïïç ðòèì o ðòðé ðòèê o ðòðì

îî ¬®¿²­ó°óÓ»²¬¸¿óîôèó¼·»²±´ îîòêë çï îòèî o ðòîð íòðï o ðòðè

îí ìóß½»¬§´óïó³»¬¸§´óïó½§½´±¸»¨»²» îíòëë çë ðòêç o ðòðë ðòéí o ðòðë

îì ½·­ó°óÓ»²¬¸¿óîôèó¼·»²±´ îíòèë çï ïòêç o ðòïí ïòêï o ðòðé

îë Û¬¸§´ íó¸§¼®±¨§¸»¨¿²±¿¬» îìòîð éé ðòìè o ðòðî ðòëï o ðòðï

îê Ý¿³°¸±® îìòîé çë ðòíé o ðòðí ðòíê o ðòðì

îé Ý·¬®±²»´´¿´ îìòêì éç ïòðï o ðòðè ïòðë o ðòðë

îè Û«½¿´§°¬±´ îìòèè çí ðòèç o ðòðì ðòèè o ðòðë

îç óÌ»®°·²»±´ îëòðê çï ïòíî o ðòðé ïòíî o ðòðë

íð ÆóÔ·³±²»²» ±¨·¼» îêòðí ïîí ïòðê o ðòïï ïòðé o ðòðç

íï ÛóÔ·³±²»²» ±¨·¼» îêòìê çï ïòîç o ðòðç ðòçð o ðòïð

íî ïóÌ»®°·²»²óìó±´ îéòìì éï êðòéè o ìòìí êíòéì o íòðï

íí Ò±²¿²±´ îéòêï ëë íòïé o ðòîî íòîé o ðòïí

íì Ì¸§³±´ îèòìè ïíë ðòîé o ðòðî ðòîé o ðòðí

íë óÌ»®°·²»±´ îèòéë ëç éòðç o ðòíî éòîê o ðòìé

íê ½·­óÝ¿®ª§´ ¿½»¬¿¬» îçòéí çï ïòìç o ðòîð ïòìè o ðòïî

íé Ü·¸§¼®±½¿®ª±²» íðòðì êé ïòîï o ðòðé ïòïê o ðòïê

íè Ü»½¿²¿´ íïòðì ìï îðòêé o ïòëè îïòêç o ïòîî

íç °óÓ»²¬¸óïó»²óçó¿´ íïòêð çì ðòéè o ðòðë ðòéï o ðòðé

ìð ½·­óÝ¿®ª»±´ íîòðï ïðç îòéì o ðòïî îòèê o ðòíê

ìï ´óÝ¿®ª»±´ íîòëì çï îòìð o ðòïï îòíì o ðòïí

ìî Ò»®±´ ííòìê çï éòëè o ðòìé éòîì o ðòëê

ìí óÝ·¬®±²»´´±´ íìòðì êé ïîòéè o ðòèé ïîòêë o ðòìë

ìì Ý¿®ª±²» íëòðí ëì ìòêê o ðòíí ìòïì o ðòíê

ìë Ò»®¿´ñ½·­óÝ·¬®¿´ íëòíì ïïç ìòïì o ðòïç ìòíé o ðòîë

ìê Ð·°»®·¬±²» íêòíç çë ðòïè o ðòðï ðòîî o ðòðî

ìé Ù»®¿²·±´ íéòêì çï ìòïê o ðòíî ìòðì o ðòïé

ìè Ô§²¿´§´ ¿½»¬¿¬» íéòçê çí ðòéë o ðòðí ðòéé o ðòðí

ìç Ð»®·´´¿´¼»¸§¼» íèòèê éç ìòëí o ðòíç ìòìï o ðòíï

ëð Ù»®¿²·¿´ íçòìî ìï éòìê o ðòìê éòëè o ðòìì

ëï ïóÜ»½¿²±´ ìðòðê ìï íòïð o ðòïè íòïï o ðòðè

ëî îôìóÜ»½¿¼·»²¿´ ììòíí èï ïòîê o ðòðç ïòíè o ðòðç

ëí óÍ»´·²»²» ìêòíí çë ïòïè o ðòïï ïòðè o ðòïð

ëì óÌ»®°»²§´ ¿½»¬¿¬» ìéòíî çí îòêî o ðòîë îòêì o ðòïè

ëë Ý·¬®±²»´´§´ ¿½»¬¿¬» ìèòîî êé îòðè o ðòðë îòïé o ðòðç

ëê óÝ±°¿»²» ìçòðí ïðë ïíòîï o ðòç ïíòéï o ðòèé

ëé Ò»®§´ ¿½»¬¿¬» ìçòîî çí ïòèï o ðòðë ïòèï o ðòïî

ëè óÝ«¾»¾»²» ëðòìð ïðë çòêí o ðòïï çòìê o ðòêí

ëç óÛ´»³»²» ëðòêí çí ëòíé o ðòëð ëòîê o ðòíð

êð Ý¿³°¸»²» ëðòèê ìï ðòìç o ðòðì ðòìë o ðòðì

êï ×­±´±²¹·º±´»²» ëïòíê éç ðòïç o ðòðî ðòîð o ðòðî

êî óÝ¿®§±°¸§´´»²» ëîòìë çï êòêë o ðòïï êòìï o ðòïê

êí Ù»®¿²§´ ¿½»¬¿¬» ëîòêî ìï íòîë o ðòïç íòðë o ðòïì

êì Ô±²¹·º±´»²»óøÊì÷ ëíòïè ïðë èòëì o ðòîç èòêè o ðòïí

êë ¿´´±óß®±³¿¼»²¼®»²» ëìòðç ïðë ðòîî o ðòðî ðòîí o ðòðî

êê °óÓ»²¬¸óïó»²óçó±´ ëìòíç çï ðòéî o ðòðê ðòéì o ðòðì

êé óÝ¿®§±°¸§´´»²» ëìòèè çí íòìé o ðòïë íòìí o ðòðç

êè ß®±³¿¼»²¼®»²» ëëòéè çï ïòëé o ðòïî ïòéè o ðòîî

êç øÆ÷ó óÙ«¿·»²» ëêòïï ïîð îòíè o ðòïì îòìé o ðòïí

éð óÍ»´·²»²» ëêòìè ïðé ðòçê o ðòðï ðòçë o ðòðç

éï Ê·®·¼·�±®»²» ëêòéï ïíí ðòëè o ðòðì ðòëè o ðòðí

éî Ù»®³¿½®»²»óÜ ëêòçí ïðë éòçì o ðòíè èòíç o ðòîé

éí Ê¿´»²½»²» ëéòéè ïðë ïðïòèé o íòéë ïðíòðê o ìòíì

éì §óÛ´»³»²» ëèòðî çí ïòëç o ðòïð ïòêí o ðòïì

éë óÓ««®±´»²» ëèòëì ïðë ìòëì o ðòîê ìòêí o ðòïí

éê óÙ«¿·»²» ëèòéç ïðé ðòîì o ðòðî ðòîí o ðòðï

éé Í»´·²¿óíôéøïï÷ó¼·»²» ëçòíç ïðë ìòëè o ðòîç ìòëì o ðòïî

éè óÚ¿®²»­»²» ëçòêï çï íòîð o ðòïì íòíí o ðòðì

éç Ý¿¼·²»²» êðòðè ïïç ïçòëç o ïòéì ïçòçê o ïòëï

èð Ù»®³¿½®»²»óÞ êðòîì ìï ðòìç o ðòðï ðòìç o ðòðì

èï Ý¿®§±°¸§´´»²» ±¨·¼¿¼» êíòìï éç ðòêï o ðòðî ðòêï o ðòðî

èî óÙ«¿·»²» êéòïç ïðë ðòíí o ðòðï ðòíî o ðòðî

èí óÍ·²»²­¿´ éðòêç çï çòðç o ðòðç çòìè o ðòèé

èì óÍ·²»²­¿´ éíòéí çï ïòîç o ðòïí ïòíì o ðòïë

èë Ò±±¬µ¿¬±²» éëòèï ïìê ïòìè o ðòïî ïòìì o ðòïî

¿ Ê¿´«»­ ¿®» ¬¸» ¿ª»®¿¹» ±º ¬¸®»» ®»°´·½¿¬»­ò
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çì Óò Ý»®¼?²óÝ¿´»®± »¬ ¿´ò ñ Öò Ý¸®±³¿¬±¹®ò ß ïîìï øîðïî÷ èì�çë

Ú·¹ò ìò Ì×Ý °®±�´»­ º®±³ ¬¸» ÙÝ�ÓÍ ¿²¿´§­·­ ±º ª±´¿¬·´»­ øß÷ ¿²¼ ÌÓÍ ¼»®·ª¿¬·ª»­ ±º ­«¹¿®­ô ¿½·¼­ ¿²¼ ¿³·²±¿½·¼­ øÞ÷ ·² Ê¿´»²½·¿ Ô¿¬» ¶«·½»ò

¸¿­ ¬± ¾» ¹®»¿¬»® ¾§ º¿® ¬¸¿² ¬¸¿¬ ¿¼¼»¼ øêð Ô ±º ¿ ³»¬¸¿²±´·½
­±´«¬·±² ±º ðòèì ¹ñÔ÷ ¬± ê³Ô ±º ¼»ó¿®±³¿¬·­»¼ ¶«·½» øÍ»½¬·±² îòë÷ô
­·²½» ¬¸» ½·¬®«­ ¶«·½»­ ½±²¬¿·² °«´° ©¸·½¸ ­»¯«»­¬®¿¬»­ ³±­¬ ±º ¬¸»
·²¬»®²¿´ ­¬¿²¼¿®¼ò ß­­«³·²¹ ¬¸«­ ¬¸¿¬ ¬¸» ®»´¿¬·ª» ®»­°±²­» º¿½ó

¬±® ·­ ¬¸» ­¿³» º±® ¿´´ ¬¸» ª±´¿¬·´»­ ¿²¼ »¯«¿´ ¬± «²·¬§ô ¬¸» ®»´¿¬·ª»
¯«¿²¬·�½¿¬·±² ±º ª±´¿¬·´»­ ©¿­ ¼±²» ¿½½±®¼·²¹ ¬± ¬¸» º±®³«´¿

É¨ ã ïðð
ß¨

ß·­

©¸»®» ¬¸» ³«´¬·°´§·²¹ º¿½¬±® ïðð ¸¿­ ¾»»² ·²½´«¼»¼ »¨½´«­·ª»´§ ¬±
±¾¬¿·² ³±®» »¿­§ó¬±ó«­» ²«³¾»®­ò

íòëò ÙÝ�ÓÍ ¿²¿´§­·­ ¿²¼ ½±³°±«²¼­ ¼»¬»®³·²¿¬·±² ±º ±®¿²¹»

¶«·½» ­¿³°´»­

Ú·¹ò ìß ¿²¼ Þ ­¸±© ¬¸» Ì×Ý °®±�´»­ º®±³ ¬¸» ÙÝ�ÓÍ ¿²¿´§ó

­·­ ±º ª±´¿¬·´»­ ¿²¼ ÌÓÍ ¼»®·ª¿¬·ª»­ ±º ­«¹¿®­ô ±®¹¿²·½ ¿½·¼­ ¿²¼
¿³·²±¿½·¼­ ·² Ê¿´»²½·¿ Ô¿¬» ¶«·½»ô ®»­°»½¬·ª»´§ò Þ±¬¸ ®¿© ÙÝ�ÓÍ

Ì¿¾´» ë

Ð±´¿® ³»¬¿¾±´·¬»­ ·² º®»­¸ Ê¿´»²½·¿ Ô¿¬» ¶«·½» ¿­ ¼»¬»®³·²»¼ ¾§ È½¿´·¾«®ÌÓ ¿²¼ ßÓÜ×Íò

Ò± ¾Ý±³°±«²¼ Î¬ ø³·²÷ ×±² ³±¼»´ ø³ñ¦÷ ¿¹ñÔ ø³»¿²o ÍÜ÷

È½¿´·¾«®ÌÓ ßÓÜ×Í

ï ¼óß´¿²·²» øÌÓÍ÷î çòëî ïïê ðòðèéí o ðòððìð ðòðèêë o ðòððéê

î ´óÊ¿´·²» øÌÓÍ÷ î ïíòêî ïìì ðòðïðè o ðòðððè ðòðïïì o ðòððïé

í ´óÔ»«½·²» øÌÓÍ÷î ïëòêî ïëè ðòððëë o ðòðððì ðòðððë o ðòðððï

ì ´óÐ®±´·²» øÌÓÍ÷î ïêòíï ïìî ïòêìëè o ðòïëîè ïòêëíì o ðòïèðî

ë ´ó×­±´»«½·²» øÌÓÍ÷î ïêòíê ïëè ðòððêë o ðòðððì ðòððêè o ðòðððî

ê Ù´§½·²» øÌÓÍ÷í ïêòéð ïéì ðòððçí o ðòðððí ðòððçí o ðòðððç

é ´óÍ»®·²» øÌÓÍ÷í ïèòéç îðì ðòïðìê o ðòððïë ðòïðéè o ðòðïîì

è ´óÌ¸®»±²·²» øÌÓÍ÷í ïçòêé ïðï ðòððçè o ðòðððë ðòðïðï o ðòððïð

ç Ó¿´·½ ¿½·¼ øÌÓÍ÷í îîòèç îìë îòëíîë o ðòîðçð îòëçëé o ðòðëíé

ïð ´óß­°¿®¬·½ ¿½·¼ øÌÓÍ÷í îíòèð îíî ðòðéíê o ðòððçè ðòðéëë o ðòððèé

ïï ´óÐ¸»²§´¿´¿²·²» øÌÓÍ÷î îêòëï îïè ðòðïéé o ðòððîî ðòðïéê o ðòððîí

ïî ¼óÙ´«¬¿³·½ ¿½·¼ øÌÓÍ÷í îêòêì îìê ðòðêìé o ðòððìì ðòðêîï o ðòððïð

ïí ´óß­°¿®®¿¹·²» øÌÓÍ÷í îèòðê ïèè ðòíêïì o ðòðìíé ðòíëíé o ðòðìéè

ïì Ð«¬®»­½·²» øÌÓÍ÷ì îçòêð ïéì ðòðêçð o ðòððèç ðòðêçè o ðòððèè

ïë Ý·¬®·½ ¿½·¼ øÌÓÍ÷ì íîòîê îéí ïîòïðîí o ðòðéîî ïîòîîëí o ïòïïíî

ïê Ï«·²·½ ¿½·¼ øÌÓÍ÷ë ííòìê íìë ðòïëïï o ðòððíì ðòïìèé o ðòððëé

ïé ½Ú®«½¬±­» øÌÓÍ÷ë ííòçîñíìòïè íðé ïìòêîðð o ðòíðéì ïìòïíîð o îòðçêï

ïè ½Ù´«½±­» øÌÓÍ÷ë íìòëîñíìòçí íïç ïîòëîðî o ðòèïïç ïîòêçðê o ïòìðéí

ïç Í½§´´±ó·²±­·¬±´ øÌÓÍ÷ê íëòëì íïè ðòéíðð o ðòðïéç ðòéííé o ðòððëð

îð Ó§±ó·²±­·¬±´ øÌÓÍ÷ê íèòèè íðë ðòéëéð o ðòðíìî ðòéëíç o ðòðçðë

îï Í«½®±­» øÌÓÍ÷è ëðòìé íêï éíòïðîì o ïòëëìç éîòèçìç o éòïëìê

îî Î¿º�²±­» øÌÓÍ÷ïï êîòçï íêï ðòîêîí o ðòðíëì ðòîëçï o ðòðíëì

¿ Ê¿´«»­ ¿®» ¬¸» ¿ª»®¿¹» ±º ¬¸®»» ®»°´·½¿¬»­ò
¾ ÌÓÍô ¬®·³»¬¸§´­·´§´ò
½ Ú®«½¬±­» ¿²¼ ¹´«½±­» ¿°°»¿®­ ¿­ ¬©± °»¿µ­ ½±®®»­°±²¼·²¹ ¬± ¬¸» ó ¿²¼ ó·­±³»®­ò
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Óò Ý»®¼?²óÝ¿´»®± »¬ ¿´ò ñ Öò Ý¸®±³¿¬±¹®ò ß ïîìï øîðïî÷ èì�çë çë

¼¿¬¿ �´»­ ©»®» ¿«¬±³¿¬·½¿´´§ °®±½»­­»¼ ¾§ «­·²¹ ßÓÜ×Íô ©¸·½¸
±°»®¿¬»¼ «²¼»® ¿´´ ¬¸» ±°¬·³·¦»¼ ­»¬¬·²¹­ ¼»­½®·¾»¼ °®»ª·±«­´§ô ¿­
©»´´ ¿­ ³¿²«¿´´§ ¾§ «­·²¹ È½¿´·¾«®ÌÓò ß­ ·¬ ©¿­ ·²¼·½¿¬»¼ °®»ó
ª·±«­´§ô ¿¬ ¬¸» ¬±° ±º ¬¸» ½¸®±³¿¬±¹®¿³­ ¬¸» �½±³°±²»²¬­� ¿®»
³¿®µ»¼ ©·¬¸ ¼±©² ¬®·¿²¹´»­ ©¸·´­¬ ¬¸» ·¼»²¬·�»¼ ½±³°±«²¼­ ø¬¿®ó
¹»¬­÷ ¿®» ³¿®µ»¼ ©·¬¸ ¬¸» ­§³¾±´ �Ì�ò
Ú®±³ ¿ ­·²¹´» ÙÝ�ÓÍ ®«² ±º ª±´¿¬·´»­ô ßÓÜ×Í ©¿­ ¿¾´» ¬± ¿«¬±ó

³¿¬·½¿´´§ ·¼»²¬·º§ ¿²¼ ¯«¿²¬·º§ èë ª±´¿¬·´»­ øèé ¬¿®¹»¬­ ¬¿µ·²¹ ·²¬±

¿½½±«²¬ ¬¸» ·²¬»®²¿´ ­¬¿²¼¿®¼ °´«­ ´·³±²»²»ô ©¸·½¸ ·­ ¿´©¿§­
°®»­»²¬ ¿¬ ­¿¬«®¿¬·±² ´»ª»´ ·² ±®¿²¹»¿²¼³¿²¼¿®·² ¶«·½»­÷ô ¬¸» ­¿³»
®»­«´¬­ ¬¸¿¬ ©»®» ±¾¬¿·²»¼ ³¿²«¿´´§ ¾§ «­·²¹ È½¿´·¾«®ÌÓò Ì¿¾´» ì
­¸±©­ ¬¸» ª±´¿¬·´»­ ·¼»²¬·�»¼ ·² Ê¿´»²½·¿ Ô¿¬» ¶«·½»ô ¬¸»·® ®»¬»²¬·±²

¬·³»ô ·±² ³±¼»´ô ¿²¼ ®»´¿¬·ª» ½±²½»²¬®¿¬·±² ¼»¬»®³·²»¼ ¾§ «­·²¹
È½¿´·¾«®ÌÓ ¿²¼ßÓÜ×Íòß­»¨°»½¬»¼ô ¾±¬¸ ¿²¿´§­»­ ¹¿ª»ª»®§ ­·³·´¿®
®»­«´¬­ò
Í·³·´¿®´§ ¿²¼ º®±³ ¿ ­·²¹´» ÙÝ�ÓÍ ®«² ±º ¬¸» ÌÓÍ ¼»®·ª¿¬·ª»­ô

ßÓÜ×Í ©¿­ ¿¾´» ¬± ¿«¬±³¿¬·½¿´´§ ·¼»²¬·º§ ¿²¼ ¯«¿²¬·º§ îî ÌÓÍ

¼»®·ª¿¬·ª»­ øîë ¬¿®¹»¬­ ¬¿µ·²¹ ·²¬± ¿½½±«²¬ ¬¸» ·²¬»®²¿´ ­¬¿²¼¿®¼
¿²¼ ¬¸¿¬ ¬¸» ó ¿²¼ ó·­±³»®­ ±º ¹´«½±­» ¿²¼ º®«½¬±­» »´«¬» ¿­ ­»°ó
¿®¿¬»¼ °»¿µ­÷ô ¬¸» ­¿³» ®»­«´¬­ ¬¸¿¬ ©»®» ±¾¬¿·²»¼ ³¿²«¿´´§ ¾§
«­·²¹ È½¿´·¾«®ÌÓò Ì¿¾´» ë ­¸±©­ ¬¸» ÌÓÍ ¼»®·ª¿¬·ª»­ ·¼»²¬·�»¼ ·²

Ê¿´»²½·¿ Ô¿¬» ¶«·½»ô ¬¸»·® ®»¬»²¬·±² ¬·³»ô ·±² ³±¼»´ô ¿²¼ ¿¾­±´«¬»
½±²½»²¬®¿¬·±² ¼»¬»®³·²»¼ ¾§ «­·²¹ È½¿´·¾«®ÌÓ ¿²¼ ßÓÜ×Íò

ìò Ý±²½´«­·±²­

Ì¸·­ ©±®µ ·²¼·½¿¬»­ ¬¸¿¬ º®±³ ¿ ©»´´ ¿½¯«·®»¼ ®¿© ÙÝ�ÓÍ ¼¿¬¿
�´» ¿²¼ °®±ª·¼»¼ ¬¸¿¬ ¬¸» ¼»½±²ª±´«¬·±² ­»¬¬·²¹­ ¿®» ±°¬·³·¦»¼ô
ßÓÜ×Í ·­ ¿¾´» ¬± ¿«¬±³¿¬·½¿´´§ °®±ª·¼» º¿­¬ ¿²¼ ¿½½«®¿¬» ®»­«´¬­
º±® ¾±¬¸ ¬¸» ·¼»²¬·�½¿¬·±² ¿²¼ ¯«¿²¬·�½¿¬·±² ±º ¬¸» ½±³°±«²¼­

°®»­»²¬ ·² ½±³°´»¨ ³¿¬®·½»­ò Ø±©»ª»®ô ·º ¬¸» ­¿³°´·²¹ ®¿¬» ±º ¬¸»
ÓÍ ·­ ²±¬ ¿¼»¯«¿¬» º±® ¬¸» ©·¼¬¸ ±º ¬¸» ½¸®±³¿¬±¹®¿°¸·½ °»¿µ­ô
±® ¬¸» ³¿·² ¼»½±²ª±´«¬·±² ­»¬¬·²¹­ ±º ßÓÜ×Í ¿®» ²±¬ ±°¬·³·¦»¼
º±® ¬¸» °¿®¬·½«´¿® ­¿³°´» ¿­­¿§»¼ô ³±­¬ °®±¾¿¾´§ ¬¸»®» ©±«´¼ ¾» ¿
²±¬·½»¿¾´» °®±¾¿¾·´·¬§ ¬± ±¾¬¿·² º¿´­» ·¼»²¬·�½¿¬·±²­ ¿²¼ »®®±²»±«­
¯«¿²¬·�½¿¬·±²­ò
Ì¸» ±°¬·³·¦¿¬·±² ±º ¬¸» ßÓÜ×Í ¼»½±²ª±´«¬·±² ­»¬¬·²¹­ ·­ ½»®ó

¬¿·²´§ ¬»¼·±«­ ¿²¼ ¬·³» ½±²­«³·²¹ ­·²½» ¬¸» ®»­«´¬­ ±¾¬¿·²»¼ ¾§
ßÓÜ×Íô ¿º¬»® »¿½¸ ±°¬·³·¦¿¬·±² ­¬»°ô ³«­¬ ¾» ½±³°¿®»¼©·¬¸ ¬¸±­»

±¾¬¿·²»¼ ³¿²«¿´´§ò Ì¸»®»º±®»ô º±® ¼¿¬¿ °®±½»­­·²¹ ±º ±²´§ ±²»
®¿© ÙÝ�ÓÍ ¼¿¬¿ �´» º®±³ ¿ ­·²¹´» ­¿³°´»ô ·¬ ­»»³­ ²±¬ ¿ ¹±±¼
·¼»¿ ¬¸» «­» ±º ßÓÜ×Í º±® ¿«¬±³¿¬·½ ·¼»²¬·�½¿¬·±² ¿²¼ ¯«¿²¬·�ó
½¿¬·±² ±º ·¬­ ½±³°±«²¼­ò Ø±©»ª»®ô ·º ¿ ­»¬ ±º ®¿© ÙÝ�ÓÍ ¼¿¬¿ �´»­

º®±³ ­·³·´¿® ­¿³°´»­ ¿®» ¬± ¾» °®±½»­­»¼ô ¬¸» °®»ª·±«­ ½«­¬±³·¦¿ó
¬·±² ±º ßÓÜ×Í ½±«´¼ ¾» ¿ ª»®§ ¹®»¿¬ ¿¼ª¿²¬¿¹»ò Ñ²» ³«­¬ ¬¿µ»²
·²¬± ¿½½±«²¬ ¬¸¿¬ ¬¸» ³¿²«¿´ °®±½»­­·²¹ ±º ¼¿¬¿ ·­ ª»®§ ¬»¼·±«­ô
°®±²» ¬± »®®±®­ º®±³ ¬¸» ¿²¿´§­¬ ¿²¼ ª»®§ ¬·³» ½±²­«³·²¹ô º®±³

­»ª»®¿´ ¸±«®­ ¬± ­»ª»®¿´ ¼¿§­ô ©¸·´­¬ ßÓÜ×Í ¿«¬±³¿¬·½¿´´§ °»®ó
º±®³­ ¬¸» ©¸±´» ¼¿¬¿ °®±½»­­·²¹ ¿²¼ ¹·ª»­ ¬¸» ®»­«´¬­ ·² ±²´§ ¿
º»©³·²«¬»­ò

ß½µ²±©´»¼¹»³»²¬­

Ì¸·­ ®»­»¿®½¸ ©¿­ ­«°°±®¬»¼ ¾§ ¬¸» Ó·²·­¬»®·± ¼» Ý·»²½·¿ »
×²²±ª¿½·-² øÍ°¿·²÷ô °®±¶»½¬ ßÙÔîððçóïïèðëò ß«¬¸±®­ ¿½µ²±©´»¼¹»

¬¸» �²¿²½·¿´ ­«°°±®¬ º±® ¬¸» ½±²¬®¿½¬­ ±º Ûò Í»²¬¿²¼®»« øÖßÛ¼±½
Ð®±¹®¿³ô ÝÍ×ÝóÚÛÜÛÎ º«²¼­÷ ¿²¼ Óò Ý»®¼?²óÝ¿´»®± øÖßÛó°®»¼±½
°®±¹®¿³ô ÝÍ×ÝóÚÛÜÛÎ º«²¼­÷ò Ì¸» ¿«¬¸±®­ ¿®» ¹®¿¬»º«´ ¬± Ð®±ºò Ö±¸²
Óò Ø¿´µ»¬ô Ü®ò Ð¿«´ Üò Ú®¿­»® ¿²¼ Ð®±ºò Ð»¬»® Óò Þ®¿³´»§ º±® ·²·ó

¬·¿´ ßÓÜ×Í º¿³·´·¿®·¦¿¬·±² ¿²¼ ¬± Ð®±ºò Ö±­7 Ôò Ò¿ª¿®®± º±® ÙÝ�ÓÍ
¬»½¸²·½¿´ ¿­­·­¬¿²½»ò

Î»º»®»²½»­

ÅïÃ ÖòÓò Ø¿´µ»¬ô ßò Ð®¦§¾±®±©­µ¿ô ÍòÛò Í¬»·²ô ÉòÙò Ó¿´´¿®¼ô Íò Ü±©²ô Îòßò Ý¸¿´³»®ô
Î¿°·¼ Ý±³³«²ò Ó¿­­ Í°»½¬®±³ò ïí øïççç÷ îéçò

ÅîÃ ÞòÒò Ý±´¾§ô Öò ß³ò Í±½ò Ó¿­­ Í°»½¬®±³ò í øïççî÷ ëëèò
ÅíÃ Íò Í¬»·²ô Öò ß³ò Í±½ò Ó¿­­ Í°»½¬®±³ò ïð øïççç÷ ééðò
ÅìÃ Íò Ô»»ô ØòÕò Ý¸±·ô ÍòÕò Ý¸±ô ÇòÍò Õ·³ô Öò Ý¸®±³¿¬±¹®ò Þ èéè øîðïð÷ îçèíò
ÅëÃ ¸¬¬°æññ½¸»³¼¿¬¿ò²·­¬ò¹±ªñ³¿­­ó­°½ñ¿³¼·­ò
ÅêÃ ÓòÎò Ó»§»®ô ÚòÌò Ð»¬»®­ô ØòØò Ó¿«®»®ô Ý´·²ò Ý¸»³ò ëê øîðïð÷ ëéëò
ÅéÃ ÓòÎòÓ»§»®ô ÖòÉ·´¸»´³ô ÚòÌò Ð»¬»®­ôØòØòÓ¿«®»®ô ß²¿´òÞ·±¿²¿´ò Ý¸»³ò íçé øîðïð÷
ïîîëò

ÅèÃ Íò Ü¿¹¿²ô Öò Ý¸®±³¿¬±¹®ò ß èêè øîððð÷ îîçò
ÅçÃ Êò Ú«®¬«´¿ô Ùò Ü»®µ­»²ô Öò Û²ª·®±²ò Í½·ò Ø»¿´¬¸ô Ð¿®¬ Þ ìï øîððê÷ ïîëçò
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a b s t r a c t

Low pulp Valencia Late orange juice was obtained by high-pressure homogenization (HPH) at 150 MPa
as an alternative to thermal pasteurization processes. Colour and cloudiness were improved through
a soft pre-homogenization at 20 MPa applied before centrifugation. Initially and until 0.5 months of
refrigerated storage, it was not distinguishable from the fresh juice and was more acceptable than its
counterpart pasteurized at 85 �C for 15 s. At 1.5 months onwards of storage (till 3.5 months), accept-
ability, colour and transmittance of both juices became similar. Moreover, the effects of processing
and storage on the aroma profile of juices were evaluated by Gas Chromatography coupled to Mass
Spectrometry (GCeMS) analysis with an automated data processing performed by the Automated Mass
Spectral Deconvolution and Identification System (AMDIS). There were determined a total of 88 volatiles,
following the evolution of 32 aroma descriptors. Compared with the pasteurized sample, the aroma
profile of the double homogenized juice was initially closer to fresh juice and presented lower
concentrations in off flavour compounds during storage.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Commercial pasteurized chilled citrus juices are usually obtained
by mechanical extraction of the whole fruit, removal of membrane
debris and coarse pulp and thermal pasteurization at 90e92 �C for
30e60 s. Since pectinmethylesterase (PME) activity of citrus juices,
responsible of their clarification, is by farmore thermoresistant than
the spoilage microorganisms, these strong pasteurization condi-
tions are needed to reduce PME activity until a residual level
compatible with refrigerated storage. As a consequence of thermal
pasteurization, a decrease of “freshness” and sensory quality of juice
is inevitable, appearing a perceptible “cooked” smell and taste
(Berry & Veldhuis, 1997) promoted by the apparition of off flavour
compounds.

A way to avoid this loss of freshness is the use of non-thermal
processes such as pulsed electric fields (Sentandreu, Carbonell,
Rodrigo, & Carbonell, 2006; Walkling-Ribeiro, Noci, Cronin, Lyng,
& Morgan, 2009) or high hydrostatic (Katsaros, Tsevdou,
Panagiotou, & Taoukis, 2010) and dynamic pressures (high-pres-
sure homogenization, HPH, Donsi, Ferrari, & Maresca, 2010). All

these processes minimally affect sensory quality of juices and
seem to be effective for their microbial inactivation, but their
effectiveness on the reduction of PME activity is reasonably low.
Welti-Chanes, Ochoa-Velasco, and Guerrero-Beltrán (2009) ach-
ieved a decrease of only 50% in PME activity after a single pass
through an HPH system working at 250 MPa meanwhile Lacroix,
Fliss, and Makhlouf (2005) reported a decrease of only 20% after
three passes through a homogenizer working at 170MPa. Similarly,
Katsaros et al. (2010) achieved a maximum inactivation of 85%
in Valencia Late orange juice but under severe static pressure
conditions (350 MPa at 35 �C for 2 min).

In a high-pressure homogenizer, suspended particles of juice
suffer breakdowns caused by shear forces, impacts and sudden
pressure drop. Part of the liberated energy in the homogenizer is
consumed to break droplets and solids meanwhile the remaining
energy is converted into friction heat, increasing the temperature of
the sample. In this line, Belloch, Gurrea, Tárrega, Sampedro, and
Carbonell (2012) described how in Valencia Late orange juice, the
combined effect of pressure and temperature generated during the
HPH treatment achievedan inactivation level higher than5 log cycles
in Listeria innocua (working at 110 MPa and 48 �C during 2 s) and in
Lactobacillus plantarum (working at 150 MPa and 56 �C for 20 s).

Homogenization at 150 MPa increases up to 60e65 �C the
temperature of a juice fed to the system at 22e28 �C. A temperature
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of 60 �C (held for 15 s) produced enough microbial inactivation in
short life chilled juices (Torres, Bayarri, Sampedro, Martinez, &
Carbonell, 2008) without thermal damage, since as pointed out
by Sentandreu, Carbonell, Carbonell, and Izquierdo (2005) juices
treated at temperatures below 70 �C did not differ in sensory
acceptability from the original fresh juice. Nevertheless, heating at
60e65 �C does not induce efficient PME inactivation. Torres et al.
(2008) reported that a treatment at 60 �C for 15 s reduced PME
activity of a clementine juice around 50% of its initial value, far away
the recommended 90% for short life chilled citrus juices (Irwe &
Olson, 1994).

But there is an alternative way to reduce PME activity in citrus
juices that consists in reducing the pulp content by centrifugation,
since PME is cell-wall enzymes associated with pulp (Rouse, 1953).
The pulp content reduction caused by centrifugation can lead to
juices with less colour and cloudiness, a problem that can be easily
avoided by converting part of the suspended pulp into coloidal
pulp. This conversion decreases the particle size of pulp and can be
achieved through a soft homogenization of the whole juice before
centrifugation.

Evidently, technological processes aiming to stabilize orange
juices can significantly modify their chemical composition, mainly
for heat sensitive compounds and/or those directly linked to the
pulp of juices such as volatile constituents. Compositional modifi-
cations affect flavour characteristics of the resultant products,
having a key role in their acceptability by consumers. However,
orange juice has a very complex aroma profile needing the use of
high-throughput methodologies of analysis for its study, having
Gas Chromatography coupled to Mass Spectrometry (GCeMS) as
the traditional election of choice. But in addition to the intricate
aroma composition of juices, the high sensitivity of GCeMS systems
generates an immense quantity of experimental data that needs to
be appropriately processed, with the subsequent consumption of
time. To overcome this problem, bioinformatics can help analysts in
their task of performing an accurate processing of such quantity of
raw data. Ideally, analytical programs should be cheap, easy to use,
versatile, fast and able to deconvolute overlapped chromatographic
peaks, thus providing reliable qualitative and quantitative results.
Currently, the National Institute of Standards and Technology-
Automated Mass Spectral Deconvolution and Identification
System (NIST-AMDIS) satisfies all these requirements.

Recently, Cerdán-Calero, Sendra, and Sentandreu (2012)
demonstrated the utility of AMDIS to determine the aroma profile
of freshly squeezed Valencia Late orange juice through Head Space
Solid-Phase Microextraction (HS-SPME) and GCeMS analysis.
Authors clearly remarked that the reliability of the automated
analysis performed by AMDIS strongly depends on the optimiza-
tion of different settings and conditions of analysis (belonging to
AMDIS and the considered platform of analysis). Moreover, it was
also concluded that although AMDIS was a very reliable system of
analysis, the requested optimization as well as the generation of the
customized in-house libraries needed to perform an automated and
reliable data processing was tedious, only recommending AMDIS
for bulky data analysis.

This research aims to study the residual PME activity, cloudi-
ness, colour, acceptability and aroma composition of a chilled
orange juice pre-homogenized at 20 MPa, partially depulped by
centrifugation and homogenized at 150 MPa (with an outlet
temperature of 65 �C for 15 s). Flavour and physicochemical prop-
erties of this juice were evaluated during its refrigerated storage
taking as reference two partially depulped juices, one treated in
a similar way but without pre-homogenization and the other one
pasteurised in a heat exchanger at 85 �C for 15 s. Additionally,
reliability of AMDIS to performmultiple data processing was tested,
determining the aroma profiles of the assayed juices.

2. Material and methods

2.1. Sample preparation

Valencia Late orange (Citrus sinesnsis L. Osb.) fruits were har-
vested in June 2010 from an orchard located in Lliria (Valencia,
Spain). Fruits (400 kg) were washed by immersion in tap water,
drained, sized and squeezed in an industrial extractor with finger
cups (Exzel, Luzzysa; El Puig, Valencia, Spain). Raw juice (180 L) was
sieved in a paddle finisher (Ø 0.4 mm, Luzzysa) giving sample A as
shown in Fig. 1 (scheme of operations to obtain the different juices
studied). To prepare samples E and F, part of raw juice (100 L) was
pre-homogenized with a MantoneGaulin homogenizer (model
15M8TBA) working at 20 MPa, meanwhile the remaining juice (to
prepare sample D) was not. Low pulp juices (LPJs, samples B and C)
were obtained using aWestfalia centrifuge (model SAOH 205) fed at
60 L/h, finally blending 75% of centrifuged with 25% of non-
centrifuged juice. Sample F was from the pasteurization of sample
C using a plate heat-exchanger (model Junior, APV Ibérica S. A.,
Madrid) fed at 1 L/min inwhere the juicewas heated at 85 �C for 15 s
andfinallycooledat 7 �C for 10 s. By theirhand, samplesD andEwere
from the homogenization at 150MPa of samples B andC respectively
using a GEA Niro-Soavi homogenizer, model NS3015 H with 420 mL
of residence volume (GEA Niro Soavi S.p.A. Via da Erba Edoari 29,
Parma, Italy). The homogenizer was fed at 100 L/h at 28 �C, reaching
an outlet temperature of 65 �C for 15 s during theHPH treatment and
finally cooling the juice at 7 �C in the cooling section of the system.
Samples D, E and F were aseptically packed in 946mL glass jars with
twist-off cups that were previously sterilized with fluent steam.
Delay between extraction and packaging of juices was about 40 min
at room temperature (20 �C). Finally, sampleswere stored at 3 �C and
analysed after 0, 0.5, 1.5, 2.5 and 3.5 months of storage.

2.2. Reagents and standards

HPLC gradient grade methanol was from Scharlab (Scharlab S. L.,
Barcelona, Spain). Analytical grade ethyl nonanoate standard was
from Sigma (SigmaeAldrich Co., St. Louis, MO, USA).

2.3. �Brix, acidity and pH

Total soluble solids were measured as �Brix with a digital
refractometer (Pal-1; Atago Co., Ltd., Tokyo, Japan). Total acidity

Fig. 1. Diagram of treatments applied to obtain the different Valencia Late orange
juices (see Table 1 for nomenclature).
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was assessed by titration with 0.1 N NaOH and expressed as
percentage of citric acid meanwhile pH was determined by
potentiometric measurement using a Crison GLP 21 pH-meter
(Crison Inst. S. A., Barcelona, Spain).

Samples were analysed in triplicate.

2.4. Suspended pulp and cloudiness

A graduated centrifuge tube with a conical bottom was filled
with 10 mL of juice, then centrifuged at 370 g for 10 min at 22 �C
and finally the pulp volume was read. The supernatants were
collected, and their transmittance was analysed for cloudiness at
650 nm (Cheng, 2002) in a UV/visible spectrophotometer (Ultro-
spec 3300 pro; Amersham Bioscience, Piscataway, NJ, USA).

Samples were analysed in triplicate.

2.5. PME activity

It was determined according to Carbonell, Contreras, Carbonell,
and Navarro (2006) using a modification of the traditional

procedure based on titration of carboxylic groups generated by
PME activity during the hydrolysis of a commercial pectin solution
(Rouse & Atkins, 1955).

Samples were analysed in triplicate.

Fig. 2. CIELab* colour parameters of the Valencia Late orange juices (see Table 1 for
nomenclature).

Fig. 3. Evolution of cloudiness of low pulp Valencia Late orange juices during the
storage time (see Table 1 for nomenclature): sample D (-), sample E (C) and sample F
(;). Error bars correspond to standard deviations of three replicates.

Table 1
Valuesa of suspended pulp, transmittance, PME activity, mean volume diameter and total colour differences of juices assayed (see Fig. 1).

Product Suspended pulpc Transmittanced PME activitye D[4,3], mm Total colour differenceb (DE*)

Fresh juice (A) 12.0 � 0.5 15.43 � 0.12 1.720 � 0.125 478.46 � 33.77 e

Fresh low pulp juice from non-homogenized juice (B) 4.0 � 0.3 13.41 � 0.15 0.412 � 0.039 e 25.82 � 0.45
Fresh low pulp juice from pre-homogenized juice (C) 4.5 � 0.3 9.48 � 0.25 0.396 � 0.031 e 7.89 � 0.69
Sample B homogenized at 150 MPa (D) 3.5 � 0.2 12.46 � 0.65 0.084 � 0.006 49.44 � 3.99 19.52 � 0.33
Sample C homogenized at 150 MPa (E) 3.0 � 0.2 5.11 � 0.03 0.060 � 0.005 22.28 � 0.48 5.20 � 0.47
Sample C pasteurized at 85 �C e 15 s (F) 3.5 � 0.3 1.57 � 0.05 0.014 � 0.001 81.99 � 1.31 3.36 � 0.71

a Average of three replicates � standard deviation.
b DE* indicates themagnitude of the colour differences between fresh and treated juices (P< 0.05). Values of DE*� 2 would indicate a noticeable visual difference (Francis &

Clydesdale, 1975).
c Expressed as percentage on volume basis (mL pulp/mL sample).
d Expressed as the percentage of incident radiation at 650 nm transmitted through the sample (water was used as reference with value of 100%).
e Expressed as nkatal/mL.

Fig. 4. Particle size distribution of fresh and low pulp Valencia Late orange juices (see
Table 1 for nomenclature): sample A (solid line), sample D (short dashed line), sample
E (dotted line) and sample F (long dashed line).

M. Cerdán-Calero et al. / LWT - Food Science and Technology 51 (2013) 476e483478

Resultados

83



2.6. Colour

It wasmeasuredwith a Hunter colorimeter (Labscan II model) as
described by Bayarri, Calvo, Costell, and Durán (2001). Samples

were poured in optical glass cells (3.8 cm high and 6 cm diameter)
and results were expressed in a CIELab* system for illuminant
D65 and a 10� angle of vision. Recorded parameters were: L*

(brightness), a* (redegreen component) and b* (yelloweblue
component). The total colour differences were calculated as
DE* ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DL*2 þ Da*2 þ Db*2

p

Samples were analysed in triplicate.

2.7. Particle size

Particle size distribution was determined using a Malvern
Mastersizer 2000 system (Malvern Instruments Limited, Worces-
tershire, U.K.), with a short wavelength blue light source in
conjunction with forward and backscatter detection to enhance
sizing performance in the range 0.02e2000 mm. The values 1.73 and
1.33 were used as the refractive indexes of the juice and the
dispersant (water) respectively, setting 0.1 for the absorption index
of cloud particles (Corredig, Kerr, & Wicker, 2001).

The equivalent volume mean diameter D[4,3] was calculated by
the equation

D½4;3� ¼
X

i

nid
4
i

�X

i

nid
3
i

where ni is the number of particles with diameter di.
Samples were analysed in triplicate.

Table 2
Aroma descriptors monitored from Valencia Late orange juicesa determinedb by AMDIS initially and during refrigerated storage.

Compound Retention
time (min)

Ion model
(m/z)

Fresh juicee Sample D

0 Months 0 Months 0.5 Months 1.5 Months 3.5 Months

1 Z-3-Hexenal 3.96 43 0.993 � 0.053 1.019 � 0.208c 0.863 � 0.021d 0.842 � 0.028d 0.835 � 0.048d

2 Ethyl butyrate 4.07 88 2.288 � 0.237 1.757 � 0.153c 1.682 � 0.048 1.661 � 0.034 1.680 � 0.111
3 E�2-Hexenal 5.56 41 0.110 � 0.011 ND ND ND ND
4 a-Pinene 9.09 91 79.214 � 0.460 31.536 � 3.983c 27.671 � 0.541d 22.930 � 2.100d 21.731 � 1.232d

5 b-Pinene 11.57 93 8.654 � 1.077 1.765 � 0.158c 1.643 � 0.108 1.426 � 0.012d 1.418 � 0.188d

6 b-Myrcene 12.95 93 258.266 � 26.493 115.771 � 14.420c 170.031 � 8.917d 170.905 � 8.626d 171.198 � 6.485d

7 Octanal 13.79 67 32.379 � 3.081 26.495 � 3.381c 18.515 � 0.702d 16.534 � 2.140d 15.149 � 0.209d

8 g-Terpinene 17.92 91 21.239 � 1.310 11.076 � 1.480c 5.868 � 0.393d 5.795 � 0.495d 4.950 � 0.618d

9 1-Octanol 19.21 55 40.245 � 0.827 38.125 � 2.932 35.443 � 2.504 32.279 � 1.896d 30.498 � 0.579d

10 a-Terpinolene 20.06 93 6.419 � 0.668 2.741 � 0.368c 2.445 � 0.094 2.708 � 0.150 4.351 � 0.365d

11 Linalool 21.55 93 258.050 � 7.048 320.577 � 7.496c 313.461 � 11.648 300.334 � 31.84 295.387 � 13.536
12 Nonanal 21.76 67 7.512 � 0.358 6.284 � 0.856c 4.722 � 0.218d 3.738 � 0.112d 3.062 � 0.415d

13 Ethyl 3-
hydroxyhexanoate

24.20 77 0.513 � 0.009 0.489 � 0.026 0.746 � 0.021d 0.965 � 0.067d 1.296 � 0.150d

14 Citronellal 24.64 79 1.051 � 0.045 1.337 � 0.113 2.376 � 0.185d 3.542 � 0.417d 6.612 � 0.369d

15 b-Terpineol 25.06 91 1.324 � 0.051 1.750 � 0.210c 1.800 � 0.018 1.947 � 0.078 2.206 � 0.263d

16 1-Terpinen-4-ol 27.44 71 63.743 � 3.006 39.206 � 0.400c 41.372 � 3.746 43.897 � 1.648d 45.218 � 2.025d

17 a-Terpineol 28.75 59 7.258 � 0.465 9.010 � 0.488c 15.092 � 1.063d 19.281 � 1.032d 29.934 � 0.578d

18 Decanal 31.04 41 21.691 � 1.218 4.204 � 0.420c 3.354 � 0.253d 2.948 � 0.212d 1.898 � 0.166d

19 cis-Carveol 32.01 109 2.864 � 0.360 4.299 � 0.359c 5.386 � 0.331d 5.642 � 0.236d 6.571 � 0.099d

20 Nerol 33.46 91 7.241 � 0.557 9.073 � 0.226c 1.954 � 0.112d 1.553 � 0.121d 0.742 � 0.014d

21 b-Citronellol 34.04 67 12.653 � 0.445 16.535 � 0.536c 16.290 � 0.184 15.156 � 0.753d 15.138 � 0.167d

22 Carvone 35.03 54 4.142 � 0.364 5.626 � 0.110c 6.016 � 0.610 6.489 � 0.192d 6.998 � 0.607d

23 Neral/cis-citral 35.34 119 4.365 � 0.251 5.047 � 0.617c 0.658 � 0.040d 0.088 � 0.010d ND
24 Geraniol 37.64 91 4.040 � 0.172 4.697 � 0.194 4.666 � 0.062 4.832 � 0.093 5.257 � 0.405d

25 Perillaldehyde 38.86 79 4.406 � 0.314 6.978 � 0.080c 6.677 � 0.405 6.441 � 0.330 6.278 � 0.540
26 Geranial 39.42 41 7.580 � 0.441 3.156 � 0.051c 1.410 � 0.074d 0.105 � 0.008d ND
27 1-Decanol 40.06 41 3.107 � 0.079 0.887 � 0.091c 0.941 � 0.051 1.049 � 0.071d 1.107 � 0.062d

28 2,4-Decadienal 44.33 81 1.378 � 0.094 1.076 � 0.092c 0.313 � 0.039d 0.178 � 0.021d 0.084 � 0.002d

29 Valencene 57.78 105 103.062 � 4.340 25.930 � 3.411c 32.604 � 3.257d 34.028 � 1.208d 38.303 � 0.560d

30 b-Sinensal 70.69 91 9.476 � 0.872 5.581 � 0.358c 4.747 � 0.587d 3.435 � 0.604d 3.341 � 0.121d

31 a-Sinensal 73.73 91 1.341 � 0.153 0.840 � 0.059c 0.594 � 0.081d 0.346 � 0.022d 0.338 � 0.037d

32 Nootkatone 75.81 146 1.442 � 0.119 1.757 � 0.035c 1.730 � 0.187 1.718 � 0.114 1.688 � 0.110

ND: not detected.
a Samples were fresh and processed low pulp juices (see Table 1 for nomenclature).
b Relative quantifications are the average of three replicates (mean � std.dev.) using ethyl nonanoate as internal standard.
c Superscript indicates significant (P < 0.05) differences between fresh juice with samples D, E and F initially (0 months of storage).
d Superscript indicates significant (P < 0.05) differences between samples D, E and F during the storage time (0.5, 1.5 and 3.5 months).
e Results of fresh Valencia Late orange juice were from Cerdán-Calero et al. (2012).

Fig. 5. Mean acceptability scores (average for all assessors) of low pulp Valencia Late
orange juices during storage (see Table 1 for nomenclature): sample D (-), sample E
(C) and sample F (;). Minimum significant difference (MSD).
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2.8. Sensory analysis

To check if homogenization at 150 MPa (with its induced
temperature of 65 �C for 15 s) affected acceptability of juices,
sample E (see Fig. 1) was compared with freshly squeezed juice in
a triangle test performed by 45 assessors. To make more similar
both samples, the fresh juice was also homogenized at 20 MPa.

To analyse taste stability during storage, samples D, E and F
(see Fig. 1) were compared after 0, 0.5, 1.5, 2.5 and 3.5 months of
storage at 3 �C. Comparisons were performed in four independent
sessions, one for each period of storage. The assessors (which
number varied among sessions from 42 to 48) evaluated the
acceptability of the three samples according to an unstructured
scale from 0 to 10.

All sessions were carried out in a standardised test room (ISO,
2007) meanwhile data acquisition and analysis were performed
using Compusense� five release 4.6 (Compusense Inc., Guelph, ON,
Canada). Data was analysed by 2-way ANOVA considering the
single effects of samples and assessors. Differences between
particular samples were analysed by the NewmaneKeuls test.

2.9. Sample preparation for the extraction of volatiles by HS-SPME

Samples were prepared as described by Cerdán-Calero et al.
(2012). Volatiles were extracted with a 10 mm length fibre coated
with 100 mm of polydimethylsiloxane (PDMS) (SigmaeAldrich Co.,
St. Louis, MO, USA).

2.10. GCeMS and AMDIS conditions of analysis

The last free available version of the AMDIS program (v. 2.69)
was downloaded from NIST� website (http://chemdata.nist.gov/
mass-spc/amdis/).

Gas Chromatography was performed on a ThermoFinnigan
(ThermoScientific, San José, CA, USA) Trace GC system equipped
with an autosampler. The column used was an HP-5MS (5% phenyl/
95% methylpolysiloxane) capillary column, 30 mm � 0.25 mm i.d.,
0.25 mm film thickness from Agilent (Agilent Technologies, Palo
Alto, CA, USA). MS analysis was performed on a ThermoFinnigan
(ThermoScientific, San José, CA, USA) PolarisQ ion trap mass
analyser.

Optimized GCeMS and AMDIS settings and conditions of anal-
ysis used were from Cerdán-Calero et al. (2012).

Samples were analysed in triplicate and the generated GCeMS
raw data files (39, initially and during storage) were simulta-
neously processed byAMDIS through a “batch job” analysis. Volatiles
were relatively quantified using ethyl nonanoate as internal
standard.

2.11. Statistical analysis of GCeMS data

Data of concentrations in volatile compounds was studied for
each constituent by two-way analysis of variance (ANOVA)
considering as factors the type of sample and the storage time.
Significance (95% confidence level) of the differences between
individual samples was analysed by Tukey’s test.

Sample E Sample F

0 Months 0.5 Months 1.5 Months 3.5 Months 0 Months 0.5 Months 1.5 Months 3.5 Months

1.013 � 0.027c 1.109 � 0.063d 1.008 � 0.066 0.521 � 0.025d 1.597 � 0.150c 1.104 � 0.040d 1.022 � 0.029d 0.966 � 0.074d

1.569 � 0.041c 1.909 � 0.143d 1.946 � 0.246d 2.023 � 0.071d 2.024 � 0.303c 2.043 � 0.128 2.248 � 0.122 3.047 � 0.297d

0.112 � 0.014 ND ND ND 0.033 � 0.005c ND ND ND
58.039 � 2.949c 52.559 � 2.678d 50.495 � 0.975d 49.495 � 2.235d 63.134 � 7.553c 57.857 � 2.792 50.099 � 1.847d 48.955 � 4.944d

3.021 � 0.283c 2.671 � 0.155 2.257 � 0.144d 2.081 � 0.298d 2.878 � 0.256c 2.868 � 0.032 2.852 � 0.211 2.843 � 0.292
192.127 � 14.309c 227.629 � 16.972 237.647 � 21.632d 265.987 � 32.981d 190.008 � 16.854c 247.952 � 25.327d 264.064 � 30.853d 278.933 � 2.502d

21.003 � 1.294c 19.969 � 0.536 19.118 � 0.875d 10.247 � 0.335d 25.415 � 2.687c 24.530 � 2.086 24.011 � 1.579 20.141 � 1.955d

12.625 � 0.657c 12.559 � 0.484 12.157 � 0.119 11.229 � 0.176d 14.148 � 1.793c 13.659 � 0.093 12.503 � 0.453 12.345 � 0.250d

37.696 � 4.695 41.904 � 1.905 42.234 � 3.669 43.767 � 1.791 39.392 � 3.051 44.376 � 1.722 50.439 � 4.542d 54.975 � 5.261d

4.490 � 0.258c 4.562 � 0.147 4.873 � 0.267 5.904 � 0.314d 5.215 � 0.470c 6.070 � 0.244d 6.098 � 0.324d 6.345 � 0.219d

277.801 � 28.484c 301.667 � 7.578 308.041 � 27.663 340.728 � 14.858d 310.172 � 27.545 364.734 � 13.216 409.960 � 25.83d 468.385 � 43.543d

6.342 � 0.515 6.039 � 0.272 3.721 � 0.105d 1.948 � 0.136d 7.948 � 0.622c 6.764 � 0.638d 5.776 � 0.055d 2.630 � 0.287d

0.691 � 0.028c 0.990 � 0.043d 1.034 � 0.092d 1.314 � 0.065d 0.727 � 0.091c 0.855 � 0.087 1.398 � 0.025d 2.737 � 0.178d

1.728 � 0.303c 2.578 � 0.137d 4.540 � 0.193d 5.591 � 0.275d 2.202 � 0.066c 2.897 � 0.088 7.091 � 0.982d 9.917 � 0.985d

1.953 � 0.157c 2.035 � 0.007 2.128 � 0.096 2.195 � 0.038d 2.187 � 0.193c 2.166 � 0.074 2.296 � 0.268 2.881 � 0.195d

65.657 � 8.422 85.446 � 3.917d 86.396 � 2.532d 87.462 � 3.756d 67.433 � 4.849 79.636 � 4.941 100.425 � 11.92d 122.690 � 10.473d

10.117 � 1.440c 14.088 � 0.699 21.584 � 3.013d 39.889 � 2.495d 10.345 � 0.772c 15.203 � 0.324 31.430 � 3.997d 46.096 � 4.934d

16.228 � 1.217c 7.029 � 0.673d 5.859 � 0.649d 5.458 � 0.459d 5.563 � 0.149c 4.798 � 0.161d 4.213 � 0.134d 3.247 � 0.336d

4.601 � 0.252c 5.105 � 0.239 6.776 � 0.602d 8.368 � 0.210d 5.588 � 0.629c 7.487 � 0.173d 9.122 � 0.741d 9.619 � 0.269d

8.357 � 1.123c 10.072 � 0.407d 8.366 � 0.374 8.693 � 0.167 8.856 � 0.360 10.752 � 0.418d 12.263 � 1.349d 14.351 � 0.226d

15.030 � 2.338 15.640 � 0.661 16.128 � 0.601 17.043 � 0.686 14.314 � 0.486c 16.690 � 0.524d 17.331 � 0.226d 17.494 � 0.844d

6.873 � 0.530c 6.913 � 0.019 7.243 � 0.587 8.038 � 0.387d 7.709 � 0.358c 11.376 � 0.836d 11.393 � 1.215d 15.021 � 1.405d

3.473 � 0.357 0.900 � 0.013d 0.104 � 0.004d ND 4.598 � 0.429c 1.091 � 0.080d 0.187 � 0.010d ND
4.304 � 0.604 4.462 � 0.070 4.510 � 0.209 4.802 � 0.037 4.648 � 0.184 5.014 � 0.295 5.639 � 0.663d 7.663 � 0.288d

6.398 � 0.819c 6.290 � 0.445 6.054 � 0.375 5.847 � 0.245 6.774 � 0.286c 7.898 � 0.472 8.187 � 0.988d 8.900 � 0.665d

6.599 � 0.973c 0.832 � 0.008d 0.138 � 0.007d 0.078 � 0.004d 2.451 � 0.075 0.918 � 0.022d 0.175 � 0.014d ND
3.133 � 0.500c 3.178 � 0.034 3.180 � 0.006 3.187 � 0.319 1.067 � 0.020 1.895 � 0.118d 2.509 � 0.271d 2.783 � 0.325d

1.024 � 0.151c 0.377 � 0.005d 0.211 � 0.014d 0.211 � 0.011d 1.000 � 0.023c 0.491 � 0.023d 0.262 � 0.020d 0.229 � 0.021d

50.666 � 3.101c 52.946 � 2.487 54.954 � 2.928 86.318 � 0.531d 46.856 � 0.688c 48.614 � 4.999 52.907 � 2.341 79.461 � 8.275d

6.799 � 0.001c 5.687 � 0.602d 4.685 � 0.006d 4.585 � 0.058d 7.613 � 0.495c 7.411 � 0.963 6.815 � 0.576 4.361 � 0.412d

0.914 � 0.018 0.625 � 0.053d 0.543 � 0.037d 0.540 � 0.051d 1.187 � 0.150c 0.860 � 0.045d 0.737 � 0.082d 0.436 � 0.053d

1.177 � 0.048c 1.079 � 0.042d 1.078 � 0.016d 1.057 � 0.059d 1.937 � 0.121c 1.955 � 0.058 1.917 � 0.119 1.915 � 0.226
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3. Results and discussion

3.1. Physicochemical properties

Fresh Valencia Late orange juice had 14 �Brix and 1.13% of acidity
(Brix/Acidity ratio of 12.5) with a pH of 3.50. Table 1 shows some
propertiesof thedifferent juices studiedat the stagesdescribed inFig.1.

The decrease in the observed values of suspended pulp
belonging to processed samples in relationwith fresh juice (sample
A in Table 1) was the consequence of two complementary effects,
the removal of pulp by centrifugation (sample B) and the particle
size reduction produced by HPH at 150 MPa (samples D and E). In
addition, pre-homogenization at 20 MPa also converted part of the
suspended pulp into smaller particles, hardly separated by centri-
fugation, what increased light dispersion, thus lowering trans-
mittance values. This effect was observed before (sample B vs. C)
and after (sample D vs. E) the HPH treatment. In any case, trans-
mittance values in all samples were lower than 24%, corresponding
to orange juices with an acceptable cloudiness (Cheng, 2002).

On the other hand, PME activity greatly decreased as a result of
the pulp content reduction produced by centrifugation and also by
the effects of pressure and temperature during the HPH treatment.
As shown in Table 1, fresh juice (sample A) had a suspended pulp
content of 12%, which was reduced to about 4% in centrifuged
samples C and B, decreasing PME activity from 1.72 (sample A) to
about 0.4 nkatal/mL (samples B and C). Moreover, the combined
effects of pressure at 150MPa and its inherent heat induction (65 �C
for 15 s) led to a second reduction of PME activity, reaching the value
of 0.084 nkatal/mL in sampleD (from the homogenization of sample
B) and to 0.06 nkatal/mL in sample E (from the homogenization of
sample C). To estimate the influence of pressure and temperature
generated during the HPH treatment on PME activity,10 L of sample
Bwere just heated at 65 �C for 15 s (in the sameplate heat-exchanger
described above) giving a residual PMEactivity (not shown in tables)
of 0.19 nkatal/mL (practically 50% of the residual PME activity of B).
Thus, we can conclude that the reduction of PME activity promoted
by HPH at 150 MPa was equally contributed by pressure and
temperature generated during the process.

Sample F was obtained by conventional pasteurization at 85 �C
for 15 s presenting maximum cloudiness and minimum residual
PME activity. Nevertheless, its flavour properties (discussed below)
were not as good as showed by the HPH juice (sample E).

Table 1 contains the total colour differences and Fig. 2 shows
the CIELab parameters of assayed juices. In spite of their low
pulp content, colour parameters of samples previously pre-
homogenized at 20 MPa (C, E. F) were near to those of the original
fresh juice (sample A, taken as a reference). Pre-homogenization
converts suspended pulp into colloidal pulp, less efficiently
removed by centrifugation. Consequently, the low pulp fraction
of a pre-homogenized juice is richer in pulp than in its non
pre-homogenized counterpart and thus, richer in carotenoids, that
are correlated with parameter a* (Meléndez-Martínez, Gómez-
Robledo, Melgosa, Vicario, & Heredia, 2011), explaining the higher
value of parameter a* in samples C, E and F in contrast to samples B
and D. Homogenization at 150 MPa increased the L* parameter and
decreased the a* parameter in all samples (D vs B; E and F vs C), what
indicates that HPH increases lightness and reduces redness. The
change was more important in sample D, more similar than B to
sample A, but still too different.

Fig. 3 shows the changes in transmittance of final juices (D, E and
F) during storage. According to Cheng (2002), the scale that is
commonly used bycitrus industries to evaluate the clarification of an
orange juice (expressed as % of light transmission) is: none, 0e24%;
slight, 25e35%; definite, 36e60%; extreme, 61e100%. Thus,
pre-homogenized juices at 20 MPa (samples E and F) preserved

an acceptable cloudiness during the assayed storage period (3.5
months). However, the non pre-homogenized juice (sample D)
presented a fast loss of cloudiness, reaching the zone of slight clari-
fication after about 1.5 months of storage.

Fig. 4 shows the size distribution of suspended particles in the
original fresh juice (A) and in final juices D, E and F (values of the
volumemean diameter weighted of each one are shown in Table 1).
As observed, either a soft homogenization (sample F, just pre-
homogenized) or a hard homogenization at 150 MPa (sample D)
highly decreased the particle size, making both processed samples
similar. By its hand, sample E received two homogenization treat-
ments (20 and 150 MPa) presenting a smaller particle size than
sample D. Nevertheless, the big differences found for colour (Fig. 2)
and cloud stability (Fig. 3) between samples D and E seemed not to
be appropriately justified by their different particle size (not too
different).

3.2. Sensory analysis

Triangle tests comparing sample E with fresh juice produced 20
correct and 34 non correct responses. The critical value of correct
responses for significance of the differences between samples at
the 95% confidence level was 25. This indicates that sample E
(heated at 65 �C) did not significantly differ from fresh juice
homogenized at 20 MPa. Comparable results were obtained by
Sentandreu et al. (2005) when demonstrating that heat treatments
below 70 �C did not affect fresh taste of citrus juices (reporting
a significant decrease of freshness over this temperature).

Fig. 5 shows the mean acceptability (average for all assessors) of
juices D, E and F during refrigerated storage and the minimum
significant difference (MSD) according to NewmaneKeuls test
between two consecutive ordered means. This MSD presented
slightly different values among evaluations since, as mentioned in
the Materials and methods section, ANOVA was independently
applied to data corresponding to each period of storage and the
error variance varied among independent ANOVA tests (ranging
from 1.42 to 2.27). Also, the number of assessors differed among
sensory evaluations. As observed in Fig. 5, samples F and D did not
significantly differed during storage, whereas sample E was
significantly preferred at the beginning of the storage (0 and 0.5
months). However, after 1.5months onwards samples D, E and F did
not show differences in acceptability. This means that the process
used to prepare sample E can be interesting to produce very high
quality juices, undistinguishable from fresh juices but with a very
short shelf life, becoming similar to a pasteurized juice (sample F)
in a period between 0.5 and 1.5 months of storage.

3.3. Volatile composition of juices by GCeMS and AMDIS analysis

Automated data processing performed by AMDIS determined 88
volatiles but for simplification purposes, only those compounds
(named as target aroma descriptors, listed in Table 2) previously
reported as odour active descriptors in orange juice (Arena,
Guarrera, Campisi, & Asmundo, 2006; Pérez-Cacho & Rouseff,
2008; Seideneck & Schieberle, 2011; Tonder, Petersen, Poll, &
Olsen, 1998) were considered. As we can see in Table 2, the
aroma composition of juices mainly changed as a consequence of
storage.

To obtain a global picture of the effects that processes and
storage have on volatile contents, Principal Component Analysis
(PCA) was applied to the concentrations from the 32 targeted
aroma descriptors. Fig. 6 shows the joined representation of
samples and volatiles (numbered as listed in Table 2) according to
the first two axes that, respectively, explained 43.5% and 30.9% of
total variability.
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Taking into account that flavour is influenced by the aroma, one
could expect to find a correlation between the results showed in
Figs. 5 and 6. At initial time of storage, samples E and F were closely
represented in Fig. 6, showing maximum proximity to fresh juice
and to the group 1 of volatiles (more related to fresh taste),
although sample E was slightly closer considering the weight of the
first axis. As storage time increased, the scores of both samples in
the first axis decreased (but more in the case of the pasteurized
sample F), showing a reduction in the concentration of volatiles
belonging to group 1 with an increase in the concentration of
volatiles belonging to group 2 and specially, to group 3 (where off
flavour descriptors were included). This change in the volatile
concentrations during storage is in concordance with the loss of
acceptability of sample E. Separately, sample D showed a similar
trend with storage but its representation in Fig. 6, with maximum
distances from all groups of volatiles, indicates that this sample had
the poorest aroma, what can be related with its lower scores in
acceptability. These results confirm the influence that aroma exerts
on acceptability of orange juices. However, further studies
regarding the specific role of key aroma descriptors found on
acceptability of juices are needed to refine our knowledge.

Assuming that volatiles are intimately linked with pulp, we can
conclude that pre-homogenization at 20 MPa before centrifugation
helped (by promoting colloidal particles in their pulpy fractions) to
preserve the characteristic orange juice aroma of samples E and F.

4. Conclusions

Juices pre-homogenized at 20 MPa, partially depulped by
centrifugation and finally homogenized at 150 MPa gave a resultant
product with fresh taste, colour, cloudiness and aroma composition
close to those of the original fresh juice. These quality properties
were preserved for 15 days under refrigerated storage. Pre-
homogenization at 20 MPa was necessary to preserve the original
colour and cloudiness, not affecting the aromaprofile of the resultant

juice. Thismethodology can be easily implanted by citrus industry as
an alternative to thermal treatments, resulting specially indicated to
obtain short-time chilled orange juices with very high quality.

Moreover, AMDIS analysis provided reliable information with
minimum time consumption making possible to correlate the
acceptability of fresh, processed and stored orange juices with their
volatile composition.
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Summary The effects of minimal processing on the metabolite composition of orange juice were studied. Volatiles

and nonvolatile polar compounds in Lane Late orange juices, with different pulp contents, treated by

high-pressure homogenisation (HPH) at 150 MPa (at 58, 63 and 68 °C) and stored for 3 months at 3 °C
were analysed by gas chromatography coupled to mass spectrometry (GC-MS) with automated data pro-

cessing. A total of 92 volatiles and 22 polar components (trimethylsilyl, TMS, derivatives of sugars,

organic acids and amino acids) were determined in fresh, processed and stored juices. Initially, concentra-

tion of fresh flavours (hydrocarbon terpenes and aldehydes) determined in the homogenised samples with

the original pulp content was higher than that determined in fresh juice. During storage, desirable descrip-

tors were better preserved in the juice processed at 68 °C with the lowest increase in off-flavours (alcohols

and ketones). Generally, operations assayed did not exert a significant influence on polar metabolites,

showing no effect on their decrease with time.

Keywords AMDIS, automated data processing, GC-MS analysis, high-pressure homogenisation, metabolite profiling, minimally

processed orange juice, pulp reduction.

Introduction

The food industry has the recurrent dilemma of find-
ing balanced solutions to obtain safe and profitable
high-quality products. In the particular case of com-
mercial citrus juices, traditional stabilisation processes
are based on thermal treatments, thus giving stable
products but with their organoleptic properties seri-
ously compromised (P�erez-Cacho & Rouseff, 2008b).
High-pressure homogenisation (HPH) is a promising
technology proposed inactivating vegetative microor-
ganisms in orange juice (Belloch et al., 2012). How-
ever, HPH does not warrant a satisfactory inactivation
level of pectinmethylesterases (PMEs) (Lacroix et al.,
2005; Welti-Chanes et al., 2009), negatively affecting
their cloud stability during storage. Carbonell et al.
(2013) studied the extension of shelf-life by minimally
processing Lane Late orange juices by combining

HPH (150 MPa at 58, 63 and 68 °C, single pass) and
pulp reduction (50% and 25%). Low-pulp juices
(LPJs), even with an initial low residual PME activity
(about 10% than that of fresh juice), did not preserve
their cloudiness during refrigerated storage (3 months
at 3 °C). Furthermore, homogenisation temperatures
assayed in this study did not affect the acceptability of
HPH-processed juices with no pulp reduction (whole
juices, WJs). Treated products were indistinguishable
from fresh juice initially and during refrigerated stor-
age. Finally and as a very interesting finding, the
whole juice homogenised at 68 °C maintained its
cloudiness after 3 months at 3 °C even with a high
residual PME activity of around 25%, in contrast to
the results from Cerd�an-Calero et al. (2013) describing
how a low-pulp (prehomogenised at 20 MPa before
centrifugation) Valencia Late orange juice homogen-
ised at 150 MPa (65 °C) preserved its fresh taste, col-
our and cloudiness for only 15 days of refrigerated
storage. Although sensory and turbidity properties of

1432

*Correspondent: Fax: +34 963636301; e-mail: elcapi@iata.csic.es

International Journal of Food Science and Technology 2014, 49, 1432–1440

doi:10.1111/ijfs.12539

© 2014 Institute of Food Science and Technology

Resultados

89



Lane Late orange juices reported by Carbonell et al.
(2013) were studied in detail, evaluation of the effects
propitiated by the assayed processing conditions can-
not be considered completed as possible alterations
suffered by the metabolite composition of treated
samples were not investigated.

Orange juice is a rather complex matrix with an
intricate profile of volatiles and nonvolatile polar com-
pounds (Vervoort et al., 2011, 2012). Obviously, the
determination of a small quantity of components in a
convoluted sample, facilitated by the manual or semi-
automatic analysis of the experimental data, can limit
the quality of conclusions when studying the effect of
processing and storage on foodstuffs. For this reason,
Cerd�an-Calero et al. (2012) proposed an exhaustive
metabolite profiling of volatiles and polar compounds
(determined as their respective trimethylsilyl, TMS,
derivatives) in fresh Valencia Late orange juice by
GC–MS analysis combined with automated data pro-
cessing. This procedure was used in the aforementioned
study of Cerd�an-Calero et al. (2013) to demonstrate
how the volatile profile of a twice-HPH-treated and
pulp-reduced orange juice was initially closer to fresh
juice than when pasteurised at 85 °C for 15 s.

This research aims to evaluate the metabolite profile
of minimally processed Lane Late orange juices treated
by high-pressure homogenisation at 150 MPa (single
pass at 58, 63 and 68 °C, respectively) and then stored
at 3 °C for 3 months. To achieve this goal, volatiles
and nonvolatile polar compounds (sugars, organic
acids and amino acids) of fresh, processed and stored
juices were determined by GC–MS analysis with auto-
mated data processing.

Materials and methods

Orange juice preparation

Lane Late orange (Citrus sinensis L. Osb.) juices
assayed were the same as described in the research of
Carbonell et al. (2013). Briefly, entire and pulp-
reduced (50% and 25% of the original pulp content)
juices were homogenised (single pass) at 150 MPa at
58, 63 and 68 °C for 15 s. Bottling of juices was in
220 mL filled with no headspace for refrigerated sam-
ples but 40 mL for frozen samples with twist-off caps,
previously sterilised with steam. Refrigerated samples
were kept at 3 °C and evaluated after 0, 1.5 and
3 months of storage. Fresh and processed juice sam-
ples were frozen at time 0 and stored at �20 °C until
analysed.

Solvents and chemicals

HPLC-gradient-grade methanol was from Scharlab
S. L. (Barcelona, Spain) while the analytical grade

standards ethyl nonanoate, ribitol, methoxylamine hy-
drochlorhide (MEOX) and N-methyl-N-(trimethylsi-
lyl)-trifluoroacetamide (MSTFA) were from Sigma–
Aldrich Co. (St. Louis, MO, USA).

Total soluble solids, acidity, pH and suspended pulp

Total soluble solids were measured as °Brix using a
digital refractometer (Pal-1; Atago Co., Ltd., Tokyo,
Japan). Total acidity was determined by titration with
0.1 N NaOH and expressed as% citric acid meanwhile
pH was determined at 22 °C using a Crison GLP 21
pH-meter equipped with a temperature compensation
sensor.
Suspended pulp was determined following the meth-

odology proposed by Cheng (2002). A graduated centri-
fuge tube with a conical bottom was filled with 10 mL
of juice centrifuged at 22 °C for 10 min at 370 g. Sus-
pended pulp values were estimated by reading the pulp
volume after centrifugation and expressing the result as
a percentage (mL pulp per mL sample 9 100).
Freshly prepared Lane Late orange juice (WJ) had a

°Brix to acid ratio of 13.8 and pH 3.74 while the sus-
pended pulp of processed juices with 100%, 50% and
25% of pulp content before the HPH treatment was
8.5%, 4.2% and 2.1%, respectively (Carbonell et al.,
2013).

Extraction of volatile compounds and derivatization of
nonvolatile polar metabolites

Sample preparation for GC–MS analysis of volatiles
and TMS derivatization of sugars, organic acids and
amino acids followed the methodologies described by
Cerd�an-Calero et al. (2012). Volatiles were extracted
by headspace solid-phase microextraction (HS-SPME)
using a 10-mm-long fibre coated with 100 lm of poly-
dimethylsiloxane (PDMS, Sigma–Aldrich Co.). During
extraction, 50 lL of a methanolic solution of the inter-
nal standard (ethyl nonanoate, 10.24 lg mL�1) were
added to samples. Nonvolatile sugars, organic acids
and amino acids were converted into their respective
TMS derivatives using MEOX and MSTFA reagents,
during the extraction procedure 40 lL of a methanolic
solution of the internal standard (ribitol, 1 mg mL�1)
were added.

GC–MS analysis and automated data processing

Gas chromatography was performed on a Thermo-
Finnigan (ThermoScientific, San Jos�e, CA, USA)
Trace GC system equipped with an autosampler. The
column used was a HP-5MS (5% phenyl/95% meth-
ylpolysiloxane) capillary column, 30 m 9 0.25 mm
i.d., 0.25 lm film thickness (Agilent Technologies, Palo
Alto, CA, USA). MS analysis was carried out on a
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PolarisQ ion trap mass analyzer (ThermoScientific)
operating in electron impact mode at 70 eV.

Optimised settings regarding the GC–MS device
and the automated data processing analysis of sam-
ples (Mass Spectral Deconvolution and Identification
System, AMDIS, version 2.71 downloaded from the
National Institute of Standards and Technology,
NIST, website http://chemdata.nist.gov/mass-spc/
amdis/downloads), including the in-house libraries for
volatiles and nonvolatile polar compounds, were
from Cerd�an-Calero et al. (2012). Positive assign-
ments were based on the specific retention time and
mass spectra recorded in libraries for all detected
components (which also contained the ion model
selected for each single metabolite listed to perform
quantitative analysis).

All samples (fresh and homogenised WJs and LPJs)
were analysed in triplicate at 0, 1.5 and 3 months of
refrigerated storage, generating a total of 168 chro-
matographic runs (84 for volatiles and 84 for TMS
derivatives) which were automatically processed by
AMDIS through a ‘batch job’ analysis. As explained
by Cerd�an-Calero et al. (2012), absolute quantification
of volatiles in juices is rather difficult due to their spe-
cific distribution coefficient constants between pulp/
serum, serum/head space and head space/fibber are
unknown. But the extraction of volatiles with a fibber,
and using an appropriate internal standard, leads to
have an insight into their relative concentrations in
juices, allowing the comparison between samples anal-
ysed under the same experimental conditions. So, vola-
tiles were relatively quantified using ethyl nonanoate
as internal standard. Absolute quantifications were
carried out for TMS derivatives of sugars, organic
acids and amino acids through their respective relative
response factors using ribitol as internal standard
(from Cerd�an-Calero et al., 2012).

Statistical analysis of GC–MS data

Three-way univariate analysis of variance (ANOVA) was
applied to data of volatile and nonvolatile polar con-
stituent contents of processed juices (81 samples,
excluding fresh juice) analysing the effects of three
single factors (pulp content, storage time and homoge-
nisation temperature) and their double and triple inter-
actions. One-way ANOVA was also applied considering
all samples (84, including fresh juice). Error variance
was estimated from the three replicates of each sample,
and the significance (95% confidence level) of the dif-
ferences between individual samples was computed
according to Tukey’s test. Principal component analy-
sis (PCA) was applied to mean concentration values of
volatile and of nonvolatile polar compounds to visual-
ise the influence of the pulp content, HPH processes
and storage time on their concentration changes.

Results and discussion

Volatiles in Lane Late orange juices

Figure 1 represents the total ion current (TIC) profile
obtained by GC–MS analysis of volatiles in Lane Late
orange juices studied as identified by AMDIS. A total
of 94 volatiles were identified, but only 92 were quanti-
fied (Table S1) when excluding the internal standard
and limonene. The latter is not considered a direct
aroma contributor in orange juice (P�erez-Cacho &
Rouseff, 2008a) due to its high odour threshold. How-
ever, only thirty-three targeted volatiles, shown in bold
in Table S1 and most commonly cited as active odour
descriptors for orange juice (Tonder et al., 1998;
Arena et al., 2006; P�erez-Cacho & Rouseff, 2008b; Se-
ideneck & Schieberle, 2011), were considered for fur-
ther statistical analysis. Volatiles in orange juice can
be generally classified as fresh flavours, which are
mainly contributed by hydrocarbon terpenes and alde-
hydes, while alcohols and ketones are generally consid-
ered off-flavours. An important exception to this
classification is b-myrcene (the second most abundant
terpene and considered as a mild-level odorant) that is
thought to contribute negatively to processed orange
juice aroma (Ahmed et al., 1978; P�erez-Cacho &
Rouseff, 2008b).
The concentration of the selected thirty-three tar-

geted volatiles was analysed by three-way ANOVA con-
sidering as factors the level of pulp content, storage
period, HPH temperature and also their interactions
(Table 1). All single effects and interactions were sig-
nificant with the exception of b-pinene (#8) for the
double-interaction pulp temperature and temperature
time as well as for the triple-interaction pulp tempera-
ture time as in the case of a-terpinolene (#17), b-sinen-
sal (#90) and a-sinensal (#91). This is not surprising as
experimental results were very precise, leading to
detect as significant very small differences. Thus, dis-
cussion will be centred in the relative weights of exper-
imental F values more than in their significance. In
this sense, it must be noted that F values regarding
pulp content and storage time were generally greater
and, in most cases, much greater than F values from
HPH temperatures. Nevertheless, in the cases of linal-
ool (#19), b-citronellol (#47), geraniol (#51) and
2,4-decadienal (#58) in which the effect of pulp content
was relatively low, the effect of temperature was
higher. This in general, lower effect of temperature on
volatiles was logical as the experimental HPH temper-
atures differed by 10 °C, whereas the relative differ-
ences in pulp content and storage time were larger.
Volatile (fresh and off-flavours) concentrations were
boosted by increasing the pulp content of juices (Table
S1). The effect of storage time on volatiles was as
expected results in practically all cases, that is, fresh
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flavour volatiles decreased with time while off-flavours
increased during refrigerated storage.

Regarding triple interactions between pulp content,
HPH temperature and storage time, they presented
smaller F values than those for single effects with some
exceptions. For instance, the interaction pulp time
determined for 2,4-decadienal (#58) was higher than
just corresponding to pulp content (243 vs. 42, see
Table 1). Figure 2a can help clarify this finding. The
single effect of pulp content was computed pooling
together the concentrations (mean values from Table
S1) from all storage times at each respective level of
pulp, although a detailed representation of concentra-
tions at each time showed significant differences in the
behaviour of samples. So, WJs initially presented
higher 2,4-decadienal concentrations than LPJs, but
they also showed a higher decreasing rate for this
analyte during storage.

Octanal (#11) is a clear example of a stronger inter-
action temperature–time effect than only temperature
(F values of 86 vs. 47, respectively, Table 1). Curi-
ously, Fig. 2b shows HPH treatment at 58 °C pre-
served better, and as expected, this desirable flavour
descriptor but its loss was faster when compared to
samples treated at higher temperatures. This finding
can be explained considering the temperature-
dependent inactivation of the enzymatic loading of
orange juices, which is involved in chemical reactions
causing a loss of the original odour or developments
of odours foreign to fresh juice (P�erez-Cacho
& Rouseff, 2008a). Finally, the interaction pulp

temperature found for b-terpineol (#29) was stronger
than for temperature alone (F values of 39 vs. 24,
respectively, see Table 1). The effect of pulp content for
this off-flavour was high (F = 846) as observed in
Fig. 2c showing the highest concentrations for WJs.
Although the effect of temperature on b-terpineol (#29)
was not too important for any level of pulp, WJs pre-
sented a clear increase in this compound as HPH tem-
perature increased (most probably as consequence of
their higher limonene contents, whose breakdown is
temperature favoured as reported by Petersen et al.
(1998) in stored commercial orange juices).
In this study, PCA was applied to data from targeted

volatile compounds considering average concentrations.
Figure 3 illustrates the representation of fresh and pro-
cessed juices with volatiles, numbered as listed in Table
S1, according to the first two principle components
explaining 45.7% and 31.0% of total variability,
respectively. Fresh flavour hydrocarbon terpenes
(except b-myrcene, compound #9) and aldehydes clus-
tered around fresh and unstored WJs (actually closer
than fresh juice, improving the results from Cerd�an-Ca-
lero et al. (2013) regarding low-pulp HPH orange juices
with short shelf-life), clearly suggesting that homogeni-
sation at 150 MPa improved the volatile quality of
homogenised samples with the original pulp content.
This can be explained by the particle size reduction
caused by the HPH treatment (that converted sus-
pended pulp into colloidal pulp as pointed out by Car-
bonell et al., 2013), thus boosting the surface area of
pulp.

Figure 1 Total ion current (TIC) profile

from the GC–MS analysis of volatiles in

fresh Lane Late orange juice showed by

AMDIS. Positive assignments (from the

respective in-house library detailed by

Cerd�an-Calero et al., 2012) are represented

as targets (T) in the chromatogram.
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However, HPH did not compensate the negative
effect caused by the pulp reduction in the volatiles
composition of LPJs. As expected, pulp-reduced juices
showed poorer volatile profiles (either for fresh or off-
flavours) when compared to fresh and WJs at any
storage time studied (see Table S1 and Fig. 3). Fig-
ure 3 shows how the content of desirable descriptors
decreased while off-flavours increased with time in all
samples assayed. However, it has to be remarked that
among WJs, the sample homogenised at 68 °C better
preserved fresh flavours and showed lower concentra-
tions of undesirable volatiles during storage than its

counterparts homogenised at 63 °C and 58 °C (see
Fig. 3). This finding is particularly relevant consider-
ing previous results from Carbonell et al. (2013)
regarding the exceptional acceptance and cloudiness
preservation showed by this juice during refrigerated
storage.

Nonvolatile polar compounds in Lane Late orange juices

The TIC profile (as showed by AMDIS) from the
GC–MS analysis of TMS derivatives of sugars,
organic acids and amino acids in the assayed Lane

Table 1 Summary of ANOVA results on targeted volatile concentrations. Experimental F values from the effects of pulp content (P), storage

time (t) and homogenisation temperature (T) and their interactions

Peak No.a Compoundb

Experimental F values

Pc tc

Single factors Double interaction Triple interaction

P t T P-t P-T t-T P-t-T

1 FZ-3-Hexenal 3210 822 57 243 104 22 28 I D

2 OEthyl butyrate 1236 266 232 45 87 35 23 I I

3 FE-2 Hexenal 1808 939 135 809 176 71 71 I D

6 Fa-Pinene 4192 187 22 59 12 11 7 I D

8 Fb-Pinene 2062 798 4 234 1 2 1 I D

9 OMyrcene 1954 116 12 14 4 6 3 I I

11 FOctanal 118 459 47 12 77 86 11 I D

15 Fc-Terpinene 2075 127 14 6 5 9 5 I D

16 O1-Octanol 466 295 184 2 13 19 8 I I

17 Fa-Terpinolene 1742 84 25 9 12 10 2 I D

19 OLinalool 30 187 98 5 8 15 3 I I

20 FNonanal 118 282 43 28 55 23 14 I D

25 OEthyl 3-hidroxyhexanoate 468 1257 59 21 12 32 5 I I

27 OCitronellal 57 2022 51 12 23 18 5 I D

29 Ob-Terpineol 846 38 24 27 39 6 5 I I

33 O1-Terpinen-4-ol 1941 251 197 24 35 27 9 I I

34 ONonanol 383 219 107 32 5 18 6 I I

37 Oa-Terpineol 716 1505 170 161 53 46 18 I I

42 FDecanal 565 369 5 186 27 33 14 I D

44 Ocis-Carveol 524 401 118 10 19 46 5 I I

46 ONerol 25 596 17 23 379 57 89 I I

47 Ob-Citronellol 39 267 81 19 18 22 6 I I

48 OCarvone 1313 322 67 17 14 11 3 I I

49 FNeral/cis-Citral 8 4193 22 8 5 18 5 I D

51 OGeraniol 37 247 172 4 7 15 6 I I

54 FPerillaldehyde 93 48 41 6 28 16 11 I D

55 FGeranial 175 5941 24 238 6 24 6 I D

56 O1-Decanol 265 240 11 60 70 27 10 I I

58 F2,4-Decadienal 42 1707 122 243 4 70 35 I D

78 OValencene 1462 86 77 6 35 10 4 I I

90 Fb-Sinensal 940 94 9 52 2 8 2 I D

91 Fa-Sinensal 973 221 9 113 3 6 2 I D

92 ONootkatone 81 162 26 37 13 9 4 I I

Critical F value (P = 0.05) 3.11 3.11 3.11 2.49 2.49 2.49 2.06

aPeak number of targeted volatiles as listed in Table S1.
bSuperscripts are related to classification of compounds as fresh (F) and off-flavour (O) aroma descriptors.
cEffect exerted on volatile concentration by pulp content and storage time assayed (from Table S1): I, increase; D, decrease.
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Late orange juices is represented in Fig. 4 for fresh
juice. Including the internal standard and a/b isomers
of glucose and fructose, twenty-five compounds were
identified out of which twenty-two were quantified
(Table S2). As in the case of volatiles, their minimum
significant differences are also shown to facilitate the
individual comparison as a function of processing and
storage time. However, nonvolatile polar compounds
(Table S2) were significantly less affected by treatments
and storage time when compared to volatiles.

Figure 5 shows quantified TMS derivatives (black
dots numbered as listed in Table S2) according to the
first two principle components explaining 52.8% and
10.9% of total variability, respectively. So, samples
were grouped in accordance with storage time
(bounded by vertical dashed lines) due to the low

weight of the second latent variable. Moreover, tem-
peratures reached during HPH treatments did not
induce noticeable differences within samples with the
same pulp content at any tested time. The analysis of
the effect of juice processing (0 months of storage)
showed that in general, the HPH treatments included
in this study did not exert a significant influence on
the nonvolatile polar fraction with the exceptions of
glutamic acid (#12), asparragine (#13) and raffinose
(#22) which decreased significantly (Table S2). The
analysis of storage time showed that the concentration
of alanine (#1), malic acid (#9), glutamic acid (#12),
asparagine (#13) and raffinose (#22) increased notice-
ably with storage time (Fig. 5).
The changes in the concentration of nonvolatile

polar constituents can be explained by the hydrolytic

(a)

(b)

(c)

Figure 2 (a) Effect of interaction pulp con-

tent storage time on 2,4-decadienal concen-

tration (●, 100% pulp; ■, 50% pulp;

▲, 25% pulp); (b) Effect of interaction

homogenisation temperature storage time on

octanal concentration (▲, 58 °C; ■, 63 °C;
●, 68 °C); (c) Effect of the interaction

pulp content homogenisation temperature on

b-terpineol concentration (●, 100% pulp; ■,

50% pulp; ▲, 25% pulp). Concentrations

(mean values) are from Table S1.
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Figure 4 Total ion current (TIC) profile

from the GC–MS analysis of trimethylsilyl

(TMS) derivatives of sugars, organic acids

and amino acids in fresh Lane Late orange

juice showed by AMDIS. Positive assign-

ments (from the respective in-house library

detailed by Cerd�an-Calero et al., 2012) are

represented as targets (T) in the chromato-

gram.
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Figure 3 Principal component analysis

(PCA) from the contents of targeted aroma 
descriptors (black dots numbered as listed in 
Table S1) determined in Lane Late orange 
juices: fresh (♦); high-pressure homogenised 
(HPH) juices with 100% of pulp content

(solid filled); HPH juices with 50% of pulp 
content (grey filled); HPH juices with 25%

of pulp content (white filled). Storage time

at 3 °C is represented as: (●) 0 months,

(▲) 1.5 months and (■) 3 months. Temper-

atures reached (58, 63 and 68 °C for 15 s) 
during homogenisation at 150 MPa appear 
beside each sample. Ellipses correspond to 
the group of characteristic aroma descriptors 
according to their relation with flavour.
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and oxidative pathways. Under acidic conditions of
orange juice, loss of sucrose by nonenzymatic hydroly-
sis releasing fructose and glucose has been reported
(del Castillo et al., 1998). At the same time, reducing
saccharides seemed to be involved in nonenzymatic
browning of juices by the formation of carbonyl com-
pounds from the degradation of ascorbic acid, thus
theoretically counteracting the rise in monosaccharides
induced by the sucrose hydrolysis. This phenomenon is
also promoted by organic acids and amino acids (Roig
et al., 1999; Shinoda et al., 2004), thus changing their
concentration during storage. In any case, the sucrose/
fructose/glucose ratio determined in all assayed sam-
ples was 2:1.2:0.8 and remained unchanged during
storage, in agreement with the 2:1:1 ratio previously
described for orange juice (Vervoort et al., 2011).

Finally, putrescine (#14) deserves special attention
because it is a resultant product from the breakdown
of amino acids. Its content in natural sources is usu-
ally regulated by the ripening stage of plants, but it
can also be influenced by treatments and storage
(Kalac & Krausov�a, 2005). Just considering treat-
ments, the initial putrescine content (Table S2,
0 months of storage) determined in all homogenised
samples (WJs and LPJs) was practically the same as in

fresh juice. On the contrary and as expected, putres-
cine levels increased in all stored samples indepen-
dently of the processing condition tested.

Conclusions

The methodology used in this study allowed the
exhaustive metabolite profiling of orange juice. The
abundant and detailed information obtained facilitated
the interpretation of the compositional changes
observed. The volatile fraction (for both fresh and off-
flavours) of pulp-reduced juices was poorer than those
with no pulp reduction. Moreover, homogenisation at
150 MPa enhanced fresh flavour concentration in all
processed samples, reaching even higher contents in
whole juices than in the fresh juice as is. During stor-
age, fresh aroma compounds were better preserved in
the whole juice homogenised at 68 °C during storage,
also showing the lowest off-flavour concentrations. In
general, nonvolatile polar constituents of juices were
not influenced by HPH and pulp reduction. In conclu-
sion, the versatility, speed and high-throughput capac-
ity of the methodology of analysis used in this study
could contribute to develop innovative processes aimed
to produce high-quality products, while facilitating the

Figure 5 Principal component analysis

(PCA) from the contents of trimethylsilyl

(TMS) derivatives of sugars, organic acids

and amino acids (numbered as listed in

Table S2) determined in Lane Late orange

juices: fresh (♦); high-pressure homogenised

(HPH) juices with 100% of pulp content

(solid filled); HPH juices with 50% of pulp

content (grey filled); HPH juices with 25%

of pulp content (white filled). Storage time

at 3 °C is represented as: (●) 0 months,

(▲) 1.5 months and (■) 3 months. Temper-

atures reached (58, 63 and 68 °C for 15 s)

during homogenisation at 150 MPa appear

beside each sample. Vertical dashed lines

represent the group of assayed samples

according to their storage times.
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detection of quality losses during processing and
storage.
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CAPÍTULO 3 

Caracterización del perfil de fenoles de zumos de granada (Punica 

granatum) de la variedad “Wonderful”. 

1. Phenolic profile characterization of pomegranate (Punica granatum) juice 

by high-performance liquid chromatography with diode array detection 

coupled to an electrospray ion trap mass analyzer. (2013). Journal of Food 

Composition and Analysis, 30(1), 32–40. Impact Factor: 2.259.

2. Determination of the antiradical activity and kinetics of pomegranate juice 

using 2,2-diphenylpicyrl-1-hydrazyl as the antiradical probe. (2014). Food 

Science and Technology International. (En prensa). Impact Factor: 0.981.
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¼»®·ª¿¬·ª» ø³ñ¦ ïïðïô °»¿μ ïç÷ô °«²·½¿´¿¹·² ø°»¿μ­ ìç ¿²¼ ëé÷ô

»´´¿¹·½ ¿½·¼ó¸»¨±­·¼» ¼·³³»® ø°»¿μ êî÷ô ¹®¿²¿¬·² Þ ø°»¿μ éç÷ ¿²¼

»´´¿¹·½ ¿½·¼ ø°»¿μ èí÷ò ß­ ·² ¬¸» ½¿­» ±º ¿²¬¸±½§¿²·²­ô ¿ ¦±±³·²¹ ±º

¬¸·­ ½¸®±³¿¬±¹®¿³ô ¿­ ­¸±©² ·² Ú·¹ò îÞô ®»ª»¿´­ ¬¸» °®»­»²½» ±º ¿

®¿¬¸»® ´¿®¹» ²«³¾»® ±º ±¬¸»® ½±³°±²»²¬­ ¬¸¿¬ ¿´­± ¿¾­±®¾­ ¿¬ ¬¸·­

©¿ª»´»²¹¬¸ô ¬¸«­ ·²¼·½¿¬·²¹ ¬¸¿¬ ¿¼¼·¬·±²¿´ ²±²ó¿²¬¸±½§¿²·²­

°¸»²±´·½ ½±³°±²»²¬­ ¿®» ¿´­± °®»­»²¬ ·² °±³»¹®¿²¿¬» ¶«·½»ô ¾«¬ ¿¬

´±©»® ½±²½»²¬®¿¬·±²­ò Ì¿¾´» î ´·­¬­ ¬¸» èê ²±²ó¿²¬¸±½§¿²·²

°¸»²±´­ ¼»¬»®³·²»¼ ·² ¬¸·­©±®μô ¿­©»´´ ¿­ ¬¸»·® ½¸®±³¿¬±¹®¿°¸·½

®»¬»²¬·±² ¬·³»­ ¿²¼ ÓÍ² º®¿¹³»²¬¿¬·±² °¿¬¬»®²­ò

ß­ °±·²¬»¼ ±«¬ ¾§ Ú·­½¸»® »¬ ¿´ò øîðïï÷ô ¬¸» ³¿¶±® ²±²ó

¿²¬¸±½§¿²·² °¸»²±´·½ ½±³°±²»²¬ ±º °±³»¹®¿²¿¬» ¶«·½» ·­ °«²·ó

½¿´¿¹·² ø°»¿μ­ ìç ¿²¼ ëé÷ô ©¸±­» ³¿­­ ­°»½¬®«³ »¨¸·¾·¬ ¿

³±´»½«´¿® ·±² ¿¬ ³ñ¦ ïðèíô ¾«¬ ¿´­± ¿ ³·²±® ±²» ¿¬ ³ñ¦ ëìïô ©¸·½¸

½±®®»­°±²¼­ ¬± ¬¸» ¼±«¾´» ½¸¿®¹»¼ ³±´»½«´¿® ·±²ò Í±³» ±¬¸»®

³·²±® ½±³°±²»²¬­ô ²¿³»´§ °»¿μ­ îçô íí ¿²¼ íìô ¿´­± »¨¸·¾·¬»¼ ¿

¼»°®±¬±²¿¬»¼³±´»½«´¿® ·±² ¿¬³ñ¦ ïðèíô ¾«¬ ¬¸» ·±² ½±®®»­°±²¼·²¹

¬± ¬¸» ¼±«¾´» ½¸¿®¹»¼ ¼»°®±¬±²¿¬»¼ ³±´»½«´¿® ·±² ¿¬ ³ñ¦ ëìï ©¿­

´¿½μ·²¹ ·² ¬¸»·® ½±®®»­°±²¼·²¹ ³¿­­ ­°»½¬®«³ò Ó±®»±ª»®ô ¬¸» ÓÍ²

º®¿¹³»²¬¿¬·±² °¿¬¬»®² ±º ¬¸»­» ½±³°±²»²¬­ ©¿­ ½´»¿®´§ ¼·ºº»®»²¬

Ú·¹ò îò ØÐÔÝ ½¸®±³¿¬±¹®¿³ ±º °±³»¹®¿²¿¬» ¶«·½» ¿½¯«·®»¼ ¿¬ ´ ã íîð ²³ò øß÷

Ò±®³¿´·¦»¼ ­¬¿²¼¿®¼ ½¸®±³¿¬±¹®¿³ ­¸±©·²¹ ¬¸» ³¿¶±® ²±²ó¿²¬¸±½§¿²·² °¸»²±´·½

½±³°±²»²¬­æ ¿ °«²·½¿´·² ¼»®·ª¿¬·ª» ø°»¿μ ïç÷ô °«²·½¿´¿¹·² ø°»¿μ­ìç ¿²¼ ëé÷ô »´´¿¹·½

¿½·¼ó¸»¨±­·¼» ¼·³³»® ø°»¿μ êî÷ô ¹®¿²¿¬·² Þ ø°»¿μ éç÷ ¿²¼ »´´¿¹·½ ¿½·¼ ø°»¿μ èí÷ò øÞ÷

Æ±±³»¼ ½¸®±³¿¬±¹®¿³ ­¸±©·²¹ ¿¼¼·¬·±²¿´ ³·²±® ²±²ó¿²¬¸±½§¿²·² °¸»²±´·½

½±³°±²»²¬­ò

Ûò Í»²¬¿²¼®»« »¬ ¿´ò ñ Ö±«®²¿´ ±º Ú±±¼ Ý±³°±­·¬·±² ¿²¼ ß²¿´§­·­ íð øîðïí÷ íîõìðíê
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Resultados



Ì¿¾´» î

Ò±²ó¿²¬¸±½§¿²·² °¸»²±´­ ¼»¬»½¬»¼ ·² °±³»¹®¿²¿¬» ¶«·½»ò

Î¬ ø³·²÷ Ð»¿μ ²±ò ÅÓ ØÃ ø³ñ¦÷ ÓÍî ÓÍí ×¼»²¬·w½¿¬·±²¿

ëòîð ï ïçï ïéíô ïïï êé Ý·¬®·½ ¿½·¼

ëòîé î ìèï íðïô îéë íðïô îëéô îîç ØØÜÐó¸»¨±­·¼»

ëòèê í êìç ìçéô íðï íðïô îëéô îîç Ô¿¹»®­¬¿²²·² Ý

êòíè ì èðï éëéô ìèïô íðïô îéë ìèïô íðïô îéë Û´´¿¹·¬¿²²·²

êòëì ë ìèï íðïô îéë íðïô îëéô îîç ØØÜÐó¸»¨±­·¼»

éòðí ê ëíé øÚß÷ ìçïô íîçô ïêé îðçô ïêé Ê¿²·´´·½ ¿½·¼ó¼·¸»¨±­·¼»

éòëî é ííï îéïô îïïô ïçíô ïêçô ïëïô ïîë ïîë Ó±²±¹¿´´±§´ó¸»¨±­·¼»

èòìé è ííï îéïô ïêç ïêç Ó±²±¹¿´´±§´ó¸»¨±­·¼»

èòèí ç èðï éëéô ìèïô íðïô îéë ìèïô íðïô îéë Û´´¿¹·¬¿²²·²

çòéê ïð çêç çîëô èèïô êîíô ìèïô íçç èèïô ëéçô ìèïô íççô íðï Û´´¿¹·¬¿²²·²

ïïòïé ïï ííï îéï îïïô ïêçô ïîë Ó±²±¹¿´´±§´ó¸»¨±­·¼»

ïíòìè ïî êíí íðïô îéëô îìç íðïô îëéô îîç Ù¿´´±§´óØØÜÐó¸»¨±­·¼»¾

ïíòéè ïí èðë êìíô êîëô ìèïô ìêí ëïéô ìèïô ìêíô íëëô íðïô îèí Û´´¿¹·¬¿²²·²

ïíòèê ïì êìç ìçéô íðï íðïô îëéô îîç Ô¿¹»®­¬¿²²·² Ý

ïêòìë ïë êìç êðëô íðï ìèïô ìîïô íðï Û´´¿¹·¬¿²²·²

ïéòëî ïê ìèí ííïô íïíô ïêç îéïô îïïô ïçíô ïêç Ü·¹¿´´±§´ó¸»¨±­·¼»

ïèòéð ïé êìí ìèïô ìêíô íëëô íðïô îèí íðïô íððô îèí Û´´¿¹·¬¿²²·²

ïçòïî ïè êîë ìêíô íðï íðïô îëéô ïçï Û´´¿¹·½ ¿½·¼ó¼·¸»¨±­·¼»

ïçòçë ïç ïïðï ïðëéô éèïô éîïô êðï éîïô êðï Ð«²·½¿´·² ¼»®·ª¿¬·ª»

îðòïë îð êíí íðïô îéëô îìç íðïô îëéô îîç ØØÜÐó¹¿´´±§´¸»¨±­·¼»¾

îðòíì îï èðí éëçô ìèíô îéë ìèíô ííïô îéë Ù¿´´±¬¿²²·²

îðòëë îî ïïðï ïðëéô éèïô éîïô êðï éîïô êðï Ð«²·½¿´·² ¼»®·ª¿¬·ª»

îðòçé îí íîç îêçô îðçô ïèïô ïêé ïëîô ïîíô ïðè Ê¿²·´´·½ ¿½·¼óìóÑó¸»¨±­·¼»

îïòïè îì êìç ìçéô íðï íðïô îëéô îîç Ô¿¹»®­¬¿²²·² Ý

îîòèì îë êìí ìèï íëëô íïçô íðïô îëéô ïçíô ïéë Û´´¿¹·¬¿²·²

îíòîí îê ìèí ííïô íïíô ïêç îéïô îïïô ïçíô ïêç Ü·¹¿´´±§´ó¸»¨±­·¼»

îíòìé îé íìï ïéçô ïíë ïíë Ý¿ºº»·½ ¿½·¼ó¸»¨±­·¼»

îìòëì îè éèí ìèïô íðïô îéë íðïô îëéô îîç Ð»¼«²½«´¿¹·² ×

îìòêì îç ïðèí ïðêëô ïðîïô çëçô èðéô êðïô ëéë íðïô îçç Ù¿´´¿¹§´ »­¬»®

îëòëë íð éèí ìèïô íðïô îéë íðïô îëéô îîçô Ð»¼«²½«´¿¹·² ×

îëòèë íï íìï ïéçô ïêïô ïíë ïíë Ý¿ºº»·½ ¿½·¼ó¸»¨±­·¼»

îëòçí íî êíí ìîïô íðïô îéë íðïô îéëô îîç Ù¿´´±§´óØØÜÐó¸»¨±­»¾

îëòçé íí ïðèí ïðîïô ïððíô çëçô èðéô éîïô êðïô ëéë ëèíô íðïô îççô îéï Ù¿´´¿¹§´ »­¬»®

îêòìï íì ïðèí ïðêëô ïðîïô èðéô éîïô êðïô ëéë éêíô êðïô ëéëô ëìçô ìîëô íðïô îçç Ù¿´´¿¹§´ »­¬»®

îêòëè íë ìêí íðïô íðð íððô îèíô îëéô îîç Û´´¿¹·½ ¿½·¼ó¸»¨±­·¼»

îéòëì íê èðí éëçô ìèíô îéë ìèíô ííïô îéë Ù¿´´±¬¿²²·²

îéòêî íé çíí çïëô éèïô éîïô êðïô ìëï êðï Ù¿´´±§´ó¹¿´´¹§´ó¸»¨±­·¼»

øÐ»¼«²½«´¿¹·² ×××÷

îéòçç íè ïìïë ïíçéô çííô éèíô éêíô êííô êïí éîïô êìëô ìèïô íìïô íðï Ð»¼«²½«´¿¹·² × ¼»®·ª¿¬·ª»

îèòêé íç çíí éèïô éîïô êðï êðï Ù¿´´±§´ó¹¿´´¿¹§´ó¸»¨±­·¼»

øÐ»¼«²½«´¿¹·² ×××÷

îçòêé ìð ìêç ìîë ìîëô ìðéô íðð Ê¿´±²»·½ ¿½·¼ ¾·´¿½¬±²»

íðòðë ìï çëï çðé éèíô ìèïô íðï Ð»¼«²½«´¿¹·² × ¼»®·ª¿¬·ª»

íðòíì ìî íìï îèïô îëïô îîïô ïéçô ïíë ïíë Ý¿ºº»·½ ¿½·¼ó¸»¨±­·¼»

íðòêé ìí ìêï øÚß÷ ìïë îêçô ïêï ß°·¹»²·²ó®¸¿³²±­·¼»

íïòïï ìì íîë ïèéô ïêíô ïìëô ïïç ïïç Ý±«³¿®·½ ¿½·¼ó¸»¨±­·¼»

íïòëí ìë êíí ìèïô ìîïô íðïô îéë íðïô îëéô îîç Ù¿´´±§´óØØÜÐó¸»¨±­·¼»¾

íïòèè ìê éèí ìèïô íðïô îéë íðïô îëéô îîç Þ·­óØØÜÐó¸»¨±­·¼»

ø°»¼«²½«´¿¹·² ×÷

íîòìì ìé çëï çðé èèçô éèíô êðëô ìèïô íðïô îéï Û´´¿¹·¬¿²²·²

íîòêê ìè ïîêë ïîìéô çííô éèíô éèïô éêíô éìëô ìèï ìèïô ìîïô íðïô îéëô îëéô îîç Ð»¼«²½«´¿¹·² × ¼»®·ª¿¬·ª»

ííòéï ìç ïðèíñëìï éèïô éîïô êðïô ëéë éèï éîïô êðïô îçç

êðï îççô îéï

Ð«²·½¿´¿¹·²

íìòíç ëð çëï çðé èèçô éèíô êðëô ìèïô íðïô îéï Û´´¿¹·¬¿²²·²

íìòëï ëï îçï îìé îðí Þ®»ª·º±´·² ½¿®¾±¨§´·½ ¿½·¼

íìòêê ëî ïîêë ïîìéô çííô éèíô éêíô éìë íðïô îéëô îìëô îîç Ð»¼«²½«´¿¹·² × ¼»®·ª¿¬·ª»

íëòíè ëí êíí íðïô îéë íðïô îéëô îîç Ù¿´´±§´óØØÜÐó¸»¨±­·¼»¾

íëòëë ëì ïìïë ïíçéô çííô éèíô éêíô êííô êïí ìèïô íëçô íðïô îéëô îëé Ð»¼«²½«´¿¹·² × ¼»®·ª¿¬·ª»

íëòèí ëë éçç éèïô ìéçô íðï ìêïô ìëïô ìíëô îççô îèéô îéí Ù®¿²¿¬·² ßñÔ¿¹»®­¬¿²²·² ß

íëòçê ëê éèë êííô êïëô ìèíô íðï íðïô îëéô îîç Ü·¹¿´´±§´óØØÜÐó¸»¨±­·¼»

íêòîï ëé ïðèíñëìï éèïô éîïô êðïô ëéë éèï éîïô êðïô îçç

êðï îççô îéï

Ð«²·½¿´¿¹·²

íêòèî ëè ïìïé éèëô éêëô êííô êïíô ìëï ìèíô ìïçô ìðïô íðïô îéëô îíï Û´´¿¹·¬¿²²·²

íéòíî ëç ïðèí éèïô éîïô êðïô ëéë îççô îéï Ð«²·½¿´¿¹·²

íéòêé êð èðï êìçô ìççô íìéô íðï íðïô îëé Ð«²·¹´«½±²·²

íèòèê êï èðï êìçô ìççô íìéô íðï íðï íðïô îëé

êìç ìçéô íðï

Ð«²·¹´«½±²·²

íçòïî êî ìêíñçîé ìêí íðï

çîé ìêíô íðï

íðï íðïô îëéô îîç Û´´¿¹·½ ¿½·¼ó¸»¨±­·¼» ¼·³³»®

íçòïê êí êíí ìêíô íðïô îéë íðïô îëéô îîç Ù¿´´±§´óØØÜÐó¸»¨±­·¼»¾

íçòîì êì ìêí íðï íðïô îëéô îîç Û´´¿¹·½ ¿½·¼ ¸»¨±­·¼»

íçòîè êë çíë êëçô êííô ëéïô íðï ëéïô íðï Ù¿´´±§´ó¾·­óØØÜÐó¸»¨±­·¼»

ø½¿­«¿®·²·²÷

ìðòêï êê ïðèë çííô çïëô éïçô êðïô ëéëô ëìç éèïôéîïô êðïô ëìçô îçç Ü·¹¿´´±§´ó¹¿´´¿¹§´ó¸»¨±­·¼»

ìïòíð êé éèí éêëô íðïô îéë ëçéô íðïô îéë Ð»¼«²½«´¿¹·² ×

Ûò Í»²¬¿²¼®»« »¬ ¿´ò ñ Ö±«®²¿´ ±º Ú±±¼ Ý±³°±­·¬·±² ¿²¼ ß²¿´§­·­ íð øîðïí÷ íîõìð íé
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Capítulo 3. Caracterización zumos granada



º®±³ ¬¸¿¬ ±º °«²·½¿´¿¹·² ø­»» Ì¿¾´» î÷ô ¿²¼ ¬¸» °®»­»²½» ¿­ ³¿·²

º®¿¹³»²¬­ ±º ¬¸» ­°»½·w½ ¼¿«¹¸¬»® ·±²­ ¿¬³ñ¦ êðï ¿²¼³ñ¦ íðïñîçç

½´»¿®´§ ­«¹¹»­¬»¼ º±® ¬¸»³ ¿ ­¬®«½¬«®» ±º ¹¿´´¿¹§´ ¼»®·ª¿¬·ª»ô ³±­¬

°®±¾¿¾´§ »­¬»®ò

É¸»² ¬¸» ·±² ¿¬ ³ñ¦ ïïðï ©¿­ ­»¿®½¸»¼ ¿½®±­­ ¬¸» ¬±¬¿´ ·±²

½«®®»²¬ øÌ×Ý÷ ½¸®±³¿¬±¹®¿³ øÚ·¹ò íß÷ô ¬©± ­·¹²·w½¿²¬ °»¿μ­ ©»®»

º±«²¼ øÚ·¹ò íÞ÷ô ±²» ±º ¬¸»³ ½±®®»­°±²¼·²¹ ¬± ¬¸» ¿º±®»³»²¬·±²»¼

Ì¿¾´» î øÝ±²¬·²«»¼ ÷

Î¬ ø³·²÷ Ð»¿μ ²±ò ÅÓ ØÃ ø³ñ¦÷ ÓÍî ÓÍí ×¼»²¬·w½¿¬·±²¿

ìïòíç êè ëðé íìëô íîéô íïë íîé íïîô îçêô îèíô îêè

íìë íîéô íïë

Í§®·²¹»¬·²ó¸»¨±­·¼»

ìïòçè êç éèë éêéô êííô ìèíô ìïçô íðï íðïô îëéô îîç Ü·¹¿´´±§´óØØÜÐó¸»¨±­·¼»

ìîòéé éð ïðèë éèíô éêë ëçéô íðïô îéë Ì®·óØØÜÐó¸»¨±­·¼»

ìíòðï éï éèí éêëô ìèïô íðï éêë éìêô íðïô îçç

íðï îéëô îîç

Ð»¼«²½«´¿¹·² ×

ìíòçé éî ïðèë éèíô éêë ëçéô íðï Ì®·óØØÜÐó¸»¨±­·¼»

ììòéç éí ìêè ìîë íðïô îçç Ê¿´±²»·½ ¿½·¼ ¾·´¿½¬±²»

ìëòíì éì çëí çíëô ìêíô íðï èçïô ìêíô íìíô íðï Û´´¿¹·¬¿²²·²

ìëòëì éë éèë êííô êïëô ìèíô ìïçô íðïô îéëô îìç íðïô îëéô îîç Ü·¹¿´´±§´óØØÜÐó¸»¨±­·¼»

ìëòêë éê êïë ìêíô íðï íðïô îëé Û´´¿¹·½ ¿½·¼ó¹¿´´±§´ó¸»¨±­·¼»

ìëòêè éé ìíí íðï íðïô íððô îëéô îîç Û´´¿¹·½ ¿½·¼ó°»²¬±­·¼»

ìëòèð éè ëðé ìèçô íìëô íîéô íïë íîé íïîô îçêô îèíô îêè

íìë íîéô íïë

Í§®·²¹»¬·²ó¸»¨±­·¼»

ìêòðï éç çëï çííô êíïô êïíô íðï çíí êíïô êïíô íðï

êïí íðïô îçç

Ù®¿²¿¬·² Þ

ìêòíç èð ììé íðïô íðð íðïô íððô îëéô îîç Û´´¿¹·½ ¿½·¼ó®¸¿³²±­·¼»

ìêòëð èï ìíí íððô íðï íððô íðï Û´´¿¹·½ ¿½·¼ó°»²¬±­·¼»

ìéòìë èî êðï îççô îéï îéï Ù¿´´¿¹·½ ¿½·¼

ìèòðè èí íðï íðïô îëéô îîç íðïô îëéô îîç Û´´¿¹·½ ¿½·¼

ìçòçè èì êðç ìêíô ììëô íðï íðï îëé

ìêí íðï

Û´´¿¹·½ ¿½·¼óø°ó½±«³¿®±§´÷¸»¨±­·¼»

ëîòíî èë ììç ìíïô îèé îèé Ü·¸§¼®±μ¿»³°º»®±´ó¸»¨±­·¼»

ëîòèî èê ëçí ììëô íðï íðïô íððô îëé Û´´¿¹·¬¿²²·²

Ñ²´§ ¬¸±­» ·±²­©·¬¸ ¿ ®»´¿¬·ª» ¿¾«²¼¿²½» ¹®»¿¬»® ¬¸¿² ïðû ¿®» ­¸±©²ò øÚß÷ô ¼»¬»½¬»¼ ¿­ º±®³·½ ¿½·¼ ¿¼¼«½¬ò Û¿½¸ ­«½½»­­·ª» ÓÍ² ¿²¿´§­·­ ¿°°´·»­ ±² ¬¸» ·±²­ ­¸±©² ·² ¾±´¼ ·²

¬¸» °®»½»¼·²¹ ½±´«³²ô ¿²¼ ¬¸» ®»­«´¬ ·­ ¹·ª»² ·² ·¬­ ±©² ½±´«³²ò ß¾¾®»ª·¿¬·±²­ «­»¼æ Î¬ô ®»¬»²¬·±² ¬·³»å ÅÓ ØÃ ô ³±´»½«´¿® ³¿­­ «²¼»® ²»¹¿¬·ª» ·±²·¦¿¬·±² ½±²¼·¬·±²­å ³ñ¦ô

³¿­­ó¬±ó½¸¿®¹» ®¿¬·±å ÓÍ²ô ¬¿²¼»³ ³¿­­ ­°»½¬®±³»¬®§ ´»ª»´ ®»¿½¸»¼å ØØÜÐô ¸»¨¿¸§¼®±¨§¼·°¸»²·½ ¿½·¼ò
¿ Ý±³°±²»²¬­ ·² ·¬¿´·½ ¸¿ª» ¾»»² °®»ª·±«­´§ ®»°±®¬»¼ ¾§ Ú·­½¸»® »¬ ¿´ò øîðïï÷ò
¾ Ì¸» ·±² ¿¬ ³ñ¦ êíí ½±«´¼ ½±®®»­°±²¼ ¬± ½±®·´¿¹·²ô ­¬®·½¬·²·² ±® °«²·½¿½±®¬»·² ßñÞò

Ú·¹ò íò øß÷ Ì±¬¿´ ·±² ½«®®»²¬ øÌ×Ý÷ ½¸®±³¿¬±¹®¿³ ±º °±³»¹®¿²¿¬» ¶«·½» «²¼»®

²»¹¿¬·ª» ÛÍ× ·±²·¦¿¬·±² ³±¼»ò øÞ÷ Í·²¹´» ·±² ³±²·¬±®·²¹ øÍ×Ó÷ ½¸®±³¿¬±¹®¿³
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Article

Determination of the antiradical activity and kinetics of
pomegranate juice using 2,2-diphenylpicyrl-1-hydrazyl
as the antiradical probe

Manuela Cerdán-Calero, José M Sendra and Enrique Sentandreu

Abstract
Whole fruit pomegranate (Punica granatum L.) juice of the ‘Wonderful’ cultivar was characterized through the
elucidation of its antiradical kinetics and activity using 2,2-diphenyl-1-picrylhydrazyl as the antiradical probe.
Time-dependent concentration of 2,2-diphenyl-1-picrylhydrazyl during its reduction by the juice has been
adjusted through a non-linear parametric fitting. Determined total antiradical activity was high, able to reduce
84.58 mmol/l of 2,2-diphenyl-1-picrylhydrazyl per concentration unit of juice (ml/ml), equivalent to a concen-
tration of 42.29mmol/l of ascorbic acid (or Trolox). Partial antiradical activities due to the fast-, medium- and
slow-kinetics were 49.09, 18.16 and 17.33 mmol/l of reduced 2,2-diphenyl-1-picrylhydrazyl per concentration
unit of juice (ml/ml), respectively. The corresponding rate constant for the fast-, medium- and slow-kinetics
were �1¼ 6.03, �2¼ 0.169 and �3¼0.0094 (ml l)/(ml mmol min), respectively. This methodology allows char-
acterization of samples through the accurate determination of the kinetics of their antiradical features, avoid-
ing the use of empirical approximations that hinder the realistic comparison between extracts independently
of their origin.

Keywords
Natural antioxidants, fruit juices, antiradical kinetics
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INTRODUCTION

Intake of pomegranate (Punica granatum L.) arils or
juice has been linked to important pharmacodynamic
activities such as prevention and treatment of cancer,
inflammation and lipid oxidation processes (Aviram
et al., 2000; Lansky and Newman, 2007). These func-
tions are mainly attributed to the antioxidant and anti-
radical activity of their phenolic components (Seeram
et al., 2006; Sentandreu et al., 2013). The in vitro anti-
radical capacity of pomegranate juice and derived
extracts from different parts of the fruit have been
determined though different methodologies (Elfalleh
et al., 2011; El Kar et al., 2011; Gil et al., 2000;
Ricci et al., 2006). Total antiradical activity of

pomegranate juice, or natural extracts in general, deter-
mined by the classical 2,2-diphenyl-1-picrylhydrazyl
(DPPH�) methodology (Blois, 1958; Brand-Williams
et al., 1995) has indirectly been quantified either
through the ad hoc EC50 empirical parameter or as
the ascorbic acid equivalent antioxidant capacity
(AEAC) and/or Trolox equivalent antioxidant capacity
(TEAC). There is a lack of information about the kin-
etics of the antiradical activity of natural extracts
(or model solutions) against DPPH�. Since only the
starting and end points (after a fixed reaction time) of
the empirical reduction reaction of DPPH� by the
antiradical activity of a considered extract are taken
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into account, thus determining only its total antiradical
capacity, the reduction kinetics is completely ignored.
There is a dearth in literature on kinetic data from
antiradical extracts and to the best of our knowledge
none has been reported in pomegranate juice.

The aim of this work is therefore to characterize
pomegranate juice through the accurate determination
of its total and partial antiradical activities as well as
the related specific kinetic parameters, the average rate
and stoichiometric constants of the antiradical reaction,
using DPPH� as the antiradical probe.

MATERIALS AND METHODS

Reagents and standards

Spectrophotometric grade methanol was from Sigma
(Sigma-Aldrich Co., St. Louis, MO, USA). DPPH�

(94.6% purity) was from Fluka (Fluka AG
Chemische, Buchs, Switzerland). Nylon filters
(0.45 mm) were from Teknokroma (Teknokroma Ltd,
Barcelona, Spain) while anhydrous sodium sulphate
was from Panreac (Panreac Quı́mica S.A., Barcelona,
Spain).

Pomegranate juice and sample preparation

Pomegranate fruits, cultivar ‘Wonderful’, were
imported from California, USA. Pomegranate juice
was obtained by pressure extraction of the whole fruit
(50 units of fruit which weighed 25 kg), previously cut
into halves, using a pressure extractor Europ (Vapfluid,
Sant Boi de Llobregat, Barcelona, Spain) working at an
air pressure of 6 kg/cm2. Juice was sieved in a paddle
finisher (Ø 0.4mm, Luzzysa, El Puig, Spain) and yield
of juice was 42% (w/w), having the following charac-
teristics: �Brix, 17.2 (determined using a digital refract-
ometer Pal-1; Atago Co. Ltd, Tokyo, Japan); pH, 3.3
(determined using a Crison GLP 21 pH-meter; Crison
Inst. S.A., Barcelona, Spain); acidity index, 1.07
(assessed by titration with 0.1N NaOH and expressed
as percentage of citric acid); dry matter, 12.7% (deter-
mined by oven dying at 70 �C until constant weight);
and maturity index, 16.1. Immediately after extraction,
separate aliquots (20ml) of the juice were poured into
sterile vials, which were hermetically sealed and stored
at �30 �C until analysis (one month as a maximum).

The spectrophotometric grade methanol was dried
overnight over anhydrous sodium sulphate, and work-
ing solutions of pomegranate juice and DPPH� were
freshly prepared before analysis. One milliliter of pom-
egranate juice was filtered through a 0.45 mm nylon
filter and then 0.4ml of the filtrate was completely
dried under a nitrogen stream and re-suspended in
7ml (dilution factor¼ 17.5) of anhydrous methanol
pH 4.5 (acidified with formic acid) for a final pH

value of 4.0. A volume of the diluted working solution
(10, 20 and 30 ml) was added in situ, using a chromato-
graphic syringe, into a thermostated (24 �C) and stirred
(600 r/min) quartz spectrophotometric cuvette (3.5ml
of capacity and 1 cm path length). The cuvette
contained 1.9ml of the DPPH� solution, prepared in
anhydrous methanol pH 4.5 also used to yield a final
volume of 2ml (the final concentration of DPPH� was
100.714 mmol/l), and was immediately end-capped after
the addition of the working solution. Reaction time
commenced with the addition of pomegranate juice.

UV–Vis analysis

Changes in absorbance were measured using an Agilent
UV–Vis spectrophotometer model 8453 (Agilent
Technologies GmbH, Karlsruhe, Germany), equipped
with a diode array detector and a thermostated cell
holder with magnetic stirring. The operating conditions
were vis lamp, on; UV lamp, off; detection wavelength,
�¼ 515 nm (maximum of absorbance for DPPH� probe
in methanolic solution); slit width, 1 nm; data acquisi-
tion rate, 2.1 s/data point; reaction temperature, 24 �C;
and monitored reaction time, 60min. Samples were
analyzed in triplicate.

Before the analysis of samples, the standard calibra-
tion curve absorbance versus DPPH� concentration
was determined (R2> 0.999). From the resulting data,
the molar extinction coefficient of DPPH� in methanol
was found to be "¼ 1.12� 104 l/(mol cm).

Taking into consideration the detection wavelength
(�¼ 515 nm) used, the strong red colour of pomegran-
ate juice interfered with the determination of its anti-
radical activity against DPPH�, even when using
diluted working solutions in methanol. However, the
well-known capacity of anthocyanins in solution to
undergo reversible structural transformations as a func-
tion of the pH of the medium could be used to over-
come the problem. Hence, at pH< 3 the predominant
structure is that of flavylium cation (oxonium form)
and the colour of the anthocyanins varies from
orange to purple; at pH¼ 4–5 main structure is that
of carbinol pseudo-base (hemiketal form) in equilib-
rium with the corresponding chalcone, and the antho-
cyanins are colourless; and at pH> 7 the predominant
structure is that of quinonoidal base and the colour of
the anthocyanins is blue (Giusti and Wrolstad, 2001).
From the above, reactions were carried out at pH
around 4.4 after mixing the DPPH� solution (pH 4.5)
with the re-suspended juice (pH 4.0), just having the
reaction solutions the colour provided by the dissolved
antiradical probe. It must be emphasized that use of a
diluted solution of anthocyanins at pH 4–5, where they
are in colourless hemiketal and chalcone forms, does
not affect at all their antiradical capacity. This is so
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because both structures preserve the vicinal free hydro-
xyls on B-ring, which are mainly responsible for their
antiradical activity. The other important antiradical
group, that is the conjugated vinyl-hydroxyl at C3
position in B-ring is always glycosylated in the antho-
cyanins present in pomegranate juice (Sentandreu et al.,
2013), and so it does not exhibit antiradical activity.

RESULTS AND DISCUSSION

Considering that pomegranate juice assayed was
diluted 17.5-fold before the addition of 30, 20 and
10 ml to the cuvette containing DPPH�, for a total reac-
tion volume of 2ml, the precise added volumes of pom-
egranate juice were v1¼ 1.714, v2¼ 1.143 and
v3¼ 0.571 ml, which corresponded to concentrations of
c1¼ 0.857, c2¼ 0.571 and c3¼ 0.286 ml/ml, respectively.
Figure 1 shows the time evolution of the reduction reac-
tion of DPPH� (initial concentration,
yo¼ 100.714 mmol/l) due to the antiradical activity of
pomegranate juice for its three assayed concentrations.
For visibility reasons, only a limited number of experi-
mental data points were plotted, although subsequent
fittings were carried out using all of them. The curves
excellently reflected the expected overall antiradical
activity of the juice, typical for matrices with complex
compositions. Thus, Sentandreu et al. (2008) proposed
that the antiradicals composition of a bioactive sample
(either for a natural extract or model solution) could be
schematized regarding the three partial antiradical kin-
etics that make up its total scavenging capacity (fast-
for vinyl alcohol and tri-vicinal hydroxyl groups,
i.e. ascorbic acid; medium- for the p-catechol group,
i.e. chlorogenic acid and slow- for free hydroxyls, i.e.
ferulic acid). In addition, authors also mentioned how

in a hydrophilic media (i.e. methanol) the p-catechol
group shows different antiradical kinetics (medium by
direct reduction of the antiradical probe and as a con-
sequence of its first regeneration step by the media and
slow by the second and further regenerations). Hence,
total antiradical activity of a considered extract can be
contributed by one, two or three partial antiradical kin-
etics as a function of its compositional complexity.

In order to simplify understanding of experimental
results (Figure 1), let us consider just anthocyanins pre-
sent in pomegranate juice which exhibit all three partial
antiradical kinetics described earlier, also contributed
by non-anthocyanin phenols present in the juice
(Sentandreu et al., 2013). The short but very fast
DPPH� reduction step would be due to the tri-vicinal
hydroxyls on the aromatic rings (pomegranate juice
almost does not contain ascorbic acid and free vinyl-
hydroxyls), such as in delphinidin-based anthocyanins,
whilst the quite long but medium and the very long but
slow DPPH� reduction steps would be mainly due to
phenolics with p-catechol (i.e. cyanidin-based antho-
cyanins) and free hydroxyl groups (i.e. pelargonidin-
based anthocyanins). To determine antiradical kinetics
and activities (total and partial) of the studied juice,
each experimental curve was fitted through a non-
linear parametric fitting (using SigmaPlot 10.0) to the
‘general’ three rate/three stoichiometric constants kin-
etic equation described by Sentandreu et al. (2008), the-
oretically developed from model solutions and
proposed to positively characterize natural antiradical
extracts, that is

y�ys ¼ y1 yo�y1ð Þ
y1�yo 1� er1y1t

� �þ y2 yo�y2ð Þ
y2�yo 1� er2y2t

� �

þ y3 yo�y3ð Þ
y3�yo 1� er3y3t

� �

with the constraint

y3 ¼ 2yo þ ys � y1 � y2

and the identities (i¼ 1, 2, 3)

ri ¼ ki=�i

yo � yi ¼ �iao

yo � ys ¼ ��ið Þao ¼ �tao

where y (mmol/l) is the time-dependent concentration of
DPPH�; yo (mmol/l) is the initial concentration of
DPPH�; ao (mmol/l) is the initial concentration of the
antiradical; t (min) is the reaction time; y1, y2 and y3
(mmol/l) are the asymptotes that would be reached due
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Figure 1. Time evolution of the concentration of DPPH� in
methanol (yo¼ 100.714 mmol/l) during its reduction by
three different initial concentrations of pomegranate juice:
(O) 0.857, (�) 0.571 and (5) 0.286ml/ml, and their fitting to
the three rate/three stoichiometric constants kinetic equa-
tion. R2> 0.999 in all cases.
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solely to the fast-, medium- and slow-kinetic steps of
the reaction, respectively; ys (mmol/l) is the experimen-
tal asymptote of the reaction; k1, k2 and k3 (l/(mmol
min)) are the rate constants of the fast-, medium- and
slow-kinetic steps of the reaction, respectively; �1, �2
and �3 are the stoichiometric constants of the fast-,
medium- and slow-kinetic steps of the reaction, respect-
ively; and �t (¼ �1þ �2þ �3) is the total stoichiometric
constant of the reaction. The values of the
adjustable parameters, y1, y2, y3, ys, r1, r2 and r3,
obtained from the corresponding fittings, are given in
Table 1.

If the assayed antiradical was a pure compound with
an initial concentration ao (mmol/l), the stoichiometric
constants would be �1¼ (yo�y1)/ao, �2¼ (yo�y2)/ao,
�3¼ (yo�y3)/ao and �t¼ �1þ �2þ �3¼ (yo�ys)/ao, and
their corresponding rate constants k1¼ r1�1, k2¼ r2�2
and k3¼ r3�3, respectively. In the case that many dif-
ferent initial concentrations of the antiradical were
assayed, the stoichiometric constants, �i (i¼ 1, 2, 3,
s), should be determined as the slopes from the corres-
ponding linear fittings (yo�yi) (i¼ 1, 2, 3, s) versus the
assayed ao’s, and the corresponding rate constants as
ki¼ ři/�i, where ři is the average of the determined ri
from each assayed concentration. Pomegranate juice,
however, is not a pure antiradical compound but con-
tains a mixture of many different antiradical com-
pounds and so an initial molar concentration cannot
be defined. In any case, it seems evident that partial
and total antiradical activities must directly be propor-
tional to the added volume of the assayed sample (vi, ml)
and so to its concentration (ci, ml/ml). Figure 2 shows
the plotting of (yo�y1), (yo�y2), (yo�y3) and (yo�ys)
versus the assayed initial concentrations (co) of pom-
egranate juice. As can be seen, all the plots were
straight lines whose slopes, m1¼ (yo�y1)/
co¼ 49.09� 0.11, m2¼ (yo�y2)/co¼ 18.16� 0.05,
m3¼ (yo�y3)/co¼ 17.33� 0.06 and ms¼ (yo�ys)/
co¼ 84.58� 0.15 ((mmol/l)/(ml/ml)) were equivalents to
the stoichiometric constants for a pure compound,
giving the amount of DPPH� (mmol/l) that was reduced
due to the fast (m1), medium (m2), slow (m3) and total
(ms) antiradical activity per concentration unit (ml/ml)
of juice. Similarly, equivalents to the rate constants (ki)
were �1¼ ř1m1¼ 6.03� 0.06, �2¼ ř2m2¼ 0.167� 0.005
and �3¼ ř3m3¼ 0.0094� 0.0002 (ml l)/(ml mmol min).
Therefore, the values of m1, m2, m3, ms, �1, �2 and �3
completely determined the reaction of reduction of
DPPH� by the antiradical activity of pomegranate
juice.

In many bibliographic references, value of total anti-
radical activity against DPPH�, either from a pure anti-
radical or from a mixture of antiradicals, was
quantified by means of the parameter EC50, which is
defined as the amount of antiradical necessary to T
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decrease the initial DPPH� concentration by 50%
(Sendra et al., 2006). To determine this parameter, a
constant initial concentration (yo, mmol/l) of DPPH�

is partially reduced by using different amounts of anti-
radical, and the remaining concentration of DPPH� is
measured after a fixed reaction time (normally between
10 and 40min) and is considered as the real asymptotic
value of the empirical reaction. From these data, the
amount of antiradical (�st) that is stoichiometric with
the assayed concentration of DPPH� is calculated, and
consequently EC50¼�st/2. However, to avoid this value
to be dependent on the initial concentration of DPPH�,
it is normally expressed as ml(sample)/g(DPPH�).
In terms of the kinetic parameters, if ms is the total
stoichiometric constant of a mixture of antiradicals
(or �t in the case of a pure antiradical), its stoichiomet-
ric concentration (cst) is given by cst¼ yo/ms (or ast¼ yo/
�t) since ys¼ 0, making that in our case EC50¼ cst/
2¼ (yo/2)/ms¼ 50.36/84.58¼ 0.595 ml/ml (or EC50¼ yo/
2�t). This value expressed as ml/g is
EC50¼ 50.36�394.32�10�3/0.595¼ 33.37ml/g, which
is in accordance to published values (Calı́n-Sánchez
et al., 2011) of EC50 (¼ 30.1 � 40.7ml/g) for juices
from Spanish pomegranates.

Another way to quantify total antiradical activity
of a sample is by means of the equivalent molar con-
centration (mmol/l) of a standard antiradical (usually
ascorbic acid and Trolox). Hence, a solution contain-
ing the equivalent molar concentration of the standard
must exhibit exactly the same total antiradical activity
that the assayed antiradical of mixture of antiradicals.
Thus, a constant initial concentration (yo, mmol/l) of
DPPH� is partially reduced by using different amounts

of both the assayed and standard antiradicals, and the
remaining concentration of DPPH� after a fixed reac-
tion time (normally between 10 and 40min) is mea-
sured and assumed to be its true asymptotic value.
This assumption is normally true for the standard
antiradical, since its kinetics is very rapid, but also
normally false for the assayed antiradical, since its
kinetics is usually much slower (and prolonged in
time). From the obtained data, the equivalent molar
concentration of the standard antiradical is deter-
mined. From the kinetic parameters, the calculus of
the equivalent concentration of a given standard anti-
radical is immediate due to the fact that its total stoi-
chiometric constant against DPPH� is known. This is
the case for both ascorbic acid (Molyneux, 2004;
Sendra et al., 2006) and Trolox (Friaa and Brault,
2006), both exhibiting a total stoichiometric constant
¼2. In our study, the equivalent molar concentration
of ascorbic acid (AEAC) or Trolox (TEAC), is given
by AEAC¼TEAC¼ms/2¼ 42.29mmol/l (or¼ �t/2
for a pure antiradical). In contrast with the deter-
mined value for EC50, the determined value for
TEAC (42.29) is almost twice regarding previous
results (TEAC& 20) described for a commercial pom-
egranate juice from the variety ‘Wonderful’, also
grown in California, USA (Gil et al., 2000).
Although this later value for TEAC (which evidently
was very close to the value obtained by the same
authors for AEAC) was obtained from a rather
short reaction time (15min), which according to
Figure 1 leads to determine only 88% of total anti-
radical activity, this great difference could be attribu-
ted to the extraction process of the juice. In the
present study, the assayed juice was obtained by pres-
sure extraction of the whole fruit under gentle condi-
tions; however, additional amounts of some strong
antiradicals present in the peel at high concentration
can be incorporated into the juice by strong extracting
pressures, thus explaining this discrepancy.

Obviously, if antiradical activities of a set of similar
samples are to be determined, it seems unrealistic to
carry out a complete antiradical analysis of all samples,
even if only one concentration per sample is assayed.
However, authors believe that, at least for a convincing
comparison of the antiradical activity between samples
from different origin, it would be a good practice to
fully characterize the antiradical activity of at least
one sample, whilst the other samples could be quanti-
fied by determining only the DPPH� concentrations at
the beginning of the reaction and after a selected
reaction time. As an additional advantage, from the
fully characterized sample it would be immediate to
determine the percentage of total antiradical activity
that is measured at the selected reaction time and
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Figure 2. Graphical representation of DPPH� concentra-
tion (mmol/l) reduced versus the initial concentration (co) of
pomegranate juice. Total concentration reduced by the
juice, yi¼ ys (O); concentration reduced during the fast-
kinetics step, yi¼ y1 (�); concentration reduced during the
medium-kinetics step, yi¼ y2 (5) and concentration
reduced during the slow-kinetics step, yi¼ y3 (�).
R2> 0.995 in all cases. See Appendix.

Cerdán-Calero et al.

5

123

Resultados



then perform the opportune corrections for the other
samples.

Finally, bibliographic data reporting values of the
kinetic and rate constants for the assayed antiradical
samples would allow a convincing comparison within
them. By this way, the antiradical activity of samples
from different origin could be compared not only with
respect to their total antiradical activity (ms) but also
with respect to their partial antiradical activities (m1,
m2 and m3) and partial DPPH� reduction rates (�1, �2
and �3). This is of major importance, since time
evolution of the DPPH� concentration reflects the
type and concentration of antiradicals present in the
assayed sample: vinyl-OH and vicinal phenolic tri-OH
exhibit at least a fast kinetics step; p-catechol groups
exhibit both medium and slow kinetics steps and iso-
lated phenolic hydroxyls exhibit only a slow kinetics
step. Although it is true that an aqueous solution con-
taining 42.29mmol/l of ascorbic acid exhibits the same
total antiradical activity against DPPH� than the
assayed pomegranate juice, perhaps their antiradical
‘goodness and properties’ for human health are some-
what different. Therefore, it is possible that in many
cases the simple and mere comparison of two samples
by comparing only their total antiradical
activities (and not their characteristic antiradical kin-
etics) could be useless or, even worse, could be
deceptive.

CONCLUSIONS

For the first time, pomegranate juice has been
rigorously characterized through its specific in vitro
antiradical properties strictly determined by non-
linear parametric fitting using DPPH� as the antiradical
probe. Determined total and partial antiradical capaci-
ties as well as the related reduction kinetics (including
stoichiometric and antiradical rate constants) act as a
specific ‘fingerprint’ of the juice. This methodology if
applied to bioactive samples from different origins
(either for natural extracts or model solutions) would
allow the realistic comparison of their antiradical fea-
tures, in contrast to the current situation where only
total antiradical activities are approximately
approached.
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Melgarejo P and Carbonell-Barrachina ÁA. (2011).
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APPENDIX

Notation

co initial concentration of the antiradical (ml/ml)
cst total stoichiometric concentration of pomegra-

nate juice (mmol/l)
EC50 amount of antiradical that decreases the initial

DPPH� concentration by 50% (ml/g)
t reaction time (min)

k1 rate constant of the fast kinetic steps of the
reaction (l/(mmol min))

k2 rate constant of the medium kinetic steps of the
reaction (l/(mmol min))

k3 rate constant of the slow kinetic steps of the
reaction (l/(mmol min))

m1 (¼ (yo�y1)/co) slope from the representation
(yo�y1) versus co ((mmol/l)/(ml/ml))

m2 (¼ (yo�y2)/co) slope from the representation
(yo�y2) versus co ((mmol/l)/(ml/ml))

m3 (¼ (yo�y3)/co) slope from the representation

(yo�y3) versus co ((mmol/l)/(ml/ml))
ms (¼ (yo�ys)/co) slope from the representation

(yo�ys) versus co ((mmol/l)/(ml/ml))
r1 (¼ k1/�1) kinetic constant for the fast antiradi-

cal step (l/(mmol min))
r2 (¼ k2/�2) kinetic constant for the medium anti-

radical step (l/(mmol min))
r3 (¼ k3/�3) kinetic constant for the slow antira-

dical step (l/(mmol min))
ři average of the determined ri from each assayed

concentration (l/(mmol min))
y time-dependent concentration of DPPH�

(mmol/l)
yo initial concentration of DPPH� (mmol/l)
y1 asymptote that would be reached due solely to

the fast step of the reaction (mmol/l)
y2 asymptote that would be reached due solely to

the medium step of the reaction (mmol/l)
y3 asymptote that would be reached due solely to

the slow step of the reaction (mmol/l)
ys experimental asymptote of the reaction (mmol/

l)
ast amount of pomegranate juice that is stoichio-

metric with the assayed concentration of

DPPH� (ml/g)
j1 (¼ř1m1) equivalents to the fast rate constant (ml

l)/(ml mmol min)
j2 (¼ř2m2) equivalents to the medium rate con-

stant (ml l)/(ml mmol min)
j3 (¼ř3m3) equivalents to the slow rate constant

(ml l)/(ml mmol min)
vi volume of pomegranate juice (ml)
p1 stoichiometric constant of the fast kinetic steps

of the reaction
p2 stoichiometric constant of the medium kinetic

steps of the reaction
p3 stoichiometric constant of the slow kinetic

steps of the reaction
pt (¼ �1þ �2þ �3) total stoichiometric constant

of the reaction
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CAPÍTULO 4

Caracterización del perfil de fenoles de la pulpa de caqui (Diospyros kaki) 

de la variedad “Rojo Brillante”.  

1. Metabolite profiling of pigments from acid-hydrolyzed persimmon (Diospyros 

kaki) extracts by HPLC-DAD/ESI-MSn analysis. (2014). Journal of Food 

Composition and Analysis. (Aceptado para su publicación). Impact Factor: 2.259.

2.
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Resultados

Rapid screening of low molecular weight phenols from persimmon (Diospyros 

kaki) pulp using liquid chromatography-UV/Vis-electrospray mass 

spectrometry analysis. (2014). Journal of the Science of Food and Agriculture.

(En prensa). Impact Factor: 1.879.
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Metabolite profiling of pigments from acid-hydrolyzed persimmon (Diospyros 

kaki) extracts by HPLC-DAD/ESI-MS
n
 analysis

Enrique Sentandreu
*
, Manuela Cerdán-Calero, José L. Navarro

Instituto de Agroquímica y Tecnología de Alimentos (IATA-CSIC), Avda. Agustín Escardino 7, 46980 

Paterna, Valencia, Spain 

The profile of pigments from acid-hydrolysed ‘Rojo Brillante’ persimmon (Diospyros kaki) 

extracts was elucidated by high-performance liquid chromatography with diode array detection 

coupled to tandem mass spectrometry analysis with positive electrospray ionization (HPLC-

DAD-ESI+/MSn). In total, seventeen anthocyanidin-based aglycones were tentatively identified: 

four free anthocyanidins (delphinidin, petunidin, cyanidin and peonidin) and, for the first time in 

a naturally derived extract, thirteen 3-O-galloyl flavanol-anthocyanidin adducts (dimers formed 

by a galloylated (epi)catechin or (epi)gallocatechin with an anthocyanidin). Furthermore, 

evidence of non-galloylated flavanol-anthocyanidin adducts was also found in the samples 

studied. The anthocyanidin derivatives reported could promote the use of persimmon by the 

food industry to obtain innovative coloured products, opening up new possibilities to satisfy 

consumer demands. The methodology of analysis developed, which included the use of a 

routine three-dimensional ion trap, represents an affordable solution to achieve detailed 

metabolite profiles of foodstuffs.

Keywords: Diospyros kaki; food analysis; persimmon fruits; acid-hydrolyzed extracts; LC-

DAD/ESI-MSn analysis; molecular structure elucidation; anthocyanidin adducts; food

composition; innovative foodstuffs: metabolite profiling.
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Resultados

Chemical compounds studied in this article

Delphinidin (PubChem CID: 68245); Petunidin (PubChem CID: 73386); Cyanidin (PubChem 

CID: 68247); Peonidin (PubChem CID: 441773).



1. Introduction

Tannins are phenols widely distributed throughout the plant kingdom whose nature varies from 

simple structures (known as low molecular weight tannins, LMWT), normally consisting of 

glycosides of one or several units of gallic acid (hydrolysable tannins) and flavan aglycones 

(condensed tannins), to  quite complex polymers with a high molecular weight. The study of the 

molecular structure of persimmon (Diospyros kaki L.) tannins goes back in time when Komatsu 

and Matsunami (1924 and 1925) first reported that they consisted mainly of gallic acid and 

phloroglucin, although they also emphasized the presence of many unknown “impurities” of a 

potentially tannic nature in their extracts. Matsuo and Ito (1978) pointed out that the structure of 

persimmon tannins is complex and they reporte that after thiolysis degradation these compounds 

consisted mainly of polymers of catechin, catechin-3-gallate, gallochatechin and gallocatechin-

3-gallate. Moreover, the same authors also detected the presence of various proanthocyanindin 

B-type dimmers (through C-4 and C-6 or C-8 carbon-carbon interflavan linkages). Currently, all 

these complex polymers are popularly known as high molecular weight tannins (HMWT), 

condensed tannins or simply proanthocyanidins and their presence in persimmon extracts has 

been widely described in recent years (Gu et al., 2008; Nakatsubo et al., 2002). It has also been 

reported (Li et al., 2010; Xu et al., 2012) that crude persimmon extracts generally have a high 

proanthocyanidin content (over 50% of total phenols) highly galloylated (over 70% of total 

proanthocyanidins), normally finding B-type polymers (most commonly C4-C8 linkage), 

although some unusual A-type derivatives (with C4-C8 and C2-C7 linkages) have also been 

identified. Furthermore, very interestingly, Matsuo and Ito (1978) also reported that colourless 

methanolic persimmon extracts turned to solutions with a deep red colour (a feature much 

appreciated by food industry to produce coloured products such as smoothies and soft drinks) 

after heating under strong acidic conditions, and they detected delphinidin, cyanindin and some 

unknown condensed phenols. Moreover, the same authors highlighted that the study of 

persimmon pigments was difficult becuase polyphenols condense easily under acidic conditions. 

The formation of phenolic polymers by acid-catalyzed modulation was confirmed by Haslam 

(1980) when he studied wine proanthocyanidins and, more recently, by Salas et al. (2003) when 

they proposed the mechanisms of condensation between anthocyanins and tannins in model 

solutions. 
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Regarding the strategies followed by researchers to determine the complex composition of 

persimmon tannins, thiolysis degradation is, by far, the method most commonly selected (Gu et 

al., 2008; Matsuo and Ito, 1978) to identify their basic structural units (as mentioned earlier, 

catechin, gallocatechin and their 3-O-galloyl derivatives). However, the literature about 

persimmon pigments released by acid hydrolysis is negligible apart from the work of Matsuo 

and Ito (1978) with the sole further exception of the research carried out by Gu et al. (2008), 

which mentions the presence not only of delphinidin and cyanidin but also of petunidin in 

methanolic extracts from Chinese persimmons. However, more complex pigments beyond free 

anthocyanidins in acid-hydrolyzed persimmon extracts have not yet been described. 

The aim of this work an exhaustive metabolite profiling of pigments that appear in methanolic 

extracts from persimmon fruits belonging to the ´Rojo Brillante´ variety after acid hydrolysis. 

Accordingly, samples were analyzed by high-performance liquid chromatography coupled to 

diode array detection and positive electrospray tandem mass spectrometry analysis (HPLC-

DAD/ESI+-MSn) to elucidate structure of the anthocyanidin-based compounds released.  

2. Material and Methods

2.1. Chemicals 

LC-MS grade water, LC-MS grade acetonitrile, analytical grade tetrahydrofuran (THF), 

analytical grade hydrochloric acid, methanol (MeOH) and analytical grade formic acid were 

from Scharlab (Scharlab S.L., Barcelona, Spain).  

2.2. Sample preparation 

Thirty persimmon (Diospyros kaki, cv. 125 Rojo Brillante) fruits, belonging to the 

Denomination of Origin “Kaki Ribera del Xúquer”, were harvested in December 2012 from a 

local orchard in Carlet (Valencia, Spain) and analysed in less than fifteen days (stored at 4 °C). 

Various freshly prepared samples were used to perform the planned MS experiments. Briefly, 

each individual sample was from one persimmon fruit previously washed in tap water and 

heated in a water bath at 100 °C for 10 minutes to inactivate polyphenol oxidases (PPOs). Calyx 

and peel were removed and then 150 mg of pulp was mixed with 600 mL of a weakly acidified 

(1% HCl) MeOH solution. The sample was homogenized with an analytical mill (IKA A11 

basic Yellow Line model, IKA Werke GmbH & Co. KG, Staufen, Germany) and 25 g of the 
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resulting puree was centrifuged at 4500 g (rotor radius, 16.1 cm) for 5 minutes. The yellowish 

supernatant was kept and the pellet was re-extracted with acidified MeOH until it became 

colourless. The supernatants were collected and the resulting solution was evaporated until 

complete dryness in a speed-vac system (ThermoScientific SPD 121P model, Thermo Fisher 

Scientific S.L.U., Madrid, Spain). The sample was re-suspended in 20 mL of acidified (1% HCl) 

water and passed through a Waters Sep-Pak C-18 cartridge (Sep-Pak C-18 classic model, 

Waters Co., Milford, MA, USA). Non-phenolic polar compounds were removed with acidized 

water and phenols were finally eluted with 5 mL of acidified MeOH. The eluate was 

concentrated to complete dryness in the same evaporator device as previously described and 

then re-suspended in 5 mL of a strongly acidified (2M HCl) MeOH solution. The sample was 

incubated at 80 °C for 4 hours in a thermo-block device (Selecta Agimatic-N model, 

Teknokroma S.A., Barcelona, Spain), then cooled with ice and centrifuged at 4500 g for 5 

minutes. One mL from the top of the test tube was poured into a glass HPLC vial and injected in 

the HPLC-DAD/ESI-MSn system. 

2.3. HPLC-DAD-ESI/MS
n
 Analysis

Chromatographic separation was carried out using a Thermo Surveyor Plus HPLC 

(ThermoScientific, San Jose, CA, USA), equipped with a quaternary pump, vacuum degasser, 

temperature-controlled autosampler and diode array detector. Column loaded was a 250 mm  

2.1 mm i.d., 3 µm, YMC C-18 pack-pro (YMC Europe GmbH, Dinslaken, Germany). 

Separation conditions were: injection volume, 5 µL; flow rate, 0.2 mL/min; oven temperature, 

24 ºC; autosampler temperature, 10 ºC; solvent A, water/THF/formic acid (97.5:2.0:0.5, v/v/v); 

solvent B, acetonitrile/THF/formic acid (97.5:2.0:0.5, v/v/v); separation gradient, initially 0% B, 

linear 0–6% B in 5 min, linear 6–18% B in 25 min, linear 18–80% B in 20 min, purging with 

100% B during 10 min and column equilibration with 0% B for 30 min; DAD detection 

wavelength, λ = 520 nm. 

MS analysis and fragmentation experiments were performed on a ThermoFinningan LCQ 

Advantage (ThermoScientific, San Jose, CA, USA) ion trap mass analyzer equipped with an 

electrospray ionization source operating in positive mode (ESI+) under the following conditions: 

source voltage, 3.5 kV; capillary voltage, 9 V; capillary temperature, 300 ºC; sheath gas flow, 

50 (arbitrary units); sweep gas flow, 20 (arbitrary units); full max ion time, 300 ms; full micro 

scans, 3; SIM max ion time, 300 ms; SIM micro scans, 3; MSn max ion time, 600 ms; and MSn 
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micro scans, 3. Control of the HPLC-DAD/ESI-MSn device and data analysis were managed by 

the software Xcalibur v. 2.06, loaded into a PC computer.  

To ensure an exhaustive metabolite profiling of samples and taking into consideration intrinsic 

technological limitations of aged ion traps as in our case (regarding poor sensitivity and MS 

scan speed as pointed out by Sentandreu et al. (2013) when studied pomegranate phenols), 

separate injections were run to perform different MS analyses: 

2.3.1. Untargeted general data dependent MS
3
 scan analysis

The aim of this MS experiment was to obtain a global picture of main pigments that appeared in 

the samples studied. Data-dependent conditions were: collision energy, 35% (arbitrary units); 

reject mass-to-charge ratio (m/z) width, 1.00; repeat count, 2; repeat duration, 0.5 min; exclusion 

size list, 25; exclusion duration, 1.00 min; exclusion mass width, 3.00. Moreover, the analysis 

included three scan events: scan event 1, full MS; scan event 2, MS2 of the most intense ions 

from scan event 1; and scan event 3, MS3 of the most intense ions from scan event 2. The 

scanned m/z range was 260-2000. 

2.3.2. Targeted non-data dependent MS
n
 scan analyses

The aim of these MS experiments was to maximize sensitivity and selectivity of analyses that 

were initially orientated by previous studies and results from the data-dependent analysis 

described above. Consequently, this targeted search was governed by the following 

considerations: firstly and as mentioned above (see the Introduction section), condensed 

persimmon tannins consist mainly of highly galloylated (epi)catechin and (epi)gallocatechin 

units, and secondly, the preliminary data-dependent analysis demonstrated the presence of 

delphinidin, petunidin, cyanidin and peonidin in the studied extracts (see Results and discussion 

section). Accordingly, 14 specific injections were run separately (one per selected m/z parent 

mass) corresponding to free anthocyanidins (delphinidin, petunidin, cyanidin, peonidin, 

malvidin and pelargonidin) and their derived adducts originated by their condensation with 3-O-

galloyl-flavanols ((epi)afzelechin, (epi)catechin and (epi)gallocatechin). The first six injections 

were devoted solely to detecting anthocyanidins and they included two MS scan events: scan 

event 1, full MS; scan event 2, MS2 of each populated ion in the target mass list: mz 271, 287, 

301, 303, 317 and 331. The last eight injections were devoted solely to detecting galloylated 

flavanol-anthocyanidin (or vice versa) adducts and included three scan events: scan event 1, full 
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MS; scan event 2, MS2 of each populated ion in the target mass list with m/z´s: 711, 725, 727, 

741, 743, 757, 759 and 773; and scan event 3, MS3 of the most intense ions from scan event 2. 

In all cases, the collision energy was 35% (arbitrary units) and the scanned m/z range was 260-

800. 

3. Results and discussion

Table 1 lists all the pigments detected in the samples studied. The main components of the acid-

hydrolysed persimmon extracts were initially approached through the untargeted data-dependent 

MS3 analysis (described above). To illustrate the results from this preliminary study, Fig. 1A 

represents the DAD chromatogram recorded at 520 nm. As we can see, four main peaks were 

found (numbered as in Table 1), corresponding to delphinidin, petunidin and cyanidin 

(previously described in acid-hydrolysed persimmon extracts by Gu et al. (2008)), but in this 

case peonidin was also detected. Furthermore, the zoomed chromatogram (Fig. 1B) reveals 

many other minor peaks, thus confirming the idea originally proposed by Komatsu and 

Matsunami (1924 and 1925) and later by Matsuo and Ito (1978) about the existence of more 

complex pigments in acid-hydrolysed persimmon extracts. 

Very interestingly, MS results from this preliminary analysis also indicated the presence of 

some intriguing analytes with parent masses ([M]+) at m/z 727, 743 and 759. The MS2 

fragmentation patterns shown by these compounds revealed that they were delphinidin- and 

cyanidin-based derivatives. Moreover, their MS3 analysis (from the most intense ions generated 

at MS2 level, which corresponded to [M]+ -170, loss of 231 gallic acid) also confirmed their 

anthocyanidin nature. Detection of only some galloylated derivatives from the main free 

anthocyanidins detected (but not from those based on petunidin and peonidin) led us to perform 

more specific MS analyses. Accordingly, targeted non-data-dependent MS3 experiments 

(described above) were carried out separately for each “feasible” galloylated flavanol-

anthocyanidin (or vice versa) combination that might be present in the extracts analysed. The 

aim of this type of experiment is to maximize the sensitivity of detection powered by the MS 

device, a very challenging task for veteran three-dimensional ion traps when carrying out 

simultaneous MSn analyses to study minor compounds, as in our case. 

Taking into consideration the literature about proanthocyanidins in persimmon extracts 

(polymers consisting mainly of galloylated (epi)catechin and (epi)gallocatechin units, see the 
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Introduction section) and the four free anthocyanidins detected by the untargeted MS analysis in 

this research, it seemed logical to assume that a more sensitive MS study could lead to the 

detection of aglycone adducts formed between the galloylated catechins and the anthocyanidins. 

Moreover, the presence of galloyl derivatives of flavanol-anthocyanidin (or vice versa) adducts 

in the samples made sense because acidic media promote the formation of tannin-anthocyanin 

adducts (Salas et al., 1980) and because of the resistance of procyanidin dimers and trimers to 

acid hydrolysis (Heim et al., 2002; Salas et al., 1980). 

Fig. 1. HPLC chromatogram 

of the acid-hydrolyzed 

extracts from persimmon 

fruits studied, recorded at  

= 520nm. (A) Standard 

chromatogram showing 

major pigments: delphinidin 

(peak 8), petunidin (peak 

12), cyanidin (peak 14) and 

peonidin (peak 17). (B) 

Zoomed chromatogram 

showing additional minor 

anthocyanidin-based 

components. 

Table 1 reveals that the targeted MS analysis led to the detection of thirteen galloylated 

flavanol-anthocyanidin adducts (including the structural isomers derived from the molecular 

chirality of flavanols) corresponding to all the expected combinations. As a first conclusion, the 

results obtained corroborated previous studies on persimmon extracts regarding the absence of 

(epi)afzelechin derivatives, the high degree of galloylation of persimmon tannins (only 

galloylated catechin and gallocatechin adducts were found) and the presence of complex 

pigments as a consequence of the acid hydrolysis. It must be noted that the coloured adducts 

identified were detected as minor compounds. Furthermore, evidence of some other different 

pigments (adducts of non-galloylated (epi)catechin and (epi)gallocatechin with anthocyanidins) 
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also seemed to be present in the samples, but the MSn data generated were too incomplete 

(owing to instrumental limitations regarding sensitivity) to obtain positive assignments. 

Accordingly, further studies involving faster and more sensitive MS devices combined with 

Nuclear Magnetic Resonance (NMR) analysis are needed to refine our knowledge. 

Table 1. Pigments detected in acid-hydrolysed methanolic extracts from ‘Rojo Brillante’ persimmon 

pulp. 

Rt (min) Peak No. [M]+ (m/z) Characteristic MS2 fragments Characteristic MS3 fragments Tentative identification 

23.93 1 759 741, 633, 607, 589, 571, 497, 481, 463, 439, 345, 327, 303 571, 463, 439, 327, 303 Galloyl-3-O-(epi)gcat-delphinidin 
27.30 2 759 741, 633, 607, 589, 571, 497, 481, 463, 439, 345, 327, 303 571, 463, 439, 327, 303 Galloyl-3-O-(epi)gcat-delphinidin 
27.88 3 743 725, 617, 591, 573, 555, 481, 465, 447, 423, 329, 311, 287 555, 447, 423, 311, 287 Galloyl-3-O-(epi)gcat-cyanidin 
28.06 4 743 725, 617, 591, 573, 555, 497, 465, 447, 439, 345, 327, 303 555, 447, 439, 327, 303 Galloyl-3-O-(epi)cat-delphinidin 
29.74 5 773 755, 647, 621, 603, 585, 511, 495, 477, 453, 359, 341, 317 585, 477, 453, 341. 317 Galloyl-3-O-(epi)gcat-petunidin 
30.64 6 743 725, 617, 591, 573, 555, 481, 465, 447, 423, 329, 311, 287 555, 447, 423, 311, 287 Galloyl-3-O-(epi)gcat-cyanidin 
30.92 7 743 725, 617, 591, 573, 555, *497, 465, 447, 439, 345, 327, 303 555, 447, 439, 327, 303 Galloyl-3-O-(epi)cat-delphinidin 
31.90 8 303 303 - Delphinidin 
31.99 9 759 741, 633, 607, 589, 571, 497, 481, 463, 439, 345, 327, 303 571, 463, 439, 327, 303 Galloyl-3-O-(epi)gcat-delphinidin 
32.86 10 757 739, 631, 605, 587, 569, 495, 479, 461, 437, 343, 325, 301 569, 461, 437, 325, 301 Galloyl-3-O-(epi)gcat-peonidin 
33.20 11 757 739, 631, 605, 587, 569, 511, 479, 461, 453, 359, 341 317 569, 461, 453, 341, 317 Galloyl-3-O-(epi)cat-petunidin 
33.29 12 317 317, 302 - Petunidin 
33.62 13 727 709, 601, 575, 557, 539, 481, 449, 431, 423, 329, 311, 287 539, 431, 423, 311, 287 Galloyl-3-O-(epi)cat-cyanidin 
34.69 14 287 287 - Cyanidin 
35.74 15 743 725, 617, 591, 573, 555, 497, 465, 447, 439, 345, 327, 303 555, 447, 439, 327, 303 Galloyl-3-O-(epi)cat-delphinidin 
35.78 16 741 723, 615, 589, 571, 553, *495, 463, 445, 437, 343, 325, 301 553, 445, 437, 325, 301 Galloyl-3-O-(epi)cat-peonidin 
36.15 17 301 301, 286 - Peonidin 

In bold, main ion generated at MS2 and MS3 stages. 

MS3 analysis from main ion generated at MS2 stage. 

*Corresponds to ion (c) from MS2 of [M]+, the MS3 of which gave underlined ions (h) and (i), subsequently confirmed by the Ion

Tree Breadth MS  analysis (see Figure 2 for nomenclature and discussion section for description of the MS experiment). 

Abbreviations used: Rt, retention time; [M]+, molecular mass under positive ionization conditions; m/z, mass-to-charge ratio;  

(epi)gcat, (epi)gallocatechin; (epi)cat, (epi)catechin. 

To understand the nature of the identified adducts, let us consider as an example the compound 

eluted at 30.64 minutes with molecular mass at m/z 743 (3-O-galloyl-(epi)gallocatechin-

cyanidin, compound 6 in Table 1). Because of its galloylation, the MSn analysis of compound 6 

should reveal fragments from the intact molecule ([M]+) as well as from the structures without 

the galloyl and gallic acid substituents ([M]+ -152) and [M]+-170 amu, respectively). Therefore, 

proposed fragmentation pathways and a series of characteristic ions belonging to compound 6 

were schematized in Fig. 2, supported by the experimental data from the sensitive (targeted) 

MS2 and MS3 analyses (both illustrated in Figs. 3A and 3B, respectively). To enhance the 

clarity of the results obtained, all the proposed fragmentation pathways will be discussed 

separately. 

Capítulo 4. Caracterización pulpa de caqui

136



Fig. 2. Breakdown pathways proposed to 3-O-galloyl-(epi)gallocatechin-cyanidin (compound 6 in Table 

1) elucidated by MS2 analysis. †Indicates that fragmentation pattern corresponding to [M]+-170 (´´[M]+ in

figure) was lately confirmed by MS3 analysis. 

Just considering the intact ion corresponding to compound 6 ([M]+ with m/z 743), Fig. 3A 

shows a fragment at m/z 617 (named (e) in Fig. 2) which corresponded to [M]+ -126, clearly 

indicating the presence of a flavanol group in the upper position of a potential flavanol-

anthocyanidin (F-A+) adduct, as pointed out by Sentandreu et al. (2010), thus ruling out the 

possibility of there being an anthocyanidin-flavanol (A+ -F) derivative (Sentandreu et al., 2012). 

To corroborate that we were in the presence of a F-A+adduct (and assuming that the two units 

were linked through the most common C4-C8 union mentioned above for procyanidins), its 

breakdown pattern should follow the fragmentation guidelines previously described by 

Sentandreu et al. (2010) when they studied glycosides of pomegranate juice adducts (that is, 

obtaining five characteristic ions from the aglycone, three of them depending exclusively on the 

- 152 amu - 170 amu [M]+ 743

([M]+-18) 725
(a)

(Aglycone)  287
(b)

(Aglycone+42+152) 481
(c)

(Aglycone+136)  423 
(d)

([M]+-126)  617 
(e)
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anthocyanidin and the other two on both the flavanol and the anthocyanidin units). The 

fragmentation pathway of [M]+ systematized in Fig. 2 was confirmed by the MS2 results 

illustrated in Fig. 3A through the appearance of the following ions: m/z at 725(a), corresponding 

to a loss of water, [M]+ -18 (most probably from the B-ring); m/z at 287(b), corresponding to the 

anthocyanidin (cyanidin); m/z at 481(c), corresponding to the anthocyanidin+42+galloyl; m/z at 

423(d), corresponding to the retro Diels-Alder reaction suffered by the upper flavanol unit 

(anthocyanidin+136 or [M]+-320, [M]+ -304 in the case of having (epi)catechin); and the 

previously mentioned fragment at m/z 617(e). It should be taken into account that, unlike what 

happened in the study of Sentandreu et al. (2010), ions still having the galloyl group could also 

suffer subsequent breakdowns and release fragments that do not have the gallic acid and galloyl 

moieties. For this reason, ions (a), (c) and (e) represented in Fig. 2 should promote the 

appearance of their respective fragments from the neutral losses of 170 and 152 amu 

respectively, finally having pairs of ions at m/z 555(f)-573(g), 311(h)-329(i) and 447(j)-465(k) 

respectively. As we can see, all these fragments were confirmed by the MS2 spectra represented 

by Fig. 3A. 

The fragmentation pathway corresponding to the intact parent mass but without the galloyl 

group, [M]+ -152 represented as ´[M]+  in Fig. 2 with a molecular mass at m/z 591, was also 

present in the MS2 spectra (Fig. 3A). The particularity of ´[M]+ lies in the fact that its molecular 

structure is the same as that described by Sentandreu et al. (2010) for condensed F-A+ adducts 

detected in pomegranate juice (having a hydroxyl group in the C3 position of the C-ring instead 

of the galloyl substituent). Thus, MS2 ions from´[M]+ should be: m/z 573(´a), corresponding to a 

loss of water (`[M]+ -18) from C3 in the C-ring; m/z 287(´b), from the anthocyanidin (cyanidin); 

m/z 329(´c), from the anthocyanidin+42; m/z 423(´d), from the retro Diels-Alder reaction of the 

upper flavanol unit (anthocyanidin+136 or ´[M]+-168, ´[M]+ -152 for (epi)catechin); and m/z 

465(´e), from ´[M]-126 (explained above). Again, all the expected characteristic MS2 ions from 

´[M]+ are present in Fig. 3A. Obviously, no subsequent fragments were derived from ions (´a), 

(´c) and (´e) because ´[M]+ had a de-galloylated structure. 

Finally, the third fragmentation pathway that appeared in Fig. 3A seemed to correspond to the 

ion generated by the loss of gallic acid from the original parent mass, having its molecular mass 

at m/z 573 ([M]+ -170 represented as ´´[M]+ in Fig. 2). It should be pointed out that the 

simultaneous occurrence of all these three fragmentation pathways from [M]+, ´[M]+ and ´´[M]+

(illustrated by Fig. 2 and corroborated by the experimental analysis shown by Fig. 3A) led to 
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the obtaining, at different levels, of isotopic ions with the same (i.e. ions (´a) and ´´[M]+) or 

different (i.e. ions (g) and ´´[M]+) molecular structures. In any case, characteristic MS2 

fragments from ´´[M]+ that appeared in Fig. 3A were: m/z 555(´´a), corresponding to a loss of 

water (´´[M]+ -18), ion (g) originated by [M]+ and ion (´a) from ´[M]+ as well as a consequence 

of ion (f) from [M]+ ; m/z 287(´´b), from the anthocyanidin; m/z 311(´´c), from the 

anthocyanidin+24 (not 42 as usual, owing to the loss of the hydroxyl group in the C3 position of 

the C-ring of ´´[M]+); m/z 423(´´d), corresponding to the retro Diels-Alder reaction of the upper 

flavanol unit (anthocyanidin+136 or ´´[M]+-150, ´´[M]+ -136 if having (epi)catechin); and m/z 

447(´´e), from ´´[M]+ -126. Again, no late fragments from ions (´´a), (´´c) and (´´e) were 

generated as a consequence of the absence of gallic acid in the structure of ´´[M]+. 

Fig. 3. Experimental MSn 

analysis of the parent ion 

([M]+) at m/z 743 

corresponding to galloyl-

3-O-(epi)gallocatechin-

cyanidin (compound 6 in 

Table 1). (A) 

Fragmentation pattern 

from MS2 analysis. (B) 

MS3 of the major daughter 

ion at m/z 573 

(corresponding to the loss 

of gallic acid of [M]+) 

generated at MS2 step of 

analysis). Abbreviations 

used: m/z, mass-to-charge 

ratio. 
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Considering the above, the targeted MS3 analysis (see the experimental section) could greatly 

help in the attempt to validate the veracity of the fragmentation pathways proposed. Fig. 3B 

shows the MS3 fragmentation pattern of the main ion (with m/z 573) generated in the MS2 

analysis (Fig. 3A) of compound 6 (Table 1). The results seemed to indicate that the preferred 

breakdown of the intact molecule ([M]+) was that given by the loss of gallic acid ([M]+-170 or 

´´[M]+ in Fig. 2). This finding was repeated in all the adducts detected in the samples (see 

bolded ions listed in Table 1 at MS2 level). Therefore, the MS3 of the fragment at m/z 573 (Fig. 

3B) revealed the presence of the previously mentioned characteristic five fragments at m/z 

555(´´a); m/z 287(´´b); m/z 311(´´c); m/z 423(´´d); and m/z 447(´´e). Very noticeable was the 

absence in the MS3 spectra of a fragment at m/z 329 that should correspond to the breakdown of 

ion (g) (anthocyanidin+42, from [M]+), shown in Fig. 2. This seemed to suggest that the ion at 

m/z 573 that appeared in Fig. 3A was contributed solely by the loss of gallic acid from the 

original intact molecule (´´[M]+) and not from ion (g). In all cases, MS3 results from each 

detected adduct followed the same trend, finding as the main ion generated the one 

corresponding to ´´[M]+-126 (see bolded ions in Table 1 at MS3 level, fragment (´´e) in Fig. 2). 

Unfortunately, as previously mentioned, the identified adducts were detected as minor 

components, thus hampering complementary MS analyses. Consequently, specific Chain 

Reaction Monitoring (CRM) experiments were carried out to confirm the breakdown pattern of 

the ions generated. The characteristic neutral losses from [M]+ were considered as those 

corresponding to the galloyl moiety ([M]+ -152 or ´[M]+ in Fig. 2) or the specific moiety for F-

A+ adducts ([M]+ -126). At best, the lack of sensitivity led to the obtaining of partial but not 

conclusive MS information. Datadependent Neutral Loss experiments (MS3 analysis of ions 

presenting losses of 170 and 152 amu at MS2 level) were also performed without obtaining any 

additional data other than those generated by the specific MSn analyses described in the 

experimental section. The only complementary MS analysis that provided some supplementary 

information of value was from the Ion Tree Breadth analysis (consisting of three scan events: 

scan event 1, full MS; scan event 2, MS2 of the three most intense ions populated in the target 

mass list corresponding to all the possible galloylated flavanol-anthocyanidin adducts; scan 

event 3, MS3 of the three most intense ions from scan event 2). This last analysis provided 

confirmation of the generation of ions (h) and (i) from fragment (c) described in Fig. 2 (related 

with the breakdown pathway of [M]+), corresponding to compounds 7 and 16 (see Table 1). 
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4. Conclusions

To date, this research represents the most complete metabolite profiling of pigments that appear 

in acid-hydrolyzed persimmon extracts. Four free anthocyanidins were identified (delphinidin, 

petunidin, cyanidin and peonidin), and, what is more important, for the first time thirteen 3-O-

galloylated flavanol-anthocyanidin adducts (structures made of galloyled (epi)catechin and 

(epi)gallocatechin with anthocyanidins) were detected in naturally derived extract. The 

proposed methodology of analysis led to the overcoming of problems caused by the existence of 

these novel minor components with an intricate molecular structure. It was also demonstrated 

that a detailed metabolite analysis of a complex extract can be achieved maximizing the scan 

features of a conventional three-dimensional ion trap despite its intrinsic technological 

limitations. Furthermore, some evidences was found for the existence of some other different 

non-galloyled anthocyanidin-based adducts after the acidic treatment of persimmon extracts. 

Finally, use of persimmon derivatives as a source of pigments could promote this cultivar for 

the design of innovative foodstuffs. 
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Abstract

BACKGROUND: Persimmon fruits have been widely used in traditional medicine owing to their phenolic composition. This
research aims to perform a rapid, detailed and affordable study of the profile of low-molecular-weight phenols from persim-
mon pulp.

RESULTS: TwodifferentHPLC-DAD/ESI-MSn analyseswereperformedusing a routine three-dimensional ion trapmass spectrom-
eter to analyze the ethanolic extract of persimmon pulp: (1) an untargeted data-dependent analysis to identify the majority of
small phenols that included full MS and MS2 scan events; (2) a targeted data-dependent analysis to identify polymerized phe-
nols (dimers and formic acid adducts) through a source-induceddissociation analysis that included fullMS andMS2 scan events.
Thirty-two low-molecular-weight phenols were detected, comprising gallic acid and its glycoside and acyl derivatives, glyco-
sides of p-coumaric, vanillic and cinnamic acids and different flavone di-C-hexosides, most of them reported for the first time in
persimmon.

CONCLUSION: The use of a straightforward and affordable methodology of analysis led to obtain an up-to-date profiling of
low-molecular-weight phenols in persimmon. The results can help future actions aimed to expand the understanding of the
phenolic metabolome of persimmon cultivars.
© 2014 Society of Chemical Industry

Keywords: Diospyros kaki; persimmon pulp; low-molecular-weight phenols; HPLC-DAD/ESI-MSn analysis; routine three-dimensional ion
trap

INTRODUCTION
Persimmon (Diospyros kaki L.) fruits have commonly been used in
Chinese traditional medicine for their positive effects on human
health, mainly against hypertension, bleeding, elevated body tem-
perature and general oxidative processes.1,2 Moreover, in recent
years the popularity of persimmons has grown outside of the tra-
ditional production areas (China, Japan and Korea), becoming a
promising crop in Brazil and some Mediterranean countries such
as Spain and Italy.3

Sugars, vitamin C, carotenoids and polyphenols are the con-
stituents most commonly cited in the pulp (the edible part) of
persimmon,1,4 – 7 with phenolic compounds having special rele-
vance in its claimed health effects. Persimmon phenols can be
grouped as a function of their molecular complexity.1,4,7 Thus
low-molecular-weight phenols are represented by free phenolic
acids and catechins as well as hydrolyzable tannins (mainly glyco-
sides of gallic acid and flavanols). Another group is composed of
high-molecular-weight phenols, also known as condensed tannins
or proanthocyanins, which are large polymers of catechins with or
without galloylation.

As pointed out by Li et al.,8 the high molecular weight of per-
simmon proanthocyanins (normally above 2000 amu) represents
a significant drawback for their rapid study, since their detection
implies the combination of different methods of analysis (nor-
mally coupling matrix-assisted laser desorption/ionization with
time-of-flight detection mass spectrometry (MALDI-TOF-MS) and
thiolysis degradation with high-performance liquid chromatog-
raphy with tandem mass spectrometry detection (HPLC/MSn)).
In contrast, the analysis of low-molecular-weight phenols in
natural extracts can be relatively easy owing to the simplicity of
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the sample preparation procedure and the platform of analysis
requested (usually based on liquid chromatography with diode
array detection coupled with electrospray ionization tandem
mass spectrometry (HPLC-DAD/ESI-MSn)). However, the diversity
of small phenols reported to date in persimmon pulp extracts
is surprisingly scarce, being normally restricted to three to ten
components (mainly cinnamic acid derivatives) depending on the
variety assayed.4 From this, we can conclude that the metabolite
profile of low-molecular-weight phenols in persimmon pulp still
remains unclear.

This research aims to perform a rapid and detailed metabo-
lite profiling of low-molecular-weight phenols of extracts from
the most widely cultivated persimmon variety in Spain (cv.
Rojo Brillante). To achieve this goal, a straightforward and
affordable HPLC-DAD/ESI-MSn methodology of analysis is pro-
posed. Conditions and settings of analysis featured by a routine
three-dimensional ion trap were optimized to maximize the
obtaining of relevant information from samples.

EXPERIMENTAL
Reagents and standards

Water and acetonitrile (ACN) of LC/MS grade and ethanol (EtOH)
and formic acid (FA) of analytical grade were from Scharlab SL
(Barcelona, Spain). Gallic acid of HPLC grade was from Sigma
Aldrich (St Louis, MO, USA).

Sample preparation

Persimmon (D. kaki, cv. Rojo Brillante) fruits of Denomination of
Origin ‘Kaki Ribera del Xúquer’ supplied by the cooperative ‘San
Bernardo’ (Carlet, Valencia, Spain) in December 2012 were stored
at 4 ∘C and analyzed within 15 days.

Glassware was used throughout the sample preparation proce-
dure. Two different batches (with three freshly prepared samples
each) were used to run the planned MS experiments. Each sample
was from one persimmon fruit previously washed in tap water and
heated in a water bath at 100 ∘C for 10 min to inactivate polyphe-
nol oxidases (PPOs). The chalice and peel were removed and 150 g
of the pulp was mixed with 600 mL of aqueous EtOH (800 mL L−1).
The sample was homogenized in an analytical mill (IKA A11 Yel-
low Line, IKA Werke GmbH & Co. KG, Staufen, Germany) and 25 g of
the resultant puree was centrifuged at 4500× g for 5 min. The yel-
lowish supernatant was retained and the pellet was re-extracted
with EtOH (800 mL L−1) until colorless. The supernatants were com-
bined and the resultant solution was evaporated to complete dry-
ness in a speed-vac system (ThermoScientific SPD 121P, Thermo
Fisher Scientific SLU, Madrid, Spain). The sample was re-suspended
in 5 mL of water, centrifuged at 4500× g for 5 min, filtered through
a 0.25 μm nylon filter, poured into a glass vial and injected into the
HPLC-DAD/ESI-MSn system.

HPLC-DAD/ESI-MSn analysis

Chromatographic separation was carried out using a Thermo
Surveyor Plus HPLC system (ThermoScientific, San Jose, CA,
USA) equipped with a quaternary pump, vacuum degasser,
temperature-controlled autosampler and diode array detector.
A 250 mm× 2.1 mm i.d., 3 μm, YMC C-18 Pack-Pro column (YMC
Europe GmbH, Dinslaken, Germany) was used. Chromatographic
conditions were as follows: injection volume, 5𝜇L; flow rate,
0.2 mL min−1; oven temperature, 24 ∘C; autosampler temperature,
10 ∘C; solvent A, water containing 1 mL L−1 FA; solvent B, ACN

containing 1 mL L−1 FA; separation gradient, initially 0% B, linear
0–5% B at 10 min, linear 5–30% B at 60 min, linear 30–100% B at
70 min, purging with 100% B for 15 min and column equilibration
with 0% B for 30 min; detection wavelengths, 𝜆= 280 and 320 nm.

MS analysis and fragmentation experiments were per-
formed using a ThermoFinningan LCQ Advantage conventional
three-dimensional ion trap mass analyzer (ThermoScientific, San
Jose, CA, USA) equipped with an electrospray ionization source
operating in negative mode (ESI−) under the following general
conditions: source voltage, 4 kV; capillary voltage, −29 V; capillary
temperature, 300 ∘C; sheath gas flow, 50 (arbitrary units); sweep
gas flow, 20 (arbitrary units); full max ion time, 300 ms; full micro
scans, 3; selected ion monitoring (SIM) max ion time, 300 ms; SIM
micro scans, 3; MSn max ion time, 300 ms; MSn micro scans, 3.
Control of the HPLC-DAD/ESI-MSn device and data analysis were
managed by the software Xcalibur v. 2.06 loaded into a PC.

Considering the natural tendency of low-molecular-weight phe-
nols to polymerize (dimerizing or forming adducts with the mobile
phase modifiers) during sample ionization at the ESI source of the
mass analyzer, two separate MS analyses were carried out in this
study.

Conventional untargeted data-dependent MS analysis
This analysis aimed to obtain a global picture of the main phenolic
compounds in the samples. Data-dependent conditions were as
follows: normalized collision-induced dissociation (CID) energy,
35% (arbitrary units); reject mass-to-charge ratio (m/z) width, 1;
repeat count, 3; repeat duration, 0.5 min; exclusion size list, 25;
exclusion duration, 1 min; exclusion mass width, 3. Moreover, this
analysis included two scan events: scan event 1, full MS; scan event
2, MS2 of the most intense ions from scan event 1. The scanned m/z
range was 100–2000.

Samples were analyzed in triplicate (first batch of samples).

Targeted data-dependent MS analysis with activated source
fragmentation (SID analysis)
This analysis was performed to overcome the interferences
induced by the polymerization of small phenols during sample
ionization (masking their real molecular masses and making
it difficult to obtain relevant information from their frag-
mentation study). Thus this analysis was run under the same
conditions as described above for the conventional MS analysis
but with the option ‘source fragmentation’ enabled at −30 V.
This feature induces the fragmentation of ionized molecules
before mass selection (in our case it occurs at the tube lens
section, before the first octupole). This process is known as
‘source-induced dissociation (SID)’ or most popularly as ‘poor
man’s MS/MS’ from those cases where tandem mass spectrometry
is not possible (i.e. using a single-quadrupole spectrometer).
Later, SID ions (actually fragments) will be conventionally frag-
mented by CID dissociation to obtain MS2 fragments (although
we can consider that the whole SID process is a pseudo-MS3

analysis).
It should be emphasized that SID analysis is not selective and

affects all ionized molecules of the sample and also decreases the
sensitivity of their detection in general. For this reason, this is a
complementary analysis that must be applied to specific (target)
ions selected from scan event 1 (full MS) of the conventional
untargeted data-dependent MS analysis that were prone to
polymerization.

Samples were analyzed in triplicate (second batch of samples).
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Table 1. Low-molecular-weight phenols detected in pulp of ‘Rojo Brillante’ persimmon fruits

Peak no. Rt (min) UV–visible (nm)a [M−H]− m/z MS2 b Tentative identification

1 17.21 261 737 719, 705, 547, 397 UK 1
2 18.43 274 331 313, 271, 211, 193, 169, 125 Monogalloyl-hexoside
3 20.38 257 541 406, 405, 271, 270 UK 2
4 22.23 278 331/663 271, 211, 193, 169, 125 Monogalloyl-hexoside
5 22.61 – 493 331, 169 Monogalloyl-dihexoside
6 22.97 271 169 125 Gallic acid
7 24.23 253, 275 777 745, 717, 699, 645, 585 UK 3
8 24.68 272 331/663 271, 169 Monogalloyl-hexoside
9 26.11 – 493 331, 169 Monogalloyl-dihexoside
10 27.46 273 331/663 313, 271, 241, 169, 125 Monogalloyl-hexoside
11 31.17 273, 279, 287 479 (FA)→433 293, 149, 131 UK 4
12 32.23 274 405 405, 313, 271, 253, 169, 151, 125 Galloyl derivative
13 34.92 – 447 331 Maloyl-monogalloyl-hexoside
14 34.97 – 609 493, 331 Diacyl-monogalloyl-hexoside
15 35.03 – 535 373, 331, 169 Acetylhexoside-monogalloyl-hexoside
16 36.85 265 373 169, 125 Monogalloyl-acetylhexoside
17 39.11 280 499 337, 319, 293 UK 5 (hexoside)
18 41.79 – 611 593, 521, 491, 473, 431, 413, 401, 371 Flavone di-C-hexoside
19 42.81 265 373 169, 125 Monogalloyl-acetylhexoside
20 42.92 294 495 341 UK 6
21 44.66 282 457 325, 205, 163 Coumaric acid-pentoside-hexoside
22 45.16 289 595 577, 505, 487, 475, 457, 415, 385, 355 Flavone di-C-hexoside
23 45.50 268 639 (FA)→593 593, 575, 509, 466, 395, 197 UK 7 (syringic acid trimer)
24 45.84 268 485 305, 221, 189 UK 8
25 47.05 265 427 (FA)→381 249, 161 UK 9 (pentoside)
26 47.27 – 521 359 UK 10 (lariciresinol-hexoside)
27 47.96 288 545 (FA)→499 191 Quinnic acid derivative (rutinoside)
28 48.87 280 461 233, 191, 167 Vanillic acid derivative (diglycoside)
29 49.56 281 775 757, 685, 667, 655, 637, 619, 607, 595, 565, 535 Flavone di-C-hexoside
30 50.29 288 759 741, 669, 651, 639, 621, 579, 549, 519 Flavone di-C-hexoside
31 51.73 281 775 757, 685, 667, 655, 637, 619, 607, 595, 565, 535 Flavone di-C-hexoside
32 54.24 288 613 595, 523, 505, 493, 475, 433, 403, 373 Flavone di-C-hexoside

Rt, chromatographic retention time; UK, unknown compound. In bold: [M−H]− stage, parent mass considered to perform MS2 analysis in the case of
dimers (compounds 4, 8 and 10) or formic acid (FA) adducts (compounds 11, 23, 25 and 27); MS2 stage, main fragment generated.
a Only clear maximum absorption of UV–visible spectrum is shown (weak signals were discarded).
b Only those fragments with relative abundance greater than 10% are shown. Fragmentation pathways are from the conventional untargeted MS2

analysis, except for FA adducts that are from the targeted SID analysis (see ‘Experimental’ for description of MS analyses).

RESULTS ANDDISCUSSION
The 32 phenolic compounds detected in the assayed extracts
are listed in Table 1 (showing their chromatographic retention
times, UV–visible and MSn characteristics and tentative identifica-
tions). The phenolic composition of samples was first approached
through their HPLC-DAD chromatogram recorded at 280 nm
(Fig. 1A), since at 320 nm their response was negligible. As we can
see, eight major compounds were found (numbered as listed in
Table 1). However, the zoomed chromatogram (Fig. 2B) revealed
that many other minor components were also present.

In this study the results will be discussed according to the
different families of phenols detected and not as a function of
the assayed conditions of analysis. In general, identifications were
assigned considering the data from the conventional untargeted
MS analysis, with the exception of adducts/clusters (compounds
11, 23, 25 and 27) that are discussed along with the results from
the targeted SID analysis.

Considering Table 1, gallic acid derivatives formed the main
group of phenols detected in the persimmon variety studied (13

out of 32). All these analytes had the ion at m/z 169 (gallic acid),
and in most cases its corresponding decarboxylated ion at m/z
125, in their MS2 fragmentation patterns. These galloyl-based com-
pounds evidenced different molecular structures. The simplest
was gallic acid (compound 6, also confirmed through a com-
mercial standard), by far the most largely cited phenol in pulp
extracts from different persimmon varieties.1,4,9 The complexity
increased with the first detected mono- and di-hexosides (com-
pounds 2, 4, 5, 8, 9 and 10, with neutral losses of 162 and 324 amu
respectively) as well as with the acylated hexosides (compounds
12, 13, 14, 15, 16 and 19). Obviously, instrumental limitations
did not allow us to differentiate glycoside stereoisomers (i.e. glu-
cose/galactose and xylose/arabinose). Furthermore, a very notice-
able finding was the longer elution time of compounds 5 and
9 (tentatively identified as monogalloyl-dihexosides) compared
with some monogalloyl-hexosides. This delay can be easily under-
stood in the case of caffeoylated species (showing a neutral loss of
162 amu to yield caffeic acid). However, the fragment at m/z 179
(caffeic acid) did not appear in the MS2 spectra of components 5

J Sci Food Agric (2014) © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 1. HPLC chromatograms of studied ethanolic persimmon extracts recorded at 𝜆= 280 nm. (A) Standard chromatogram showing major
low-molecular-weight phenols detected (numbered as listed in Table 1). (B) Zoomed chromatogram showing additional minor phenolic components.

and 9. Most probably, the glycoside stereoisometry could explain
the obtained results. A further analysis based on nuclear magnetic
resonance (NMR) is needed to refine our knowledge.

Regarding acyl derivatives of gallic acid hexosides, we have
compounds 13 (with a neutral loss of 116 amu, corresponding to a
maloyl group), 14 (with losses of 116 and 162 amu, most probably
a diacylated compound according to its long retention time) and
15, 16 and 19 (all with a main MS2 transition propitiated by the
loss of 204 amu, acetylhexoside). Among this group, only the
positive assignment of compound 12 remained partially unclear
since, although its fragmentation pattern clearly revealed the
presence of gallic acid (with fragments at m/z 169 and 125), it
did not present any conventional MS2 transition (although the
neutral loss between the main fragment generated and gallic acid,
m/z 313→m/z 169, was 144 amu and could correspond to an
anhydro-hexoside substituent).

Moreover, this study revealed the presence of several unre-
ported phenolic acid derivatives in persimmon outside of those
based on gallic acid. These components (peaks 21, 27 and 28)
were tentatively identified as p-coumaric, quinnic and vanillic acid
disaccharides respectively. These phenols were previously cited
in persimmon, but only as free aglycons,4 in addition to others

such as chlorogenic, protocatechuic, caffeic and ferulic acids (not
detected in this research, most probably as consequence of the
variety studied, ripening stage and growth factors among others).
Thus the fragmentation pathway of peak 21 (m/z 457) yielded the
ion at m/z 163 (p-coumaric acid) as the main fragment generated,
corresponding to a neutral loss of 294 amu (pentoside+hexoside).
Noteworthy is the apparition of the fragment at m/z 325 ([M−H]−

− 132 amu, loss of pentoside) and the lack of the ion at m/z 295
(loss of hexoside). This seems to suggest that both saccharides
were not linked to the coumaroyl molecule through different
positions. The presence of apiose instead of xylose/arabinose as a
branched-chain sugar (to make an apiosylglucoside substituent)
could explain this finding in addition to the apparition of the
fragment at m/z 205 in the MS2 spectrum of compound 21. Again,
NMR analysis will be needed to clarify the obtained results.

Compound 27 revealed a unique MS2 transition from the neutral
loss of 308 amu (rutinoside), yielding the ion at m/z 191(quinnic
acid) as the main fragment generated. Finally, the main MS2 transi-
tion of compound 28 corresponded to a neutral loss of 294 amu
(pentoside+hexoside) to yield the ion at m/z 167 (vanillic acid)
as the most abundant fragment. No fragments from the isolated
loss of a pentoside or hexoside group were found, inducing one to
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Figure 2. (A) TIC chromatogram of compound 4 from conventional untargeted data-dependent analysis. (B) TIC chromatogram of compound 23
from conventional untargeted data-dependent analysis. (C) TIC chromatogram of compound 4 from targeted data-dependent SID analysis. (D) TIC
chromatogram of compound 23 from targeted data-dependent SID analysis. See Table 1 for nomenclature of compounds 4 and 23 and ‘Experimental’
for description of MS analyses.

think that compound 28 could be a vanillic acid derivative mono-
substituted with a sambubiose or lathyrose group.

Although monomeric (epi)catechin and (epi)gallocatechin agly-
cons have been reported (even at very low levels) together with
free phenolic acids in extracts from different Japanese persimmon
varieties,9,10 we found no evidence of their presence in the assayed
samples.

As mentioned, small phenols can easily polymerize during sam-
ple ionization. As an example of dimerization, we have Fig. 2A
that represents the total ion current (TIC) chromatogram from
the conventional untargeted full MS analysis of compound 4 (also
extended to compounds 8 and 10). As we can see, in addition to
the ‘real’ molecular mass at m/z 331 of compound 4, also notice-
able was the dimer at m/z 663. In this case, since the main ion
generated corresponded to the real parent mass, the automated
(data-dependent) MS2 analysis (scan event 2 of the untargeted
analysis) led to obtain valuable structural information on com-
pound 4. In contrast, we have compounds 11, 23, 25 and 27 whose
parent masses were masked by the formation of their respective
formic acid adducts ([M−H]− + 46 amu) as shown by Fig. 2B, which
represents the TIC chromatogram of compound 23. In this case
the most abundant ion by far was at m/z 639, while the real par-
ent mass at m/z 593 was practically negligible. Consequently, the
untargeted (conventional) MS2 data-dependent analysis of the ion
at m/z 639 led to obtain a single fragment that corresponded to
the de-adducted (real) parent ion, not giving relevant information

about the molecule structure of compound 23 (as in the case of
compounds 11, 25 and 27).

To overcome these drawbacks, samples were reanalyzed with
the SID feature enabled (see ‘Experimental’). As expected, the
TIC representation of compound 4 (Fig. 2C) did not show the
corresponding dimer in the SID analysis. However, as mentioned,
the SID analysis promoted the fragmentation of the parent mass
(making noticeable the ions at m/z 271, 211 and 169; the same
fragments appeared in the MS2 spectrum of compound 4 under
the conventional untargeted data-dependent analysis).

In this research the main interest of the SID analysis is illus-
trated by Fig. 2D, which shows how the main ion appearing in the
TIC chromatogram of compound 23 corresponded to its real par-
ent mass (m/z 593, although with a lower intensity when com-
pared with its formic adduct counterpart at m/z 639 appearing in
Fig. 2B). In contrast to what happened with dimers, the SID anal-
ysis of adducts did not induce the fragmentation of their parent
masses and led to obtain relevant MS2 results (see fragments of
compounds 11, 23, 25 and 27 in Table 1).

Very interestingly, and for the first time in persimmon fruits, the
fragmentation patterns of compounds 18, 22, 29, 30, 31 and 32
revealed the presence of flavone C-glycosides in the samples stud-
ied. This finding can be understood according to Fig. 3, which illus-
trates the fragmentation pathway of peak 30 (with a molecular
[M−H]− mass at m/z 759). Considering the literature,11,12 the frag-
mentation of flavone O-glycosides generates abundant aglycon
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Figure 3. MS2 spectrum of compound 30 (see Table 1) illustrating general fragmentation pathway of flavone di-C-hexosides detected in samples assayed.

ions by loss of the neutral mass of the sugar attachment, while
C-glycosides do not generate aglycon ions; instead, specific ions
from the fragmentation of the C-glycoside unit are very noticeable.
Thereby, characteristic fragments from flavone di-C-hexosides are
originated by neutral losses of 18, 90, 120, 180, 210 and 240 amu.12

In this regard, no evidence was found about the aglycon identity
of compound 30 according to its MS2 breakdown (Fig. 3), although
its UV–visible spectrum (Table 1) clearly suggested its flavone
nature. Nevertheless, all six aforementioned characteristic neutral
losses for flavone di-C-hexosides were present in the fragmenta-
tion pattern of compound 30 to yield ions at m/z 741 (−18 amu),
669 (−90 amu, and its corresponding dehydrated ion at m/z 651),
639 (−120 amu, and its corresponding dehydrated ion at m/z
621), 579 (−180 amu), 549 (−210 amu) and 519 (−240 amu). The
same results were found for the rest of the flavone di-C-hexosides
detected in samples, having in all cases that the main fragment
generated corresponded to [M−H]− −120 amu in agreement with
previous results regarding the fragmentation pathway of flavone
C-glycosides.13 – 15

In this study, other phenols first detected in persimmon were
those whose obtained MSn data did not allow their complete iden-
tification (unknown compounds UK 1–10 in Table 1). Nonethe-
less, the results led to propose partial assignments for some of
them. This was the case of peaks 17 (without caffeoylation evi-
dence and with a main MS2 transition propitiated by a neutral
loss of 162 amu, hexoside), 23 (with two consecutive losses of
198 amu to finally yield the fragment at m/z 197, most probably
a trimer of syringic acid), 25 (with a main MS2 transition origi-
nated by a neutral loss of 132 amu, pentoside) and 26 (suggested
as lariciresinol-hexoside). It is worth mentioning that the presence
of lignans (from the dimerization of substituted cinnamic alcohols)

has rarely been reported in persimmons outside of the research
of Matsuura and Iinuma,16 who identified divanillyltetrahydrofu-
ran ferulate in calyces of ‘Hachiya’ variety. Thus, although the MSn

data of compound 26 (Table 1) could well explain the presence of
lariciresinol-hexoside in samples, since its only MS2 transition was
from the loss of 162 amu (yielding the fragment at m/z 359, lari-
ciresinol), the lack of literature on lignans in the pulp of persimmon
fruits did not allow us to obtain a conclusive assignment.

CONCLUSION
This research demonstrates that a detailed metabolite profil-
ing of natural extracts can be achieved through a straightfor-
ward and affordable methodology of analysis using a routine
three-dimensional ion trap. Moreover, this methodology can eas-
ily be exported to other platforms of analysis. At present, this is the
most complete study on low-molecular-weight phenols from per-
simmon pulp, reporting the majority of the detected compounds
for the first time. Although in some cases the inherent instrumental
limitations prevented conclusive identifications, the results from
this metabolite approach can help forthcoming actions aimed to
enhance the understanding of the persimmon metabolome.

ACKNOWLEDGEMENTS
This study was supported by MICIN (Spanish Government) project
AGL 2009-11805ALI. The authors acknowledge the financial sup-
port for the contract of M Cerdán-Calero (JAE-PREdoc program,
CSIC-FEDER funds) and from Consolider Ingenio Fun-C-Food
(CSD2007-00063). Dr E Sentandreu greatly appreciates the sup-
port of Alicia Ferreres, Fran García and Pilar Ruíz for their positive

Capítulo 4. Caracterización pulpa de caqui

148



Low-molecular-weight phenols from persimmon www.soci.org

and optimistic influence during the difficult times in which this
work was carried out – thank you chaps!

REFERENCES
1 Gu HF, Li CM, Xu Y, Hu W, Chen M and Wan Q, Structural features and

antioxidant activity of tannin from persimmon pulp. Food Res Int
41:208–217 (2008).

2 Hibino G, Nadamoto T, Fujisawa F and Fushiki T, Regulation of the
peripheral body temperature by foods: a temperature decrease
induced by the Japanese persimmon (kaki, Diospyros kaki). Biosci
Biotechnol Biochem 67:23–28 (2003).

3 FAO, FAOSTAT [Online]. (2011). Available: http://faostat.fao.org [12
January 2014].

4 Giordani E, Doumett S, Nin S and Del Bubba M, Selected primary and
secondary metabolites in fresh persimmon (Diospyros kaki Thunb.):
a review of analytical methods and current knowledge of fruit
composition and health benefits. Food Res Int 44:1752–1767 (2011).

5 Komatsu S and Matsunami N, Constitution of shibuol. Mem Coll Sci
Kyoto Imp Univ A 7:15–23(1924).

6 Komatsu S and Matsunami N, Constitution of shibuol. II. Mem Coll Sci
Kyoto Imp Univ A 11:231–240 (1925).

7 Matsuo T and Ito S, The chemical structure of kaki-tannin from imma-
ture fruit of the persimmon (Diospyros kaki L.). Agric Biol Chem
42:1637–1643 (1978).

8 Li C, Leverence R, Trombley JD, Xu S, Yang J, Tian Y, et al., High molecu-
lar weight persimmon (Diospyros kaki L.) proanthocyanidin: a highly
galloylated, A-linked tannin with an unusual flavonol terminal unit,
myricetin. J Agric Food Chem 58:9033–9042 (2010).

9 Suzuki T, Someya S, Hu F and Tanokura M, Comparative study of
catechin compositions in five Japanese persimmons (Diospyros
kaki). Food Chem 93:149–152 (2005).

10 Chen XN, Fan JF, Yue X, Wu XR and Li LT, Radical scavenging activity and
phenolic compounds in persimmon (Diospyros kaki L. cv. Mopan). J
Food Sci 73:C24–C28 (2008).

11 Chen LJ, Games DE and Jones J, Isolation and identification of
four flavonoid constituents from the seeds of Oroxylum indicum
by high-speed counter-current chromatography. J Chromatogr A
988:95–105 (2003).

12 Greenham JR, Grayer RJ, Harborne JB and Reynolds V, Intra- and
interspecific variations in vacuolar flavonoids among Ficus species
from the Budongo Forest, Uganda. Biochem Syst Ecol 35:81–90
(2007).

13 Ferreres F, Gil-Izquierdo A, Andrade PB, Valentão P and
Tomás-Barberán FA, Characterization of C-glycosyl flavones
O-glycosylated by liquid chromatography–tandem mass spec-
trometry. J Chromatogr A 1161:214–223 (2007).

14 Prasain JK, Jones K, Kirk M, Wilson L, Smith-Johnson M, Weaver C, et al.,
Profiling and quantification of isoflavonoids in kudzu dietary sup-
plements by high-performance liquid chromatography and elec-
trospray ionization tandem mass spectrometry. J Agric Food Chem
51:4213–4218 (2003).

15 Sánchez-Rabaneda F, Jáuregui O, Casals I, Andrés-Lacueva C,
Izquierdo-Pulido M and Lamuela-Raventós RM, Liquid chro-
matographic/electrospray ionization tandem mass spectrometric
study of the phenolic composition of cocoa (Theobroma cacao). J
Mass Spectrom 38:35–42 (2003).

16 Matsuura S and Iinuma M, Lignan from calyces of Diospyros kaki.
Phytochemistry 24:626–628 (1985).

J Sci Food Agric (2014) © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa

149

Resultados





RESUMEN DE LOS RESULTADOS 





6. RESUMEN DE LOS RESULTADOS

6.1. Optimización de los parámetros de muestreo y análisis de la metodología GC-

MS/AMDIS. 

Para probar la fiabilidad del AMDIS a la hora de determinar de manera 

automática y precisa la composición de las muestras estudiadas, en nuestro caso 

volátiles (extraídos mediante HS/SPME)  y compuestos polares no volátiles a partir de 

sus correspondientes TMS-derivados, fue necesario optimizar los parámetros de 

muestreo y análisis tanto del sistema GC-MS como del propio programa AMDIS de 

entre los que destacamos:  

 La frecuencia de muestreo (sampling rate en su aceptación en inglés): es un 

parámetro que hay que ajustar específicamente para cada tipo de analito 

considerado y que depende enteramente del detector de masas. Es necesario que 

un pico cromatográfico contenga entre 15-25 puntos (medidas) para ser 

reconstituido matemáticamente y por lo tanto, pueda ser integrado con precisión. 

Así pues, se probaron diferentes velocidades de muestreo tanto para los volátiles 

como para los TMS-derivados. Velocidades rápidas de muestreo producen altas 

frecuencias de medida que en picos anchos, como es el caso de los volátiles, dan 

lugar a un excesivo número de puntos por pico, pudiendo considerar 

erróneamente que el pico cromatográfico esté conformado por dos o más 

compuestos coeluídos (apareciendo un pico con dientes de sierra). La solución a 

este problema es utilizar una velocidad de muestreo más lenta para obtener picos 

mejor definidos (0.58 scan/s) actuando a modo de “suavizado” (smoothing en su 

acepción original en inglés) al eliminar puntos de medida. En cambio, en los 

TMS-derivados ocurre lo contrario, ya que son picos más estrechos. Si se 

emplean velocidades de muestreo lentas se obtiene un número insuficiente de 

puntos para definir el pico cromatográfico, lo que da lugar a integraciones falsas. 

Así pues, en este tipo de analitos la velocidad de muestreo debe ser rápida (0.93 

scan/s).
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 Optimización de los parámetros de análisis del AMDIS para el procesamiento

automático y fiable de los datos experimentales GC-MS. Para ello se realizaron

45 combinaciones diferentes de los parámetros más importantes del programa

(sensitivity, shape requirement y resolution) y que influyen de manera decisiva

en la capacidad de deconvolución del AMDIS. La mejor combinación obtenida

fue sensitivity médium, shape requirement low y resolution low tanto para

volátiles como para los compuestos polares no volátiles.

 Prueba de la eficiencia de deconvolución del AMDIS para picos cromatográficos

superpuestos. Para ello se evaluó la configuración óptima mencionada

anteriormente, obteniendo resultados muy satisfactorios para compuestos que

presentaron coeluciones extremas.

Una vez optimizados todos los parámetros de análisis y construidas las 

respectivas librerías, el sistema AMDIS fue capaz de identificar y cuantificar 

automáticamente, en unos pocos segundos, un total de 85 compuestos volátiles y 22 

compuestos polares en el zumo fresco de naranja Valencia Late. Estos resultados 

fueron comparados con los obtenidos manualmente mediante el uso de XcaliburR, 

software de procesamiento de datos proporcionado por el fabricante del sistema GC-

MS empleado (Thermo Scientific). Ambos, AMDIS y XcaliburR, dieron lugar a los 

mismos resultados.  

En conclusión, los resultados indican que la fiabilidad del AMDIS depende en 

gran medida de ciertos ajustes de funcionamiento tanto en el sistema MS empleado 

como en el programa AMDIS. Dichos parámetros deben ser optimizados en función del 

tipo de muestra y analitos ensayados, resultando un proceso un tanto tedioso. 

Obviamente, no es recomendable el uso del AMDIS cuando se pretenda analizar 

muestras aisladas o en reducido número. Por el contrario, para el análisis de un gran 

número de muestras o si se pretende realizar ensayos de rutina el uso del AMDIS 

supone una gran ventaja ya que la obtención de los resultados es rápida y fiable, 
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mereciendo la pena la inversión inicial de tiempo en el proceso de optimización de los 

parámetros de análisis. 

Por último, es conveniente remarcar que una vez las condiciones de análisis 

(incluyendo la generación de librerías) han sido apropiadamente establecidas, estas 

pueden ser fácilmente exportadas a otras plataformas GC-MS de análisis con 

independencia del fabricante y del operador que las maneje. 

6.2. Caracterización del perfil de volátiles y compuestos polares no volátiles de los 

zumos de naranja (Citrus sinensis). 

Se ha estudiado la evaluación de la calidad de los zumos de naranja procedentes 

de dos variedades distintas (Valencia Late y Lane Late) los cuales fueron sometidos a 

diversos tratamientos industriales, entre los que se incluyen las HPH y la reducción de 

pulpa. Para ello se han analizado los zumos mediante la metodología GC-MS/AMDIS 

descrita en el apartado anterior para el estudio de sus perfiles de volátiles y compuestos 

polares no volátiles. Los resultados más relevantes fueron: 

 Elucidación del perfil de volátiles de los zumos de naranja procedentes de la

variedad Valencia Late reducidos en pulpa y sometidos a tres tipos de

tratamiento: pasteurización clásica a 85 ºC durante 15 s, homogenización a alta

presión (150 MPa) y doble homogenización (prehomogeneización suave a 20

MPa aplicada al zumo entero antes de la reducción de pulpa y posterior

homogenización a 150 MPa de los zumos despulpados). Los zumos procesados

fueron analizados al cabo de 0, 0,5, 1,5 y 3,5 meses de almacenamiento a 4 ºC.

Como resultado, se determinaron un total de 88 compuestos volátiles, de los

cuales se seleccionaron 32 como descriptores aromáticos para analizar

estadísticamente los efectos del procesado y del almacenamiento en los zumos.

De este análisis se obtuvo que inicialmente el zumo doblemente homogenizado

mostró unos contenidos en volátiles y características sensoriales muy similares
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al zumo fresco, presentando una menor concentración de volátiles no deseables 

(off-flavours) durante el almacenamiento. 

 Perfil de volátiles y compuestos polares no volátiles de zumos de naranja

procedentes de la variedad Lane Late mínimamente procesados. Los zumos

estudiados contenían diferentes porcentajes de pulpa (0 %, 50 % y 100 %) y

fueron sometidos a un proceso de homogenización a alta presión (150 MPa) a

diferentes temperaturas (58, 63 y 68 ºC), siendo finalmente almacenados a 3 ºC

durante un periodo de 3 meses. En este ensayo se determinaron un total de 92

compuestos volátiles, de los cuales se seleccionaron 33 como descriptores

aromáticos, y 22 compuestos polares (trimetilsilil derivados de azucares, ácidos

orgánicos y aminoácidos). Tras el análisis estadístico, se observó que los zumos

homogenizados con el 100 % de pulpa presentaron un perfil aromático aún mejor

que el zumo fresco y de entre ellos, el tratado a 68 ºC presentó  la menor pérdida

de compuestos deseables (fresh-flavours) con el menor aumento de off-flavours

durante el almacenamiento. Por otra parte, la homogeneización a 150 MPa

aumenta ligeramente la concentración de azúcares en las muestras procesadas en

comparación con el zumo fresco. Sin embargo, los compuestos polares no

volátiles no se ven afectados, en general, por el procesado ni por el

almacenamiento.

Gracias a la alta capacidad de procesado y a la precisión de los resultados 

obtenidos mediante el empleo del programa AMDIS, se pueden establecer las pautas 

necesarias para el diseño de procesos industriales destinados a la obtención de zumos 

cítricos de alta calidad y con una vida útil extendida. 
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6.3. Caracterización del perfil de fenoles de los zumos de granada (Punica 

granatum) de la variedad “Wonderful”. 

Se ha realizado la caracterización del zumo de granada procedente de frutas de la 

variedad “Wonderful” obtenido de manera industrial en base a su perfil en compuestos 

fenólicos y capacidad antirradical in vitro.  

Mediante el empleo de diversas metodologías HPLC-DAD/ESI+/--MSn fueron 

identificados alrededor de 150 compuestos fenólicos (antociano y no antociano), 

muchos de los cuales descritos por primera vez  en un extracto natural, constituyendo el 

estudio más completo hasta la fecha. Para la obtención de dichos resultados, fue 

necesario el empleo de diversos tipos de muestreo característicos de un detector de tipo 

trampa iónica alcanzando niveles de fragmentación hasta MS4. Del total de los 

compuestos identificados, 65 corresponden a antocianinas, incluyendo aductos 

antocianina-flavonol y flavonol-antocianina. El resto de compuestos fenólicos 

identificados fueron de naturaleza no antociano de los cuales 39 fueron descriptos por 

primera vez en el zumo de granada.  

El perfil de fenoles obtenido anteriormente se correlacionó con su propiedad 

antirradical in vitro, empleando el DPPH• como sonda antirradical. Los datos 

experimentales fueron ajustados mediante el modelo matemático desarrollado por el 

Grupo de Zumos del IATA-CSIC, el cual es aplicable a todo tipo de mezclas complejas 

de compuestos con capacidad antirradical, obteniéndose los valores correspondientes 

tanto a la capacidad antirradical total como a las parciales (acumulada rápida y 

acumulada lenta), así como sus correspondientes cinéticas de actividad. De este modo, 

se puede conocer con exactitud y no de un modo aproximado los verdaderos parámetros 

que caracterizan la actividad antirradical de un extracto natural.  

Para los zumos de granada estudiados se obtuvo una actividad antirradical total 

elevada, capaz de reducir 84,58 μmol/L de DPPH• por unidad de zumo concentrado 

(μL/mL), equivalente a la concentración de 42,29 mmol/L de ácido ascórbico (o Trolox)
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Además, las actividades antirradicales parciales, de las cinéticas de reacción rápidas, 

medias y lentas, fueron capaces de reducir 49.09, 18.16, y 17.33 μmol/L de DPPH• por 

unidad zumo concentrado de (μL/mL), respectivamente. La constante de velocidad 

correspondiente a dichas cinéticas, rápida, media y lenta fueron κ1 = 6,03, κ2 = 0,169 y 

κ3 = 0,0094 (μL·L)/(mL·μmol·min), respectivamente.  

6.4. Caracterización del perfil de fenoles de la pulpa de caqui (Diospyros kaki) de la 

variedad “Rojo Brillante”. 

Al igual que en el caso de los zumos de granada, mediante el empleo de 

diferentes metodologías HPLC-DAD/ESI+/--MSn, se ha podido realizar el estudio más 

completo hasta la fecha del perfil de fenoles procedente de la pulpa del caqui (variedad 

Rojo Brillante, denominación de origen Ribera del Xúquer) a partir de su extracto 

metanólico. En este caso, se ha llevado a cabo la identificación de pigmentos de tipo 

antociano en el extracto etanólico de la pulpa del caqui sometido a un proceso a un 

proceso de hidrólisis ácida, encontrando diversas antocianinas, antocianidinas y lo que 

es más interesante, diferentes aductos de tipo flavanol-antociano galoilados. Se 

identificaron un total de 17 agliconas, 4 antocianidinas libres (delfinidina, petunidina, 

cianidina y peonidina) y por primera vez en un extracto natural, 13 aductos de tipo 

galoil-3-O-flavanol-antociadinina (dímeros donde la unidad de flavanol es una 

(epi)catequina o (epi)galocatequina ocupa la posición superior y se encuentra unida con 

una de las antonicanidinas libres antes mencionadas).   

Por otra parte, se ha estudiado el perfil de fenoles de bajo peso molecular (no 

antociano) presentes en el extracto etanólico procedente de la pulpa de caqui. Se han 

identificado un total de 32 compuestos fenólicos, siendo los más abundantes aquellos 

derivados del ácido gálico (glicósidos y acil derivados). Además, se han caracterizado 

otros compuestos entre los que encontramos: diversos glicósidos de los ácidos p-

cumárico, vanílico y cinámico además de diferentes flavona C-hexósidos, siendo la 

mayoría de ellos descritos por primera vez en los frutos de caqui. 
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7. CONCLUSIONES

De este trabajo realizado se pueden concretar las siguientes conclusiones: 

1. El sistema AMDIS es capaz de proporcionar resultados rápidos y precisos,

obteniendo una correcta identificación y cuantificación de los compuestos

presentes en la muestra analizada. Para ello, resulta esencial la optimización de

los parámetros de muestreo del analizador de masas así como de los propios del

AMDIS en función del tipo de muestra y analitos considerados.

2. No es conveniente dicha optimización para el análisis GC-MS de un escaso

número de muestras ya que es un trabajo tedioso, complicado y lento. Sin

embargo, la inversión de tiempo que precisa la puesta a punto del conjunto GC-

MS/AMDIS se ve recompensada en aquellos casos que precisen el procesado de

una gran cantidad de información (controles de rutina y/o en el desarrollo de

nuevas pautas del procesamiento industrial de los alimentos). Como valor

añadido, esta metodología una vez optimizada resulta fácilmente exportable a

otras plataformas de análisis con independencia del operador y del fabricante.

3. La metodología GC-MS/AMDIS desarrollada permite el estudio detallado de los

componentes volátiles y de los compuestos polares no volátiles de los zumos

cítricos. De este modo, se facilita la detección de alteraciones no deseadas

durante el procesamiento y el almacenamiento de los zumos, contribuyendo al

desarrollo de procesos innovadores encaminados a la obtención de productos de

alta calidad. En este sentido, los zumos de naranja (con su contenido en pulpa

original) sometidos a un proceso de homogenización dinámica a 150 MPa y 68

ºC presentan la misma aceptación que los zumos en fresco y con una vida útil

extendida que puede llegar hasta los 3 meses en refrigeración.
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4. La formación del personal investigador en el ámbito de las técnicas 

instrumentales resulta esencial para el desarrollo de metodologías analíticas que 

permitan llevar a cabo actividades científicas de primer nivel aún empleando 

sistemas convencionales de análisis. De esta manera, el empleo de un detector 

de masas de tipo trampa iónica tridimensional ha permitido llevar a cabo el 

estudio más completo hasta la fecha del perfil de compuestos fenólicos del zumo 

de granada y de la pulpa de caqui. De manera muy relevante, muchos de los 

compuestos caracterizados han sido descritos por primera vez en un extracto 

natural, evidenciando la calidad de las metodologías HPLC-DAD/ESI+/--MSn 

desarrolladas en este trabajo frente aquellas fundamentadas en el empleo de 

otros equipos de detección mucho más modernos y costosos.

5. La capacidad antirradical total y parcial de una muestra bioactiva así como sus

cinéticas de actividad actúan a modo de “huella dactilar”, por lo que su

determinación in vitro permite la comparación realista (con valor biológico) de

las características de capacidad antirradical de los extractos naturales.
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