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DOCTORAL THESIS STRUCTURE 

 

 

 

This Doctoral Thesis has been structured following Miguel Hernández University internal regulation for the 

presentation of Doctoral Thesis as Compendium of Publications, this is: 

• Abstract: where the principal objectives and more relevant results obtained have been presented. 

• Aim and objectives: The aim and specific objectives have been established in this section. 

• Results & Discussion: Publications: The 7 publications used for this Thesis are presented in 4 blocks: 

i. Block I 

i.i. Publication 1: The effect of deficit irrigation and crop load on the yield and fruit quality in Wonderful and 

Mollar de Elche pomegranates has been studied. Journal of the Science of Food and Agriculture, 98: 3098-3108. 

doi:10.1002/jsfa.8810 

ii. Block II 

ii.i. Publication 2: The phytochemical composition of commercial pomegranate‐based products has been studied. 

Journal of Food Science, 82: 1820-1826. doi:10.1111/1750-3841.13788 

ii.ii. Publication 3: A critical overview of labeling information of pomegranate juice‐based drinks has been studied 

(Journal of Food Science, 84: 886-894. doi:10.1111/1750-3841.14497 

iii. Block III 

iii.i. Publication 4: The effect of osmotic dehydration pre-treatment and combined drying method on physico-

chemical and sensory properties of pomegranate arils, cultivar Mollar de Elche, has been studied. Food Chemistry, 

232: 306-315. doi: 10.1016/j.foodchem.2017.04.033 

iii.ii. Publication 5: Consumers’ opinion on dried pomegranate arils to determine the best processing conditions 

has been studied. Journal of Food Science, 83: 3085-3091. doi:10.1111/1750-3841.14390 

iv. Block IV 

iv.i. Publication 6: Phytochemical composition of smoothies combining pomegranate juice and Ficus 

carica, Cydonia oblonga, and Ziziphus jujube purées has been studied. Journal of the Science of Food and 

Agriculture. 98: 5731-5741. doi: 10.1002/jsfa.9120 

iv.i. Publication 7: The effect of formulation and storage conditions on pomegranate smoothie phenolic 

composition, antioxidant capacity and color has been studied. LWT- Food Science and Technology. 96: 322-328. 

doi: 10.1016/j.lwt.2018.05.047 

• Conclusions: The main conclusions obtained after the achievements obtained and the future research lines opened 

by this work have been listed.  
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Abstract 

The aim of this dissertation was to think of, develop and characterize novel pomegranate-based 

products; the new products must have their own identity/personality including functional and organoleptic 

properties, and must be based on hydroSOStainable pomegranate fruits and must be fully adapted to the 

needs and requirements of European consumers. To reach this general objective, the whole thesis was 

structured into 4 research-blocks:  

Ø Block I, Farming of hydroSOStainable pomegranate fruits. 

Ø Block II, Overview of commercial pomegranate products. 

Ø Block III, Preparation of dehydrated pomegranate arils. 

Ø Block IV, Preparation of pomegranate-based smoothies. 

Block I. Firstly, it is well-known that food production depends more on water availability than on 

any other environmental resource. Consequently, it is necessary to accept the coexistence of Spanish 

agriculture simultaneously with an important water shortage. Therefore, a policy change of the sustainable 

management of this essential resource is needed, and deficit irrigation (DI) strategies (e.g. sustained deficit 

irrigation, SDI) can be an interesting option. Although pomegranate trees are drought tolerant, it is expected 

that DI pomegranate farming will create water stress on the trees which will respond increasing their content 

of bioactive compounds and a more tasteful sensory profile; at the same time, that water-use efficiency will 

be enhanced. The specific objective of this block was to gather deeper knowledge on the simultaneous 

effects of SDI (during fruit growth and ripening) and crop load (thinning) on yield and fruit quality of 

Mollar de Elche and Wonderful fruits by evaluating fruit (i) physical- and (ii) chemical-characteristics, and 

(iii) descriptive sensory attributes. Thinning was effective in increasing the size and weight of fruits, but 

unfortunately neither punicalagin nor total polyphenolic content were positively affected by irrigation and 

thinning. Wonderful fruits under water stress and thinning were characterized by high sugar content 

(glucose and fructose), together with high fruit size and weight, while Mollar de Elche fruits were 

characterized by high contents of alcohols and monoterpenoids and key sensory attributes (color, fruity, 

and fresh pomegranate). 

Block II. Secondly, scientific research and food industry are working on developing novel products 

based on fruits and vegetables due to the preference of consumers on sustainable, healthy and ready-to-eat 

products. Consumer awareness on the impact of food on health and well-being has been increasing in recent 

years. Many pomegranate-based products take advantage from the widespread healthy image of this fruit, 

whereas their real content of bioactive phytochemicals is “unfortunately” low. Commercial pomegranate 

products, including capsules and supplements, and, juices and nectars were assayed by comparing the 

labelling information with the real phytochemical contents (punicalagin, ellagic acid and total polyphenolic 

content) and their associated antioxidant capacity (DPPH•, ABTS•+ and FRAP). The experimental results 

showed a high variability in the content of bioactive compounds and the need to urge food companies to 

optimize processes and storage conditions, and a labelling “standardization” which includes only data 

from real analysis and not “theoretically” expected contents. 

Block III. Because the daily intake of fruits and vegetables is lower than the recommended dietary 

intake (RDI), a good option to increase the intake of fruit and vegetables is dried fruit and fruit-based 
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smoothie consumption. Therefore, the improvement of the pomegranate products catalogue will be one of 

the important objectives of this work: (i) dehydrated arils and (ii) pomegranate smoothies. The aim of the 

third block was to evaluate the drying kinetics, quality parameters (anthocyanin content, antioxidant 

capacity, color, rehydration ratio), sensory properties and consumer acceptance of the dried arils (cultivar 

Mollar de Elche, ME) prepared using osmotic dehydration (OD) with selected fruit juice concentrates 

(apple, Wonderful pomegranate and/or chokeberry) and comparing results with those obtained after using 

a combined drying technique [convective pre-drying (CPD) and vacuum-microwave finish drying 

(VMFD)] for dehydration of pomegranate arils cultivar ME. The use of OD provided dried arils with 

characteristic sweetness of ME arils, but improved color and aromatic complexity characteristic of 

Wonderful fruits. All the samples prepared using the proposed new drying techniques were more liked than 

the commercial sample assayed (“liking drivers”: esters, fruity and sweet attributes); the best results were 

obtained for a sample dried using pre-osmotic dehydration in Wonderful concentrate pomegranate juice 

followed by a combined drying technique. 

Block IV. Regarding to the last block,  the objective was to evaluate the effect of adding fig, jujube, 

or quince purée to pomegranate juice (cultivars Wonderful and Mollar de Elche) in preparing smoothies at 

two ratios purée:juice (40:60 and 60:40) on the composition of chemical and nutritional compounds, 

antioxidant activity, and polyphenols. Besides, the effect of storage was also evaluated. The factor affecting 

the most the smoothies composition was the type of fruit purée. Fig smoothies were rich in anthocyanins, 

jujube ones in flavonols and vitamin C, and finally the quince smoothies in hydroxycinnamic acids. The 

best formulation and storage conditions were addition of quince purée at a ratio of 40:60 purée:juice to 

Wonderful pomegranate juice stored at 4 ºC; this preparation protocol and storage conditions led to the 

highest contents of anthocyanins, flavanols, flavan-3-ols, polymeric procyanidins and phenolic acids after 

6 months of storage. 

As an overall conclusion, it has been demonstrated that novel pomegranate-based products prepared 

using environmental friendly fruits (hydroSOStainable) should take the attention of both food industry and 

consumers, because they are high-quality products based on the following facts: (i) they are environmental 

friendly because are prepared using fruits grown saving irrigation water, (ii) they are social-acceptable 

food products because use local raw materials, and (iii) they are tasty and rich in bioactive compounds as 

the result of the stress created by the hydroSOStainable farming. 
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Resumen 

El objetivo de esta tesis doctoral fue valorar, desarrollar y caracterizar nuevos productos a base de 

granada; los nuevos productos deben tener su propia identidad, incluyendo determinadas propiedades 

funcionales y organolépticas, deben estar basados en granadas hidroSOStenibles y deben estar totalmente 

adaptados a las necesidades y requisitos de los consumidores europeos. Para alcanzar este objetivo general, 

la tesis doctoral se estructuró en 4 bloques de investigación: 

Ø Bloque I, Cultivo de granada hidroSOSsostenibles. 

Ø Bloque II, Visión general de los productos comerciales de granada. 

Ø Bloque III, Preparación de arilos de granada deshidratados. 

Ø Bloque IV, Preparación de smoothies a base de granada. 

Bloque I. En primer lugar, es bien conocido que la producción de alimentos depende 

mayoritariamente de la disponibilidad de agua que de cualquier otro recurso. En consecuencia, es necesario 

aceptar la coexistencia de la agricultura española con una importante escasez de agua. Por tanto, se necesita 

un cambio de política en el manejo sostenible de este recurso esencial, y las estrategias de riego deficitario 

(DI) (por ejemplo, riego deficitario sostenido, SDI) pueden ser una opción interesante. Aunque los granados 

son tolerantes a la sequía, se espera que el cultivo de granada bajo condiciones DI genere estrés hídrico en 

los árboles, lo que implicará un aumento en su contenido de compuestos bioactivos y en su perfil sensorial; 

al mismo tiempo, se mejorará la eficiencia del uso del agua. El objetivo específico de este bloque fue reunir 

un conocimiento más profundo sobre los efectos simultáneos de SDI (durante el crecimiento y maduración 

del fruto) y de la carga de la cosecha (aclareo) sobre el rendimiento y la calidad de la granada Mollar de 

Elche y la granada Wonderful mediante la evaluación de la fruta: (i) características físicas, (ii) 

características químicas, y (iii) atributos sensoriales descriptivos. El aclareo fue efectivo para aumentar el 

tamaño y el peso de las frutas, pero desafortunadamente ni el contenido en punicalagina ni el contenido 

polifenólico total se vieron afectados positivamente por el riego y el aclareo. Las granadas Wonderful bajo 

estrés hídrico y aclareo se caracterizaron por un alto contenido de azúcar (glucosa y fructosa), junto con un 

mayor tamaño y peso, mientras que las granadas Mollar de Elche se caracterizaron por un alto contenido 

de alcoholes y monoterpenoides, y algunos de los atributos sensoriales clave (color, afrutado, y granada 

fresca). 

Bloque II. En segundo lugar, la investigación científica y la industria alimentaria están trabajando 

en el desarrollo de nuevos productos basados en frutas y verduras debido a la preferencia de los 

consumidores por productos sostenibles, saludables y listos para el consumo. La conciencia del consumidor 

sobre el impacto de los alimentos en la salud y el bienestar ha aumentado en los últimos años. Muchos 

productos a base de granada aprovechan de la imagen saludable generalizada de esta fruta, mientras que su 

contenido real de fitoquímicos bioactivos es "desafortunadamente" bajo. Los productos comerciales 

disponibles de granada, incluyendo cápsulas y suplementos, y zumos y néctares fueron analizados 

comparando la información del etiquetado con el contenido real de compuestos bioactivos (punicalagina, 

ácido elágico y fenoles totales) y con su capacidad antioxidante asociada (DPPH•, ABTS•+ y FRAP). Los 

resultados experimentales mostraron una alta variabilidad en el contenido de compuestos bioactivos y la 
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necesidad de instar a las empresas alimentarias a optimizar los procesos y las condiciones de 

almacenamiento, y una "estandarización" de etiquetado y no aportar una imagen "teóricamente" esperada. 

Bloque III. Debido a que la ingesta diaria de frutas y verduras es inferior a la ingesta dietética 

recomendada (IDR), una buena opción para aumentar la ingesta de frutas y verduras es el consumo de frutas 

deshidratadas y smoothies. Por lo tanto, la mejora del catálogo de productos de granada en el mercado será 

uno de los objetivos importantes de esta tesis doctoral: (i) arilos deshidratados y (ii) smoothies de granada. 

El objetivo del tercer bloque fue evaluar la cinética de secado, los parámetros de calidad (contenido de 

antocianinas, capacidad antioxidante, color, rehidratación), propiedades sensoriales y aceptación del 

consumidor de los arilos secos (cultivar Mollar de Elche, ME) preparados usando deshidratación osmótica 

(OD) con concentrados de zumo de frutas seleccionados (manzana, granada Wonderful y/o aronia) y 

comparando los resultados con los obtenidos después de utilizar la técnica de secado combinada [pre-secado 

por convección (CPD) seguido de un secado a microondas al vacío (VMFD)] de arilos de granada ME. El 

uso de OD proporcionó arilos deshidratados con la dulzura característica de los arilos ME, mejorando el 

color y la complejidad aromática característica de la granada Wonderful. Todas las muestras preparadas 

con las nuevas técnicas de secado propuestas fueron más apreciadas por el consumidor que la muestra 

comercial analizada ("drivers": ésteres, atributos afrutados y dulces); los mejores resultados se obtuvieron 

para la muestra deshidratada utilizando el zumo de granada Wonderful concentrado en la OD seguido de la 

técnica propuesta de secado combinado. 

Bloque IV. Con respecto al último bloque, el objetivo fue evaluar el efecto de la adición de puré de 

higos, jínjol o membrillo al zumo de granada (cultivares Wonderful y Mollar de Elche) en la preparación 

de smoothies en dos proporciones diferentes de puré:zumo (40:60 y 60:40) sobre la composición 

nutricional, la actividad antioxidante y el contenido en polifenoles. Además, también se evaluó el efecto de 

los compuestos bioactivos durante el almacenamiento. El factor que más afectó a la composición de los 

smoothies fue el tipo de puré de frutas utilizado. Los smoothies de higo fueron ricos en antocianinas, los 

smoothies de jínjol en flavonoles y vitamina C, y finalmente los smoothies de membrillo en ácidos 

hidroxicinámicos. Se observó que la adición de puré de membrillo al zumo de granada  Wonderful en una 

proporción de 40:60 condujo a un mayor contenido de antocianinas, flavanoles, flavan-3-oles, procianidinas 

poliméricas y ácidos fenólicos tras 6 meses de almacenamiento a 4ºC. 

Como conclusión general, se ha demostrado que tanto la industria alimentaria como los 

consumidores deben presentar especial atención a los nuevos productos a base de granada hidroSOStenible 

ya que son productos de alta calidad basados en los siguientes hechos: (i) son respetuosas con el medio 

ambiente porque se preparan utilizando frutos cultivados bajo estrategias de ahorro de agua de riego, (ii) 

son productos aceptados socialmente porque usan materias primas locales y (iii) son sabrosos y ricos en 

compuestos bioactivos como resultado del estrés creado por las estrategias de riego utilizadas (cultivo 

hidroSOStenible). 
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Streszczenie  

Głównym celem rozprawy było opracowanie i scharakteryzowanie nowych produktów 

sporządzonych na bazie owoców granatowca pochodzących z produkcji hydroSOS, które powinny 

charakteryzować się niepowtarzalnymi cechami sensorycznymi i funkcjonalnymi w tym charakteryzować 

się podwyższonymi walorami prozdrowotnymi, przez co będą atrakcyjne i w pełni dostosowane do potrzeb 

i wymagań europejskich konsumentów. 

Aby osiągnąć główny cel, praca została zrealizowana w 4 częściach badawczych: 

- część I: uprawa hydroSOS owoców granatu. 

- część II: przegląd komercyjnych produktów z granatów. 

- część III: opracowanie produktu suszonego z owoców granatu w oparciu o „arils”. 

- część IV: opracowanie produktu smoothies na bazie granatów. 

 

Część I 

Zmiany klimatyczne ostatnich lat potwierdzają, że produkcja żywności zależy bardziej od dostępności 

wody niż od jakichkolwiek innych zasobów środowiska. Szczególne znaczenie ma to w przypadku 

rolnictwa jakie spotyka się w Hiszpanii na terenach śródziemnomorskich co sprawia iż niedobór wody 

stanowi dla jego funkcjonowania istotny problem.  

Mając powyższe na uwadze konieczna jest zmiana polityki zrównoważonego zarządzania tym 

podstawowym zasobem jakim jest woda, a strategie irygacji deficytu wody (SDI) mogą być interesującym 

i pożądanym działaniem. Chociaż drzewa granatowca są odporne na suszę, oczekuje się, że hodowla 

granatów  

w systemie SDI wywoła stres wodny drzew, które odpowiedzą na niego wzrostem zawartości związków 

bioaktywnych i atrakcyjniejszym profilem sensorycznym, przy jednoczesnej poprawie efektywności 

zużycia wody w uprawie. 

Szczegółowym celem tej części było zebranie wiedzy na temat równoczesnego wpływu SDI (podczas 

wzrostu i dojrzewania owoców) i obciążenia plonu (przerzedzenie) na plon i jakość owoców granatowca 

odmiany Mollar de Elche. Ocenę jakości owoców przeprowadzono pod względem (i) fizycznym (ii) 

właściwości chemicznych oraz 

 (iii) atrybutów sensorycznych. Stwierdzono, że zabieg przerzedzenia zawiązków owoców skutecznie 

zwiększyć ich rozmiar i wagę, natomiast nie potwierdzono wpływu nawadniania na istotne zmiany w 

zawartość związków polifenolowych.  

Natomiast stwierdzono, że owoce granatowca pod wpływem stresu wodnego  

i przerzedzania charakteryzowały się wyższą zawartością cukrów (glukozy  

i fruktozy), większymi i cięższymi owocami oraz wyższą zawartością alkoholi  

i monoterpenoidów oraz atrakcyjniejszymi notami w ocenie kluczowych cech sensorycznych (tj. kolor, 

owocowości, świeżości owoców granatu). 

 

Część II 
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W ostatnim czasie prowadzone są szeroko zakrojone badania przez naukowców  

i przemysł spożywczy nad opracowaniem nowatorskich produktów opartych na owocach i warzywach 

uwzględniających preferencje konsumentów tj. produktów zrównoważonych, prozdrowotnych i gotowych 

do spożycia. Wiąże się to z faktem, iż  

w ostatnich latach wzrosła świadomość konsumentów na temat wpływu żywności na ich zdrowie i dobre 

samopoczucie. Promocja wielu produktów opracowanych na bazie owoców granatowca oparta jest na 

rozpowszechnionym zdrowym wizerunku tego owocu, podczas gdy rzeczywista zawartość bioaktywnych 

fitozwiązków pozostaje na niskim poziomie.  

Komercyjne produkty z owoców granatowca, w tym kapsułki i suplementy, a także soki i nektary zostały 

poddane analizom poprzez porównanie informacji na etykiecie  

z rzeczywistą zawartością związków bioaktywnych (punikalaginy, kwasu elagowego  

i całkowitej zawartości związków polifenolowych) oraz związaną z nimi aktywnością przeciwutleniającą 

(DPPH•, ABTS•+ i FRAP). Wyniki przeprowadzonych badań wskazały na dużą zmienność w zawartości 

związków bioaktywnych oraz potrzebę dalszej weryfikacji głównych założeń technologicznych 

związanych z optymalizacją procesów i warunków przechowywania, a także etykietowania i standaryzacji, 

która zawiera tylko dane z rzeczywistej analizy, a nie „teoretycznie” oczekiwaną zawartość. 

 

Część III 

Ponieważ dzienne spożycie owoców i warzyw wciąż jest niższe niż zalecane (RDI), stąd pożądane jest 

zwiększenie podaży owoców i warzyw, co można upatrywać poprzez spożycie suszonych owoców i 

płynnych przekąsek owocowych. Dlatego znaczące urozmaicenie portfolio w produkty opracowane na 

bazie owoców granatowca jest jednym z ważnych celów niniejszej pracy: (i) odwodnione „arils”  

i (ii) smoothies z na bazie owoców granatowca.  

Celem trzeciej części nieniejszej pracy była ocena kinetyki suszenia, parametrów jakościowych (zawartość 

antocyjanów, pojemność przeciwutleniająca, kolor, stopień rehydracji), właściwości sensorycznych i 

stopień akceptacji sensorycznej przez konsumentów suszonych „arils” otrzymanych z odmiany Mollar de 

Elche (ME) przygotowanych z wykorzystaniem procesu odwodnienia osmotycznego (OD)  

z wybranymi koncentratami soków owocowych (jabłko, granatu odmiany Wonderful  

i / lub aronia) i suszonych techniką łączoną [suszenie konwekcyjne (CPD)  

i dosuszanie próżniowo- mikrofalowe (VMFD)].  

Zastosowanie OD zapewniło suszonym „arils” charakterystyczną słodycz aromatu ME, poprawiło kolor i 

złożoność sensoryczną charakterystyczną dla owoców granatowca odmiany Wonderful. Wszystkie próbki 

przygotowane przy użyciu proponowanych nowych technik suszenia były w większym stopniu 

akceptowane niż testowane próbki komercyjne. Najkorzystniejsze cechy uzyskano dla próbki suszonej przy 

użyciu odwodnienia osmotycznego w koncentracie soku z granatów odmiany Wonderful, a następnie 

utrwalone poprzez połączenie techniki suszenia (CD + VMFD). 

 

Część IV 
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Jeśli chodzi o ostatnią część, jej celem była ocena efektu połączenia przecierów  

z owoców  figi, głożyny oraz pigwy z sokiem z granatów (odmiany Wonderful  

i Mollar de Elche) celem przygotowania smoothies (przecier:sok - 40:60 i 60:40). Otrzymane produkty 

poddano analizie fizyko-chemicznej w tym oznaczono zawartość związków biologicznie aktywnych i 

odżywczych oraz aktywność przeciwutleniającą. Ponadto produkty zostały poddane przechowywaniu. 

Czynnikiem mającym największy wpływ na skład smoothies był rodzaj przecieru owocowego, gdyż 

smoothies figowe były bogate w antocyjany, z głożyny we flawonole i witaminę C, a pigwowe w kwasy 

fenolowe. Najwyższe zawartości antocyjanów, flawanoli, flawan-3-oli, polimerycznych procyjanidyn i 

kwasów fenolowych po 6 miesiącach przechowywania w 4°C zmierzono w przypadku połączenia przecieru 

pigwy z sokiem z granatowca w ilości 40:60.  

 

 Podsumowując, wykazano, że nowe produkty opracowane na bazie owoców granatowca z upraw 

hydroSOS powinny zwrócić szczególną uwagę zarówno przemysłu spożywczego, jak i konsumentów, gdyż 

ich wysoka jakość wynika  

z następujących faktów: (i) pochodzą one z upraw przyjaznych dla środowiska,  

(ii) są produktami o wysokiej akceptacji konsumenckiej co wzmaga fakt, iż pochodzą z regionu (iii) są 

smaczne i bogate w związki bioaktywne wytworzone w wyniku stresu wywołanego przez uprawę metodą 

hydroSOS.



 
 

   

 

 

 

 

 

 

 

   AIM and OBJECTIVES 

 

 



The overall aim of this PhD dissertation was to innovate, to develop and to characterize novel 

products based on pomegranate with an identity that includes the functional and organoleptic properties of 

hydrosustainable products which are adapted to the needs and requirements of European consumers (Figure 

1). 

 

To reach this aim, more specific objectives were established and are listed here: 

Ø Objective 1: To look the simultaneous effects of deficit irrigation (during fruit growth and 

ripening) and crop load on yield and fruit quality in the two most popular pomegranate cultivars 

in Spain, Mollar de Elche and Wonderful (Block I: Publication 1). 

Ø Objective 2: To research and to compare the phytochemical content and antioxidant capacity of 

different commercial pomegranate based products available on the international market (Block 

II: Publication 2 & 3). 
Ø Objective 3: To develop novel products based on hydrosustainable pomegranate fruits: 

dehydrated arils and smoothies (Block III and Block IV: Publication 4, 5, 6 & 7).  

Ø Objective 4: To evaluate the physico-chemical of the hydrosustainable pomegranate dried arils 

prepared using first osmotic dehydration (OD), with selected fruit juice concentrates, and later a 

combined drying technique for dehydration of pomegranate arils cultivar Mollar de Elche (Block 

III: Publication 4).  

Ø Objective 5: To determine consumer insights about dried hydrosustainable pomegranate arils 

using different technologies and to link the consumer data with descriptive and volatile 

composition data (Block III: Publication 5). 

Ø Objective 6: To determine the effect on color, minerals, pectin, vitamin C, sugars, organic acids, 

phenolic compounds and antioxidant capacity of pomegranate based smoothies by the addition 

of (i) different minor crops (fig, jujube and quinces) purée, (ii) pomegranate cultivar and (iii) 

ratio purée:juice (Block IV: Publication 6). 

Ø Objective 7: To study how storage conditions (6 months at 4 or 20 ºC) affected color, 

polyphenolic profile, and antioxidant activity of hydrosustainable pomegranate smoothies (Block 

IV: Publication 7).  
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Figure 1. Diagram showing the structure and aim/objectives of this doctoral thesis. 
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Conclusions 

Overview of the main contributions 

Block I: Farming of hydroSOStainable pomegranate fruits (Objective 1) 

1. The application of a sustained deficit irrigation strategy (T1) caused water stress in 

pomegranate trees. Although a decrease of marketable yield was observed after deficit 

irrigation (T1) and thinning (A1), the fruits remaining on the tree were of higher weight and 

size, which is a positive fact and result in a higher price of the commercial fruits.  

2. Thinning had negative effect on total phenolic content (TPC) of Wonderful and Mollar de Elche 

fruits. Besides, neither TPC nor punicalagin content were affected by the irrigation treatments. 

3. Wonderful fruits were more sensitive than Mollar de Elche fruits to changes in the sugar profile, 

with the values of glucose and fructose being increased by deficit irrigation strategies (T1), which 

is important due to the strong sourness of these fruits. Besides, T1 caused a reduction of total 

aldehydes (mainly hexanal) and terpenoids in both cultivars, losing vegetables notes in their flavor. 

4. The best treatment for Wonderful and Mollar de Elche pomegranate cultivars was T1A1, 

which consisted of the simultaneous application of soft deficit irrigation during fruit growth 

and ripening (T1) and the application of thinning (A1). 

 

Block II: Overview of commercial pomegranate products (Objective 2) 

5. A high variability in the content of bioactive compounds was observed among the pomegranate-

based products available in the Spanish market and “unfortunately” the fact that pomegranate is 

present in the ingredient list of a product did not guarantee the presence of the “expected” contents 

of bioactive compounds. 

6. There is a need for labelling “standardization” of commercial pomegranate products due to the 

wide variability of the key compounds (punicalagins, ellagic acid, and the total polyphenolic 

compounds) among “theoretically” similar pomegranate-based products.  

7. The “real and analyzed” contents of the key compounds should be declared on product 
labels, as indicators of the potential health benefits, and should replace subjective or 
expected functional descriptions. This lack of correlation is certainly misinforming potential 

consumers. 

8. Pomegranate juice and nectar producers need to evaluate the real content of punicalagins, 

ellagic acid, and the total polyphenolic compounds in their products to optimize formulation, 

heat treatment, and storage conditions to guarantee high levels of bioactive compounds during 

shelf life and to be able to label their products with the expected contents. 

 

Block III: Preparation of dehydrated pomegranate arils (Objective 3, 4 & 5) 

9. Osmotic dehydration using ‘‘Wonderful” pomegranate and chokeberry concentrated juices 

improved the quality of dried ‘‘Mollar de Elche” pomegranate arils in terms of rehydration rate, 

antioxidant capacity, color, and sensory profile.  

10. An improvement of the volatile profile and sensory quality of developed dehydrated 
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pomegranate arils was clearly noticeable when compared with those of the available 

commercial products.  

11. The main liking drivers of developed dehydrated arils were high content of esters, low 
content of furans, high fruity notes, sweet taste and low seed hardness.  

 

Block IV: Preparation of pomegranate-based smoothies (Objective 3, 6 & 7) 

12. A positive effect of the addition of minor crops (fig, jujube and quince) was observed on the 

nutritional and functionality of the novel pomegranate smoothies.  

13. The addition of jujube contributed to an enrichment in vitamin C, flavonols and organic acids, while 

an increase of pectin and anthocyanin content was found in fig and quince pomegranate based 

smoothies.  

14. The best formulation and storage conditions was the addition of quince purée to Wonderful 

pomegranate juice at a ratio 40:60 purée:juice and  stored at  4 °C. The main reasons were: i) the 

most valued quality parameter of pomegranate products (red color) was significantly improved and 

was maintained during storage; and ii) the highest total polyphenolic content [TPC: sum of 

anthocyanin, flavanols, flavan-3-ols, polymeric procyanidins and phenolic acid] was found after the 

smoothies preparation and was maintained during 6 months of storage. 

 

Implications in the agriculture and food industry 

1. HydroSOStainable agriculture can help, within its reach, in mitigating global climate change by 

reducing uncontrolled consumption of water resources establishing an optimized irrigation 

management. This farming strategy will produced clearly labeled pomegranate fruits with specific 

identity that can be used to produce novel products with added value and the highest possible quality 

by using hydroSOStainable pomegranate fruits. 

2. Consumer preference is essential to improve processed food products quality, but small companies 

sometimes lack knowledge or tools to conduct consumer studies. Producers’ organizations may 

benefit from harmonizing pomegranate products labelling, so they may fulfill consumer 

expectations and may be ready if health claims are finally authorized by EFSA for these products. 

Authors suggest a possible improvement of the Commission Regulation (EU) Nº 432/2012, 

reviewing the unregulated actions to improve labelling and avoid misleading the consumers, 

especially in the specific case of its application in pomegranate products. 

3. Improving the quality of dried pomegranate arils and smoothies based on pomegranate and minor 

Mediterranean crops must increase the popularity of these fruits (some of them highly underutilized 

even in producing regions), especially in groups with reduced fruit consumption, such as teenagers 

and children, leading to higher consumer acceptance, consequently higher product demand, and 

finally higher benefits for the farmers and industry.  

4. This dissertation also provides useful information to understand consumers’ preference regarding 

pomegranate products such as dehydrated pomegranate arils. Also, the link of physico-chemical 
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and sensory tools is clearly described and help in selecting proper sensory quality indicators. 

5. Novel pomegranate-based products prepared using fruits grown under environmental friendly 

practices (hydroSOStainability) should encourage both food industry and consumers to produce, 

buy and consume these high-quality products because they are safe, tasty and social-acceptable 

because use local (PDO, traditional cultivars) and environmental friendly (hydroSOStainable 

farming) raw materials . 

 

Future work  

1. A certification index of the hydroSOStainable nature (including agronomic, chemical, functional, 

and sensory markers) should be developed for pomegranate fruits and their based products. 

2. Further research is needed to fully optimize the combined drying treatments because the freeze-

dried sample still had higher anthocyanin content and better instrumental color parameters. 

Additionally, the improvement should be carried out avoiding undesirable compounds 

generated by the Maillard reaction. It can be worth studying other osmodehydration treatments 

increasing bioactive compounds such us using fortified concentrated juices with own-bioactive 

compounds from pomegranate peel co-product.  

3. The energy consumption and cost of the drying treatment should be evaluated in future studies. 

4. After knowing the nutritional and functional information of the smoothies, it is worth continuing the 

research in this area to elucidate their full sensory profiles and consumer acceptance.  

5. The volatile composition of other types of smoothies and other types of pasteurization treatments 

should be used to avoid undesirable compounds and aromas; and then, it will be interesting to know 

their odor-active compounds. Moreover, consumer studies should be carried out to know the 

acceptance drivers of the new smoothies. 

6. There is a need to assess the influence of the hydroSOStainable information (e.g. logotype) on 

consumers’ acceptance and preference towards hydroSOStainable fruits and based products.  

7. It is worth to continue the research in this area to know the effect of farming, types of commercial 

products, drying techniques, formulation of novel pomegranate products, blend of fruits, heat 

treatments but going further by studying the effects on human health, for instance starting by 

biological activities such as anti-diabetic, anti-obesity and anti-cholinesterase action.
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Influence of deficit irrigation and crop load on
the yield and fruit quality in Wonderful and
Mollar de Elche pomegranates
Marina Cano-Lamadrid,a† Alejandro Galindo,b† Jacinta Collado-González,a†

Pedro Rodríguez,c‡ Zulma N Cruz,d‡ Pilar Legua,e‡ Francisco Burló,a‡

Donaldo Morales,d‡ Ángel A Carbonell-Barrachinaa‡ and Francisca
Hernándeze*‡

Abstract

BACKGROUND: The working hypothesis of the present study was that, by proper simultaneous control of irrigation
(hydroSOStainable products) and crop load (thinning), it is possible to promote the accumulation of bioactive compounds
and improve fruit appearance (size and weight). The effects of (i) irrigation status [T0, 120% ETc (estimated crop evapotranspi-
ration); T1, 60% ETc during fruit growth and ripening] and (ii) crop load (A0, no thinning; A1, thinning) on yield and fruit quality
were evaluated in two pomegranate cultivars (Wonderful, Wond and Mollar de Elche, ME).

RESULTS: Thinning was effective in increasing the size and weight of fruits. Unfortunately, neither punicalagin, nor total
polyphenolic content were positively affected by irrigation and thinning. T1A1 Wond fruits were characterized by high sugar
content (glucose and fructose), together with high fruit size and weight. Furthermore, T1A1 ME fruits were characterized by high
contents of alcohols and monoterpenoids (providing vegetal and citric flavor notes) and key sensory attributes (color, fruity and
fresh pomegranate).

CONCLUSION: The final recommendation was to use the treatment T1A1 [simultaneous combination of deficit irrigation during
fruit growth and ripening (T1) and thinning (A1)], although the positive results were cultivar-dependent.
© 2017 Society of Chemical Industry

Keywords: fruit thinning; hydroSOStainable fruits; Punica granatum L.; water deficit

INTRODUCTION
Pomegranate (Punica granatum L.) is a very interesting crop
because its fruits are a source of valuable compounds, such as
hydrolysable tannins (punicalagins), anthocyanins (ACNs) and
phenolic acids (ellagic acid).1 These compounds have a major
impact on (i) fruit quality and (ii) antioxidant activity, and have
been linked to its health promoting properties basically related
to the prevention of oxidative stress.2 Moreover, pomegranate
tree exhibits high adaptability to water deficit in arid and semiarid
areas because it possesses drought tolerance characteristics.3

Nonetheless, to reach optimal vegetative growth, yield and fruit
size, the crop requires regular irrigation throughout the dry
season.

Spain is the largest European pomegranate producer, yielding 56
185 tons in 20154; the main cultivars being farmed are Mollar de
Elche (ME) and Wonderful (Wond). The major criteria for the com-
mercial quality of pomegranate fruits are fruit size, external color
and shape. Fruit size is mainly affected by crop load and plant water
status, which must be controlled to obtain large fruits. It is impor-
tant to consider that the amount of fresh water available for agri-
cultural use worldwide is decreasing; thus, pomegranate farming
must adopt the use of deficit irrigation (DI) strategies, leading to an

improved water-use efficiency. Only a few studies have evaluated
the response of pomegranate fruit to DI and their conclusions are
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not unanimous, even though they agree that water deficit effects
depend on the stage of fruit growth at which DI is applied, as
well as the water deficit level achieved. In this sense, sustained
deficit irrigation (SDI) applied throughout the pomegranate sea-
son reduces total yield per tree, the number of fruits per tree and
the size of the fruits.5 Furthermore, DI can advance the optimal
harvest time by approximately 7–8 days, which can be of interest
for the pomegranate industry in early ripening cultivars together
with the fact that they have high contents of bioactive com-
pounds. In a similar way, SDI under moderate water stress showed
changes in color and chemical characteristics, related to earlier
ripening.6 However, pomegranate juice obtained from SDI trees,
under severe water stress, was of lower quality and less healthy
than that that from fully irrigated trees.7 Recently, however, other
studies8 concluded that pomegranates from SDI trees had good
sensory quality, a higher content of most of the bioactive com-
pounds, and suffered less chilling injury during cold storage, and
also had a longer shelf-life than fully irrigated fruits. Moreover, it
was shown that pomegranates from SDI trees, submitted to mild
water stress during flowering and fruit set and more severe water
stress during the linear phase of fruit growth and ripening, had a
redder peel and juice with a higher level of total soluble solids.9

On the other hand, previous studies with fruits such as
pistachios10,11 and table olives,12,13 grown under deficit irriga-
tion strategies were shown to have a proper and specific identity
and were termed ‘hydroSOStainable’ products; they have a spe-
cial sensory profile and chemical composition. In this way, it is
expected that pomegranate fruits could also be improved on
some key chemical parameters and sensory attributes by DI.

Considering all of the previously reported information, the
present study aimed to develop knowledge on the simultane-
ous effects of deficit irrigation (during fruit growth and ripening)
and crop load on yield and fruit quality in the two most popu-
lar pomegranate cultivars in Spain: ME and Wond. The quality was
studied by evaluating (i) physical characteristics, (ii) chemical char-
acteristics and (iii) descriptive sensory attributes of fruit.

MATERIALS AND METHODS
Plant material, experimental conditions and treatments
The experiment was carried out in 2016 in a pomegranate (Punica
granatum L.) orchard at the CEBAS-CSIC experimental station
in Santomera (Murcia, Spain) (38∘11’, 1∘03’). The trees were
own-rooted 6-year-old Wond and ME with only one trunk and
spaced at 3× 5 m. Yearly, trees were lightly pruned to encour-
age fruit production. Sprouts and suckers were removed as they
appeared and dead and damaged wood was removed in late
winter. The soil is a paralithic mollic-calciorthid very stony (33%,
w/w) and shallow with a clay-loam texture. Micrometeorological
data (air temperature, solar radiation, air relative humidity, rainfall
and wind speed 2 m above the soil surface) was collected by an
automatic weather station located at the experimental farm; the
station has been operating for more than 20 years and it is located
on a soil with grass cover.

The design of the field experiment was completely randomized
with four replications, with each replication consisting of three
adjacent tree rows, each with seven trees. Samples for the mor-
phological, physical, chemical and sensory analyses were taken on
the inner tree of the central row of each replicate, which were very
similar in appearance (leaf area, trunk cross-sectional area, height,
ground shaded area, etc.), whereas the other trees served as bor-
der trees. Each plot had a separate irrigation system and a meter

to measure the volume of water applied; the plots were separated
by the rows of border trees.

Two irrigation treatments (T0 and T1) were used to study the
effects on the plant water status. From 19 April 2016 [day of the
year (DOY) 109] to 6 October (DOY 279), control pomegranate
trees (T0) of both cultivars were irrigated daily above the estimated
crop evapotranspiration (120% ETc) to obtain non-limiting soil
water conditions. Deficit irrigated plants of both cultivars (T1)
were irrigated at 120% ETc from the beginning of the experiment
to fruit setting (DOY 168) and at 60% ETc from then to harvest
(fruit growth and ripening). Crop irrigation requirements were
determined using the daily crop reference evapotranspiration
(ETo), as calculated using the Penman–Monteith equation (FAO
method),14 and a crop factor based on the time of the year15 and
also the percentage of ground area shaded by the tree canopy.16

Irrigation was carried out during the night using a drip irrigation
system, with one lateral pipe per tree row and four emitters
(spaced 75 cm and each delivering 4 L h–1) per plant, and adjusting
the irrigation hours. The total irrigation water amounts, measured
with in-line water meters, applied to each treatment were 516 mm
(T0) and 317 mm (T1) in Wond trees and 537 mm (T0) and 327 mm
(T1) in ME trees.

There were two thinning treatments (A0 and A1) used to study
the effects on the crop load. Pomegranate A0 trees were not
thinned, and A1 trees were manually thinned, leaving 20–25 cm
between fruits and avoiding the presence of ‘double fruits’ (two
fruits fused together).

Pomegranate fruits from each treatment and cultivar (n= 20
fruits per tree) were manually harvested on DOY 280, when com-
mercial maturity was reached (Wond 15 ∘Brix and ME 12 ∘Brix), with
exact values being: (i) Wond: 16.8 ∘Brix, 0.781 g 100 mL–1, matu-
rity index (MI) [TSS (∘Brix)/TA (g 100 mL–1)] 21.5± 6.3 and (ii) ME:
12.7 ∘Brix, 0.140 g 100 mL-1, MI 90.8± 11.4. Fruits were immedi-
ately transported under ventilated conditions to the laboratory
and stored under controlled conditions (5 ∘C and 90%, relative
humidity) for less than 1 week, until the analysis.

The marketable yield was calculated by weighting all fruits from
the three central trees of the central row (three rows per field
plot) of each one of the four replications of this experiment (3
trees × 4 replications, giving a total of 12 trees per treatment), and
after removing fruits not reaching commercial size, those affected
by pest attack and having physiopathies. Then, 20 fruits per tree
were used for the morphological, physical, chemical and sensory
analyses.

Plant water status
The water relationships of the leaves were measured at midday
(12 h solar time). Fully expanded leaves from the south-facing side
and middle height of four trees per treatment were selected for
measurements. Midday leaf conductance (gleaf) was measured with
a porometer (Delta T AP4; Delta-T Devices, Cambridge, UK) on
the abaxial surface of two leaves per tree. Midday stem water
potential (Ψstem) was measured in two leaves similar to those used
for gleaf, which were enclosed in a small black plastic bag covered
with aluminum foil for at least 2 h before the measurements were
made using a pressure chamber (PMS 600-EXP; PMS Instruments
Company, Albany, OR, USA).5

Morphological, physical and chemical parameters
The moisture (M) percentage of arils was determined in accor-
dance with Alcaraz-Mármol et al.17 Fruit diameter was measured
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with an electronic digital slide gauge (Mitutoyo, Kawasaki, Japan).
Ten fruits were carefully cut at the equatorial zone with a sharp
knife, and then arils were manually extracted to obtain the fresh
pomegranate juice. The color density (CD) and the percentage of
polymeric color (PC) were using a previous method proposed by
Giusti and Wrolstad.18 All analyses were run in four replications.

From the 20 fruits taken, three batches of six fruits were randomly
prepared and all arils from each batch were manually extracted
and mixed to prepare the juices; thus, three juices were prepared
for each of the four field replications per treatment. Then, a
total of 12 measurements per treatment were made for all the
analyses described below, although the mean values represent
four replications per treatment.

Total polyphenol content (TPC) and punicalagin content (Pn)
Methanol extract was prepared as follows: pomegranate juices
(1 mL) were mixed with 10 mL of MeOH/water (80:20, v/v)+ 1%
HCl, sonicated at 20 ∘C for 15 min, and left for 24 h at 4 ∘C. Then,
the extract was again sonicated for 15 min, and centrifuged at
15 000× g for 10 min. TPC was quantified using Folin–Ciocalteu
reagent.19 Absorption was measured using a UV–Vis Uvikon XS
spectrophotometer (Bio-Tek Instruments, Saint Quentin Yvelines,
France). The extraction and quantification of the Pn content (sum
of ! and " isomers) in the pomegranate juices were analyzed using
the method proposed by Cano-Lamadrid et al.20

Sugar and organic acid content
The extraction and quantification of sugar and organic acids in
pomegranate juices were conducted as described for a recent
study.17 Standards of sugars (glucose and fructose) and organic
acids (citric and ascorbic) were obtained from Sigma (St Louis,
MO, USA) and calibration curves were prepared and showed good
linearity (r2 ≥ 0.999).

Extraction and chromatographic analysis of volatile
compounds
Headspace solid phase micro-extraction comprised the isola-
tion technique used to study the volatile composition of the
pomegranate juice. Pomegranate juice (5 mL), ultrapure water
(10 mL), 1-octanol (10#L of 1000 mg L–1, internal standard) and
NaCl (15% w/v, weight/volume) were placed into a 50-mL vial with
polypropylene caps and polytetrafluoroethylene/silicone septa.
The vial was placed in a water bath at controlled temperature
(40 ∘C) and automatic stirring. After allowing time for equilibration,
a 50/30#m divinylbenzene/carboxen/polydimethylsiloxane fiber
was exposed to the sample headspace for 50 min at 40 ∘C.

The chromatographic set up and conditions were identical to
those reported recently,21 with the only exception that the column
used was a Restek Rxi-1301 Sil MS (Restek Corporation, Palo Alto,
CA, USA) with an internal diameter of 30 m× 0.25 mm and a film
thickness of 0.25#m.

The identification and semi-quantification of volatiles was con-
ducted using gas chromatography–mass spectroscopy and gas
chromatography-flame ionization detection, respectively. The
volatile composition analysis was run in four replications for each
treatment and the results are expressed as a percentage of the
total area represented by each one of the volatile compounds.

Sensory analysis by trained panel
Eight trained panelists (aged 30–55 years; four females and four
males) with more than 500 h of training in sensory testing from

the department of Agro-Food Technology (UMH) participated
in the study. The sample serving and analysis procedures (using
the suitable lexicon and reference products) were conducted.22 A
scale from 0 to 10, with increments of 0.5, was used, where 0 repre-
sented no intensity and 10 represented extremely strong intensity.
Sensory analysis was run in four replications per treatment (four
sessions).

Statistical design and analysis
Data were analyzed using StatGraphics Plus, version 5.0 (Manugis-
tics, Inc., Rockville, MD, USA). A two-way analysis of variance (irri-
gation treatment and crop load as factors) was performed and
means values were compared by Tukey’s multiple range test.
Ψstem and gleaf values for each replicate were averaged before
the mean± SE of each treatment were calculated. Percentage val-
ues were arcsin-transformed before statistical analysis. Instrumen-
tal parameters correlated with sensory descriptors were used for
establishing a principal component analysis (PCA regression map)
using XLSTAT Premium 2016 (Microsoft Corp., Redmond, WA, USA);
only those parameters showing significant differences in any of the
two factors under study were included in the PCA.

RESULTS AND DISCUSSION
Climate and plant water status
During the experiment, the average daily maximum and minimum
air temperatures were 29.4 and 17.8 ∘C, respectively, and the
average mean relative humidity was 60.9%. The total rainfall was
extremely low, and reached a total added value of 15 mm, after
4 days of rain, and the total ETo reached 773 mm (DOY 109–279).
Ψstem and gleaf values for T0 plants in both cultivars were high and

almost constant during the experimental period (Fig. 1), implying
that the irrigation applied to these treatments in both cultivars
was sufficient to avoid any water deficit during the measurement
period. The differences in Ψstem and gleaf values between T0 and
T1 plants were characterized by the gradual decrease of their
values in T1 plants from the beginning of the experiment (DOY
109), reaching minimum values near the end of the measurement
period, DOY 230–279 (Fig. 1), clearly indicated a significant water
deficit situation in T1 plants.

Regarding crop load, it has been indicated that high crop load
may increase transpiration rates,23 stomatal conductance,24 leaf
photosynthesis25 and tree water use.26 However, studies also
reported a reduction in water uptake as a result of a high crop
load.27 Finally, further studies concluded that the effect of crop
load on tree water status is not obvious28 or is apparent only under
severe deficit irrigation conditions.28 In this sense, the results from
the current experiment indicate that Ψstem and gleaf values in A0
plants were very similar to those of A1 plants not only in full irri-
gated plants (T0), but also in deficit irrigated plants (T1). Thus, it
can be concluded that pomegranate plant water status was not
influenced by crop load under these particular experimental con-
ditions.

Marketable yield and fruit morphology
It is important to note that the marketable yield only includes fruits
with a commercial size and with no pest-attack or physiopathies.
Both cultivars showed similar response of the marketable yield
(production) and fruit morphology to deficit irrigation and thin-
ning (Table 1). Fruit thinning decreased the marketable yield in
both cultivars, although the fruits remaining on the tree showed
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Figure 1. Midday stem water potential (Ψstem) and leaf conductance (gleaf) values in control (T0, circles) and deficit irrigated (T1, triangles) Wond (A, C)
and ME (B, D) pomegranate trees, which were hand-thinned (A1, open symbols) or non-thinned (A0, closed symbols), during the experimental period
(DOY: day of the year). Each value is the mean of four measurements. Asterisks indicate significant differences among treatments according to Tukey’s test
(P < 0.05).

higher weight and size. Thus, it is expected that a higher price can
be obtained for these final commercial fruits. However, DI reduced
significantly the marketable yield but not the weight and size.

As expected, marketable yield of pomegranates decreased sig-
nificantly by the plant water deficit effect (Fig. 1), as has been
shown previously.5,6 However, water deficit did not affect fruit
weight and size. In this respect, and taking into consideration the
results shown previously,5 probably the maximum water deficit
achieved in the current experiment was lower than that necessary
to produce fruit turgor loss and, consequently, to decrease fruit
growth.

Color density, polymeric color and phytochemical
compounds
The importance of the copigmentation in pomegranate juice is a
result of the importance of the color with respect to determining
consumer acceptance of pomegranates and pomegranate-based
products (Table 1). Copigmentation is the reaction among ACNs

(responsible of color to pomegranate juices) with copigments (e.g.
phenolic acids), producing a hyperchromic effect in the absorption
spectrum.

CD, which has a high correlation with catechin-phlorogucinol
and monomeric ACNs,29 was affected by irrigation and thinning
in the two pomegranate cultivars. The value of CD in Wond
fruits (2.69–5.89) was higher than that in ME fruits (2.18–4.08)
because of the higher content of monomeric ACNs, especially
cyanidin-3-glucoside.30 Color density was reduced (increasing
polymerization) when water deficit was applied (T1) in Wond; how-
ever, the trend was the opposite in ME fruits. Crop load affected CD
only in Wond fruits, by reducing polymerization in remaining fruits;
no effect was observed in the ME cultivar.

In general, the percentage of polymeric color, PC (high val-
ues indicate a high degree of ACN polymerization, leading to
a less intense red color) of fresh pomegranate juices should be
less than 10%.18 In the present study, the values were higher
(16.4–85.9%) as a result of different factors, including the use
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Table 1. Production (yield), morphology, total polyphenolic content (TPC, mg GAE kg–1 FW), and, punicalagin (Pn, mg mL-1 FW) of Wonderful and
Mollar de Elche pomegranates as affected by deficit irrigation and thinning treatments

Production Fruit weight Diameter Color density, CD Polymeric color, PC TPC Pn
Treatment (kg) (g) (mm) (%) (mmol L–1 Trolox FW) (mg mL–1 FW)

WONDERFUL
ANOVA test

Irrigation * NS NS * ** NS NS
Thinning * ** *** * NS ** NS
Irrigation x Thinning * ** NS ** *** ** NS
Tukey’s multiple range test
Irrigation
T0 49.7 a 387 91.4 4.45 a 22.4 b 704 3.14
T1 29.3 b 372 90.1 3.11 b 34.8 a 714 2.96
Thinning
A0 42.3 a 360 b 88.5 b 3.10 b 31.4 728 a 2.98
A1 36.7 b 400 a 92.9 a 4.46 a 25.9 689 b 3.11
Irrigation × Thinning
T0A0 53.9 a 387 ab 90.3 3.51 ab 25.4 c 754 a 3.15
T0A1 45.5 b 387 ab 92.4 5.89 a 16.4 d 654 c 3.03
T1A0 30.8 c 333 b 86.7 2.69 b 37.6 a 704 b 2.99
T1A1 27.9 c 412 a 93.5 3.53 ab 32.3 b 724 ab 2.80

MOLLAR DE ELCHE
ANOVA Test

Irrigation * NS NS ** ** NS NS
Thinning * * * NS NS *** NS
Irrigation × Thinning * * NS *** *** *** NS
Tukey’s multiple range test
Irrigation
T0 39.0 a 424 93.8 2.21 b 50.2 b 676 3.04
T1 29.6 b 398 92.2 3.47 a 74.1 a 661 3.23
Thinning
A0 37.1 a 392 b 91.7 b 3.17 67.9 692 a 2.98
A1 31.5 b 431 a 94.3 a 2.52 56.4 644 b 3.29
Irrigation × Thinning
T0A0 39.9 a 405 ab 92.6 2.26 b 50.0 c 724 a 3.04
T0A1 38.1 a 443 a 95.0 2.18 b 50.4 c 628 c 2.77
T1A0 34.4 a 378 b 90.8 4.08 a 85.9 a 662 b 2.92
T1A1 24.9 b 418 ab 93.6 2.86 ab 62.4 b 659 b 3.80

NS, not significant at P < 0.05; significant at *P < 0.05, **P < 0.01 and ***P < 0.001, respectively.
Values followed by the same lowercase letter, within the same column and factor, were not significantly different (P < 0.05), according to Tukey’s least
significant difference test.
Values for punicalagin (Pn) content are the sum of ! and " punicalagin isomers.
FW, fresh weight.

of different cultivars, and probably also because pomegranate
juices were stored at –18 ∘C during 2 weeks and then defrosted
at 4 ∘C. Previous studies indicated that a prolonged storage at
4 ∘C, or even at –18 ∘C, produced the polymerization of ACNs
with other compounds, mainly condensed tannins.29,31 The val-
ues of PC of Wond (16.4–37.6%) were significantly lower than
those of ME (50.0–85.9%), being attributed to the difference
in phenolic compounds and the stability between cultivars
(ACNs from Wond juices were more stable than those from
ME).17 Water stress increased the value of PC in Wond and ME
cultivars, allowing polymerization and thus deterioration of
the red color.

Regarding TPC, the experimental results demonstrated that thin-
ning had no positive effect in the remaining fruits, and even led
to slight but significant reductions (6% and 8% in Wond and

ME, respectively) (Table 1). Moreover, juices from Wond cultivar
presented higher values of TPC than ME because of differences
in the polyphenol profile.32 On the other hand, water deficit did
not affect either TPC or Pn content, in contrast to that reported
previously in pomegranate fruits under moderate and severe
SDI30; probably, the level of water stress reached in the previ-
ous experiment was higher than that reached in the present
study.

No correlation was found between TPC and Pn, in contrast to
previously reported data,20 implying that Pn (isomers ! and ")
was not the only compound implied in the total polyphenolic
content; other compounds behind this experimental trend could
be anthocyanins and other ellagitannins. Only trace levels of
ellagic acid were found in the present study, and cannot account
for this lack of correlation.
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Table 2. Sugars and organic acid profiles of Wonderful and Mollar
de Elche pomegranates as affected by deficit irrigation and thinning
treatments

Sugars Organic acids

Glucose Fructose Citric acid Ascorbic acid

Treatment (g L–1 FW)

WONDERFUL
ANOVA test

Irrigation * * NS NS
Thinning * * NS NS
Irrigation x Thinning *** *** NS NS
Tukey’s multiple range test
Irrigation
T0 121 b 142 b 1.47 0.32
T1 143 a 171 a 1.17 0.20
Thinning
A0 141a 143 b 1.23 0.20
A1 123 b 169 a 1.40 0.32
Irrigation × Thinning
T0A0 119 b 138 c 1.45 0.21
T0A1 123 b 146 b 1.47 0.23
T1A0 126 b 149 b 1.04 0.23
T1A1 159 a 192 a 1.33 0.44

MOLLAR DE ELCHE
ANOVA test

Irrigation NS NS NS NS
Thinning NS NS NS NS
Irrigation x Thinning NS NS *** NS
Tukey’s multiple range test
Irrigation
T0 119 151 0.93 0.43
T1 120 142 0.32 0.47
Thinning
A0 120 148 0.93 0.44
A1 118 144 0.32 0.47
Irrigation × Thinning
T0A0 118 151 1.54 a 0.40
T0A1 120 151 0.32 b 0.46
T1A0 122 145 0.32 b 0.47
T1A1 117 138 0.32 b 0.47

NS, not significant at P < 0.05; significant at *P < 0.05, **P < 0.01 and
***P < 0.001, respectively.
Values (mean of three replications) followed by the same lowercase
letter, within the same column and factor, were not significantly
different (P < 0.05), according to Tukey’s least significant difference
test.
FW, fresh weight.

Sugars and organic acids
In accordance with previous data,17,32 two sugars (glucose and
fructose) and two organic acids (citric and ascorbic) were identified
in the Wond and ME pomegranate juices (Table 2).

In terms of sugar profile, the glucose/fructose ratios were 0.84
and 0.82 in Wond and ME, respectively; similar results were
reported previously.17,32 An increase of glucose and fructose in
Wond cultivar under water stress (T1) was found. The level of water
stress played a role in fruit maturity; an accelerated early fruit matu-
rity can be hypothesized based on the stimulation of the conver-
sion of sucrose (disaccharide combining glucose and fructose) to

the noted monosaccharides.33 The interaction on SDI and thinning
(T1A1) gave rise to the highest increase in glucose and fructose in
the Wond cultivar. By contrast, sugars from ME cultivar were not
affected, probably because ME trees are better adapted to the cul-
tivation area and to water stress than the Wond ones.9

The content of citric acid was higher in the Wond fruits than in the
ME fruits, which agreed with a previous study stating that citric acid
predominated in sour varieties, such as Wond.17 On the other hand,
the level of ascorbic acid was low in all treatments and in both
cultivars as a result of the loss of this compound from metabolic
activity during ripening, generating polymeric compounds.34 Both
identified organic acids were not affected by either the irrigation
treatment (water stress) or the thinning treatment (crop load) in
any of the two cultivars, probably because of the low level of water
stress reached.

Volatile compounds
A total of 12 and 14 different compounds were identified in
the Wond and ME juices under study, respectively. Although the
number of the volatile compounds found in the present study
was lower than those previously found in other studies (18 com-
pounds), it is a normal value for this fruit with a low odor/aroma
intensity and complexity.35 Table 3 shows the retention times and
indices used for the identification of the compounds (together
with the simultaneous use of standards) found in the pomegranate
juices, as well as the main sensory descriptors of each one of the
volatile compounds.36,37

For clarity, the pomegranate volatile compounds have been
grouped into five chemical families:

(i) Aldehydes (ALDs, total aldehydes): hexanal (V1), octanal (V2)
and nonanal (V3);

(ii) Esters (ESTs): benzyl acetate (V4), ethyl hexanoate (V5) and
ethyl octanoate (V6);

(iii) Aliphatic alcohols (ALCs): 2-ethyl-1-hexanol (V7), 3-hexen-1-ol
(V8) and 1-hexanol (V9); and.

(iv) Monoterpenes (MTEs): "-pinene (V10), p-cymene (V11) and
!-terpineol (V12); and (v) Monoterpenoids (MTOs): linalool (V13)
and limonene (V14).

The relative abundance of each chemical family (sum of the
percentages of all the members of the family) was significantly
different between cultivars, and followed the order (Table 4):

• Wond: ALCs (mean of all treatments 67.0%) >>MTOs
(11.5%)>MTEs (10.1%)≈ALDs (9.9%)> ESTs (1.4%)

• ME: ALDs (mean of all treatments 29.6%)>MTOs (26.7%)>ALCs
(23.6%)>MTEs (13.9%)> ESTs (6.2%).

In general, aliphatic alcohols (ALCs) were the predominant family
[mainly, 1-hexanol (V9) and 3-hexen-1-ol (V8)] in Wond fruits
(Table 4); these results agreed with those reported previously.38 On
the other hand, aldehydes, ALDs [mainly hexanal (V1) and nonanal
(V3)] played an important role and were the most abundant
chemical family in the ME juices, also in agreement with previous
data.39

Changes on volatile composition as affected by irrigation or
thinning treatments have been found in different fruits, such as
jujube,40 table olive13 and pistachio,10 amongst others. However,
the present study is the first to evaluate the combined effects of
these two factors on the volatile profile of pomegranate juices;
different trends were found for each cultivar under study.

In the Wond cultivar, when water stress was applied, a reduction
in ALD (only as a result of hexanal) and EST (as a result of benzyl
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Table 3. Retention time (min) and indices and sensory descriptors (SAFC, 2012) of the volatile compounds of pomegranate juices, cultivars Wonderful
and Mollar de Elche

Retention indices

Code Compounds Retention time (min) Experimental UMH database Descriptors

Aldehydes
V1 Hexanal 6.64 826 835 Green
V2 Octanal 14.30 1036 1029 Herbaceous, citrus
V3 Nonanal 19.16 1140 1154 Citrus, vegetable
Esters
V4 Benzyl acetate 22.37 1206 1210 Apple, floral, fruity, sweet
V5 Ethyl hexanoate 13.38 1016 1018 Apple, banana, pineapple
V6 Ethyl octanoate 22.61 1211 1212 Floral, pear, pineapple
Aliphatic alcohols
V7 2-Ethyl-1-hexanol 15.72 1067 1070 Rose, sweet
V8 3-Hexen-1-ol 8.70 898 902 Banana, green, vegetable
V9 1- Hexanol 8.98 906 912 Green, herbaceous
Monoterpenes
V10 "-Pinene 12.33 992 998 Woody
V11 p-Cymene 14.63 1043 1051 Citrus
V12 !-Terpineol 24.03 1240 1250 Lilac
Monoterpenoids
V13 Linalool 18.94 1135 1142 Lemon, orange, sweet
V14 Limonene 14.46 1039 1046 Lemon, orange, sweet

The UMH research group (Universidad Miguel Hernández) has created their own library of standards to provide proper retention indices for the
identification of the volatile compounds found in different food matrixes. All 14 compounds found in the pomegranate juices have been identified by
using Sigma-Aldrich (Merk KGaA, Darmstadt, Germany) standards.

acetate) contents, as well as an increase of MTEs ("-pinene), was
observed; however, in the ME cultivar, ALDs also decreased (hex-
anal and nonanal), although MTEs decreased as well ("-pinene and
!-terpineol) and MTOs increased (limonene). Probably, the reduc-
tion of ALDs was a result of the effect of water stress on the syn-
thesis of the compounds from this chemical family. The synthesis
starts with the C18 fatty acids, linolenic and linoleic acids.41 Fur-
thermore, the effects seen in the MTEs family could be explained
by the effects of water stress on the activity of the enzyme linalool
synthase or in the contents of its substrates, mainly carotenoids.42

The reduction of hexanal was observed in other fruits such as
grapes under water deficit during grape development and this was
associated with fruit maturity.43

On the other hand, the only common effect of thinning on
the volatile composition of both pomegranate cultivars was the
decrease of the EST content (ethyl hexanoate), whereas the behav-
iors of ALCs and MTEs were different. The effects on thinning (crop
load) on the volatile composition of Wond fruits was limited to the
noted effects on esters; however, in ME fruits, a smaller crop load
implied reductions of ESTs and ALCs but an increase of MTEs.

PCA
For a better understanding of the relationships among all the
studied variables for the different treatments (interaction between
irrigation and thinning treatments), a PCA was run for the Wond
and ME cultivars, respectively (Fig. 2). All sensory data have been
included in the PCA and are discussed here to avoid duplication
(Table 5).

The first principal component (F1) accounted for 55.19% and
40.77% of the total data variance in Wond (Fig. 2A) and ME
(Fig. 2B), respectively, whereas the second principal component

(F2) accounted for 27.72% and 32.36% of the total variance, respec-
tively.

It is important to note that the higher the distance between
two parameters, the lower their correlation. Considering F1 as
the dimension that explained the main differences among treat-
ments, in Wond fruits (Fig. 2A), T0A0 was positively linked with TPC,∑

MTOs (MTOs normally have citric flavor notes),
∑

ALDs (which
have vegetable flavor notes),

∑
ESTs (with fruity flavor notes), pro-

duction (yield) and key descriptive sensory parameters (sweetness,
color, fruity, floral and pomegranate ID). In Wond fruits, all other
three treatments (T0A1, T1A0 and T1A1) were positively correlated
with the sugar content,

∑
ALCs (vegetable notes), fruit weight,

diameter, polymeric color, and apple and pear flavor notes.
On the other hand, in ME fruits (Fig. 2B), treatment T1A1 (trees

under water stress and subjected to thinning) was positively
correlated with

∑
ALCs (vegetable notes),

∑
MTOs (citric notes)

and key descriptive sensory parameters (color, sourness, fruity,
floral and pomegranate ID). The other treatments (T0A0, T0A1 and
T1A0) were positively correlated with

∑
ALDs (vegetable notes),∑

MTEs (citric notes),
∑

ESTs (fruity notes), production and citric
acid content.

CONCLUSIONS
Sustained deficit irrigation (T1) caused water stress in
pomegranate trees. Although a decrease of marketable yield
was observed after deficit irrigation (T1) and thinning (A1), the
fruits remaining on the tree presented a higher weight and
size, which is a positive fact and could be linked to the higher
price of the commercial fruits. Wond fruits were more sensitive
to changes in the sugar profile, with the values of glucose and
fructose being increased by deficit irrigation strategies (T1),
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Figure 2. PCA scores plot showing the relationship among production, morphological parameters, total polyphenolic content, polymeric color, organic
acids and sugars contents, volatile composition, and descriptive sensory analysis and treatments (T0A0, T0A1, T1A0 and T1A1) in cultivars Wond (A) and
ME (B). , Production and morphologic parameters: fruit weight and diameter; , total polyphenolic content (TPC); , organic acids and sugars content;
*, color density (CD) and% polymeric color (PC); , Volatile composition: total aldehydes (

∑
ALDs), total esters (

∑
ESTs), total aliphatic alcohols (

∑
ALCs),

total monoterpenes (
∑

MTEs) and total monoterpenoids (
∑

MTOs); ○, descriptive sensory attributes.

which is important because of the strong sourness of these fruits.
Furthermore, T1 caused a reduction of total aldehydes (mainly
hexanal) and terpenoids in both cultivars, losing vegetables
notes. In the Wond cultivar, fruits of the treatment T1A1 were
positively linked with the highest fruit weight and fruit diameter
and high contents of glucose and fructose, which is essential for
a sour cultivar, whereas control Wond fruits, T0A0, were linked
with total phenolic content, monoterpenes (citric notes), aldehy-
des (vegetable notes), esters (fruity notes), production and key

descriptive sensory parameters (sweetness, color, fruity, floral
and pomegranate ID). In the ME cultivar, the interaction between
water stress and commercial thinning (T1A1) was positively
correlated with aliphatic alcohols (vegetable notes), monoter-
penoids (citric notes) and key descriptive sensory parameters
(color, sourness, fruity, floral and pomegranate ID), whereas con-
trol ME fruits, T0A0, were only linked to parameters such as total
phenolic content, content of citric acid and the pear flavor. Thus,
the final recommendation is that the best treatment for both

J Sci Food Agric (2018) © 2017 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 5. Descriptive sensory analysis of Wonderful and Mollar de Elche pomegranates as affected by deficit irrigation and thinning treatments

Color Fruity Pom ID Apple Pear Grape Berry Green Earthy Salty Sweet Sour Bitter Arils Firmesss

WONDERFUL
ANOVA test

Irrigation *** NS NS NS NS NS * NS NS NS * NS NS NS
Thinning NS NS NS * NS NS * NS NS NS NS NS * NS
Irrigation x Thinning *** ** ** ** ** NS ** ** NS *** ** * ** **
Tukey’s multiple range test
Irrigation
T0 9.3 a 4.7 5.6 1.8 0.7 1.9 2.4 a 1.8 0.2 3.8 4.2 a 1.3 1.7 7.1
T1 7.3 b 4.1 5.0 2.1 1.2 1.5 1.5 b 1.2 0.4 3.9 3.3 b 1.4 1.4 6.7
Thinning
A0 8.0 4.8 5.6 1.4 b 0.8 1.8 2.4 a 1.9 0.2 3.7 4.0 1.3 1.8 a 7.1
A1 8.5 4.0 5.0 2.6 a 1.2 1.6 1.5 b 1.1 0.4 4.0 3.5 1.4 1.3 b 6.7
Irrigation × Thinning
T0A0 9.0 a 4.9 a 5.7 a 0.7 c 0.2 b 1.9 3.1 a 2.4 a 0.1 2.9 b 4.6 a 1.6 a 2.1 a 7.5 a
T0A1 9.5 a 4.6 a 5.4 a 3.0 a 1.3 a 1.8 1.8 b 1.3 b 0.3 4.8 a 3.8 ab 1.1 b 1.2 b 6.8 b
T1A0 7.0 b 4.8 a 5.4 a 2.1 b 1.4 a 1.8 1.8 b 1.5 b 0.2 4.6 a 3.4 b 1.0 b 1.4 b 6.8 b
T1A1 7.5 b 3.5 b 4.6 b 2.1 b 1.1 a 1.3 1.3 b 0.8 c 0.6 3.2 b 3.2 b 1.7 a 1.5 b 6.7 b

MOLLAR DE ELCHE
ANOVA test

Irrigation NS NS NS NS NS NS NS NS NS NS * NS NS NS
Thinning *** NS ** NS ** NS NS NS NS NS * NS NS NS
Irrigation x Thinning *** *** ** NS ** * NS NS NS NS ** NS NS **
Tukey’s multiple range test
Irrigation
T0 6.4 3.3 3.1 1.6 2.7 0.9 0.3 0.4 1.6 1.4 4.9 b 0.9 0.8 6.8
T1 6.4 3.7 3.6 1.7 2.2 1.3 0.5 0.6 1.5 1.5 5.5 a 1.3 1.0 7.3
Thinning
A0 4.9 b 3.0 2.8 b 1.4 2.9 a 0.9 0.3 0.4 1.7 1.5 4.8 b 1.1 0.9 7.1
A1 7.8 a 4.0 3.8 a 1.8 2.0 b 1.3 0.5 0.6 1.5 1.5 5.6 a 1.1 0.8 7.0
Irrigation × Thinning
T0A0 6.0 b 3.1 b 3.0 b 1.3 3.6 a 0.9 b 0.4 0.4 1.9 1.2 4.6 b 1.0 0.8 7.3 ab
T0A1 6.8 b 3.4 b 3.1 b 1.9 1.8 b 1.0 b 0.2 0.5 1.4 1.5 5.1 b 0.8 0.8 6.3 b
T1A0 3.9 c 2.9 b 2.6 b 1.6 2.1 b 1.0 b 0.3 0.4 1.5 1.6 4.9 b 1.1 1.1 7.0 ab
T1A1 8.9 a 4.5 a 4.5 a 1.8 2.3 b 1.6 a 0.8 0.8 1.5 1.3 6.1 a 1.4 0.9 7.6 a

NS, not significant at P < 0.05; significant at *P < 0.05, **P < 0.01 and ***P < 0.001, respectively.
Values (mean of three replications) followed by the same lowercase letter, within the same column and factor, were not significantly different (P< 0.05),
according to Tukey’s least significant difference test.

pomegranate cultivars under study (Wond and ME) was T1A1,
which comprises the simultaneous application of soft deficit irri-
gation during fruit growth and ripening (T1) and the application of
thinning (A1).
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A Comparative Study Between Labeling and
Reality: The Case of Phytochemical Composition
of Commercial Pomegranate-Based Products
Marina Cano-Lamadrid, Leontina Lipan, Ángel Caĺın-Sánchez, Francisca Hernández, and Ángel A. Carbonell-Barrachina

Abstract: Manufacturers are deeply involved in the development of new pomegranate-based products, which have
acquired great prestige due to many studies proving their potential health benefits. Commercial pomegranate products
including capsules and supplements and juices and nectars were assayed. The contents of the key phytochemical compounds
(punicalagin, ellagic acid, and total polyphenolic content) and the associated antioxidant capacity (DPPH•, ABTS•+, and
FRAP) were analyzed. The experimental ranges of punicalagin and ellagic acid contents were 0.96 to 308 mg/g and 0.09
to 13.1 mg/g, respectively. Punicalagin content was positively correlated (P < 0.001) with DPPH• and total polyphenolic
content values. No significant (P > 0.05) correlation was observed among ellagic acid with the antioxidant capacity.
The labeling standardization of these products is necessary due to the wide variability among “theoretically” similar
pomegranate-based products.

Keywords: antioxidant capacity, dietary supplements, polyphenol intake, Punica granatum L., punicalagin

Practical Application: There is a need for labeling “standardization” of these products due to the wide variability of
the key compounds (punicalagins, ellagic acid, and the total polyphenolic compounds) among “theoretically” similar
pomegranate-based products. The contents of the key compounds should be declared on product labels, as indicators of
the potential health benefits, and should replace subjective functional descriptions.

Introduction
Nowadays, foods with health benefits have become very pop-

ular. Functional foods are regularly introduced into human’s diet
especially those having elevate polyphenols levels (Viuda-Martos
and others 2011). Considering that, the antioxidant capacity
(AOC) is positively correlated with indicators such as the total
contents of polyphenols and flavonoids, pomegranate (Pom;
Punica granatum L.) can be considered as a functional food (Bchir
and others 2012). Some of the most relevant substances in Pom
are hydrolysable tannins (for example, PC and punicalin) and
phenolic acids (gallic and ellagic acids [EAs]; Turrini and others
2015). Punicalagin (PC) isomers (α-PC and β-PC) together
with EA are the most important substances in Pom and represent
about the 85% of its total AOC (Caĺın-Sánchez and others
2013); however, EA content is significantly lower than that of PC
(Nuncio-Jáuregui and others 2015). These compounds also are
well-known free-radicals hunters, possessing maximum inhibition
of mutagenicity up to 90%, and are associated with prevention of
different diseases (Turrini and others 2015).

Manufacturers are deeply involved in the development of new
Pom-based products (PomP), because their benefits should led to
improved human health (Alaei and Amiri Chayjan 2015). This is
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the reason that explains the expanded promotion of Pom prod-
ucts and the increment of the sales from $84500 in 2001 up to
$66 million in 2005 in United States (Vázquez-Araújo and others
2015). Meanwhile in European Union, where the Eastern part
of Spain is one of the main producers, there is no data on total
consumption of PomP (MFA 2015; Szychowski and others 2015).

There is no exact information about recommended daily in-
take of polyphenols, but is estimated to be around 1 g/d (Scalbert
and Williamson 2000). Regardless of the amount of studies re-
garding the possible role of polyphenols on disease prevention,
data concerning their consumption at the population levels is still
a huge ambiguity due to their wide structural diversity (Scalbert
and Williamson 2000; Grosso and others 2014), and the differ-
ent conditions of application. For instance, Grosso and others
(2014) provided valuable information on dietary reference intake
(DRI), and estimated the mean consumption of polyphenols at
1757 mg/d for the Polish population. The estimated flavonoid
daily intake in adults from the U.S. was 189.7 mg/d, and was
mainly due to flavan-3-ols (83.5%; Chun and others 2007). Other
studies involving miscellaneous countries from Europe reported
the that the country with the highest polyphenols intake was
Denmark, with 1786 mg/d, and the one with the lowest was
Greece, with 744 mg/d (Zamora-Ros and others 2016). In
France, the total polyphenol content (TPC) recorded was about
1031 mg/day (Perez-Jimenez and others 2011), whereas this con-
tent reached a value of 820 mg/d in Spanish adults (Tresserra-
Rimbau and others 2013), and 863 mg/d in the Finnish population
(Ovaskainen and others 2008). Besides, the PomP are rather safe
without any negative effect registered in humans (Al-Muammar
and Khan 2012).

The fact that the demand for fresh Poms and their based products
is higher than the production is leading to high prices and also to
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frauds, in some cases. Thus, there is a need to analyze and control
commercial PomP and to develop new methods to detect potential
fraud and adulteration (Nuncio-Jáuregui and others 2014).

Considering the positive reputation and high demand of PomP
is essential to quantify the total polyphenols content, not only for
health benefits and product labeling but also for key facts such
as traceability and adulteration (Qu and others 2012). Previous
studies concluded that a therapeutic index must be established in
PomP (pills, capsules, and juices) to have a good understanding of
their potential health benefits.

Therefore, the aim of this study was to compare the phytochem-
ical content (TPC, PC isomers [α and β], and EA) and AOC
(DPPH•, FRAP, and ABTS•+) of different commercial PomP
(CPomP) available on the international market.

Materials and Methods

Commercial CPomP
Samples (n = 22) from 2 Pom (Punica granatum L.) CPomP

groups were analyzed: (i) capsules and supplements (n = 11) and
(ii) pure and concentrated juices (n = 11). Products were purchased
from pharmacy chains, through internet (on-line shops), or by
mail order. The main labeling information of all tested samples is
listed in Table 1 (product name, main ingredients list, commercial
brand, country, weight, and recommended intake dose). The daily
intake estimation of PC, EA, and total polyphenolic content was
obtained considering the recommended dose from the labeling of
each CPomP.

Identification and quantification of phenolic compounds
PC (α and β isomers) and EA contents were determined in

all studied samples. A known amount of CPomP was diluted
with 5 mL of acidified MeOH/water (80:20 v/v, 1% HCl),
and centrifuged. Supernatants were filtered through a 0.45 µm
Millipore filter, and injected into a Hewlett-Packard-series 1200
high-performance liquid chromatograph, HPLC (Woldbronn,
Germany), equipped with a LiChroCART 100 RP-18 reversed-
phased column (250 × 4 mm, particle size, 5 µm; Merck, Darm-
stadt, Germany), and a precolumn C18 (LiChrospher 100 RP-18,
5 µm; Merck, Darmstadt, Germany). Eluents were analyzed using
a UV-Vis Diode Array detector. The mobile phase consisted of:
(i) solvent A (1% acetic acid in Milli-Q water); and (ii) solvent B
(1% acetic acid in MeOH). Flow rate was 1 mL/min using a gra-
dient starting with 1% B for 5 min, and increasing it to 60% B at
40 min. The compounds were quantified using calibration curves
of the standard compounds (α-PC, β-PC, and EA); all analyses
were run in triplicate.

AOC and TPC
A methanol extract was obtained from each product, and ana-

lyzed for AOC using the DPPH•, ABTS•+, and FRAP methods.
A known amount of product was mixed with 10 mL of acidi-
fied MeOH/water (80:20 v/v, 1% HCl), sonicated at 25 °C for
15 min, and left for 24 h at 4 °C. The extract was again sonicated
for 15 min and centrifuged until the separation of the supernatant.

The radical scavenging activity was evaluated using the DPPH•

radical method, as described by previous research (Brand-Williams
and others 1995), allowing a reaction time of 15 min. The ABTS•+

and FRAP methods were also used to evaluate the AOC, accord-
ing to previous methods (Benzie and Szeto 1999; Re and others
1999). Calibration curves within the range 0.50 to 5.00 mmol
Trolox/kg were used for the quantification of the AOC in the 3

methods; these calibration curves showed good linearity (R2 !
0.998). Results were expressed in mmol Trolox/kg.

Total polyphenols content (TPC) was quantified using Folin–
Ciocalteu colorimetric method as previously described by Cano-
Lamadrid and others 2016. The absorbance was measured at
765 nm using an UV-Visible spectrophotometer (Helios Gamma
model, UVG 1002E, Mercers Row, Cambridge, U.K.). Quantifi-
cation was done with respect to a standard curve of gallic acid.
The results were expressed as mg gallic acid equivalents (GAE)/g.

Statistical analysis
Data were subjected to analysis of variance (ANOVA) and later

to Tukey’s multiple-range test to compare the means. Differences
were considered statistically significant at P < 0.05. All statisti-
cal analyses were performed using StatGraphics Plus 5.0 software
(Manugistics, Inc., Rockville, Md., U.S.A.). In addition, corre-
lations among variables were determined by correlation analyses
using Pearson correlation coefficient.

Results and Discussion

PC and EA contents
The contents of PC (α and β isomers) and EA in all the CPomP

were expressed in mg/g and their values are listed in Table 2.
According to the phytochemicals content, there was a very

high variability among samples (P < 0.05). Regarding total PC
of the 1st group (capsules and supplements), the range of detected
values was 4.23 to 308 mg/g (P < 0.001). Sample 1A had the
highest content (308 mg/g), followed by 1G and 1I with 123 and
85.3 mg/g, respectively. Sample 1C registered the lowest detected
value 4.23 mg/g; meanwhile samples 1B, 1E, and 1K had no
measureable contents of PC. It is important to highlight that the
1E sample with no detected PC was “theoretically” powdered Pom
peel extract. In the 2nd group (pure and concentrated juices), it
was observed that values ranged from 0.96 mg/g (sample 2F) up to
10.4 mg/g (sample 2E; P < 0.01). However, samples 2G, 2J, and
2K showed no measurable contents of the 2 analyzed compounds
(PC and EA). Two of these samples (2G and 2K, respectively) were
“theoretically” concentrated Pom juices.

As it can be observed in Table 2, there was very big differ-
ence between the 2 groups of CPomP. In the 1st group (capsules
and supplements), it can be noticed that the highest value was
about to 308 mg/g, whereas in the 2nd group (juices), the most
elevated registered value was around 10 mg/g. This might be
caused not only by the conditions during manufacturing, storage,
or agricultural practices (Fisher and others 2011), but also due
to the differences between the nature of these products. As can
be noticed, samples from 1st group were capsules obtained from
Pom extract of peel and seeds, meanwhile, samples from 2nd were
juices mainly from the Pom arils. Several authors have reported
that the phenolic compounds are higher in the nonedible parts
of the Poms, such as rind and carpelar membranes, than in the
edible arils, and even higher when the fruits are at the beginning
of growing season (Seeram and others 2005; Rummun and other
2013).

Concerning the PC isomers of the 1st group of samples, α-PC
ranged from nonmeasurable contents (1B, 1E, 1I, and 1K) up to
176 mg/g (1A), whereas β-PC registered also from nonmeasurable
values (1B, 1E, and 1K) to 132 mg/g (1A). In the 2nd group, the
values of α-PC and β-PC varied from nonmeasurable values (2G,
2J, and 2K) to 5.90 and 4.52 mg/g, respectively (2E). It can be
observed that sample 1I, which is Pom kernel flour, presented
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Table 2–Contents of punicalagin (α-PC and β-PC) and ellagic
acid (EA) in the studied pomegranate products, expressed in
mg/g.

α-PC β-PC Ʃ PC EA
Sample (mg/g)

ANOVAa

Group 1 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

1A 176 ab 132 a 308 a 13.1 a
1B ndc nd nd 0.84 d
1C 2.04 d 2.19 d 4.23 e 3.89 c
1D 6.53 c 8.14 d 14.7 d 6.53 c
1E nd nd nd 0.84 d
1F 2.78 d 2.10 e 4.88 e 0.79 d
1G 56.1 b 66.9 c 123 b 9.03 b
1H 2.00 d 10.0 d 12.0 d 4.05 c
1I nd 85.3 b 85.3 c 0.19 d
1J 7.54 c 0.09 e 7.63 de 0.25 d
1K nd nd nd 0.11 d

ANOVAa

Group 2 ∗∗ ∗∗ ∗∗ ∗

2A 0.89 cb 1.00 cd 1.89 d 0.49 a
2B 0.56 c 0.57 d 1.13 d 0.09 b
2C 1.23 bc 0.50 d 1.73 d 0.09 b
2D 2.02 b 2.20 c 4.22 c 0.40 a
2E 5.90 a 4.52 b 10.4 a 0.39 a
2F 0.45 c 0.51 d 0.96 d 0.09 b
2G ndc nd nd 0.05 b
2H 0.63 c 0.71 d 1.34 d 0.11 b
2I 0.47 c 8.00 a 8.47 b 0.35 a
2J nd nd nd 0.11 b
2K nd nd nd 0.10 b

a ∗, ∗∗, and ∗∗∗, significant at P < 0.05, 0.01, and 0.001, respectively;
bValues (mean of 3 replications) followed by the same letter, within the same column and group,
were not significantly different (P<0.05), according to Tukey’s least significant difference test;
cnd = below limit of quantification (LOQ).

no detectable values of α-PC but remarkable β-PC content
(85 mg/g). This statement agreed quite well with previous studies,
where a higher concentration of β-PC than α-PC was reported
in similar products, such as Pom juices (Qu and others 2012).

Regarding the EA content, samples of the 1st group recorded
values (P < 0.001) between 0.11 mg/g (1K, powder sample made
from Pom seeds) up to 13 mg/g (sample 1A is a Pom extract,
without indication from which part of the fruit it comes from),
followed by sample 1G (9.03 mg/g), which underwent a con-
trolled fermentation step during its preparation. The high content
of sample (1G) respect the other products can be explained by
previous results which indicated that the fermentation of PomP
with Lactobacillus plantarum increases the concentration of EA
(Filannino and others 2013). Sample 1A (Pom extract) presented
much higher EA content than sample 1K (powder from arils), be-
cause of the different nature of the product, whole fruit and arils,
respectively (Qu and others 2012). Peels and carpelar membranes
are rich in polyphenols, flavonoids, and tannins apart from EA,
meanwhile arils, including the woody portions (high amount of
fatty acids) and juices are not characterized by high contents of
these compounds (MFA; Viuda-Martos and others 2011; Rinaldi
and others 2013). Concerning the 2nd group, the highest EA con-
tent was observed in a Pom concentrated juice sample, 2A (0.49
mg/g) followed by 2D (dehydrated Pom juice), 2E (direct Pom
juice), and 2I (Pom concentrate mixed with other berries con-
centrate). As it can be seen in Table 1, generally all these products
were Pom concentrated or pure juices. All these samples had a

Table 3–Antioxidant capacity (mmol Trolox/kg) and total
polyphenols content (mg GAE/g) in the studied pomegranate
products.

TPC DPPH• ABTS•+ FRAP
Sample (mg GAE/g) (mmol TroloX/kg)

ANOVAa

Group 1 ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

1A 353 ab 1129 a 71.0 a 9029 a
1B 16.9 bc 47.6 d 31.4 c 31.7 ef
1C 18.7 b 74.8 c 47.6 b 199 c
1D 22.6 b 75.6 c 47.3 b 5696 b
1E 15.5 c 32.3 e 45.9 b 67.5 de
1F 16.6 bc 75.4 c 47.8 b 238 c
1G 0.10 e 733 b 46.9 b 55.6 e
1H 19.9 b 74.8 c 47.0 b 6185 b
1I 10.7 cd 16.5 f 23.6 c 108 d
1J 7.93 d 23.0 f 39.8 bc 24.8 f
1K 15.8 c 41.6 d 45.8 b 38.6 ef

ANOVAa

Group 2 ∗∗ ∗∗ ∗∗ ∗∗

2A 17.5 ab 42.3 a 46.4 a 51.9 c
2B 6.13 c 14.3 c 16.3 d 11.9 d
2C 4.32 cd 13.9 c 18.7 d 12.3 d
2D 9.72 b 23.8 b 39.8 b 12.2 d
2E 10.0 b 37.7 a 23.9 c 211 b
2F 5.38 c 11.6 c 14.5 d 8.12 d
2G 3.09 d 10.2 c 11.0 d 15.2 d
2H 8.09 bc 25.9 b 23.9 c 12.4 d
2I 10.8 b 37.4 a 20.8 c 2973 a
2J 4.89 cd 13.4 c 23.7 c 7.90 d
2K 7.71 bc 19.2 b 23.5 c 17.9 d

a ∗∗ and ∗∗∗, significant at P < 0.01 and 0.001, respectively;
bValues (mean of 3 replications) followed by the same letter, within the same column and group,
were not significantly different (P < 0.05), according to Tukey’s least significant difference test;
cnd = below limit of quantification (LOQ).

higher content of EA as compared to juices prepared from just
arils; this experimental situation agreed with results from other
authors, who concluded that commercial manufacturers produce
juice by squeezing whole fruit, including some nonedible parts
of Pom (membrane or peel), and is during this process when the
polyphenols are extracted (Qu and others 2012). On the other
hand, the lowest EA content from 2nd group was registered in
sample 2G (0.05 mg/g), which is a product commercialized as
100% Pom concentrate juice. Very similar values have registered
in samples 2B (Pom juice from concentrate), 2C (squeezed juice
from direct extraction), and 2F (Pom juice sweetened with agave
syrup), with values around 0.09 mg/g. The variation among all
these products can be explained by the use of different Pom vari-
eties, and manufacturing conditions (Qu and others 2012).

AOC and TPC
The AOC in foods must be evaluated using a mixture of meth-

ods to cover all the aspects of the antioxidant efficacy (Viuda-
Martos and others 2011). There are miscellaneous methods be-
cause none of them is precise and global when evaluating AOC
(Cano-Lamadrid and others 2016). This happens due to the con-
siderable differences in sample preparation techniques, extraction
methods (solvents, temperature, and so on), choice of limits,
and pronouncement of results (Viuda-Martos and others 2011).
Electron transfer-based trials (ABTS•+, FRAP, and DPPH•) mea-
sure the ability of an antioxidant to reduce an oxidant, whereas
color changes with the redox process. Nevertheless, the methods
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Table 4–Pearson’s correlation coefficients (R) among phytochemical parameters (TPC, punicalagin [PC], and ellagic acid [EA])
and antioxidant capacity (DPPH•, ABTS•+, and FRAP).

TPC PC EA DPPH• ABTS•+ FRAP

Group 1: Capsules and supplements

TPC 1
PC 0.88∗∗∗a 1
EA 0.23 0.27 1
DPPH• 0.80∗∗∗ 0.88∗∗∗ 0.07 1
ABTS•+ 0.68∗ 0.55 0.00 0.68∗ 1
FRAP 0.73∗∗ 0.59 0.46 0.54 0.65∗ 1

Group 2: Juices and concentrated

TPC 1
PC 0.43 1
EA 0.62∗ −0.15 1
DPPH• 0.93∗∗∗ 0.66∗ 0.49 1
ABTS•+ 0.85∗∗ 0.15 0.64∗ 0.68∗ 1
FRAP 0.30 0.59 −0.11 0.46 0.00 1

All samples

TPC 1
PC 0.88∗∗∗ 1
EA 0.18 0.17 1
DPPH• 0.80∗∗∗ 0.94∗∗∗ 0.07 1
ABTS•+ 0.61∗ 0.54 0.27 0.62∗ 1
FRAP 0.74∗∗ 0.63∗ 0.25 0.58 0.58 1

a,∗, ∗∗, and ∗∗∗, significant at P < 0.05, 0.01, and 0.001, respectively.

are distinct: the ABTS•+ method measures both hydrophilic and
lipophilic capacity, while DPPH only considers lipophilic com-
pounds. The FRAP assay is a ferric to ferrous ion reduction that in
an acid pH produces a colored ferrous-tripyridyltriazine complex
(Benzie and Strain 1996). For all these reasons, the AOC of PomP
was evaluated using 3 different analytical methods as previously
done by other researchers in similar products (Nuncio-Jáuregui
and others 2015). The AOC in Pom can be associated to the phe-
nolic compounds, basically PC, EA, and anthocyanins. All these
compounds are important due to its properties to hunt free radicals
and to prevent lipid oxidation (Viuda-Martos and others 2011).

Table 3 shows the AOC results of all 22 studied CPomP,
expressed in mmol Trolox/kg. Among the samples in the 1st
group, the values of the DPPH• assay ranged between 16.5 and
1129 mmol Trolox/kg (P < 0.001). The highest DPPH• value
was reported for sample 1A (1129 mmol Trolox/kg), followed by
1G (733 mmol Trolox/kg), whereas the lowest value was found
in sample 1J (16.5 mmol Trolox/kg). For ABTS•+, the values
ranged from 23.6 (1I) to 71.0 mmol Trolox/kg (1A; P < 0.001).
Finally, the samples 1A, 1H, and 1D showed highest FRAP values
(9029, 6185, and 5696 mmol Trolox/kg, respectively; P < 0.001),
whereas the lowest value was found in sample IJ, with 24.8 mmol
Trolox/kg. It can be noticed that sample 1A showed the highest
ability to inhibit both DPPH• and ABTS•+ radicals (1129 and
71 mmol Trolox/kg), and also the highest ferric reducing activity
(9029 mmol Trolox/kg). It is important to remember that sample
1A were capsules of Pom extract.

Regarding the samples of the 2nd group (juices), sample 2A
showed the highest values (42.3 mmol Trolox/kg) followed by
2E and 2I (37.7 and 37.4 mmol Trolox/kg, respectively), us-
ing DPPH• method (P < 0.01). However, sample 2G showed
the lowest value, 10.2 mmol Trolox/kg. The ABTS•+ method
also classified the sample 2A as having the highest AOC value
(46.4 mmol Trolox/kg), whereas the sample 2G had the lowest
one (11.0 mmol Trolox/kg). The range of values when using the
FRAP assay was 7.90 to 2973 mmol Trolox/kg (P < 0.001), with

the highest value being found in the sample 2I, followed by 2E
and 2A (211 and 51.9 mmol Trolox/kg, respectively). The sam-
ples with the lowest values were 2J and 2F (7.90 and 8.11 mmol
Trolox/kg, respectively).

In general, samples of 2nd group were described as samples with
high AOC assayed by 3 methods of AOC determination. This may
be explained because these samples present in their composition
a greater concentration of total polyphenols content as can be
observed in Table 3. It might be distinguished that the samples
with the highest values of AOC are Pom concentrates and direct
Pom juices whereas the samples with the lowest AOC were Pom
juices based on concentrate, 100% Pom juice and Pom 100% pure
concentrated juice.

The highest TPC value in the 1st group of samples was rep-
resented by sample 1A (353 mg GAE/g) followed by 1D and
1H (22.6 and 19.9 mg GAE/g, respectively), and the lowest one
was 1G (0.10 mg GAE/g; P < 0.001; Table 3). However, group
2 (juices) showed a range of values between 3.09 to 17.5 mg
GAE/g (P < 0.01), with the sample 2A having the highest value
(17.5 mg GAE/g), followed by samples 2E and 2I (10.8 and
10.0 mg GAE/g, respectively), whereas the lowest value was that
of 2G (3.09 mg GAE/g).

Pearson’s correlation coefficients
Table 4 shows the Pearson’s correlation coefficients between

variables. The TPC was highly correlated (R = 0.88; P < 0.001)
with the PC content in the 1st group but it was not correlated
(R = 0.23; P > 0.05) with the EA content. Contrary, TPC
among samples belonging 2nd group was not correlated with PC
(R = 0.43; P > 0.05) but was correlated with EA (R = 0.62;
P < 0.05). The lack of a positive correlation among TPC and
the contents of PC and EA confirmed that polyphenols are not
the only substances implied in the antioxidant activity (Rinaldi
and others 2013) of PomP. Among samples belonging to both 1st
and 2nd groups, DPPH• was positively correlated with PC and
TPC (for example, for the 1st group samples, R = 0.88 and 0.80;
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Table 5–Daily intake according to recommended doses of each
commercial pomegranate based products.

Daily PC Daily EA Daily TPC
Sample (mg) (mg) (mg GAE)

ANOVAa

Group 1 ∗∗∗ ∗∗∗ ∗∗∗

1A 256 ab 10.9 a 294 a
1B ndc 0.2-0.4 e-f 4-8 e-f
1C 1.05 e 1.4 d 7.0 e
1D 14.7 c 6.5 b 23.0 d
1E nd 1.2 d 22.0 d
1F 15.4 c 2.5 c 52.0 c
1G 150-310 b-a 11-22 a-a Traces
1H 8.4 d 2.8 c 140 b
1I – – Traces
1J 229-458 b-a 7.5-15 b-b 238-476 a-a
1K nd 1.1 d 158 b

ANOVAa

Group 2 ∗∗∗ ∗∗∗ ∗∗∗

2A 56.7 d b 14.7 a 3524 a
2B 226 b 18.0 a 1226 b
2C 346 a 18.0 a 864 c
2D 67.5-135 d-b 6.4-12.8 c-b Traces
2E 104-156 c-b 4.0-6.0 c-c Traces
2F 38.4 d 3.6 c 215 d
2G nd 1.0 d 62.0 f
2H 40.2 d 3.3 c 243 d
2I 84.7-169 c-b 5.0-10 c-b 108-215 e-d
2J nd 5.5 c 245 d
2K nd 2.0 d 154 e

a ∗ and ∗∗∗, significant at P < 0.05 and 0.001, respectively.
bValues (mean of 3 replications) followed by the same letter, within the same column, were not
significantly different (P<0.05), according to Tukey’s least significant difference test.
cnd = the estimate cannot be calculated because the contents were below the limit of
quantification (LOQ).

P < 0.001), whereas no correlation with EA (for example, for
the 1st group samples, R = 0.07; P > 0.05) was found. The re-
sults were in agreement with a previous study (Aloqbi and others
2016), where Pom juice and PC showed no significant differences
in DPPH radical inhibition; thus implying that the Pom AOC was
mainly due to the PC content.

If the set of all the studied samples is considered, Pearson’s corre-
lation coefficient showed that PC content was positively correlated
(R = 0.94 and 0.88; P < 0.001) with DPPH• and TPC values.
TPC was highly correlated (R = 0.80; P < 0.001) with DPPH•

assay. FRAP and ABTS•+ values were correlated (P < 0.05) with
TPC, PC, and DPPH•. No significant (P > 0.05) correlation was
observed among EA and any of the 3 AOC assays used in this
study; this lack of correlation can be due to the degradation of EA
and generation of others compounds with AOC during process-
ing and storage conditions, and/or adulteration (Talcott and Lee
2002; Zhang and others 2009).

Daily intake of PC, EA, and total polyphenols according to
recommended dose of each commercial PomP

Table 5 shows the estimation of the daily intakes of PC, EA,
and TPC, calculated using the recommended dose labeled by each
manufacturer of the different CPomP. In some cases, the recom-
mended dose was not a single value but a range.

Regarding the daily PC intake, the values registered in 1st
group ranged between not measurable values (1B, 1E, 1I, and
1K) and 458 mg/d in sample 1J. Among all samples belonging
to the capsules and supplements group, the daily intake of 70%

of them was below 15 mg; the estimates for the rest of products
were higher, and took the values 256, 150 to 310, and 229 to
458 mg/d in samples 1A, 1G, and 1J, respectively. However, the
daily intake of 80% of the CPomP of 2nd group was >15 mg/d
(range between 38.4 and 346 mg/d); the PC intake in the rest
of samples of samples could not be estimated because their PC
contents were below the limit of quantification.

The daily EA intake values of 1st group ranged from 0.2
to 0.4 up to 11 to 22 mg. Sample 1G had the highest value
(11 to 22 mg/d depending on the recommended dose), followed
by sample 1A (10.9 mg) and sample 1J (7.5–15 mg depending
on the recommended dose). Finally, the EA values for the juices
group ranged from 1.0 (1G) up to 18 mg/d (2B and 2C).

Regarding the intake of TP (total polyphenols) of capsules and
supplements, the range was 7.0 to 476 mg GAE, with the highest
value being found in the sample 1J (238 to 476 mg GAE, depend-
ing on the dose), followed by samples 1A and 1K (196 and 158
mg GAE, respectively). Nevertheless, the daily intake estimates of
the samples 1G and 1I only reached trace levels. In all samples,
especially in the case of sample 1K (product from Pom seeds), it
was observed that the intake of TP was higher than those of PC
and EA. Considering the intake of the 2nd group of TP, a very
high difference among samples was observed (ranging between 62
and 3524 mg GAE; only the intake of trace levels were estimated
for samples 2D and 2E). Similarly to what was observed in the 1st
group of samples, the estimated daily intake of TPC was higher
those of PC and EA.

Conclusion
The quality of PomP can be affected by many factors during

their formulation and industrial processing. The experimental data
showed high variability. The main conclusion was that there is a
need for labeling “standardization” of these products. The con-
tents of the key compounds, PCs, EA, and the total polyphenolic
compounds should be declared on product labels, as indicators of
the potential health benefits, and should replace subjective func-
tional descriptions (no health statements are still allowed in PomP
in the EU), such as “SuperFoods” or “SuperAntioxidant.” In most
cases, the reality did not match the label declarations, which indi-
cated indirectly (through images) and/or directly with declarations
such as “source of antioxidants,” “healthy product,” or “high con-
tent of EA.” This lack of correlation is certainly misinforming the
potential consumers of these products.
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A Critical Overview of Labeling Information of
Pomegranate Juice-Based Drinks: Phytochemicals
Content and Health Claims
Marina Cano-Lamadrid , Igor Piotr Turkiewicz, Karolina Tkacz, Lućıa Sánchez-Rodŕıguez, David López-Lluch, Aneta Wojdyło,
Esther Sendra, and Angel A. Carbonell-Barrachina

Abstract: Punicalagin is responsible for over 50% of the antioxidant activity of pomegranate, but ellagic acid (EA)
and total polyphenol content (TPC) are also key parameters regarding pomegranate bioactivity. Many juices and other
drinks based on pomegranate take advantage from the widespread healthy image of this fruit, whereas their real content
of bioactive phytochemicals is low. For that reason, the objective of this study was to compare the labelling information
with the real phytochemical contents (TPC, punicalagin [Pn] [isomers α, β], and EA). Titratable acidity (TA), color
density (CD), polymeric color (PC), and sensory profiles (trained panel) were assessed. The experimental ranges of TPC
and Pn contents were 2.75 to 70.9 mg/g and traces to 3.18 mg/g, respectively. The percentage of pomegranate juice
was highly correlated with the intensity of the pomegranate ID attribute (R = 0.85; p < 0.001), Pn content (R = 0.71;
p < 0.001), and EA content (R = 0.36; p < 0.001). The experimental results showed a high variability in the content of
bioactive compounds and the need to urge food companies to optimize processes and storage conditions. Although no
health claim for pomegranate has been authorized so far at the European Union, significant mismatches among labelling
and bioactive compounds content are misleading consumers.

Keywords: antioxidant capacity, health claims, labelling, Punica granatum L., punicalagin

Practical Application: Pomegranate juice and nectar producers need to evaluate the real content of bioactive Pn, EA,
and TPC in their products to optimize formulation, heat treatment, packaging and storage conditions to guarantee high
levels of bioactive compounds during shelf life. Producers’ organizations may benefit from harmonizing Pom products
labelling, so they may fulfill consumer expectations and may be ready if health claims are finally authorized for these
products. The development of a new sensory quality marker will be an interesting option.

Introduction
Pomegranate (Pom) has been considered as a superfruit since

ancient civilizations such as Greeks and Egyptians (Aboelsoud,
2010; Sidhu & Zafar, 2012). It has been used as an ingredient in
traditional medicine, especially Ayurvedic, for the treatment of
diseases: disorders of the digestive system, bleeding and parasitic
illness (Bhandari, 2012). Currently, pomegranate extract is a
component of many drugs, dietary supplements and cosmetics,
while in the food industry pomegranate fruits are used to prepare
juices, nectars, soft drinks, concentrates, syrups, and jams (Les,
Prieto, Arbonés-Mainar, Valero, & López, 2015). Spain is the
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largest pomegranate producer in Europe, and its cultivation
is mainly located in the Valencian Community (Costa &
Melgarejo, 2000; Kaur & Malik, 2016). Currently, the
pomegranate cultivation area in Spain is 2,791 ha, and the
annual production of these fruits is 36,000 t (Palou, Rosales,
Montesinos-Herrero, & Taberner, 2016).

The edible part of the pomegranate fruits, arils, contain 80%
juice and 20% seeds, hence the main use of fruit processing is
the production of juices and nectars. Moreover, pomegranate
juice contains different types of biologically active compounds,
such as hydrolyzed tannins (ellagitannis), condensed tannins, an-
thocyanins, and phenolic acids (gallic and ellagic) (Fernandes
et al., 2017). Ellagitannins can be hydrolyzed to ellagic acid
(EA) under certain chemical or microbiological processes (Sun,
Xin, Men, Xu, & Tian, 2017). The main ellagitannin, puni-
calagin, has been found in the pomegranate peel, making up
about 65% of the total amount of polyphenols in the fruit (Li,
Li, Zhao, & Yu, 2009). As a result of punicalagin hydrolysis,
punicallin may be formed, while both compounds may be fur-
ther hydrolyzed to EA. Punicalagin, punicallin, and EA have
antioxidative, anti-inflammatory, hepatoprotective, antibacterial,
and anticancer effects (Sun et al., 2017). Seeram et al. (2005)
reported that punicalagin is responsible for more than 50% of
the strong antioxidant capacity of the pomegranate juice. In fact,
Seeram et al. (2008) stated that this juice has higher antioxidant
activity than red wine, grape juice, açaı́ juice, or blueberry juice.

C© 2019 Institute of Food Technologists R©
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Consumers’ awareness of the impact of food on health and
well-being has been increasing in recent years. Therefore, they are
looking for supplementing their poor diet with bioactive com-
pounds. However, it should be emphasized that consumers are
no longer interested in tablets or powders, but conventional food
products that can enrich their daily diet with essential and healthy
ingredients (Abountiolas & Nascimento Nunes, 2018). The health
benefits of punicalagin have been not directly associated with their
high levels of polyphenolic compounds due to the limited bioavail-
ability of ellagitannins and EA. It has been suggested that potential
health benefits rendered by these compounds in vivo are due to
the activity of the intestinal microflora, which converts them into
metabolites called urolithins (Saha et al., 2016).

Nowadays, among applicable regulation about fruit drinks
in Spain (Asozumos, R1040/2014, D2001/112(CE), RD1518/
2007, RD781/2013, D2012/12(UE), RD650/2011), the use
of pomegranate ingredient is only regulated by D2012/12/UE
(Codex General Standard for fruit juices and nectars CODEX-
STAN 247–2005) in juices and nectars (minimum 25%
pomegranate juice), while there is not specific regulation on
pomegranate in the rest of juice drinks and/or soft drinks. In-
creasingly, consumers follow the labeling slogans on the packaging
and/or advertisement, which have had to be approved previously
by Spanish government (Nutriscore and AECOSAN) and Euro-
pean regulations (EFSA), and companies use words such as “an-
tioxidant” or “polyphenols” to attract attention on their products.
Very often those slogans do not correspond to reality because some
beverages so labeled have either no or minimal levels of polyphe-
nols (Abountiolas & Nascimento Nunes, 2018). As there is no
established reference daily intake (RDI) for polyphenols, their
presence in food and beverages cannot be used to claim antioxi-
dant activity and reference values cannot be indicated in the label.
In fact, only nutrients with proven healthy effects and a defined
RDI are allowed to be highlighted in the label when a portion of
the food provides at least 10% of the RDI (FDA, 2008).

Recently, González-Dı́az, Gil-González, and Álvarez-Dardet
(2018) clearly indicated the scientific requirements to include “an-
tioxidants” as a health claim in the label: definite, identify, and
validate functional biomarker of these compounds with a relation-
ship with the mentioned claims, able to classify them as high level
(EFSA) (BIOCLAIMS Project). Additionally, these concluded that
the human studies must be intervention not only observation
studies. Regarding European regulations, no health claim is yet
authorized for “antioxidants” (68 opinions from EFSA), “puni-
callagins” (0 opinions), “EA” (3 EFSA opinions), “anthocyanins”
(7 EFSA opinions), or “pomegranate” (12 EFSA opinions). Only
for polyphenols, there is one authorized claim out of 18 opinions:
the presence of polyphenols in olive oil for protection of LDL par-
ticles from oxidative damage. The reason for the negative opinion
from EFSA is the noncompliance with the Regulation because on
the basis of the scientific evidence assessed; this claimed effect for
this food has not been substantiated. At present there is none au-
thorized health claim related to pomegranate and its components
within the European Union. However, any food in compliance
with regulation 432/2012 may indicate health claims related to
other components/nutrients present in food.

The aim of this study was to compare the phytochemical con-
tents in pomegranate juice based drinks (Group 1: pure, 100 %
pomegranate; Group 2: juices with different percentage of
pomegranate juice) with their label information. Phytochemical
content (total polyphenol content [TPC], punicalagin [Pn] con-
tent [isomers α, β, and total), and EA), titratable acidity (TA),

color density (CD), polymeric color (PC), and sensory profile
(pomegranate-ID) were used as reference parameters.

Materials and Methods

Commercial pomegranate juice-based drinks
Samples were 100% pomegranate (Pom) juices and pomegranate

juice based drinks (n = 30); in the first group pure (100%) Pom
juices (n = 12) were included, while the second group consisted
of blended juices containing pomegranate at different percentage
(n = 18). Products were purchased at local stores and supermar-
kets from Alicante province. Three bottles for each product were
bought and if available each bottle belonging to a different batch;
thus, each value is the mean of three independent bottles/batches
(Df = 2). Table 1 shows the list of samples, their codes, and the
claims included on their labels. Samples were stored under re-
frigerated conditions at 4.2 °C for a maximum of 1 week after
purchase.

Physicochemical parameters
Total TA, TA (g citric acid/L) was determined by automatic

titration (877 Titrino plus, Metrohm, Herisau, Switzerland) with
0.1 N NaOH up to pH 8.1, using 1 mL diluted juice in 25 mL
distilled water. The CD and the percentage of PC were determined
according to a previous literature (Giusti & Wrolstad, 2001). All
analyses were run in triplicate.

Phytochemical content and TPC
Methanol extract was prepared as follows: pomegranate juice

based drinks (1 mL) were mixed with 10 mL of MeOH/water
(80:20, v/v) + 1 % HCl, sonicated at 20 °C for 15 min, and
left for 24 hr at 4 °C. Then, the extract was again sonicated for
15 min, and centrifuged at 15,000 × g for 10 min. Punicalagin (Pn)
(sum of α and β isomers) and EA contents were determined using
the method proposed by Cano-Lamadrid, Lipan, Caĺın-Sánchez,
Hernández, and Carbonell-Barrachina (2017a).

TPC was quantified using Folin-Ciocalteu reagent (Singleton,
Orthofer, & Lamuela-Raventós, 1999). Absorption (λ = 765 nm)
was measured using a UV-Vis Uvikon XS spectrophotometer
(Bio-Tek Instruments, Saint Quentin Yvelines, France).

Sensory analysis by trained panel
Eight trained panelists (30 to 55 years; four females and four

males) with more than 500 hr of experience from the Agro-
Food Technology Dept. (UMH) participated in this study. The
panel was selected and trained following the ISO standard 8586-
1 (1993), and it is specialized in descriptive sensory evaluation
of pomegranate products (Cano-Lamadrid et al., 2018; Cano-
Lamadrid et al., 2017b). The panel evaluated only one attribute,
Pom ID flavor (a full-rounded pomegranate identity), which was
used as a control parameter of organoleptic quality of the sam-
ples under study. Pom ID was defined as a part of the lexicon
of pomegranate products: “The foundation of flavor notes that
may be fruity, musty, earthy, sweet and/or sour, with an astringent
mouthfeel.” These aromatics under the definition “fruity” were
a blend of fruits (grape, cranberries, blackberries) and vegetables
(beets and carrots). As a reference for trained panel, fresh Pom
juice cultivar Mollar de Elche: cultivar Wonderful (1:1) diluted
with water in a ratio 1:2 (juice:water), fresh Pom juice diluted
in a 1:1 juice:water ratio, and fresh Pom juice were used as ref-
erence materials for the intensities 3, 6, and 9, respectively. The
sample serving and analysis procedure (using the suitable lexicon
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Table 1–List of pomegranate juices, codes, and main claims on the labels of pomegranate juices and pomegranate juice based
drinks.

Sample % Pom Ingredients Claims Organic

Group 1: 100% pomegranate juice
1A 100 Squeezed pomegranate juice Source of potassium and with all

polyphenols from pomegranate
No

1B 100 Pomegranate juice None Yes
1C 100 100% squeezed Elche Var. Mollar pomegranate juice None Yes
1D 100 Pomegranate juice drink made from concentrated pomegranate

juice and enriched with extract from the skin of the pomegranate
in powder form, as well as pomegranate seed extract

The result is a product with a high
content of antioxidants, especially
Punicalagins and OMEGA 5 fatty acids

No

1E 100 Organic pomegranate juice None Yes
1F 100 Squeezed pomegranate juice None Yes
1G 100 Pomegranate juice None Yes
1H 100 100% pomegranate Mollar juice None Yes
1I 100 Pomegranate juice Contains natural antioxidants No
1J 100 100% pomegranate juice Natural antioxidant. A new way of

consuming health
No

1K 100 100% pomegranate juice None No
1L 100 Pomegranate juice None No

Group 2: Pomegranate juice based drinks
2A 10 Water, concentrated apple juice (12%), concentrated pomegranate

juice (10%), sugar, apple purée (5%), concentrated lemon juice,
concentrated elderberry juice, vitamin E

With vitamin E antioxidant No

2B 50 Pomegranate juice (50%) made partially from concentrate, water,
sweeteners (sodium cyclamate, sodium saccharin)

None No

2C 30 Water, pomegranate juice squeezed (30.0%), concentrated lemon
(0.2%), pomegranate aroma (0.2%)

None No

2D 50 Water, pomegranate (50%), panela, black currant, mangostan Drink with high antioxidant capacity
providing 20,000 water-soluble
ORAC units per intake (1 glass of 200
mL) to our diet, which is three times
the units suggested by the Food and
Drug Administration (FDA) to fight
the effects of free radicals in our body
through food

Yes

2E 15 Water, pomegranate juice from concentrate (15%), red grape juice
from concentrate (10%), white grape juice from concentrate
(10%), acidifier: citric acid, sweetener: E-955, antioxidant:
ascorbic acid and aromas

None No

2F 27.5 Infusion of white tea (0.1 g/L), pomegranate juice (27.5%),
concentrated agave juice (7%), chokeberry juice (6%), pear puree
(4%)

None Yes

2G 30 Pomegranate concentrate, water, sugar, citric acid: acidulant,
ascorbic acid: antioxidant

None No

2H 24 Water, pomegranate juice (24%): from concentrate, goji juice (1%),
acidity regulator: citric acid and sweetener: steviol glycosides

None No

2I 70 Pomegranate juice (70%) and red grape juice (30%) Contains natural antioxidants No
2J 50 Pomegranate juice (50%), grape juice (50%) None No
2K 20 Fruit juices partially from concentrates (60%) (apple and

pomegranate 20%), water, sugar, acidity regulator: citric acid,
colorant: anthocyanins, natural aroma

None No

2L 2.5 Squeezed red grape juice (92.5%), raspberry puree (2.5%),
blackberry puree (2.5%), squeezed pomegranate juice (2.5%)

None No

2M 22 Water, multi fruit juice from concentrate (22% pomegranate, 4%
apple, 3% chokeberry, 1% elderberry), sugar, citric acid; vitamin
C, aroma

One glass (1/4 L) covers your daily need
of vitamin C

No

2N 8 Water, pomegranate juice (8%), raspberry puree, orange fibre,
herbal extracts: rice, apple, cherry, radish, and hibiscus, citruline,
hyaluronic acid, F&V MacroAntioxidants R© (pomegranate peel
extract), sea collagen (fish), pomegranate punicalagins extract,
hydroxytyrosol (natural olive fruit extract), fruit pectin, selenium
salt, vitamins C and E, sodium benzoate and potassium sorbate,
citric acid, sucralose, flavors

Skin regenerating drink with
MacroAntioxidants R©

No

2Ñ 55 Juices of red grapes and Pom from concentrate (46%), water,
glucose-fructose syrup, raspberry puree (4%), sugar, acidity
regulator: citric acid, vitamin C

Source of vitamin C No

2O 25 Red grape juice (65%), pomegranate juice (25%), and red currant
juice (10%)

None No

2P 65 Pomegranate juice (65%), apple, grape, and quince juice None No
2Q 30 Pomegranate (30%) and apple (30%) juices, water, natural

pomegranate extract of punicalagins, natural extract of rooibos,
vitamin C, sweetener: sucralose

None No
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and reference products) were conducted according to (Vázquez-
Araújo, Koppel, Chambers Iv, Adhikari, & Carbonell-Barrachina,
2011). A scale from 0 to 10, with 0.5 increments, was used, where
0 represented no intensity, and 10 represented extremely strong
intensity.

Statistical analysis
Data was subjected to analysis of variance (ANOVA) and later

to Tukey’s multiple-range test to compare the means. Differences
were considered statistically significant at p < 0.05. All statisti-
cal analyses were performed using StatGraphics Plus 5.0 software
(Manugistics, Inc., Rockville, MD, U.S.A.). In addition, the rela-
tionship among variables was determined using the Pearson corre-
lation coefficient. Instrumental parameters correlated with sensory
descriptors were used to conduct a Principal Component Analysis
(PCA regression map) using XLSTAT Premium 2016 (Microsoft
Corp., Redmond, WA, U.S.A.).

Results and Discussion

Chemical parameters
Regarding the TA of the pomegranate juices, it ranged from

1.02 (1A) to 6.76 g citric acid/L (1E), with significant statisti-
cal differences being found (p < 0.001) (Table 2). Todaro et al.
(2016) reported that Sicilian and Spanish pomegranates (sweet
cultivars such as Dente di cavallo, Violetto, Mollar de Elche, Valen-
ciana) presented TA from 1.3 to 2.5 g citric acid/L. Besides, there
are high differences in TA between sweet and sour cultivars; for
instance, Mollar de Elche juice has a mean value of 1.51 g cit-
ric acid/L while Wonderful juice had a TA value of 7.32 g cit-
ric acid/L (Cano-Lamadrid, Lipan, Calı́n-Sánchez, Hernández,
& Carbonell-Barrachina, 2017a). Therefore, most of the studied
samples were probably made from a blend of cultivars. In the sec-
ond group, it was observed that TA ranged from 1.02 (sample 2C)
up to 4.33 g citric acid/L (sample 2O). The addition of 10% of
red currant juice may have caused an increase of TA in sample 2O.

Color is one of the most important attributes influencing con-
sumer preference (Cano-Lamadrid et al., 2018), and its intensity
depends on the copigmentation of anthocyanins (ACNs, respon-
sible of Pom juice color) with copigments (for example, phenolic
acids). CD values, which has a high correlation with catechin-
phlorogucinol and monomeric ACNs (R = 0.866) (Türkyılmaz
& Özkan, 2014), are shown in Table 1. When the polymeriza-
tion degree is high, the CD value increases. The CD values for
juices ranged from 1.74 (sample 1I) to 3.73 (sample 1H). Among
them, juices from organic farming (1B, 1C, 1E, 1F, 1G, and 1H)
presented higher CD values than other samples (1B and 1H),
indicating that more brown compounds were found in the or-
ganic Pom juices available in the Spanish market. On the con-
trary, Crecente-Campo, Nunes-Damaceno, Romero-Rodrı́guez,
and Vázquez-Odériz (2012) reported that strawberries from or-
ganic cultivation have a significantly higher content of individual
anthocyanins than samples from conventional production. Thus,
differences may be due not only to agricultural practices, but also
to the Pom cultivar used (Cano-Lamadrid et al., 2017a), and pro-
cessing and storage conditions. Alper, Bahçeci, and Acar (2005)
studied the influence of processing and pasteurization on the color
of Pom juices. They reported that both filtration and pasteuriza-
tion increased the CD values; for instance, pasteurization increased
values from 3.36 to 5.87. In a similar study, Ferrari, Maresca,
and Ciccarone (2010) indicated that CD of Pom juices increased
with increasing temperature, pressure, and pressing time during

Table 2–Titratable acidity (TA), color density (CD) and poly-
meric color (PC) of pomegranate juice and pomegranate juice
based drinks.

Sample
Titratable acidity, TA

(g citric acid L−1)
Color density,

CD
Polymeric

color, PC (%)

ANOVA (LSD)a

∗∗∗ ∗∗∗ ∗∗∗

Group 1 (0.10) (0.08) (2.1)

1A 1.02 db 3.06 ab 83.3 b
1B 2.16 c 2.36 b 94.4 a
1C 1.65 cd 2.84 ab 83.5 b
1D 2.29 c 2.23 b 96.1 a
1E 6.76 a 3.32 a 79.7 c
1F 2.93 bc 2.83 ab 81.1 bc
1G 3.56 b 2.57 b 64.4 d
1H 2.93 bc 3.73 a 76.7 c
1I 3.56 b 1.74 c 61.8 d
1J 6.24 a 2.33 b 46.5 f
1K 2.35 c 3.18 a 63.6 d
1L 3.82 b 3.33 a 54.3 e

ANOVA (LSD)a

∗∗∗ ∗∗∗ ∗∗∗

Group 2 (0.11) (0.09) (2.1)

2A 1.27 cb 1.95 d 60.4 e
2B 1.40 c 1.74 d 90.3 a
2C 1.02 c 0.76 e 54.9 f
2D 3.56 b 3.58 b 82.1 b
2E 4.07 a 1.26 e 41.2 g
2F 1.86 c 2.25 cd 72.0 c
2G 3.31 b 2.10 d 83.1 b
2H 3.56 b 2.03 d 70.6 c
2I 4.08 a 1.63 d 66.8 d
2J 2.91 bc 2.86 c 71.3 c
2K 3.56 b 2.70 c 68.4 d
2L 3.44 b 3.81 b 63.8 de
2M 3.56 b 3.08 bc 65.0 d
2N 1.65 c 1.42 de 68.7 d
2Ñ 3.69 b 1.15 e 86.7 b
2O 4.33 a 2.64 c 72.2 c
2P 3.06 b 5.27 a 13.0 h
2Q 3.56 b 2.91 c 70.0 c
a∗, ∗∗, and ∗∗∗ significant at p < 0.05, 0.01, and 0.001, respectively, and LSD means
lower significant difference.
bValues (mean of three replications) followed by the same letter, within the same column
and group, were not significantly different (p > 0.05), according to Tukey’s least
significant difference test.

processing. Regarding pomegranate juice based drinks, CD ranged
from 0.76 (sample 2C) to 5.27 (sample 2P). It has been noticed
that pomegranate juice based drinks including juices of grape,
blackberry, raspberry, redcurrant, blackcurrant, chokeberry, and
elderberry presented high values of CD, for instance 2P (5.27),
2L (3.81), 2D (3.38), and 2M (3.08).Abountiolas and Nascimento
Nunes (2018) reported that anthocyanins constitute a significant
part of the pool of polyphenolic compounds of berries; hence,
there was a direct influence of the addition of anthocyanin-rich
fruits on the CD values.

Regarding the percentage of PC (high values mean high degree
of ACN polymerization, leading to less intense red color), the
control value for fresh pomegranate juices should be less than
10%. In this study, as expected, the values of samples from Group
1 and Group 2 were significantly higher than that control value
(ranges of 46.5 to 94.4% and 41.2 to 90.3%, respectively, except
sample 2P, 13.0%). The variability among samples from the first
group may be due to different factors, such as heat treatment
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Table 3–Contents of punicalagin (α-, β-Pn, and sum), ellagic
acid (EA), and total polyphenolic content (TPC) in the studied
pomegranate juices and pomegranate juice based drinks.

α-Pn β-Pn Ʃ Pn EA TPC

Sample (mg/mL)
(mmol gallic

acid/L)

ANOVA (LSD)a

∗∗∗ ∗∗ ∗∗∗ ∗ ∗∗∗

Group 1 (0.04) (0.01) (0.05) (0.01) (0.80)

1A ndc nd nd nd 12.5cd
1B 3.08 ab 0.68 a 3.76 a nd 15.4 c
1C 1.58 bc 0.71 a 2.29 b nd 16.5 c
1D 2.03 b 0.73 a 2.76 ab nd 17.4 c
1E 2.08 b 0.69 a 2.77 ab nd 14.0 cd
1F 1.19 c 0.77 a 1.96 bc 0.09 a 13.6 cd
1G 1.21 c nd 1.21 c 0.02 a 9.0 e
1H 1.61 bc 0.79 a 2.41 b nd 15.5 c
1I 1.52 bc 0.67 a 2.18 b nd 11.4 d
1J 0.97 c nd 0.97 c nd 66.7 a
1K 1.76 bc 0.66 a 2.42 b 0.06 a 70.9 a
1L 2.52 ab 0.66 a 3.18 a 0.05 a 60.8 b

ANOVA (LSD)a

∗∗∗ ∗ ∗∗∗ ∗ ∗∗∗

Group 2 (0.05) (0.02) (0.07) (0.01) (0.80)

2A 0.66 cdb ndc 0.66 cd nd 3.04 f
2B 1.39 b 0.63 a 2.02 a nd 46.4 b
2C 0.90 c nd 0.90 c nd 17.1 d
2D 2.09 a nd 2.09 a nd 10.4 rf
2E 0.53 d nd 0.53 d nd 28.2 c
2F 0.95 c nd 0.95 c nd 26.1 c
2G 0.95 c nd 0.95 c nd 5.57 f
2H 0.83 c nd 0.83 c nd 2.75 f
2I 1.21 b 0.49 a 1.71 ab nd 11.0 e
2J 1.65 b nd 1.65 b nd 7.65 ef
2K 1.27 b nd 1.27 b nd 6.30 ef
2L nd nd nd nd 7.52 ef
2M nd nd nd nd 20.8 cd
2N nd nd nd nd 10.7 e
2Ñ 0.84 c nd 0.84 c nd 4.48 f
2O 0.76 c nd 0.76 c nd 7.73 e
2P 0.97 c nd 0.97 c 0.04 a 54.4 a
2Q 1.00b c nd 1.00 c nd 43.7 b
a∗, ∗∗, and ∗∗∗ significant at p < 0.05, 0.01, and 0.001, respectively, and LSD means
lower significant difference.
bValues (mean of three replications) followed by the same letter, within the same column
and group, were not significantly different (p > 0.05), according to Tukey’s least
significant difference test.
cnd = below limit of quantification (LOQ).

and storage conditions. According to Cao et al. (2011), high PC
values were observed in nonheat treated juices due to enzymatic
browning catalyzed by oxidase and peroxidase. Also, Zou et al.
(2016) proved significant increase in the value of PC of mulberry
juices subjected to HTST (high temperature short time) treatment,
which may be due to the condensation of ACNs with other ACNs
and/or other condensed with tannins during thermal processing.
Moreover, condensation reactions of ACNs with protein, phenolic
acids or other phenolic compounds during refrigerated storage can
also lead to increased PC values (Rein, Ollilainen, Vahermo, Yli-
Kauhaluoma, & Heinonen, 2005).

Phytochemical parameters and total polyphenolic con-
tent. The content of punicalagin, Pn [α, β isomers, and total
(! = α + β)] and EA, in all samples were expressed in mg/mL
and their values are listed in Table 3. Regarding the juice Pn, val-
ues ranged from nondetectable (below limit of quantification) to

3.76 mg/mL (p < 0.001). The highest Pn content was found in
sample 1B, followed by 1L with 3.18 mg/mL. On the other hand,
samples 1J and 1G presented the lowest detected value (0.97 and
1.21 mg/mL, respectively). It is worth mentioning that among
100% pomegranate juices, an unexpected result was found in sam-
ple 1A, presenting nondetectable contents of Pn, which may have
been due to processing and/or storage conditions (Mena, Martı́,
Saura, Valero, & Garcı́a-Viguera, 2013). Considering the con-
tent of α- and β-Pn, the α-Pn isomer was the predominant one
in the juices, representing >60% of the total Pn content. Con-
trary, Qu, Breksa, Pan, and Ma (2012) reported higher values of
β-Pn in commercial 100% Pom juices, with values being 0.1 to
0.24 mg α-Pn/mL and 0.12 to 0.28 β-Pn mg/mL. Besides, Akha-
van, Barzegar, Weidlich, and Zimmermann (2015) reported also
the same trend, from 0.02 to 0.29 mg/mL and 0.13 to 0.88
mg/mL, for α-Pn and β-Pn, respectively.

Several factors affect Pn content and variability, and have
been identified in previous studies, such as the effect of cul-
tivar (Sánchez-Salcedo, Mena, Garcı́a-Viguera, Martı́nez, &
Hernández, 2015), the part of Pom fruit and tree (Tzulker et al.,
2007), juice processing conditions (Akhavan et al., 2015) and
farming practices (Cano-Lamadrid et al., 2016). For instance, Pn
content was maximum in Pom peel (Tzulker et al., 2007), be-
ing the reason why commercial Pom juices obtained by pressing
the whole fruit have higher Pn content than commercial Pom
juices from only arils (Akhavan et al., 2015; Tezcan, Gültekin-
Özgüven, Diken, Özçelik, & Erim, 2009). Fifty percent of the
juices were organic (1B, 1C, 1E, 1F, 1G, and 1H), with sample 1B
having the highest total Pn content (3.76 mg/mL). On the other
hand, the samples 1A and 1J came from conventional agricul-
tural practices, and were those having the lowest total Pn content
(no detected and 0.97 mg/mL), respectively. To summarize re-
sults, the total content of Pn in commercial juices was slightly
higher in organic Pom juices than in the conventional ones. Also,
Borges, Mullen, and Crozier (2010) reported higher Pn content
in Pom juices from organic farming (mean value 2.11 mg/mL)
than in conventional farming (from 0.36 to 1.11 mg/mL). How-
ever in a recent study, Cano-Lamadrid et al. (2016) observed that
the Pn content in organic Pom Spanish juices was approximately
half the content of the conventional juices, presenting 0.10 and
0.20 mg/mL, respectively. Additionally, Nuncio-Jáuregui, Cano-
Lamadrid, Hernández, Carbonell-Barrachina, and Caĺın-Sánchez
(2015) also reported conventional juices having higher Pn con-
tent than organic ones. Although differences in the content of
biologically active compounds have been reported among organic
and conventional juices, no relationship can be established with
farming practices given that ellagitannin content depends on the
combination of cultivar and climate conditions, variety, processing
methods, and research techniques (Bunea et al., 2012).

In <100% pomegranate juice based drinks, it was observed that
Pn content ranged from nondetectable to 2.09 mg/mL (sample
2D), followed by 2B (2.02 mg/mL). The highest total Pn con-
tent was found with 50% Pom juice in its composition (2D, 2B,
and 2J), 2.09, 2.02, and 1.62 mg/mL, respectively. Unexpectedly,
pomegranate juice based drinks with Pom content over 50% (70%,
65%, and 55%) (2I, 2P, and 2Ñ) presented lower total Pn content
than with 50% of Pom juice (1.71, 0.97 and 0.84 mg/mL, re-
spectively). This agreed with another study (Borges et al., 2010)
which indicated that in commercial juices the content of Pom
juice was not directly correlated with high Pn content. Such
inconsistency can be explained by the use of different qualities
of Pom juices (for example, type of extraction) but also a wide
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Table 4–Pearson’s correlation coefficients (R) among the contents of different phytochemicals (TPC, punicalagin [Pn], and ellagic
acid [EA]) and percentage of pomegranate juice (% Pom), sensory quality (Pom ID), titratable acidity (TA), color density (CD),
and polymeric color (PC).

%Pom Pom-ID TA CD PC TPC Pn EA

% Pom 1.000
Pom-ID 0.854∗∗∗ 1.000
TA 0.075 0.082 1.000
CD 0.208 0.256 0.187 1.000
PC 0.241 0.321 −0.220 −0.246 1.000
TPC 0.354 0.228 0.124 0.286 0.446∗∗ 1.000
Pn 0.709∗∗∗ 0.706∗∗∗ 0.086 0.153 0.344 0.216 1.000
EA 0.364∗∗ 0.425∗∗ −0.021 0.353 −0.226 0.427∗∗ 0.270 1.000

a∗∗, and ∗∗∗ significant at p < 0.01, and 0.001, respectively.

range of complementary ingredients such as other fruit juices,
sweeteners and preservatives. Concerning the Pn isomers in
<100% pomegranate juice based drinks, the content of β-Pn
isomer only reached measurable levels in two samples (2B and 2I),
while the isomer α-PC was the predominant one in all nectar
samples. Recently, Borges et al. (2010) reported in that the α-Pn
and β-Pn contents ranged from nondetected to 0.03 mg/mL and
to 0.06 mg/mL, respectively, in commercial Pom based drinks.

The content of EA in juices (p < 0.001) ranged from nonde-
tectable up to 0.09 mg/mL (sample 1F). In most samples, (1A,
1B, 1C, 1D, 1E, 1H, 1I, and 1J) the EA content was below
0.02 mg/mL. Concerning <100% pomegranate juice based
drinks, EA was only detected in sample 2P (0.04 mg/mL). Several
authors indicated that more than 50% of total phenolic compounds
in Pom fruit are concentrated in the peel (Fawole, Makunga, &
Opara, 2012). As mentioned above, the way to squeeze the fruits
to obtain juice affects the polyphenolic content of juice. This is
the reason why EA content can be below the limit of quantifi-
cation in many of the studied products. Moreover, the storage
conditions can also affect EA content as Pn can be hydrolyzed to
EA under certain conditions, thus increasing its amount in certain
Pom product (Sun et al., 2017); however, low levels of EA were
found, indicating that the transformation of Pn into EA was not a
dominant reaction.

High values of TPC were found in first group (100% juices),
ranging from 9.0 mmol gallic acid/L (sample 1G) to 70.9 mmol
galllic acid/L (sample 1K) (Table 3). Other authors reported values
between 11.02 to 66.13 mmol gallic acid/L from arils and whole
fruit juice (Tzulker et al., 2007). Also, Tezcan et al. (2009) found
similar results (from 15.30 to 59.29 mmol gallic acid/L) in 100%
commercial Pom juices from the Turkish market. Likewise, Borges
et al. (2010) reported that TPC of European commercial Pom juice
ranged between 10.3 and 20.7 mmol gallic acid/L, being lower by
about 3.5-fold in comparison to the results of the current study.

The TPC of organic juices ranged from 9.0 to 16.5 mmol
gallic acid/L, while the TPC levels in conventional juices were
higher, from 11.4 to 70.9 mmol gallic acid/L (which was even
fourfold more for sample 1K). On the contrary, Mena et al.
(2011) reported lower values of TPC in conventional Pom juices
(9.18 mmol gallic acid/L) than organic juices (13.8 mmol galic
acid/L). No significant differences of TPC values were found in
organic and conventional commercial Pom juice when investigated
by Nuncio-Jáuregui et al. (2015).

TPC of <100% pomegranate juice based drinks ranged from
2.75 mmol gallic acid/L (sample 2H) to 54.4 mmol gallic acid/L
(sample 2P), being the highest for the formulation containing
65% Pom, apple, grape, and quince. Previously, Abountiolas and
Nascimento Nunes (2018) studied TPC in nectars based on Pom

and reported lower contents: from 5.88 to 18.81 mmol gallic
acid/L. Borges et al. (2010) indicated that similar products with
25% of Pom juice and 5% of blueberry presented 13.3 mmol
gallic acid/L. In the current study, TPC of pomegranate juice
based drinks with 25% (2O) and 27.5% (2F) Pom juice presented
7.73 and 26.1 mmol gallic acid/L, respectively. Moreover, nectar
containing 8% Pom juice had 3.8 mmol gallic acid/L, while in our
study nectar with the same percentage of Pom juice corresponded
to 10.7 mmol gallic acid/L (sample 2N). Among pomegranate
juice based drinks, samples 2F (27.5%) and 2D (50%) from organic
agricultural practices contained 10.4 and 26.1 mmol gallic acid/L,
respectively. Whereas Abountiolas and Nascimento Nunes (2018)
reported in similar studies lower quantities of TPC for organic
nectars with Pom (from 8.82 to 10.87 mmol gallic acid/L). TPC
content in commercial Pom products is highly variable and cannot
be related to farming practices.

For a better understanding and summarizing the results it should
be pointed that the presence of Pom in a juice or nectar does not
assure the presence of the bioactive compounds typically found
in pomegranate. Concisely, 8.3%, 25%, 50%, and 16.7% of the
studied juices (n = 12) and 16.7%, 72%, 11.1%, and 0% of the
studied pomegranate juice based drinks (n = 18) ranged from nd-
0.5, >0.5-2, >2-3, and more than 3 mg !Pn/mL, respectively.
Regarding TPC, 8.3%, 66.7%, 0%, 0%, and 25% of the total of the
juices and 44.4%, 22.2%, 16.6%, and 16.7% of the pomegranate
juice based drinks ranged from nd-10, >10-20, >20-40, and more
than 40 mmol gallic acid/L.

Table 1 includes the health claims indicated on the labels of the
analyzed samples. As already mentioned there are no authorized
health claims in the EU related to Pom, Pn, EA, anthocyanins,
TPC, or antioxidants (EFSA, 2018). Overall, evaluated products
do comply with European Regulations. Note that 20 out of the 32
evaluated labels do not mention nutrition nor health claims linked
to pomegranate. 6 of them present mentions related to either
pomegranate or antioxidant but not as a real health claim. The
other six products contain claims substantiated under R432/2012
European Regulation (linked to potassium, vitamin C or E, among
others). It needs to be taken into account that consumers are not
aware of authorized nutrition and health claims and tend to take
fruit properties for granted.

When labelling information is compared with the real content
of bioactive substances in the Pom products results are sometimes
inconsistent. For instance, the 1J juice which indicates “natural
antioxidant. A new way of consuming health,” had the high-
est TPC (66.7 mmol gallic acid/L), but the lowest Pn content
(0.97 mg/mL). Apart from that, “natural” is not appropriate
due to nondefinition by EFSA. Similar claim “natural antioxi-
dant” was present in the sample 1I, which had the lowest TPC
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Figure 1–PCA map showing the relationships among chemical content (TPC, punicalagin [PC], and ellagic acid [EA]) and percentage of pomegranate
juice (% Pom), sensory analysis (Pom ID), titratable acidity (TA), color density (CD), and polymeric color (PC) of pomegranate juice based drinks.

(11.4 mmol gallic acid/L). Moreover, juice 1D with suggested
punicalagin content showed the highest Pn content (2.76 mg/mL);
whereas sample 1A with Pn content below the limit of quantifi-
cation claimed “with all polyphenols from Pom.” Among <100%
pomegranate juice based drinks, 6 out of 18 mentioned properties

or nutritional and healthy claims; three of the samples (sample
2A, 2M, and 2Ñ) contained nutritional claims related to vita-
mins C and E. The one indicating “high antioxidant capacity”
had the highest Pn content, sample 2D (2.09 mg/mL). However,
the nectar (sample 2I) with the largest percentage of Pom juice
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(70%) presented low TPC (11.0 mg/mL) but a reasonable high
Pn content (1.65 mg/mL). Finally, sample 2N with no detectable
levels of Pn had a claim about presence of the Pom peel extract.
This observation is strange given that the most valuable source
of ellagitannins is Pom peel (Li et al., 2009). On the other hand,
other authors (Nuncio-Jáuregui et al., 2015) indicated that the
effect of thermal treatment must take into account due to the fact
that a temperature raise will increased Pn because of degradation
of other elagitannins. Abountiolas and Nascimento Nunes (2018)
tested 32 fruit juices from retail stores from United States. Seven
juices contained Pom juice as their main ingredient, and four of
them had health claims. Most of the statements concerned antioxi-
dants as reported in seven of the present samples. It should be noted
that current results were similar to that obtained by Abountiolas
and Nascimento Nunes (2018), Cano-Lamadrid et al. (2016), and
Singh, Singh, Kaur, and Singh (2018), reporting that labelling in-
formation and formulation of some fruits drinks is not consistent
with the levels of Pn and TPC.

Pearson correlation and principal component analy-
sis (PCA). Table 4 shows the Pearson’s correlation coefficients
among variables. The Pom juice percentage was highly correlated
with the Pom-ID sensory attribute (R = 0.85; p < 0.001), Pn con-
tent (R = 0.71; p < 0.001), and EA content (R = 0.36; p < 0.001).
Regarding the pomegranate-ID attribute, Laura Vázquez-Araújo,
Chambers, Adhikari, and Carbonell-Barrachina (2010) also shown
that consumers are more likely to choose drinks with the highest
content of Pom juice. In agreement with previous data (Cano-
Lamadrid et al., 2016), no correlation was noticed between TPC
and Pn, confirming that Pn was not the only compound implied
in the total polyphenolic content. On the other hand, TPC was
positively correlated with PC as Türkyılmaz, Tağı, Dereli, and
Özkan (2013) reported; the total phenolic compounds of Pom
juices significantly correlated with the PC (R = 0.94; p < 0.005).
Moreover, Pearson correlation showed that the correlation of TPC
was affected by EA content, as mentioned in previous research
(Borges et al., 2010; Cano-Lamadrid et al., 2017a). On the con-
trary, Todaro et al. (2016) stated that TPC did not correlate with
EA content.

For an easy visualization of all the studied variables (Pn, %
Pom, Pom-ID, PC, TPC, and CD) of the different pomegranate
juice based drinks, a PCA was run for all samples (n = 30)
(Figures 1A and 1B). The first two principal components ex-
plained 51.18% (F1 = 38.48% and F2 = 12.70%, respectively)
of the total variation of the experimental data. Considering F1
as the dimension explaining the biggest percentage of differences
among samples, here are some comments on the positioning of
the samples as affected by the F1 axis. As previously mentioned,
samples were positively correlated with the contents of EA, PC,
CD and TPC, being specially associated with % Pom, Pom-ID,
and Pn content in 100% Pom juices (first group), except sample
1A and 1I. Regarding <100% pomegranate juice based drinks
(second group), samples were negatively linked with all analyzed
variables, except sample 2B (50% Pom juice) and 2P (65% Pom
juice) which presented a slight positive correlation with studied
variables.

In conclusion, the pomegranate industry should focus on the
selection of vegetal material, processing techniques and storage
conditions to harmonize their products to guarantee the presence
of bioactive compounds and so fulfill consumer expectations. It
is also essential to better face the challenge of further studies to
support new applications for heath claims under European Reg-
ulations. The knowlegde of phytochemical content is essential to

guarantee the quality of procesed pomegranate products by the
food industry, but small companies usually do not have access
to expensive chromatographic equipments and techniques and so
they should focus on good manufacturing practices to preserve
bioactive compounds. The present study provides useful informa-
tion to enhance the know-how on functional pomegranate juice
based drinks and variability among commercial products. Also,
the link among phytochemical content and sensory tools is clearly
shown, suggesting that the development of a new sensory quality
marker will be an interesting option.

Conclusions
The present study showed high variability in bioactive com-

pounds content among pomegranate juices based drinks avail-
able on the Spanish market and the fact that the presence of
pomegranate in the ingredient list does not guarantee the pres-
ence of Pom-based bioactive compounds. Considering that con-
sumers are not fully aware of EFSA opinions, the consumption
of Pom juice is supported by the traditional healthy image of this
fruit. However, pomegranate juice based drinks producers need
to evaluate the real content of bioactive Pn, EA, and TPC in
their products to optimize formulation, heat treatment, packaging
and storage conditions to guarantee high levels of bioactive com-
pounds during shelf life. In the present situation, studies aiming
to evaluate the health properties and effects of pomegranate-based
products are highly jeopardize by the high heterogeneity in the
occurrence of their bioactive compounds. Producers’ organiza-
tions (for example, DO Regulating Councils) may benefit from
harmonizing Pom products labelling, so they may fulfill consumer
expectations and may be ready if health claims are finally autho-
rized for these products. Authors suggest a possible improvement
of R(432/2012) reviewing the unregulated actions (antioxidants,
antiaging) to improve labeling and avoid misleading or confusing
the consumers (depending on labeling knowledge).
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Barrachina, Á. A. (2018). Consumers’ Opinion on Dried Pomegranate Arils to Determine
the Best Processing Conditions. Journal of Food Science, 83, 3085–3091.

Cao, X., Zhang, Y., Zhang, F., Wang, Y., Yi, J., & Liao, X. (2011). Effects of high hydro-
static pressure on enzymes, phenolic compounds, anthocyanins, polymeric color and color of
strawberry pulps. Journal of the Science of Food and Agriculture, 91(5), 877–885.

Costa, Y., & Melgarejo, P. (2000). A study of the production costs of two pomegranate varieties
grown in poor quality soils. In P. Melgarejo, J. J. Martı́nez-Nicolás, & J. Martı́nez-Tomé
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a b s t r a c t

‘‘Mollar de Elche” is the most popular Spanish pomegranate cultivar (intense sweetness and easy-to-chew
arils); however, arils have pale pink colour and flat sensory profile. ‘‘Mollar the Elche” arils first underwent
an osmotic dehydration pre-treatment (OD) with concentrated juices: (i) chokeberry, (ii) apple, and/or
(iii) pomegranate cultivar ‘‘Wonderful”, to improve their antioxidant capacity, colour, and sensory profile
complexity, and later the arils were dried by a combined method (convective pre-drying + vacuummicro-
wave finish drying). The use of OD provided dried arils with characteristic sweetness, and improved col-
our and aromatic complexity. The recommended OD methods were those using (i) pomegranate, and (ii)
pomegranate with chokeberry juices; they improved the total anthocyanin content (mean of
368 mg kg!1), red colour (a⁄ coordinate 15.6), and antioxidant capacity (e.g. ABTS mean of
5.7 mmol Trolox 100 g!1). However, further research is still needed because freeze-dried arils had the
highest anthocyanin content.

! 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Epidemiological studies concluded that high consumption of
fruits and vegetables reduces the risk of chronic diseases (EUFIC,
2012). Among fruits, pomegranate (Punica granatum L.) and
pomegranate-based products have been specifically associated
with inhibition of prostate, breast, and lung cancer (Orgil,
Spector, Holland, Mahajna, & Amir, 2016), reduction of dyslipi-
daemia, and cardiovascular issues (Haghighian et al., 2016), antiox-
idant stress effect (Orgil et al., 2016), and anti-diabetic properties.
Pomegranate owns its health-related properties to the unique
composition of biologically active components, mainly polyphe-
nols from the fruit peel (exterior rind) (Calín-Sánchez et al., 2015).

Pomegranates are usually available on the market as fresh fruits
or as beverages, basically juices, concentrates or wine (Jaiswal,
DerMarderosian, & Porter, 2010). In smaller amounts, they are
available as an additive to jams, jellies, and are used for candy pro-
duction (Tezcan, Gültekin-Özgüven, Diken, Özçelik, & Erim, 2009).

To prolong the arils shelf-life, different drying processes have been
applied; however, they had a significant impact on the final prod-
ucts quality (Kingsly & Singh, 2007). Dried pomegranate arils are a
great source of vitamins and minerals and are rich in biologically
active components (Alaei & Amiri Chayjan, 2015). The main pur-
pose for production of dried pomegranate arils is consumption of
the arils as a nibbling snack.

Among Spanish pomegranates, the most popular cultivar is
‘‘Mollar de Elche”, which production is safeguarded by a Protected
Designation of Origin (DOP) since 2016 [R (UE) 2016/83]. This culti-
var is recognizedworldwide, due to its high sweetness intensity and
arils with soft woody portion. It has also disadvantages, such as pale
pink colour that significantly decreases the quality of pomegranate-
based products, especially the juice after the heat treatment.
Besides, its sensory profile is too flat with a predominating sweet-
ness and with very weak fruity notes (Vázquez-Araújo et al., 2014).

There are agronomic practices that can be used to improve the
flavour of some fruits. Regulated deficit irrigation led to pomegra-
nate fruits, cv. ‘‘Mollar de Elche” with a more complex sensory pro-
file and enriched chemical composition (high punicalagin content);
these fruits are called ‘‘hydroSOStainable” (Galindo et al., 2014).

http://dx.doi.org/10.1016/j.foodchem.2017.04.033
0308-8146/! 2017 Elsevier Ltd. All rights reserved.
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The appearance of commercial dried arils is mostly not accept-
able for consumers, due to intense browning. A previous study
(Calín-Sánchez et al., 2013) showed that high quality dried arils
could be prepared using appropriate drying methods. It was indi-
cated that the application of fruit or berry juices (e.g. chokeberry)
during the osmotic dehydration (OD) step could improve the func-
tionality, and colour of the dried products, by transferring bioactive
and organoleptic-active compounds from the osmotic solution into
the dehydrated pomegranate arils (Calín-Sánchez et al., 2013).

Considering all the above, the aim of this study was to evaluate
the physico-chemical and sensory properties of the dried arils pre-
pared using first osmotic dehydration (OD), with selected fruit
juice concentrates, and later a combined drying technique [convec-
tive pre-drying (CPD) and vacuum-microwave finish drying
(VMFD)] for dehydration of pomegranate arils cultivar ‘‘Mollar de
Elche”. The drying kinetics, quality parameters (anthocyanin con-
tent, antioxidant capacity, colour, rehydration ratio), and descrip-
tive sensory profile were studied.

2. Materials and methods

2.1. Material

Pomegranates [cultivars ‘‘Mollar de Elche” (used for preparation
of dried arils) and ‘‘Wonderful” (used for preparation of osmotic
solution)] were cultivated in a farm located in Murcia (Spain)
under regulated deficit irrigation (RDI) (Galindo et al., 2014).
Pomegranate fruits ("100 kg) were hand-harvested in mid-
September 2015 at a commercial maturity stage ("15 "Brix), and
immediately posted to Poland. The pomegranate fruits were sub-
mitted to short term storage (less than 2 weeks) at 5 "C at an
approximate relative humidity (RH) of 90%, which are the optimal
storage conditions for pomegranates (Elyatem & Kader, 1984).

Each fruit from Punica granatum L. ‘‘Mollar de Elche” was cut at
the equatorial zone, and arils were manually separated. Arils were
immediately used after its preparation. The main physico-chemical
parameters of the fresh arils were: pH 7.8, titratable acidity (TA)
2.9 g L!1, total soluble solids (TSS) 15.2 "Brix, maturity index [TSS
("Brix)/TA (g per 100 mL)] 53.4, and moisture content 81.5%.

2.2. Drying processes

Freeze drying (FD) was carried out in freeze dryer OE-950 (Hun-
gary) at a reduced pressure of 65 Pa for 24 h. The temperature
within the drying chamber was !60 "C, while the heating plate
was at "30 "C. The freeze-dried arils, without osmotic treatment,
were considered as the control sample. Freeze-drying conditions
for pomegranate arils were previously optimized by Calín-
Sánchez et al. (2013).

The process of combined drying (CPD-VMFD) consisted of con-
vective pre-drying (CPD) at temperature 60 "C for 2 h with an air
velocity of 0.6 m s!1 performed in the drier designed and built at
the Institute of Agriculture Engineering (Wrocław, Poland), and fol-
lowed by vacuum microwave finish drying (VMFD) with micro-
wave power reduced from the initial 360 W–120W to avoid
overheating of the dried material. A similar combined procedure,
CPD-VMFD, was also used during chokeberry drying (Calín-
Sánchez et al., 2015).

The VMFD process of the CPD dried samples was performed in a
SM 200 dryer (Plazmatronika, Wrocław, Poland) connected to a
vacuum system consisting of a vacuum pump BL 30 P (Tepro,
Koszalin, Poland), a vacuum gauge MP 211 (Elvac, Bobolice,
Poland), and a compensation reservoir of 0.15 m3. A control sample
of ‘‘Mollar de Elche” pomegranate arils dried by CPD-VMFD, with no

osmotic pre-treatment, was prepared using the above equipment
for 240 min at 60 "C.

2.2.1. Osmotic dehydration pre-treatment
Fresh ‘‘Mollar de Elche” arils were osmotically dehydrated at

45 "C for 90 min in different combinations and ratios of concen-
trated juices (40"Brix):

1. OD(POM): 100% pomegranate Punica granatum L., cv.
‘‘Wonderful”;

2. OD(POM + Ch): 50% pomegranate ‘‘Wonderful” and 50% choke-
berry (Aronia melanocarpa L.);

3. OD(POM + A): 50% pomegranate ‘‘Wonderful” and 50% apple
(Pyrus malus L.);

4. OD(A + Ch): 50% apple and 50% chokeberry; and
5. OD(AP + Ch): 75% apple and 25% chokeberry.

Chokeberry and apple concentrated juices (65 and 67 "Brix, and
22.2 and 5.0 g citric acid kg!1, respectively) were commercial prod-
ucts (Rauch Polska Sp z o.o., Płońsk, Poland). However, pomegranate
concentrate was prepared under laboratory conditions by pressing
pomegranate fruits, cv. ‘‘Wonderful” cut in halves, using a domestic
citrus juicer (Braun, model CJ 3053, Barcelona, Spain) followed an
evaporation step conducted in a vacuum evaporator (Rotavapor R
151, Donserv,Warsaw, Poland). Themain quality parameters of this
juice were: pH 3.5, total acidity 16.9 g L!1, total soluble solids
16.8 "Brix, and maturity index 10.1. Juices, after concentration to
40 "Brix, were immediately frozen until use. There were three main
reasons for selecting these three fruit juices as osmotic solutions: (i)
the three juices will improve the sensory quality of the dried pome-
granate arils, and especially their appearance; (ii) chokeberry and
apple juices are very abundant in Poland, and new applications
must be sought; and, (iii) the pomegranate juice, cultivar ‘‘Wonder-
ful” will led to a final product which is 100%. The values of dynamic
viscosity for the osmotic solutions 1–5, determined using viscome-
ter SV-10 (A&D Co., Tokyo, Japan), were 5.13 ± 0.10, 4.13 ± 0.15,
4.76 ± 0.13, 4.20 ± 0.1 and 4.39 ± 0.12 mPa, respectively.

The ratio of osmotic solution to pomegranate arils was main-
tained at 200 mL to 100 g of fresh matter and the mixture was
manually agitated every 5 min (Lech et al., 2015).

In previous studies using pomegranate arils, cultivar Kandhari,
Mundada, Singh, and Maske (2010) used slightly different working
conditions, 55 "Brix, 40 "C, 100 min, and fruit to solution ratio of
1:4 (w/w). However, the parameters of the osmotic dehydration
step (time, temperature, and seed ratio) used in the current exper-
iment were chosen on the basis of the results obtained in previous
studies on the dehydration of similar matrices, such as chokeber-
ries (Calín-Sánchez et al., 2015), beetroots (Lech et al., 2015), and
sour cherries (Nowicka, Wojdyło, Lech, & Figiel, 2015b). These
experimental conditions provided optimum mass exchange, with
significant enrichment of the dried products but without signifi-
cant changes in the chemical composition of the osmotic solutions
which will limit their potential reuse in several osmotic steps.

After the OD treatment, the samples were removed from the
osmotic solutions using a tea strainer, and were left in the strainer
for "20 min; then, the excess of osmotic solution was gently
removed from their outer surface with absorbent paper.

2.3. Modelling of drying kinetics

The pomegranate arils drying kinetics was evaluated on the
basis of the mass loss of the arils. During CPD, the samples were
weighted every 5 min for the initial 20 min and the time intervals
between the mass measurements were successively extended with
the drying time. During VMFD samples were weighted at time 3,
and every 8 min thereafter. The drying kinetics represents decreas-
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ing of moisture ratio MR in time of drying. MR is defined according
to Eq. (1):

MR ¼ MðtÞ
M0

ð1Þ

Preliminary tests conducted in this study proved that the best
fitting was obtained for the modified Page model (as given by Eq.
(2)); consequently, only this model was used in this study: where
A, n and k are constants.

MR ¼ A & e!k&tn ð2Þ

The good-fitting of a specific model to the experimental data
was evaluated using: (i) coefficient of determination (R2) and (ii)
Root Mean Square Error (RMSE). The model fit is better, if the value
of R2 is closer to 1.0 and the RMSE value is closer to 0.

2.4. Extraction and LC-PDA/MS analysis of anthocyanins

The pomegranate extract of polyphenols was prepared as
described previously (Wojdyło, Nowicka, Carbonell-Barrachina, &
Hernández, 2016). Identification and quantification of polyphenols
in all samples were carried out using an ACQUITY Ultra Perfor-
mance LCTM system equipped with PDA (photodiode detector;
UPLCTM) with binary solvent manager (Waters Corporation, Milford,
USA) series coupled with the mass detector G2 QTof Micro mass
spectrometer (Waters, Manchester, UK) equipped with an electro-
spray ionization (ESI) source operating in positive mode. Separa-
tions of polyphenols were carried out using an Aquity BEH C18
column (1.7 lm, 2.1 ' 100 mm, Waters Corporation, Milford,
USA) at 30 "C using conditions previously reported by Wojdyło
et al. (2016). The PDA spectra were measured over the wavelength
range of 200–600 nm in steps of 2 nm. The runs were monitored at
520 nm for anthocyanins. Retention times and spectra were
compared with those of pure standards. Calibration curves at
concentrations ranging from 0.05 to 5.00 mg mL!1 (R2 ( 0.9998)
were made using cyanidin-3-glucoside, cyanidin-3,5-diglucoside,
pelargonidin-3-glucoside from Extrasynthese (Lyon, France). The
results were expressed as mg per kg dry matter (dm).

2.5. Antioxidant capacity (TEAC ABTS+ and FRAP)

Approximately 1 g of dried pomegranate arils in 10 mL of 30%
aqueous methanol (v/v) was sonicated for 15 min. After being kept
for 24 h at 4 "C in the dark, the extracts were centrifuged (1500g,
10 min, 4 "C). The antioxidant capacity of the extracts was exam-
ined using the Trolox Equivalent Antioxidant Capacity test (TEAC
ABTS+) according to Re et al. (1999). The ferric reducing ability
was determined by FRAP assay (Benzie & Strain, 1999). Results
were presented as mmol Trolox 100 g!1 dry weight, dw (±standard
deviation).

2.6. Colour measurement

Colour coordinates L⁄, a⁄ and b⁄ were evaluated using a Minolta
Chroma Meter CR-200 Reflectance System (Osaka, Japan), and col-
our difference (DE) was calculated by Eq. (3):

DE ¼ ½ðL! L*Þ2 þ ða! a*Þ2 þ ðb! b*Þ2,
0:5

ð3Þ

The DE indicates the degree of total colour change in compar-
ison to the colour of fresh pomegranate arils, cv. ‘‘Mollar de Elche”
(L⁄ = 33.13, a⁄ = 18.40, and b⁄ = 13.12). Low DE values represent
high similarity to the ideal colour of fresh arils, and a good perfor-
mance of the drying method (Dak, Sagar, & Jha, 2014). This analysis
was conducted in 5 replications.

2.7. Moisture content, water loss and solid gain and rehydration ratio

Moisture content (MC), water loss (WL) and solid gain (SG) were
determined according to Nowicka, Wojdylo, Lech, and Figiel
(2015a) and Bchir, Besbes, Karoui, Attia, et al. (2012). Rehydration
of pre-osmotic dehydrated dried pomegranate arils was performed
using 15 mL of distilled water during 1 h at room temperature. The
rehydration ratio (RR) was calculated as using Eq. (4).

RR ¼ m1m!1
0 ð4Þ

where,m1 is the mass of the rehydrated arils (g), andm0 is the mass
of the dried arils (g). These analyses were conducted in 5
replications.

2.8. Conductivity

The conductivity of the rehydration liquid (distilled water con-
ductivity = 6 mS cm!1) was measured with the EC-Meter GLP 31
(Crison Instruments S.A., Barcelona, Spain) to evaluate the loss of
electrolytes at the end of rehydration step.

2.9. Descriptive sensory evaluation

Eight highly trained panellists, (aged 25–50 years; 4 females
and 4 males) from the department of Agro-Food Technology
(UMH, Orihuela, Spain) participated in the study (Meilgaard,
Civille, & Carr, 2007). The panel was selected and trained following
the ISO standard 8586-1 (1993), and it is specialized in descriptive
sensory evaluation of fruits and vegetables, including pomegranate
products (e.g. Szychowski et al., 2015). For the current study, the
panellists received two orientation sessions of 60 min, on fresh
and dried pomegranate arils. The following attributes were chosen
on the basis of the lexicon by Vázquez-Araújo et al. (2014):
(appearance) colour and uniformity; (basic tastes and chemical feel-
ings) sweetness, sourness, bitterness and astringency; (flavour)
pomegranate ID, chokeberry ID, apple ID, fruity, caramel, citric,
off-flavours, woody and burnt; and, (texture) crispiness, adhesive-
ness, and solubility in saliva. The panel used a numerical scale
for quantifying the intensity of the pomegranate products attri-
butes where 0 represents none and 10 extremely strong with 0.5
increments.

Samples ("4 g of dehydrated arils) were served monadically in
a randomized order and coded using 3 digit numbers. Unsalted
crackers and distillate water were provided to panellists to clean
their palates between samples.

2.10. Statistical analysis

All experiments and analyses were run, at least, in triplicate,
and data reported are presented as the mean ± standard deviation.
All data were subjected to analysis of variance (ANOVA) test and
later to Tukey’s multiple range test to determine significant differ-
ences among treatments at p < 0.05. The statistical analyses were
done using Statgraphics Plus 5.0 software (Manugistics, Inc., Rock-
ville, MD, USA). Table Curve 2D Windows v. 2.03 enabled mathe-
matical modelling with the best determination coefficient.

3. Results and discussion

3.1. Moisture content (MC), water loss (WL), solid gain (SG), and
drying kinetics

The osmotic dehydration in different fruit solutions reducedMC
of ‘‘Mollar de Elche” arils from an initial 81.5 ± 0.7% down to an
average value of 72.1 ± 0.4% (Table 1). The WL was not affected
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by the nature of the osmotic solution; it reached a mean of
30.2 ± 0.6%, and ranged from 28.9% and 30.7% (Table 1). Similarly
to previous studies (Lech et al., 2015), a mean increase of
19.2 ± 1.6% in SG was observed after osmotic pre-treatment, with
the OD treatment using pomegranate juice cultivar ‘‘Wonderful”
leading to the highest SG increase (23.3%). The SG reached the low-
est value when chokeberry was used in the osmotic solution; this
observation was connected with the high particle size of this juice
and the accumulation of solids near the surface, causing com-
paction of the surface layers and increased mass transfer resistance
for both water and solids (Bchir, Besbes, Karoui, Paquot, et al.,
2012; Kulling & Rawel, 2008). A significant (p < 0.05) positive cor-
relation (R2 = 0.789) was observed between dynamic viscosity and
SG; the higher the viscosity, the higher the adhesive forces main-
taining adsorbed solids on the surface and inner capillaries of the
pomegranate arils (Juszczak, Witczak, & Galkowska, 2009).

The modified Page model has been already successfully used to
describe the drying kinetics of pomegranate arils cultivar Hicaz
(Horuz&Maskan,2015;Kingsly&Singh,2007) andcultivarKandhari
(Mundada, Hathan, & Maske, 2011). In the current study, the mean
square error (MSE) ranged between 4.2 ' 10!3 and 7.0 ' 10!3 for
CPD and 5.0 ' 10!4 and 1.9 ' 10!3 for VMFD, with the coefficient
of determination (R2) being above 0.9822 (Table 2). These values
(high R2 and lowMSE) proved the good agreement between the thin
layer modelling equation and the experimental data.

The MR at the very beginning of CPD was influenced by the
composition of the juice used for the osmotic dehydration (Fig. 2a).

The constant A ranged from 0.556 and 1.00 (Table 2), with lowest A
values being indicative of high WL. Similarly, the VMFD step was
affected by the WL during CPD and, thus, the moisture content of
the samples after CPD. The values of A indicated the MR of samples
dehydrated by combination of OD-CPD at the initial time of the
VMFD step (Fig. 2b). The constant A and the drying time followed
a positive relationship, with lower A values leading to shorter dry-
ing times due to an increased WL. The OD and CPD steps had fixed
times, 90 and 240 min, respectively (Table 2). Thus, the final drying
time depended basically on the VMFD time. The longest VMFD
time was found for arils that were not OD, as they contained higher
moisture content to be removed as compared to samples that lost
some water during OD. The constant A took the lowest value dur-
ing VMFD (Table 2) when only pomegranate concentrated juice
was used, influencing the final time of dehydration and making it
the shortest one. In this case, i.e. POM, POM + Ch and POM + A,
the final drying time was 2.4 times shorter than in the control
CD-VMFD sample (Fig. 2b).

In this way, the composition of the osmotic solution affected the
final drying time of samples, and the application of pomegranate
juice in OD solutions reduced the final drying time of arils in
contrast to apple juice which hindered the process of CD-VMFD.
It is worth noting, that enriching pomegranate arils with solids
originated from pomegranates increased the drying rate during
CD-VMFD by increasing water diffusivity, which on other hand
was decreased by gaining of solids from apple concentrate. These
trends can be explained in terms of physicochemical mechanisms

Table 1
Moisture content (MC, g/100 g fresh weight, fw), water lost (WL, g/100 g fw), solid gain (SG, g/100 g fw), rehydration ratio (RR), and rehydration solution conductivity (

P
) of

pomegranate arils before and after osmotic dehydration (OD) in different fruit juices.

Samplesy Before OD After OD Rehydration

MC MC WL± SG±± RR
P

(g per 100 g fw) (mS cm!1)

FD – – – – 1.90 c 263 b
CPD-VMFD – – – – 3.14 a 200 e
OD(POM)-CPD-VMFD 81.5 71.4 30.2 a 23.3 a 2.95 ab 284 a
OD(POM + Ch)-CPD-VMFD 81.5 73.1 28.9 a 15.3 c 3.00 a 250 c
OD(POM + A)-CPD-VMFD 81.5 71.0 32.1 a 22.2 a 1.07 d 229 de
OD(A + Ch)-CPD-VMFD 81.5 72.4 29.3 a 18.9 b 2.80 b 245 d
OD(AP + Ch)-CPD-VMFD 81.5 72.4 30.7 a 16.4 c 2.85 b 244 d

y Mean values followed by the same letter, within the same column, were not significantly different (p < 0.05), according to HSD Tukey’s least significant difference test.

Table 2
Values of the parameters A, k, and n of the functions describing drying kinetics of ‘‘Mollar de Elche” pomegranate arils dried by combined method consisted of convective pre-
drying (CPD) and microwave finish vacuum drying (VMFD).

Drying method Osmotic treatmenty Drying kinetics MR ¼ A & e!k&sn Partial time (min) Total time (min)

A K n MSE R2

CPD None 1.000 a! 0.012 c 0.949 b 0.0092 0.9990 240 a –
POM 0.573 c 0.110 b 1.060 a 0.0069 0.9990 240 a –
POM + Ch 0.617 b 0.009 c 1.080 a 0.0042 0.9996 240 a –
POM + A 0.556 c 0.009 c 1.090 a 0.0045 0.9994 240 a –
A + Ch 0.602 b 0.179 a 0.850 c 0.0062 0.9985 240 a –
AP + Ch 0.604 b 0.019 c 0.880 c 0.0070 0.9983 240 a –

VMFD Without OD 0.124 a 0.107 c 0.640 a 0.0019 0.9963 83 a 323– a
OD-POM 0.026 d 0.049 d 0.681 a 0.0005 0.9822 35 c 365 c
OD(POM + Ch) 0.029 d 0.345 a 0.198 d 0.0006 0.9822 35 c 365 c
OD(POM + A) 0.030 d 0.218 b 0.338 c 0.0006 0.9834 35 c 365 c
OD(A + Ch) 0.096 b 0.238 b 0.519 b 0.0016 0.9956 51 b 381 b
OD(AP + Ch) 0.069 c 0.129 c 0.602 ab 0.0012 0.9945 59 b 389 b

y POM, Ch, A, and AP stand for pomegranate, chokeberry, apple (at 50% in mixture with 50% chokeberry), and apple (at 75% in mixture with 25% chokeberry), respectively.
! Mean values followed by the same letter, within the same column and drying method, were not significantly different (p < 0.05), according to HSD Tukey’s least significant
difference test.
– The OD step lasted 90 min for all treatments.
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of water binding and changes in the cellular structure of pomegra-
nate arils caused by solids gain. The sugars present in apple juice
hinder water transport to a higher extend by clogging the pores
of the dried material (Lech et al., 2015) and increasing mass trans-
fer resistance for water (Bchir, Besbes, Karoui, Paquot, et al., 2012),
which contributed to the rise in internal pressure under micro-
wave heating associated with less intensive water evaporation
confirmed by the highest maximal temperature during VMFD
(Fig. 2c). The cooling effect resulting from intensive water evapora-
tion (Figiel, 2010) decreased the maximal temperature of pomegra-
nate arils (Fig. 2c) which were characterised by the highest
moisture content at the very beginning of VMFD (Fig. 2b). The
course of temperature of pomegranate arils pre-treated in different
osmotic solutions shown in Fig. 2c resulted from the thermal bal-
ance between the energy generated by water dipoles inside the
microwaved material and energy necessary for water evaporation
to the ambient of lower temperature (Figiel, 2010).

Dried pomegranate arils might be consumed as ready-to-eat
snacks (Kingsly, Singh, Manikantan, & Jain, 2006) or might be rehy-
drated before consumption. The RR (rehydration ratio) values ran-
ged between 1.07 up to 3.14 (Table 1) and were similar to those
previously found in other dried fruits (Megías-Pérez, Gamboa-
Santos, Soria, Villamiel, & Montilla, 2014). The RR values were sig-
nificantly affected by drying method and composition of the osmo-
tic solution used for arils pre-treatment. The lowest RR (1.07) was
found in OD(POM + A) arils, which was also characterised by the
highest WL. Bchir, Besbes, Karoui, Paquot, et al. (2012) reported
that the cells of OD pomegranate arils appeared shrunk and dis-
torted due to solubilisation of polysaccharides that compose the
cell walls, the intense WL, and the pre-concentration of sucrose
on the surface of the tissue during the OD. Contrary to the previous
research (Megías-Pérez et al., 2014), FD products had relatively low
RR values (1.90) as it might result from the destruction of the outer
layer structure of arils during freezing and freeze drying processes.
As a result, the porous structure of outer layer allows the water for
better incorporation into tissue during the rehydration process.

Finally, the electrical conductivity (
P

) is a measure of the sol-
uble solids and electrolytes in the medium, which was indicative
of the release of intercellular ions from sample tissue, due to an
induced damage or creation of a porous structure in the material
during drying. The

P
values ranged between 200 ± 1 and

284 ± 2 mS cm!1 (FD sample, with porous structure), and were sig-
nificantly higher than that of the water used for rehydration,
6 mS cm!1 (Table 1). The OD pre-treatment increased the

P
values

as compared to the CPD-VMFD sample, because the solids retained
during the OD were not irreversibly bonded to the aril matrix.

3.2. Anthocyanins

Initially, the anthocyanin profiles of the juices used for the
osmotic dehydration consisted of the following compounds:

- Pomegranate juice: A1–A6 with contents being 79.2, 178, 72.2,
283, 75.3, and 5.9 mg 100 mL!1 of juice, respectively (total of
694 mg 100 mL!1).

- Chokeberry juice: A4 and A7 with contents being 28.2 and
1032 mg 100 mL!1, respectively.

- Apple juice: A4 and A7 with 10.4 and 76.9 mg 100 mL!1,
respectively.

A total of 6 anthocyanins typical of pomegranate products
were identified: delpinidin-3,5-diglucoside (A1), cyanidin-3,5-
diglucoside (A2), delphinidin-3-glucoside (A3), cyanidin-3-
glucoside (A4), pelargonidin-3-glucoside (A5), cyanidin-pentoside
(A6), and another 4 anthocyanins not-typical for pomegranate prod-
ucts, basically coming from the chokeberry juice used in the osmotic
dehydration stepwere also found, and are quantified together as A7
(Table 3); the mass spectral characteristics and positive ions in
LC–MS QTof of all anthocyanins are summarized in Table 1S
(Supplementary material). These 4 chokeberry anthocyanins were
identified as cyanidin-3-O -galactoside, -glucoside, -arabinoside,
and -xyloside. All above mentioned compounds (A1–A5) were

FD CPD-VMD OD(POM)-CPD-VMFD OD(POM+Ch)-CPD-VMFD

OD(POM+A)-CPD-VMFD OD(A+Ch)-CPD-VMFD OD(AP+Ch)-CPD-VMFD

Fig. 1. ‘‘Mollar de Elche” pomegranate arils dried by freeze drying (FD), combined drying (CPD-VMFD), and osmotic dehydration (OD) before combined drying method
(CPD-VMFD).
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previously reported in various pomegranate products (Jaiswal et al.,
2010; Mena, Martí, & García-Viguera, 2014; Trigueros, Wojdyło, &
Sendra, 2014), except cyanidin-pentoside.

Among all samples analysed, FD led to the highest retention of
total anthocyanins (Table 3), followed by CPD-VMFD. In compar-
ison, a greater degradation of those constituents (even down to
61%) was noted when cabinet and sun drying was applied for dehy-
dration of pomegranate arils (Jaiswal et al., 2010). In general, the
application of an osmotic dehydration step led to a reduced antho-
cyanin content due to amigration of these compounds to the osmo-
tic solutions, as previously reported by other researchers (Bchir,
Besbes, Karoui, Attia, et al., 2012; Bchir, Besbes, Karoui, Paquot,
et al., 2012). Among the OD treatments, the combination of ‘‘Won-
derful” pomegranate and chokeberry juices (50%–50%; Pom + Ch)
resulted in the highest content of total anthocyanins (441 mg kg!1 -
dm) in dried arils and pomegranate juice (295 mg kg!1). The high
anthocyanin content of the first treatment could be due to high

contents of anthocyanins A7 from chokeberry. The use of apple
juice with its high sugar content restricted the migration of A7
anthocyanins from the chokeberry juice to the dried arils.

The most abundant anthocyanin in all samples analysed was
cyanidin-3,5-diglucoside (A2). On the other hand, chokeberry juice
is a great source of polyphenolic compounds, with anthocyanins
comprising between 25 and 50% of all polyphenol content
(Oszmiański & Lachowicz, 2016). These constituents are natural
food colouring agents that may significantly improve the colour
of foods; these is the case of the samples OD(POM-Ch)-CPD-
VMFD and OD(A-Ch)-CPD-VMFD. Previously, 7 anthocyanins (4
cyanidin glycosides: 3-galactoside, 3-glucoside, 3-arabinoside and
3-xyloside) were identified in chokeberry (Oszmiański &
Lachowicz, 2016) among which six of them were detected in arils
osmotically dehydrated in chokeberry juice, whereas none of them
was identified in other pomegranate products. The OD-treatment
including a ‘‘Wonderful” juice showed higher quantity of cyanidin-

Legend: POM, Ch, A, and AP stand for pomegranate, chokeberry, apple (at 50% in 

mixture with 50% chokeberry), and apple (at 75% in mixture with 25% 

chokeberry), respectively.

(A)

(B)

(C)

Fig. 2. Drying kinetics of ‘‘Mollar de Elche” pomegranate arils during the two steps of the combined drying method, CPD-VMFD: convective drying CPD (A); and, vacuum-
microwave drying, VMFD (B); and, temperature profile during the VMFD step (C).
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3-glucoside (A4) than CPD-VMFD (drying control without OD).
These results agreed with previous studies showing that the
amount of cyanidin-3-glucoside in ‘‘Wonderful” pomegranate vari-
ety juice was higher than in ‘‘Mollar de Elche” (Mena et al., 2014).

3.3. Antioxidant capacity (TEAC ABTS+ and FRAP)

The ABTS+ antioxidant capacity was affected by the osmotic
dehydration pre-treatments as well as the drying methods
(Table 3). The highest ABTS+ values were found in the samples
osmotically dehydrated in pomegranate juice and in pomegranate
and chokeberry juice, and were 1.6- and 1.2-times higher than the
values of FD and CPD-VMFD control samples, respectively. On the
other hand, the lowest ABTS+ value was found in samples osmoti-
cally treated with apple juice.

Similarly, the FRAP values of the same two treatments were 1.6-
and 1.2-times higher than those of the control samples. Again, the
lowest FRAP values were found in samples treated with apple juice.

The experimental results obtained demonstrated that an initial
osmotic dehydration step with pomegranate and pomegranate/-
chokeberry concentrated juices can increase the antioxidant capac-
ity of dried pomegranate arils. These results did not agree with
results published in other fruits, such as dried sour cherry, in which
the osmotic dehydration step led to lower antioxidant activities of
dried products (Nowicka et al., 2015a). This decrease in the antiox-
idant capacity of dried sour cherries was justified by short drying
time and polymerisation reactions (Yilmaz & Toledo, 2005), and
could be also due leaching of natural solutes into the osmotic solu-
tions (Bchir, Besbes, Karoui, Paquot, et al., 2012).

There were not significant correlations among the total antho-
cyanin content and the ABTS+ or FRAP values; however, a positive
and significant (p < 0.001) correlation was found between ABTS+

and FRAP, (R2 = 0.977). Thus, other compounds (not only antho-
cyanins) were responsible for the antioxidant capacity of dried
pomegranate arils; it is well established that hydrolyzable tannins
(punicalagins and punicalins) and phenolic acids (e.g. ellagic acid)
are the key compounds in the antioxidant capacity of pomegranate
fruits (Calín-Sánchez et al., 2013; Gil, Tomás-Barberán, Hess-
Pierce, Holcroft, & Kader, 2000)

3.4. Colour

The dried pomegranate arils available in the market now are
usually brownish and not attractive to consumers, due to degrada-
tion of arils anthocyanins (Maskan, Kaya, & Maskan, 2002).

The values of coordinate L⁄, lightness, considerably decreased in
all samples when compared to the freeze dried (FD) products
(Table 3). Among the samples analysed, the darkest products (low-
est L⁄ values) were found in the OD(POM + A), OD(A + Ch), and OD
(AP + Ch) samples.

The level of red pigments, as described by the coordinate a⁄, was
affected by osmotic dehydration. The highest a⁄ values were found
in the samples osmotically treated with pomegranate–chokeberry
juices and pomegranate juice; their a⁄ values were statistically
equivalent to those of the control samples (FD and CPD-VMFD).
The high values of these two treatments (pomegranate-
chokeberry and pomegranate juices) led to an equivalent red col-
our intensity to that previously reported in dried-pomegranate
arils, cultivar ‘‘Hicaz” (<14.0) (Horuz & Maskan, 2015), which have
a very intense red colour, which is lacking in the arils of the culti-
var used in the current study ‘‘Mollar de Elche”.

The application of an osmotic dehydration step resulted in a sig-
nificant decrease in the b⁄ values (Table 3), as compared to control
samples. Osmotic dehydration in ‘‘Wonderful” pomegranate juice
affected the b⁄ values to a lesser extent when compared to the rest
of the analysed osmotic solutions.Ta
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The colour difference (DE) of samples ranged from 2.5 to 24.3
(Table 3). The lowest DE values were found in the control samples,
followed by samples osmotically treated with pomegranate juice.

Pearson’s correlation coefficient showed that the total antho-
cyanin content was positively (p < 0.05) correlated with L⁄, a⁄,
and b⁄ coordinates (R2 = 0.81, 0.59, and 0.62, respectively).

As a summary of this section, it can be stated that application of
‘‘Wonderful” pomegranate juice resulted in the best colour of the
osmotically dried arils of ‘‘Mollar de Elche”, and that anthocyanins
played an important role in the final colour of dried arils.

3.5. Descriptive analysis

Themain objective of this studywas to optimize the colour of the
samples, because it is main attribute driving consumer acceptance.

The values of colour (the higher the value, the more intense reddish
was the colour) obtained by the trained panel were: 2.2 (FD) < 4.8
[OD(POM-A)-CPD-VMFD] < 5.3 (CPD-VMFD) < 7.0 [OD(AP-Ch)-
CPD-VMFD] < 7.3 [OD(A-Ch)-CPD-VMFD] < 8.3 [OD(POM)-CPD-
VMFD] < 9.0 [OD(POM-Ch)-CPD-VMFD] (Fig. 3). The goodness of
the appearance of the samples of the last two treatments can be seen
in Fig. 1.

It is noteworthy that none of the samples had measurable off-
flavours notes, supporting the high quality of the products.

Control samples (FD and CPD-VMFD) presented a flat (no com-
plex) sensory profile, with their predominant attribute being
sweetness (Fig. 3A). The profile changed considerably when ‘‘Won-
derful” pomegranate juice was used during the osmotic dehydra-
tion [OD(POM)-CPD-VMFD]; this step enriched the sensory
complexity of the ‘‘Mollar de Elche” dried arils by increasing the

control (A) and osmotic-dehydrated (B) samples.

Legend: POM, Ch, A, and AP stand for pomegranate, chokeberry, apple (at 50% in 

mixture with 50% chokeberry), and apple (at 75% in mixture with 25% 

chokeberry), respectively.

(A)

(B)

Fig. 3. Descriptive sensory analysis of dried ‘‘Mollar de Elche” pomegranate arils [control (A) and osmotic-dehydrated (B) samples].
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intensities of sourness (4.7), fruity notes (3.7) and pomegranate
flavour (3.7). The use of chokeberry juice significantly decreased
sweetness, and increased astringency, bitterness, sourness, and
chokeberry flavour. The use of apple juice led to samples with
low colour intensity and low pomegranate flavour but high inten-
sity of apple; the apple flavour masked that of pomegranate.

Besides, three texture attributes were evaluated: crispiness,
adhesiveness, and solubility in the saliva. There were no signifi-
cantly differences among the dried samples. Samples were defined
by low crispiness (<1 in scale 0–10) and low solubility (<1.5).
Regarding the adhesiveness, the OD pre-treatment significantly
increased them due to higher contents of soluble solids. Control
samples (FD and CPD-VMFD) had values "1.6, while the OD-
samples had values ranging between 2.4 and 3.8. This experimen-
tal finding may be justified because samples with a pre-treatment
had more quantity of sugar (OD with juice concentrated = 40 "-
Brix), and it seems reasonable that a positive relationship between
high sugar content and high adhesiveness intensity may exists.

4. Conclusions

Osmotic dehydration using ‘‘Wonderful” pomegranate and
chokeberry concentrated juices improved the quality of dried
‘‘Mollar de Elche” pomegranate arils in terms of rehydration rate,
antioxidant capacity, colour, and sensory profile; however still fur-
ther research is needed to fully optimize this combined drying
treatment because the freeze-dried sample still had higher antho-
cyanin content and better instrumental colour parameters. On the
basis of the results obtained connected with colour, antioxidant
capacity and anthocyanin contents, the combination of pomegra-
nate and chokeberry juices resulted in the highest intensity of
the key flavour notes; the second best results were obtained by
using just ‘‘Wonderful” pomegranate juice. All treatments were
acceptable in terms of sensory parameters (for example, had no
off-flavours) but with different characteristic flavour notes.
Improving the quality of dried pomegranate arils must increase
the popularity of this product, even in groups with reduced fruit
consumption, such as teenagers and children, leading to higher
consumer acceptance, consequently higher product demand, and
finally higher benefits for the farmers and industry. The energy
consumption and cost of the drying treatments will be evaluated
in future studies, as done by Calín-Sánchez et al. (2014).
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Consumers’ Opinion on Dried Pomegranate Arils
to Determine the Best Processing Conditions
Marina Cano-Lamadrid , Laura Vázquez-Araújo , Lućıa Sánchez-Rodŕıguez, Aneta Wodyło,

and Ángel A. Carbonell-Barrachina

Abstract: Consumers’ preference is essential to improve processed food products quality, but small companies sometimes
lacks knowledge or tools to develop consumer studies. The aim of the present study was to investigate consumers’ insight
to recommend the best drying methodology for pomegranate arils. With the aim of providing information that industry
can correlate to the drivers of liking, descriptive sensory characteristics, and volatile compounds of the samples were
determined and related with consumers’ responses. A total of 19 volatiles of dehydrated pomegranate arils were determined
using solid-phase microextraction and gas chromatography–mass spectrometry. Partial least square regression (PLS) results
indicated that consumers overall liking was positively correlated with “pom ID”, “sweet”, and “fruity” attributes, and
also volatile compounds of the esters family. Overall liking was negatively correlated with the “off-flavor” and “burnt”
attributes, related to the furan compounds family. Penalty analysis indicated that the sample corresponding with the
current commercial product needed improvement on the “pom ID”, “fruity”, and “sweetness” parameters. All the
samples processed using the proposed new drying techniques were more liked than the commercial sample, highlighting
a sample dried using pre-osmotic dehydration in Wonderful concentrate pomegranate juice.

Keywords: Punica granatum, drivers of liking, drying, descriptive analysis, volatile compounds

Practical Application: Consumers’ preference is essential to improve processed food products quality, but small companies
sometimes lack knowledge or tools to conduct consumer studies. The present study provides useful information to
understand consumers’ preferences of a healthy product such as pomegranate dehydrated arils. Also, the link of physico-
chemical and sensory tools is clearly described, providing information about possible sensory quality indicators.

Introduction
Different and recent scientific publications have demonstrated

the health benefits of pomegranate consumption. Some of the
reported benefits are anti-mutagenic properties and prevention of
oxidative inflammation and cardiovascular disease (Kalaycıoğlu &
Erim, 2017; Karimi, Sadeghi, & Kokini, 2017). Because of these
reported healthy properties, consumer interest in this fruit and its
based-products has drastically increased. Nowadays, consumers are
demanding novel and healthier ready-to-eat products such as dried
pomegranate arils (Cano-Lamadrid et al., 2017; Dak, Sagar, & Jha,
2014), and the interest increases if the fruits are produced under
friendly farming environmental conditions such as HydroSOStain-
able products (Cano-Lamadrid et al., 2018; Noguera-Artiaga et al.,
2016).

The main problems of the scarce commercially available dried
pomegranate arils are the undesirable appearance (browning) and

JFDS-2018-0807 Submitted 5/25/2018, Accepted 10/11/2018. Authors Cano-
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Superior de Orihuela (EPSO), Univ. Miguel Hernández de Elche, Carretera de
Beniel, km 3.2, 03312, Orihuela, Alicante, Spain. Author Vázquez-Araújo is
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the off-flavors generation due to the drying process, sometimes
uncontrolled. Also, some authors have reported specific textures
in different pomegranate cultivars, for example Wonderful cultivar
characterized by having a high seed-hardness (Szychowski et al.,
2015). Therefore, the choice of the cultivar is a key step on de-
veloping successful products because the diverse dried arils might
have important differences on their sensory properties, not only
in flavor, but also in texture (Alcaraz-Mármol, Nuncio-Jáuregui,
Garcı́a-Sánchez, Martı́nez-Nicolás, & Hernández, 2017).

Nowadays, because of the increasing interest in healthy and
ready to eat products, numerous pomegranate based-products are
available in the market, providing consumers with different op-
tions: ready-to-eat fresh arils, pomegranate juice, pomegranate
concentrate, dried arils, and so on. Some studies have been pub-
lished during the last years providing useful information about
the chemical characteristics and the technology useful to improve
the quality of dehydrated fruits, but none of them included con-
sumers’ insights (for example, Vardin & Yilmaz, 2018; Wojdyło,
Figiel, Lech, Nowicka, & Oszmiański, 2014). Consumers’ studies
are essential to determine the quality and to drive the possible im-
provement of foods, guaranteeing successful products and, in the
present scenario, promote the consumption of healthy processed
foods. To improve consumers’ interest in pomegranate dried arils,
quality of the product has been improved using novel techniques
such as combined dried method (convective predrying with vac-
uum microwave finish drying, CPD–VMFD) and CPD–VMFD
with a pre-osmotic dehydration (OD). Using these drying tech-
niques led to an increment of antioxidant capacity, as well as a
decrease of off-flavors and an improvement of the appearance
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of the product (Cano-Lamadrid et al., 2017). Although in this
study an improvement on the sensory properties of the dried
pomegranate arils was reported, no consumer research was con-
ducted, and therefore the results might led to the market launch-
ing of unsuccessful products. Also, none of the studies conducted
on dehydrated pomegranate arils included information about the
volatile composition, which might be important to link with sen-
sory data for those small companies with limited access to sensory
or consumer data.

The aim of the present study was to determine consumer in-
sights about dried pomegranate arils using different technologies
and to link the consumer data with descriptive and volatile com-
position data. The results might be used by pomegranate derivative
or dried fruits companies to improve their procedures and make
more successful products that meet consumers´ demands.

Materials and Methods

Samples
The selection of the samples was based in the previous study

conducted by Cano-Lamadrid et al. (2017), which concluded that
the technology used in some of the samples (coded as B, C, and
D in the present study) enhanced the functionality and therefore
the healthy characteristics of the product. The present study was
conducted using the 4 following samples:! Sample A: commercial sample (unknown variety and drying

conditions).! Sample B: ‘‘Mollar de Elche” pomegranate arils dried
using combined drying (CPD-VMFD: predrying at
temperature 60 °C for 2 hr with an air velocity of 0.6 m/s and
followed by vacuum microwave finish drying with microwave
power reduced from the initial 360W to 120W).! Sample C: ‘‘Mollar de Elche” arils pretreated by osmodehydra-
tion (OD) submerged at 45 °C for 90 min in 40 °C Brix 100%
“Wonderful” pomegranate juice and then combined drying
(same CPD-VMFD conditions as in sample B).! Sample D: ‘‘Mollar de Elche” arils pretreated by osmodehy-
dration (OD) submerged at 45 °C for 90 min in 40 °C Brix
50% “Wonderful” pomegranate and 50% chokeberry (Aronia
melanocarpa L.) fruits juice, and then combined drying (same
CPD–VMFD conditions than sample B).

Extraction and chromatographic analysis of volatile
compounds

The volatile composition of the samples was determined us-
ing headspace solid phase micro-extraction (HS-SPME) and the
samples were processed as described below. Ground sample (5 g),
ultrapure water (10 mL), NaCl (15 % w/v, weight/volume), and
1-octanol (10 µL of 1000 mg/L, internal standard) were placed
into a 50 mL vial with polypropylene caps and PTFE/silicone
septa. The vial was placed in a water bath with controlled temper-
ature (40 °C) and automatic stirring. After 5 min of equilibration
time, a 50/30 µm DVB/CAR/PDMS fiber was exposed to the
sample headspace for 50 min at 40 °C.

The chromatographic set up and conditions were the same as
reported by Cano-Lamadrid et al. (2018), and the column used
was a Restek Rxi-1301 Sil MS (Restek Corporation, Palo Alto,
USA) of 30 m × 0.25 mm i.d., 0.25 µm film thickness. The
identification of compounds was conducted by GC (Shimadzu
GC-17A), coupled with a Mass Spectrometer detector (Shimadzu
GCMS QP-5050A; Shimadzu Corporation, Kyoto, Japan), and

the semi-quantification of compounds was conducted using the
same conditions in and GC coupled to a Flame Ionization Detec-
tor (GC–FID Shimadzu GC17; Shimadzu Corporation, Kyoto,
Japan). The analyses were run in triplicate, and results were ex-
pressed as percentage of the total area.

Descriptive sensory analysis
Eight trained panelists from the department of Agro-Food Tech-

nology at Univ. Miguel Hernández (aged 26 to 55 years old,
4 females and 4 males), and with more than 600 h of training
and experience in sensory testing, participated in this study. The
panel was selected and trained following the ISO standard 8586-1
(1993), and it is specialized in descriptive sensory evaluation of
fruits and vegetables, including pomegranate products. For the
present study, the panel worked during two orientation sessions
(90 min each one) discussing about the main appearance, fla-
vor, and texture characteristics of dried pomegranate arils. The
lexicon used for describing the flavor attributes was developed by
Koppel and Chambers (2010). The lexicon used for describing the
texture attributes was reported by Vázquez-Araújo et al. (2014).
Both lexicons were adapted for dried arils during the orientation
sessions. Samples were served into odor-free, disposable 90 mL
covered plastic cups at room temperature, and coded using 3 digit
numbers. Unsalted crackers and distillated water were provided to
panelists to clean their palates between samples. The panel used an
11 points numerical scale with 0.5 increments for quantifying the
intensity of the attributes (0 = absence, 10 = extremely strong).
Samples were evaluated in duplicate in 2 different sessions.

Consumer study
A consumer panel of 100 volunteers recruited from Senso-

Food Solution, the consumer database at Department of Agrofood
Technology (UMH), evaluated the samples. The consumer profile
was as follows: 35% male and 65% female; 31% belonging to the
18 to 24 years old group, 25% to the 25 to 35 years old group, 24%
to the 36 to 45 years old group, and 20% older than 45 years old.
Also, information about fruit consumption was requested, because
the sample should represent the general population but looking
for a majority of regular fruit consumers:

i) frequency of fresh fruit consumption (77% daily, 6% weekly,
16% 2 to 3 per month, and 1% <3 per month);

ii) frequency of seasonal pomegranate consumption (17% daily,
53% weekly, 22% 2 to 3 per month, and 8% <3 per month);
and,

iii) frequency of dried fruit consumption (7% daily, 24% weekly,
26% 2 to 3 per month, and 43% <3 per month).

The consumer study was carried out in the testing room of
UMH (individual booths, controlled temperature: 21 ± 1 °C;
combined natural/artificial light), and each consumer evaluated
all four samples in a single session. The presentation order of
the samples was randomized to avoid biases. A 9-point hedonic
intensity scale was used to determine liking, and 9-point Likert
scale was used for the Just About Right (JAR) questions to
determine possible improvements of the attributes: color tone,
color homogeneity, appearance, fruity flavor, pomegranate flavor,
sweetness, sourness, astringency, and adhesiveness. Unsalted
crackers and distilled water were served in-between samples. A
demographic questionnaire was presented at the end of sensory
test, and a gift was given to encourage participation.
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Table 1–Retention indexes and sensory descriptors of the volatile compounds found in the samples.

Retention Indexes¥

Compounds Materialγ RT (min)† Exp. A Exp. B Exp. C Exp. D UMH Descriptors¶

V1 Hexanal A,B,C,D 6.08 830 832 831 832 835 Fatty, green, rancid
V2 2,3-Butanediol A,B,D 7.87 869 869 - 869 873
V3 Furfural A,B,C,D 7.82 891 894 892 893 899 Woody, burnt, spice
V4 1-Hexanol A,C 9.21 911 - 912 - 912 Acidic, fruity, fermented
V5 Furfuryl alcohol A,B,C,D 9.43 917 918 917 918 919 Caramel
V6 5-Methyl-2(3H)-furanone A,B,C,D 9.95 931 930 928 928 - Oily, nutty
V7 α-Thujene A,B,C,D 10.57 946 948 946 949 946 Almond, apple, grape
V8 2-Acetylfuran A,C,D 10.62 964 - 964 964 - Almond, caramel, coffee
V9 Ethyl hexanoate + Benzaldehyde A,B,C,D 13.48 1018 1018 1019 1019 1018 Almond, cherry, sweet
V10 5-Methyl furfural A,B,C,D 13.50 1025 1025 1026 1026 - Caramel, butter
V11 Linalool A,B,C,D 14.59 1042 1043 1043 1043 1042 Lemon, orange, sweet
V12 Limonene A,B,C,D 14.75 1046 1046 1046 1046 1046 Lemon, orange, sweet
V13 Nonanal A,B,C,D 19.31 1143 1143 1143 1144 1145 Citrus, lime, lemon
V14 2-Phenylethyl alcohol A,B,D 21.34 1185 1185 - 1182 - Honey, rose, floral
V15 5-(Hydroxymethyl)-2-furfural A,B,C,D 29.87 1361 1360 1361 1361 1362 Woody, burnt
V16 3-Hydroxy-methyl hexanoate A,B,C,D 31.62 1398 1397 1397 1398 - Fruity
V17 Bornyl acetate A,B,C,D 32.57 1419 1418 1418 1419 1421 Sweet, fruity, pineapple
V18 Ethyl decanoate A,B,C,D 33.48 1439 1438 1439 1439 1437 Grape, pear
V19 Bornyl butyrate A,B,C,D 36.75 1511 1511 1511 1511 1512 Herb
γ A, commercial; B, CD-VMD; C, OD(POM)-CD-VMD; and D, OD(POM-Ch)-CD-VMD;
†RT, retention time;
¥Exp., experimental; UMH, The UMH research group (Universidad Miguel Hernández) has created their own library of standards to have proper retention indexes for the
identification of the volatile compounds found in different food matrixes. All 19 compounds found in the dehydrated pomegranate arils have been identified by using
Sigma-Aldrich (Merk KGaA, Darmstadt, Germany) standards;
¶References (Merck KGaA, 2018).

Statistical analysis
One-factor (samples) analysis of variance was performed using

StatGraphics Plus 5.0 software (Manugistics, Inc, Rockville, MD)
and post hoc mean separation was conducted using Tukey’s multi-
ple range test. Consumers’ data and its relationship with descriptive
and volatile composition were analyzed using XLSTAT Premium
2016 (Addingsoft, Barcelona, Spain). Partial least-square regres-
sion (PLS) analysis was carried out to study the relationship of the
volatile composition and the descriptive analysis (x: independent
variables) with the overall liking data (y: dependent variable). Also,
penalty analysis was conducted to provide extra information about
the possible improvements of some samples.

Results and Discussion

Volatile composition
A total of 19 compounds were identified in the dried arils sam-

ples. Table 1 shows the retention indexes used for the identification
of compounds, retention time, and the main sensory descriptors
of each compound. The five most abundant volatile compounds
(content above 3%) found in sample A (the commercial sam-
ple) were: furfural (59.9%), 5-(hydroxymethyl)-2-furfural (7.84%),
linalool (7.65%), 5-methyl furfural (7.64%), and 3-hydroxy-methyl
hexanoate (3.06%; Table 2). The three main compounds belonged
to the furan derivatives family, similar as the ones reported in previ-
ous studies conducted with dried fruits such as raisins, dried plums,
dried pineapple, and dried banana (Fromberg, Mariotti, Pedreschi,
Fagt, & Granby, 2014). Furfural and 5-methyl furfural (also present,
but in lower concentrations, in samples B–D) have been associ-
ated with smoky, woody, burnt, and caramel flavor notes, being
undesirable attributes in fresh fruit products when the concen-
tration is high (Merck KGaA, 2018). However, the compound
5-(hydroxymethyl)-2-furfural was present in samples B–D in
significantly higher concentrations than in sample A, which can
also limit their consumer’s acceptance. In general, furan com-
pounds can come from a variety of precursors including ascorbic

acid, amino acids, and carbohydrates trough the Maillard reac-
tion (van Boekel, 2006), and might be indicators of an incorrect
processing or uncontrolled drying conditions.

Although the compounds found in the different samples
were the same, their relative amount varied among samples. 5-
(Hydroxymethyl)-2-furfural was the predominant compound in
the optimized dehydrated pomegranate arils (samples B–D). But
the new developed samples highlighted by having less furfural and
higher relative amounts of esters such as 3-hydroxymethyl hex-
anoate (fruity) or ethyl decanoate (grape, pear), and terpenes such
as linalool (lemon, orange, sweet; sample C) or α-thujene (almond,
apple, grape; samples B and D). These volatile compounds have
been previously found in pomegranate juices (Cano-Lamadrid
et al., 2018). The volatile profile of the juices included aldehydes
(such as the compounds also found in the present study: hexanal
and nonanal), esters (bornyl acetate, ethyl decanoate, and bornyl
butyrate), aliphatic alcohols (1-hexanol), monoterpenes (α- thu-
jene), and monoterpenoids (linalool and limonene). In accordance
with other authors, our findings confirmed that combined drying
techniques such as convective predrying with vacuum microwave
finish drying (sample B–D) seemed to retain a higher content
of the original product volatile compounds if compared with
traditional (for example, convective drying) and modern tech-
niques (for example, combined drying method) applied as single
treatments.

Descriptive sensory analysis
Table 3 shows the significant differences found in the main

sensory descriptors among samples. Off-flavors were evaluated
because previous studies reported that drying of pomegranate
might led to a significant increase on the intensity of off-flavors
(Caĺın-Sánchez et al., 2013). However, just the commercial sam-
ple evaluated in the present study (sample A) presented a slight
intensity of off-flavors. This undesirable flavor might have come
from furfural (>50% of total volatile compounds), which sensory
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Table 2–Volatile compounds (percentage of total area) in each analyzed sample.

Content (%)γ

No. Compounds ANOVA† A B C D

V1 Hexanal ∗∗ 1.08 a 0.50 b 0.80 ab 0.27 b
V2 2,3-butanediol ∗∗ 0.66 a 0.25 cab 0.00 b 0.07 b
V3 Furfural ∗∗∗ 59.9 a 2.56 d 24.2 b 16.8 c
V4 1-hexanol ∗∗∗ 0.27 a 0.00 b 0.39 a 0.00 b
V5 Furfuryl alcohol ∗∗∗ 0.85 a 1.15 a 0.29 b 1.65 a
V6 5-Methyl-2(3H)-furanone ∗∗ 1.90 a 0.73 b 0.17 c 0.24 c
V7 α-Thujene ∗∗∗ 0.91 c 24.8 a 0.08 c 15.4 b
V8 2-Acetylfuran ∗∗∗ 1.90 a 0.00 c 1.15 a 0.52 b
V9 Ethyl hexanoate + Benzaldehyde ∗∗∗ 1.36 b 2.11 a 1.16 b 0.47 c
V10 5-Methyl furfural ∗∗∗ 7.64 a 0.13 c 2.27 b 0.90 c
V11 Linalool ∗∗∗ 7.65 a 4.10 b 8.16 a 1.33 c
V12 Limonene ∗∗∗ 2.89 a 1.39 b 1.38 b 0.56 c
V13 Nonanal ∗∗∗ 0.48 c 2.18 a 2.79 a 1.56 b
V14 2-Phenylethyl alcohol ∗∗∗ 0.54 a 0.79 a 0.00 b 0.47 a
V15 5-(Mydroxymethyl)-2-furfural ∗∗∗ 7.84 b 37.1 a 39.3 a 31.8 a
V16 3-Hydroxy-methyl hexanoate ∗∗∗ 3.06 b 12.6 a 10.9 a 12.4 a
V17 Bornyl acetate ∗∗∗ 0.25 c 1.56 a 1.45 a 0.84 b
V18 Ethyl decanoate ∗∗∗ 0.34 d 5.46 b 2.89 c 11.3 a
V19 Bornyl butyrate ∗∗∗ 0.49 b 2.69 a 2.59 a 3.33 a

†NS, not significant at P < 0.05;
∗, ∗∗, and ∗∗∗ significant at P < 0.05, 0.01, and 0.001, respectively; Values (mean of 3 replications) followed by the same letter, within the same row, were not significantly different
(P < 0.05), according to Tukey’s least significant difference test;
γ A, commercial; B, CD-VMD; C, OD(POM)-CD-VMD; and D, OD(POM-Ch)-CD-VMD.

Table 3–Descriptive sensory attributes of pomegranate dehydrated arils (A, B, C, and D).

Attributes ANOVA† Aγ B C D

Appearance
Brightness ∗∗∗ 0.0 c 0.6 bc 1.7 a 1.1 a
Color uniformity ∗∗∗ 6.7 b 5.5 b 8.0 a 9.0 a
Size uniformity ∗∗∗ 4.3 c 7.0 b 9.0 a 9.0 a

Basic taste
Sweetness ∗∗ 3.0 c 7.3 a 6.1 b 6.1 b
Sourness ∗∗∗ 2.9 a 0.5 b 3.2 a 2.6 a
Bitterness ∗ 0.5 ab 0.2 b 0.4 b 1.3 a
Astringent ∗ 0.4 a 0.0 b 0.2 b 0.6 a

Flavor
Pomegranate ID ∗∗ 0.6 b 2.0 ab 2.9 a 3.1 a
Chokeberry ID ∗∗ 0.0 b 0.0 b 0.0 b 1.5 a
Apple ID ∗∗∗ 0.2 b 1.1 b 2.3 a 0.9 b
Fruity ∗∗∗ 0.3 b 3.9 a 4.3 a 4.5 a
Caramel ∗∗ 0.6 c 3.0 a 1.5 b 2.8 a
Citric NS 0.2 b 0.0 b 0.5 ab 1.0 a
Woody ∗∗ 0.7 a 0.0 b 0.0 b 0.0 b
Off-Flavor ∗∗ 0.7 a 0.0 b 0.0 b 0.0 b

Texture
Crispiness ∗∗∗ 9.0 a 1.3 c 6.2 b 5.3 b
Adhesiveness ∗∗∗ 1.9 b 5.0 a 5.4 a 4.6 a
Solubility ∗ 0.0 b 1.0 a 1.2 a 1.1 a
Seed hardness ∗∗∗ 9.0 a 2.4 b 2.8 b 2.1 b

†NS, not significant at P < 0.05;
∗, ∗∗, and ∗∗∗ significant at P < 0.05, 0.01, and 0.001, respectively; Values (mean of 3 replications) followed by the same letter, within the same row, were not significantly different
(P < 0.05), according to Tukey’s least significant difference test;
γ A, commercial; B, CD-VMD; C, OD(POM)-CD-VMD; and D, OD(POM-Ch)-CD-VMD.

descriptors are burnt, woody, and spicy aromas (Merck KGaA,
2018). Sample A was also characterized by slight woody notes
probably coming from the woody part of the aril (Mayuoni-
Kirshinbaum & Porat, 2014) and because of its general low aro-
matic intensity.

Sample B was characterized by having the highest sweetness
and lower acidity, as well as higher pomegranate ID, fruity, and
caramel notes than sample A. When osmotic dehydration pre-
treatment (OD) was used (samples C and D), the sensory pro-
file slightly changed; the OD treatment enriched the sensory

complexity of the “Mollar de Elche” dried arils using CD-VMFD
(fruity, sourness and pomegranate ID). Both C and D samples had
also higher sweetness and caramel notes than sample A, but lower
sweetness than B. Also, the sourness was high as compared to sam-
ple B, while the intensities of pomegranate ID and fruity notes
were the highest ones. The pretreatment with Wonderful cultivar
pomegranate juice (sample C), significantly increased apple ID.
Using pomegranate and chokeberry juices 1:1 during the OD
stage (sample D), significantly increased the bitterness, caramel,
chokeberry ID, and citric flavors.
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Table 4–Mean scores and ANOVA for color, appearance, flavor notes, basic taste, and overall liking for consumers.

Attribute ANOVA† Aγ B C D

Color ∗∗∗ 3.4 c 5.8 a 6.3 a 5.0 b
Homogeneity color ∗∗∗ 4.5 c 5.5 b 6.1 a 5.1 b
Appearance ∗∗∗ 3.5 c 5.6 ab 6.3 a 5.1 b
Fruity flavor ∗∗∗ 4.7 c 5.5 b 6.2 a 5.6 ab
Pomegranate flavor ∗∗∗ 4.2 c 4.9 b 5.7 a 5.3 ab
Sweet ∗∗∗ 4.3 b 5.6 a 5.9 a 5.6 a
Sour ∗∗∗ 4.6 b 5.4 a 5.6 a 5.3 a
Astringency ∗∗∗ 4.8 b 5.7 a 5.4 a 5.4 a
Adhesiveness ∗∗∗ 4.7 b 5.3 ab 5.7 a 4.9 b
Liking score ∗∗∗ 4.3 b 5.4 a 6.0 a 5.7 a

†NS, not significant at P < 0.05;
∗, ∗∗, and ∗∗∗, significant at P < 0.05, 0.01, and 0.001, respectively; Values (mean of 3 replications) followed by the same letter, within the same row, were not significantly different
(P < 0.05), according to Tukey’s least significant difference test;
γ A, commercial; B, CD-VMD; C, OD(POM)-CD-VMD; and D, OD(POM-Ch)-CD-VMD.

Figure 1–Partial least squares regression (PLS) of the volatile compounds (x) and consumers’ overall liking (Y) of the samples (square, samples;
unfilled circle unfilled, consumers; filled circle, volatile compounds¥). ¥V1, hexanal; V2, 2,3-butanediol; V3, furfural; V4, 1-hexanol; V5, furfuryl alcohol;
V6, 5-methyl-2(3H)-furanone; V7, α-thujene; V8, 2-acetylfuran; V9, ethyl hexanoate + benzaldehyde; V10, 5-methyl furfural; V11, linalool; V12,
limonene; V13, nonanal; V14, phenylethyl alcohol; V15, 5-(hydroxymethyl)-2-furfural; V16, 3-hydroxy-methyl hexanoate; V17, bornyl acetate; V18,
ethyl decanoate; V19, bornyl butyrate.

Appearance was improved by using the new developed drying
treatments (B–D), especially in last two samples, in which bright-
ness, color uniformity, and size uniformity were higher. Texture
attributes showed a relationship between crispiness and seed hard-
ness, being the highest values found in sample A; the high seed
hardness indicated that the commercial sample could be made with
Wonderful cultivar. Medium values of crispiness were also present
in samples C and D, and might be due to an outside crust devel-
opment because of the higher presence of sugars. Adhesiveness to
teeth (amount of product adhering on/in the teeth after mastica-
tion of product; reference material: sticky rice, intensity 2.0) was
higher in samples B–D, probably because of the difference in the
sugar content of the samples.

Consumer acceptability and driving sensory attributes
Once the volatile and sensory properties of the samples had been

characterized, the consumer study was conducted to determine the
drivers of linking for this kind of product, and therefore to provide
industry with relevant information to decide about processing
conditions.

Mean scores for liking of color, appearance, some flavor notes,
and overall liking of samples are shown in Table 4. In general

terms, sample C was the most liked by consumers (all evaluated
attributes received the highest scores), and sample A was the sig-
nificantly less liked. Appearance was better scored in samples B
and C, both characterized by having a 100% pomegranate com-
position; sample D was significantly less liked maybe because the
pomegranate:chokeberry juice used in the OD-pretreatment pro-
vided a less attractive color. Flavor attributes liking varied among
samples, for example, fruity flavor and pomegranate flavor were
less liked in sample A, but for all the evaluated attributes sample
C was the best scored.

PLS regression analysis was conducted to determine the drivers
of liking for dehydrated pomegranate arils (Caĺın-Sánchez et al.,
2011). Data are represented by two principal components and was
represented in two different maps to provide separate informa-
tion useful to link correlations mappings of consumers’ overall
liking with the 19 volatile compounds, and 19 descriptive at-
tributes using analytical techniques: CG–MS and descriptive sen-
sory techniques (Figure 1 and 2, respectively). Figure 1 shows
how the fist dimension (horizontal axis) divided the consumers
in two main groups, being the majority of consumers grouped
close to volatiles corresponding to the ester and terpenes fami-
lies (V16, V17, V13, and V7, among others). These compounds
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Figure 2–Partial least squares regression (PLS) of the descriptive sensory profile (X) and consumers’ overall liking (Y) of the samples (squares, samples;
unfilled circle, consumers; filled circle, descriptive attributes).

Figure 3–Penalty analysis of samples (sample code indicated on the top left of each figure; “too low intensity” indicated with “-”, and “too high intensity”
indicated with “+”).

were characterized by having fruity, pineapple, apple, grape,
and so on, descriptors. Knowing that consumers preferred this
aromatic composition could be useful to industry in predict-
ing liking of new products developed because of the process-
ing optimization. On the other side of the map, fewer con-
sumers were grouped close to 1-hexanol (V4: acidic, fruity) and
linalool (V11: lemon, orange, sweet), indicating that a possible
cluster of consumers could prefer these aromatics. A higher num-

ber of consumers could be used in future studies to favor the
possibility of segmenting different clusters. The volatile com-
pounds not acting as liking drivers were those belonging to
the furan family (furfural, 5-methyl furfural, 5-methyl-2(3H)-
furanone: V3, V10, and V6 respectively) coming from Maillard
reaction (van Boekel, 2006), probably because consumers did not
relate the descriptors associated to these compounds with fruit
derivatives.
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Figure 2 shows consumers’ overall liking and the relation-
ship with the different sensory descriptors. Regarding texture
attributes, adhesiveness and solubility were the main drivers of
liking, while seed hardness and crispiness seemed to be less liked.
Also, a higher brightness and size uniformity was positively valued
by consumers. Sweetness, fruity, and pomegranate ID were the
most liked flavors, probably because of reminding to the origi-
nal fresh fruit (Alcaraz-Mármol et al., 2015). On the contrary,
woody, chokeberry ID, astringency, bitterness and sourness were
not appreciated flavors by consumers. As expected, the off-flavor
was not among the liked attributes(Butler, 2018).

In general, consumers’ overall linking was positively linked with
specific volatile compounds and sensory descriptors: aldehydes,
esters, aliphatic alcohols and terpenes, and a higher intensity of
pomegranate ID, fruity, and sweet, respectively. These results
indicated that most of consumers would choose samples B–D.
Industry could use these liking drivers as quality indicators for
improving their commercial products. A small group of consumers
preferred different sensory attributes and volatile compounds
(for example, woody, off-favor, seed hardness, compounds
belonging to the furan family). Further studies with a higher
number of volunteers could be conducted to study different con-
sumer segments and adapt a diversity of products to consumers’
demands.

Penalty analysis
In addition to overall liking and liking of specific attributes,

some JAR questions were asked during the consumer study. For a
better understanding of the relationships between JAR scores and
consumers linking, penalty analysis was conducted (Narayanan,
Chinnasamy, Jin, & Clark, 2014). Figure 3 shows the proportion of
consumers’ opinion plots against the mean Penalty. The attributes
susceptible of improvement were those that had the greatest nega-
tive impact on the sample liking for at least 20% of consumers and
caused a drop of at least 1 point for liking.

Results of the penalty analysis indicated the clear need of
improvement of the commercial sample (A). Sample A needed im-
provement of its sourness because of the excessive intensity. It was
also shown that fruity, pomegranate ID, and sweetness needed to
be increased in this sample. Sample B (pomegranate arils after CD-
VFD) was penalized by presenting low intensities of fruity notes,
color homogeneity, and sourness. The pretreatment with osmod-
ehydration (sample C and D) improved the consumer acceptance
of dehydrated pomegranate arils, and results of the penalty analysis
indicated that just an increment on the color homogeneity and
sourness in sample D was needed. According to consumers, no
improvement was necessary in sample C.

Concluding Remarks
Results showed consumers’ opinion on the improvement of

the volatile profile and sensory quality of developed dehydrated
pomegranate arils if compared with a commercial product. The
study of consumers’ data and its relationship with analytical and
descriptive sensory data showed the main liking drivers: high es-
ters and low furan compounds content, high fruity and sweet
attributes, and low seed-hardness. Application of penalty analysis
showed that a possible improvement of the commercial prod-
ucts would be using ‘‘Mollar de Elche” cultivar and an osmotic
dehydration pretreatment using 100% concentrated ‘‘Wonderful”
pomegranate juice.
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Phytochemical composition of smoothies
combining pomegranate juice (Punica
granatum L) and Mediterranean minor crop
purées (Ficus carica, Cydonia oblonga, and
Ziziphus jujube)
Marina Cano-Lamadrid,a Paulina Nowicka,b Francisca Hernández,c

Angel A Carbonell-Barrachinaa and Aneta Wojdyłob*

Abstract

BACKGROUND: Daily intake of fruits and vegetables as suggested by the World Health Organization is lower than the
recommended dietary intake (RDI). A good option to increase the intake of fruit and vegetables is the consumption of smoothies.
This work evaluated the effect of adding fig, jujube or quince purée to pomegranate juice (cultivars ’Wonderful’ and ’Mollar de
Elche’) in preparing smoothies at two ratios of purée:juice (40:60 and 60:40) on the composition of minerals, sugars, organic
acids, vitamin C, antioxidant activity and polyphenols.

RESULTS: Smoothies composition was mainly affected by the addition of the fruit purée. Twenty-eight polyphenolic compounds
were found in the pomegranate smoothies (quadrupole time-of-flight liquid chromatography–mass spectrometry). The highest
total content of polyphenolic compounds (ultra-performance liquid chromatography with photodiode array and fluorescence
detection) was found in smoothies with quince purée, 501 mg 100 g−1 fresh weight (FW), followed by jujube and figs, with
374 and 320 mg 100 g−1 FW, respectively. Fig smoothies were rich in anthocyanins, while the jujube ones had high content of
flavonols and vitamin C; finally, the quince smoothies were rich in hydroxycinnamic acids.

CONCLUSION: A positive effect of the addition of minor crops (fig, jujube and quince) was observed on the nutritional and
functionality of the novel pomegranate smoothies. Moreover, the addition of jujube contributed to an enrichment of the final
smoothies in vitamin C and organic acids, while an increase of pectin content was found in fig and quince pomegranate based
smoothies. Therefore, the blend of minor Mediterranean crop purées with pomegranate juice to produce smoothies is a good
strategy to promote the consumption of these healthy but underutilized fruits.
© 2018 Society of Chemical Industry

Keywords: anthocyanins; quinces; figs; flavan-3-ols; flavonols; jujubes

INTRODUCTION
The World Health Organization suggested daily intake of fruits
and vegetables is lower than the recommended dietary intake
(RDI).1 The international recommendation for improving health
and preventing chronic diseases such as diabetes and obesity is
a minimum of 400 g of fruit and vegetables per day.2 Consumers
today are demanding new and healthy ready-to-eat products that
resemble their natural fresh raw materials.

A good option to benefit from the nutrients and bioactive
compounds responsible for healthy effects of fruits and veg-
etables is the consumption of smoothies containing carrot,3

broccoli, tomato,4 sour cherry,5 apple6 and Prunus fruits.7 A
’smoothie’, from the English word ’smooth’ (tender, creamy) is a
creamy drink (the texture is thick, similar to that of milkshakes)
made from blended fruit (purée) together with fruit juice, and
perhaps yoghurt or other dairy products and/or crushed ice
cubes.8

The southeastern part of Spain is one of the most intensively
Mediterranean agricultural areas, dominated by fruit orchards and
vegetables. Some of the minor crops from this area are fruits
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Figure 1. Antioxidant activity (ORAC method) as affected by smoothie formulation; see Table 1 for specific formulation.

with huge potential because of their healthy properties, such
as figs,9 jujubes10 and quinces;11,12 all of these fruits are rich in
bioactive compounds with high antioxidant capacity. Another
interesting fruit in this area is pomegranate (Punica granatum L.),
whose positive health effect is due to its unique bioactive profile.13

A blend of pomegranate juice with the purée from these minor
crops (figs, jujubes and quinces) seems a great opportunity to
promote these minor crops, which are disappearing from Spanish
farms due to their low consumption rates, and the lack of knowl-
edge by consumers of their health benefits.

Consequently, the aim of this study was to determine the
effect of minor Mediterranean crops (figs, jujubes or quinces)
on the quality and functional properties of smoothies based on
pomegranate juice, cultivars (cvs) ’Mollar de Elche’ and ’Won-
derful’. The parameters under study were: (i) physicochemical
parameters (color); (ii) chemical composition (minerals, sugars
and organic acids); (iii) phytochemical contents (vitamin C, antho-
cyanins, flavan-3-ols, flavonols, hydroxycinnamic acids and poly-
meric procyanidins); and (iv) antioxidant capacity (oxygen radical
absorbance capacity (ORAC) assay) (Fig. 1).

MATERIALS AND METHODS
Plant material and smoothie preparation
Pomegranate shrubs (Punica granatum L., cvs ’Mollar de
Elche’ and ’Wonderful’) were cultivated on a farm located in
Murcia (Spain) under regulated deficit irrigation (RDI).14–17

Pomegranate cvs ’Mollar de Elche’ and ’Wonderful’, figs (Ficus
carica, cv. ’Colar’), jujubes (Ziziphus jujube, cv. ’Grandes de Albat-
era’) and quinces (Cydonia oblonga, cv. ’Gigante de Vranja’)
were hand-harvested between mid-August and mid-October
2016 at a commercial maturity stage, and immediately posted
to Poland.

The different stages of the smoothie preparation process were:
(i) purée preparation; (ii) pomegranate juice preparation; and (iii)
obtaining of semi-products in appropriate proportions:

i Figs (F), jujubes (J) or quinces (Q) were peeled, ground and
heated at 80 ∘C in a Thermomix device (Vorwerk, Wupper-
tal, Germany); 10 mL rhubarb juice (prepared previously from
rhubarb plant) per 1 kg of fruit was added to prevent enzymatic
browning of the fruit. The particle size of the mixture was then
reduced in a blender (Symbio, Zelmer, Rzeszów, Poland) until a
thin purée was obtained. Then, the purées were cooled to room
temperature.

ii The pomegranate fruits (’Mollar de Elche’ (Mo) and ’Wonderful’
(W)) were cut into halves, and arils were manually separated
from the husk and ground in a Thermomix to obtain the
pomegranate juices.

iii Immediately after preparation, purée and juice samples were
mixed in proportions of 40/60 and 60/40, respectively, obtain-
ing 12 samples (Table 1). Then, the products were heated to
100 ∘C, placed in glass jars (130 mL) and pasteurized (10 min at
90 ∘C).

Physicochemical parameters
Titratable acidity (TA) was determined by titrating sample aliquots
using 0.1 mol L−1 NaOH to pH 8.1 using an automatic pH titration
system (Schott Titroline 7500 KF volumetric KF titrator, Mainz, Ger-
many) and results were expressed as grams of malic acid in 100 g.
Total soluble solids (TSS, ∘Brix) were measured using a refractome-
ter (PAL-88S; Atago Co., Tokyo, Japan). Color coordinates (L*, a*,
b*) were determined by reflectance measurement with a Color
Quest XE Hunter Lab colorimeter (Illuminant D65 and 10∘ observer
angle).

Chemical composition
Mineral content
Approximately 1 g of each smoothie (after appropriate homog-
enization) was digested using a START D medium microwave
digestion system (SK-10) with 8 mL concentrated HNO3 and 2 mL
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Table 1. Formulation of smoothies consisting of pomegranate juice
and figs, jujubes or quince purées

No. Codea Formulationb

1 F1Mo 40% F + 60% Mo
2 F1W 40% F + 60% W
3 F2Mo 60% F + 40% Mo
4 F2W 60% F + 40 %W
5 J1Mo 40% J + 60% Mo
6 J1W 40% J + 60% W
7 J2Mo 60% J + 40% Mo
8 J2W 60% J + 40% W
9 Q1Mo 40% Q + 60% Mo
10 Q1W 40% Q + 60% W
11 Q2Mo 60% Q + 40% Mo
12 Q2W 60% Q + 40% W

a Mo, ’Mollar de Elche’ pomegranate juice; W, ’Wonderful’
pomegranate juice; F, fig purée; J, jujube purée; Q, quince purée.
b The percentage of each component was expressed as weight (w/w).

H2O2 (30%). Determination of macronutrients (Ca, Mg and K) and
micronutrients (Zn) in the previously mineralized samples was per-
formed using a Unicam Solaar 969 atomic absorption–emission
spectrometer (Unicam Ltd, Cambridge, UK). All minerals were
analyzed using atomic absorption, except K, which was mea-
sured using atomic emission. Calibration curves were prepared
for the quantification of minerals and showed good linearity
(R2 ≥ 0.999).

Pectin and vitamin C content
Pectin content was analyzed according to the Morris method,
as previously described.7 Vitamin C was analyzed using
high-performance liquid chromatography (HPLC), as described by
Wojdyło et al.12

Sugar and organic acid content
Each sample was mixed with distilled water (50 mL) and boiled
for 30 min, then centrifuged at 20 000 × g for 10 min. The super-
natant was filtered using SEP-PAK C18 (1 g; Waters, Milford, MA,
USA). HPLC-ELSD (HPLC with evaporative light scattering detec-
tion) conditions used in the analysis of the sugars in smoothies
were the same as reported by Nowicka et al.7 Sugars were iden-
tified by comparison with the standards of fructose, sorbitol, glu-
cose and sucrose. Calibration curves were prepared in the range
0.5–5 mg mL−1 and linearity was good (R2 ≥ 0.9998).

HPLC-PDA (HPLC with photodiode array detector) conditions
used in the analysis of the organic acids in smoothies were
as reported by Nowicka et al.7 Organic acids were identified by
comparison with standards of oxalic, malic, citric, tartaric, quinic,
shikimic, succinic and formic acids. Calibration curves were pre-
pared in the range 0.05–0.5 mg mL−1 (R2 ≥ 0.9998).

Phytochemical composition and antioxidant capacity
Polyphenols and procyanidins
The extraction of polyphenols was conducted using the conditions
reported by Wojdyło et al.12 Compounds were identified using
fast liquid chromatography quadrupole time-of-flight mass spec-
trometry (LC-MS QToF) and quantified using ultra-performance
liquid chromatography with photodiode array and fluorescence

detection (UPLC-PDA-FL). The chromatographic conditions for the
identification and quantification of anthocyanin, flavan-3-ols,
flavonol and hydroxycinnamic acids have been previously
reported by Wojdyło et al.18 The analysis of polymeric procyani-
dins by the phloroglucinol method was performed according to
the protocol described previously by Kennedy and Jones.19

ORAC assay
Extraction of compounds with antioxidant activity was conducted
according to a previous study.9 The ORAC assay was prepared as
described by Ou et al.20 and an RF-5301 PC spectrofluorometer
(Shimadzu, Kyoto, Japan) was used.

Statistical analysis
A three-way analysis of variance (ANOVA) was performed using
StatGraphics Plus 5.0 software (Manugistics, Inc., Rockville, MD,
USA), and means were separated by Tukey’s multiple range test.
Instrumental parameters correlated with sensory descriptors were
used for establishing a principal component analysis (PCA) regres-
sion map using XLSTAT Premium 2016. All analyses were per-
formed in triplicate.

RESULTS AND DISCUSSION
Physicochemical parameters
Table 2 shows the main physicochemical parameters of the
smoothies under evaluation. TSS ranged between 14.5 and 18.6
∘Brix, the type of fruit purée being the only factor causing signif-
icantly differences (P < 0.001), with fig and quince purées leading
to the highest and lowest TSS values, 18.0 and 15.8 ∘Brix, respec-
tively. Results agreed with those of previous studies, showing
that TSS increased in the order quince < jujube < fig.21–23 pH and
TA ranges were 3.31–4.52 and 0.28–1.77 g malic acid 100 g−1,
respectively. Two factors – pomegranate cultivar and type of fruit
purée – significantly affected the pH and TA values (P < 0.01). The
use of pomegranate ’Wonderful’ resulted in reduced pH (3.47) and
increased TA (1.23 g malic acid 100 g−1) as compared to ’Mollar
de Elche’ fruits (4.09 and 0.53 g malic acid 100 g−1, respectively).
These experimental findings agreed with previous data for fresh
pomegranate fruits.24

Moreover, CIE L*a*b* color coordinates were significantly
affected by all factors under study (purée:juice ratio, pomegranate
cultivar and type of fruit purée). Taking into account that one
of the most valued quality parameters of pomegranate-based
products is the intensity of green–red coordinate (a*), all research
regarding the development of novel pomegranate products25–27

has focused on avoiding the loss of red color. Regarding color,
the most important conclusion in the current study was that
the combination leading to the most intense red color of the
smoothies was that consisting of 60% pomegranate juice from cv.
’Wonderful’ combined with quince purée.

Chemical composition
Minerals
Calcium (Ca), magnesium (Mg), and zinc (Zn) were mainly affected
by the fruit purée (Table 3). An enrichment of Ca content was
noted in smoothies prepared using figs (mean value 13.8 mg
100 g−1 FW). Results agreed with the values of the United States
Department of Agriculture (USDA) database, which indicates that
figs present higher Ca content (35 mg 100 g−1) than jujubes and
quinces (21 and 11 mg 100 g−1, respectively).28 Regarding Mg and
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Table 2. Physicochemical parameters (total soluble solids, TSS (∘Brix); pH; titratable acidity, TA (g malic acid 100 g−1); and instrumental color) of the
smoothies under analysis

CIE L*a*b* coordinates

Sample TSS (∘Brix) pH TA (g malic acid 100 g−1) L* a* b*

F1Mo 17.6 4.51 0.66 36.1 8.12 5.30
F1W 18.1 3.56 0.92 35.6 15.3 3.85
F2Mo 17.8 4.52 0.28 36.3 8.39 6.39
F2W 18.6 3.62 1.77 35.6 12.8 4.82
J1Mo 16.4 4.06 0.35 47.3 8.56 9.20
J1W 17.4 3.40 0.97 42.7 19.0 4.58
J2Mo 16.9 4.18 0.35 51.4 7.26 12.7
J2W 18.1 3.57 1.72 45.6 16.4 7.09
Q1Mo 16.4 3.70 0.44 50.8 14.9 6.70
Q1W 16.9 3.31 1.04 45.1 24.3 2.71
Q2Mo 14.5 3.58 1.07 55.8 13.4 8.54
Q2W 15.5 3.38 0.98 51.5 20.4 4.90
ANOVA testa

Purée:juice ratio NS NS NS NS * *
Pomegranate cultivar NS ** ** NS ** **
Purée fruit ** ** NS *** ** **
Tukey’s multiple range testb

Purée:juice ratio (%, w/w)
40:60 17.1 3.76 0.73 42.9 15.0a 5.39b
60:40 16.9 3.80 1.03 46.0 13.1b 7.41a
Pomegranate cultivar
’Mollar de Elche’ 16.6 4.09a 0.53b 46.3 10.1b 8.13a
’Wonderful’ 17.4 3.47b 1.23a 42.7 18.3a 4.66b
Purée fruit
Fig 18.0a 4.05a 0.91 35.9c 11.2b 5.09b
Jujube 17.2a 3.80b 0.85 46.8b 12.8b 8.39a
Quince 15.8b 3.49b 0.88 50.8a 18.3a 5.71b

a NS, not significant at P < 0.05; asterisks indicate significance at *P < 0.05, **P < 0.01 and ***P < 0.001.
b Values (mean of three replications) followed by the same letter, within the same factor (purée:juice ratio, pomegranate cultivar and purée fruit), were
not significantly different (P < 0.05), according to Tukey’s least significant difference test.

Zn, the highest contents were obtained when using quince purée.
A previous study indicated the lower content of Mg and Zn in figs
than jujube.29

On the other hand, the content of the predominant mineral,
potassium (K), was affected by all three studied factors (Table 3).
The amount of K was higher in smoothies with 60% purée (191 mg
100 g−1), with ’Wonderful’ pomegranate juice (205 mg 100 g−1)
and with fig purée (197 mg 100 g−1).

Pectin and vitamin C
Pectin – soluble dietary fiber – has been associated with
anti-cancer activity and with a reduction of cholesterol and
serum glucose.30 Pectin content increased when using the high-
est content of fruit purée, as previously concluded by Nowicka
et al.7 On the other hand, the use of jujube purée led to the lowest
pectin content (0.39 g 100 g−1). Thus the use of both fig and quince
purées would be a good option for consumers with diabetes and
obesity. Moreover, pectin presents good techno-functional prop-
erties contributing to proper texture of the smoothies by the
reaction of certain water-soluble pectic substances with Ca to
form calcium pectates.

With respect to vitamin C, the results indicated a higher con-
tent when using a purée:juice ratio of 60:40. But the most relevant

factor controlling the vitamin C content of smoothies was the type
of purée fruit, with jujubes leading to the highest content: 190 mg
100 g−1 FW. This value is equivalent to more than three times the
dietary reference value (DRV; 60 mg d−1).31 This experimental find-
ing is based on the high vitamin C content of jujubes (387–555 mg
100 g−1 FW).32

Sugars
Four sugars (fructose, sorbitol, glucose and sucrose) were identi-
fied and quantified in the smoothies under evaluation (Table 4).
A significant increase (P < 0.05) of all mentioned sugars was
observed when the purée:juice ratio was 60:40; i.e. the higher
the content of the fruit purée, the higher was the vitamin C
content. Using ’Mollar de Elche’ pomegranates significantly
increased the content of fructose and glucose, which agreed
with previous data.24 The glucose:fructose ratio indicated previ-
ously for pomegranate juice (0.80–0.95) was maintained in the
pomegranate-based smoothies (mean value: 0.85).13

According to previous studies,11 the use of quince purée
enriched the smoothies in fructose; this is important because
fructose has a strong sweetening power (1.2–1.5 times that
of sucrose). Moreover, sorbitol (a non-nutritive polyol) was
found only in the quince-based smoothies. Although functional
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Table 3. Mineral elements, pectin, and vitamin C contents in the smoothies under analysis

Minerals Pectin Vitamin C

Ca Mg K Zn

Sample (mg 100 g−1 FW) (g 100 g−1 FW) (mg 100 g−1 FW)

F1Mo 12.2 3.73 174 0.08 1.08 1.02
F1W 12.7 6.26 205 0.14 1.08 1.66
F2Mo 13.8 4.06 175 0.08 1.21 1.18
F2W 17.6 9.76 235 0.18 1.11 1.18
J1Mo 3.36 5.84 149 0.22 0.06 148
J1W 8.59 9.53 199 0.22 0.55 157
J2Mo 8.33 9.60 170 0.22 0.23 230
J2W 8.47 6.73 193 0.15 0.70 223
Q1Mo 3.33 8.59 166 0.14 0.88 1.02
Q1W 7.59 7.62 187 0.22 1.31 1.01
Q2Mo 4.87 12.2 166 0.24 1.19 0.70
Q2W 6.02 14.6 209 0.22 1.33 1.06
ANOVA testa

Purée:juice ratio NS NS * NS * **
Pom. cultivar NS NS *** NS NS NS
Purée fruit *** ** * *** ** ***
Tukey’s multiple range testb

Ratio purée: juice (%:%, w:w)
Ratio 40:60 7.96 6.93 180b 0.17 0.83b 51.6b
Ratio 60:40 9.67 9.49 191a 0.18 0.96a 79.2a
Pomegranate cultivar
’Mollar de Elche’ 7.46 7.33 167 b 0.16 0.90 63.7
’Wonderful’ 10.2 9.09 205 a 0.19 1.01 64.2
Purée fruit
Fig 13.8a 5.95b 197a 0.12b 1.12a 1.26b
Jujube 7.19b 7.92ab 178b 0.20a 0.39b 190a
Quince 5.45b 10.8a 182ab 0.21a 1.18a 0.95b

a NS, not significant at P < 0.05; asterisks indicate significance at *P < 0.05, **P < 0.01 and ***P < 0.001.
b Values (mean of three replications) followed by the same letter, within the same factor (purée:juice ratio, pomegranate cultivar and purée fruit), were
not significantly different (P < 0.05), according to Tukey’s least significant difference test.

gastrointestinal problems can appear in fructose malabsorption
and sorbitol-intolerant consumers, the content of these two
sugars did not reach critical values, and were always well below
the thresholds established in previous studies reporting severe
symptoms after sugar intake (25 and 5 g, respectively).33 On the
other hand, fig and jujube purées increased the content of glucose
and sucrose, respectively.

Organic acids
Eight organic acids were identified and quantified in the smoothie
samples: oxalic, malic, citric, tartaric, quinic, shikimic, succinic and
formic acids (Table 4). The occurrence of different organic acids will
significantly influence the fruits’ color (depending on pH) and their
taste, through the sugar:organic acid ratio.34

The factor with the most important influence on the organic
acid profile was the type of fruit used to prepare the purées; also
the pomegranate cultivar affected the content of two acids. The
use of jujube led to the highest content of citric, tartaric, shikimic
and formic acids, while quince led to high content of oxalic
and quinic acids. The most relevant effect of the pomegranate
cultivar was that the use of ’Wonderful’ fruits significantly
increased the content of tartaric acid, as previously shown in fresh
fruits.35

Regarding the antinutrient character of some organic acids, it is
worth mentioning that phytic acid was not found in any of the
smoothies under analysis; this acid has strong chelating ability
associated with cations such as Ca2+ and Mg2+.36 Moreover, oxalic
acid, which inhibits the mineral bioavailability and forms calcium
oxalates in urinary stones,37 was found in all samples but in low
quantities (0.06–0.18 g 100 g−1 FW), none presenting antinutrient
activity.

Identification and quantification of phenolic compounds
Anthocyanins (ACNs)
Table 5 shows the identification and quantification of ACNs (five
compounds): delphinidin-3,5-di-O-glucoside (A1; [M−H]− at
m/z = 627.16; MS/MS fragment at m/z = 303.06, and retention
time, Rt = 2.68 min); cyanidin-3,5-di-O-glucoside (A2; 611.17;
287.06; 3.20 min); delphinidin-3-O-glucoside (A3; 465.11; 303.06;
3.77 min); cyanidin-3-O-glucoside (A4; 449.11; 287.06; 4.26 min);
and pelargonidin-3-O-glucoside; (A5; 433.11; 271.06; 4.73 min).

Previously, ACN profiles were studied in smoothies based on
berry fruits, such as blackcurrant, cranberry and chokeberry
(representing 9–45% of total polyphenolic content)38 and based
on Prunus fruits, such as peach, apricot and plum (representing
0–26% of total polyphenolic content).7 In the smoothies under
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Table 4. Sugar and organic acid content in the smoothies under analysis

Sugars Organic acids

Fructose Sorbitol Glucose Sucrose Oxalic Malic Citric Tartaric Quinic Shikimic Succinic Formic

Sample (g 100 g−1 FW)

F1Mo 3.87 nd 5.28 nd 0.06 nd 0.08 0.30 0.88 nd 0.07 0.33
F1W 4.30 nd 6.48 nd 0.06 nd 0.07 1.56 0.66 nd 0.05 0.24
F2Mo 7.38 nd 9.66 nd 0.06 nd 0.10 0.33 0.87 nd 0.07 0.36
F2W 3.84 nd 6.04 nd 0.06 nd 0.08 1.34 0.74 nd 0.07 0.24
J1Mo 3.92 nd 5.02 0.42 0.08 0.01 0.14 0.36 0.79 0.02 0.01 0.37
J1W 3.08 nd 4.85 0.28 0.06 0.01 0.17 1.66 0.65 0.03 0.01 0.23
J2Mo 5.35 nd 7.49 0.89 0.06 0.01 0.20 0.52 0.77 0.04 0.01 0.38
J2W 3.83 nd 5.79 0.68 0.05 0.01 0.20 1.48 0.69 0.03 0.01 0.27
Q1Mo 5.56 0.36 5.95 0.00 0.14 0.01 nd 0.11 1.11 nd 0.01 nd
Q1W 3.71 0.45 3.85 0.04 0.14 0.01 nd 1.31 0.95 nd 0.01 nd
Q2Mo 7.96 0.62 3.41 0.00 0.18 0.01 nd 0.09 1.38 nd 0.02 nd
Q2W 8.32 0.67 7.73 0.09 0.18 0.01 nd 0.89 1.14 nd 0.01 nd
ANOVA testa

Purée:juice ratio ** * ** * NS NS NS NS NS NS NS NS
Pom. cultivar * NS * NS NS NS NS *** NS NS NS ***
Purée fruit *** *** ** ** *** *** *** * *** *** *** ***
Tukey’s multiple range testb

Purée:juice ratio (%, w/w)
Ratio 40:60 4.07b 0.41b 5.24b 0.19b 0.09 0.01 0.12 0.88 0.84 0.03 0.03 0.29
Ratio 60:40 6.11a 0.65a 6.69a 0.42a 0.10 0.01 0.15 0.78 0.93 0.04 0.03 0.31
Pomegranate cultivar
’Mollar de Elche’ 5.67a 0.49 6.14a 0.33 0.10 0.01 0.13 0.29b 0.97 0.03 0.03 0.36a
’Wonderful’ 4.51b 0.56 5.79b 0.27 0.09 0.01 0.13 1.37a 0.81 0.03 0.03 0.25b
Purée fruit
Fig 4.85b 0.00b 6.87a 0.00b 0.06b 0.00b 0.08b 0.88ab 0.79b 0.00b 0.07a 0.29a
Jujube 4.05b 0.00b 5.79ab 0.57a 0.06b 0.01a 0.18a 1.01a 0.73b 0.03a 0.01b 0.31a
Quince 6.39a 0.41a 5.24b 0.03b 0.16a 0.01a 0.00c 0.60b 1.15a 0.00b 0.01b 0.00b

a NS, not significant at P < 0.05; asterisks indicate significance at *P < 0.05, **P < 0.01 and ***P < 0.001.
b Values (mean of 3 replications) followed by the same letter, within the same factor (ratio purée: juice, pomegranate cultivar, and purée fruit), were
not significantly different (P < 0.05), according to Tukey’s least significant difference test.

study, the content of total ACNs ranged from 2.20 mg 100 g−1

FW in the smoothie sample Q1Mo to 103 mg 100 g−1 FW in the
sample F1W. ACNs were significantly affected by the type of
fruit purée, with fig smoothies having the highest content in all
ACNs. In partial agreement with previous data,9 the compounds
delphinidin-3-O-glucoside (A3) and pelargonidin-3-O-glucoside
(A5) were only detected when fig purée was included in the
formulation. The current study is the first to state that ACNs
were found in quince- and jujube-based products.38 On the
other hand, the factor of pomegranate cultivar only affected
the content of two out of five ACNs, with ’Wonderful’ fruits
increasing the content of delphinidin-3,5-di-O-glucoside (A1) and
cyanidin-3,5-di-O-glucoside (A2). According to other authors,35

the ACNs identified are common compounds of pomegranate
juices and their pomegranate-based products, but with the
profiles being different for ’Mollar de Elche’ and ’Wonder-
ful’ fruits. Moreover, the purée:juice ratio of 40:60 increased
cyanidin-3,5-di-O-glucoside (A2), while the 60:40 ratio increased
delphinidin-3-O-glucoside (A3).

Several biological activities of the ACNs have been reported in in
vivo and in vitro studies: improvement of blood lipid metabolism,
prevention of the formation and development of atherosclerosis,
anti-inflammatory response, prevention of DNA damage, etc.39–41

It is worth mentioning, however, that a recent review42 indicated
that the chemical structure of ACNs, food matrix and the per-
sonal inter-individual changes in the microbiota influenced the
bio-accessibility and bio-availability of ACNs; thus the beneficial
health effects of ACNs not only depend on their content but also
on many other factors.

Values of a* were not directly correlated with ACN content but
were well correlated with the pH of the smoothies. These results
agreed with previous data,26 which indicated that the pH in a food
matrix is the main factor controlling the changes in ACN color.43

Flavonols (Fvs)
Table 5 shows the identification and quantification of Fvs
(11 compounds): quercetin-3-O-galactoside (Fv1; [M−H]−

at m/z = 601.06; MS/MS fragment at m/z = 463.16, and
Rt = 6.30 min); quercetin-3-O-rutinose (Fv2; 609.14; 300.03;
Rt = 6.60 min); quercetin-3-O-glusoside (Fv3; 433.17; 301.03;
6.84 min); kaempferol-3-O-galactoside (Fv4; 447; 284; 8.04 min);
kaempferol-3-O-rutinoside (Fv5; 593.15; 285.05; 7.32 min);
quercetin-3-O-rutinoside-7-O-hexoside (Fv6; 771; 301.02;
4.41 min); quercetin-3-O-rutinoside-7-O-pentoside (Fv7; 741.19;
301.02; 5.82 min); quercetin-3-O-robinobioside (Fv8; 609.14;
447.09/301.02; 7.02 min); kaempferol-3-O-deoxyhexoside-O-
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Table 5. Concentration of anthocyanins and flavonols (mg 100 g−1 FW) in the smoothies under analysis

Anthocyaninsa Flavonolsb

A1 A2 A3 A4 A5 Fv1 Fv2 Fv3 Fv4 Fv5 Fv6 Fv7 Fv8 Fv9 Fv10 Fv11

Sample (mg 100 g−1 FW) (mg 100 g−1 FW)

F1Mo 2.69 22.6 2.71 6.52 30.5 nd 1.72 14.4 Nd 0.74 nd nd nd nd 13.6 3.28
F1W 9.46 34.7 3.46 11.5 44.8 nd 1.87 17.9 Nd 0.79 nd nd nd nd 10.3 4.28
F2Mo nd 10.8 nd 9.42 55.7 nd 2.67 20.8 Nd 1.30 nd nd nd nd 19.7 4.58
F2W 11.3 23.8 0.38 6.96 13.1 nd 2.20 19.8 nd 1.26 nd nd nd nd 17.2 5.06
J1Mo nd 7.24 nd 3.63 nd 11.7 12.3 nd nd nd 0.97 5.35 2.62 11.2 nd nd
J1W 3.72 16.6 nd 2.64 nd 30.5 6.37 nd nd nd 1.46 5.41 2.17 9.54 nd nd
J2Mo nd nd nd 4.18 nd 42.4 9.02 nd nd nd nd 8.11 1.64 6.23 nd nd
J2W 5.06 11.3 nd 5.01 nd 41.4 8.63 nd nd nd 1.57 8.43 1.26 6.01 nd nd
Q1Mo nd nd nd 2.20 nd 3.52 16.6 12.5 0.62 0.74 nd nd nd nd nd nd
Q1W 7.46 18.5 nd 5.80 nd 3.58 16.6 11.4 0.77 1.02 nd nd nd nd nd nd
Q2Mo nd nd nd 2.68 nd 5.72 23.0 12.6 0.91 1.18 nd nd nd nd nd nd
Q2W 4.55 5.01 nd 3.24 nd 4.79 22.3 10.4 1.05 1.19 nd nd nd nd nd nd

ANOVA testc ANOVA testc

Purée:juice ratio NS *** ** NS NS ** NS NS NS NS NS ** NS * * NS
Pom. cultivar *** *** NS NS NS ** NS NS NS NS NS NS NS NS * NS
Purée fruit * *** *** ** ** *** *** *** *** *** * *** *** *** *** ***

Tukey’s multiple range testd Tukey’s multiple range testd

Purée:juice ratio (%, w:w)
Ratio 40:60 3.89 16.6a 1.03b 5.38 12.6 12.3b 9.24 14.1 0.70 0.82 1.22 5.38b 2.40 10.4a 12.0b 3.78
Ratio 60:40 3.49 8.49b 0.06a 5.24 11.5 23.6a 11.3 15.9 0.98 1.23 0.79 8.27a 1.45 6.12b 18.5a 4.82
Pomegranate cultivar
’Mollar de Elche’ 0.45b 6.77b 0.45 4.77 9.65 15.8b 9.66 15.1 0.77 0.99 0.49 6.73 2.13 8.72 16.7a 3.93
’Wonderful’ 6.93a 18.3a 0.64 5.86 14.4 20.1a 10.9 14.9 0.91 1.07 1.52 6.92 1.72 7.78 13.8b 4.67
Purée fruit
Fig 5.86a 22.9a 1.64a 8.60a 36.0a 0.00c 2.12c 18.2a 0.00b 1.02a 0.00b 0.00b 0.00b 0.00b 15.2a 4.03a
Jujube 2.20b 8.79b 0.00b 3.86b 0.00b 31.5a 9.08b 0.00c 0.00b 0.00b 1.00a 6.83a 1.92a 8.25a 0.00b 0.00b
Quince 3.00ab 5.88b 0.00b 3.48b 0.00b 4.40b 19.6a 11.7b 0.84a 1.03a 0.00b 0.00b 0.00b 0.00b 0.00b 0.00b

a A1, delphinidin-3,5-di-O-glucoside; A2, cyanidin-3,5-di-O-glucoside; A3, delphinidin-3-O-glucoside; A4: cyanidin-3-O-glucoside; A5, pelargonidin-
3-O-glucoside.
b Fv1, quercetin-3-O-galactoside; Fv2, quercetin-3-O-rutinose; Fv3, quercetin-3-O-glusoside; Fv4, kaempferol-3-O-galactoside; Fv5, kaempferol-
3-O-rutinoside; Fv6, quercetin-3-O-rutinoside-7-O-hexoside; Fv7, quercetin-3-O-rutinoside-7-O-pentoside; Fv8, quercetin-3-O-robinobioside; Fv9,
kaempferol-3-O-deoxyhexoside-O-pentoside; Fv10, quercetin-3-O-malonyl-glucoside; Fv11, apigenin-hexoside-pentoside.
c Asterisks indicate significance at *P < 0.05, **P < 0.01 and ***P < 0.001.
d Values (mean of two replicates) followed by the same letter, within the same factor, were not significantly different (P < 0.05), according to Tukey’s
least significant difference test.

pentoside (Fv9; 725.12; 593.9/447.9; 6.48 min); quercetin-3-
O-malonyl-glucoside (Fv10; 549.13; 505.10/463.01/301.03;
7.48 min); and apigenin-hexoside-pentoside (Fv11; 563.14;
503.01/473.11/443.09/383.07/269.05; 5.98 min).

In a previous study, the Fv profile was analyzed in smoothies
based on different fruits, such as Prunus (ranging between 25 and
97 mg 100 g−1).7 The total Fv content of the current smoothies
ranged from 33.4 mg 100 g−1 in sample Q1W to 67.4 mg 100 g−1

in the sample J2Mo. The profile of Fv content was significantly
affected by the type of fruit purée. The only compound detected
in all samples was quercetin-3-O-rutinose (Fv2), the highest value
being found in the quince smoothies (mean value of 19.6 mg
100 g−1), followed by the jujube and fig samples, with values of
9.08 and 2.12 mg 100 g−1, respectively. The presence of certain Fvs
can be used as an indicator of the type of fruit used in the purée;
the compounds Fv6, Fv7, Fv8 and Fv9 were specific to jujube, while
Fv10 and Fv11 were specific to fig, and finally Fv4 was specific to

quince. The reported results for the smoothies agreed quite well
for the profiles of the fresh fruits (jujubes, figs and quinces).9,12,32

On the other hand, the factor pomegranate cultivar only affected
the content of 2 out of 11 Fvs, with ’Wonderful’ juice increasing the
content of Fv1, and ’Mollar de Elche’ that of Fv10. Finally, a higher
content of the fruit purée (60:40 ratio) increased the content of
Fv1, Fv7 and Fv10. Probably, the changes were due to different pH
values in the final product.

The importance of the different flavonol profiles in the described
smoothies is that they can affect their functionality. For instance,
quercetin-3-O-rutinose (Fv2) is used in the treatment of various
human disorders, such as diabetes mellitus, cancer insurgence,
oxidative stress and cardiovascular disorders.44

Flavan-3-ols (F3os)
Table 6 shows the identification and quantification of F3os (seven
compounds): procyanidin B1, PB1 ([M−H]− at m/z = 577; MS/MS
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Table 6. Concentrations of flavan-3-ols and hydroxycinnamic acids in the analyzed products

Flavan-3-olsa Hydroxycinnamic acidsb

C PB1 E PB2 P3 P4 PP NCh 4op Ch 4cq cq Dcq

Sample (mg 100 g−1 FW) (g 100 g−1 FW) (mg 100 g−1 FW)

F1Mo 49.7 nd 128 nd nd nd 1.40 nd nd 2.23 nd nd nd
F1W 33.4 nd 154 nd nd nd 1.36 nd nd 1.52 nd nd nd
F2Mo 26.8 nd 194 nd nd nd 1.80 nd nd 1.35 nd nd nd
F2W 29.4 nd 194 nd nd nd 1.85 nd nd 1.38 nd nd nd
J1Mo 96.0 51.0 nd 23.8 43.0 8.28 28.8 nd nd nd nd nd nd
J1W 93.5 70.4 nd 41.1 71.2 7.36 28.8 nd nd nd nd nd nd
J2Mo 162 115 nd 27.3 34.7 9.86 34.8 nd nd nd nd nd nd
J2W 199 72.7 nd 34.6 32.8 7.87 38.2 nd nd nd nd nd nd
Q1Mo 31.7 192 nd nd nd nd 36.1 53.5 3.63 89.1 3.35 1.92 6.27
Q1W 32.4 192 nd nd nd nd 38.7 60.3 3.93 98.6 3.83 2.31 7.20
Q2Mo 22.7 279 nd nd nd nd 50.6 88.5 2.94 108 1.80 1.41 6.36
Q2W 52.2 258 nd nd nd nd 49.3 82.2 3.72 105 1.66 1.82 6.16

ANOVA testc ANOVA testc

Purée:juice ratio * * * NS NS NS * * NS * * NS NS
Pom. cultivar NS NS NS * * NS NS NS NS NS NS NS NS
Purée fruit ** *** *** *** *** *** *** *** *** *** *** *** ***

Tukey’s multiple range testd Tukey’s multiple range testd

Purée:juice ratio (%, w/w)
Ratio 40:60 56.1b 126b 141b 32.5 57.1 7.82 22.5b 56.9b 3.78 47.9b 3.59a 2.12 6.74
Ratio 60:40 82.0a 181a 194a 31.0 33.8 8.87 29.4a 85.4a 3.33 53.9a 1.73b 1.62 6.26
Pomegranate cultivar
’Mollar de Elche’ 64.8 159 161 25.6b 38.9b 9.07 25.6 71.0 3.29 50.2 2.58 1.67 6.32
’Wonderful’ 73.3 148 174 37.9a 52.0a 7.62 26.4 71.3 3.83 51.6 2.75 2.07 6.68
Purée fruit
Fig 34.8b 0.00c 168a 0.00b 0.00b 0.00b 1.60c 0.00b 0.00b 1.62b 0.00b 0.00b 0.00b
Jujube 138a 77.3b 0.00b 31.7a 45.4a 8.34a 32.7b 0.00b 0.00b 0.00c 0.00b 0.00b 0.00b
Quince 34.8b 230a 0.00b 0.00b 0.00b 0.00b 43.7a 71.1a 3.56a 100a 2.66a 1.87a 6.50a

a C, (+) catechin; PB1, procyanidin B1; E, (−)-epicatechin; PB2, procyanidin B2; 3, procyanidin trimer; P4, procyanidin tetramer; PP, polymeric
procyanidins.
b NCh, neochlorogenic acid (3-O-caffeoylquinic cid); 4op, 4-O-p-coumaroylquinic acid; Ch, chlorogenic acid (5-O-caffeoylquinic acid); 4cq, cryp-
tochlorogenic acid (4-O-caffeoylquinic acid); Cq, caffeoylquinic acid; Dcq, 3,5-dicaffeoylquinic acid.
c Asterisks indicate significance at *P < 0.05, **P < 0.01 and ***P < 0.001.
d Values (mean of two replicates) followed by the same letter, within the same row, were not significantly different (P < 0.05), according to Tukey’s least
significant difference test.

fragment at m/z = 289, and Rt = 3.41 min), (+)-catechin, C (289.07;
3.27 min), (−)-epicatechin, E (289.07; 4.79 min), procyanidin B2,
PB2 (577.13; 289.19; 3.50 min), procyanidin trimer, P3 (865.19;
577.13/289.07; 3.73/5.89 min), procyanidin tetramer, P4 (1153.26;
577.13/289.07; 4.16 min). In particular, the catechins have been
well established in various in vitro and in vivo systems as poten-
tial agents against lipid peroxidation in low-density lipoprotein
(LDL).45

The content of all F3os was significantly affected by purée fruit.
Jujubes were the fruits leading to the highest total content of F3os,
and the main compound in these fruits was (+)-catechin, at 138 mg
100 g−1. On the other hand, quinces and figs contributed to high
content of procyanidin B1 and (−)-epicatechin, with content of
230 and 168 mg 100 g−1, respectively. Previously, (+)-catechin and
(−)-epicatechin were the predominant F3os in smoothies based
on peach, apricot and plum.7 Only the compound (+)-catechin
was found in all smoothies. On the other hand, the presence of
certain F3os can be used as an indicator of the type of fruit used in

the purée; the compounds PB2, P3 and P4 were specific to jujube,
while the compound (−)-epicatechin was specific to figs.

Only the content of two compounds was affected by the
pomegranate cultivar, with ’Wonderful’ juice leading to the high-
est content of procyanidin B2 and procyanidin trimer, probably
the main reason the value of pH. The previously discussed result
for the smoothies agreed quite well with previous data for fresh
fruits (jujubes, figs and quinces).9,12,32

Additionally, the concentration of polymeric procyanidins (PP)
was also evaluated, and it represented the highest contribution to
the total content of the flavan-3-ols. This same trend was reported
in quinces,12,46 jujubes,32,47 and some fig cultivars.9 The content of
PP followed the order quince > jujube ≫ fig.

Hydroxycinnamic acids (HAs)
The last group of polyphenols identified by LC-MS analysis
was HAs (six compounds): neochlorogenic acid (NCh; [M−H]− at
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Figure 2. PCA scores plot showing the relationships among color coordinates, chemical composition, antioxidant capacity (ORAC) and phenolic profile of
the smoothies under study: (A) all smoothies; (B) fig smoothies; (C) jujube smoothies; and (D) quince smoothies. : color coordinates (L*, a*, b*); : sugar
profile (fructose, sorbitol, glucose, and sucrose) and organic acid profile (OA1, oxalic; OA2, malic; OA3, citric; OA4, tartaric; OA5, quinic; OA6, shikimic; OA7,
succinic; OA8, formic); : mineral content (Ca, Mg, K, Zn); : pectin and vitamin C content; : antioxidant capacity (ORAC assay) and phenolic compounds
(Σ ACNs, anthocyanins; Σ Fv, flavonols; Σ F3o, flavan-3-ols; Σ HAs, hydroxycinnamic acids).

m/z = 353.09; MS/MS fragment at m/z = 191.06 and Rt = 3.23 min),
chlorogenic acid (Ch; 353.10; 191.06; 4.14 min), cryptochlorogenic
acid (4qc; 353.10; 173.05; 4.42 min), caffeoylquinic acid (cq; 353.14;
137.01; 5.33 min), 3,5-dicaffeoylquinic acid (Dcq; 515; 353/136/182;
8.21 min) and, 4-O-p-coumaroylquinic acid (4op; 337; 173/136;
3.13 min) (Table 6).

The identified HAs were significantly affected by the factor
purée fruit. Quince smoothies contained all six compounds, with
fig samples having only chlorogenic acid, and jujube products
having no HAs at all;32 these profiles are supported by the profiles
of fresh quinces and figs.9,12 Although the absorption of HAs
when passing through the human digestive tract depends on the
esterase activity on intestine mucosa and the microflora,48 several
healthy properties were shown such as improvements in diabetes,
cardiovascular disease, obesity and cancer.49

Antioxidant capacity (AC)
The AC determined by the ORAC assay ranged from 1.75 to
6.48 mmol Trolox 100 g−1, with quince purée leading to the highest
values of AC (5.78 mmol Trolox 100 g−1) as compared to quince
and fig purées, at 2.61 and 2.34 mmol Trolox 100 g−1, respectively.
Pearson’s correlation coefficient showed that the ORAC values
were positively correlated with the total flavonol content (R = 0.77;
P-value < 0.01), flavan-3-ols without PP (R = 0.60; P-value < 0.05),
and vitamin C (R = 0.98; P-value < 0.001). No significant (P > 0.05)
correlation was observed among the ORAC values and the total
content of ANCs, PPs and HAcs. Moreover, it has been reported that
compounds from the flavan-3-ol and flavonol families presented

higher ORAC activity than those from other phenolic families, such
as anthocyanins and phenolic acids.50,51 Contrarily, these authors
concluded that vitamin C did not present ORAC activity.50 In
summary, it can be concluded that the ORAC activity of the assayed
smoothies was mainly linked to the flavan-3-ols and flavonols.

Principal component analysis (PCA)
For an easy visualization of all the studied variables of the different
smoothies (three factors: purée:juice ratio, pomegranate cultivar
and fruit purée), a PCA was run for all 12 smoothies (labelled in
the figures as 1–12) (Fig. 2A), and for each type of fruit purée: fig
(Fig. 2B), jujube (Fig. 2C) and quince (Fig. 2D).

Figure 2(A) shows that the first principal component (F1)
explained 37.36% of the total data variance in all smoothies
under evaluation, while the second principal component (F2)
explained 34.53% of the total variance. The addition of fig purée
to the pomegranate smoothies was positively linked with the
content of total anthocyanins, succinic acid, and Ca (negative
F1 and F2 coordinates). The addition of jujube purée to the
pomegranate smoothies was associated with the content of vita-
min C, flavonols and sucrose, as well as ORAC activity, and values
of the blue–yellow coordinate, b* (negative F1 and positive F2
coordinates). Finally, the addition of quince purée was linked to
the content of sorbitol, hydroxycinnamic acid, oxalic acid and
quinic acid, and values of the green–red coordinate, a* (positive
values of both F1 and F2 coordinates).

In Fig. 2(B–D), the F1 axis explained 51.61%, 46.14% and 51.44%
of the total data variance in the fig (samples 1–4), jujube (samples
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5–8) and quince (samples 9–12) smoothies, respectively; while the
axis F2 explained 31.16%, 42.31% and 33.51% of the total variance,
respectively.

Considering F1 as the dimension explaining the highest percent-
age of the differences among the samples, here are some com-
ments on the positioning of the samples as affected by the F1 axis:

• In the smoothies prepared with fig purée (Fig. 2B), the ’Mollar de
Elche’ samples (1 and 3) were positively correlated with the con-
tent of fructose, glucose and formic acid, while the ’Wonderful’
smoothies (samples 2 and 4) were associated with the content
of total anthocyanins, vitamin C and tartaric acid, as well as a*
values. On the other hand, and considering the F2 axis, the high-
est percentage of purée in the formulation (samples 3 and 4)
showed a positive correlation with the content of flavonols and
flavan-3-ols, while a higher percentage of pomegranate juice
was linked to higher values of the ORAC activity, and total con-
tent of anthocyanins and hydroxycinnamic acids.

• In the jujube smoothies (Fig. 2C), the use of juice of ’Wonderful’
pomegranates was linked to high values of the coordinate a*
and the total anthocyanin content, while the use of ’Mollar de
Elche’ fruits was related to high fructose and glucose content.
On the other hand, and considering the F2 axis, the highest
percentage of purée in the formulation (samples 7 and 8)
showed a positive correlation with the content of vitamin C,
flavonols and flavan-3-ols.

• Finally, Fig. 2(D) shows the main differences among smoothies
prepared with quince purée. The use of a higher percentage of
the quince purée, 60% (samples 11 and 12), was linked to high
content of total flavonols, flavan-3-ols and hydroxycinnamic
acids, and high values of both coordinates L* and b*. Also, the
use of ’Wonderful’ juice (samples 10 and 12) was linked again
to high values of the green–red coordinate, a*, and the total
content of anthocyanins.

CONCLUSIONS
A positive effect of the addition of minor crops (fig, jujube and
quince) was observed on the nutritional and functionality of
novel pomegranate smoothies. The antioxidant capacity of the
smoothies (ORAC assay) was mainly controlled by flavan-3-ol
and flavonols. Moreover, the addition of jujube contributed to
an enrichment of the final smoothies in vitamin C and organic
acids, while an increase of pectin content was found in fig and
quince pomegranate-based smoothies. On the other hand, the
most valued quality parameter of pomegranate products, red
color (a* coordinate), was not negatively affected at all, and even
it was improved in quince pomegranate-based smoothies and
when ’Wonderful’ pomegranate juice was used as compared to
the ’Mollar de Elche’ fruits. Therefore, after knowing the nutritional
and functional information of the developed products, it is worth
continuing research in this area to elucidate their sensory profiles,
their behavior during storage and their consumer acceptance.
Moreover, the blend of minor Mediterranean crop purées with
pomegranate juice to produce smoothies is a good strategy to pro-
mote the consumption of these healthy but underutilized fruits.
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13 Kalaycıoğlu Z and Bedia Erim F, Total phenolic contents, antioxidant
activities, and bioactive ingredients of juices from pomegranate
cultivars worldwide. Food Chem 221:496–507 (2017).

14 Cano-Lamadrid M, Girón IF, Pleite R, Burló F, Corell M, Moriana A et al.,
Quality attributes of table olives as affected by regulated deficit
irrigation. LWT – Food Sci Technol 62:19–26 (2015).

15 Cano-Lamadrid M, Hernández F, Corell M, Burló F, Legua P, Moriana
A et al., Antioxidant capacity, fatty acids profile, and descriptive
sensory analysis of table olives as affected by deficit irrigation. J Sci
Food Agric 97:444–451 (2016).

16 Carbonell-Barrachina ÁA, Memmi H, Noguera-Artiaga L, Gijón-López
MC, Ciapa R and Pérez-López D, Quality attributes of pistachio
nuts as affected by rootstock and deficit irrigation. J Sci Food Agric
95:2866–2873 (2015).

17 Noguera-Artiaga L, Lipan L, Vázquez-Araújo L, Barber X, Pérez-López
D and Carbonell-Barrachina ÁA, Opinion of Spanish consumers on
hydrosustainable pistachios. J Food Sci 81:S2559–S2565 (2016).

18 Wojdyło A, Nowicka P, Laskowski P and Oszmiański J, Evaluation of
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A B S T R A C T

Smoothies are an increasingly popular way of consuming fruits and the industry is focusing on the increment of
shelf life and the maintenance original color and the content of bioactive compounds. The aim of the present
study was to evaluate how formulation and storage conditions (6 months at 4 or 20 °C) of different pomegranate
smoothies affected on functional compounds. Phenolic compounds, antioxidant capacity (ABTS, FRAP) and color
of 12 different smoothies were studied. The study was completed evaluating the effect of ratio purée:juice (60:40
or 40:60), pomegranate cultivar (Mollar de Elche or Wonderful) and fruit purée (quince, jujube, or fig) on studied
smoothies. The smoothies before storage presented high values of total polyphenolic content (TPC): 247–314
mg/100 g fresh weight (fw), 2939–3920 mg/100 g fw, and 3809–5324 mg/100 g fw, in fig, jujube and quinces
pomegranate smoothies, respectively. A positive effect of the 40:60 ratio purée:juice, theWonderful pomegranate
juice storing at 4 °C was found on total polyphenolic content [sum of anthocyanins, flavanols, flavan-3-ols (as
monomeric and dimeric), polymeric procyanidins and phenolic acids] and quality of smoothies (a* coordinate)
being only a reduction of 30.1%, 13.1% and 9.5% in fig, jujube and quinces smoothies, respectively.

1. Introduction

In the last years, smoothies are an increasingly popular way of
consuming fruits. They are a non-alcoholic creamy drink made from
fruit purée and fruit juice (or less commonly vegetables), and optionally
ice, yoghurt and/or milk. Fruits and vegetables are rich in polyphenols,
which do not only play physiological roles in plants but also act as
antioxidants by donating a hydrogen atom or an electron to other
compounds, scavenging free radicals, quenching singlet oxygen, and
maintaining a balance between oxidants and antioxidants to improve
human health (Wolfe, Wu, & Liu, 2003). Various studies concluded that
high consumption of fruits and vegetables promotes health, and it is
associated with reduced risk of degenerative diseases (Miller et al.,
2017). Therefore, smoothies are one of the many ways that consumers
have to include fruits and vegetables in their diets (Castillejo, Martínez-
Hernández, Gómez, Artés, & Artés-Hernández, 2016).

The shelf life of non-pasteurized smoothies is relatively short due to
microbial growth as a result of the minimal level of processing asso-
ciated with these products. These are normally consumed fresh or

preserved for short periods (1–3 weeks) by storing them under re-
frigeration. Besides, storage time can affect the color and polyphenolic
composition of the smoothies. Some researchers suggested that it could
be worth to use a mild thermal pasteurization (Walkling-Ribeiro, Noci,
Cronin, Lyng, & Morgan, 2010) or a thermal and high hydrostatic
pressure processing to increase their shelf life and for better color re-
tention, polyphenols and other quality attributes, guaranteeing con-
sumers acceptance and food safety (Keenan, Brunton, Gormley, &
Butler, 2011; Tiwari, 2018, pp. 261–278).

There are some pomegranate cultivars which extreme sourness
precludes their fresh consumption, although they are rich in functional
ingredients; similarly, several quince cultivars, especially the most
known cannot be used as fresh fruits because of their excessive as-
tringency (Szychowski, Munera-Picazo, Szumny, Carbonell-Barrachina,
& Hernández, 2014). However, these non-edible-as-fresh fruits could be
used as fruit purée to develop novel products, such as smoothies, and
will have intense and interesting flavor and taste, and will help in
getting a high consumer acceptance. Pomegranate fruit contains many
phenolic compounds including flavonoids - anthocyanins, and other
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complex flavanoids and hydrolyzable tannins (punicalagin, gallic acid,
and ellagic acid), which have high antioxidant capacity that may offer
beneficial health properties (Aloqbi et al., 2016).

Therefore, the aim of the present research was to study how storage
conditions (6 months at 4 or 20 °C) affected color, polyphenolic profile,
and antioxidant activity of pomegranate smoothies. The study was
completed by evaluating the effect of ratio purée:juice (60:40 and
40:60), pomegranate cultivar (Mollar de Elche and Wonderful), and fruit
purée (quinces, jujubes, and figs) on the quality of the studied
smoothies.

2. Materials and methods

2.1. Sample preparation

Pomegranate trees (Punica granatum L., cultivar Mollar de Elche and
Wonderful) were cultivated in a farm located in Murcia (Spain) under
regulated deficit irrigation (RDI) (Cano-Lamadrid et al., 2018). Pome-
granate (cv. Mollar de Elche and Wonderful), figs (Ficus carica, cv. Colar),
jujubes (Ziziphus jujube, cv. Grande de Albatera) and quinces (Cydonia
oblonga, cv. Gigante de Vranja) were hand-harvested at a commercial
maturity stage.

The different stages of the smoothie preparation were:

i) Purée preparation: The figs (F), jujubes (J), or quinces (Q) were
peeled, ground, and heated at 80 °C in a Thermomix device
(Vorwerk, Wuppertal, Germany). Rhubarb juice (5%) was added to
prevent enzymatic browning. Purées were cooled to room tem-
perature. The purees were subjected to analyses right after pre-
paration and after 6 months of storage at 4 or 20 °C. These same
formulation ratio purée:juice and storage conditions used were
based on previous smoothies studies (Nowicka, Wojdyło, Teleszko,
& Samoticha, 2016). Rhubarb juice was added in the same amount
to all smoothies, the effect for preserve polyphenolic compounds
before oxidation (Oszmiański & Wojdyło, 2008).
ii) Juice preparation: Pomegranate fruits [Mollar de Elche (Mo) and
Wonderful (W)] were cut in halves, and arils were manually sepa-
rated and juices were prepared using only arils.
iii) Smoothies preparation: Purée and juices samples, immediately
after their preparation, were mixed in the proportions 40/60 and
60/40, respectively, to obtain 12 treatments/samples (Table 1).
Then, the products were heated to 100 °C and pasteurized (10min at
90 °C).

2.2. Color parameters

Color coordinates (L*, a*, and b*) were determined by reflectance
measurement with a Color Quest XE Hunter Lab colorimeter. The
samples were filled in a 1 cm cell, and L*, a*, b* values were de-
termined using Illuminant D65 and 10° observer angle. Samples were
measured against a white ceramic reference plate (L* ¼ 93.92; a* ¼
1.03; b* ¼ 0.52). Measurements were run in triplicate.

2.3. Extraction, LC-PDA/MS and UPLC-PDA-FL analysis of polyphenolic
compounds

The extract of polyphenols were performed as previously described
(Wojdyło, Oszmiański, & Bielicki, 2013). The compound identification
was done using fast liquid chromatography quadrupole time-of-flight
mass spectrometry (LC/MS QTof), and the compound quantification
was done using ultra-performance liquid chromatography-photodiode
array (UPLC-PDA). The analysis of polymeric procyanidins was done
using UPLC-FL by phloroglucinol method was performed according to
the protocol described previously by Kennedy and Jones (2001). All
measurements were run triplicate, and results were expressed as mg/
100 g of product.

2.4. Antioxidant capacity (ABTS+ and FRAP)

Each sample (∼1 g) was mixed with 5mL of extractant solution
(MeOH/water 80:20 v/v, 1% HCl), sonicated at 20 °C for 10min, and
left for 24 h at 4 °C. Then, the extract was again sonicated for 15min,
and centrifuged until the separation of the supernatant. The antioxidant
capacity was determined using ABTS+ and FRAP assays, previously
described by Re et al. (1999) and Benzie and Strain (1996), respec-
tively. Calibration curves within the range 0.50–5.00mmol Trolox L−1

were used for the quantification using all of the two methods; these
calibration curves showed good linearity (R2≥ 0.998). Determinations
were performed using a UV-2401 PC spectrophotometer (Shimadzu,
Kyoto, Japan). Analyses were run in triplicate and results were ex-
pressed as mmol TE/100 g.

2.5. Statistics

A four-way ANOVA (factor 1: Ratio purée:juice, factor 2: pome-
granate cultivar, factor 3: fruit purée, and factor 4: storage conditions)
was performed using XLSTAT Premium 2016 (Microsoft Corporation,
Redmond, WA, USA), and means were separated by Tukey's multiple
range test.

3. Results and discussion

3.1. Polyphenolic composition

Fig. 1 shows the quantification of the polyphenols found in fig (A),
jujube (B) and quince (C) pomegranate smoothies before (T0) and after
6 months of storage at 4 °C (T1) and 20 °C (T2). The values of total
polyphenolic content (TPC) in fig, jujube, and quince pomegranate
smoothies at the beginning of the storage period (T0) ranged between
247 and 314 mg/100 g fresh weight (fw), 2939–3920 mg/100 g fw, and
3809–5324 mg/100 g fw, respectively. During storage, changes on TPC
were noticed. Regarding fig pomegranate smoothies, the best for-
mulation was F2W, which only experienced a TPC decrease of 13.3%
after T1 and 52.2% after T2. The reduction of TPC content the rest of fig
pomegranate smoothies ranged between 30.2 and 34.3% after T1 and
64.2–64.7% after T2, respectively. On the other hand, jujube pome-
granate smoothies stored at 4 °C, suffered a TPC reduction between
24.71 and 24.9%, except when Wonderful cultivar was used, with a
drastically lower reduction of only 6.30% or even an increase of 11.8%
in the treatment J2W. During storage at 20 °C, the TPC was reduced

Table 1
Formulation of smoothies consisting of pomegranate juice and figs, jujubes, or
quinces purées.

Nº Codea Formulationb

1 F1Mo 40% F + 60% Mo
2 F1W 40% F + 60% W
3 F2Mo 60% F + 40% Mo
4 F2W 60% F + 40 %W
5 J1Mo 40% J + 60% Mo
6 J1W 40% J + 60% W
7 J2Mo 60% J + 40% Mo
8 J2W 60% J + 40% W
9 Q1Mo 40% Q + 60% Mo
10 Q1W 40% Q + 60% W
11 Q2Mo 60% Q + 40% Mo
12 Q2W 60% Q + 40% W

a Mo, Mollar de Elche pomegranate juice; W, Wonderful pomegranate juice;
F, fig purée; J, jujube purée; Q, quince purée.

b The percentage of each component was expressed in weight:weight, w:w.

M. Cano-Lamadrid et al. /:7���)RRG�6FLHQFH�DQG�7HFKQRORJ\��������������²���

���



Fig. 1. Content of flavonols, phenolic acids, flavan-3-ols (as monomeric, dimeric and polymeric procyanidins), and anthocyanins, in mg/100 g fw (fresh weight) of fig
(A), jujube (B), and quince (C) smoothies before (T0) and after 6 months of storage time at 4 °C (T1) and 20 °C (T2).
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between 25.0 and 30.3%, with the exemption of the J2W samples,
which reduction was significantly lower, only 13.3%. Finally, the TPC
reduction of quince pomegranate smoothies ranged between 9.5 and
20.1% after storage at 4 °C, and between 17.2 and 32.6% at 20 °C. The
fact that the higher the storage temperature, the higher the loss of TPC
in smoothies was previously reported in sour cherry smoothies
(Nowicka et al., 2016). These authors indicated that after storing
samples 6 months samples at 4 °C maintained more TPC, especially
anthocyanins, than at 30 °C. It is worth mentioning that the ratio
purée:juice 60:40 and Wonderful cultivar positively influenced the
maintenance of TPC during storage in all types of smoothies.

Table 2 shows the contents of flavonols, phenolic acids, flavan-3-ols,
and polymeric procyanidins as affected by ratio purée:juice, pome-
granate cultivar, type of fruit purée, and storage conditions on
smoothies. Although a positive effect was observed on flavonols and
phenolic acids at the ratio purée:juice 60–40, each purée had a different
behavior. Regarding flavonols, jujube pomegranate smoothies pre-
sented the highest content, followed by the quince ones. However, no
phenolic acids were detected on jujube pomegranate smoothies, whilst
quince pomegranate smoothies presented the highest content of these
compounds. Previous studies indicated that jujubes and quinces are rich
sources of flavonols and phenolic acids, respectively (Wojdyło et al.,
2013, 2016). Finally, the content of the monomer and dimeric forms of
the flavan-3-ols was not significant affected by any of the studied fac-
tors.

As to polymeric procyanidin (PP), a huge difference among all
smoothies was found. The values of PP in fig, jujube and quince po-
megranate smoothies in T0 ranged between 136 and 185, 2875–3823,
and 3607–5062 mg/100 g fw, respectively. The PP content was only
affected by the fruit purée. It is very important to know which treat-
ment was the best in keeping high PP content due to their healthy
properties; although the PP has been reported than is not absorbed,
unabsorbed PP are directly linked with colon cancer (Gossé et al.,
2005). Fig. 1 clearly shows how a reduction of PP after storage was
noticed. Among fig pomegranate smoothies, a reduction of 41.9% was
found after 6months at 4 °C, except smoothies based on the 60:40
purée:juice ratio, which only decreased 17.0%. Moreover, after

6months at 20 °C a mean reduction of 44.1% was observed. Among
jujube pomegranate smoothies, the most relevant factors were pome-
granate cultivar and storage conditions. The combination Wonderful
cultivar and storage at 4 °C maintained the PP content, or even in-
creased its content by 13.1% (J2W); while after storage at 20 °C, Mollar
de Elche smoothies had a better maintenance (mean reduction of 3.5%)
than Wonderful smoothies (mean reduction of 20.6%). Finally, pome-
granate cultivar was the factor which affected the reduction of PP
content on quinces pomegranate smoothies, with reduction values
being 9.1% and 14.4% in Wonderful and Mollar de Elche smoothies,
respectively.

Table 3 shows significant effects of (i) ratio purée:juice, (ii) pome-
granate cultivar, (iii) fruit purée, and, (iv) storage time, on the contents
of individual and total anthocyanins. Specifically, the anthocyanins
(ANCs) profile was significantly affected by fruit purée and storage
time, while the factors ratio purée:juice and pomegranate cultivar only
affected the contents of A1 and A2 out of 5 ANCs. As expected, the
highest ANCs were observed in smoothies with a ratio purée:juice of
40:60, with ANCs mostly coming from the pomegranate juice. More-
over, it was noticed that depending on the pomegranate cultivar, ANC
profile and ƩANCs content were different presenting higher values
those smoothies based on Wonderful fruits as compared to those of
Mollar de Elche; the differences were mainly due to the contents of
delphidin-3,5-di-O-glucoside (A1) and cyanidin-3,5-di-O-glucoside
(A2). These results agreed with previous studies showing that the
Wonderful fruits had higher ANCs content that the Mollar de Elche ones
(Mena, Martí, & García-Viguera, 2014). According to previous studies
(Mena et al., 2014), the major component in all smoothies was cya-
nidin-3,5-di-O-glucoside (A2) coming from pomegranate. On the other
hand, cyanidin-3-O-glucoside (A4) and pelargonidin-3-O-glucoside (A5)
were mostly detected when fig purée was included in the formulation
(Wojdyło, Nowicka, Carbonell-Barrachina, & Hernández, 2016). More-
over, as expected fig smoothies presented 6.5 and 5.0 higher times of
ACNs than jujube and quinces smoothies, respectively due to the pre-
sence of ACNs in figs.

Although further research is needed to identify the mechanisms
responsible for anthocyanin degradation during storage, several studies

Table 2
Flavonols, phenolic acid, flavan-3-ols and antioxidant capacity (ABTS+ and FRAP) in pomegranate smoothies during storage as affected by: (i) ratio purée:juice
(40:60 and 60:40), ii) pomegranate cultivar (W, Wonderful, and Mo, Mollar de Elche), (iii) fruit purée (fig, jujube, and quince), and, (iv) storage temperature during 6
months (4 and 20 °C).

Parameter ANOVA† Smoothies‡

F1Mo F1W F2Mo F2W J1Mo J1W J2Mo J2W Q1Mo Q1W Q2Mo Q2W

Flavonols¥ *** 22.7 24.3c 26.9bc 27.3bc 32.9b 37.3ab 47.4a 47.5a 30.2b 32.8b 39.8ab 40.1ab
Phenolic acids ¥ *** 2.32c 1.15d 0.84d 0.96d nd nd nd nd 109b 118b 133a 140a
Flavan-3-ols¥ *** 7.82 8.20a 7.00b 7.91ab 7.32b 7.39b 7.18b 7.17b 6.45c 8.07a 6.54c 7.36b
PP¥ *** 89.5e 85.2e 138d 143d 2383c 2593bc 2846b 3835ab 2989b 3566ab 4368a 4440a
FRAP± *** 0.30e 0.64cde 0.45de 0.45de 1.85b 2.52a 2.24ab 1.89b 0.76cd 1.01c 0.68cde 0.76cd
ABTS± *** 0.68c 1.01bc 0.72c 0.66c 1.34bc 2.88a 3.03a 3.09a 1.82b 1.07bc 1.31bc 1.12bc

Parameter ANOVA† Ratio purée:juice ANOVA† Pomegranate cultivar ANOVA Fruit purée ANOVA Storage temperature

40:60 60:40 Mo W Fig Jujube Quince T0 T1 T2

Flavonols¥ ** 30.0b 38.2a NS 33.3 34.9 *** 25.3c 41.3a 35.7b *** 45.7a 35.2b 21.4c
Phenolic ac. ¥ ** 38.4b 45.8a NS 40.9 43.3 *** 1.32b nd 125a *** 62.5a 35.2b 18.7c
Flavan-3-ols¥ NS 7.64 7.19 NS 7.15 7.68 NS 7.76 7.26 7.23 NS 6.99 7.73 7.53
PP¥ NS 1951 2628 NS 2135 2443 *** 114c 2914b 3840a NS 2597 2270 2002
FRAP± NS 1.18 1.04 NS 0.97 1.25 *** 0.46b 2.14a 0.46b *** 1.19a 1.25a 0.88b
ABTS± NS 1.47 1.64 NS 1.42 1.67 *** 0.77c 2.59a 1.36b *** 1.85a 1.69a 1.07b

¥expressed in followed units: mg/100 g fw smoothie.
±expressed in followed units: mmol Trolox/100 g fw smoothie.
†NS = not significant F ratio (p < 0.05); *, **, and ***, significant at p < 0.05, 0.01, and 0.001, respectively.
‡Values followed by the same letter, within the same factor (ratio purée:juice, pomegranate cultivar, fruit purée and storage time), were not significant different
(p > 0.05), Tukey's multiple-range test.
αT0: freshly made; T1: storage 6 months 4 °C; and, T2: storage 6 months 20 °C.
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reported that is due to the polymerization of the monomeric com-
pounds, leading to an undesirable brown color (Sinela et al., 2017). The
temperature is a key factor during storage to avoid the loss of ANCs and
their linked color. The higher the temperature, the higher the ANCs
degradation. Regarding ACNs stability in the samples under study, after
6 months of storage the total content of ANCs was reduced only 15.8%
when smoothies were stored at 4 °C (T1), but this content was reduced
by 74.8% when stored at 20 °C; these results agreed with those from the
literature (Sinela et al., 2017). Besides, results also agreed with an al-
most complete reduction, 94% and 98% for delphinidin-3,5-di-O-glu-
coside and cyanidin-3,5-di-O-glucoside, when samples were stored at a
higher temperature, 37 °C. It was observed that figs smoothies main-
tained more the ACNs content than jujube and quinces ones at the end
of the storage period (Fig. 1). Besides the initial highest content of
ƩACN, the high pectin content found in previous studies in fig fruits
might be the reason of the anthocyanin pigment stability and extension
of pigment shelf-life (Wojdyło et al., 2016). An anthocyanin and pectin
interaction might influence the above mentioned trend (Fernandes,
Brás, Mateus, & de Freitas, 2014). Recently, two mechanisms for the
binding of pectin fractions and ACNs were described in blueberry: i)
ionic interaction between anthocyanin flavylium cations and free pectic
carboxyl groups, and/or, ii) anthocyanin aromatic stacking on bound
anthocyanins (Lin, Fischer, & Wicker, 2016).

3.2. Color coordinates

Table 4 shows the values of instrumental color coordinates as af-
fected by the 4 factors under study, ratio purée:juice, pomegranate
cultivar, fruit purée, and, storage time. A bright and intense red color is
one of the most valued quality attribute of pomegranate products,
which influences consumer acceptance and commercial value. The
green-red coordinate, a*, was significantly affected by all factors de-
scribed above. As expected, the highest a* values (more intense red
color) were found in smoothies with ratio 40:60 purée:juice, coming
mostly from pomegranate juice. Moreover, the pomegranate cultivar
selected to prepare the smoothies also affected the a* values, having
smoothies based on Wonderful pomegranate a more intense red color
than those of the cultivar Mollar de Elche; these results agreed with
previous studies dealing with fresh hydroSOStainable pomegranate

fruits (Cano-Lamadrid et al., 2018). Adding the different types of fruit
purée significantly affected L*, a* and b* coordinates. The highest
lightness (L*) values were found in the quince- and jujube-pomegranate
smoothies, followed by the fig ones. The values of a* coordinate in
quince-pomegranate smoothies were higher than those found in the fig
and jujube samples. Finally, the highest b* values (blue-yellow co-
ordinate) were found in jujube-pomegranate smoothies, followed by
those found in the quince and fig products. On the other hand, after 6
months of storage at two temperatures, the intensity of the red color
(a*) significantly decreased, being greater the final color more reddish
in samples stored at 4 °C (T1) as compared to those stored at 20 °C.
Results agreed with previous studies, which pointed that the enzymatic
browning of phenolic compounds was the main reason of the decrease
of red color during storage in smoothies based on sour cherry (Nowicka
et al., 2016). In a similar trend, the original blue color notes (b*) of the
initial pomegranate smoothies experienced more intense changes when
stored at 20 °C as compared to those at 4 °C. As a summary, it can be
concluded that ratio purée:juice 40:60, Wonderful pomegranate juice,
quince purée and storage 6months at 4 °C of the assayed smoothies
were the conditions leading to a more intense red smoothies.

Total anthocyanin content is well-known as the main parameter
behind the red color of pomegranate products. Pearson's correlation
coefficient showed that the total anthocyanin content was positively
and significantly (p < 0.05) correlated in fig, jujube and quince based
smoothies with the a* coordinate values (R2= 0.84, 0.86, and 0.59
respectively). As seen, the type of smoothies with lower correlation was
that of quinces, perhaps because of the pH of the smoothies (Cano-
Lamadrid, Trigueros, Wojdyło, Carbonell-Barrachina, & Sendra, 2017);
these authors concluded that the food matrix pH controlled the changes
in the ACNs color. Besides, a low pH is a favorable environment for the
formation of anthocyanin-procyanidin polymers which are more stable
than their anthocyanins precursors, maintaining the color during sto-
rage (Li & Sun, 2017). For all mentioned above, although fig pome-
granate smoothies were more enriched on ANCs after storage, a higher
red color was found in quince-pomegranate smoothies.

3.3. Antioxidant capacity by ABTS and FRAP assay

Table 2 shows the results of antioxidant capacity (AC) measured by

Table 3
Anthocyanins contents (ACNs) in pomegranate smoothies during storage as affected by: (i) ratio purée:juice (40:60 and 60:40), (ii) pomegranate cultivar (W,
Wonderful, and Mo, Mollar de Elche), (iii) fruit purée (fig, jujube, and quince), and, (iv) storage temperature during 6 months (4 and 20 °C).

ACNs (mg/100 g fw) ANOVA† Smoothies‡

F1Mo F1W F2Mo F2W J1Mo J1W J2Mo J2W Q1Mo Q1W Q2Mo Q2W

A1 ± *** 0.90b 9.73a 0.00b 8.87a 0.00b 1.64b 0.00b 1.98 b 0.00b 4.50ab 0.000 b 2.50b
A2 *** 14.9abc 31.9a 10.8bc 21.2ab 5.47bc 9.31bc 0.00d 6.32bc 3.25bc 14.0abc 1.46c 7.68bc
A3 NS 3.28a 3.55a 0.74a 1.48 1.17 0.75 0.23 0.35 0.82 1.32 0.59 1.15
A4 *** 13.9a 12.5a 11.8ab 15.0ab 1.21a 0.88b 1.39b 1.67b 0.73b 1.93b 0.89b 1.08b
A5 *** 10.2b 17.4a 18.6a 4.37c 0.00d 0.00d 0.00d 0.00d 0.38d 0.00d 0.00d 0.00d
ƩA *** 43.1ab 75.0a 41.9ab 50.8ab 7.85b 12.6b 1.63b 10.3b 5.18b 21.8b 2.93b 12.4b

ACNs(mg/100 g fw) ANOVA† Ratio purée:juice ANOVA† Pomegranate cultivar ANOVA Fruit purée ANOVA Storage temperature

40:60 60:40 Mo Wond Fig Jujube Quince T0 T1 T2

A1± NS 2.79 2.22 *** 0.15b 4.87a *** 4.87a 0.90b 1.75ab ** 3.69a 2.61ab 1.23b
A2 ** 13.1a 7.91b ** 5.98b 15.1a *** 19.7a 5.27b 6.61b *** 12.5ab 14.5a 4.56b
A3 NS 1.82 0.76 NS 1.14 1.43 ** 2.26a 0.63b 0.97ab *** 0.55b 2.96a 0.36b
A4 NS 5.19 5.30 NS 4.98 5.51 *** 13.3a 1.29b 1.16b *** 5.32b 7.98a 2.43c
A5 NS 4.65 3.82 NS 4.85 3.63 ** 12.6a 0.00a 0.09a *** 12.0a 0.71a 0.00a
ƩA ** 27.6a 20.0b *** 17.1b 30.5a *** 52.7a 8.09b 10.6b *** 34.1a 28.7b 8.58c

±A1: Delphinidin-3,5-di-O-glucoside; A2: cyanidin-3,5-di-O-glucoside; A3: Delphinidin-3-O-glucoside; A4: Cyanidin-3-O-glucoside; A5: Pelargonidin-3-O-glucoside.
† NS = not significant F ratio (p < 0.05); *, **, and ***, significant at p < 0.05, 0.01, and 0.001, respectively.
¥ Values followed by the same letter, within the same factor (ratio purée:juice, pomegranate cultivar, fruit purée and storage time), were not significant different
(p > 0.05), Tukey's multiple-range test.
αT0: freshly made; T1: storage 6 months 4 °C; and, T2: storage 6 months 20 °C.
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the ABTS+ and FRAP assays. The AC was significantly affected by fruit
purée and storage time, while no significant effect of ratio purée:juice
and pomegranate cultivar were found. There were no drastic changes in
the values of the antioxidant capacity after 6 months of storage, with
this trend not being correlated with those previously discussed for the
main bioactive compounds. Similar results were found in smoothies
based on other fruits as apple, quince, orange, and pear at 4 and 30 °C
(Andrés, Villanueva, & Tenorio, 2016; Nowicka et al., 2016); these
authors explained this trend by the fact that some degradation products
also have antioxidant properties, such as Maillard compounds. On the
other hand, a higher loss of antioxidant capacity was noticed in
smoothies stored at 20 °C as compared to those stored at 4 °C. Recently,
this trend was reported in the storage of red and green smoothies (Di
Cagno, Minervini, Rizzello, De Angelis, & Gobbetti, 2011) and com-
mercial ones (Nunes et al., 2016).

Pearson's correlation coefficient showed that PP were significantly
and positively correlated with FRAP (R= 0.40; p < 0.05) and ABTS+

(R=0.44; p < 0.05) data. Besides, anthocyanin content was sig-
nificantly but negatively correlated with FRAP (R=−0.47; p < 0.05)
and ABTS+ (R=−0.40; p < 0.05) data. No significant (p < 0.05)
correlation was observed among flavonols and flavan-3-ols with FRAP
and ABTS+ data.

4. Conclusions

At the beginning (T0), all developed smoothies presented high va-
lues of total polyphenolic content (TPC): 247–314 mg/100 g fresh
weight (fw), 2939–3920 mg/100 g fw, and 3809–5324 mg/100 g fw, in
fig, jujube and quinces pomegranate smoothies, respectively. Regarding
higher content of bioactive compounds and attractive color, the best
formulation and storage conditions for pomegranate smoothies were
ratio purée:juice 40:60, Wonderful pomegranate juice, and storage at
4 °C, being only a reduction of 30.1%, 13.1% and 9.5% in fig, jujube
and quinces smoothies, respectively. Moreover, regarding red color, a
more intense red color was found in quince-pomegranate smoothies
after storage. On the other hand, the type of smoothie which main-
tained the highest total polyphenolic content [TPC: sum of antho-
cyanin, flavanols, flavan-3-ols (as monomeric and dimeric), polymeric
procyanidins and phenolic acid] was the quince ones. On the other
hand, fig pomegranate smoothies had higher contents of anthocyanins,
after storage TPC presented a high reduction of them. After checking
the quality and functionality of the smoothies developed (blend of
minor Mediterranean crops purées with pomegranate juice) and their
behavior during storage, the next logical step will be to evaluate their
sensory profile and consumer acceptance.
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