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APCI (atmospheric pressure chemical ionization) = ionitzacidé quimica a pressié atmosférica
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CEE = Comunitat Economica Europea
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DART (direct analysis real time) = analisi directa a temps real

DESI (desorption electrospray ionization) = desorcid ionitzacio en electroesprai

DPPH (2,2-diphenyl-1-picrylhydrazyl) = 2,2-difenil-1-picrilhidrazil
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ESl (electrospray ionization) = ionitzacié en electroesprai
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GC (gas chromatography) = cromatografia de gasos
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HPLC-LTQ-Orbitrap-MS (HPLC coupled to linear ion trap quadrupole Orbitrap mass spectrometry) = HPLC
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Orbitrap

IDA = information dependent acquisition
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Resum

I. RESUM

Actualment, s’estan invertint molts esforcos en la deteccié de components bioactius,
com ara els polifenols, en fruites i hortalisses pel seu possible paper en la prevencid i el
tractament de malalties croniques. La quantitat de polifenols ingerits en la dieta és
d’aproximadament 1 g/dia, quantitat més gran que la que prové de qualsevol altre
antioxidant de la dieta. De fet, és aproximadament 10 vegades superior a la de
vitamina C i 100 vegades superior a la de vitamina E i a la ingesta de carotens. D’altra
banda, algunes dades epidemiologiques han mostrat una associacié inversa entre el
risc de mortalitat total o malalties cardiovasculars i el consum d’aliments rics en
polifenols, com ara les fruites i hortalisses, el te, I'oli d’oliva verge i el vi.

El tomaquet és I'hortalissa més consumida a Espanya (14.5 kg/any per persona) amb
una important repercussié economica. En els ultims 5 anys, el consum del tomaquet ha
crescut un 2.8% anual. En I'ambit de la fruita/hortalissa transformada, el tomaquet
també ocupa el primer lloc en consum amb una ingesta de tomaquet fregit envasat de
4.1 kg/any per persona i de tomaquet natural envasat de 3 kg/any per persona. Els
tomaquets espanyols destaquen pel seu elevat contingut en flavonoides, encara que
no hi ha gaires estudis que s’hagin centrat en com afecta el processat i I'elaboracid
industrial de les salses als polifenols, aixi com tampoc I’evolucié d’aquests compostos
durant la vida atil d’aquests productes.

El tomaquet i els seus derivats contenen altres fitoquimics valuosos com ara els
carotens. El trans-licopé és el caroté més important dels tomaquets i el millor
amortidor d’oxigen atomic (captador de radicals lliures). A més del trans-licope, els
tomaquets també contenen altres carotens com els cis-isomers del licope i també a-,
f-caroté i luteina. La importancia dels isomers cis recau en la seva elevada
biodisponibilitat en I'organisme huma, per la qual cosa sén necessaris metodes per a la
identificacié d’aquests carotens.

Alguns estudis han investigat I'efecte del tractament termic en els carotens de salses
de tomaquet, i s’hi ha observat un increment d’isomers cis durant el processat. No
obstant aix0, no hi ha estudis que valorin la influencia de l'origen, el processat i

I’emmagatzematge de tomaquets, salses, quétxups, gaspatxos i sucs de tomaquet
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quant als polifenols. Conseglientment, ens plantegem les hipotesis i objectius que es

detallen a continuacio.



Abstract

I. ABSTRACT

Currently many efforts are being invested in the detection of bioactive components of
nutrients in fruits and vegetables, such as polyphenols, and their possible role in the
prevention and treatment of chronic diseases. Total dietary polyphenol levels are
approximately 1 g/day, a much larger amount than any other antioxidant that comes
from the diet. In fact, it is about 10 times the dietary vitamin C and 100 times higher
than vitamin E and carotene intake. Moreover, some epidemiological data have shown
an inverse association between the risk of mortality or cardiovascular disease and
consumption of foods rich in polyphenols, such as fruits and vegetables, tea, olive oil
and wine.

The tomato is the most consumed vegetable in Spain (14.5 kg/year per person) and
makes a significant economic impact. In the last 5 years, the consumption of tomatoes
has grown by 2.8% annually. In the field of fruit/vegetables, tomatoes also rank first
with the consumption of fried tomatoes at an intake of 4.1 kg/year and that of raw
tomatoes at 3 kg/year per person. Spanish tomatoes are known for their high content
of flavonoids, although there is a lack of studies focused on how the industrial
processing of sauces affects the content of polyphenols, and also the evolution of
these compounds during their shelf life.

The tomato and its derivatives contain other valuable phytochemicals such as
carotenoids. trans-Lycopene is the most important carotene of tomato and it is an
excellent free-radical scavenger; its capacity is more than twice that of f-carotene. In
addition to trans-lycopene, tomatoes also contain other carotenoids such as cis-
isomers of lycopene and a- and f-carotene and lutein. The importance of cis-isomers
lies in their high bioavailability in the human body. Therefore, methods are needed to
identify these carotenoids.

Some studies have studied the effect of heat treatment on carotenoids in tomato
sauces, and an increase has been observed during processing. However, no studies
have been focused on evaluating the influence of the origin, processing and storage of
tomatoes, sauces, ketchups, tomato juices and gazpachos on the level of polyphenols.

Consequently, we consider the assumptions and objectives listed below.
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Hipotesis i objectius

Il. HIPOTESIS | OBJECTIUS

HIPOTESIS

v' Els compostos bioactius poden servir com a marcadors de diferents varietats de
tomaquet.

v’ El processat afecta els compostos bioactius del tomaquet.

v Els tomaquets de cultius ecologics sintetitzen més polifenols a causa de I'estrés de
la planta.

v" Durant 'emmagatzematge de productes derivats del tomaquet es produeix una
disminucid dels compostos bioactius.

v Els polsos eléctrics poden incrementar els nivells de compostos bioactius del

tomaquet.






Hipotesis i objectius

OBJECTIU GENERAL

Estudiar els punts critics des de la granja al consumidor “from farm to fork” que
afecten la presencia de compostos bioactius del tomaquet i dels seus productes

transformats, per obtenir uns aliments amb més components funcionals.

OBJECTIUS ESPECIFICS

1. Desenvolupar un metode analitic mitjangcant HPLC-LTQ-Orbitrap-MS, HPLC-QToF-MS
i HPLC-MS/MS, que permeti identificar i quantificar els polifenols del tomaquet i dels
seus derivats.

2. Avaluar el perfil fenolic i la capacitat antioxidant hidrofilica com a marcadors de
diferents varietats de tomaquet.

3. Estudiar els canvis en el perfil fenolic i I'activitat antioxidant durant la produccié de
salses i daus de tomaquet.

4. Estudiar les diferéncies entre tomaquets, sucs de tomaquet i quéetxups ecologics i no
ecologics mitjangant analisis no dirigides (HPLC-QToF-MS) i dirigides (HPLC-MS/MS).

5. Avaluar les diferéncies en el contingut de carotens i capacitat antioxidant dels
queétxups i gaspatxos mitjancant un métode HPLC-ESI-(Li*)-MS/MS.

6. Estudiar els canvis en el perfil fenolic i en el contingut de carotens durant
I'emmagatzematge de quétxups, gaspatxos i sucs de tomaquet.

7. Valorar l'aplicacié de polsos eléctrics de baixa intensitat de camp per incrementar el

contingut en compostos bioactius dels tomaquets.






Hypothesis and objectives

Il. HYPOTHESIS AND OBIJECTIVES

HYPOTHESIS

v
v

The bioactive compounds may serve as markers of different varieties of tomato.
The processing affects tomato bioactive compounds.

Tomatoes from organic systems contain higher levels of polyphenols due to plant
stress.

During storage of tomato products, there is a reduction of bioactive compounds.
Moderate-intensity pulsed electric fields may increase the levels of tomato

bioactive compounds.
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Hypothesis and objectives

GENERAL OBJECTIVE

To study the critical steps from the farm to the consumer “from farm to fork” which
affect the presence of bioactive compounds in tomatoes and tomato-based products

in order to obtain food with more functional compounds.

SPECIFIC OBJECTIVES

1. To develop an analytical method using HPLC-LTQ-Orbitrap-MS, HPLC-QToF-MS and
HPLC-MS/MS to identify and quantify the polyphenol compounds of tomatoes and
tomato-based products.

2. To evaluate the phenolic profile and hydrophilic antioxidant capacity as markers of
different varieties of tomato.

3. To study phenolic profile and antioxidant capacity changes during the production of
sauces and diced tomatoes.

4. To study the differences between organic and conventional tomatoes, tomato juices
and ketchups using non-focused (HPLC-QToF-MS) and focused (HPLC-MS/MS) analysis.

5. To assess the differences in carotenoid content and antioxidant capacity of ketchups
and gazpachos using an HPLC-ESI-(Li")-MS/MS analysis.

6. To study changes in the phenolic and carotenoid profile during storage of ketchups,
tomato juices and gazpachos.

7. To assess the application of moderate-intensity pulsed electric fields to increase the

content of bioactive compounds in tomatoes.
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Introduccié
I1l. INTRODUCCIO

1. El tomaquet i els seus components

1.1. Historia del tomaquet (SOLANUM LYCOPERSICUM)

El tomaquet té el seu origen a la zona compresa entre el nord de Xile,
Colombia, el Peru i 'Equador, pero es va cultivar a Méxic. El nom del tomaquet deriva
del mot tomat! de la llengua Nahuac, el significat del qual correspon a les plantes de
fruits globosos o baies, amb moltes llavors i polpa aquosa. En els inicis, era semblant
als cherries actuals. Va arribar a Europa a mitjan segle xvi, després del viatge que
Hernan Cortés va realitzar a Meéxic, el 1519.

Després de la conquesta d’America del Sud, els espanyols van introduir el
tomagquet a les seves colonies del Carib, a les Filipines i al continent asiatic. A Espanya,
Portugal i Italia es va utilitzar en l'alimentacié humana; en canvi, a paisos com
Alemanya i Franca el van destinar com a espéecie ornamental, ja que ho van relacionar
amb les solanacies europees, considerades toxiques per la preséncia d’alcaloides.
L’alcaloide causant d’aquesta toxicitat és la tomatina, que es troba principalment en
les fulles i en el fruit verd, perd que es degrada en madurar. Aquesta creenga es va
mantenir en molts llocs fins a principis del segle xx (Jones et al., 2001).

Botanicament pertany a la familia de les Solanacies (que tenen unes 1700
especies), les quals s’acostumen a desenvolupar en climes calids o temperats; les seves
flors sén de contextura regular, s’agrupen en forma de rams i el calze i la corol-la
constitueixen una peca dividida en cinc compartiments.

El tomaquet té un gust lleugerament acid, la seva mida en les espeécies
silvestres és d’1 a 2 cm de diametre i té una grandaria superior en les espécies

cultivades.
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1.2. Produccid i consum

El tomaquet és I'aliment d’origen vegetal més consumit arreu del moén després
de la patata, amb un consum de 12 kg/any per persona (Lugasi et al., 2003). Als Estats
Units és el quart aliment d’origen vegetal més consumit en fresc després de la patata,
I’enciam i les cebes (Canene-Adams et al., 2005). A Europa és la segona hortalissa més
utilitzada en I'alimentacid, excepte a Italia on ocupa el primer lloc, arran del consum
en fresci a la gran oferta de productes processats (Caris-Veyrat et al., 2004).

La produccié mundial de tomaquet fou, el 2010, de 146 milions de tones segons
dades de la Divisié d’Estadistica de I'Organitzacié per a I’Alimentacié i I’Agricultura de
les Nacions Unides (FAOSTAT, 2010). Els principals paisos productors de tomaquet son
la Xina, els Estats Units, I'india, Turquia, Egipte, Italia, Iran, Espanya, el Brasil i Meéxic,
pero la produccié de tomaquet a Europa va disminuir, el 2010, en 1.65 milions de
tones. El total de produccié fou de 21.76 milions de tones, un 7% menys que el 2009.

A Europa, el tomaquet hi aporta un 30% del valor de la produccio horticola, i té
un rendiment de 50 t/ha. Hi destaquen dues zones de produccié: la zona mediterrania,
integrada per ltalia, Espanya, Grécia, Portugal i el sud de Francga, i que esta orientada a
subministrar materia primera per a la industria; i la zona nord, constituida per
Holanda, el nord de Franga, Bélgica, el Regne Unit, Dinamarca i Alemanya, la produccio
principal dels quals és per al consum fresc. Italia fou, el 2010, el major productor de
tomaquet a Europa amb una collita de 6.02 milions de tones, que representen
aproximadament el 30% de la produccid total europea. Espanya en va ser el segon
productor amb 4.31 milions de tones i Grécia en va ser el tercer amb una produccié de
1.41 milions de tones. Portugal i Holanda foren el quart i cinqué pais (FAOSTAT, 2010).

A Espanya, la produccié de tomaquet se situa principalment a Andalusia i
Extremadura, ja que aquestes dues comunitats autonomes aporten més del 50% de la
produccié nacional. El seu consum a |’Estat espanyol es manté estable en els ultims
anys (2010-2011): aproximadament és de 15.3 kg/any per persona segons les dades
del Ministeri d’Agricultura, Alimentacié i Medi Ambient (MAGRAMA, 2011).

El tomaquet és una de les hortalisses de fruit amb més demanda a nivell
mundial. Té qualitats sensorials molt apreciades i s’integra perfectament en
I'alimentacié de productes cuits i crus. El tomaquet és una font important

d’antioxidants a causa del seu alt contingut en licope, vitamina C i compostos fenolics.
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1.3. Composicid i valor nutricional

La composicié fisicoquimica i nutricional del fruit del tomaquet es veu afectada
per diversos factors: la varietat, I'estacié de sembra, els nutrients disponibles en el sol,
la intensitat de llum, la temperatura d’exposicié del cultiu, les tecniques d’agricultura,
la disponibilitat d’aigua, els reguladors de creixement i el grau de maduracid, entre
d’altres (Abushita et al., 2000). Un 1% del fruit del tomaquet el constitueixen la pell i
les llavors. La matéria seca oscil-la entre un 5% i un 10%, un 50% de la qual la
constitueixen els sucres (principalment glucosa 22% i fructosa 25%), un 10% acids
organics (especialment citric i malic), un 8% elements minerals i la resta esta
constituida per solids insolubles (pectina, cel-lulosa i hemicel-lulosa), pigments,
vitamines i lipids (Salles et al., 2003). A la Taula 1, es mostra el valor nutricional del

tomaquet (USDA, 2005).

Taula 1. Composicié del tomaquet madur per cada 100 g.

Valors mitjans Per100g
Valor energetic 21 kcal
Proteines 0.55g
Greix total 0.55g
Greixos saturats 0.05g
Greixos monoinsaturats 0.05g
Greixos poliinsaturats 0.11g
Hidrats de carboni 29g
Fibra 1.8g
Aigua 93.80¢g
Minerals
Sodi 6 mg
Potassi 297 mg
Calci 13 mg
Fosfor 27 mg
Magnesi 20 mg
Ferro 0.5mg
Fluor 0.02 mg
Vitamines
A (retinol) 133 pg
E (tocoferol) 0.80 mg
B1 (tiamina) 0.06 mg
B2 (riboflavina) 0.04 mg
B3 (niacina) 0.60 mg
B6 (piridoxina) 0.10 mg
C 24 mg
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1.4. Compostos bioactius i capacitat antioxidant del tomaquet

Els compostos bioactius sén substancies funcionals que es troben en
concentracions molt baixes en els aliments, intervenen en el metabolisme secundari
dels vegetals i poden tenir un impacte important en la salut humana. Recentment
alguns nutrients han estat inclosos com a compostos bioactius per presentar un efecte
beneficidés per a la salut (Grieb et al., 2009; Zhang et al., 2009). Aquestes petites
molecules que no poden ser sintetitzades en el cos i, per tant, s’Than d’obtenir de la
dieta, contribueixen al sistema de defensa antioxidant. Aquests compostos es poden
agrupar segons la seva estructura quimica en vitamines, compostos fenolics,
fitoestrogens, peptids i aminoacids, minerals, acids grassos poliinsaturats, fibra
dietéetica i carotens.

En els ultims anys, s’"han publicat gran nombre d’estudis epidemiologics que
relacionen el consum d’una dieta rica en fruites i hortalisses amb una menor
predisposicié a patir malalties com ara el cancer i les malalties cardiovasculars, aixi
com també, I'envelliment (Bagchi et al., 2003; Blum et al., 2005; Das et al., 2005;

Lambert & Yang, 2003; Nishino et al., 2004).

1.4.1. Determinacio de la capacitat antioxidant

Les reaccions d'oxidacioé desencadenades en |'organisme poden generar radicals
lliures, els quals inicien reaccions en cadena que poden exercir danys cel-lulars. Els
antioxidants sén substancies que retarden o tenen un efecte preventiu sobre I'oxidacié
mitjancant la seva propia oxidacid, tot transferint electrons a una altra substancia

oxidant.

Determinacio dels radicals lliures

Es mesura el temps necessari per consumir tots els antioxidants presents a la
mostra. Aquest temps és equivalent al temps en que els antioxidants sén capacos
d’anul-lar una reaccié d’oxidacio. Es necessita una font de radicals, I'extracte que s’ha
d’analitzar i un parametre que pugui determinar la modificacié del procés oxidatiu per
I'accio dels antioxidants. Una bona font de radicals és aquella que és constant i
independent de la mostra que s’ha d’analitzar. Aquests tipus de test s’avaluen

comparant l'activitat de I'extracte amb la d’un compost o extracte de referéncia. Quan
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se sap el temps necessari per consumir tots els antioxidants presents a la mostra, es
mesura la reaccié en un temps determinat.

S’han desenvolupat diferents meéetodes per mesurar |'activitat antioxidant
basats en I'habilitat per atrapar radicals Iliures en un medi aqués o lipofilic (Minoggio
et al., 2003; Odriozola-Serrano et al., 2007; Vallverdu-Queralt et al., 2011a). Les
metodologies més senzilles sén aquelles en que es genera un radical lliure i es mesura
de manera directa la capacitat de la mostra o extracte per inhibir el radical.
Alternativament, hi ha métodes que combinen la generacié de radicals amb I'oxidacié
d’un substrat o medi. En aquests casos, I’activitat antioxidant ve donada no només per
la capacitat d’atrapar els radicals generadors de I'oxidacid, sind també per la capacitat
de retardar I'oxidacio i de reduir els productes que se’n deriven. A continuacié es

descriuran els metodes que s’han utilitzat durant la part experimental d’aquesta tesi.

Determinacié del radical 2,2-difenil-1-picrilhidrazil (DPPH')

Reconegut com a un radical estable, aquest radical sintetic ha estat un dels
pioners en l'estudi de l'activitat antioxidant de compostos fenolics. Es tracta d’un
meétode de determinacié de I'activitat antioxidant d’ds rutinari, I’exit del qual es basa
en la seva senzillesa, en el seu baix cost i, sobretot, a ser un métode rapid. Es un
meétode colorimeétric basat en el compost cromogen DPPH, que presenta una coloracio
violeta en solucid i groga en el producte final. En fer servir 515 nm com a longitud
d’ona, aconseguim analitzar la quantitat romanent de radical DPPH, parametre que
ens proporcionara la dada necessaria per al calcul de la capacitat antioxidant de la
mostra. En afegir els antioxidants una vegada format el radical, se’'n determina

I’absorbancia a punt fix.

Determinacié del radical 2,2’azino-bis(3-etilbenzotiazolina-6-sulfanat) (ABTS™)

Es un métode colorimétric basat en el compost cromogen blavés ABTS, amb un
maxim d’absorcié a 342 nm, soluble tant amb aigua com amb dissolvents organics i
guimicament estable. En reaccionar amb oxid de manganes, es genera el radical
ABTS?, amb maxims a 414, 645, 734 i 815 nm. En afegir-hi els antioxidants una vegada
format el radical, se’n determina I'absorbancia a punt fix i se n’observa la decoloracié

en presencia de compostos antioxidants.
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1.4.2. Els compostos fenolics

En el regne vegetal, els fenols constitueixen un grup d’estructures ampliament
distribuides. Els fenols funcionen com a antioxidants naturals en situacions de dany
cel-lular com en el cas de I'estres oxidatiu. Aquesta elevada activitat ve donada tant
per la facilitat amb quée els compostos fenolics cedeixen el protd dels seus grups
hidroxils, com per I'estabilitat del fenol oxidat producte de la cessido de I'electro.
Aquest fenol oxidat conté un electré desaparellat i I'anell aromatic facilita la
deslocalitzacié d’aquest electré.

Diversos estudis han constatat les relacions estructura-activitat d’aquests
compostos. Logicament, I'activitat dels fenols es deu principalment als hidroxils. Com
més grups hidroxils, més activitat; pero més important que la quantitat és la posicio.
Quan aquests hidroxils estan en posicié orto la molécula resulta més activa. Perquée
sigui aixi, hi ha dues raons basiques: la deslocalitzacid electronica resulta més efectiva,
i a més s’incrementa l'activitat quelant de la molecula. Podem veure aquesta
circumstancia a I'anell B dels flavonoides, on les molécules més actives tenen els
hidroxils en posicid 3’ i 4’. Els flavonoides tenen altres punts de quelacid: la cetona en
posicid 4 de I'anell C pot interaccionar amb un hidroxil en posicié 3 o amb I’hidroxil
situat en posicié 5 de I'anell A. Aquest hidroxil situat en posicié 5, juntament amb el
situat en 7, sén dues propietats importants per incrementar |’activitat antioxidant dels
flavonoides (Pietta, 2000; Silva et al., 2002). Aixi mateix, un altre aspecte important en
I'activitat antioxidant dels flavonoides és la presencia d’un doble enlla¢ entre els
carbonis 2 i 3, el grup hidroxil de la posicié 3, i el grup cetona de la posicio 4 en I'anell
C, la qual cosa afavoreix la deslocalitzacié electronica. Tot aquest conjunt de factors
també es poden veure en els acids cinamics i els seus ésters (Figura 1).

En el medi natural, els fenols es poden presentar units a sucres. Normalment,
aquestes glicosilacions es produeixen en els grups hidroxils, la qual cosa redueix el

potencial antioxidant de les molécules.
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Figura 1. Relacio estructura-activitat en els compostos fenolics. En vermell, hidroxils en
posicié orto; en els flavonoides, en groc hidroxils en meta. En verd la relacié doble
enllag-cetona, punt que es veu reforgat per un hidroxil en els flavonols. També podem
veure els punts actius per la quelacié de metalls.

Els compostos fenolics sén sintetitzats per la via de I'acid mesonic o per la de l'acid
siquimic, o per les dues, com en el cas dels flavonoides (Taiz & Zeiger, 2006). Els

compostos fenolics es divideixen en dos grans grups, flavonoides i no flavonoides.

Classificacio dels compostos fendlics presents en el tomaquet

Flavonoides és el terme generic amb el qual s’identifiquen els compostos polifenolics
caracteritzats per una estructura quimica basada en un esquelet C6-C3-C6, és a dir, un
anell benzénic unit a una cadena propanoica i aquesta, a la vegada, unida a un altre anell
benzénic. Els flavonoides comprenen diversos milers de compostos i es divideixen en
flavonols, flavones, flavanones, antocians, isoflavonoides, flavanols, dihidroflavonols,
calcones i dihidrocalcones. Quan aquests compostos es troben en la seva forma lliure, és
a dir, no associats a cap altra estructura quimica, es parla d’aglicona.
A continuacié es fara una petita descripcié dels principals grups de flavonoides presents

en el tomaquet i derivats.
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Flavonols

Distribuits ampliament en el regne vegetal, aquest grup d’estructures és d’una
gran importancia en la dieta. Es poden descriure unes 200 aglicones, de les quals
destaquen la quercetina i el kaempferol com les estructures més ampliament distribuides
en tomaquets i derivats (Vallverdud-Queralt et al., 2011b). En diversos casos, apareixen
com a molecules glicosilades a I’hidroxil de la posicié 3 a través d’un enllag O-glicosidic
(Tulipani et al., 2011; Vallverdu-Queralt et al., 2010). En el tomaquet i els seus derivats, el
flavonol més abundant és la rutina (quercetina-3-O-rutinosid), en concentracions que

oscil-len entre 1120 mg/100 g.

Flavanones

Sén un grup de flavonoides poc distribuit dins del regne vegetal, amb una
excepcié en el grup dels citrics, en qué sén la majoria. Es troben basicament en forma
d’aglicones en aquests fruits. Les aglicones més comunes sén |'hesperitina i la
naringenina. Unes altres flavanones abundants son ['eriodictiol i la taxifolina. Les
glicosilacions d’aquestes molécules tenen lloc preferentment en la posicid 7, ja que no
tenen la posicié 3 hidroxilada (Vallverdu-Queralt et al., 2011c). En el tomaquet i derivats,

la naringenina és un dels flavonoides més abundants.

Flavones
Sén uns dels flavonoides més comuns. Les aglicones més comunes son 'apigenina

i la luteolina (Vallverdu-Queralt et al., 2011c).

Dins del grup dels no flavonoides s’hi troben els acids fenolics i els estilbens. Els
acids fenolics son els compostos no flavonoides més estudiats i es caracteritzen per tenir
un acid carboxilic funcional. Els acids fenolics formen un grup divers que inclou els
derivats de I’acid hidroxibenzoic i de I'acid hidroxicinnamic. Alguns exemples dels derivats
de I'acid hidroxibenzoic son I'acid p-hidroxibenzoic, I'acid gal-lic i I'acid el-lagic. En el
tomaquet, s’hi troben presents l'acid gal:lic i el protocatequic. Dins dels acids
hidroxicinnamics hi podem citar els acids p-cumaric, cafeic i ferdlic. Generalment, els
acids fenolics estan presents en diverses formes conjugades i son més freqlients com a

esters que com a glucosids. L'acid clorogénic és el principal derivat dels acids
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hidroxicinnamics. Aquest compost fenolic es troba present en tomaquets en

concentracions que oscil-len entre 0.14 i 8 mg/100 g.

1.4.3. Els carotens

El licopé

El licope és un pigment vegetal que aporta al tomaquet el color vermell;
pertany a la familia dels carotens com el f-caroté (Vallverdu-Queralt et al., 2011b). En
el tomaquet, el caroté majoritari és el trans-licope (80-90%), seguit del S-carote (3-
7%). A l'inici de la maduracid, el contingut en trans-licope és més alt. Durant el
creixement del fruit, tant el nivell de llum com la temperatura afecten el contingut de
licopé (Abushita et al., 2000; Galicia et al., 2008). La seva concentracio depén també de
la varietat del tomaquet, les condicions de cultiu, el tipus de cultiu i les condicions
climatiques (Martinez-Valverde et al., 2002). La concentracid de licope en el tomaquet
és aproximadament de 50 mg/kg (Willcox et al., 2003).

Pel que fa als isomers del licope, els cis isomers del licope son de gran interes
nutricional, perqué son absorbits més facilment en I'intesti (Failla et al., 2008; Unlu et
al., 2007). El trans-licope representa el licope més abundant i varia del 35% al 96% del
licopeé total; els 5-, 9-, 13- i 15-cis-licope sén els isomers cis majoritaris (Frohlich et al.,
2007). Durant el tractament térmic, es duu a terme la trans/cis isomeritzacio, per la
qual cosa s’incrementa la proporcié d’isomers cis (Frohlich et al., 2007; Lin & Chen,
2005). Els tractaments termics trenquen les parets cel-lulars del fruit, que sén les que
dificulten I'absorcié del licope. No existeix evidencia cientifica de quina seria la dosi
optima de licope. A Espanya, el tomaquet i el puré de tomaquet sén la principal font de
licope en la dieta i aporten el 42 i 71.6%, respectivament (O'Neill et al., 2001).

El licopé protegeix les cel-lules humanes de I'estrés oxidatiu produit per 'accié
dels radicals lliures; actua com a potent neutralitzador de radicals lliures (oxid i

peroxid) atenuant I'oxidacio sobre els teixits (Das et al., 2005; Djuric & Powell, 2001).
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P-carote

El f-carote és el precursor de la vitamina A, necessaria per al bon
desenvolupament de les funcions reproductores, per al bon desenvolupament del
sistema ocular i també per a un bon funcionament de la pell. A més a més, intervé en
la previsié de la degradacio d’ossos, dents i nervis, en la proteccié davant de diferents
tipus de cancer i en l'activacio del sistema immunitari (Das et al., 2005; Djuric &
Powell, 2001).

No obstant aix0, no tot el f-caroté emmagatzemat en l'organisme es
transforma en vitamina A. Les activitats antioxidants dels carotens estan més
relacionades amb aquest romanent no transformat que s’'emmagatzema basicament
en el fetge, que no pas amb la vitamina A. El S-caroté és capag d’eliminar els radicals
lliures, pero és facilment oxidable (patint inclis processos d’autooxidacid), la qual cosa
fa que disminueixi el seu caracter protector davant de la lipoperoxidacié i d’altres
processos oxidatius.

Altres carotens com I'a-caroté i la luteina representen menys del 6.8% dels
carotens totals (Raffo et al., 2006). Per tant, la provitamina A dels tomaquets i derivats
del tomaquet deriva principalment del f-caroté. Els tractaments térmics estimulen la
transformacioé d’alguns carotens. Per exemple, el y-carote es cicla per formar anells de
6 carbonis al final de la molecula, la qual cosa pot portar a la formacié del S-caroté

(Quitdo-Teixeira et al., 2009).

1.4.4. Vitamina C

La vitamina C es troba present en el tomaquet en concentracions que poden
oscil-lar entre 40-90 mg/100 g. La vitamina C inclou acid ascorbic, acid
deshidroascorbic i sals d’ascorbat. En preséncia d’oxigen, I'acid ascorbic s’oxida a acid
deshidroascorbic, que té la mateixa activitat vitaminica. Aquesta vitamina té propietats
reductores i actua com a potent antioxidant que és capag de reaccionar efectivament
amb radicals superoxid i hidroxil.

La vitamina C és essencial per als humans. Les fonts més importants de
vitamina C son els pebrots, els citrics, les cols, els espinacs i altres fruites com el platan,

la poma i la pinya, encara que la quantitat de vitamina C depén de la varietat, les
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condicions del sol, el clima, la maduresa, les condicions d’emmagatzematge i de

processat (Sahlin et al., 2004)

1.5. Derivats del tomaquet

Les caracteristiques ideals dels productes del tomaquet estan relacionades amb
un color vermell intens, nivells alts de consisténcia i un gust i olor caracteristic del fruit
del tomaquet (Kalamaki et al., 2003). El color vermell en el fruit és un important factor
de qualitat en els derivats del tomaquet i és un dels atributs que més influeix en el
moment d’adquirir aquests tipus de productes (Min & Zhang, 2003).

La consisténcia és un altre parametre de qualitat important en els productes
derivats del tomaquet (Apaiah et al., 2001). Els solids insolubles de la paret cel-lular
(cel-lulosa, hemicel-lulosa, lignina i pectina) es troben estretament relacionats amb
aquest parametre (Kalamaki et al., 2003). Aquest atribut de qualitat es redueix durant
els tractaments de calor i emmagatzematge (Apaiah et al., 2001; Singh et al., 2002). El
processat termic afecta I'estructura de la paret cel-lular dels teixits vegetals (Anthon &
Barrett, 2006). La viscositat també té implicacions economiques, ja que, com més alta
sigui la viscositat dels derivats del tomaquet, menys s’ha d’elaborar per arribar a la
consistencia desitjada.

El gust i I'olor sén també parametres de reconeguda importancia en aquest
tipus de productes. Vénen determinats per la varietat utilitzada, la fase de maduracio i
les condicions de processat. El gust agredolg del tomaquet és degut al seu contingut de
sucres, glucosa, fructosa i als acids organics citric i malic (Rosell6 et al., 2002; Salles et
al., 2003). L'olor dels tomaquets ve determinada per més de 400 substancies volatils
que s’han identificat en aquest fruit (Aguilé-Aguayo et al., 2010).

El pH dels tomaquets hauria de ser inferior a 4.7 perque puguin ser processats
com a aliments molt acids. Com més madur és el tomaquet, més alt és el pH. El
contingut d’acids varia segons la seva maduresa, les condicions climatiques i el metode
de cultiu. La concentracié d’acids és important, ja que afecta el gust i el pH. Els acids
citric i malic son els més abundants. L’acidesa mitjana de processament del tomaquet

és aproximadament d’un 0.35%, expressada com a acid citric (Thakur et al., 1996).
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1.5.1. Salsa de tomaquet

El procés de salses normalment es porta a terme quan els tomaquets frescos
presenten la millor qualitat. S’utilitzen les varietats de tomaquet adequades per tal
d'obtenir unes salses amb un alt contingut de cel-lulosa, pectina i polpa. Els Unics
ingredients que s’hi poden afegir son sal, alfabrega i acid citric. El tractament inclou:
rentat, trituracio, addicié d’una salsa rica en subproductes del processat (llavors i pells
de tomaquet), preescalfament, tamisat, evaporacid, esterilitzacié i emmagatzematge.
L’etapa més important és el preescalfament. En els processos en calent o hot break, els
preescalfaments es realitzen entre 97-102 2C, mentre que en els processos en fred o
cold break, es duen a terme entre 65-85 2C. La diferéncia entre aquests dos productes
radica en la seva viscositat aparent. El producte hot break és més viscos i per tant més
dens que el producte cold break (Scott Smith & Hui, 2004). Després del
preescalfament, I'extracte es passa a través d’uns tamisos per eliminar les llavors i
pells, i 'aigua s’evapora entre 75-80 2C fins a obtenir el contingut de solids solubles
desitjat. Després d'aixo, les mostres s’esterilitzen a 112 C durant 2 minuts i 20 segons

i s’envasen asépticament.

1.5.2. Daus de tomaquet

Des del punt de vista tecnologic, la principal dificultat en la produccié de daus
de tomaquet és la seleccid de la varietat de tomaquet. Els daus de tomaquet estan
sotmesos a la perdua d’integritat del teixit, ja que es sotmeten a altes temperaturesia
un esforg tallant (Ma & Barrett, 2002). La paret cel-lular externa dels tomaquets consta
de microfibres de cel-lulosa envoltades de pectines, hemicel-luloses i proteines. Durant
el processat, la pectina es veu modificada pels enzims naturals de la fruita, i
conseglientment, els tomaquets s’estoven. Aquestes alteracions poden afectar la
ruptura de les cadenes de pectina per la qual cosa els tomaquets es processen amb
sals de calci (CaCly). Els ions divalents de calci indueixen la formacié de pactat de calci o
pectinats de manera que s’aconsegueix un producte final més resistent (Gould, 2009).

En el procés tecnologic, primer els tomaquets es netegen i després es pelenies
trossegen en forma de daus. Posteriorment, els daus es barregen amb una salsa rica en
subproductes del processat (llavors i pells de tomaquet) en proporcié 1:1 a l'interior

d'un tanc vertical especial per permetre l'intercanvi maxim de calor i el minim dany
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mecanic als cubs. La salsa utilitzada primer s’estabilitza durant 5 minuts a més de 90
oC. En aquesta etapa, s’hi afegeix CaCl, per millorar la textura del producte final
(Gould, 2009). Després d'haver completat I'etapa de preparacio, els daus s’esterilitzen
gradualment fins a 115 2C durant 5 minuts i després es refreden rapidament a uns 30-
35 2C en un intercanviador tubular i s’envasen asepticament. Els daus de tomaquet

tenen una vida util de 18 a 24 mesos.

1.5.3. Queétxup

El quetxup és un condiment dolg i agre tipic de la dieta nord-americana. El
procés tecnologic per obtenir el quetxup consisteix a barrejar la salsa de tomaquet
(65%, 30-32 92Brix) amb sucre, vinagre, sal i traces de conservants. La barreja es
pasteuritza a 96 °C durant 4-6 minuts i s'envasa. La temperatura ha de regular-se
acuradament per assegurar l'absorcié dels ingredients. Tot el procés de fabricacié de
queétxup es duu a terme durant un periode de dues a tres hores (Galicia-Cabrera,

2010).

1.5.4. Suc de tomaquet

El suc és un producte intermedi de I'elaboracié de pasta de tomaquet que es
pot separar de la polpa mitjangant el filtrat, per0 més comunament tota la polpa
s'utilitza com a suc. Els sucs de tomaquet es formulen d'acord amb les caracteristiques
exigides pel mercat: el més comu és el suc amb oli verge d'oliva, sal i acid citric per
ajustar-ne el pH. El producte s'embotella i es pasteuritza a 80 2C durant 20 minuts per

allargar-ne la vida util (Gahler et al., 2003).

1.5.5. Gaspatxo

El gaspatxo és una sopa tradicional espanyola, que es pot definir com una sopa
freda que conté principalment cinc ingredients: tomaquet, cogombre, pebrot verd,
ceba i all, aixi com d’altres en menors proporcions com ara l'oli verge d'oliva, el
vinagre, la sal, el sucre i I'aigua. La barreja es cuina i posteriorment es pasteuritza entre
92-95 oC durant 1 minut per allargar-ne la vida util. Finalment, els gaspatxos sén

embotellats i empaquetats (Pinilla et al., 2005).
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1.6. L’agricultura ecologica

L'agricultura ecologica és el resultat d’'una série de reflexions i de diversos
metodes alternatius de produccié que s’han anat desenvolupant, basicament al nord
d’Europa, com a resposta a la revolucié verda (Le Guillou & Sharpé, 2001). La revolucié
verda és coneguda avui com a agricultura convencional, model de produccié intensiu
que esta basat en la hibridacid, en la utilitzacié de fertilitzants quimics, plaguicides,
herbicides i aplicacions de feines altament mecanitzades.

Entre els anys seixanta i setanta sorgeix la consciencia de protegir el medi
ambient; no obstant aixo, és als anys vuitanta quan es produeix la conscienciacio cap a
I’agricultura ecologica en la major part dels paisos europeus i en altres paisos com ara
els Estats Units, el Canada, Australia i el Japé (Le Guillou & Sharpé, 2001; Soto, 2003).

El contingut de polifenols en els tomaquets es veu influit per les condicions de
cultiu, el grau de maduresa i la varietat (Barrett et al., 2007; Connor et al., 2002; Toor
et al., 2006). Les diferencies fonamentals entre els sistemes de produccié ecologics i
convencionals es fonamenten sobretot en la manera de cultivar i adobar el sol, la qual
cosa pot afectar la composicié nutritiva dels tomaquets i en particular els metabolits
secundaris (Brandt et al., 2011).

Els sistemes convencionals i ecologics es diferencien en les quantitats de
nutrients aplicats com a fertilitzants i en la matéria organica aplicada com ara el cultiu
de cobertura lleguminosa. Els tomaquets convencionals poden rebre tractament amb
herbicides i plaguicides, mentre que els cultius organics reben només plaguicides
organics aprovats, com ara els compostos de sofre i benzotiofe. Les granges
convencionals utilitzen fertilitzants que contenen nitrogen inorganic soluble i altres
nutrients, que sén més directament absorbits per les plantes. La disponibilitat de
nitrogen inorganic, en particular, té potencial per influir en la sintesi dels metabolits
secundaris de les plantes, proteines i solids solubles. Els tomaquets convencionals
solen rebre 50 kg/ha d'un fertilitzant que conté nitrogen, fosfor i potassi i 118 kg/ha de
nitrat d'amoni (Kong et al., 2005).

A més a més, les plantes de produccié ecologica tenen un periode més llarg de
maduracié en comparacié amb les plantes convencionals, a causa d’un alliberament

més lent dels nutrients subministrats (Nielsen et al., 1997), i com que els flavonoides
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es formen en el periode de maduracio, es podria esperar un major contingut d'aquests

compostos en les plantes de cultiu biologic (Brandt et al., 2011).

1.6.1. Aspectes legislatius dels cultius ecologics

El Consell de les Comunitats Europees va aprovar el 24 de juny de 1991, el
Reglament de la Comunitat Economica Europea (CEE) nim. 2092/91 sobre la produccid
agricola ecologica i la seva indicaci6 en els productes agraris i alimentaris.
Posteriorment, el Consell de la Unié Europea i la Comissié de les Comunitats Europees

han anat aprovant nous reglaments que modifiquen o completen el R. 2092/91.

Prohibicio d’us d’organismes modificats genéticament en I’agricultura ecologica

En el cultiu ecoldgic, no s’hi poden utilitzar organismes geneticament
modificats (OGM) ni productes obtinguts a partir d’aquests organismes. Els productes
de l'agricultura ecologica han d’estar lliures de contaminacié d’OGM i dels seus
derivats. Els operadors han d’adoptar, dins de I'ambit de la seva responsabilitat, totes
les mesures necessaries per evitar aquest tipus de contaminacio en els seus productes

durant la produccid, I'elaboracié, 'emmagatzematge i el transport.

Agricultura ecologica i medi ambient

Es molt important que les parcel-les d’agricultura ecologica no alternin cultius
ecologics i convencionals. S’ha de tenir en compte que, quan les parcel-les de conreus
ecologics confinen amb parcel-les d’agricultura no ecologica, s’han d’establir mesures
per tal d’evitar la contaminacié. S’hi poden fer tanques vegetals, marges o altres
meétodes que el Consell accepti.

La produccié ecologica millora el medi ambient i fomenta la diversitat. La gestid
dels fems del bestiar i dels residus vegetals produits en I'explotacié o provinents de
I’exterior han de tenir com a objectiu assolir el maxim reciclat de nutrients amb el
minim de pérdues. S’ha de prestar molta atencid a I'aplicacié de fems per tal d’evitar la
contaminacié dels cursos d’aigua i de les aiglies subterranies.

El Consell pot denegar la qualificaci6 ecologica a parcel-les amb risc

d’acumulacié excessiva de metalls pesants (mercuri, cadmi, plom, niquel, coure, crom i
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zinc) a causa de la contaminacié de I'entorn, proximitat a carreteres de transit elevat o
per culpa de les anteriors practiques agricoles en la parcel-la.

Quant al reg de les parcel-les ecologiques, esta permes utilitzar aigua
regenerada provinent de depuradores d’industries i/o explotacions exclusives
certificades com a ecologiques. Esta totalment prohibida la utilitzacio d’aiglies
residuals per al reg i també la utilitzacié d’aigua de reg contaminada amb aigles
residuals o amb productes quimics.

El maneig del sol ha d’assegurar una aplicacié regular de residus organics en
forma de fem i/o restes vegetals i una activitat microbiana suficient per tal d’iniciar la
descomposicié dels materials organics i la meteoritzacié dels minerals del sol.
D’aquesta manera, es formen nutrients en forma de sals solubles que poden ser
utilitzats per les plantes. Els adobs minerals s’han de considerar com un suplement o
esmena i no com a substitutoris d’adobs organics. S’"han d’aplicar només quan no és
possible assegurar la correcta nutricid del conreu amb les técniques, els fems de
bestiar i les matéries organiques autoritzades.

Es poden utilitzar fems de bestiar no ecologic sempre que es compleixin les
seglients condicions: fems procedents de sistemes de cria extensiva no ecologica en els
quals no se superin les dues unitats de bestiar major per hectarea de superficie
farratgera, després de ser correctament compostats; fems d’aus (gallinassa)
procedents dels sistemes de cria no ecologica d’aviram per a la produccié de carn i
produccié d’ous i fems procedents de cria convencional de porcs, després de ser
correctament compostats.

Es important el disseny correcte de les rotacions, ja que ajuden al control de
plagues i malalties, al manteniment de la fertilitat i minimitzen les pérdues de
nutrients. S’han d’incloure conreus amb diferents sistemes radiculars, que explotaran
nivells diferents del sol. Es important una rotacié de la familia de les lleguminoses per
enriquir el sol amb nitrogen, per la qual cosa aquest sol podra ser utilitzat per conreus

posteriors.
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1.7. Tecnologia del processat d’hortalisses

El canvi en els habits de consum de la poblacié ha tingut com a resultat una
demanda més gran d’aliments naturals, d’aparenca i valor nutricional semblants als
productes frescos, sense additius sintetics, microbiologicament segurs i que, a la
vegada, siguin facils de preparar i de consumir. La indUstria conscient de la importancia
que significa satisfer les exigencies dels clients per augmentar el consum, procura
millorar continuament els seus processos productius, buscant alternatives
tecnologiques als tractaments tradicionals. Una de les respostes a la demanda
d’aquests productes soén les fruites i hortalisses minimament processades, que obren
nous mercats com a producte preparat i llest per al seu consum d’aquelles persones
que, per comoditat o falta de temps, no tenen el costum de menjar fruites i
hortalisses.

En aquests casos, s’hi aplica un processat minim que consisteix a aplicar una
serie de tecnologies que permeten mantenir les caracteristiques dels aliments
semblants als productes frescos i que augmenten la seva vida util en termes
microbiologics, sensorials i nutricionals. En aquest context, neixen les noves
tecnologies de processat no termic d’aliments com els polsos electrics d’alta intensitat
de camp (PEAIC) que ajuden a contrarestar els efectes negatius produits pel processat
termic. Els tractaments de polsos electrics s’han dut a terme com a alternativa a altres
tecniques convencionals de produccié d'aliments. En els ultims anys, diversos estudis
han demostrat la capacitat dels tractaments de PEAIC per obtenir aliments liquids amb
alt valor nutricional mitjancant la inactivacié de microorganismes i enzims (Espachs-
Barroso et al., 2003). En aquest cas, |'aplicacié dels PEAIC pot causar dany letal a les
cel-lules a causa de la perdua irreversible de les propietats de permeabilitat de la

membrana cel-lular (Aronsson et al., 2001).

1.7.1. Tractament mitjangant polsos eléctrics d’alta intensitat de camp: PEAIC
L'aplicacié del PEAIC és una tecnologia esperancadora en la conservacio
d’aliments. Aquesta tecnologia consisteix en |'aplicacié de polsos d’alta intensitat de
camp (kV/cm) durant un periode de temps curt (us). Els principals avantatges d’aquest
metode de processat son que allarguen la vida del producte i mantenen les propietats

nutricionals dels aliments. Els PEAIC només poden aplicar-se a aliments liquids, els
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quals han de ser homogenis i tenir una mida de particula petita per no obstruir les
conduccions ni la cambra de tractament. També és important evitar que l'aliment
tingui bombolles d’aire, ja que pot causar arcs eléctrics en I'equip.

L'efectivitat d’aquest procés depen de factors critics entre els quals es troben
els parametres que estan relacionats amb el tractament i d’altres que depenen del
producte que s’ha de tractar. Dins dels factors de processat s’hi troben: la intensitat de
camp, el temps de tractament, 'amplada del pols, la freqtéencia del pols, la forma del

pols, la polaritat, I'energia i la temperatura aplicada.

1.7.2.Tractament mitjangant polsos eléctrics de baixa intensitat de camp: PEBIC

D'altra banda, els polsos electrics de baixa intensitat de camp (PEBIC) estan
actualment en estudi, ja que les respostes fisiologiques a l'estrés induit pels polsos
eléctrics no es coneixen bé. Recentment, els PEBIC s'apliquen com a técnica per
millorar I'extraccié dels metabolits intracel-lulars (Ade-Omowaye et al., 2003; Soliva-
Fortuny et al., 2009) i per augmentar |'eficiencia en processos de secat (Taiwo et al.,
2002). Algunes publicacions recents sobre polsos electrics han suggerit la possibilitat
d'utilitzar aquesta tecnica per produir estrés oxidatiu a les cel-lules i estimular el
metabolisme secundari i, per tant, la biosintesi de metabolits beneficiosos per a la
salut (Toepfl et al., 2006). En els PEBIC, la distribucio electrica és reversible i la viabilitat
de la cel-lula es manté a través de la biosintesi de metabolits secundaris addicionals
com els polifenols o carotenoides, que sén ampliament coneguts per ser part de la
resposta de defensa de les plantes a I'estres oxidatiu, induit pel tractament dels PEBIC
(Galindo et al., 2009; Soliva-Fortuny et al., 2009).

L'efectivitat d’aquest procés depén de factors critics entre els quals es troben
els parametres que estan relacionats amb el tractament i d’altres que depenen del
producte que s’ha de tractar. Els parametres critics son la intensitat de camp, que
normalment oscil-la entre 0.2 i 2 kV/cm, i el temps de tractament, que és el temps

durant el qual el producte esta sotmes al tractament de PEBIC.
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1.7.3. Tractaments d’esterilitzacio i pasteuritzacio

La calor fins avui és la técnica més eficag per aconseguir la conservacié
adequada dels aliments, ja que és capag de destruir els microorganismes i enzims que
alteren els aliments. No obstant aix0, el tractament térmic fa malbé una gran quantitat
de components bioactius presents en els aliments. Per aquest motiu la industria
alimentaria necessita optimitzar els metodes térmics per minimitzar els inconvenients
com a consequiéncia de la seva aplicacio.

L’esterilitzacio és un tractament térmic fort, i el seu objectiu és eliminar la
majoria de microorganismes dels aliments, i obtenir com a resultat un aliment
comercial esteril. Aquest tractament proporciona una major vida util a I’aliment, inclds
es pot emmagatzemar a temperatura ambient. No obstant aixo, I'esterilitzacié té
alguns desavantatges, ja que produeix canvis de textura, color, aroma, sabor i pérdua
de qualitat nutricional del producte. Els temps i temperatures d’escalfament varien,
pero el tractament ha de ser suficient per esterilitzar I'aliment. Normalment s’hi
apliquen temperatures molt altes (entre 135 i 150 9C) que permeten temps
d’escalfament curts (4-15 segons). Una manera d’elevar rapidament la temperatura és
utilitzant vapor en els sistemes de processat aseptic també anomenats UHT (ultra high
temperature). Aquest metode de conservacié per calor es fa servir molt en la industria
alimentaria. La seva qualitat final es pot comparar amb els productes refrigerats, pero
amb una vida util de com a minim 6 mesos sense refrigeracio.

La pasteuritzacié és un tractament suau per calor, la finalitat del qual és
eliminar selectivament els microorganismes patogens, reduir el recompte microbia i
inactivar els enzims dels aliments, proporcionant les minimes perdues d’aroma, sabor,
textura i qualitat nutritiva. Aquest tractament també té inconvenients, ja que el
producte resultant té una vida atil curta i ha de tenir un altre mitja de conservacio
addicional, com ara la refrigeracié o la congelacié. Durant la pasteuritzacid, els

aliments se sotmeten a temperatures d’entre 90-95 2C entre 15-60 segons.
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2. Analisi i identificacié de compostos bioactius en tomaquets i derivats
2.1 Analisi i identificacié de compostos fenolics

La identificacié de compostos fenolics en aliments és una feina complexa, a
causa de la gran varietat d’estructures presents en la natura i de la falta d’estandards
en el mercat. Algunes de les tecniques analitiques utilitzades per a la identificacié de
polifenols sén: I'electroforesi capil-lar (EC) (Herrero-Martinez et al., 2005), la
cromatografia de gasos (GC) (Friedman, 2004), la ressonancia magneética nuclear
(NMR) (Slimestad et al., 2008), la cromatografia de liquids d’alta resolucié (HPLC) amb
deteccid ultraviolat (UV) (Kerem et al., 2004; Sun et al., 2007) i I’'HPLC acoblada a
espectrometria de masses (MS) (Sdnchez-Rabaneda et al., 2003; Tsao & Deng, 2004;
Vallverdu-Queralt et al., 2010). Abans de I'Us d’aquestes tecniques modernes, pero,
s’havia fet Us de la cromatografia en paper i en capa fina per identificar un gran
nombre d’aquests compostos. L’arribada posterior de noves tecniques
cromatografiques ha servit per confirmar alguns dels productes coneguts i per
augmentar considerablement el nombre de compostos identificats.

En aquesta tesi doctoral, la técnica més utilitzada ha estat I’MS. Pel que fa a les
analisis metabolomiques, s’han realitzat amb I’HPLC acoblada a MS d’alta resolucid
amb un espectrometre hibrid quadrupol-temps de volada (HPLC-QToF-MS). Aquesta
tecnologia permet I'adquisicié automatica dels espectres de masses d’alta resolucié en
una sola injeccié cromatografica. Les analitiques amb espectrometre hibrid quadrupol-
temps de volada (QToF) permeten obtenir la massa exacta dels ions, la qual cosa és
essencial per assignar la composicid elemental i, per tant, per a la caracteritzacié de
molecules petites.

Una altra eina que ha estat utilitzada és I’HPLC acoblada a MS d’alta resolucié
amb un espectrometre hibrid de trampa d’ions-transformada de Fourier (HPLC-LTQ-
Orbitrap-MS) (Vallverdd-Queralt et al., 2010). Aquesta técnica permet I'analitica d’MS i
MS" per facilitar 'obtencié d’informacié estructural. A causa de I'especificitat de les
mesures d’MS" i la capacitat d’eliminar les interferéncies a través de I'etapa inicial de
seleccié de masses, I'HPLC-LTQ-Orbitrap-MS és un dels millors equips per a I'analitica

qualitativa; ja que facilita I'elucidacié de I'estructura de compostos desconeguts.
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Per a la quantificacié dels diferents compostos, s’ha fet Us de ’'HPLC acoblada a
espectrometria de masses en tandem (MS/MS) amb un instrument de triple quadrupol
(HPLC-MS/MS) per la seva gran sensibilitat en mode multiple reaction monitoring
(MRM) (Vallverdu-Queralt et al., 2011a; Vallverdu-Queralt et al., 2011b). La sensibilitat
de les técniques en tandem ha permeés avancar en la quantificaci6 de compostos

fenolics i reduir el temps d’analisi.

Espectrometria de masses: MS

L'MS és la técnica més utilitzada per a I'analisi d’aliments i mostres biologiques
a causa de la seva elevada sensibilitat, especificitat i la seva facil combinacié amb
tecniques cromatografiques, la qual cosa facilita la identificacid, determinacio i
quantificacié d’aquests compostos. Té alta sensibilitat, baix consum de mostra i la
informacié necessaria s’obté facilment seleccionant técniques d’ionitzacié i
analitzadors de masses adequats. Per a la majoria de compostos, I'espectrometre de
masses és més sensible i especific que cap altre detector que s’acobli al cromatograf
de liquids. A més, i a diferéncia dels detectors d’UV, I’MS pot analitzar substancies que
no tinguin cromofors o actuin com a tals, i és capa¢ de resoldre coelucions de
compostos en un cromatograma, la qual cosa redueix la necessitat d’'una separacid

cromatografica perfecta.

Instrumentacio analitica

Els espectrometres de masses consten de:

A) Un sistema d’introduccio de la mostra, que pot ser, entre altres, un cromatograf

de liquids o de gasos. En el nostre cas, un HPLC.

B) Una font d’ionitzacié, que és on es produeix la ionitzacié dels analits de la

mostra.

C) Un analitzador, que separa els ions generats en funcié de la seva relacid
massa/carrega (m/z). Existeixen diferents tipus d’espectrometres de masses en
funcié de I'analitzador que facin servir. Els analitzadors més comuns sén: el
quadrupol simple (Q), el triple quadrupol (QgQ), el sector magnetic, la trampa

d’ions (IT), el temps de volada (ToF) i, més recentment, I'Orbitrap.
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D) Un detector, que recull i caracteritza els ions que surten de I’analitzador.

A més a més, tot el sistema es troba sotmés a alt buit (1x10™-1x10~ torr.) per evitar
col-lisions entre els fragments ionics generats. A continuacid, es mostra un esquema
d’un sistema HPLC-MS en queé s’especifiquen les diferents parts del sistema MS (Figura

2).

Mostra

Sistema Font o| Analitzador Detector
dentrada d ions

Obtencid
de dades

Bombes
e buit

Resultats

Figura 2. Esquema d’un sistema HPLC-MS en que s’especifiquen les diferents parts del
sistema MS.

A) Sistema d’introduccié de la mostra. Cromatografia de liquids d’alta resolucio:
HPLC

Les columnes de fase invertida sén les més adequades per a I'analisi dels
compostos fenolics. Aquestes fases estacionaries de fase invertida acostumen a ser
particules de silice que contenen molécules especifiques lligades a la seva estructura.
Les molécules de silice milloren les separacions i n’augmenten l'especificitat. El
material més utilitzat per a I'analisi de fenols és I'octadecilsila (Cyg) (Odriozola-Serrano
et al., 2009a; Torre-Carbot et al., 2005; Vallverdu-Queralt et al., 2010). No obstant
aix0, també s’han emprat columnes Cg 0 Cy4, pero el seu Us no és tan comu.

Les dimensions de les columnes poden ser variables. Fa uns anys, les columnes
més tipiques tenien unes mides que oscil-laven entre els 100 i 300 mm de llargaria x
4.6 mm de diametre, amb una mida de particula inicialment de 10 um. A mesura que
han sorgit nous materials i que els empaquetaments de les columnes han estat millors,
la mida i el diametre de particula han disminuit. Actualment, s’utilitzen columnes de

mida de particula entre 3 i 5 um, la qual cosa permet utilitzar columnes més curtes i
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primes i, conseglientment, disminuir el temps d’analisi. L’Gltim avang ha estat I'Us de
columnes de nucli rigid de silice tipus Kinetex o Ascentis i les columnes de sub-2 um,
que s’utilitzen per a cromatografia de liquids d’ultra alta resolucié.

Els solvents més utilitzats en fase reversa sén els sistemes binaris, els quals
consten d’un dissolvent aqudés amb modificadors de pH, i d’un altre solvent organic
polar soluble en aigua com I'acetonitril o el metanol. Els modificadors més utilitzats
acostumen a ser els acids formic, acetic, i també tampons volatils (formiat d’amoni o
acetat d’amoni). El pH és un dels factors més importants en la separacié dels
compostos fenolics.

Els compostos fenolics contenen enllagos dobles C-C que actuen com a cromofors,
la qual cosa fa possible I'analisi dels fenols mitjangant un UV. Els fenols simples es
detecten amb facilitat a 280 nm, els acids hidroxicinamics a 320 nm, les flavanones i
flavones a 280 nm i els flavonols a 365 nm. La sensibilitat dels detectors d’UV pot
resultar adequada per a la determinacié de compostos a altes concentracions, pero en
alguns casos, aquesta sensibilitat no és suficient i calen técniques més potents com ara
I’'MS, la qual augmenta la confiangca en els resultats qualitatius i quantitatius que se

n’obtenen.

B) Fonts d’ionitzacid

A causa de la gran varietat estructural de compostos presents en les mostres
d’aliments, no existeix una tecnica universal per a tots ells. En I’'MS existeixen,
principalment, 3 tecniques d’ionitzacié depenent del pes molecular, de I'estructura i de
la polaritat del compost que es vol analitzar: ionitzacid en electroesprai (ES/), ionitzacio
quimica a pressidé atmosferica (APCl) i fotoionitzacié a pressié atmosferica (APPI). A
continuacio, es mostra el tipus de compostos que és possible analitzar per HPLC-MS

segons les diferents fonts d’ionitzacié (Figura 3).
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Figura 3. Tipus de compostos que és possible analitzar per HPLC-MS segons les
diferents fonts d’ionitzacid.

lonitzacio per electroesprai: ESI

L’ESI és la técnica d’eleccid per a compostos més polars i ionics. Aquesta font és
molt Util per a I'analisi de compostos de pes molecular alt com ara: proteines, peptids i
oligonucleotids, perd també és una de les fonts més Utils en I'analisi de compostos
fenolics.

Els ions es generen abans que la mostra arribi a I'espectrometre de masses. La
mostra entra junt amb la fase mobil en una cambra que es troba a pressié atmosférica.
All3, la fase mobil es nebulitza i es transforma en una mena d’esprai gracies a un camp
eléctric i a la presencia d’'un gas a alta temperatura. El camp eléctric dissocia les
molecules de I'analit, mentre el gas evapora el solvent en forma de petites gotes. A
mesura que la mida de les gotes disminueix, n"augmenta la carrega, i s’afavoreix la
dissociacié dels diferents ions a la nova fase gasosa. Aquests ions passen

posteriorment a l'interior de I'analitzador.

lonitzacio quimica a pressio atmosferica: APCl

Per a I'analisi d’analits de baixa polaritat, I’APCI proporciona millor eficacia i
selectivitat. Una font de calor (250-400 2C) evapora la fase mobil junt amb la mostra
que entra en forma d’esprai a la cambra d’ionitzacié. Per accié d’una agulla que
descarrega electrons, s’inicia el procés d’ionitzacié. Es aqui quan els ions de la fase
mobil transfereixen la carrega a les molecules de la mostra a través de reaccions

quimiques (ionitzacid quimica). Els ions passen llavors a I’analitzador.
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Fotoionitzacio a pressio atmosférica: APPI

L’APPI és una tecnica recent en I’HPLC acoblada a MS. El fonament és el mateix
que la ionitzacio per APCI, pero la ionitzacid la provoca una lampada que genera fotons
en un estret rang d’energies d’ionitzacié. Aquest rang d’energia ionitza el maxim de
molécules dels analits i minimitza la ionitzacié de les molécules de la fase mobil. Els
ions resultants passen a I'analitzador.

L’APPI i 'APCI tenen més tolerancia a les sals i a I'efecte matriu si es compara
amb I'ESI (Schliisener & Bester, 2005). L'APCI presenta un rang d’aplicacié similar a
I’APPI, pero esta més estesa a compostos no polars.

Recentment, s’ha descobert la desorcid ES/ (DES/) com una técnica d’ionitzacié
per a la identificacié de metabolits (Williams et al., 2006). No necessita preparacio
prévia de la mostra i es pot utilitzar directament en teixits i organismes vius (Wiseman
et al., 2000). Una altra nova font d’ionitzacié és I'analisi directa a temps real (DART) en
la qual la mostra s'introdueix directament (solida, liquida o gasosa). Serveix tant per a
I’analisi qualitativa com quantitativa.

La tecnica d’ionitzacié i desorcié per laser (MALDI) no té gaires aplicacions per

I’analisi de polifenols en mostres d’aliments.

C) Analitzadors de masses

En principi, qualsevol tipus d’analitzador es pot utilitzar en I’analisi per HPLC-
MS. Els avantatges i desavantatges d’aquests analitzadors depenen dels requeriments
de cada analisi. Els analitzadors de masses es classifiquen en dos grans grups segons la
seva resolucid. En general els analitzadors de baixa resolucid, com ara els quadrupols i
trampes d’ions, tenen una resolucid en un rang menor de 1000, mentre que els
analitzadors d’alta resolucié tenen una resolucié minima de 15000 per a analitzadors
de temps de volada i per sobre de 50000 per a analitzadors de transformada de
Fourier (Peterman et al., 2006). En aquesta tesi, es fa una breu descripcio del Q, QqQ,

ToF, QToF, IT, transformada de Fourier (FTMS) i LTQ-Orbitrap.
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C.1. Quadrupol simple: Q

El Q esta format per quatre cilindres paral-lels que formen un quadrat (Figura
4). Els voltatges que s’apliquen als cilindres generen camps electromagnétics que
determinen quins ions, segons la seva relacid6 m/z, poden arribar al detector a un
temps determinat. La resta d’ions no segueixen una trajectoria estable i mai no

arribaran al detector.

Detector

16 ressonant
16 no ressonant .

Font d 1onitzacio

Figura 4. Esquema d’un Q. Els ions que tenen la carrega adequada (ressonants) arriben
al detector.

Hi ha dues maneres d’operar amb aquest analitzador: en mode d’escombratge
complet, full scan (FS), i seleccionant i monitoritzant un i6 concret, selected ion
monitoring (SIM). En mode FS, I'analitzador monitoritza un rang predeterminat de
relacions m/z. Es el métode utilitzat per dur a terme analisis qualitatives. En mode SIM,
I’analitzador monitoritza només unes relacions de m/z determinades. Es molt més
sensible que el mode d’escanejat, la qual cosa el fa molt recomanable per realitzar

analisis quantitatives, pero es perd la informacio espectral.

C.2. Triple quadrupol: QgQ

L’analitzador QgQ consisteix en tres quadrupols connectats en série. El
quadrupol 1(Q1) i el 3(Q3) funcionen com a analitzadors. El quadrupol 2(Q2) o cel-la de
col-lisié (CID) se situa entremig del Q1 i Q3. A continuacio, es mostra un esquema d’un

QqQiles seves parts (Figura 5).
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Figura 5. Esquema d’un QgQ.

Introduccié

Q3

En el cas del QqQ, es poden realitzar quatre tipus d’experiments, que es

mostren en la figura 6, en qué Q1 i Q3 estan controlades segons |'experiment i tenen

una funcié especifica. Per exemple, si es busca un compost o familia especifica de

compostos s’utilitzaran experiments de precursor ion scan (Prec) o de neutral loss (NL),

mentre que si el que es vol és confirmar la identitat d’'un compost determinat es duran

a terme experiments de product ion scan (PIS). Finalment, 'MRM es fa servir

basicament per obtenir millors limits de deteccid i per quantificar els diferents analits.

Aquest Ultim és el métode més sensible per a I'analisi quantitativa, pero també

presenta una manca d’informacié espectral.

Production scan Precursor ion scan
Q1 CID Q3 Q1 CID Q3
estatic escanejant escanejant estatic
Neutral loss scan MEM
n=n= o =
U o, y ™ L — (— - - —
Q1 CID Q3 Q1 CID Q3
escanejant escanejant estatic estatic

Figura 6. Esquema dels diferents experiments MS/MS.

43



Introduccié

C.3. Temps de volada: ToF

En aquest tipus d’analitzador, s’hi aplica una forca electromagnética uniforme a
tots els ions al mateix temps, la qual cosa accelera el pas dels ions a través d’un tub
anomenat time of flight. Els ions més lleugers viatgen més rapid i arriben primer al
detector. Aixi, les relacions de m/z dels ions estan condicionades i es determinen
segons el seu temps d’arribada. No obstant aixo, amb aquest tipus d’analitzador no es

poden realitzar experiments d’MS/MS.

C.4. Quadrupol-temps de volada: QToF

Aquest analitzador combina I'estabilitat d’'un QgQ amb [I'alta eficacia,
sensibilitat i exactitud d’un ToF. Es capac de seleccionar un ié en particular i aconseguir
mesures simultanies i precises d’ions de tot el ventall de masses. Ofereixen una gran
sensibilitat i exactitud en front el QqQ quan es treballa en mode FS. Aquest equip
s’utilitza per a les analisis metabolomiques per fer una exhaustiva identificacié dels
metabolits presents en mostres d’aliments i biologiques. Les analitiques amb QToF
permeten obtenir la massa exacta dels ions i dels seus productes, la qual cosa és
essencial per assignar la composicid elemental i, per tant, per a la caracteritzacio de
molecules petites. A diferencia del ToF, amb aquest equip es poden fer mesures

d’MS/MS.

C.5. Trampa d’ions: IT

Esta formada per una cambra amb dos eléctrodes i dues peces de finalitzacié
que atrapen els ions gracies a una série de camps electromagnétics. Una vegada dins
de la cambra, pot aplicar-se un altre camp electromagnétic, romanen en la cambra
només els ions seleccionats. Aquest analitzador permet fer multiples analisis o
fragmentacions (MS") d’una mateixa molécula sense requerir un acoblament amb
altres analitzadors de masses addicionals (Anari et al., 2003). Aquest procés es pot
seqglienciar automaticament fent, per exemple, que els ions més abundants de cada
etapa es fragmentin de nou. Aquestes técniques de multiples processos de trencament

permeten descartar en una primera etapa els ions que no ens interessen.
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C.6. Transformada de Fourier: FTMS

Aquest analitzador esta basat en I'accié que un camp magnétic exerceix sobre
un i6 girant en un camp de radiofreqiiéncia. Mitjancant el camp magneétic, els ions sén
dirigits a una cambra on giren descrivint orbites de diametre reduit i minima
freqiiencia. Per I'aplicacid d’un senyal de radiofreqiiéncia, els ions son excitats a
descriure orbites espirals d’amplitud creixent. Arriba un moment en que I'orbita
descrita és de diametre igual a la distancia de separacié entre dos eléctrodes
detectors, moment en el qual son detectats generant una imatge de corrent, que és la
funcié directa de la seva relaci6 m/z. Aquesta imatge de corrent és integrada
mitjancant una transformada de Fourier i convertida a un senyal proporcional a la seva
intensitat. L'espectre complet s’obté mitjangant un escombrat del camp de
radiofreqliéncia que varia entre 8 KHz i 100 MHz. El principal avantatge d’aquest tipus
d’analitzador és I'altissima precisié en les mesures de masses (0.001% i superiors) i un

poder de resolucié quasi il-limitat.

C.7. Trampa d’ions-transformada de Fourier: LTQ-Orbitrap

Es un dels millors analitzadors per a I’analisi de polifenols en aliments i mostres
biologiques (Peterman et al., 2006). Combina els avantatges dels analitzadors IT i
FTMS. Aquesta metodologia permet I'analitica d’MS i MS" per facilitar I'obtencié
d’informacié estructural amb una mesura acurada de les masses amb un error inferior
a 2 ppm i sense necessitat de calibrar continuament. A causa de I'especificitat de les
mesures d’MS" i la capacitat d’eliminar les interferéncies a través de I'etapa inicial de
seleccié de masses, I'LTQ-Orbitrap-MS és un equip amb grans possibilitats per a
I'analitica qualitativa, ja que facilita l'elucidacié de [I'estructura de compostos

desconeguts. A continuacio es presenta un esquema d’un analitzador LTQ-Orbitrap.
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Trampa d’ions

Font d’ionitzacié lineal
A ]
uluL ﬂ s =° E(lela de collisio
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Figura 7. Esquema d’un LTQ-Orbitrap.
A continuacié es descriuen les diferents parts d’aquest equip.

C.7.1. Font d’ionitzacio

Els ions es generen tant en la fase de solucié mitjancant ES/ com en la fase gas
mitjancant APCI. Després, els analits passen de la font d’ionitzacid a la regidé de
I'analitzador mitjangant una série de lents que combinen corrent continu, voltatge de

radiofreqlieéncia i un gradient de buit.

C.7.2. LTQ-trampa d’ions lineal
Es la primera trampa lineal en dues dimensions i ofereix diversos avantatges
respecte els instruments en 3-Dimensions. Aquesta trampa lineal té una gran

sensibilitat, més velocitat d’exploracié i més eficiencia.

C.7.3. Trampa-C
La trampa-C és un Q de voltatge de radiofreqiiencia en forma de C, la funcio del

qual és assegurar que els ions s’injectin a I’Orbitrap.

C.7.4. Cel-la de col-lisié d’alta energia: HCD

Es un nou disseny de cel-la de collisi6 que es connecta directament amb |a
trampa-C. Aix0 permet que es duguin a terme col-lisions d’alta energia per generar
espectres d’MS/MS. Una vegada els ions s’han fragmentat, es transfereixen a la

trampa-C amb un gradient de potencial i des d’alli a I'Orbitrap.
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C.7.5. Orbitrap

L'Orbitrap consta de dos eléctrodes un de central, al voltant del qual els ions es
mouen descrivint una espiral, i un d’exterior. De les tres freqiiéncies caracteristiques
gue poden descriure els ions en I'Orbitrap, només la component axial és independent
de l'energia inicial, dels angles i de les posicions i pot ser detectada a I’Orbitrap.
Després s’empra una transformada de Fourier per obtenir frequéncies d’oscil-lacié dels
ions amb masses diferents. Finalment, s’obté una lectura precisa de la seva m/z i

masses d’alta resolucio.

D) Detectors

Comercialment, son assequibles diferents tipus de detectors per a
espectrometres de masses. En els primers anys, predominaven els fotomultiplicadors
d’electrons. Després, van apareixer d’altres detectors per a deteccions puntuals com
els Channeltron de baix cost i Us general, i els sistemes de conversié fotonica més
sofisticats i sensibles. També, han aparegut sistemes de deteccié simultania com ara
les bateries de micromultiplicadors multicanal combinades amb posterior conversié
fotonica, I'aportacio de les quals als nous desenvolupaments instrumentals en MS ha

estat important.

Eines per a la identificacio de polifenols mitjangant HPLC-MS/MS

Hi ha diferents maneres de confirmar la identitat dels compostos presents en
mostres d’aliments. En aquesta tesi, primer es van fer servir experiments d’MS/MS en
el QqQ. No obstant aix0, per la confirmacié definitiva es van fer servir equips d’alta
resolucié com el QToF i I'LTQ-Orbitrap, els quals permeten obtenir la massa exacta. La
composicié elemental es va seleccionar en funcié de la massa exacta i del patrd
isotopic amb l'ajuda del Diccionari de Productes Naturals i la base de dades dels
metabolits del tomaquet (MoTo DB) (Grennan, 2009). La interpretacio dels espectres
de masses (MS/MS i MS") en comparacié amb els trobats a la literatura ha estat 'eina

principal per a la identificacio dels polifenols dels tomaquets i derivats.
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2.2. Analisi i identificaci6 de carotens

Fins fa poc, la identificaciéd de carotens es portava a terme mitjancant fases
estacionaries C;3 (Azevedo-Meleiro & Rodriguez-Amaya, 2009; Liu et al., 2009). Més
recentment, s’estan fent servir fases estacionaries Csp, la qual cosa proporciona més
resolucid i selectivitat (Garcia-Alonso et al., 2009). Per a la identificacié de carotens,
I’HPLC-UV és la técnica més utilitzada (Rentel et al., 1998). No obstant aixo, I’MS s’ha
comencgat a fer servir per I'analisi de carotens. La técnica d’ionitzacié més utilitzada és
I’APCI, perd amb aquesta técnica és necessaria molta quantitat de mostra. Per aixo,
una bona alternativa és I’ES/ amb una previa derivatitzacié amb sals de sodi o calci
(D'Alexandri et al., 2010) per aconseguir una bona ionitzacié de compostos apolars
com els carotens.

En aquesta tesi doctoral, s’han utilitzat dues tecniques per a la identificacio dels
carotens: ’HPLC-UV i ’HPLC acoblada a MS/MS amb un instrument de QqQ, utilitzant
ESI amb prévia derivatitzacié amb clorur de liti (HPLC-ESI-(Li*)-MS/MS). Pel que fa a les
caracteristiques i als equips emprats per a la seva identificacio son els mateixos que els

descrits per a I'analisi de compostos fenolics.
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IV. MATERIALS | METODES

1. Recepcid i preparacio de la mostra

Les varietats de tomaquet procedents de I’'empresa CONESA de Vegas Bajas del
Guadiana, Badajoz, Espanya, escollides per a la realitzacié d’aquesta tesi van ser:
malva, H-9661, H-9776, H-9997, albastro, guadiva i elegy. Les mostres de salses
(passata 10/12, hot break 22/24, hot break 28/30 i cold break 28/30) i les mostres de

daus de tomaquet (cold process, cold process amb CaCl, i hot process) també

procedien de la mateixa zona.

Tots els sucs de tomaquet, quétxups i gaspatxos van ser adquirits a diferents
mercats de Barcelona. Per a la realitzacio dels estudis de PEBIC, es van escollir mostres
del mercat de Lleida.

Tots els productes es van emmagatzemar en refrigeracidé o congelacié,

depenent dels requeriments de la mostra, fins a la seva analisi.

SIMON

»‘\
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Figura 8. Diagrama de flux pels productes derivats del tomaquet.
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2. Caracteritzacio

Per a la caracteritzacié d’algunes de les mostres, es va dur a terme la
determinacié de diferents propietats fisicoquimiques com ara: color, pH, textura i
solids solubles.

Color: Per mesurar el color de tomaquets sencers, es va fer servir un colorimetre
Minolta CR-400 (Konica, Minolta, Sensing, Inc., Osaka, Japd). Aquests equips, a partir
dels valors de refractancia, proporcionen les coordenades del sistema cromatic
uniforme CIElab (a*, b* i L*).

pH: el pH es va mesurar potenciometricament amb un pHmetre Crisol 2001 (Crison
Instruments SA, Alella, Barcelona, Espanya).

Solids solubles: Els solids solubles (2Brix) de les mostres de tomaquet es van
determinar mitjangant un refractometre digital RX-100 (Atago Comapny, Ltd., Japd).
Textura: La textura dels tomaquets es va determinar mitjangant un texturometre TA-
XT2 (Stable Micro Systems Ltd., Surrey, Anglaterra). La resisténcia a la penetracio es va
mesurar com la forca necessaria perqué una sonda de 4 mm de diametre i de base
plana penetrés en el tomaquet 5 mm. Els parametres van ser els seglients: velocitat

preassaig, 2 mm/seg; velocitat assaig, 3 mm/seg i velocitat postassaig, 10 mm/seg.

3. Extraccions dels compostos bioactius en mostres de tomaquets i els seus derivats
3.1. Extraccio dels polifenols

Per tal d'evitar I'exposicié a la llum, a l'oxigen i a les altes temperatures,
I'extraccio dels polifenols es va dur a terme en la foscor i en fred. En primer lloc, 0.5
grams de mostra fresca es van homogeneitzar amb 5 mL d’una solucié d’'un 80%
etanol. La mescla es va sotmetre a sonicacié durant 5 minuts per afavorir I'extraccid
dels polifenols i es va centrifugar (4000 rpm a 4 oC) durant 20 minuts. El sobrenedant
es va transferir a un tub de recollida de mostra i I'extraccid es va repetir. Ambdds
sobrenedants es van combinar i es van evaporar sota corrent de N, i, finalment, el
residu es va reconstituir amb aigua Milli-Q (0.1% d'acid formic) fins a 4 mL o 1.5 mL
depenent del tipus de derivat de tomaquet (Vallverdd-Queralt et al., 2010).

A continuacid, es va procedir a fer una extraccié en fase solida (SPE) dels

extractes obtinguts per tal d’eliminar les substancies interferents, com ara la vitamina
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C, sucres reductors o ferro (ll), en la determinacié de polifenols totals. Per a I'SPE, es
van seleccionar els cartutxos Oasis® MAX 30 mg (mixed-mode anion-exchange and
reversed-phase solvent) per obtenir amb ells millor recuperacié que amb altres
cartutxos d’SPE. Aquests cartutxos permeten una alta selectivitat i sensibilitat amb els
compostos fenolics estudiats a causa de la mescla del mode d’intercanvi anionic i el

solvent de fase reversa. El procediment es detalla a continuacié (Figura 9):

Acondicionament 1: Metanol al 100% (1 mL)

Acondicionament 2: Acetat sodic 50 mM pH 7 (1 mL)

Mostra: Extractes diluits i acidificats (2 mL)

Neteja: Acetat sodic 50 mM pH 7 al 5% de metanol (1 mL)

Elucié: Metanol al 2% d’acid formic (1.8 mL)

Evaporacié a sequedat sota corrent de N,
Reconstitucié amb aigua Milli-Q al 0.1% d’acid formic (4 mL)

Figura 9. SPE pels extractes de tomaquet.
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3.2. Extraccié dels carotens

Per tal d'evitar I'exposicié a la llum, a l'oxigen i a les altes temperatures,
I'extraccio dels carotenoides es va dur a terme en la foscor i en fred. En primer lloc, 0.5
grams de mostra fresca es van homogeneitzar amb 5 mL d’una solucié d’etanol: hexa
(4:3 v/v). La mescla es va sotmetre a sonicacié durant 5 minuts per afavorir I'extraccio
dels carotens i es va centrifugar (4000 rpm a 4 2C) durant 15 minuts. El sobrenedant es
va transferir a un tub de recollida de mostra i I'extraccié es va repetir. Ambdds
sobrenedants es van combinar i es van evaporar sota corrent de N, i, finalment, el
residu es va reconstituir amb terc-butil-metil-eter (MTBE) fins a 1 mL (Rodriguez-

Bernaldo de Quirds & Costa, 2003).

4. Determinacions analitiques
4.1. Polifenols totals: Folin-Ciocalteu

Aquest métode es fa servir per a la mesura dels polifenols totals. Es un métode
colorimetric basat en una reaccié redox, en que els grups hidroxils dels diferents fenols
presents a la mostra reaccionen amb el reactiu de Folin-Ciocalteu (FC). Aquesta mescla,
en medi basic, pren un color blavds proporcional a la concentracié de substancies
reductores presents a la mostra, coloracié que es mesura amb un espectrofotometre a
765 nm. Per dur a terme la quantificacid, es necessita una recta patré preparada amb
una substancia pura de referéncia, com per exemple I'acid gal-lic, i el resultat
s’expressa com a mil-ligrams d’acid gal-lic per gram d’extracte (Medina-Remon et al.,

2010; Vallverdu-Queralt et al., 2011d).

4.2. Licope total

El contingut de licope es va determinar espectrofotometricament seguint el
meétode proposat per Odrizola-Serrano et al. (2007). Aproximadament uns 0.6 g de
mostra fresca es van mesclar amb 5 mL de butilat hidroxitolué en acetona al 0.05%
(p/v), 5 mL d’etanol al 95% i 10 mL d’hexa. La barreja es va centrifugar (4000 rpm a 4
oC) durant 15 minuts. Després es van afegir 3 mL d’aigua Milli-Q, i es va fer la lectura

de I'absorbancia de la part organica a 503 nm.
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4.3. Vitamina C

El metode utilitzat per I'extraccio i determinacié de la vitamina C de les mostres
va ser validat per Odrizola-Serrano et al. (2007). Es van pesar 5 g de mostra fresca i s’hi
van afegir 5 mL d’una solucié que contenia 9 g/L d’acid metafosforic i 1.5 g/L de DL-
ditiotreitol com a agent reductor. La barreja es va centrifugar (4000 rpm a 4 2C) durant
15 minuts. Passat aquest temps, el sobrenedant es va filtrar amb un filtre de teflé de
0.45 um i 13 mm de diametre. Una aliquota de 20 plL es va injectar en el sistema
cromatografic Agilent 1100 (Agilent, Waldbronn, Alemanya) equipat amb una bomba
quaternaria, un termostat automatic de mostres, un forn, un injector automatic i un
detector de feix de diodes (DAD). La separacio es va realitzar en una columna de fase
reversa Cig Luna de 50 mm de llarg, 2.0 mm de diametre i 5 um de mida de particula
interna. Es va fer servir una fase mobil que constava d’una solucié d’acid sulfaric al
0.01% a pH 2.6. La columna es va mantenir a temperatura ambient i el flux de la fase
mobil va ser d’1 mL/min. La deteccid es va realitzar a longitud d’ona de 245 nm. Per a
la quantificacid, es va construir la corba de calibratge a cinc nivells de concentracié de

I’acid ascorbic (5, 10, 15, 30 i 50 mg/kg) amb valors de R® entre 0.9896 i 0.9990.

4.4. Radicals lliures: capacitat antioxidant

L’activitat antioxidant es va determinar pel métode dels radicals estables ABTS*
i DPPH segons els meétodes descrits per Minoggio et al. (2003) amb algunes
modificacions. Es duen a terme les extraccions lipofiliques o hidrofiliques segons si es
vol determinar la capacitat antioxidant lipofilica o hidrofilica. 5 pL de sobrenedant
hidrofilic o lipofilic es van mesclar amb 245 uL d’una solucié metanolica de DPPH o
ABTS’. Després de 60 min a la foscor pel métode d’ABTS* i 30 min pel métode DPPH, es
va mesurar 'absorbancia a 515 nm en el cas del DPPH i a 734 nm en el cas d’ABTS". El
percentatge d’inhibicid respecte I’absorbancia inicial obtinguda per la solucié
metanolica de DPPH o ABTS' es va expressar com a mmol equivalents d’antioxidant de

referéncia (Trolox) /100 g mostra.
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5. Cromatografia de liquids d’alta resolucié acoblada a espectrometria de masses en
tandem amb un instrument de triple quadrupol: HPLC-MS/MS

Es va fer servir la cromatografia de liquids d’alta resolucié acoblada a
I’espectrometre de masses de QqQ API 3000 (ABSciex, Concord, Ontario, Canada) per a
la identificacio i quantificacié de polifenols i carotens en mostres de tomaquets i de
derivats. Aquest espectrometre esta equipat amb una font d’ES/ i opera amb nitrogen
d’alta puresa com a gas de nebulitzacio, gas auxiliar i gas cortina. Per als compostos
polifenolics, normalment, es treballa en mode negatiu, i per als carotens en mode
positiu. Per a I'analisi dels carotens es va fer servir una addicié postcolumna d’una

solucio de LiCl (500 mg/L) per tal d’afavorir la ionitzacié d’aquests compostos.

Figura 10. Espectrometre de masses QqQ amb font d’ES!.

Es van dur a terme diferents tipus d’experiments. Primer, les mostres es van
injectar en mode FS de m/z 100 a 800 per tal de fer una primera identificacio dels
compostos. Seguidament, es van realitzar experiments d’MS/MS com ara: I’NL en qué
els dos quadrupols analitzadors duen a terme escombratges complets amb una
diferéncia d’unitats de massa que correspon a la perdua d’'una molécula neutra; el
Prec, el qual escaneja els possibles ions precursors d’'un determinat ié i el PIS, el qual
ailla un ié en el Q1, el fragmenta a la cel-la de collisié i escaneja els seus fragments al
Q3. Aquesta ultima és la técnica més utilitzada per identificar i/o confirmar compostos

comparant I'espectre de masses del patré amb el compost a la mostra.
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Finalment, es van injectar les mostres en mode MRM que és |'experiment
d’analisi quantitativa per excel-léncia a causa de la seva elevada sensibilitat, encara
gue no ddéna informacié espectral.

El cromatograf de liquids és un Agilent 1100 (Agilent, Waldbronn, Alemanya)
equipat amb una bomba quaternaria, un injector automatic amb termostat i un forn.
Les determinacions analitiques dels compostos polifenolics es van dur a terme
utilitzant la columna Cyg Luna de 50 mm de llarg, 2.0 mm de diametre i 5 um de mida
de particula interna (Phenomenex, Torrance, CA, EUA). Les fases mobils van ser aigua
Milli-Q (0.1% d'acid formic) (solvent A) i acetonitril (0.1% d'acid formic) (solvent B). Es
va utilitzar un gradient d'augment lineal de dissolvent B. La separacié es va dur a terme
en 15 minuts en les seglients condicions: 0 min, 5% B; 10 min, 18% B; 13 min, 100% B;
14 min, 100% B; 15 min, 5% B. Es va treballar a un flux de 0.4 mL/min i el volum
d’injeccié va ser de 20 ul. Aquest gradient pot variar lleugerament, depenent dels
tipus de productes que s’hagin d’analitzar, ja siguin tomaquets, salses, quetxups, sucs o
gaspatxos (Vallverdd-Queralt et al., 2011a; Vallverdu-Queralt et al., 2011b).

Les determinacions analitiques dels carotens es van dur a terme utilitzant una
columna Czg de 250 mm de llarg, 4.6 mm de diametre i 5 um de mida de particula
interna (YMCTM, Waters Co, Milford, MA, EUA). El volum d’injecci6 va ser de 20 uL i el
flux d’1 mL/min. La fase mobil constava de dues mescles de dissolvents: A-
aigua:metanol: MTBE (4:26:70 v/v) i B aigua:metanol: MTBE (4:90:6, v/v). El gradient
va ser lineal de 26% B a 90% B en 23 minuts. La columna es va equilibrar durant 10
minuts abans de cada analisi. L'MTBE s’utilitza com a modificador per facilitar I'elucié

de licope, que és fortament retingut en un ambient metanolic.
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6. Cromatografia de liquids d’alta resolucié acoblada a espectrometria de masses
d’alta resoluci6 amb un espectrometre hibrid de trampa d’ions-transformada de
Fourier: HPLC-LTQ-Orbitrap-MS

Es va fer servir la cromatografia de liquids d’alta resolucié acoblada a
I'espectrometre LTQ Orbitrap Velos (Thermo Scientific, Hemel Hempstead, Regne
Unit), que és un espectrometre hibrid d’IT i FTMS, per a I'analisi de polifenols en
mostres de tomaquet i derivats amb una mesura acurada de les masses i errors inferior
a 2 ppm. Es un instrument amb un gran potencial en I'analisi qualitativa amb un poder
de resolucié de 30000. Combina els avantatges de I'analitzador d’/T amb |’analitzador
d’FTMS.

Aquest espectrometre esta equipat amb una font d’ES/ i opera amb nitrogen
d’alta puresa com a gas de nebulitzacid, gas auxiliar i gas cortina i a una temperatura

capil-lar de 275 2C. Es va treballar en mode negatiu.

Trampa d’ions

Font d’ionitzacié lineal
A J“ §=§£ﬂ : HM\ Tromeere
L o => Cel'la de col'lisié

44 31 = oo
/‘\‘:1

Bombeig .
=P Orbitrap
?\——/ I
1ul! j |
l"hl'\ fl ‘T

Figura 11. Espectrometre de masses LTQ-Orbitrap amb font d’ES/.
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Es van dur a terme diferents tipus d’experiments. En primer lloc, I'FTMS, que és
I’escombratge complet a I'analitzador de transformada de Fourier de m/z 100 a 1000,
per tal de fer una primera identificacié dels compostos. Seguidament, es van realitzar
experiments d’MS” per facilitar I'obtencié d’informacié estructural dels polifenols. Per
a I'analisi de les dades es va utilitzar el programari Xcalibur.

El cromatograf de liquids és un Accela (Thermo Scientific, Hemel Hempstead,
Regne Unit) equipat amb una bomba quaternaria, un termostat automatic de mostres,
un injector automatic i un DAD (Vallverdd-Queralt et al., 2010). Es va fer servir una
columna Cyg Luna de 50 mm de llarg, 2.0 mm de diametre i 5 um de mida de particula
interna (Phenomenex, Torrance, CA, EUA). El gradient d'elucié es va realitzar amb
aigua Milli-Q (0.1% d'acid formic) (solvent A) i acetonitril (0.1% d'acid formic)
(dissolvent B) amb un flux de 0.4 mL/min i el volum d'injeccié va ser de 5 puL. Es va
utilitzar un gradient d'augment lineal de dissolvent B. La separacié es va dur a terme
en 15 minuts en les seglients condicions: 0 min, 5% B; 10 min, 18% B; 13 min, 100% B;
14 min, 100% B; 15 min, 5% B. Aquest gradient pot variar lleugerament, depenent dels
tipus de productes que s’analitzen, ja siguin tomaquets, salses, quétxups, sucs o

gaspatxos.

7. Cromatografia de liquids d’alta resolucié acoblada a espectrometria de masses
d’alta resolucié amb un espectrometre hibrid quadrupol-temps de volada: HPLC-Q-
ToF-MS

Es va fer servir la cromatografia de liquids d’alta resolucid acoblada a
I’espectrometre QSTAR Elite (ABSciex) per a les analisis metabolomiques de tomaquets
i els seus derivats. Aquest equip presenta |'avantatge dels analitzadors d’alta resolucié
de Tof amb un rang il-limitat de masses i la potencialitat de dur a terme experiments
d’MS/MS i analitzar els ions fragment en alta resolucid. Aquest espectrometre esta
equipat amb una font d’ES/ i opera amb nitrogen d’alta puresa com a gas de
nebulitzacid, gas auxiliar i gas cortina i a una temperatura de 400 °C. Es va treballar en
mode negatiu.

Es van dur a terme diferents tipus d’experiments. En primer lloc, el ToF-MS de

m/z 90 a 1100. Seguidament, es van dur a terme experiments d’MS/MS. Es va fer Us de
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I'IDA (Information Dependent Acquisition), que permet |'adquisicid automatica dels
espectres d’MS i MS/MS en una sola injeccié cromatografica.

El cromatograf de liquids és un Agilent 1200 RRLC (Agilent, Waldbronn,
Alemanya) equipat amb una bomba quaternaria, un termostat automatic de mostres,
un forn, un injector automatic i un UV. Es va fer servir una columna Cyg Luna de 50 mm
de llarg, 2.0 mm de diametre i 5 pm de mida de particula interna (Phenomenex,
Torrance, CA, EUA). El gradient d'elucié es va realitzar amb aigua Milli-Q (0.1% d'acid
formic) (solvent A) i acetonitril (0.1% d'acid formic) (dissolvent B) amb un flux de 0.4
mL/min i el volum d'injeccié va ser de 5 L. Es va utilitzar un gradient d'augment lineal
de dissolvent B. La separacié es va dur a terme en 15 minuts en les seglents
condicions: 0 min, 5% B; 10 min, 18% B; 13 min, 100% B; 14 min, 100% B; 15 min, 5% B
(Vallverdu-Queralt et al., 2011e).

Figura 12. Espectrometre de masses QToF-MS amb font d’ESI.

8. Analisis Estadistiques

Les analisis de variancia permeten avaluar si existeixen diferéncies significatives
(P < 0.05) entre mostres i tractaments aplicats. En alguns casos, es van determinar
correlacions entre les variables estudiades mitjancant el test de Pearson. En d’altres
casos, es va realitzar una analisi de components principals (PCA) per establir possibles
relacions entre variables.

A través del programa informatic Design Expert 7.0.1 (Stat Ease Inc.,

Minneapolis, USA) es van realitzar les superficies de resposta i es van obtenir les
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equacions polinomiques de segon ordre. Les variables numériques independents van
ser el nombre de polsos i la intensitat de camp. La funcié de segon ordre es va predir
mitjancant 'equacio 1

Y= By + iﬁixi + iﬁuxf + i i BiiXi X; (1)
i=1 =1

i=1i=i+1

on Y és la variable independent B, és el punt central dels sistema B;, Bi i Bj els
coeficients de la regressid corresponent als efectes lineals, quadratics i de les
interaccions, respectivament; X;, Xiz i XX, els efectes lineals quadratics i de les
interaccions de les variables independents.

Per a les analisis metabolomiques, es van fer servir els programes Marker
view™ 1.2 (Applied Biosystems, MDS SCIEX, Toronto, Ontario, Canada), Unscrambler
9.0 (CAMO A/S, Trondheim, Noruega) i I’Statgraphics Plus 5.1 (Statistical Graphics Co.,
Rockville, EUA).
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V. RESULTATS

En la seglient seccid, s’hi exposen els resultats obtinguts dels treballs experimentals
realitzats en aquesta tesi doctoral. Aquests resultats s’han concretat en 12
publicacions, totes elles com a primera signant, en 10 revistes del primer quartil i 2 del
segon, del Science Citation Index.

Davant de cada publicacid, hi ha un resum en qué es detallen els objectius, els

resultats i les principals conclusions de cada estudi.
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1. Capitol I: Caracteritzacido dels polifenols del tomaquet mitjangant HPLC-LTQ-
Orbitrap-MS i HPLC-MS/MS

Anna Vallverdu-Queralt, Olga Jauregui, Alexander Medina-Remodn, Cristina Andrés-

Lacueva & Rosa M. Lamuela-Raventds. Rapid Communications in Mass Spectrometry.

2010, 24: 2986-2992.

Resum: Aquesta publicacid presenta una identificacié exhaustiva dels polifenols
presents en el tomaquet mitjangant la combinacié de dos equips: HPLC-MS/MS i HPLC-
LTQ-Orbitrap-MS. Primer, es va fer una identificacié amb HPLC-MS/MS i després es van
injectar les mostres en l'equip d’alta resolucié (HPLC-LTQ-Orbitrap-MS). Aquesta
metodologia permet I'analitica d’MS, MS/MS i MS", la qual cosa facilita I'obtencid
d’informacié estructural. A causa de I'especificitat de les mesures d’MS" i |a capacitat
d’eliminar les interferéncies a través de I'etapa inicial de seleccié de masses, I'LTQ-
Orbitrap-MS és un dels millors equips per a I'analitica qualitativa; facilita I'elucidacio de
I’estructura de compostos desconeguts. Conseglientment, es van identificar 38
compostos en mostres de tomaquets amb errors inferiors a 2 mDa, tres dels quals no

havien estat descrits en tomaquets.
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Improved characterization of tomato polyphenols using
liquid chromatography/electrospray ionization linear
ion trap quadrupole Orbitrap mass spectrometry and
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Tomato (Lycopersicon esculentum Mill.) is the second most important fruit crop worldwide. Tomatoes
are a key component in the Mediterranean diet, which is strongly associated with a reduced risk of
chronic degenerative diseases. In this work, we use a combination of mass spect try (MS)
techniques with negative ion detection, liquid ch tograp pray ionization linear ion
trap quadrupole-Orbitrap-mass spectrometry (LC/ESI-LTQ-Orbitrap-MS) and liquid chromatog-
raphy/electrospray ionization tandem mass spectrometry (LC/ESI-MS/MS) on a triple quadrupole,
for the identification of the constituents of tomato samples. First, we lested for the presence of
polyphenolic compounds through generic MS/MS experiments such as neutral loss and precursorion
scans on the triple quadrupole system. Confirmation of the pounds previously identified was
accomplished by injection into the high-resolution system (LTQ-Orbitrap) using accurate mass
measurements in MS, MS* and MS® modes. In this way, 38 compounds were identified in tomato
samples with very good mass accuracy (<2 mDa), three of them, as far as we know, not previously

) R 2 ey
y/elec

reported in tomato samples. Copyright ' 2010 John Wiley & Sons, Ltd.

Tomatoes are the most frequently consumed vegetables in
Spain (16.7kg/year per person) and their ¢ ption has

polyphenols, such as capillary electrophoresis B, gas
ch graphy (GC),** nuclear magnetic resonance

increased rapidly in recent years (28% annually), with
important economical consequences and potential health-
promoting implications.’

Tomato polyphenols are bioactive molecules distributed in
plant species, influencing their morphology, growth and
reproduction, as well as their resistance to parasites and
environmental stress Phenolic compounds contribute to the
antioxidant activities of tomatoes and tomato products, and
play an important role in the benefits attributed to the
consumption of these vegetables.

Identification of phenolic compounds is a complex task in
food matrices compared to enriched supplements or drugs,
due to the wide variety of structures present in nature and
the lack of standard polyphenols commercially available.
Several methods have been used for the determination of

*Correspondence to: R. M. Lamuela-Raventds, Nutrition and Food
Science Department, XaRTA, INSA, Pharmacy School, Univer-
sity of Barcelona, Av. Joan XXIII s/n, (8028 Barcelona, Spain.
E-mail: lamuela@ub.edu

(NMR),” and, most commonly, high-performance liquid
chromatography (HPLC) coupled to ultraviolet (UV)* and
mass spectrometry (MS).""!

Linear ion trap quadrupole-Orbitrap-mass spectrometry
(LTQ-Orbitrap-MS) delivers single-stage mass analysis pro-
viding molecular mass information, two-stage mass analysis
(MS/MS) and multi-stage mass analysis (MS") delivering
structural information. Because of the specificity of MS/MS
measurements and the ability to eliminate interferences
through the initial mass selection stage, qualitative analysis
of target compounds is accomplished using LTQ-Orbitrap-
MS. Exact mass ts and el tal composition
assignment are essential for the characterization of small
molecules. Accurate mass measurement of the product ions,
formed in MS" experiments, facilitates the elucidation of the
structures of unknown compounds.

The objective of this work was to identify the maximum
number of polyphenols in raw tomatoes. To identify the
phenolic compounds, samples were analyzed after a suitable

Copyright © 2010 John Wiley & Sons, Ltd.
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work-up extraction procedure using two complementary
instruments: an LTQ-Orbitrap and a triple quadrupole mass
spectrometer, to determine structures based on fragmenta-
tion patterns using several modalities (product ion scan,
neutral loss scan and precursor ion scan). Thus, the
combination of LTQ-Orbitrap and triple quadrupole enabled
us to identify 38 polyphenols in tomato samples.

EXPERIMENTAL

Reagents

All samples and standards were h without exp

to light. Gallic, caffeic, protocatechuic, ferulic and chloro-
genic acids, quercetin and rutin were purchased from
Sigma®™ (Madrid, Spain); naringenin, kaempferol-3-O-gluco-
side and kaempferol-3-O-rutinoside from Extrasynthe
(Genay, France); hydrochloric acid 35% from Panreac
(Barcelona, Spain); and anhydrous sodium acetate (2mol/
L) from Merck (D dt, Germany). Methanol, formic acid
and glacial acetic acid HPLC grade were obtained from
Scharlau (Barcelona, Spain) and water from a Milli-Q
ultrapure water system (Millipore, Bedford, USA).

Aled

Extraction of polyphenols
Sample treatment was performed in a darkened room witha
red safety light to avoid the oxidation of the analytes during
the process following the procedure of Ami ef al. with minor
modifications.”” Tomato fruits (05g) were homogenized
with a blender over an ice bed with 5mL of 80% ethanol in
Milli-Q water (0.1% formic acid). Then they were sonicated
for 5min and centrifugated at 4000 rpm for 20 min at4°C. The
supernatant was collected and the extraction procedure was
repeated. Both supernatants were combined and evaporated
under a nitrogen flow; finally, the residue was reconstituted
with Milli-Q water (0.1% of formic acid) up to 4mL.
Solid-phase extraction (SPE) of these extracts was carried
out following the procedure of Medina-Remén et al. '* Firstly,
1mL of methanol and subsequently 1 mL of sodium acetate
50mmol/L pH 7 were loaded into Oasis™ MAX cartridges
from Waters to equilibrate it; then, 1 mL of each extract was
diluted with 1 mL of Milli-Q water and acidified with 34 pL
of 35% hydrochloric acid before being loaded into the
cartridges separately, These were rinsed with sodium acetate
50mmol/L pH 7 (5% methanol). The polyphenols were
cluted with 1800 uL of methanol (2% formic acid). The eluted
fractions were evaporated under a nitrogen flow, and the
residue was reconstituted with water (0.1% formic acid) up
to 250 pL and filtered through a 13 mm, 0.45 pm PTFE filter
(Waters) into an insert-amber vial for HPLC analysis.
Samples were stored at ~20°C until analysis,

Apparatus and experimental conditions

For accurate mass measurements, an LTQ Orbitrap Velos
mass spectrometer (Thermo Scientific, Hemel Hempstead,
UK) equipped with an ESI source in negative mode was used
to acquire mass spectra in profile mode with a setting of
30000 ion at m/z 400. Operation p were as
follows: source voltage, 4kV; sheath gas, 20 (arbitrary units);

Copyright & 2010 John Wiley & Sons, 1.td.
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auxiliary gas, 10 (arbitrary units); sweep gas, 2 (arbitrary
units); and capillary temperature, 275°C. Default values were
used for most other acquisition parameters (Fourier trans-
form (FT) Automatic gain control (AGC) target 5-10° for MS
mode and 510* for MS™ mode). Tomato samples were first
analyzed in full MS mode with the Orbitrap resolution set at
30 000 at m/z 400. The successive analyses were done in MS"
mode with the Orbitrap resolution also set at 30 000 at m/z
400. An isolation width of 100 amu was used and precursors
were fragmented by high-energy C-trap dissociation (HCD)
with normalized collision energy of 2% and an activation
time of 10 ms. The maximum injection time was set to 100 ms
with two micro scans for MS mode and to 1000 ms with one
micro scan for MS™ mode. The mass range was from m/z 100
to 1000. The data analyses were performed using XCalibur

fi . The liquid ch graph was an Accela (Thermo
Scientific, Hemel Hempstead, UK) equipped with a qua-
ternary pump, a photodiode array detector (PDA) and a
thermostated autosampler. A Luna Cys column (50 % 2.0 mm
id., 5pm; Phenomenex, Torrance, CA, USA) was used.
Gradient clution was performed with water/0.1% formic
acid (solvent A) and acetonitrile/0.1% formic acid (solvent B)
at a constant flow rate of 0.4 mL/min, and injection volume
was 5pl. An increasing linear gradient of solvent B was
used. Separation was carried out in 15min under the
following conditions: Omin, 5% B; 10min, 18% B; 13min,
100% B; 14min, 100% B; 15min, 5% B. The column was
equilibrated for 5min prior to ecach analysis. These
conditions were adapted from a previous study with some
modifications."

An APl 3000 triple quadrupole mass spectrometer
(ABSciex, Concord, Ontario, Canada) equipped with a Turbo
lonspray source in negative-ion mode was used to obtain
MS/MS data. Turbo lonspray source settings were as
follows: capillary voltage, 3500 V; nebulizer gas (N»), 10
(arbitrary units); curtain gas (Ny), 12 (arbitrary units);
collision gas (N,), 4 (arbitrary units); focusing potential, ~
200V; entrance potential, 10V; drying gas (N,), heated to
400°C and introduced at a flow rate of 8000 mL/min. The
declustering potential and collision energy were optimized
for each compound in infusion experiments: individual
standard solutions (10pg/pl) dissolved in 50:50 (v/v)
mobile phase were infused at a constant flow rate of 5pL/
min using a syringe pump (Harvard Apparatus, Holliston,
MA, USA). Full-scan data acquisition was performed
scanning from m/z 100 to 800 in profile mode and using a
cycle time of 2s with a step size of 0.1 u and a pause between
cach scan of 2ms. To confirm the identity of some
compounds, neutral loss scan and precursor ion scan
experiments were carried out. MS/MS product ions were
produced by collision-activated dissociation (CAD) of
selected precursor ions in the collision cell of the triple
quadrupole mass spec ter and mass analyzed using the
instrument’s second analyzer. Additional experimental
conditions for MS/MS included collision energy (depending
on the compound), CAD gas (nitrogen) at 6 (arbitrary units),
and scan range, as necessary for the precursor selected.
Neutral loss scan of 162 u was done by scanning within the
m/fz range from 200 to 800 u, and precursor ion scan
experiments were carried out by scanning Q1 between 300
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and 800 u. In all the experiments, both quadrupoles (Q1 and

Resultats

intensities of the fragment ion m/z 179, which was of 80% for

Q3) were op 1 at unit The liquid cl
graph was an Agilent series 1100 HPLC instrument (Agilent,
Waldt , Germany) equipped with a quaternary pump, a
thermostated autosampler and a column oven set to 30°C.
The separations were conducted using the column and the
gradient elution described above. The injection volume was
20 uL and the flow rate was 0.4 mL/min.

The MS/MS conditions used in this work were adapted
from a previous work dealing with the identification of

henolic ¢ ds in cocoa (Theobroma cacao).'

4 v

RESULTS AND DISCUSSION
In this work, first we tested for the presence of polyphenolic
compounds through MS/MS experiments of neutral loss and

precursor ion scan. The final confirmation was accomplished
by injection into the high-resolution system (LTQ-Orbitrap)
using accurate mass The el tal compo-
sition was selected according to the accurate masses and the
isotopic pattern. Then, the elemental composition obtained
was identified in the Dictionary of Natural Products'® and
the MoTo database.' The interp of the observed
MS/MS spectra in comparison with those found in the
literature was the main tool for putative identification of
polyphenols. Table 1 shows the list of 38 compounds
identified through triple quadrupole MS/MS and Orbitrap
experiments, along with retention times (rt), accurate mass
(acc. mass), molecular formula (MF), mDa of error between
the mass found and the accurate mass of each polyphenol,
the M5/MS ions used for the identification, and neutral loss
(NL) and precursor ion (PI) experiment settings.

Hydroxycinnamic and benzoic acid derivatives
Examination of the chromatograms in full-scan mode in the
triple quadrupole system revealed the presence of several
polyphenols, some of them positively identified by com-
parison with available standards, The spectra generated for
cinnamic and benzoic acids showed the deprotonated
molecule [M-H]™ and some fragments. The typical loss of
CO, was observed for gallic, protocatechuic, caffeic and
ferulic acids, giving [M-H-44]" as a characteristic ion; loss of
a methyl group [M-H-15]" was observed for ferulic acid.
These results were confirmed by injection into the high-
resolution system (LTQ-Orbitrap) using accurate mass
measurements with errors between 0.11 and 0.41 mDa.
Three caffeoylquinic acid derivatives (m/z 353) were first
detected in the triple quadrupole system through neutral loss
scan of 162 u. This experiment for caffeoylquinic acids
confirmed the loss of a caffeic acid unit from neochlorogenic,
chlorogenic and cryptochlorogenic acids. It was possible to
differentiate the three isomers on relative intensities in MS®
spectra using the triple quadrupole system according to the
method cited by Clifford ¢f al."” Chlorogenic and neochloro-
genic acids gave m/fz 191 [M-H-162]  corresponding to
quinic acid in the product ion spectra, whereas crypto-
chlorogenic acid showed m/z 173 [quinic-H-H;0] " as a base
peak in the product ion scan spectra. Chlorogenic and
neochlorogenic acids could be differentiated by different

Copyright € 2010 John Wiley & Sons, Ltd.

neochlorogenic and less than 5% for chlorogenic acid. Only
chlorogenic acid (5-caffeoylquinic acid) could be confirmed
by comparing its spectrum and retention time with those of a
standard. These results were confirmed by LTQ-Orbitrap
experiments. The chromatograms in the FTMS mode
confirmed the presence of the three caffeoylquinic acids
with an error below 0.03 mDa showing the deprotonated
molecule [M-H]™ (/2 353) and the ion [M-H-162] (m/z 191)
corresponding to the loss of a caffeic acid unit.

In addition, two dicaffeoylquinic acid isomers (m/z 515)
were also identified at different retention times in the triple
quadrupole system through neutral loss scan of 162 u. This
experiment for dicaffeoylquinic acids showed peaks at mjz
353 and 515 which confirmed the losses of two caffeic acid
units. The analysis in the LTQ-Orbitrap confirmed their
presence with an error below 0.03 mDa showing the
deprotonated molecule [M=H]™ (m/z 515), the ion [M-H-
162]" (m/z 353, corresponding to the loss of a caffeic acid unit)
and the deprotonated quinic acid (m/z 191).

Moreover, four caffeic acid-O-hexosides (m/z 341) were
first detected in the triple quadrupole system through
neutral loss scan of 162 u and precursor scan experiments of
mjz 179. The neutral loss scan gave the deprotonated
molecule at m/z 341 and the precursor ion scan gave an
extracted ion chromatogram showing four caffeic acid-O-
hexosides. The precursor ion spectra for these compounds
showed the [M-H]" ion at m/z 341. The analysis in the LTQ-
Orbitrap confirmed the presence of these caffeic acid-O-
hexosides with an error below 0.12 mDa. The FT mass
spectrum showed ions corresponding to the deprot d
molecule [M-H] , the loss of a hexose [M-H-162] and the
loss of the acid group as characteristic fragment ions,

Homovanillic acid-O-hexoside (m/z 343) and ferulic acid-
O-hexoside (mfz 355) were also identified on the triple
quadrupole system as led by neutral loss scan of 162 u.
This experiment gave the deprotonated molecule at m/z 343
for homovanillic acid-O-hexoside and at m/z 355 for ferulic
acid-O-hexoside. The analysis in the LTQ-Orbitrap con-
firmed the presence of these compounds with errors below
007 and 0.04 mDa, respectively.

The higher sensitivity of the LTQ-Orbitrap system
compared to the triple quadrupole system enabled the
identification of low-i ity signals obtained in the triple
quadrupole corresponding to coumaroylquinic acid (m/z
337) and coumaric acid-O-hexoside (m/z 325) with errors
below 0.95 mDa. These compounds could not be detected
using the triple quadrupole system due to the lack of
sensitivity in full-scan mode. MS® of m/z 337 revealed peaks
atm/z 191 and 163 corresponding to the dep d quinic
acid unit [M-H-146] and coumaric acid [M-H-174],
respectively, with errors below 0.04 mDa. MS? of m/z 325
showed a peak at m/z 163 cor ding to the cleavage of a
sugar moiety with an error of 0.22 mDa. Moreover, another
peak was identified in the FT mass spectrum corresponding
to feruoylquinic acid-O-hexoside (m/z 529) confirmed by the
exact mass measurements with an error of 0.21 mDa. MS of
this ion showed peaks at m/z 367 and 191 corresponding to
the loss of a hexose [M-H-162]" and the deprotonated quinic
acid, with errors of 1.49 and 0.47 mDa, respectively.
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Flavonol derivatives

Examination of the ch tog btained in full-scan
mode in the triple quadrupole system revealed the presence
of some peaks at m/z 609, 593, 447 and 301 cor ding to

Resultats

below 2 mDa. No characteristic ions of the sugar part
were observed in the negative-ion mode. Thus, this
compound was tentatively identified as rutin-O-hexoside-

rutin, k pferol-3-O-r ide, k ferol-3-O-glucoside
and quercetin, respectively. These results were confirmed by
injection into the high-resolution system (LTQ-Orbitrap)
using accurate mass measurements with errors below 0.58
mDa. Flavonol-O-dihexosides such as rutin and kaempferol-
3-O-rutinoside were identified by comparing their i

P ;

As far as we know, rutin-O-hexoside and rutin-O-pento-
side have been found in tomato samples,™ whereas this is the
first time that rutin-O-hexoside-pentoside has been reported
in tomato fruit. Rutin and rutin glycosilated derivatives are
valuable phytochemicals consistently associated with anti-

idant and anticarci activities, and a relatively

times with those of reference substances. The FT mass spectra
of these compounds showed ions corresponding to the
deprotonated molecule [M-H] and the loss of the rutinoside
unit, [M-H-308]". Flavonol aglycones such as quercetin gave
as a characteristic ion the deprotonated molecule [M-H]
and ions corresponding to retro-Diels-Alder (RDA) frag-
mentation in the C-ring involving 1,3-scission as described
by other authors.'*"?

In addition, rutin-O-hexoside (m/z 771) and rutin-O-
pentoside (m/z 741) were identified in the triple quadrupole
system through experiments of neutral loss scans of 162 and
132 u and a precursor ion scan of m/z 301. Neutral loss scan
experiments of 162 u gave the deprotonated molecule at m/z
771 corresponding to rutin-O-hexoside, and neutral loss scan
of 132 u gave the deprotonated molecule at mjz 741,
corresponding to rutin-O-pentoside. A precursor ion scan
experiment of m/z 301 was carried out in order to investigate
the presence of three quercetin derivatives. The results of this
experiment showed the presence of three compounds with
mfz 609, 741 and 771. The analysis in the LTQ-Orbitrap
confirmed the presence of rutin-O-hexoside and rutin-O-
pentoside with errors below 0.85 mDa. The M$® mass
spectrum of mfz 771 showed peaks at mjz 609 and 300
corresponding to the loss of a hexoside [M-H-162] and to
the radical anion of the aglycone (m/z 300). This high
difference (0.1 Da) in respect of the m/z of the deprotonated
quercetin (m/z 301) could be explained by the formation of a
radical anion [M-H] , as described previously by Hvattum
and Ekeberg™ using a triple quadrupole mass spec :

longer circulation time in vivo.**

Flavanone derivatives

The chromatograms in full-scan mode obtained in the triple
quadrupole system revealed the presence of naringenin (m/z
271). Naringenin has been identified as one of the major
phenolics in tomatoes and tomato by-products. Naringenin
gave as a characteristic ion the deprotonated molecule [M-
HI" and the ions cor ding to RDA frag inthe
C-ring involving 1,3-scission (m/z 151), as mentioned above
for quercetin (m/z 301). Naringenin was identified by
comparing its retention time with that of a reference
substance, The analysis in the LTQ-Orbitrap confirmed the
presence of naringenin with an error of 0.03 mDa.

Four naringenin-O-hexosides (m/z 433) and two narin-
genin-O-dihexosides (m/z 595) were also identified in the
triple quadrupole system as revealed by a neutral loss scan of
162 u. This scan gave ions corresponding to m/z 433 for
monohexosides and m/z 433 and 595 for dihexosides. These
results were confirmed by injection into the high-resolution
system (LTQ-Orbitrap) using accurate mass measurements
with errors below 0.33 mDa. The MS® mass spectrum of m/z
433 showed an ion at m/z 271 corresponding to the loss of a
hexoside moicty [M-H-162]~ and the MS® mass spectrum of
mfz 595 showed ions at m/z 433 and 271, corresponding to the
loss of one hexoside unit [M-H-162] " and two hexoside units
[M-H-162-162] , respectively.

Lastly, the MS® mass spectrum of m/z 741 was assessed,
showing peaks at m/z 609 and 300 corresponding to the loss
of a pentoside [M-H-132]" and to the radical anion of the
nglyconc (m/=z 300) with errors below 2 mDa.

As mentioned above, the use of the LTQ-Orbitrap
was crucial for the structural determination of unknown
compounds that could not be identified in the triple
quadrupole system, probably due to their low concentration.
lons at m/z 755 and 903 have been identified in the FTMS
experiment with errors below 058 mDa. The MS® mass
spectrum of m/z 755 showed a fragment ion at m/z 593 with
an error of 224 mDa corresponding to the loss of a hexose
unit (M-H-162] . Thus, MS® of m/z 593 revealed the loss of
a rutinoside unit with an error of 0.87 mDa. Therefore, this
compound was tentatively identified as kaempferol-O-
rutinoside-hexoside. The MS* mass spectrum of mfz 903
showed a fragment ion at m/z 741 with an error below 2 mDa
corresponding to the loss of a hexose unit [M-H-162] . Thus,
MS® of m/= 741 showed peaks at m/z 609 and 300 corres-
ponding to the loss of a pentoside moiety [M-H-132] and
to the radical anion of the aglycone (m/z 300) with errors

Copyright © 2010 John Wiley & Sons, Ltd.

Naringenin-C-diglycoside was also present in tomato fruit.
Naringenin-C-diglycoside (m/= 595) was detected in the triple
quadrupole system and confirmed by injection into the high-
resolution system (LTQ-Orbitrap) using accurate mass
measurements with an error of 0.13 mDa. As pointed out
by several authors, C-glycosides show a fragmentation
pattern different from those of O-glycosides. The spectra
of C-glycosides displayed losses of 120 and 90 u correspond-
ing to cross-ring cleavages in the sugar unit as reported
previously in fennel (Foeniculum vulgare) and cocoa (Theo-
broma cacao) using liquid chromatography/tandem mass
spectrometry.’®** The MS? spectrum of m/z 595 showed the
characteristic losses of %0 and 120 u from m/z 595 and 475,
respectively, which confirmed the presence of two hexose
units,

LTQ-Orbitrap-MS enabled us to identify low-intensity
signals corresponding to eriodyctiol-O-hexoside (m/z 449)
and O-acetyl-prunin (m/z 475) with errors below 0.12 mDa.
These compounds have not been detected using the triple
quadrupole system. The MS® mass spectrum of m/z 449 gave
a product ion corresponding to the loss of a hexoside moiety
and that characteristic for RDA fragmentation of aglycones.
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Figure 1. Identification of phloridzin-C-diglycoside in tomato samples. The MS? product ion scan
of m/z 759 shows the characteristic fragment ions of a C-diglycoside polyphenol.

The MS* mass spectrum of m/z 475 exhibited fragments at m/z
433 and 271, corresponding to the loss of an acetyl group
[M-H-42] " and the naringenin aglycone, respectively. Thus,
this polyphenol was assigned as O-acetyl-prunin and, to the
best of our knowledge, has never been reported in tomato
samples until now.

Dihydrochalcone derivatives

Phloretin-C-diglycoside (m/z 597) was detected in the triple
quadrupole system and confirmed by injection into the high-
resolution system (LTQ-Orbitrap) using accurate mass
measurements with an error of 0.10 mDa. Phloridzin-C-
diglycoside (m/z 759) could only be identified in the LTQ-
Orbitrap due to the lack of sensitivity of the triple
quadrupole, probably due to its low concentration, with
an error of 0.70 mDa. Figure 1 shows the MS® spectrum of m/z
759 of phloridzin-C-diglycoside displaying the losses of 90
and 120 u from mfz 759 and 639, respectively, which
confirmed the presence of two hexose units. Moreover, in the
product ion spectra of mfz 759, loss of H,O was observed
showing an ion at m/z 741, which displayed a loss of 120 u
(m/z 621). Phloretin-C-diglycoside followed the same pattern,
showing losses of 90 and 120 u as characteristic fragment ions
in the MS/MS mode. Using the LTQ-Orbitrap in MS and MS*
modes, the comprehensive fragmentation pathways of
dihydrochalcone-C-glycosides were unambiguously deter-
mined with errors below 0.70 mDa. As far as we know,
phloridzin-C-diglycoside is reported here in tomato samples

Copyright © 2010 John Wiley & Sons, Ltd.

for the first time, whereas phloretin-C-diglycoside has been
previously described in tomato fruit by Slimestad ef al. ©

CONCLUSIONS

In conclusion, the experiments led to new results in the field
of tomato fruit. We applied a combination of techniques, LC-
ESI-LTQ-Orbitrap-MS and LC-ESI-MS-MS, to accurately
identify 38 phenolics of tomato samples, three of them, O-
acetylprunin, phloridzin-C-diglycoside and rutin-O-hexo-
side-pentoside, as far as we know, reported for the first time.
LC-ESI-LTQ-Orbitrap-MS allowed unambiguous assign-
ment of all fragment ions with fewer experiments and easier
interpretation than previous methods. Compared to the
experiments with the triple quadrupole, which consumed a
lot of instrument time and also a high volume of samples,
LC/ESI-LTQ-Orbitrap-MS gave more sensitive and better-
resolved FT mass spectra, which facilitated the identification
of tomato constituents. The use of the LTQ-Orbitrap was
crucial for the structural determination of coumaric acd-O-
hexoside, feruoylquinic acid-O-hexoside, ¢ ylquini
acid, rutin-O-hexoside-pentoside, O-acetylprunin and phlor-
idzin-C-diglycoside, which could not be identified in the
triple quadrupole system probably due to their low
concentration. Using LC/ESI-LTQ-Orbitrap-MS very good
mass accuracies were obtained for all molecular ions with the
LTQ-Orbitrap instrument. In general, the differences
between calculated and measured m/z values were below
2 mDa.
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2. Capitol II: Perfil fenolic i capacitat antioxidant hidrofilica com a marcadors de

diferents varietats de tomaquet

Anna Vallverdu-Queralt, Alexander Medina-Remén, Miriam Martinez-Huélamo, Olga

Jauregui, Cristina Andrés-Lacueva & Rosa M. Lamuela-Raventés. Journal of Agricultural

and Food Chemistry. 2011, 59: 3994-4001.

Resum: Aquesta publicacio pretén presentar el perfil fenolic i la capacitat antioxidant
hidrofilica com a marcadors de diferents varietats de tomaquet que, fins a I'actualitat,
no havien estat estudiats. Les varietats procedien de I'empresa CONESA de Vegas Bajas
del Guadiana, Badajoz, Espanya. Les analisis es van dur a terme durant dues collites
consecutives, 2008 i 2009. Totes les varietats presentaven el mateix grau de maduresa,
mida i no diferien en el sistema de regadiu emprat. Es va utilitzar el metode d’analisi
de polifenols totals, amb prévia neteja mitjancant SPE, |'assaig de capacitat antioxidant
hidrofilica i ’analisi de polifenols individuals mitjancant HPLC-MS/MS. Es pot concloure
que el perfil fenolic i la capacitat antioxidant hidrofilica sén els responsables de la

diferenciacio entre varietats.
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ABSTRACT: Tomatoes (Solanum lycopersicum L.), the second most imp bl rldwide, are a key component in
the so-called “Medit diet”, whichiis gly fated with a red! ’dskofdrvmcdegeneﬂhvedmmlnd\uwork,m
evaluate the differences in the total and individual polyphenol content and hydrophilic antioxidant capacity of seven varieties of
tomato cultivated in Vegas Bajas del Guadiana, Badajoz (Spain ), which were collected from two consecutive harvests (2008—2009).

Hydrophilic antioxidant capacity was evaluated using the TEAC assay, while the Folin— Cmahmamymlhapmionsdeanupm

usedloedablld:mulpdyphcnolcmtent’l‘hemetbodw ptimized and validated. Individual h
lquid c i

ls were quantified using

tandem mass spectrometry (LC-ESI- MS/MS) ona triple quadrupole. All com-

pounds werefamdtobedpuﬁandydlﬂ'umtwlun analysis of variance was performed. Results from the principal component

Iysis show that phenoli pounds and hydrophilic

capadity wete responsible for the differences among tomato

KEYWORDS: Tomato varieties, ch ic mark
principal component analysis

bydrophilc ntioxidant capacy, tta polyp

ls, LC-MS-MS,

W INTRODUCTION

studies have shown that consumption of raw
tomato and its tomato-based products (ketchup, tomato sauce, and
wmnm)umdm}udeamndum:dagumd&
cases In addition to its micronutrient content, such as minerals
(potassium), vitamin C, vitamin E, and folate,” tomato contains
wmewlmhleblmcuvempumts,u@xdmgamnndmt'fhe
main tomato antioxi ids, principally |
Muhxgdywombleforﬂwmdmlowf&lem.&nunber
of epidemiologic studies have associated lycopene with alower risk
n[pmmumc« lnad&mntommd&.odmﬁmmoml
ds such as phenolics also contribute to the beneficial
eﬁectoflomaopmdumkmdy,ﬂuh@mumofphmdx
compounds such as fl ids and hydroxycinnam ic adds in
lmnhabmgamnghkmstbmo(dwappmumdn
ple biological effects, including free-radical scavenging, metal
chelation, inhibition of cellular proliferation, and modulation of

byHPLCmuldaﬂmilmtymtbhag-apevmetyznddx&r
msbemunmnaS&nﬂ:dImdwhnemm
wines,'™* and sparkling wines' have been shown to have
different phenalic profiles.

Moreover, Russo et al.” studied the relationship between
chemical :tt:u:mamll ypes of 24 steam-distilled samples
of tal ofls from i of Orig: vulgare ssp.
hirtum. Four chemotypes were identified on the basis of the
phenolic oenlmt, A.e., thymol, a—mol thymol/carvacrol, and
mnlmoﬂgmmpmunnmdnmhityofﬂtemmaloﬂxmn
mdm&uﬁw&dphmukm&mllpuwhhomd%w
2gis L. in southem Spain,* A ch ion of the
hfnq)enﬁcmbdﬂyofﬂtemualoﬂsofmsepopuhﬂomled
to the distinction of seven main chemotypes: thymol, carvacrol,
lmdool, a-terpmyl u:ute, !hyml/p-cyzm/y-tﬂpume. 1112

le/ a1t

7y
l |, b}

enzymatic activity and signal transduction pathways.* The pre-
senceohnmndanummmahasb«nﬁ\eob)edefmd
studies®™” on the positive physiological propetties attributed to
these ds. Hi loour leds , no study has
usedﬂnphmhcpmﬁlemdhy&uplu‘lwanmndmlapadtyu
a varietal marker of tomatoes.

One of the important features of phenolic compounds is their
usage as taxonomical markers.* ™' Singleton et al* showed that
the p of phenolic sub in Chenin blang, French
Colombard.Smﬂln:\,andT pson wines are infl d by
the genetics of the geapevine. The polyphenalic profile determined

vACS Publications 2011 American chemica seciety

walhemucunmonmemm
rhemqomyofdnmplammd.

An attempt was made, by means of principal component
analysis (PCA) and linear discriminant analysis (LDA), to iden-
t{ydmpmmunﬂmmldbeusdiimdzsfydmw

1 ﬂldla o 2 1. 1, :ﬂl 1

T 7 7

Received:  November 15, 2010
Accepted:  February 7, 2011
Revised:  January 17,2011
Published: March 11,2011

3994 cedolony/10.1021 104400 | L Ageic. Foad Chem. 2011, 59, 3994-4001

79



Resultats

80

Journal of Agricultural and Food Chemistry

mmdxumnmnnlma&mm&smmme%fuvmg{ua Leov
‘Barbera’ clones.'

The distribution and exp of phenolic constituents and
hydrophilic antioxidant capacity can differ significantly in tomato
varieties. Our initial purpose was to evaluate total polyphenols
(TP), hydrophilic antioxidant capacity, and the Ievels of flavonols

,’ 1-3-O-glucoside, rutin, and q in), fl

( ingenin), hydro ycinnamic acids (chl ic, caffeic, caffeic-
O-I\exmde and ferulic adds) and phenolic acids (protocatechuic
and gallic acids) in seven varieties of tomato by liquid chromatog-
raphy coupled to mass spectrometry in tandem mode (LC-ESI-
MS/MS). We observed a different characteristic phenolic profile
for each variety and, surprisingly, found that tomatoes could be
grouped within varieties by their polyphenol content and hydro-
philic antioxidant activity, In this article, 7 different varieties of
tomato (H-9661, H-9997, H-9776, Albastro, Guadiva, Elegy, and
Malva) h:rvestedomtwocomecuﬁveyuls, 2008 and 2009, were
identified and classified by their ph profile and hydrophili
antioxidant activity. The Iytical variables were subjected to
analysis of variance (ANOVA) and prindpal component analysis
(PCA).

M MATERIALS AND METHODS

Standards and Reagents. All samples and standards were handled
mwm%twmmgﬂhmw”
techuic and chlorogenic acids, and Folin—Ciocalteu (F—C) reagent, ABTS
(2:2'azino-bis(3-ethylbenzothiazoline-6sulfonic acid)), PBS (phosph:
buffered saline pH 7A) Trolox (()-6-hydroxy- 7.5,78-lmmrmykhn
mane-2-carboxylic add 974%), and manganese dioxide were purchased from
Sigma (Madrid, Spain); naringenin and kaempferol-3-O-ghicoside from
Extrasynthese ( Genay, France); hydrochloric acid 35% and acetic acid 99.8%
from Panreac ( Barcelona, Spain); and anhydrous sodium acetate (2 M) from
Merck (Dannstadt, Germany). Methanol and formic add were obtained
from Scharlu (Barcelona, Spain) and ultrapure water (Mili-Q) from
Millipore System (Bedford, USA).

Sampling and Processing Conditions. Tomato varieties
(Malva, H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy) were
cultivated in Vegas Bajas del Guadiana, Badajoz (Spain) over two con-
secutive years, 2008 and 2009. Each variety was independently sampled
three times. All varieties were harvested at the same degree of ripeness
(43-5°Brix) and were of nonmal size (7580 g) to accurately compare
polyphenol levels and hydrophilic antioxidant capacity.

The technique of crop management was transplantation with a root
ball, with small plants grown in a greenhouse for a period of approxi-
mately 4045 days. Planting was done on beds 1.§ m wide. The period
for transplantation was between the first days of April and late May, and
the cycles of these varieties ranged between 100 and 125 days. The mean
maximum temperature ranged from 25 to 30 °C, and the variations in
mean minimum temperature were 15 20 °C for the two years.

As 2 method of fertilization, fertigation (appli of fertilizers, soil
d or other water-soluble products through an irrigation
system) was applied.

Extraction of Hydrophilic Compounds. First, tomatoes were
washed, sorted, and collected in a sterilized recipient. Tomato fruits
were then beaten and homogenized over an ice bed; 0.5 g was weighed
and homogenized with 4 mL of 80% ethanol in Milli-Q water; and they
were sonicated for § min and centrifugated (4000 rpm at 4 °C) for
20 min. The supernatant was transferred into a flask, and extraction was
repeated. Both suy were combined and d under
nitrogen flow; finally, the residue was remnstinned with Milli-Q
water (0.1% of formic acid) up to 4 mL. Samples were frozen at —20°C
until analysis.

3995

For the solid phase extraction (SPE) cleanup, Oasis MAX cartridges
with 30 mg of mixed-mode anion-exchange and reversed-phase solvent
from Waters (Milford, USA) were equilibrated with 1 mL of methanol
100% and | mL of S0 mM sodium acetate at pH 7, 1 mL of Milli-Q water,
and 34 uL. of hydrochloric acid at 35% were added to 1 mL of nitrogen
evaporation extract before being loaded into the cartridges separately.
These were rinsed with S0 mM sodium acetate at pH 7 (5% methanol),
and finally, the polyphenols were eluted with 1800 4L of methanol (2%
formic acid). The eluted fractions were evaporated under nitrogen,
and the residue was reconstituted with water (0.1% formic acid) up to
250 uL and filtered through a 13 mm, 0.45 gm PTEE filter (Waters).

Analysis of Total Polyphenols. For the TP assay, each sample
was analyzed in triplicate; 20 uL of the eluted fractions was mixed with
188 (L. of Milli-Q water in a thermo microtiter 96-well plate (nunc,
Roskilde, Denmark), 12 uL of F~C reagent and 30 uL of sodium
carbonate (200 g/L) were added following the procedure described by
Medina-Remén et al'® The mixtures were incubated for 1k at room
temperature in the dark. After the reaction period, S0 uL of Milli-Q
water was added, and the absorbance was measured at 765 nm in a UV/
vis Thermo Multiskan Sp spectroph (Vantaa, Finland),
This spectroph allowed the absorbance of a 96-well plate to be
read in 10 s. Results were expressed as mg of gallic acid equivalents
(GAE)/100 g fresh weight (FW).

Folin—Ciocalteau Assay validation. [The method was vali-
dated with gallic acid. To evaluate the linearity, standards between 0.25
and 10 mg/L were studied. The ity was evaluated by d i
ing the limit of detection (LOD) and limit of quantification (LOQ).
These were calculated by measuring the analytical background response
by reading 10 blanks at the maximum sensitivity, and the standard
deviation {SD) was calculated. The LOD was defined as 3 times the SD
of the 10 blanks, whereas the LOQ was 10 times the SD. The intra- and
interday accuracy and precision were determined by spiking the matrix
with known levels of gallic acid at seven different concentrations. The
precision was calauhated as the relative standard deviation (RSD). The
assay was validated ding to the dations of AOAC
International.'”

The short-term temperature stability was evaluated by freezing three
aliquots of each of the seven concentrations between 0.25 and 10 my L
of gallic acid in Milli-Q water at —20 and —80 °C. The aliquots were
thawed at room temperature for 6 b (the mean sample preparation time)
and then analyzed. To evaluate the stability after successive freeze—thaw
cycles, three aliquots of each concentration were stored at —20 and —
80 °C for 24 h and then thawed at room temperature up to four times
over a one-week period. Gallic acid was assessed in each aliquot in a
single run at the end of the last freeze—thaw cycle. Aliquots of each
concentration for long-term stability were prepared and immediately
frozen at —20 and —80 °C until analysis (within 2 years). The concen-
trations of all the stability samples were compared with the mean back-
clculated values for the standards at each concentration from the first
day of long-term stability testing. The same procedures were followed
for sample mbdny We used HPLC-UV to ak\lhte the recovery of
seven lyphenols with different polarities after spiking

¥ POOP

the tomato samples with 5, 10, 25, and 50 mg/L ofe:d: standard.

We tested the possible interferences from vitamin C (ascorbic acid
at 50 mg/L and 200 mg/L), sugat (glw:ose at 2 mg/L), iron (Fe(ll) at
1 mg/L), and amino acids (phenylal tyrosine, gh
arginine at 1 mg/L) according to Roura et al”

Hydrophilic Antioxidant Capacity. The antioxidant activity in
l.hc tomato samples was measured using ABTS™ radical decolorization

y.'*** The ABTS" radical cation was prepared by passing a S mM
aqueous stock solution of ABTS (in PBS) through manganese dioxide
powder. The manganese dioxide excess was removed by filtering the
solution through a 13 mm, 045 gem PTFE filter (Waters). Prior to the
assay, the solution was diluted in PBS at pH 7.4 to give an absorbance at

cedolorg/10.1021/)) 04400g [t Agric. Food Chem. 2011, 59, 39%:4=4001



Journal of Agricultural and Food Chemistry

Resultats

Table 1. Intra- and Interday A

f 7

and Precision of the Assay

calibrator concentration (mg L ') means measured concentration (mg L ') predsion, RSD* (%) recovery, error (%)
intraday intecday intraday nterday fobadey  ffeday  lohadsy  bntedsy
m 107 10l 0938 o.l0 (L343 9057 9197
2% 24 224 2.06 0.10 01l 10008 9625
448 427 438 428 0.09 0.09 9.7 9960
673 641 6,69 640 0.09 010 9938 99387
897 858 893 821 0.06 0.08 9958 96.00
ual 1069 e 10 0.05 007 10367 10321
1340 1381 1389 1451 004 0.05 103.66 105.10
“RSD: relative standard deviation.
734 nm of 1.0 + 0.01 and preincubated in ice. The ABTS ™ radical cati Quantifi of polyphenols was performed by the internal standard

solution was prepared daily.

One millimolar Trolox in PBS at pH 7.4 was used as an antioxidant
standard for the ABTS assay. Working standards were prepared each day
by diluting 1 mM Trolox with PBS at pH 7.4.

Then, 245 #L of ABTS™ solution was added to § L of Trolox or to
the tomato samples, and the solutions were stirred for 30 s. The

bsorbance was ded conti ly every 30 s with a UV/vis Thermo
for 1 b PBS blanks were run in

Mukickan € h
P P
each assay.

The working range for Trolox (final concentration 0750 M) was
based on triplicate determinations and consisted of plotting the absor-
bance as a percentage of the absorbance of the uninhibited radical cation
(blank). The activities of the tomato samples were assessed at four diff
erent concentrations, which were within the range of the dose—response
curve. Each sample was analyzed in triplicate at these four concentra-
tions. Results of Trolox equivalent antioxidant capacity (TEAC) were
expressed as (mmol Trolox equivalent (TE)/100 g FW).

LC-MS/MS Analysis. Tomato fruit polyphenols were identified in a
previous study using LC-ESI- LTQ-Orbitrap-MS." We selected the most

polyphenals of these to evaluate the differences
belwzendu seven varieties of tomato, These polyphenols were quantified
using LC-ESI-MS/MS. An APL 3000 (PE So:x. Concord, Ontario,
Canada) triple quadrupole mass quipped with a Turbo
lonspray source in negative-ion iriode was wied 46 obtals MS/MS data,
Turbo lonspray source settings were as follows: voltage, —3500 V;
nebulizer gas (N,), 10 (arbitrary units); curtain gas (Na), 12 (arbitrary
units); collision gas (N,), 4 (arbitrary units); focusing potential, —200 V;
entrance potential, —10 V; and drying gas (N,), heated to 400 °C and
introduced to a flow rate of 8000 cm*/ min. The declustering potential and
collision energy were optimized for each compound in infusion experi-
ments: the individual standard solution (10 ug/mL) dissolved in 50:50
(v/v) mobile phase was infused at a constant flow rate of $ 4L /min usinga
model syringe pump (Harvard Apparatus, Holliston, MA, USA).

For quantification purposes, data was collected in the multiple reaction
monitoring (MRM) mode, tracking the transition of the specific parent and
product jons for each compound. In particular, we selected 10 transitions
comesponding 1o the most abundant polyphendls in tomato fruit: ferulic
aad m/z 193134 (CE: —20 V); chlorogenic add m/z 353—191 (CE:
=20 V); caffedc acid m/z 179135 (CE: ~20 V); cafféic acid-O-hexoside
m/z 341179 (CE: —20 V); quercetin m/z 301151 (CE: —30 V); rutin
m/z 609300 (CE: —50 V); protocatechuic acd m/z 153109 (CE:
~20V); gallicacid m/z 169125 (CE: =20 V); naringenin m/z 271151
(CE: —30 V) and kaempferol- 3- O-glucoside m/z 477-+285 ( —30 V); ethyl
gallate was used as an internal standard m/z 197169 (CE: —25 V). The
standards of these polyphenols confirmed the previously reported frag-
mentation pattems. The compounds were deduced from the different
transition signals and from comparing the observed accurate transitions and
retention times with those of the standards.

method. Polyphenols were quantified with respect to their correspond-
ing standard. When standards were not available, as in the case of caffeic
acid-O-hexoside, it was quantified with respect to the corresponding
hydroxycinnamic acid (caffeic acid).

The liquid d:mutognph was an :\ﬂent senes 1100 HPLC instru-
ment (Aglent, Waldb y) equipped with a q
pump, an autosampler, and a column oven m t0 30 °C. A Luna Cu
column 50 # 2.0 mm i.d, § um (Phenomenex, Torrance, CA, USA) was
used. The injection volume was 20 4L, and the flow rate was 0.4 mL/min.
Mobile phases consisted of 0.1% formic acid in Milli-Q water (A) and
0.1% formic acid in acetonitrile (B). Separation was carried outin 15 min
under the following conditions: 0 min, 5% B; 10 min, 18% B; 13 min,
100% B; 14 min, 100% B; 15 min, 5% B. The column was equilibrated for
$ min prior to each analysis.

Statistical Analysis. The significance of the results was analyzed
using the Statgraphics Plus v.5.1 Windows Package (Statistical Graphics
Co., Rockville, MD). Analysis of variance (ANOVA) was used to
compare the means of groups of measurement data, and principal
component analysis (PCA) ied out to obtail
variables.

among
S

W RESULTS

Validation of the Method for the Analysis of Total Poly-
phenolsin Tomato Samples. The F—C method was linear over
0.25 to 10 mg/L for gallic acid. Least squares regression analysis
gave the following result for the calibration curve: mean (SD);
slope, 0.100 (0.001); y intercept, —0.003 (0.001); r* = 0.9993
(0.0004); and a standard deviation of residuals, 0.053. The LOD
and LOQ were 0 006 mg/L and 0.019 mg/L, respectively, The

intra- and i and y were d at
seven different concentratmns (Table 1); for the values analyzed,
recovery and precision were b the d values for
AOAC Tnternational."”

Freeze and thaw cycles did not significantly modify the gallic
acid concentration at either temperature tested; they were
between 91.7% and 106.5% at —80 °C and between 94.9% and
106.2% at —20 °C. For short-term stability, the recoveries of
gallic add were between 90.1% and 104.0% at —20 °C and
between 85.2% and 102.6% when the temperature was —80 °C.
Long-term storage at —20 and —80 °C did not affect the gallic
acid concentration. It decreased to 95% after 2 years, at both
temperatures. We observed no statistically significant differences
(P>0.05) in TPs in the tomato samples after testing freeze and
thaw cycles, and short-term and long-term stability. The storage
and sample handling conditions used for the assays allowed the
phenols to remain stable.

3996 dnsdolorg/1 0.1 02101 04400 |4 Agric. Food Chem 2011, 59, 39044001
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Table 2. Total Polyphenols (mg GAE/100g FW) and Hydrophilic Antioxidant Capacity (mmol TE/100g FW) of the Seven
Varieties (Mean = SD), Malva, H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy, Investigated in this Study over 2008

and 2009*
total poiyphenols (mg GAE/100 g FW) hydrophilic antioxidant capacity (mmol TE/100 g FW)

Malva 10.04:£030e 179+0.10e

H.9661 1332:£070g 280+020g

H9776 8640200 129+0.10b

H9997 9.01 = 040¢ 140:£0.10¢

Albastro 8600302 1254 0.09a

Guadiva 9060204 1L63£0.08d

Elegy 12.69 + 0401 1984 0.10f
“Different letters in the columns rep istically significant diffe (P <0.05). SD, standard deviation; GAE, gallic acid equivalent; FW, fresh
weight; TE, Trolox equivalent

Table 3. Quantification of Individual Polyphenols (Mean £ SD) Described in the Literature™"" for Seven Varieties, Malva,
H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy, Expressed as prg/g FW over 2008 and 2009*

ferulic chlorogenic adfeic cafeic add:

acd acid acid Ohexoside  quercetn
Miva  BQL 036+ 0012 068£001c 02640012 Q730027
H9661 035+£003¢ 046001c L02005d 094£004f 076+ 0045
H9776 0100053 040001b 05320012 0322001b 04 +001a
H%97 BQL 0382 003b 05320042 047£008d 0472 00:b
Albastro 020 £001b 039+ 002b 055£ 0022 0382002¢ Q63 £004c
Gudva BQL 038 003b 125£001e 044:£006d 069 006d
Elegy 021£001b 040£002b 063£001b 083£002¢ 069£005d

protocatechulc gallic laemplerol:

futin acd acd nadagenln  3-0-glucoside
19794077 02040023 BQL 303:+021d BQL
W044=047¢ 046+002b BQL 690:+019¢ BQL

268+005b  BQL BQL 078+ 00¢b BQL
465+ 004c  BQL BQL 05040012 0274083
079+006a BAL 096+ 0042 159+ 025¢ BQL

G07+0s1d  BQL BQL 171+ 006¢c BQL
2180 £ 068f BQL 09340012 070£001b 0592001

“Different letters in the columns represent statistically significant differences (P < 0.05). SD, standard deviation; FW, fresh weight; BQL, below

quantification limit.

Absolute recoveries for the 7 polyphenol standards in the
tomato samples using SPE were as follows: henol, mean
(SD); gallic acid, 92.5 (4.5); naringenin, 98.2 (34); caffeic acid,
967 (10.7); rutin, 87.3 (4.8); quercetin, 77.5 (54); protocate-
chuic acid, 108.8 (3.2); and chlorogenic acid, 101.1 (5.2). These
recoveries are between the accepted values established by AOAC
International.’”

Total Polyphenols and Hydrophilic Antioxidant Capacity
In Tomato Sampl& SPE has been introduced to eliminate

lic redh before the F—C assay. We tested
forinterferences from vitamin C (ascorbic acid at 50 mg/L and 200
mg/L), sugar (glucose at 2 mg/L), iron (Fe(ll) at 1 mg/L), and
amino acids (phenylalanine, lymsme, glutamine, and arginine at
1 mg/L), according to Roura et al."® None of these substances
reacted with the F—C reagent after SPE. After the SPE proce-
dure, the phenolic levels were between 56.54% and 64.70% lower

than the values obtained before the i du
The content of TP ewluzted by the F-C assay after SPE and
the relative contribution of i ¢ ds to the hydro-

philic antioxidant capacity of tomato samples from both seasons
(2008 and 2009) were analyzed and expressed as the mean + SD
as shown in Table 2. The F—C assay showed that Albastro and
H-9776 contained the lowest concentrations of phenolics, fol-

the two consecutive years, 2008 and 2009. This data indicates
that the TP and hydrophilic antioxidant content of was
mainly influenced by varietal factors rather than environmental
conditions or year changes.

Quantification of Individual Polyphenols in Tomato Sam-
ples. The most abundant polyphenols in tomato varieties are
quantified in Table 3. The stnnsual}y gmﬁant dlﬁemncu
found between the ies for each comp d were
highlighted with different superindexes. An HPLC ch
gram of the crude extract of the H-9661 variety, including the
identification of each peak, is shown in Figure 1.

The main polyphenol in all the varieties was rutin (m/z
609300), present at levels ranging between 0.79 and 21.80 ug/
& FW, followed by naringenin (m/z 271-=151), which was found at
levels betsween 0.50 and 690 4g/g FW. The variety vith the highest
levels of individual polyphenols was H-9661, followed by Elegy and
Malva,mdduswasmﬂeacdmdnxulystsoﬂou! phenolics and
hydrophilic antioxidant capacity as well.

Hydroxycinnamic acids were mainly represented by ferulic add
(m/z 193-+134) in H9661, H-9776, Albastro, and Elegy, with
chlorogenic acid (m/z 353-+191), caffeic acid (m/z 179—135),
and caffeic acid-O-hexoside (m/z 341—179) present in all the
vaneues. Chlorogenic acid levels were similar in all the varieties,
the of caffeic and caffeic acid-O-hexoside were

lowed by H-9997 and Guadiva. The varicties that p d the
highest concentrations were H-9661, Elegy, and Malva for the
F—C assay.

A similar trend was observed in the TEAC results. The lowest
hydrophilic antioxidant capacities were determined for Albastro
and H-9776, followed by H-9997 and Guadiva. H-9661 con-
tained the highest antioxidant capacity with Elegy ranked second,

higher in H-9661, Elegy, and Guadiva. Ferulic acid was particu-
larly high in H-9661, whereas in other varieties, this hydroxycin-
namic acid was below the limit of quantification.

Regarding the family of phenolic acids, the main compound
was gallic acid (m/z 169—125) in Albastro and Elegy, followed
by protocatechuic acid (m/z 153—+109) in Malva and H-9661. In

followed by Malva. No significant changes (P > 0.05) in TP some gallic and p huic acids were below the
content and hydrophilic antioxidant capacity were observed over detection level.
3997 cxddoloeg/1 01021/ 04400g |1 Agic. Food Chem 2011, 59, 3994-4001
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Figure 1. HPLC chromatogram of the crude extract of the H-9661 variety including the identification of each peak. Iy galln: md 2 pmtoc.\lechuk acid;
pferol-3-O-gl 10:

3: caffeic-O-hexoside; 4: caffeic acid; $: chlorogenic acid; 6: ferulic acid; 7: rutin; 8: k

Flavonol concentration varied from one variety to another.
Flavonols were mainly characterized by quercetin (m/z 301—151)
and rutin (m/z 609-+300) in all the varieties, and kaempferol-3-
O-glucoside (m/z 477-+285) in H-9997 and Elegy. Quercetin
levels were similar in all the varieti h the t
of rutin were higher in Malva, H-9661, and Elegy. Kaempferol-3-
O-glucoside reached its maximum concentration in Elegy and
H-9997.

Flavanones were mainly represented by naringenin (m/z
271-+151) in all the varieties. As can be observed, the amounts
of naringenin present in H-9661 and Malva were higher than
those in other varieties.

Correlation b Tomato C ds and Seven
Different Varieties. The ANOVA of the polyphenohc data and
hydrophilic antioxidant activity showed that there were significant
differences (P > 0.05) among the varieties (Table 3). PCA was
performed on all the samples and variables (total phenoli
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Figure 2. Principal components plot of the seven varieties of tomato.

although this sample scored lower values of naringenin and
caffeic and protocatechuic acids. Moreover, H-9661 and Elegy

hydrophilic antioxidant activity, ferulic, chlorogenic, caffeic, caf-
feic-O-hexoside, protocatechuic, and gallic acids, and quercetin,
rutin, naringenin, and kaempferol 3-O-glucoside) and was able to
separate the tomato samples according to variety.

Two principal components (PC1 and PC2) were obtained and
accounted for 74.59% of the variability of the original data
(Figure 2). The statistical analysis for the data showed a strong
positive correlation between TP content, rutin, and ferulic and
caffeic-O-hexoside acids. M , a positive lation was
observed b p chuic acid and naringenin. In contrast,
ferulic and caffeic-O-hexoside acids, rutin and TP content were
weakly correlated with naringenin and caffeic and proto-
catechuic acids.

The score plot of PCI versus PC2 from the full-data PCA

¢ 1 well with rutin, TP content, hydrophilic antioxidant
capacity, and caffeic-O-hexoside and ferulic acids as these vari-
eties scored the highest levels of these parameters.

B DISCUSSION

The antioxidant capacity and polyphenol content of

are greatly affected by both the ripening stage and part of the
fruit;**** therefore, in our experiment tomato fruits were har-

vested at the same degree of ripeness (4.3—5Brix). Since 98% of
total flavonols occur in the skin, tomato types with different fruit
size and thus different skin—volume ratios or different skin color
are expected to have varying flavonol contents.* However, in our
experiment, since all the varieties were normal-sized (7580 g),
the skin-volume ratio and fruit size were not expected to be a

model plotted in Figure 2 describes differences b the
seven varieties of tomato. Tomato samples are gathered in seven
different groups (Figure 3). Guadiva and Malva are situated close
together in the bottom part of the plot; H-9997, Albastros and
H-9776 are situated in the left part of the score plot; whereas the
variety H-9661 appears on the right-hand side and Elegy in the
upper part of the plot. The H-9661 variety correlated well with
in and p huic acids, wh the H-9997 and

H-9776 varieties scored lower values of these parameters as they
were located on the left-hand side. However, the Elegy variety
lated well with kaempferol-3-O-glucoside and gallic acid,

d g factor for the polyphenol content.

In addition, all the studied varieties were cultivated in Vegas
Bajas del Guadiana, Badajoz (Spain), in order to attenuate the
variability due to the country of origin. Analysis of cherry tomato
cv. Favorita obtained from Spain, South Africa, England, and
Scotland has shown widely varying flavonol contents of 21.5,
16,0, 34 and 6.6 ug/g FW, respectively, based on whole fruit
samples.™

Stewart et al** suggested that choice of cultivar is a major factor
contributing to the total phenol content in tomatoes when grown
under similar environmental conditions. Two normal-sized field

3998 dxdolorg/10.1021/1044009 U Agrkc. Food Chem. 2011, 59, 399¢-4001
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Figure 3, Score plot of PC1 vs PC2 of all the varieties analyzed. Varieties: 1, H-9997; 2, Guadiva; 3, Malva; 4, Albastros; S, Elegy; 6, H-9776; 7, H-9661.

grown tomatoes, cv.'s Bond and Havanera, grown alongside each
other in Spain, contained 10.9 and 6.6 ug/g FW of fl Is,

they tested with low c.\mt:nord content produced hlgh Ievtls
of phenolics and y the

respectively. Therefore, to evaluate the effects of the cultivar, we
chose seven normal-sized varieties of tomato harvested at the
same degree of ripeness (4.3—5°Brix) from Vegas Bajas del
Guadiana, Badajoz (Spain): Malva, H-9661, H-9776, H-9997,
Albastro, Guadiva, and Elegy.

Total phenolic content is indicative of the amount of poly-
phenols in vegetables. The F—C method is the most commonly
used assay to analyze TP in tomatoes.***” However, TP content
is sometimes overvalued, as tomatoes contain reducing sub-
stances (ascorblc acid, sugars, and amino acids) that interfere
with the assay."*** In this work, we developed an optimized F~C
method with SPE to accurately establish the real content of TP in
tomato samples.

A prerequisite for the evaluation of the total antioxidant
contents and antioxidative capacities of tomato products is the
separation of hydrophilic and lipophilic fractions, which contain
vitamin C and polyphenols or vitamin E and ids, res-

apmty
The qualitative and quannuﬁvc dctermmanon of individual
lyphenols in foods is b g ing in the

ﬁeld of nutrition and food technology. The highest concentn
tions of tomato golyphanoh have been found in epidermal and
placental tissues.** Stewart et al.** measured the distribution of
flavonols in Spanish cherry tomatoes and found a flavonol
content of 25.3 ug/g FW in the whole fruits, 143.3 ug/g FW
in the peel or epidermis, and 0.12 yug/g FW in the flesh, whereas
the seed had 1.5 ug/g FW.
According to the USDA fl id database, red
contam on a year average basis 15 ug/g FW of flavonoids
ined as aglycones. Naringeni (45%) is reported to be
the main fl id, followed by q in (39%), myricetin
(10%), and bcmpl'cml (5%).2 Othm' studies report rutin to
be the major flavonoid in several tomato cultivars."*** In our
i rutin (quercetin-3-O-rutinoside) was the dominant

pectively. In this work, we took into account the hydrophilic
antioxidant capacity due to polyphenols and vitamin C.
Curiously, our TP content results were comparable to the
existing data. H , total polyphenol levels in have
been overestimated until now because previously cleanup SPE was
not assessed. Gahler et al”” reported TPs in tomatoes, and their
results varied from 9.86 to 22.32 mg of GAE/100 g FW. Minoggio
etal." analyzed different polyphenol fractions of tomato cultivars
and found that the content of total phenolics varied from 4.43 to
25.84 mg GAE/100 g FW. Our data are in agreement with the
results shown by these authors. Shen etal.* also analyzed tomato
cultivars and determined a TP content from 1.8 to 2.3 mg GAE/
100 g FW. Therefore, the lyzed in this work from

Vegas Bajas del Guadiana had a slightly higher total phenolic
content than tomatoes analyzed in the other works.

When the hydrophilic antioxidant capacity was evaluated, our
ruuhs were within the range described by other authors. Gahler

etal® hydrophilic antioxidant capacity in tomato
fruit, and their mnlts were 0045 mmol TE/100 g FW, whereas
Minoggio et al."” rep hydrophilic antioxidant capacities

from 60 to 230 mmol TE/ lOOgFW in tomato lines and cultivars.
These results show that the hydrophilic antioxidant capacity
differs greatly between studies, probably due to the variety, stage
of ri light, temp dlmallc ing conditions, or
soil characteristics of tomato fruits.”* The antioxidative effects
of the examined tomatoes correlated with the TP content, which
suggests that these bioactive components contribute significantly
to the hydrophilic anhoxldanl capacity of tomato fruits. Surpris-

ingly, Minoggio et al."” found that almost all the tomato lines

flavonol in all the samples, followed by naringenin,

The naringenin content in these varieties fell within the range
(4.50— 9.50 ug/g FW) reported by Martinez-Valverde et al.** The
rutin content of Malva, H-9661, and Elegy was very similar to the
value (19.4 uig/g FW) found by Proteggente et al.** Minoggio
etal."? also reported levels of rutin between 0.7 and 23.5 ug/g FW,
and our values are in accordance with these results.

Some studies have reported quercetin and kaempferol in
tomato fruits.**” In our study, quercetin achieved a content of
0.76 ug/g FW in the H-9661 variety, and kaempferol-3-0-
glucoside was only detected in H-9997 and Elegy. The differing
flavonol levels in tomato fruits found in different studies are
probably due to the variety, state of ripeness, light, temperature,
climatic growing conditions, or soil.

Tomato fruits also contain hydroxycinnamic acids, which are
fuund as s:mple esters, chlorogenic acid being the most pre-
d % The conc of this l\ydroxydnnamnc acid
in pulp is nearly twice that in pericarp tissues,”” The chlorogenic
acid content in the varicties we studied fell within the range
(03-5.8 ug/g FW) reported by Minoggio et al.'® All the
varieties contained caffeic acid, and our results are in accordance
with the value (<1 ug/g FW) found by Minoggio et al.”? Ferulic
acid was also found in this work, but only in H-9661, H-9776,
Albastro, and Elegy. The variations in the content of hydro-
xycinnamic acids depend on the degree of maturity of the tomato
fruits concerned and on agricultural practices. Chlomgemc acid
appears in young fruits and decreases during fruit maturity

Some of the varieties we analyzed also

Y

acids, the most predominant being gallic acid, as desmbed in

3999 dudol.org/10.1021/f103300g L1 Agric. Food Chem. 2011. 59, 3994-4001
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other studies,™ with a value lower than 1 ug/g FW in Albastro
and Elegy. We also found protocatechuic acid, but only in Malva
and H-9661, and at a level dlose to the limit of detection.

The variables studied enabled the differentiation of H-9661,
H-9997, H-9661, Malva, Guadiva, Albastros, and Elegy. Signifi-
cant differences among the varieties were observed after zpplymg

(3) Giovannucei, E. Tomatoes, tomato-based products, lycopene,
and cancer: review of the epidemiologic literature. | Natl Cancer Inst.
1999, 91, 317-331.

(6) Helmja, K; Vaher, M; l’nsﬂ. T Raudsepp, P; Kaljurand, M.

Evah of of the tomato (Solamum
boperscur) skin by capilry cletrophoress and bigh
fi Iiquid ck 5 2008, 29, 39803988,

analysis of variance, and these were then confi

component analysis. H-9661 and Elegy were clearly distinct from
all other varieties, while this distinction was not so clear for
Guadiva and Malva.

In conclusi h i ic acids and
flavonoids, total polyphemls and hydroplulxc antioxidant capa-
city can be used as chemotaxonomic tomato markers to distin-
guish between tomatoes according to variety.

lic and hyd
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F~C, Folin— Ciocalteau;; SPE, solid phase extraction; TP, total
polyphenols; LC-MS/MS, liquid chromatography coupled to mass
spectrometry in tandem mode; ABTS, 2,2"azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid); PBS, phosphate-buffered
saline 5 mM; Trolox, (=)-6-hydroxy- 2,5,7,8tetramethylchro-
mane-2-carboxylic acid; GAE, mg of gallic acid equivalents; FW,
fresh weight; LOD, limit of detection; LOQ, limit of quantifica-
tion; SD, standard deviation; HPLC, high p liquid chro-
matography; TEAC, Trolox equivalent antioxidant capacity; TE,
Trolox equivalent; FS, full scan; CE, collision energy; PIS, pro-
duct ion scan; Prec, precursor ion scan; NL,, Neutral loss;; MRM,
multiple reaction mumlonng, ANOVA amlysis of v:mnu,
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Waterhouse, Cristina Andrés-Lacueva & Rosa M. Lamuela-Raventds. LWT-Food Science

and Technology. 2012, 47: 154-160.

Resum: Aquesta publicacid presenta el primer estudi que tracta d’avaluar diferents
tractaments industrials (hot 22/24, hot 28/30, cold 28/30 i passata 10/12) per a la
produccié de salses de tomaquet. L'estudi es va dur a terme durant els anys 2008 i
2009. Es va fer I'analisi de polifenols totals, amb prévia neteja mitjancant SPE, I'assaig
de capacitat antioxidant mitjancant els métodes: DPPH i ABTS i finalment I'analisi de
fenols individuals mitjancant HPLC-MS/MS. En aquest estudi, el tractament passata
10/12 és el que millor conserva els polifenols i antioxidants durant el processat de les
salses, ja que necessita temps d’evaporaciéo més curts (productes finals d’entre 10 i 12
9Brix); en canvi el hot 28/30 presenta pérdues més elevades de compostos bioactius, ja
que es caracteritza per temps llargs d’evaporacidé (productes finals d’entre 28 i 30
9Brix). Per tant, el temps d’evaporacié és un element critic que cal controlar durant la
produccio de salses. D’altra banda, I’addicié d’una salsa rica en pells i llavors durant el
processat és important per enriquir el producte final amb més contingut de

components bioactius.
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Industrial processing of tomatoes involves juice addition and heat treatment that may affect (increase or
decrease) the levels of phenolic compounds. In lhls work, we cvalualed the effect of each pm«ssing step
in the paste-making process. Four tech were i tigated on an ind I scale: Hot
Break 28/30, Hot Break 22/24. Cold Break 28/30 and Passata 10/12; and four stages were monitored in
each process: (1) fresh tomatoes; (2) juice after scalders and cream addition; (3) tomato paste from

Keywords:
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and (4) ﬁnal paste. The effect of each processing stage was evaluated by different analyses:
first. capacity was usmg ABTS' and DPPH assays and total phenolics
using Folm Ciocalteau mnhod then, indi were i using HPLC-ESI-MS/MS.
This h has led that each p 1g stage induces different changes in the
antioxidant and phem)llc profile, The results of this srudy mdx‘a(ed that cream addition increases the
hydrophilic antioxidant capacity and the amount of phenolic compounds positively, while heat treat-
ment and, to a lesser extent, the sterilization stage during the paste-making process affect these

compounds negatively,

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Tomatoes and tomato-based products are consistently associ-
ated with a lower risk of several types of cancer (Grieb et al., 2009;
Zhang et al., 2009) and also, to a lesser extent, to a lower incidence of
coronary heart disease (Stahl & Sies, 2005). All tomato-based
products contain micronutrients, such as potassium, antioxidant
vitamin C, vitamin E and folate (Agarwal, Shen, Agarwal, & Rao,
2001). In addition to their micronutrient content, tomatoes, and
therefore their tomato-based products, also contain valuable
phytochemicals or bioactive components: mainly phenolic

poundsand ¢ ids, such as lycopene. Phenolic compounds
in are mainly d by fl (naringenin gly-
cosilated derivatives) and flavonols (quercetin, rutin and kaemp-
ferol glycosilated derivatives) (Bahorun, Luximon-Ramma, Crozier,

* Corresponding author. Nutrition and Food Science Department, XaRTA, INSA,
Pharmacy School, University of Barcelona, Barcelona, Spain, Tel: +34 934034843;
fax: +34 934035931,

E-mail address:

du (RM. L s

0023-6438/$ — see front matter © 2011 Elsevier Ltd. All rights reserved,
@0i:10.1016/j.1wt.2011,12.020

& Aruoma, 2004; Le Gall et al., 2003; Slimestad, Fossen, & Verheul,
2008; Stewart et al,, 2000).

The industrial processing of tomatoes into tomato-based prod-
ucts includes several thermal treatment steps such as drying,
heating and pasteurizing. These treatments inactivate microor-
ganisms or enzymes, decrease the moisture content and concen-
trate the product. During thermal several additional
changes can occur to affect the appearance, composition, nutri-
tional value and sensory properties in terms of color. texture and
flavor of the product (Capanoglu, Beekwilder, Boyacioglu, Hall, & de
Vos, 2008). However, processed tomatoes may have a lower
content of health-benefiting compounds than fresh ones (Abushita,
Daood, & Biacs, 2000; Takeoka et al.,, 2001). So, the evaluation of
food processing on health-benefiting compounds is necessary to
preserve the activity and bioaccessibility of these compounds.

The technological effects on the lycopene content of tomatoes
have been fully examined (Goula, Adamopoulos, Chatzitakis, &
Nikas, 2006: Sharma & Le Maguer. 2004). However, little is
known about the effects of these treatments on polyphenolic
antioxidants. Some studies indicate that a considerable loss of
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hydrophilic antioxidants is caused by the processing approach,
Crozier et al. studied the effect of cooking on the quercetin content
of Boiling, mic 1g and frying reduced the q
content (Crozier, Lean, McDonald, & Black, 1997). In contrast, the
total phenolic content was found to be increased as a result of
processing in other studies. In experiments carried out by Chang
etal., two tomato varieties were air dried at 80 °C for 2 h and then at
60 °C for 6 h. Analyses showed that the total flavonoid and total
phenolic content were increased when compared to the corre-
sponding levels in fresh tomatoes (Chang & Liu, 2007).

The aim of this work was to examine extensively the effects of
dlfferent kinds of tomato pnxesslng. in the production of paste onan

I scale, on the hydrophilic capmty. lonl poly-
phenols (TP), the conlem of fl. Is (k
rutin and quercetin), flavanones (naringenin and nanngemn-7-0—

), innamic acids ( caffeic, caffeic-0-
hexoside, reruhc and ferulic-O-hexoside acids) and benzoic acid
(protocatechuic acid) in four different tomato processes: Passata 10/
12, Hot Break 22/24, Hot Break 28/30 and Cold Break 28/30. Sampling
and processing were conducted in commercial processing facilities
over the autumn of 2008 and 2009.

2. Materials and methods

2.1. Standards and reagents

All samples and standards were handled withoutexp tolight;
all the standards were HPLC-grade, Caffeic, ferulic, protocatechuic and
chlorogenic acids, quercetin and rutin, Folin—Ciocalteau (F-C)

155

2004). Citric acid (100 g citric acid for 1500 kg of tomato) was
also added in Hot and Cold breaks to aqjus( the pH

The included: ition of
acream rich in peels and seeds in Passata 10/12, Hot Break 22/24 and
Hot Break 28/30 scalders, preheating (Hot Break, Cold Break or
Passata), sieving, evaporation, sterilization, filling and storage. The
Hot Break and Passata preheatings were performed between 97 “C
and 102 °C, whereas the Cold Break preheating was performed
between 65 “C and 85 “C. Then the extract was transferred through
the sieves to remove the seeds and peels, and water was evaporated
under vacuum between 75 “C and 80 °C to reach a total soluble solid
content between 10 and 12 Brix, 22 and 24 Brix or 28 and 30 Brix.
After this, samples were sterilized at 112 °C for 2 min and 20 s,
aseptically filled and packaged. The flow diagram is shown in Fig. 1.

Four sample stages were monitored for each process: (1) fresh
tomatoes: (2) juice after scalders: (3) tomato paste from evapora-
tors and (4) final paste. After sampling, all products were kept on
ice and taken to the laboratory and stored at —20 °C until analysis,

The processing of the samples was performed following the
procedure of Vallverdi-Queralt et al. First, samples (0.5 g) were
weighed and homogenized with 4 mL (80 mL ethanol/100 mL Milli-
Q water); the homogenates were sonicated for 5 min and cen-
trifugated (2140xg at 4 °C) for 20 min. The supernatant was
transferred into a flask and extraction was repeated. Both super-
natants were d and P d under flow:
finally, the residue was reconstituted with Milli-Q water (0.1 mL
formic acid/100 mL Milli-Q water) up to 4 mL. Samples were frozen

reagent, ABTS: 2.2azino-bis(3-ethylb 6-sulfonic acid),

[ FresuTomators |

PBS: phosphate-buﬂcmd saline pH 7.4, Trolox: ()-6-hydroxy-25.78-

lic acid 97%, dioxide and
DPPH: 2,2-diphenyl- l-ma'ylhyduzyl were purchased from Sigma®
(Madrid, Spain); in-7-0- ide and kaemp-
ferol-3-O-rutinoside from ése (Genay, France); hydro-
chloric acid 35% and acetic acid 99.8% from Panreac (Barcelona, Spain);
and anhydrous sodium acetate (2 M) from Merck (Darmstadt, Ger-
many). Methanol and formic acid were obtained from Scharlau (Bar-
celona, Spain) and ultrapure water (Milli-Q) from Millipore System
(Bedford, MA, USA).

22, Sampling and processing conditions

Tomatoes in this study were represented by a mixture of vari-
eties — H-9661, H-9997, H-9776, Albastros, Malva, Guadiva and
Elegy — harvested in Vegas Bajas del Guadiana, Badajoz (Spain). All
samples of this study were obtained from an industry in Badajoz
(Spain). In order to estimate differences in original fruit sources and
years, each step in the process was independently sampled six
times from different fruit batches processed over two consecutive
years, 2008 and 2009,

Four different processes were evaluated: Passata 10/12, Hot
Break 22/24, Hot Break 28/30 and Cold Break 28/30. The Passata
process normally takes place during the peak of the tomato season,
when fresh tomatoes are at their best quality; a suitable variety of
tomatoes is used in order to obtain high cellulose, pectin and pulp
content; the only added ingredients allowed are salt, basil and citric
acid (100 g for 1500 kg of tomato). The Hot Break process involves
fresh tomato being chopped when heated, at higher temperatures
than the Cold Break process. The difference between these two

d lies in their app viscosity. The Hot Break product is
more viscous and therefore denser than the Cold Break product.
The Hot Break product is usually used for ketchup and different
sauces, while the Cold Break product is most commonly used for
triple-c paste for use (Scott Smith & Hui,

Passata 10-12 " Brix
Cream addition 4t Hot Break 22.24 % Brix
Hot Break 283 " Brix

|

Hot Break and Passata : 97 °C -102°C
Cold Break - 65 "C-85°C

Sterilization at 112°C
for 2 minutes and
20 secomds

Fig. 1. Flow diagram of tomato paste production.
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at —20 “C until analysis (VallverdG-Queralt, Jauregui, Medina-
Remén, Andrés-Lacueva, & Lamuela-Raventés, 2010).

2.3. Analysis of total polyphenols

For TP analysis, solid phase extraction (SPE) was carried out to
eliminate interferences such as ascorbic acid, amino acids and
reductant sugars, which are proved to overestimate values of TP
(Singl Orthofer, & Lamuela 1999). For this procedure,
firstly, 1 mL of methanol and subsequently 1 mL of sodium acetate
50 mmol/L pH 7 were loaded into Oasis*MAX cartridges from
‘Waters (Milford, USA) to equilibrate the sample; then, 1 mL of each
extract was diluted with 1 mL of Milli-Q water and acidified with
34 L of hydrochloric acid before being loaded into the cartridges
separately. These were rinsed with sodium acetate 50 mmol/L pH 7
(5mL/100 mL methanol). The polyphenols were eluted with 1800 ul.
of methanol (2 mL formic acid/100 mL methanol).

The content of TP was anal, h ically using
the F~C method following the procedure ol‘(Medma-Remdn etal,
2009). Gallic acid was used as calibrator standard, and the TP
content was expressed as mg of gallic acid equivalents (GAE)/100 g
dry material (DM),

d spec

2.4, Hydrophilic antioxidant capacity

The hydrophilic antioxidant capacity was measured using an
ABTS' radical decolourization assay and DDPH assay, foll g the

The compounds were deduced from the different transition
signals and by comparing the observed accurate transitions and
retention times with those of the standards. Quantification of
polyphenols was performed by the internal standard method.
Polyphenols were quantified with respect to their corresponding
standard. When standards were not available, as in the case of
caffeic-O-hexoside and ferulic-O-hexoside acids, (hey were
quantified with respect to the corresponding hydroxy

acid (caffeic and ferulic acids).

The liquid chromatograph was an Agulem series 1100 HPLC
instrument (Agilent, ) with a quater-
narypump.anautosamplerandacolumnovenmm:io C.ALunaCy
column 50 = 2,0 mm i.d., 5 pm (Phenomenex, Torrance, CA, USA) was
used. The injection volume was 20 uL and the flow rate was
0.4 mL/min. Mobile phases consisted of 0.1 mL/100 mL in Milli-Q
water (A) and 0.1 mL/100 mL formic acid in acetonitrile (B). Separa-
tion was carried out in 15 min under the following conditions: 0 min,
5% B; 10 min, 18% B; 13 min, 100% B; 14 min, 100% B; 15 min, 5% B. The
column was equilibrated for 5 min prior to each analysis.

2.6. Statistical analysis

Data was processed using the St hics Plus v.5.1 Window
Package (Statistical Graphics Co., Rockville, Md). Analysis of vari-
ance (ANOVA) was used to compare the means of groups of

procedure described by Vallverdd-Queralt, Medina-Remén,
Andres-Lacueva, and Lamuela-Raventos (2011).

2.5, HPLC-ESI-MS/MS analysis

The polyphenols of tomato fruits were identified in a previous
study using HPLC-ESI-LTQ-Orbitrap-MS (Vallverdi-Queralt et al.,
2010). To evaluate the effects of processing on the phenolic
compounds, we selected the most predominant polyphenols in
tomato fruits found in this study. These polyphenols were quanti-
fied using HPLC-ESI-MS/MS. An APl 3000 (PE Sciex, Concord,
Ontario, Canada) triple quadrupole mass spectrometer equipped
with a Turbo pray source in negative-ion mode was used to

data, and principal components analysis (PCA) to
visualize the original arrangement of the tomato samples in an n-
di i space, by i the directions in which most of
the information is retained. The scores plot was carried out to
define different groups, and the loadings plot to highlight differ-
ences among variables.

3. Results

3.1. Analysis of TP content and hydrophilic antioxidant activity
during production of romato paste

The relative contributions of i | p Is to TPs and

obtain MS/MS data. Turbo | source settings were as foll
capillary voltage, —3500 V; nebulizer gas (N2), 10 a.u. (arbitrary
units): curtain gas (Nz). 12 a.u.; collision gas (N2), 4 a.u.; focusing
potential, —200 V; entrance potential, 10 V; drying gas (Nz),
heated to 400 “C and introduced to a flow rate of 8000 cm*/min.
The declustering potential and collision energy were optimized for
each compound in infusion experiments: individual standard
solutions (10 pg/mL) dissolved in 50:50 (v/v) mobile phase were
infused at a constant flow rate of 5 pL/min using a model syringe
pump (Harvard Apparatus, Holliston, MA, USA).

For quantification purposes, data was collected in the

hydrophilic antioxidant activity of the four lechnological processes
are shown in Table 1. No significant changes (P > 0.05) were
observed between the harvests (data not shown). To avoid the
effect of water and conc of solids taking place
on the quantification during thermal processing, the estimated
values were expressed as dry weight [per g of dry matter (DM)]. 'lhe
ANOVA of the TPs and hydrophilic ant capacity sh
that statistically significant differences were detected between the
different processing steps and treatments.

Statistically significant increases (P < 0.05) in TPs and hydro-
philic antioxidant capacity occurred when fresh tomatoes were

reaction monitoring (MRM) mode, tracking the transition of specific
parentand productions for each compound. In particular, we selected
11 transitions corresponding to the most abundant polyphenols in
tomato fruits: ferulic acid m/z 193 — 134 (CE: - 20 V); ferulic acid-O-
hexoside m/z 355 —+ 193 (CE: —-20V); chlorogenic acid m/z 353 — 191
(CE: —20 V); caffeic acid m/z 179 — 135 (CE: —20 V); caffeic acid-0-
hexoside m/z 341 — 179 (CE: -20 V); protocatechuic acid m/z
153 — 109 (CE: ~20 V) quercetin m/z 301 — 151 (CE: -30 V); rutin
mjz 609 — 300 (CE: -50 V); naringenin m/z 271 — 151 (CE: -30V);
naringenin-7-0-glucoside m/z 433 — 271 (CE: -20 V); kaempferol-
3-0-rutinoside my/z 593 — 285 (CE: —30 V); ethyl gallate (internal
standard) m/z 197 — 169 (CE: -25 V).

The of these polyphenols confirmed the previously
reported fragmentation patterns (Sanchez-Rabaneda et al., 2003),

processed into juice in Hot Break 22/24, Hot Break 28/30 and Pas-
sata 10/12, due to the addition into the juices of cream rich in peels
and seeds with high levels of antioxidants and TPs (Table 1). Within
the three tomato paste processes, the maximum change was
observed in Passata 10/12, with an increase in TPs of 37.94% and one
of 72.30% and 72.76% for ABTS™ and DPPH assays, respectively, It
should be noted that in Cold Break 28/30 no increase was observed
because of the lack of cream addition.

As tomato juices passed through evaporators to obtain the
desired final paste, consistent decreases (P < 0.05) in TPs and
hydrophilic antioxidant capacity were observed. Passata 10/12
caused the smallest changes in the TPs and hydrophilic antioxidant
levels, by 20.32% for TPs, 25.69% and 22.76% for ABTS' and DPPH
assays.
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Table 1

Total phenolic content and asmean + SD
of the four technological processes (n - 6): daﬂcmumtmh(hrmlunmwmmn
statistically significant differences (P < 0.05).

Sample TP (mg GAE/100  ABTS™ (mmol TE/100  DPPH (mmol
£ DM) & DM) TE/100 g DM)
Passata 10/12
Fresh tomatoes 1695 + 6.3* 296 + 1.8* 323 ¢ 14°
Juice after scalders 2338 + 101% 510 + 24" 558 + 19"
Evaporator 2003 £ 9.6° 394 £ 14 456 £ 1.3
Final paste 1863 + 7.5% 379« 214 a3+ 140
Cream 10/12 64212 219+ 10 265+ 19
Hot Break 28/30
Fresh tomatoes 1983 + 8.9° 312+ 10° 345 +19°
Juice after scalders 2514 + 12,3 514 32" 522 + 286
Evaporator 1996 + 1.5° 240 14" 289 + 1.8
Final paste 1628 + 7.1% 194 + 18% 256 + 13"
Cream 28/30 539416 20312 248412
Hot Breok 22/24
Fresh tomatoes 1965 + 75° 304 + 1.8° 326 + 114
Juice after scalders 2460 + 9.1" 4“43:21" 44618
Evaporator 1712 + 84 287 ¢ 186 308 + 1.1%
Final paste 1572 + 44 276412 284417
Cream 22/24 496 419 135410 198 & 11
Cold Break 28/30
Fresh tomatoes 2265 + 96" 326 £12" 349 £14°
Juice after scalders 2034 + 124 254 £ 14 278 + 19"
Evaporator 1485 £ 95" 236+ 15 261 +13'
Final paste 1463 £ 30" 182 £ 1.7* 212 £ 12"

SD: standard deviation; TP: total polyphenols; GAE:
Trolox equivalent: DM: dry matter.

: gallic acid equivalent; TE:

3.2, Quantization of individual polyphenols during production of
tomato paste
‘The changes in specific [ ds were itored

during the four technological processes (Tables 2 and 3). No
significant changes (P > 005) were observed during the two
consecutive years, 2008 and 2009 (data not shown). The ANOVA for
polyphenol data showed statistically significant differences
between processing steps and treatments.

Table 2

Hydroxycinnamic acids were mainly represented by ferulic (m/z
193 — 134), ferulic-O-hexoside (myz 355 — 193), chlorogenic (my/z
353 — 191), caffeic (m/z 179 — 135) and caffeic-0-hexoside (myz
341 -+ 179) acids. Al h there was ¢ d
processes in the content of hydroxycinnamic acids, the trends
reflecting the effects of processing were similar in Hot Break 22/24,
Hot Break 28/30 and Passata 10/12, as a result of the cream addition
(Table 2). The largest increases (P < 0.05) occurred for chlorogenic
acid, whereas for caffeic acid they were nearly undetectable,

In the latter stages of the paste-making process, further vacuum

in processes req g more processing at

hlgher temperatures (Hot Breal( 28/30) reduced chlorogenic,

ferulic-0-hexoside and caffeic-O-hexoside acids by 42.81%, 33.46%

and 36.27%, respectively, in comparison to Passata 10/12 which

produced slight reductions. The subsequent sterilization stage prior

to the final paste did not further affect (P > 0.05) the content of
ic, ferulic-0-hexoside and caffeic-O-hexoside acids.

In contrast to other hydroxycinnamic acids, further processing
steps to produce paste by vacuum caused
significant increases (P < 0.05) in caffeic and ferulic acid levels. ThlS
increase in the final stages was highly reproducible between the
different technological processes, probably due to a hydrolysis from
the ester or glycosidic forms.

As regards the family of phenolic acids, the main phenolic acid
was protocatechuic acid (my/z 153 — 109), which showed statisti-
cally significant increases (P < 0.05) when fresh tomatoes were
processed into juice in Passata 10/12 and Hot Break 28/30. Subse-
quently, levels of protocatechuic acid significantly decreased as
ac e of the ion stage (P < 0.05). Passata 10/12
caused the smallest reductions in the protocatechuic acid levels.
The subsequent sterilization stages did not further modify
(P > 0.05) the levels of protocatechuic acid.

Flavonols in these products are characterized by rutin (m/z
609 — 300), kaempferol-3-O-rutinoside (m/z 593 — 285) and
quercetin (m/z 301 -+ 151). Statistically significant increases
(P < 0.05) were observed in the first stage of the process as a result
of the cream addition in Passata 10/12, Hot Break 22/24 and Hot
Break 28/30 (Table 3). The of rutin was ly high

Content of hidroxicinnamic and phenolic acids (ug/g DM) expressed as mean + SD of the four technological processes (n «~ 6); different letters in the columns represent

statistically significant differences (P < 0.05).

Ferulic acid Ferulic-0-hexoside  Chlorogenic Caffeic acid Caffeic-0-hexoside P ch Total
acid acid acid acid and phenolic acids

Passata 1012
Fresh tomatoes 1734007 33454087 1718 £ 012" 3A7 £015" 22274093 280 4 005" 80.90
Juice after scalders 1837 £ 015" 117,69 & 448° 15031 £ 009" 444 £ 013" 2691 + 088" 441 £ 039" 32213
Evaporator 31424195 8776 + 328° 14299 £ 292° 1071 005 20.70 + 0.01° 417 £ 014 297.75
Final paste 4400+ 119 8533+ 0.13° 13877 + 146° 1558 £ 052° 20,17 + 0.14° 196 + 0.09° 307.90
Cream 10/12 15614029 11289 4 020 129.78 £ 2.59 1.78 + 0.08 454 2 011 216 2 0.04 266.76

28/30
Fresh tomatoes 280 + 009" 3769 +217* 1738 = 061* 300 +010° 2101 = 0.1¢ 285 + 006" 8473
Juice after scalders 1641 =097 13970 + 586" 21232 + 7.18° 4192 0.18" 2801 =279 645 = 0.12° 407.08
Evaporator 2127 + 055* 9295 + 634" 12142 + 198" 976+ 0.11° 1785 + 053" 483 £ 027" 26808
Final paste 2439 + 099" 8586 + 562° 11857 = 312" 11412039 1742 £ 078" 4.58 £ 013" 26223
Cream 28/30 1275+ 049 10996 + 263 23569 + 274 289+ 0.4 7.15 4 0.02 369 + 0.06 37213
Hot Break 22/24
Fresh tomatoes 1792 004° 3742 + 284" 50.17 £ 0.36% 3332013 2763 £ 016 538 £ 029" 12572
Juice after scalders 1393 + 098' 11817 + 812% 14480 + 11.04" 384 2 023F 3468 = 150" 352 + 0.14' 31894
Evaporator 2046 + 07Y 81.91 4 2.94° 100.04 + 359" 1271 £073" 2430 + 1.32' 308 + 001 24250
Final paste 2317 2068 7954 £ 5.16° 94212150 13052020 2301 =003 276 = 0.19* 235.74
Cream 22/24 1058 <064 10674 + 265 11660 + 3.68 213 £ 003 613+ 026 301 £ 006 245.19
Cold Break 28/30
Fresh tomatoes 179+ 0.04° 3742+ 284° 5017 + 0.36% 333+ 013" 2763+ 016" 539 + 029" 12573
Juice after scalders 1329 + 081" 3407 + 094 4303 + 1.74% 571 4 046 2686 + 0.48% 376 + 014 12672
Evaporator 17.94 2 045 2320 £ 013" 3595 = 0.10' 687 043" 2069 + 045° 308 002 107.73
Final paste 2065 + 028" 2202 + 005" 3397 + 066' 990+ 0100 1957 + 061° 291 + 007" 109.92

SD: standard deviation: DM: dry matter.
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Table 3

Content of flavonols and Mlavanones (ug/g DM) expressed as mean -+ SD of the four technological processes (n - 6); different letrers in the columns represent statistically

significant differences (P < 0.05)

Rutin 3-0-rutinosi 7-0-glucosid Total flavonols
and flavanones

Passata 10/12

Fresh tomatoes 27900 + 13.09° 612 £ 045" 10829 £ 1.08° 1.06 £ 005 3324 4 204* 4217
Juice after scalders  456.60 + 8.94% 1112 £ 015" 30599 + 2408" 251 + 008" 4152 + 001° 817.74
Evaporator 37072 + 1.00° 657 4+ 0.12° 25096 + 883 246 + 006" 39.04 + 1,04° 687.75
Final paste 376,54 + 2.04° 625 £ 032" 24166 £ 1533° 243 £ 004" 3767 + 1.74* 66455
Cream 10/12 197.38 + 868 410 + 026 19539 + 4.90 2312014 923+ 0,19 40841
Hot Break 28/30

Fresh tomatoes 32656 = 0.16" 904+ 006° 11550 + 687* 1.15 2 0.10* 3434 2 099° 486.59
Juice after scalders 557.98 + 3426° 1177 + 033° 304.59 + 1064" 166 + 0.08° 39.00 + 2.00' 91500
Evaporator 46215 + 1677 427 £ 004" 24208 + 1093° 134 + 008 3558 + 0,09° 74542
Final paste 45548 + 5.00" 424+ 01" 20897 + 1031° 128 + 001" 3473 £ 222" 704.70
Cream 28/30 29659 + 1470 471+ 025 21921 + 148 217+ 003 754 4 012 53022
Hot Break 22/24

Fresh tomatoes 20879 + 0.01° 1533 + 054 20814 + 103 325+ 025° 3023 + 019" 645.74
Juice after scalders 59236 + 701" 19.82 + 023" 461.09 + 636" 349 + 010 3251 + 001" 110927
Evaporator 50358 + 18.26' 803014 3736741366 335018 3151 + 113 92014
Final paste 486,10 + 9.00/ 801 + 007 341.09 £ 417 332 + 0.09° 3077 + 023V 869.29
Cream 22/24 32232 + 359 503 + 003 27889 + 1.76 220+ 008 268 4012 61112
Cold Break 28/30

Fresh tomatoes 298.79 + 0.01* 1533 £ 054 20814 £ 1003 3254025 3023 + 019" 645.74
Juice after scalders 205,05 = 2.74% 1450 £ 059 140,46 + 1.56* 285 £ 019° 29.09 + 0.06" 39225
Evaporator 172.26 + 197 578 +039° 10556 + 1.96' 259+ 013" 27.15 + 035 ETERY]
Final paste 16902 + 332 546 + 049" 9534 + 301" 243 + 002" 2627 + 057 29852

SD: standard deviation; DM: dry matter.

in the cream, which explains the high content in the juice after
scalders. Rutin was mostly affected by the evaporation stage, while
the sterilization stage caused an insignificant reduction (P > 0.05)
in rutin content. The content of rutin remained stable between
81.64% and 8247x [or the Hot Break 28/30 and Passata 10/12
For g significant ch (P> 0.05)
occurred as the tomato fruit was processed. Quercetin dmased
more than one-fold as a result of p ing, since it is a p li
compound with potent antioxidant properties, and therefore more
easily oxidized. Taking into account, kaempferol-3-O-rutinoside,
evaporation and sterilization steps did not significantly modify
(P < 0.05) the levels of kaempferol-3-O-rutinoside for Passata 10/12
and Hot Break 22/24,
Flavanones were mainly represented by naringenin (m/z
271 — 151) and naringenin-7-O-glucoside (m/z 433 — 271). We
checked the UV spectroscopic properties of mnngcmn .md clulco-

principal components (PC1 and PC2) accounted for 70.14% of the
variability of the original data (Fig. 2). PC1 allowed differentiation
between samples in which cream had been added, which are
located on the right-hand side of the plot, and the remaining steps
of the technological processes, which are situated more on the left-
hand side. PC2 ded to the ing of fresh
tomatoes, situated in the bottom part of the plot (step 1), to final
paste (steps 3 and 4). Samples from stage 2 of the Hot Break
processes are well related to TP, hydrophilic antioxidant capacity,
ferulic-0-h id caffeic-0. and proto-
catechuic acids and qucrmln, rutln narlngenln naringenin-7-0-
glucoside and p 3-0: ples from
stage 2 of the Cold processes scored the lowest values of these
parameters, as they were located more on the left-hand side
(Fig. 3). Moreover, stages 3 and 4 were better related to caffeic and
ferullc acnds. as both hydroxicinnamic acids increased during

naringenin, The polyphenol found in our vari is

this polyphenol gave its maximum UV absorption at 280 nm, smce
chalconaringenin has its maximum UV absorption at 370 nm and was
not present in our samples.

Statistically significant increases (P < 0.05) occurred for nar-
ingenin as the tomato fruit was processed into juice in Passata 10/
12, Hot Break 22/24 and Hot Break 28/30 (Table 3). The concen-
tration of naringenin was relatively high in the cream, which
explained the high content in the juice after scalders in comparison
to naringenin-7-0-glucoside. As a result of further processing steps,
naringenin remained stable from 67.87% for Cold Break 28/30 to
78.98% for Passata 10/12. For naringenin-7-0-glucoside, significant
changes (P < 0.05) were observed in the evaporation stage in the
Hot Break 28/30 process. Subsequent sterilization steps did not
further modify (P > 0.05) the levels of flavanones.

33. G b phenolic compounds and the four
technological processes

A PCA was perfonned to v-suahze the effect of each stage of
industrial tomato p 1g. The lic and antioxi profile
were influenced by dirrerem steps and Two

| processing.

4. Discussion

In this study we focused on the effects of processing on tomato

P to different p Passata 10/12, Cold
5 -
#3f 3
2
11
a1 F
LISE
W (e ]
- 2 ° 2 4 L]
PC1:44T4%

Fig. 2. Score plot of PC1 vs PC2 of the different processing stages and treatments. Stage
1: fresh tomatoes; stage 2: tomato paste from scalders; stages 3 and 4: tomato paste
from evaporators and final stages. PC: principal component.
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Capanoglu et al, found that rutin decreased after treating the
samples in a three-effect evaporator unit which included heat
up to 80 “C (C lu et al., 2008). However, it could

not be hypothesized that the disapp e of rutin is due to
hydrolysis, as quercetin (its hydrolysis product) did not increase
during heat thermal processing. These results are in agreement
with those described previously (Lavelli, Hippeli, Peri, & Elstner,
1999). It is obvious that the presence of oxygen accelerates the

°% o;m e <eOor 083 013 o;m o1’ oM
PCLAUTAN

Fig. 3. Principal components plot of all the technological processes studied. PC:
principal companent,

Break 28/30, Hot Break 28/30 and Hot Break 22/24. Thermal pro-
cessing of tomatoes into paste involved a number of heating stages
which could be expected to have an effect on heat-labile and
oxidizable compounds. The intactness of the cellular matrix of
tomatoes determines the bioavailability of TPs and hydrophilic
antioxidant capacity. Processing can usually disrupt this cellular
matrix. D et al. reported that total polyphenols did not
change during the processing of tomatoes (Dewanto, Wu, Adom, &
Liu, 2002). In contrast, our results first showed an increase in TPs
when fresh tomatoes were processed into Passata 10/12, Hot Break
22/24 and Hot Break 28/30 juices as a consequence of cream
addition. It should be noted that in Cold Break 28/30, antioxidant
levels and TPs did not increase, as this process was not ennched
with cream. Due to the supposed negative effects of the i

d of quercetin and rutin, The decay is caused by the so-
called reactive oxygen species, These radicals may be captured by
flavonols, and during the thermal processing the flavonols are able
to transfer one or two hydrogen atoms, rom'nng quinonold struc-
tures, which leads to the fc of
Stenstrom, & Ekeberg, 2004). In the case of rutin, the 3-hydroxy-
function at the C-ring of the flavonoid is blocked by a sugar moiety,
whereas for quercetin it remains unoccupied. Thus, the blockage of
the 3-hydroxyl group is the essential reason for the higher stability
of mlln toward oxidation (Makris & Rossiter, 2000).

for 3-0-rutinoside, the 3
tion is blocked. This expl.nns the thermal stability of Imemp[eml 3-
O-rutinoside toward quercetin. Kaempferol conjugates are
commonly identified in food plants (Andrade, Mendes, Falco,
Valentao, & Seabra, 2001; Le Gall et al., 2003) such as tomato fruit
and wine grape varieties. Monagas et al. found that vinification and
maturation stimulated the hydrolysis of glycosldes in Vitis vinefera
grapes and, as a ¢ decreased at
arate consi with (M | & Gomez-

P

Cordoves 2005). These results are in accordance with our study.

processing of loma(o—bascd products. the main s(mczy for mini-

3-0-r decreased when the conditions
quired more ive p ing at higher

mizing ge was “rec . achieved Tomato varieties also contain hydroxycinnamic acids such as
by addmg a tream nth in seeds and peels wn(h high levels of chlorogenic acid, which increased after the second stage (juice after

and p Is to t based products. It is scalders), especially for Passata 10/12 and Hot Break 28/30; and
a source of ing andisa practice in food then slightly for all the technol | processes studied.
industries, as compounds present in the seed and skin f Chlorogenic acid may be oxidized to reactive 0-quinones through

are separately extracted and then returned to paste during this
stage. As a result, TP and idant activity experienced signifi-
cant increases. Moreover, cream addition increases viscosity of the
product. Later, after the addition of the cream, significant losses in
TPs and antioxidant capacity were observed when the conditions
required more extensive processing. At the last stage, after sterili-
zation and bottling, a slight decrease was detected in TP content
and antioxidant activity.

The changes in specific polyphenols were monitored during the
paste-production process. Phenolic antioxidants, including rutin
and naringenin, were identified as major antioxidants in these
extracts, as was reported in other studies (Le Gall et al. 2003:
Slimestad et al, 2008). The abundance of these flavonoids
increased significantly in the second step for Passata 10/12, Hot
Break 22/24 and Hot Break 28/30, as these processes were sub-
Jjected to cream addition, whereas for Cold Break 28/30 the increase
was not observed. The conc of rutin and nari were
relatively high in the cream, which explained their high content in
the final paste. For subsequent stages of the processes, the content
of naringenin decreased. Our results are in accordance with Re
et al., who analyzed the effects of three different methods of pro-
cessing tomatoes into tomato sauce (Re, Bramley, & Rice-Evans,
2002). The methods used were: Hot Break processing at 90 °C,
Cold Break processing at 65 “C and super Cold Break processing.
Naringenin was strongly affected by processing. Naringenin-7-0-
glucoside followed the same pattern during the paste-making
process. The decreases in naringenin and naringenin-7-0-gluco-
side could be attributed to the fc ion of reactive-O-qui
and the extensive oxidation process created during thermal pro-
cessing (Singleton, 1987).
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the catalytic oxidation process. O-quinones could interact with NH;
groups of amino acids, causing nutritional damage (Friedman,
1992). The same effect was observed for caffeic acid-O-hexoside
and ferulic acid-0-hexoside. It has been found that after air-drying
at 80 °C, the numbcr of free hydmxyl phenol groups increases
owing tothe | lysis of fl. ides and/or the release of
cell wall polyphenols (Lavelli et al., 1999), As a result of thermal
processing. ferulic and caffeic acids increased between one- and
three-fold in all the processes. Our results are in accordance with
those reported by Re et al., in which caffeic, ferulic and p-coumaric
acids increased during heat treatment (Re et al., 2002).

Phenolic acids are also present in tomato fruit (Shen, Chen, &
Wang, 2007); protocatechuic acid was found to increase after the
addition of cream in Passata 10/12 and Hot Break 28/30; then
slightly decreased for the Passata 10/12 process, and the greatest
decreases were observed for Hot Break 28/30. This can be related to
oxygen exposure during processing and may result in the formation
of oxidation products.

5. Conclusions

The most critical events in tomato processing are the cream
addition process and the evaporation stage, as is reflected in the
ANOVA and PCA analysis. Firstly, the importance of the cream
addition is seen in its balancing effect on the technological process.
Secondly, the evaporation stage and, to a lesser extent, the sterili-
zation stage during the pastc-malang process have a negative effect
on the number of dominant p in A gradual
and significant decrease was observed during the industrial pro-
cessing of Theg losses in and
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compounds were associated with conditions requiring more
extensive processing. The polyphenol changes in tomato paste
during processing may result from two different reactions: (a) the
oxidative degradation of polyphenols whlch Iead w0 lhl.' rommion
of reactive-0: and the
products; (b) the hydrolysis of mluugale slmnures So as to
minimize losses in bioactive ¢ rec focus
on shortening processing time and adding a cream rich in func-
tional ingredients present in the seed and skin fragments which are
separately extracted and then returned to paste so as to balance
possible losses in phenolic and antioxidants compounds.
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4. Capitol IV: Canvis en el perfil fenolic i en I’activitat antioxidant durant la produccié

de daus de tomaquet

Anna Vallverdu-Queralt, Alexander Medina-Remon, Cristina Andrés-Lacueva & Rosa M.

Lamuela-Raventds. Food Chemistry. 2011, 126: 1700-1707.

Resum: Aquesta publicacio tracta d’avaluar diferents tractaments industrials [hot, cold
i cold amb sals de calci (CaCl,)] per a la produccié de daus de tomaquet. L’estudi es va
dur a terme durant els anys 2008 i 2009. Es va fer I'analisi de polifenols totals, amb
prévia neteja mitjancant SPE, 'assaig de capacitat antioxidant mitjancant els metodes:
DPPH i ABTS" i, finalment, I’analisi de fenols individuals mitjangant HPLC-MS/MS. En
aquest estudi, el tractament cold sense I'addicié de CacCl, és el que millor conserva els
polifenols i antioxidants durant el processat dels daus; en canvi, el tractament hot
produeix les pérdues més importants de compostos fenolics. Per tant, el tractament
termic és un factor clau a tenir en compte en la produccié de daus de tomaquet.
D’altra banda, I'addicié d’una salsa rica en pells i llavors durant el processat permet

enriquir el producte final amb més contingut de components bioactius.
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Changes in phenolic profile and antioxidant activity during production
of diced tomatoes
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ARTICLE INFO ABSTRACT
Article history: Tomatoes and tomato- based products are rich in antioxidants such as carotenoids, vitamin € and poly-
Received 16 Sepeember 2010 phenols, The of diced involves heat inwhich these anti
Received in revised form 1 2010 c may be p affected. In this study, we evaluate the effect of each separate step in the
:m;ﬁ";‘m‘;ﬂ s dice-making process. Three technologi were i Hot, Cold and Cold treated with
; caldium salt (CaCl,). Four stages were monnoned in each process: (1) fresh tomatoes; (2) peeled toma-
z toes; (3) diced tomatoes; and (4) final product after sauce addition. The main tool for minimising or coun-
Dicsd vasmes teracting the eventual processing damage was the strategy of ‘reconstitution’, achieved by adding a sauce
Processing rich in seeds and peels with high levels of antioxidants and phenolics to the diced tomatoes. Different
Cold and Hot treatment analyses were carried out in order to evaluate the effect of each processing step. First, total polyphenols
Calcium salts (TP) were evaluated using Folin-Ciocalteau (F-C) assay and antioxidant activity using ABTS® and DPPH
Sauce enrichment assays Flavonols, flavanones, hydroxynnmmlc and phenolic acids were then quantified using liquid
Folin-Ciocalteau ion tandem mass spectrometry (HPLC-ESI-MS/MS). The combina-
HPLC-MSMS non of principal mmponm( am]ysas(PCA)and analysis of variance (ANOVA) revealed that each process-
Artioxidant activity ing step induces alterations in the antioxidant and phenolic profile, and in particular sauce addition and
calcium treatment significantly affected the levels of antioxidants and phenolics during the dice-making
process.
© 2010 Elsevier Ltd. All rights reserved.
1. Introduction also contain phytochemicals or antioxidants.

The cultivated tomato (Lycopersicon esculentum) originated in
the New World from wilkd species that are native to the Andean re-
gion of South America. In the 16th century, the tomato was taken
to Europe. The tomato fruit was accepted as a food remarkably
slowly at first, but then became very popular {Beecher, 1998). It
has been suggested that consuming tomatoes may reduce the risk
of several chronic diseases such as cancer, cardiovascular and cere-
brovascular di diab and hyp (Bagchi et al,
2003; Blum, Monir, Wirsansky, & Ben-Arzi, 2005; Das, Otani,
Maulik, & Das, 2005; Lambert & Yang, 2003; Ness & Powles,
1997; Nishino et al, 2004; Yochum, Kushi, Meyer, & Folsom, 1999).

Diced tomatoes represent a reservoir of potentially healthy
micronutrients such as ascorbic acid, vitamin E and minerals
{potassium). In addition to their micronutrient content, diced

* Comrespording author. Address: Nutrition and Food Science Department,
XaRTA, INSA, Pharmacy School, University of Barcelona, Av. Joan XXIII s/n, 08028
Barcelona, Spain. Tel.: +34 934034843; fax: +34 934035931,

E-mail address: edu (RM. Lamuel;

0308-8146/$ - see front matter © 2010 Elsevier Lid. All rights reserved,
doi:10.1016/}. foodchem 2010.12.061

The antioxidant activity of tomato end products often changes
when more invasive processing steps are used (Powell & Bennet,
2002). Greater attention should be given to minimising the detri-
mental effects of the processing methods. Although the effect of
processing on the lycopene levels of tomatoes has previously been
reviewed (Shi & Le Maguer, 2000), the exact levels of gains or
losses reported during processing differ widely depending on the
type and conditions of the process applied (Dewanto, Wu, Adom,
& Liu, 2002; Giovanelli, Zanoni, Lavelli, & Nani, 2002; Lavelli, Peri,
& Rizzolo, 2000; Re, Bramley, & Rice-Evans, 2002). Understanding
the mechanisms taking place during processing will lead to several
innovations in the food industry, which is required to monitor opti-
mal technical and environmental parameters.

Diced tomatoes are processed in a similar way to peeled toma-
toes up to the peeling stage, after which the product is cut into
cubes and preheated to 50 °C. Then it is sent for the final sauce
addition, at 90 °C, and packaged. Diced tomatoes are subjected to
losses of tissue integrity as they are submitted to high tempera-
tures and shear stress through pumps, strainers, fillers and tanks
{Ma & Barrett, 2002). The outer cell wall of tomatoes is made of
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cellulose microfibrils in a matrix of pectins, hemicellu-
loses and proteins. During processing, pectin is altered by naturally
occurring enzymes in the fruit, causing the fruit to soften. These
alterations may involve the breakdown of the pectin chains. There-
fore, tomatoes are processed with calcium salt {CaCl,) to improve
the texture of the final product (Gould, 2009). Divalent calcium
ions induce the formation of calcium pectate or pectinates by bind-
ing pectin methylesterase, which results in a firmer and more
resistant product.

The objective of this work was to extensively examine the ef-
fects of thermal processing and calcium treatment on diced toma-
toes, taking into account their antioxidant activity, total
polyphenols (TP), and content of flavonols (kaempferol-3- O-ruu-

to a temperature of 115 °C, kept at this temperature for at least
Smin and then quickly cooled to about 30-35 “C in a tubular ex-
changer, using cold and/or refrigerated water. The aseptic diced
products were put into special bags. Dices have an 18- to 24-month
shelf life.

In this study, tomatoes were subjected to three different treat-
ments: Hot, Cold and Cold processed with CaCl,. During Hot treat-
ment, fresh tomatoes were processed at higher temperatures than
in the two Cold treatments; in one of the Cold treatments, CaCly
was added to dices in order to keep the consistency of the product.
Four sample stages were monitored: (1) fresh tomatoes; (2) peeled
tomatoes {3) diced tomatoes; and {4) final product.

noside, rutin and quercelm). {nari in and ngH
nin-7-0-glucoside), ycinnamic acids (chl caffeic,
caffeic-0-hexoside, femlic and ferulic-0-hexoside), and phenolic
acids (protocatechuic and gallic) in three different processes: Hot
treatment, Cold treatment and Cold treatment processed with cal-
cium salt {CaCl,).

2. Materials and methods

2.1. Standards and reagents

All and dards were handled without exposure to
light. Querceun. rutin, caffeic, ferulic, protocatechuic and chloro-
gemc acids, Folm-Clocalleau {F-C) reagent, ABTS: 2,2'azino-bis(3-

ylb Iphonic acid), PBS: phosphate-buffered
salme pH 74, Trolox: (z)-6-hydroxy-2,5,78-tetramethylchro-
mane-2-carboxylic acid 97% and manganese dioxide were
purchased !rom Slgma' (Madnd Spain); DPPH: 2,2-diphenyl-
1-picrylhydrazyl, naringenin-7-0-glucoside and
kaemprerol-l-o-mumsnde from Extrasynthése {Genay, France);
hydrochloric acid 35% and acetic acid 99.8% from Panreac
{Barcelona, Spain); and anhydrous sodium acetate {2 M) from
Merck {Darmstadt, Germany). Methanol and formic acid were
obtained from Scharlau (Barcelona, Spain). Ultrapure water
(Milli-Q) from Millipore Corporation (Bedford, MA, USA).

2.2. Sampling and processing conditions

The tomatoes in these samples were a mixture of varieties H-
9661, H-9997, H-9776, Albastros, Malva, Guadiva and Elegy, har-
vested in the ing areas of Spain. In order
to estimate differences in the original fruit sources or harvest
years, each step in the process was independently sampled six
times from different fruit batches processed over two consecutive
years, 2008 and 2009, From a technological point of view, the main
difficulty in the production of diced-tomato products with a good
consistency is choosing the right variety of fruit with suitable
characteristics.

In the tech ical process, were first cleaned, then
peeled and diced. After that, the dices were sent to mixing tanks.
Dices were mixed with a tomato sauce in a ratio of 50/50 inside
a special upright tank to allow maximum heat exchange, as well
as minimal mechanical damage to the cubes, The sauce for the
diced mixture was stabilised at over 90 “C for at least 5 min. In this
stage, CaCl; was added in one of the processes to cause the diced
product to harden, thereby making it firmer and consequently eas-
ier to pump. Calcification can occur by direct addition of calcium to
the ¢ iner or by conveying the dices gh a calcium bath.
The amount of calcium cannot exceed 0.08% by weight {Code of
Federal Regulations., 2000). Having completed the preparation
stage, the dices were sent to the aseptic sterilising-cooling system.
Inside the tubular steriliser, the product was gradually sterilised up
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2.3. Prep of the samples

Sample treatments were performed following the procedure of
Vallverdi-Queralt, Jauregui, Medina-Remon, Andrés-Lacueva, &
Lamuela-Raventés {2010), after the extraction procedure, solid
phase extraction (SPE) was carried out. Firstly, 1 ml of methanol
and subsequently 1 ml of sodium acetate 50 mmolfl pH 7 were
loaded into Oasis™ MAX cartridges from Waters to equilibrate the
sample; then, 1 ml of each extract was diluted with 1 ml of Milli-
Q water and acidified with 34 pl of hydrochloric acid before being
loaded into the cartridges separately. These were rinsed with
50 mmol/l pH 7 (5% methanol) sodium acetate. The polyphenols
were eluted with 1800 pul of methanol {2% formic acid). The eluted
fractions were evaporated under nitrogen flow, and the residues
were reconstituted with water (0.1% formic acid) up to 250 pl
and filtered through a 13 mm, 0.45 pm PTFE filter (Waters) into
an insert-amber vial for HPLC analysis. Samples were stored at
~20 C until analysis.

2.4, Analysis of total polyphenols

For the TP assay, each sample was analysed in triplicate: 20 pl
of the eluted fractions were mixed with 188 pl of Milli-Q water
in a thermo microtiter 96-well plate (nuncTM, Roskilde, Denmark);
afterwards, 12 pl of F-C reagent and 30 pl of sodium carbonate
(200 gjl) were added (Medina-Remaén et al., 2009). The mixtures
were incubated for 1 h at room temperature in the dark. After
the reaction period, 50 pl of Milli-Q water were added and the
absorbance was measured at 765 nm in a UV/VIS Thermo Multis-
Itan Spectrum spectrophotometer (Vantaa, Finland). This spectro-

allowed the absorbance of a 96-well plate to be read
in 10s. Results were expressed as mg of gallic acid equivalents
{GAE)/100 g dry material (DM).

2.5. Antioxidant activity

The antioxidant activity in diced tomatoes was measured using
an ABTS' radical decolourization assay (Minoggio et al., 2003) and
DDPH assay {Odriozola-Serrano, Soliva-Fortuny, & Martin-Belloso,

2008), with minor modifications.
2.5.1. ABTS” assay
1 mM Trolox {antioxid dard) was prepared in PBS once a

week. Working standards were prepared daily by diluting 1 mM
Trolox with PBS.

An ABTS' radical cation was prepared by passing a 5 mM aque-
ous stock solution of ABTS (in PBS) through manganese dioxide
powder. Excess manganese dioxide was filtered through a 13 mm
0.45 pm filter PTFE (Waters). Before analysis, the solution was di-
luted in PBS pH 7.4 to give an absorbance at 734 nm of 1.0z 0.1,
and pre-incubated in ice. Afterwards, 245 pl of ABTS’ solution
was added to 5 pul of Trolox or to tomato samples and the solutions
were stirred for 30s. The absorbance was recorded continuously
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every 30 s with a UV/VIS Thermo Multiskan Spectrum spectropho-
tometer for 1 h and PBS blanks were run in each assay.

The working range for Trolox (final concentration 0-750 pM)
was based on triplicate determinations and consisted of plotting
the absorbance as a percentage of the absorbance of the uninhib-
ited radical cation (blank). The activities of the tomato samples
were assessed at four different concentrations, which were within
the range of the dose-response curve. Each sample was analysed in
triplicate at each concentration. Results were expressed as mmol
Trolox equivalent {TE)/100 g DM.

2.5.2. DPPH assay

The antioxidant activity was also studied through the evalua-
tion of free radical-scavenging effect on DPPH radical. Solutions
of known Trolox were used for calibration. 5 pl of tomato samples
or Trolox were mixed with 250 pl of methanolic DPPH (0.025 g/l).
The homogenate was shaken vigorously and kept in darkness for
30 min. Absorption of the samples was measured on a UV/VIS
Thermo Multiskan Spectrum spectrophotometer at 515 nm. The
percentage of inhibition of the DPPH was calculated and plotted
as a function of the concentration of Trolox for the standard refer-
ence data, The final DPPH values were calculated using a regression
equation between the Trolox concentration and the percentage of
DPPH inhibition and results were expressed as mmol TE/100 g DM.

2.6. HPLC-ESI-MS/MS analysis

The polyphenols of tomato fruits were identified in a previous
study using HPLC/ESI-LTQ-Orbitrap-MS (Vallverdi-Queralt et al.,
2010). To evaluate the effect of the dicing process on polyphenols,
we selected the most predominant polyphenols in tomato fruit.
Those polyphenols were quantified using HPLC-ESI-MS/MS. An
API 3000 (PE Sciex, Concord, Ontario, Canada) triple quadrupole
mass spectrometer equipped with a Turbo lonspray source in neg-
ative-ion mode was used to obtain MS/MS data. Turbo lonspray
source settings were as follows: capillary voltage, —3500 V; nebul-
iser gas (N,), 10 arbitrary units (a.u.); curtain gas (N;), 12 a.u.; col-
lision gas (N,), 10 auw; focusing potential, —~200V; entrance
potential, 10 V; drying gas (N,), heated to 400 °C and introduced
at a flow rate of 8000 m*/min. The declustering potential and
collision energy were op d for each ¢ d in infusion

as in the case of caffeic acid-0-hexoside and ferulic-0-hexoside,
they were quantified with respect to the corresponding hydroxy-
cinnamic acid {caffeic and ferulic acids).

The liquid chromatograph was an Agilent series 1100 HPLC
instrument (Agilent, Waldb Germany) equipped with a qua-
ternary pump, an autosampler and a column oven set to 30 °C. A
Luna Cyg column 50 < 2.0 mm id., 5 pm (Phenomenex, Torrance,
CA, USA) was used. The injection volume was 20 pl and the flow
rate was 0.4 ml/min. Mobile phases consisted of water/0.1% formic
acid (A) and acetonitrile/0.1% formic acid (B). Separation was car-
ried out in 15 min under the following conditions: 0 min, 5% B;
10 min, 18% B; 13 min, 100% B; 14 min, 100% B; 15 min, 5% B.
The column was equilibrated for 5 min prior to each analysis.

2.7. Statistical analysis

The significance of the results was analysed using the Stat-
graphics Plus v,5.1 Windows Package (Statistical Graphics Co,,
Rockville, Md). Analysis of variance {ANOVA) was used to compare
the means of groups of measurement data, and principal compo-
nent analysis {PCA) was carried out to obtain correlations amongst
variables. PCA is a multivariate statistical technique that allows us
to visualise the original arrangement of tomato samples in an

i ional space, by identifying the directions in which most
of the information is retained. The scores plot was created to define
different groups and the loadings plot to highlight differences
among variables.

3. Results

3.1. Analysis of TP content and antioxidant activity during production
of diced tomatoes

The relative contributions of individual compounds to TPs and
the antioxidant activity of the three technological processes are
shown in Table 1. No significant changes (P> 0.05) were observed
over the two consecutive years, 2008 and 2009. To avoid water

experiments: individual dard soluti (10 pg/ml) dissolved
in 50:50 (v/v) mobile phase were infused at a constant flow rate
of 5pl/min using a model syringe pump (Harvard Apparatus,
Holliston, MA, USA).

For quantification purposes, data was collected in the multiple
reaction monitoring (MRM) mode, tracking the transition of spe-
cific parent and product ions for each compound. In particular,
we selected 12 transitions ponding to the most abund
polyphenols in tomato fruits: ferulic acid mjz 193 - 134 (CE:
~20V); ferulic acid-0-hexoside mjz 355 — 193 (CE: ~20V); chlor-
ogenic add mjz 353 - 191 (CE: 20 V); caffeic acid mjz 179 - 135
(CE: —20V); caffeic acid-0O-hexoside mjz 341 — 162 (CE: -20V);
protocatechuic acid mjz 153 - 109 (CE: ~20V); gallic acid mjz
169 - 125 (CE: ~20 V); quercetin mjz 301 - 151 (CE: -30V); ru-
tin mjz 609 - 300 {CE: —50 V); naringenin mjz 271 - 151 (CE:
-30V); naringenin-7-0-glucoside mjz 433 - 271 (CE: -20V);
kaempferol-3-0-rutinoside m/z 593 - 285 (CE: —30V); ethyl gal-
late {internal standard) m/z 197 - 169 {CE: —25 V). The standards
of these polyphenols confirmed the previously reported frag
tation patterns, The compounds were deduced from the different
transition signals and by comparing the observed accurate transi-
tion and retention times with those of the standards.

Quantification of polyphenols was carried out using the internal
standard method. Polyphenols were quantified with respect to
their ¢ di dard. When standards were not availabl

L 2

poration and concentration of solids affecting the quantifica-
tion during thermal processing, the estimated values were dry
weight based, per gram of dry matter {DM).

The content of TPs in diced tomatoes varied from 320.8 = 7.1 mg
GAE/100g DM for the final product after Cold treatment to
138.224.2mg GAE/100g DM for diced tomatoes subjected to
Hot The antioxidant activity d by ABTS® assay
was between 20.8 = 1.0 mmol TE/100 g DM for the final product
after Cold treatment and 9.5 = 0.6 mmol TE/100 g DM for diced
tomatoes subjected to Hot treatment. The values obtained by DPPH
assay were between 22.1 209 mmol TE{100g DM for the final
product after Cold treatment and 13.3 = 0.4 mmol TE/100 g DM
for diced tomatoes subjected to Hot treatment. The content of
TPs and antioxidant activity decreased significantly (P < 0.05) from
fresh to peeled tomatoes. The greatest decrease appeared to be
associated with tomatoes subjected to Hot treatment. In the sec-
ond step, when peeled tomatoes were cut into cubes, TP decreased
by 3.02% and antioxidant activity by 12.84% and 15.82% for ABTS"
and DPPH assays, respectively.

Consistent changes (P<0.05) in TPs and antioxidant activity
were observed as diced tomatoes were mixed with a sauce to ob-
tain the final product. This sauce contains seeds and peels with
high levels of antioxidants and polyphenols (Table 1), The greatest
increase in total phenolics and antioxidant activity occurred when
dices were subjected to Cold treatment without adding CaCl,.

101
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Table 1
TPs and antioxidant activity (ABTS', DPPH) expressed as mean ¢ SD of the three technological processes; different Jetters in the columns represent statistically significant
differences (P< 0.05)

Sample Total polyphenols (mg GAE/100 g sample DM) ABTS" (mmol TE/100 g DM) DPPH (mmeol TE/100 g DM)

Process 1: Hot treatment

1 Fresh tomatoes 1503 +7.4" 175 +05% 208+03*

2 Peeled tomatoes 1425+5.1° 109£0.2° 158202°

3 Diced tomatoes 1382242 95406 133404°

4 Final product 190.7 #45° 17.0£04* 202403

Hot sauce 1795261 124207 146204

Process 2: Cold treatment

1 Fresh tomatoes 1905+ 7.9° 182+06° 205403

2 Peeled tomatoes 1815263 12603 188+04°

3 Diced tomatoes 1784443F 14204 165405*

4 Final product 3208 7.1" 208+ 1.0¢ 221+08"

Cold sauce 1804456 144408 18006

Process 3: Cold treatment with CaCly

1 Fresh tomatoes 19052 7.9° 182206" 205203

2 Peeled tomatoes 1815263 126403 188+04*

3 Diced tomatoes 1784443 114404 165405°

4 Final product 2202249 166+03" 194+03%

Cold sauce 1804256 144208 180£06

SD, standard deviation; GAE, gallic acid equivalent; DM, dry matter; TE, Trolox equivalent.

Table 2

Content of favorols and flavanones expressed as mean ¢ SD of the three technological processes; different letters in the columns represent statistically sigrificant differences

(P<005).

Rutin (ugig DM) in (ig/g DM) _ K: 3-0 (ugig DM) in (ug/g DM) in-7-0-glucoside (ug/g DM)

Process 1: Hot treatment
1Fresh tomatoes  1418944.11" 11664089 4714044 245040.28" 13412062
2 Peeled tomatoes  116.10+5.15° 899 +0.08° 383+0.12° 18294007 957+035°
3 Diced tomatoes 11464 +0.97° 7684025 362+0.03° 18344042° 894+0.10°
4Finalproduct 15436+ 187°  1091+0.11° 4224000 142652342 1747 £ 056°
Hot sauce 310604063 4934011 1.1640.04 10756 44.19 10204046
Process 2: Cold treatment
1Fresh tomatoes  289.734485'  14784017° 7.194025° 54474003 17610.44¢
2 Peeled tomatoes 26028 +026' 1096 +0.08" 6344013 43.70+1.28" 1454 +0.10"
3 Diced tomatoes 25584 ¢ 0.92° 9.83 +0.06° 6244025 42502254° 1356 £0.07"
4Finalproduct 417432800 14204023" 730+0.11° 20856+ 347" 2018179
Cold sauce 288644301 5044028 1814003 205.00+7.07 15074103
Process 3: Cold treatment with CaCly
1Fresh tomatoes  289.7342324"  1478+0.17* 7.194025° 54474003 176140447
2 Peeled tomaies  26028+026° 1096+ 002 634013 43.7021.28" 1454 + 10"
3 Diced tomatoes 25584 +940° 983 +0.00° 6244046 42.50+2.54" 1356 +0.07"
4Finalproduct 281814547 10994013 682 +0.08* 15896 +9.21% 1759+ 130°
Cold sauce 288644583 5044028 1814003 205.00+7.07 1507 +1.03

DM, dry matter; SD, standard deviation.

3.2 Quantisation of individual polyphenols in tomato samples during
processing

The changes in specific polyphenol compounds were i
during three technological processes (Tables 2 and 3). The ANOVA
of the polyphenol data showed statistically significant differences
between different processing steps and treatments. In all the sam-
ples, rutin was identified as the main polyphenol at levels ranging
between 114.64 and 417.43 pg/g DM, followed by naringenin and
chlorogenic acid.

Hydroxycinnamic acids were mainly represented by ferulic (m/z
193 -+ 134), ferulic-O-hexoside (mfz 355 - 193), chlorogenic
{mjz 353 - 191), caffeic (m/z 179 - 135) and caffeic-0-hexoside
{mjz 341 - 179) acids. Although there was a considerable varia-
tion between processes in the content of hydroxycinnamic acids,
the trends reflecting the effects of processing were similar, The
content of hydroxycinnamic acids decreased from tomato fruits
to dices. The greatest decrease (P <0.05) occurred for ferulic and
caffeic acids. Within the three tomato-dicing stages, the decrease

102

in ferulic acid varied between 33.93% for dices subjected to Cold
treatment and 39.38% using Hot treatment. Similarly, caffeic acid
decreased by between 39.41% and 40.14% during the dice-making
process in dices subjected to Cold and Hot treatments, respectively.
The smallest changes were shown for ferulic-0-hexoside, which
decreased by 3.43% and 2.12% in dices subjected to Hot treatment
and Cold treatment, respectively.

In the latter stages of the dice-making process, further addition
of a sauce rich in peels and seeds caused the levels of hydroxicin-
namic acids in the product to increase (Table 3). This increase in
the final stages was highly reproducible between the different
technological treatments. Statistically ~significant increases
(P<0.05) were shown for ferulic and ferulic acid-0-hexoside when
dices were subjected to Cold treatment without CaCl,. Both
hydroxycinnamic acids increased more than 1-fold when sauce
was added to obtain the final product. With regard to the other
hydroxycinnamic acids, increases were not so pronounced.

As regards the family of phenolic acids, it was observed that
the main phenolic acid was gallic {m/z 169 - 125), followed by
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Table 3
Content of hydroxycinnamic and phenolic acids expressed as mean + SD of the three technological processes; different letters in the columns represent statistically significant
differences (P <0.05).
Ferulicac.  Ferulic ac-O-hexoside  Chlorogenic ac. (ug/ Caffeic ac.  Caffeic ac-O-hexoside  Protocatechuic ac Gallic ac.
(ugig DM)  (ugig DM) £DM) (ug/igDM)  (ug/g DM) (ug/g DM) (ug/g DM)
Process 1: Hot treatment
1Fresh 9602038" 47214181 10271 £ 400° 21754076' 18104053 2.90+0.06" 3484007
tomatoes
2 Peeled 6252010° 47.18+036* 9364+ 1.92° 13564051° 1468 119° 275+016° 298+0.11°
tomatoes
3 Diced 5824005  4559+0.16" 84944299 1302+050° 1383 +0.08° 193 + 006° 261 20.09°
tomatoes
4 Final 18142062" 94944228 10034 + 0.84* 14902036° 1894099 386+004" 668 +0.08°
product
Hot sauce 15474025 77424136 8758571 1632002 5574007 4524022 4574000
Process 2: Cold trectment
1 Fresh 8344027 69964530° 11393 +4.08° 2484047 23634163° 3784008 3884005°
tomatoes
2 Peeled 6532003  68.564120° 11200+ 354 15552021° 20182042 332+008" 3262016
tomatoes
3 Diced 5514012 6848 +030° 10572+ 697 13624071° 19744109 2944018 3232007
tomatoes
4 Final 3206+105" 196.05+568" 17030+ 8.62" 1970014 4205+ 236" 1063 + 060" 18.06 ¢ 1.05*
product
Cold sauce 11772021 9067 +083 12309 £4.70 4162006 26854040 680+ 028 11772021
Process 3: Cold treatment with CoCly
1 Fresh 8342027°  69.96+530° 11393+ 4.08° 2482047" 2363+163° 3784008 3884005
tomatoes
2 Peeled 6534003  6856+120° 11200 354" 15554021 2018+042" 332+ 008" 3264016
tomatoes
3 Diced 5514012  6848+030° 10572 + 697 13622071° 1974109 2944018 3234007
tomatoes
4 Final 18614118 130214861 15448+ 5100 1623+058¢ 23134137 996+ 1.16' 1188+ 045"
product
Cold sauce 11774021 90674083 12309 +4.70 4162006 26854040 6804028 11774021

DM, dry matter; SD, standard deviation.

protocatechuic {m/z 153 — 109). Both phenolic acids, as observed
above for hydroxycinnamic acids, experi d a decrease
(P<0.05) when fresh tomatoes were processed. Gallic acid re-
mained stable between 75.0% and 83.25% when subjected to Hot
and Cold treatments, respectively. Similarly, using these treatments,
protocatechuic acid remained stable between 77.78% and 66.55%,
respectively. Notably, the abundance of both phenolic acids in-
creased as a result of sauce addition. The greatest increase was ob-
served when diced tomatoes were subjected to Cold treatment
without adding CaCl,.

Flavonols were characterised by rutin (m/z 609 - 300), kaempf-
erol-3-0-rutinoside (mjz 593 - 285) and quercetin (mjz 301 -
151). When dices were subjected to Hot treatment, levels of rutin,
quercetin and kaempferol-3-O-rutinoside remained stable at
80.79%, 65.87% and 76.86%, whereas when they were processed
using Cold treatment, they remained stable at 88.30%, 66.51%
and 86.79%, respectively. As shown for hydroxycinnamic and phe-
nolic acids, further addition of the sauce caused the level of flavo-
nols in the product to increase. The concentration of rutin was
relatively high in the sauce, which explained the high content in
the final paste. Rutin increased by 63.16% when dices were sub-
Jjected to Cold treatment without CaCl,, whereas when dices were
processed with CaCl,, rutin increased by 10.15%, The same pattern
was observed for kaempferol-3-0-rutinoside and quercetin.

Finally, flavanones were mainly represented by naringenin (m/z
271 -+ 151) and naringenin-7-0-glucoside (mjz 433 - 271).
Naringenin remained stable at 78.02% and 74.86% when dices were
subjected to Cold and Hot treatments, respectively. The relative
levels of these compounds increased after the sauce addition treat-
ment, compared to intact fruits. The concentration of naringenin
was relatively high in the sauce, which explained the high content
in the final paste. Levels of naringenin increased more than 5-fold

when dices were subjected to Cokd treatment, but relatively low in-
creases were detected using other treatments. The same pattern
was observed for naringenin-7-0-glucoside.

3.3. Correlation between the health-related compounds of diced
tomatoes and the three technological processes studied

To visualise the effect of each industrial tomato processing step,
a PCA was performed on all the samples and variables (total phen-
olics, ABTS', DPPH, ferulic, ferulic-0-hexoside, chlorogenic, caffeic,
caffeic-0-hexoside, gallic and protocatechuic acids and quercetin,
rutin, naringenin, naringenin-7-0-glucoside and kaempferol-3-0-
rutinoside). As shown in the score plot {Fig. 1), the phenolic and
antioxidant profiles were mainly influenced by different process-
ing steps and treatments. Two principal components (PC1 and
PC2) were obtained and accounted for 85.25% of the variability of
the original data. PC1 allowed for differentiation between samples
subjected to Hot treatment, which are located more on the left-
hand side, whereas samples produced when dices where subjected
to Cold treatment without adding CaCl,, samples were located
more on the right-hand side. PC2 corresponded to the stepwise
processing from fresh tomatoes, situated in the bottom part of
the plot, to final paste, located more in the central part of the plot.

Final products subjected to Cold treatment without adding
CaCl, are well linked to total phenolics, antioxidant activity (ABTS"
and DPPH), ferulic-O-h ide, caffeic-O-hexoside, chlorogenis
gallic and protocatechuic acids and rutin, naringenin and naringe-
nin-7-0-glucoside, as these samples scored the highest levels of
these parameters, whereas samples subjected to Hot treatment
or Cold treatment with CaCl, scored lower values of these param-
eters, as they were located more on the left-hand side (Fig. 2).
Moreover, fresh tomatoes were better linked to caffeic acid,
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Fig. 2. Principal plot of all the technological processes studied.

kaempferol-3-O-rutinoside and quercetin, while final products
scored the lowest values of these parameters.

4. Discussion

The effects of paste-making processes on tomato fruit com-
pounds, such as the antioxidant potential, lycopene, f-carotene
and vitamin C, have been widely studied in the literature
(Abushita, Dacod, & Biacs, 2000; Re et al., 2002; Takeoka et al.,
2001); however, the effects of processing on the antioxidant activ-

crease after the second step could be attributed to oxidation during
factory-scale tomato processing.

Due to the supposed negative effects of the industrial process-
ing of diced tomatoes, the main strategy for minimising eventual
processing damage was "reconstitution”, achieved by adding a
sauce rich in seeds and peels with high levels of antioxidants and
polyphenols to the diced tomatoes. As a result, TP and antioxidant
activity experienced significant increases. The greatest increases
occurred in Cold treatment without CaCl,. Calcium salts may inhi-
bit the accumulation of phenolic compounds which play a part in
subsequent reactions that cause tissue browning. There is contro-
versy reg; g the effects of calcium salts on the level of polyphe-

ity and polyphenols of diced tomatoes have not been i d.
Diced tomatoes are widely consumed worldwide and contain
remarkably high concentrations of micronutrients, such as miner-
als (potassium), anuoxldam vitamin €, vitamin E and antioxidants.
Therefore, it is of eto the effect of the
dice-making process on Iwalth-mlated compounds. In this study,
tomatoes were subjected to three different treatments: Hot, Cold
and Cold with CaCl,.

Some studies have d that i g of toma-
toes involves heat treatments which may help to increase the lev-
els of some bound antioxidants, but other studies have reported
that some labile antioxidants may be damaged as a result of indus-
trial-scale processes (Ab et al., 2000; D et al., 2002).
In our study, a gradual and significant decrease in TP and antioxi-
dant activity was observed in tomato dices compared to fresh
tomatoes, espedially for tomatoes subjected to Hot treatment.
The higher temperatures required to produce the desired diced
tomatoes may be associated with these increased losses. The de-

A <1
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nols. Floros et al. reported that calcium salts make high thermal
treatments on the product unnecessary, as calcium salts inhibit
peroxidase and polyphenol oxidase enzyme activity (Floros, Ekana-
yake, Abide, & Nelson, 1992). However, Rensburg et al. found that
calcium treatments suppressed both respiration and polyphenol
oxidation, and also reduced the content of total phenolic and other
antioxidants {Rensburg & Engelbrecht, 1986).

In our study, diced tomatoes were found to be a rich source of
rutin and naringenin, as has been reported in other studies
(Galensa & Herrmann, 1980; Le Gall et al., 2003; Slimestad, Fossen,
& Verheul, 2008). The abundance of these flavonoids decreased as
tomato fruits were processed to obtain dices. The reduction could
be attributed to the presence of oxygen, which accelerates the
degradation. The decay is caused by the so-called reactive oxygen
species (ROS) (Hvattum, Stenstrom, & Ekeberg, 2004). In the later
processing stages, the content of rutin, naringenin and naringe-
nin-7-0-glucoside increased as a result of sauce addition. The
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concentrations of rutin and naringenin were relatively high in the
cream, which explained their high content in the final product. As
mentioned above, the highest increase was observed for dices sub-
jected to Cold treatment without CaCl,. Polyphenols have a strong
tendency to form complexes with mono-, di- and tri-valent cations,
which hinders their bioaccessibility (Sharma, Jood, & Sehgal, 1996).

In contrast to rutin, results obtained for quercetin indicate a
highly significant decrease following industrial processing from
fresh to diced tomatoes. In the case of rutin, the 3-hydroxy-func-
tion at the C-ring of the flavonoid is blocked by a sugar moiety,
whereas for quercetin it remains unoccupied. Thus, the blockage
of the 3-hydroxyl group is the essential reason for the higher sta-
bility of rutin towards oxidation (Makris & Rossiter, 2000).

Similarly, for K pferol-3-O-rutinoside, the 3-hyd
function is blocked. This explains the thermal stability of kaempl’-
erol-3-0-rutinoside towards quercetin. Further sauce addition
increased levels of quercetin and kaempferol-3-O-rutinoside.
Odriozola et al. found levels of quercetin between 9 and 9.6 jg/g
FM in tomato slices {Odriozola-Serrano, Oms-Oliu, Soliva-Fortuny,
& Martin-Belloso, 2009), but in our study it only achieved a content
of 14.20 pg/g DM (2.93 pg/g FM) in dices subjected to Cold treat-
ment without CaCl,. This could be attributed to the differences be-
tween the state of ripeness, light, temperature, climatic growing
conditions or soil of tomato fruits.

Diced tomatoes also contain hydroxycnnamic acids, which are
found as simple esters in tomatoes. Hydroxycinnamic acids de-
creased as fresh tomatoes were processed. This may be attributed
to the oxidation of hydroxycinnamic acids to reactive 0-quinones;
0O-quinones may interact with NH; groups of amino acids leading
to nutritional damage (Fried 1992). bly, a significant
change in hydroxycinnamic acids was observed after sauce addi-

diced tomatoes; the extent of the decrease was influenced by both
the P and the ium in which the diced tomatoes
were treated. As is reflected in the ANOVA and PCA analysis, the
most critical event in the industrial processing of diced tomatoes
is the sauce addition process without CaCl,. However, sauce addi-
tion is seen as being an important way of balancing or enriching
diced tomatoes. It is a source of functional ingredients and is a
commeon practice in food industries, as compounds present in the
seed and skin fragments are separately extracted and then re-
turned to paste during this stage.
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5. Capitol V: Perfil fenolic de derivats de tomaquet mitjangant tecnologies d’alta

resolucié (HPLC-ESI-QToF)

Anna Vallverdu-Queralt, Olga Jauregui, Giuseppe Di Lecce, Cristina Andrés-Lacueva &

Rosa M. Lamuela-Raventds. Food Chemistry. 2011, 129: 877-883.

Resum: Aquesta publicacié presenta el primer estudi que realitza una identificacidé
acurada dels polifenols en productes derivats del tomaquet: quetxups, gaspatxos i sucs
de tomaquet mitjangant una tecnologia d’alta resolucié (HPLC-QToF-MS) i I'aplicacio
d’IDA. Es van identificar 45 polifenols amb errors inferiors a 2.8 mDa, cinc dels quals no
havien estat descrits abans en tomaquets; I'addicié d’altres ingredients en la
formulacié d’aquests aliments com ara I'oli d’oliva, alls i cebes permet augmentar el

nombre de polifenols respecte els presents en el tomaquet fresc.
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Tomalm the second most important vegetable crop worldwide, are a key component in the so-called
diet” and its ption has greatly increased worldwide over the past 2 decades,
mostly due to a growing demand for tomato-based products such as ketchups, gazpachos and tomato

Mtgpxtd 5 N!ay 201 juices.
AbiEonitne) May 2011 In this work, tomato-based products were analysed after a suitable work-up extraction procedure using
- ~ liquid ¢ trospray ume of flight-mass spemomerry (HPLC-ESI-QTOF) with
;3:;'::: negative ion detection using fo ion-d acquisition (IDA) to d ine their phenolic com-
Gazpachos position. The compeunds were confirmed by accurate mass measurements in MS and MS? modes. The
Tomato juices elemental composition was selected according to the accurate masses and isotopic pattern. In this
HMLC way, 47 compounds (simple phenolic and hydroxycinnamoylquinic acids and flavone, flavonol, flavanone
QIOF and dihydrochalcone denvanm) were identified in tomato-based products, five of them, as far as was
Folyphenals known, were previ in The phenolic fingerprint showed that tomato-based
products dmer in phenolx composillon. principally in protocatechuic acid-0-hexoside, apigenin and its
glycosylated forms, quercetin-O-dihexoside, kaempferol-C-hexoside and eriodictyol-O-dihexoside.
Gazpacho showed the highest number of phenolic ds due to the vegetables added for its
production.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction products such as ketchups, gazpachos and tomato juices. In gen-

Tomato and tomato products are considered to be healthy food
since they are low in fat and calories, free of cholesterol and rich in
vitamins A and C, p-carotene, lycopene and potassium, as well as
octadecadienoic acid (Kim et al., 2011). Moreover, the tomato
and its products are an important source of phenolic compounds

eral, tomato-based products undergo the following processing
steps: preliminary processes such as size selection, washing and
tray placing; dehydration, hydration or cooking and post treat-
ments such as inspections, cleaning and packaging, Olive oil added
to tomato-based products such as tomato juice and gazpachos
oould be an important factor governing the in vivo bioavailability

lic compounds, playing a crucial role in their accessibility

for the human diet. It has rctently been proposed that the phenoli
consmuents of tomato wch as fl. 1l Is and hydroxy
ci and g stmclums {caffeoylquinic acids) are

bioactive compounds involved in the p of cancer (Grieb
etal, 2009; Zhang et al., 2009) and cardiovascular diseases (Silaste,
Alfthan, Aro, Kesaniemi, & Horkko, 2007).

Tomato consumption worldwide has greatly increased over the

past 2 decades, mostly due to a growing demand for tomato-based

* Corresponding author at: Nutrition and Foed Science Department, XaRTA, INSA
Pharmacy School, University of Barcelona, Av. Joan XXII s/, 08028 Barcelona,
Spain. Tel: +34 §34034843; fax: +34 934035931,

E-mat! oddress: du (RM. L !

0308-8146/$ - see front matter © 2011 Eksevier Lud. All rights reserved.
doi:10.1016/j.foodchem.2011.05.038

and extractability from food (Bugianesi et al, 2004; Simonetti
et al, 2005).

Although tomatoes have been widely studied for their phenolic
content (Slimestad & Verheul, 2009), little information is available
in the literature on the nonvolatile constituents of ketchups and
tomato juice (Stewart et al, 2000) and there is no data on the
phenolic profile of gazpachos.

Some previous work on polyphenol analysis has been carried
out by NMR (Slimestad, Fossen, & Verheul, 2008), capillary electro-
phoresis (CE) (Peng, Zhang, & Ye, 2008), gas chromatography (GC)
(Friedman, 2004), and most commonly high-performance liquid
chromatography (HPLC) coupled to ultraviolet (UV) (Ozturk,
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Tuncel, & Tuncel, 2007) and mass spectrometry (MS) (Clifford,
Johnston, Knight, & Kuhnert, 2003; Justesen, 2000).

For this kind of application, liquid chromatography/electrospray
ionisation-time of flight-mass spectrometry {HPLC-ESI-QTOF) en-
ables automated acquisition of both TOF-MS {survey) and MS/MS
(dependent) spectra during a single chromatographic injection or
infusion analysis. The high resolution and accurate mass MS/MS
data acquired make IDA (information dependent acquisition) very
informative. In IDA experiments, a TOF-MS survey scan is used to
generate a peak list of ions present in the spectrum at a particular
analysis time, This peak list is subjected to a series of user-defined
criteria to select precursor ions of interest based on filters such as
intensity threshold, charge state, isotope pattern and others. Once
precursor ions are selected, they are submitted for MS/MS analysis.
This cycle is repeated throughout the duration of the acquisition,
generating large amounts of informative data. The use of QTOF
technologies allows the exact mass measurements of both MS
and MS/MS ions to be achieved, which is essential for elemental
composition assignment and thus for the characterisation of small
molecules,

The aim of this work was to describe the phenolic composition
of gazpachos, unreported until now, and to accurately examine the
differences between phenolic profiles of ketchups, gazpachos and
tomato juices. Thus, samples were analysed using HPLC-ESI-QTOF
to determine structures based on fragmentation patterns using
accurate mass s of the dep d molecules and
product ions in MS/MS experiments. Consequently, HPLC-ESI-
QTOF enabled us to identify 47 polyphenols in tomato-based
products.

2. Materials and methods

2.1. Standards and reagents

All samples and standards were handled without exp to
light. Caffeic, p-coumaric protocatechuic, ferulic and chlorogenic
acids, rutin, eriodictyol and quercetin were purchased from Sigma®
(Madrid, Spain); naringenin, apigenin-7-0-glucoside, kaempferol-
3-0-glucoside and kaempferol-3-O-rutinoside from Extrasynthése
{Genay, France). Ethanol and formic acid HPLC grade were obtained
from Scharlau (Barcelona, Spain) and ultrapure water (Milli-Q)
from Millipore System {Bedford, USA).

2.2, Processing conditions and ingredients of commercial samples

2.2.1. General

Six different commercial brands of each tomato-based product
(ketchup, tomato juice and gazpacho) were analysed. All the stud-
ied brands contained the same ingredients but in some cases the
amount of each ingredient was not known.

2.2.2. Ketchup

Ketchup is a sweet-and-sour condiment typical of the American
diet. The technological process to obtain ketchup consists of mix-
ing the tomato paste (65%, 30-32°Bx) with sugar, wine vinegar,
salt, aroma and preservatives in traces. The mixture is pasteurised
at 96 “C for 4-6 min and packaged in bottles. The temperature
must be carefully regulated to ensure absorption of the ingredients
without overcooking, The entire process of ketchup manufacturing
generally takes two to three hours {Galicia-Cabrera, 2007).

2.2.3. Tomato juice

Juice is an intermediate product in the processing of tomato
paste, obtained in the juice extraction stage of a process that even-
tually results in tomato concentrate. Tomato juice can be sepa-

rated from the pulp by filtering, but more commonly the entire
pulp is used as juice. The juice is formulated according to the char-
acteristics demanded by the market: the most common is juice
with extra virgin olive oil, salt and citric juice to adjust the pH.
The product is then bottled and usually pasteurised (80 °C,
20 min) to extend its shelf life (Gahler, Otto, & Bohm, 2003; Gali-
cia-Cabrera, 2010).

2.2.4. Gazpacho

Gazpacho is a traditional Spanish soup, which can be defined as
a cold soup containing mainly five vegetables, tomato, cucumber,
green pepper, onion and garlic, as well as other minor components
such as extra virgin olive oil, wine vinegar, salt, sugar and water.
The vegetable mixture is cooked and usually pasteurised (92—
95 °C, 1 min) to extend its shelf life. The samples in this study were
of canned, bottled and packed gazpachos (Pinilla, Plaza, Sanchez-
Moreno, de Ancos, & Cano, 2005).

2.3, Extraction and isolation of phenolic compounds

Samples were treated in a darkened room with a red safety light
to avoid oxidation of the analytes, following the procedure of Val-
Iverdi-Queralt et al. with some modifications ( Vallverdd-Queralt,
Jauregui, Medina-Remén, Andrés-Lacueva, & Lamuela-Raventds,
2010).

Ketchups (1.0 g) were weighed and homogenised with 80% eth-
anol in Milli-Q water (4 ml); they were then sonicated for 5 min
and centrifugated (4000 rpm at 4 °C) for 20 min. The supernatant
was transferred into a flask and extraction was repeated. Both
supematants were combined and evap d under ni flow;
finally, the residue was reconstituted with Milli-Q water (0.1% of
formic acid) up to L5 mlL

Gazpachos and tomato juices {10ml) were centrifuged
(4000 rpm at 4 °C) for 10 min. The supernatant was rejected and
4 ml of 80% ethanol in Milli-Q water was added to the pellet. They
were sonicated for 5 min and centrifugated (4000 rpm at 4 °C) for
20 min following the aforementioned procedure for the extraction
of ketchups.

Solid-phase extraction (SPE) of these extracts was carried out
following the procedure of Medina-Remon et al. (2009). Firstly,
1ml of methanol and subsequently 1ml of sodium acetate
50mmoljl pH 7 were loaded into Oasis® MAX cartridges from
Waters to equilibrate it; then 1 ml of each extract was diluted with
1 ml of Milli-Q water and acidified with 34 pl of hydrochloric acid
at 35% before being loaded into the cartridges separately. These
were rinsed with 50 mmol/l pH 7 sodium acetate (5% methanol).
The polyphenols were eluted with 1800 yul of methanol (2% formic
acid). The eluted fractions were evaporated under nitrogen flow,
and the residue was reconstituted with water (0.1% formic acid)
up to 250 pl and filtered through a 13 mm, 0.45 pm PTFE filter
(Waters) into an insert-amber vial for HPLC analysis. Samples were
stored at 20 *C until analysis.

2.4. HPLC-ESI-QTOF analysis

The ch graphy was perfc d on an Agilent 1200 RRLC
(Agilent, Waldbronn, Germany) using a Luna Cyg column
50« 2.0mm internal di 5um (Ph Torrance,
CA, USA). Flow rate was 0.4ml/min and injection volume was
5 pl. Mobile phases consisted of 0.1% formic acid in Milli-Q-water
(A) and 0.1% formic acid in acetonitrile (B). Separation was carried
out in 20 min under the following conditions: 0 min, 5% B; 16 min,
40% B; 17 min, 95% B; 19 min, 95% B; 19.5 min, 5% B. The column
was equilibrated for 5 min prior to each analysis. The HPLC system
was coupled to a hybrid quadrupole time-of-flight QSTAR Elite
(ABSciex). The MS acquisition was performed in negative
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ionisation using information-dependent acquisition (IDA) between
mjz 90-1100. MS parameters were: ion spray voltage, —4200V;
declustering potential, 60 V; focusing potential, —190 V; declus-
tering potential 2, —15V; ion release delay, 6 V; ion release width,
5V; temperature, 400 °C with curtain gas (N,), 50 a.u. {arbitrary
units); auxiliary gas, 50 au. and nebulizer gas (N,), 50 au. IDA
was performed using the following criteria: ions that exceeded 5
counts, ion tolerance 50 mDa, collision energy fixed at ~30V, dy-
namic background substract activated. The Q-TOF was calibrated
as recommended by the manufacturer.

The elemental composition of each polyphenol was selected
according to the accurate masses and the isotopic pattem {through
the Formula Finder feature in Analyst QS 2.0) and searched for in
the Dictionary of Natural Products {Chapman & Hall/CRC) and the
MOTO database (http://appliedbioinformatics.wur.nljmoto). The
interpretation of the observed MS/MS spectra in comparison with
those found in the literature was the main tool for putative identi-
fication of polyphenols.
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3. Results and discussion
3.1. Charac of phenolic compounds and its derivatives
3.1.1. General

Table 1 shows the list of 47 compounds identified through
HPLC-ESI-QTOF experiments along with their retention times
(rt), fraction (ketchup, gazpacho or tomato juice), accurate mass
(acc. mass), molecular formula (MF), mDa of error between the
mass found and the accurate mass of each polyphenol and the
MS-MS ions used for identification. No differences were observed
in the phenolic profiles among the six brands analysed for each to-
mato-based product.

3.1.2. Simple phenolic acid derivatives

Phenolic acids and their derivatives are widely distributed in
plants. They are known to act as antioxidants not only because of
their ability to donate hydrogen or electrons but also because of

Table 1
List of compounds identified in tomato by-products.
Compound Fraction  tr [M-H|  mzions Acc.mass  mDa  MF
Protocatechuic acid-O-hexoside AC 110 315 153 (100, 109 (40) 3150721 050  Cy3Hy0y
Protocatechuic acid” ABC 125 153 153 (100}, 109 (100) 1530193 050 GHO,
Caffeic acid-O-dihexoside A 135 503 341 (80) 179 (100) 5031406 110 CyHyOg
Caffeic acid-O-hexoside 1 AB 143 341 179 (100}, 135 (20) 3410877 160  CyisHiOy
Caffeic acid-0-hexoside 2 ABC 154 341 179 (100), 135 (20) 3410877 070 Gy
Neochlorogenic acid ABC 165 353 191 (100), 179 (80), 135 (30) 3530877 070 CygHiuO,y
Caffeic acid-O-hexoside 3 ABC 216 341 179 (100) 3410877 230 CyshyeOy
Homovanillic acid-0-hexoside 1 ABC 222 343 343 (100),137 (70), 109 (40) 343,103 110 CysHyOy
Ferulic acid-O-hexoside ABC 249 355 193 (65}, 178 (30), 149 (100) 3551034 250  CygHy0,y
Homovanillic acid-O-hexoside 2 ABC 282 343 343 (100), 137 (70), 109 (40) 3431038 210 CysHy0y
Caffeic acid-O-hexoside 4 ABC 250 341 179 (100), 135 (35) 3410877 070  CysHysOs
Coumnaric acid-0-hexoside 1 AC 299 325 163 (75) 119 (100) 3250928 140  CyshyOy
Varillic acid-0-hexoside AB 301 329 167 (100) 3290877 069  CyHiu0y
Coumaric acid-0-hexoside 2 AC 326 325 163 (80 119 (100) 3250028 020 CysHiOys
Chlorogenic acid” ABC 343 353 191 (100) 3530877 150 CygHyOs
Calfeic acid” ABC 380 179 135 (100), 107 (20) 1790348 140 GHO,
Cryptochlorogenic acid ABC 414 353 191 (50} 173 (100), 135 (20) 3530877 080 CygHuOy
Naringenin-C-diglycoside ABC 496 595 595 (1001505 (25), 475 (50), 385 (50), 355(45) 5951667 070  CpHyOy
Chiorogenic acid isomer ABC 515 353 191 (100) 3530877 100 CieHiOy
Rutin-O-hexoside ABC 520 7N 771 (100), 609 (70), 300 (20) 7710989 160 CyyHeOn
Coumaric acid” ABC 582 163 163 (20), 119 (100) 1630400 086 GHOs
Coumnaroylquinic acid ABC 601 337 191 (100), 163 (10) 3370830 150  CygHyOy
Apigenin-C-hexoside-hexoside c 626 593 503 (10), 473 (20), 353 (10) 5931511 030  CyHagOys
Feruloylquinic add ABC 658 367 193 (15} 191 (100) 367,034 010 CyHy0,
i dimethoxychalcone-C-diglycoside  AB 701 623 623 (100), 503 (20), 383 (20) 623,1981 060 CxHsc0ys
Rutin-O-pentoside ABC 766 741 741 (100), 609 (80), 300 (20) 7411883 070  CaHsOx
Apigenin-C-hexoside-pentoside C 778 563 503 (10), 473 (25), 383 (15), 353 (25) 5631406 090  CpHuOyq
Quercetin-O-dihexoside C 790 625 463 (100), 300 (30) 6251410 160  CyhyOyr
Rutin” ABC 821 609 609 (100}, 300 (30) 6091460 050  CyHugOis
Quercesin-0-hexoside ABC 844 463 463 (100}, 300 (20) 4630881 280  CyHyOy
Phioretin-C-diglycoside ABC 862 597 477 (30). 387 (100), 357 (85) 417 (15) 5971819 030  CyHyOys
Naringenin-C-hexoside AC 903 433 433 (40). 343 (20). 313 (40) 4331140 060  CyHy0y
Naringenin-0-hexoside ABC 912 433 433 (10), 271 (80) 4331140 010 CuHaxOy
Kaemplerol-3-0-rutiroside” ABC 918 593 593 (100), 285 (60) 5931511 070  CyHyOys
Kaempferol-C-hexoside C 939 &7 357 (15) 327 (100), 285 (<5) 4470032 060 CyHyOyy
Dicaffeoylquinic acid 1 ABC 950 515 515 (20) 353 (100), 335 (20), 191 (35), 173 (60) 5151194 010  CysHyi0y
Apigenin-7-0-glucoside” C 966 431 431 (25) 269 (50), 161 (75) 4310983 080 M0y
Dicaffeoylquini acid 2 ABC 1025 515 515 (25). 353 (50), 191 (100} 179 (75) 5151194 160  CyHuOp
Kaempferol-3-0-ghucoside” ABC 1031 447 447 (50} 285 (100) 4470932 180 CyHyOy
Eriodictyol-O-dikexoside B 1050 611 611 (20) 449 (100), 287 (30) 6111606 110 CyHuOy
Naringenin-7-0-glucoside (prunin)” ABC 1070 433 433 (10} 271 (100) 4331140 110 CuHaOuo
Eriodyctiol-0-hexoside ABC 1081 449 449 (10}, 287 (100) 4491083 250  CyHy0q
Tricaffeoykjuinic acid 1 AB 131 677 677 (45} 515 (100), 353 (40}, 191 (15) 6770511 140 CyHyOys
Eriodictyol” ABC 1141 287 151 (70), 135 (100) 2870560 120  CysHy04
Quercetin” ABC 1193 301 301(10), 151 (100) 3010353 040  CysHyOy
Tricaffeoylquinic acid 2 ABC 1288 677 677 (75). 515 (100), 353 (20} 173 (15) 6771511 100 CyHyOys
Naringenin” ABC 12303 20 151 (80} 119 (100) 210611 150 CysHys0s

% Comparison with stardard. Subfraction: A, ketchups; B, tomato juices and C, gazpachos. ri, retention time; Acc. mass, accurate mass; MF, molecular formula; mDa,
millidaltons of error between the mass found and the accurate mass of each polyphenol.
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their stable radical intermediates, which prevent the oxidation of
various food ingredients { Cuvelier, Richard, & Berset, 1992). Pheno-
lic acids have also been shown to have antimutagenic and antigly-
cemic properties (Friedman, 1997). In addition, caffeic, coumaric,
ferulic, and protocatechuic acids can exert an antifungal effect.
The ination of the ch in TOF-MS mode of
ketchups, gazpachos and tomato juices revealed the presence of

genic, cryptochlorogenic and caffeoylquinic isomer acids in all the
tomato-based products. Peak identification was accomplished
using accurate mass Itwasp le to diff

the four isomers of chlorogenic acid by their relative intensities in
MS” spectra according to the method cited by other authors using
liquid-chromatography tandem mass spectrometry {Clifford et al.,
2003 Parejo et al., 2004). The caﬂeaquumnc isomer might be a ste-

protocatechuic (myz 153), caffeic {myz 179) and ¢ ic {mfz
163) acids. MS® of these ions showed the deprotonated molecule
[M~H]" and the typical loss of CO2 giving [M-H-44]" as a charac-
teristic ion. These compounds were confirmed by comparison with
the retention time of the standard and the MS® fi

ation

of the neochl ic acid, chlorogenic acid or crypto-
chlorogenic acid as described by Fang, Yu, and Prior {2002).

Coumaroylquinic acid {m/z 337) and feruloylquinic acid {m/z

367) were also present in all the tomato-based products. MS? of

patterns.
Eight phenolic acid-O-hexosides were identified in TOF-MS
mode using accurate mass and MS?

Caffeic acid-0-hexosides (m/z 341) were detected in all tomato-
based products. The MS® of m/z 341 showed a characteristic frag-
mentation involving cleavage of the intact sugar [M-H-162]" (m/
2179) and the ion corresponding to the loss of CO, (nyz 135).

In addition, the analysis in TOF-MS mode revealed the presence
of two h illic acid-0-hexosides {m/z 343), two coumaric
acid-0-hexosides {m/z 325) and one vanillic acid-O-hexoside {m/z
329). Hi illic acid-0-hexosides were present in all tomato-
based products, wh « ic acid-0-hexosides were only de-
tected in ketchups and gazpachos and vanillic acid-0-hexoside in
ketchups and tomato juices. The MS” of m/z 343, m/z 325 and nmy/
z 329 showed ions corresponding to the dep d molecule
[M~H]", the loss of a hexose [M~H-162]" and the loss of the car-
boxylic group.

The analysis in TOF-MS mode also showed the presence of pro-
tocatechuic acid-0-hexoside (m/z 315) in ketchups and gazpachos
and ferulic acid 0-hexoside {myz 355) in all tomato-based products.
The MS® of m/z 355 showed ions at my/z 193, 178 and 149 corre-
sponding to the loss of a hexose moiety [M—H-162] and the loss
of a methyl and acid group from the aglycone. The MS? of myz 315
showed ions at myz 153 and my/z 109, corresponding to the loss of a
hexose and loss of CO,.

In ketchups, a peak showing ny/z 503 could be attributed to caf-

feic acid-O-dihexoside. The frag of O-dit ides in the
product ion scan mode involves the cleavage of the glycosidic hond
and the loss of the sugar moieties, thus sh ng the d:

aglycon [A—H]" and the intermediate o-l)exos:de M- H-162|‘ ion
fragment as described by other authors {Cuyckens & Claeys, 2004;
Parejo et al., 2004; Vallverd-Queralt et al, 2010). Assignment of
the position of the hexose {glucose or galactose) unit was not pos-
sible due to the lack of both standards and reported data.

As far as we know, glycosylated caffeic, vanillic, coumaric,
homovanillic and ferulic acids have been found in tomato {Slimes-
tad & Verheul, 2009), whereas protocatechuic acid-0-hexoside and
caffeic acid-0-dihexoside have not.

As described by Ruiz-Rodriguez, Marin, Ocaiia, and Soler-Rivas
(2008), the occurrence of protocatechuic acid-0-hexoside in gazpa-
chos and some ketchups could be a consequence of thermal pro-
cessing, which leads to intense degradation of quercetin to form
protocatechuic acid or its glycosilated derivatives {Ruiz-Rodriguez
et al,, 2008). As mentioned above for protocatechuic acid, the pres-
ence of caffeic acid-O-dihexoside was tentatively attributed in
ketchups to the technological process applied in the manufacture
of this sauce, which could lead to the formation of caffeic acid or
its glycosylated forms from more complex structures.

3.1.3. Hydroxycinnamoylquinic acid derivatives

Preliminary structure-activity relationship studies of cinnamic
acids and derivatives have pointed out the importance of the cate-
chol group in the antiradical efficacy {Silva et al., 2000). Peaks
showing m/z 353 revealed the presence of neochlorogenic, chloro-
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mjz 367 d peaks at m/z 191 corresponding to the deproto-
nated quinic acid unit and m/z 193 {ferulic add) and m/z 337
showed peaks at m/z 191 and my/z 163 {coumaric acid).

In addition, two dicaffeoylquinic add isomers {m/z 515) were
also detected in all the tomato-based products at different reten-
tion times. The MS” of m/z 515 showed the ion [M—H-162]" (ny/z
353, corresponding to the loss of a caffeic acid unit) and the depro-
tonated quinic acid {(m/z 191).

Lastly, two tricaffeoylquinic acids (myz 677) were identified in
ketchups, gazpachos and tomato juices. MS? experiments of mj/z
677 of both compounds revealed characteristic fragmentations
involving cleavage of three caffeoyl moieties for tricaffeoylquinic
acid isomers.

3.1.4. Flavone derivatives

The flavone apigenin is present in fruit and vegetables and is
known to have a number of biological functions such as anti-
inflammatory, anticancer and free radical scavenging properties.
Studies of human malignant cancer cell lines have shown that api-
genin inhibits cancer cell growth via apoptosis (Choi & Kim, 2009).
Three flavone derivatives were found to occur |n gazpachos Apige-
nin-7-0-glucoside (myz 431), in-C-h ide (m/z
563) and apigenin-C-hexoside-| hexostde {mjz593) were tentatively
identified in TOF-MS mode. C-glycosides and 0-glycosides exhib-
ited diﬂ’erenl fragmentation patterns in MS” mode as described

iously in Cocoa Theob {Sanch baneda et al., 2003)
and Artemisia annua (Han et al., 2008) using liquid-chromatogra-
phy tandem mass spectrometry with a triple quadrupole instru-
ment. The product ion scan of C-diglycosides revealed the
characteristic losses of 60, 90 and 120 u :orrespondmg to cmss-
ring cleavages in the sugar unit wh 0-h
the cleavage of the glycosidic bond and the loss of the sugar moi-
eties, thus showing the [M—H-162|" ion fragment.

The product ion scan of m/z 431 for apigenin-O-glucoside
showed peaks at m/z 269 and 151, which were attributed to the
loss of a glucose moiety [M—H-162]" and to the ion corresponding
to retro-Diels Alder (RDA) fragmentation, as described by other
authors (Fabre, Rustan, de, & Quetin-Leclercq, 2001; Justesen,
2000; Sanchez-| Rabaneda et al,, 2003).

Apigenin-C- ide-hexoside and  apigenin-C-hexosid
p ide could be distinguished by the presence of the ion
[M-H-60]" according to the method cited by Han et al. using li-
quid chromatography coupled to electrospray ionisation mass
spectrometry (Han et al, 2008). MS® of m/z 593 produced ions at
mjz 503 [M—H-90]-, 473 [M-H-120]" and 353 [M-H-120-120]"
while the ion of [M—H-60]~ was absent, whereas MS® of m/z 563
yielded the ions at m/z 503 [M-H-60]-, 473 [M-H-90]-, 383
[M-H-90-90]" and 353 [M-H-90-120]" suggesting the presence
of a pentose substitution. Considering all of the above information,
these compounds were tentatively |dennﬁed as apigenin-C-hexo-

ide~hexoside and in-C-h (Fig. 1A and B).

Although aplgenm has been prewonsly described in bell pepper
and garlic (Miean & Mohamed, 2001), aplgenm-7-0-glucosnde.apl-
genin-C-h ide-h ide and apigenin-C-h
have been reported here for the first time. The presence of these
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Fig. 1. (A) Mass spectrum of Apigenin-C-hexoside-hexoside and (B) mass spectrum of Apigenin-C-hexeside-pentoside.
new compounds found in tomato-based products could be attrib- whereas MS” of m/z 611 showed ions at m/z 449 and 287 corre-
uted to bell pepper and garlic. , the technological param- ponding to the loss of one hexoside unit and two hexoside units,

eters or the percentage of vegetable used to manufacture
gazpachos could have an influence on the phenolic profile.

3.1.5. Flavanone derivatives

The chromatograms in TOF-MS mode revealed the presence of
naringenin {nyz 271) and eriodictyol {m/z 287) in ketchups, gazpa-
chos and tomato juices. Naringenin and eriodictyol were identified
by comparing their retention times with that of a reference sub-
stance using accurate mass measurements. Naringenin has been
identified as one of the major polyphenols in tomatoes. A recent
study demonstrated that sub-chronic administration of flavanones
significantly attenuated the loss of dopaminergic neurons in the
substantia nigra pars compacta (SNpc) and the decrease in striatal
dopamine (DA) concentrations. This suggests that these com-
pounds can be considered as potential candidates for a dietary sup-
plement in the treatment of Parkinson's disease {Zbarsky et al,
2005).

Two naringenin-0-hexosides (nyz 433) and one naringenin-C-
hexoside (m/z 433) were tentatively identified in the TOF-MS
mode. Both naringenin-0-hexosides were present in all the toma-
to-based products whereas naringenin-C-hexoside was only de-
tected in ketchups and gazpachos. The MS* mass spectrum of my/z
433, which has been assigned to O-substitution, showed an ion
at m/z 271 corresponding to the loss of a hexoside moiety [M-H-
162]", whereas the product ion scan of naringenin-C-hexoside re-
vealed characteristic losses of 90 and 120 u from myz 433 corre-

ding to cross-ring cleavages in the sugar unit.
Moreover, in all the tomato-based products, a peak showing my/z
595 could be attributed to naringenin-C-diglycoside. The MS® of
this ion displayed losses of 90 and 120 u from m/z 595 and 475,
respectively, which confirmed the presence of two hexose {glucose
or galactose) units.

Eriodictyol-0-hexoside (myz 449) and eriodictyol-O-dihexoside
{myz 611) were also detected in TOF-MS mode. Eriodictyol-0-hexo-
side was present in all the tomato-based products whereas eri-
odictyol-0-dihexoside was only detected in tomato juices. MS® of
myz 449 revealed the deprotonated molecule [M—H]~ and the ion
corresponding to the loss of a hexoside moiety [M-H-162]",

respectively.

Eriodictyol and eriodictyol derivatives have been previously re-
ported in tomatoes {Slimestad & Verheul, 2009). However, in this
study, the presence of eriodictyol-O-dihexoside only in tomato
juices could be attributed to the addition of citric juice. The main
aglycones in citrus juices are naringenin, hesperetin and glycosyl-
ated eriodictyol {Gardana, Nalin, & Simonetti, 2008).

3.1.6. Flavonol derivatives

Flavonol derivatives are valuable phytochemicals consistently
associated with antioxidant and anticarcinogenic activities, and a
relatively longer circulation time in vivo (Kurisawa, Chung, Uyama,
& Kobayashi, 2003; Nagasawa et al., 2003). The examination of the
chromatograms in TOF-MS mode of ketchups, gazpachos and to-
mato juices revealed the presence of some peaks at myz 609, 593
and 301 corresponding to rutin, kaempferol-3-O-rutinoside and
quercetin, respectively.

Rutin and kaempferol-3-0-rutinoside were identified by com-
paring their retention times with those of reference substances.
The MS? of these ions showed peaks cor ding to the dep
nated molecule [M—H]|™ and the loss of the rutinoside unit, [M—H-
308]". Flavonol aglycons such as quercetin gave as a characteristic
ion the deprotonated molecule [M—H]~ and ions corresponding to
RDA fragmentation.

The analysis in the TOF-MS confirmed the presence of rutin-0-
hexoside (m/z 771) and rutin-O-pentoside (m/z 741). The MS” mass
spectrum of m/z 771 showed peaks at m/z 609 and 300 correspond-
ing to the loss of a hexoside [M~H-162]~ and to the radical anion
of the aglycone (m/z 300) as described in other studies using a tri-
ple quadrupole mass spectrometer (Hvattum & Ekeberg, 2003; Val-
Iverdd-Queralt et al., 2010). The MS? mass spectrum of m/z 741
was assessed, showing peaks at my/z 609 and 300 corresponding
to the loss of a pentoside [M—H-132]" and to the radical anion of
the aglycone (my/z 300). Rutin-0-hexoside and rutin-O-pentoside
have been previously found in tomato {Moco et al., 2006).

In addition, hyperoside (m/z 463) was identified by comparing
its retention time with that of a reference substance using accurate
mass measurements. Quercetin-O-dihexoside {m/z 625) was also
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identified in the TOF-MS. Hyperoside was present in all the toma-
to-based products analysed whereas quercetin-O-dihexoside was
only detected in gazpachos. The differences observed in the pheno-
lic profiles of these tomato-based products could be explained by
the addition of onions to gazpacho (Ruiz-Rodriguez et al, 2008).
The MS? of mjz 463 showed an ion at mj/z 300 corresponding to
the loss of a hexoside moiety [M—H-162]" and MS? of myz 625
showed ions at m/z 463 and 300 corresponding to the loss of one
hexoside unit and two hexoside units, respectively.

Lastly, in gazpachos a peak showing my/z 477 coukd be attributed
to kaempferol-3-C-hexoside, whereas kaempferol-3-0-glucoside
(m/z 477) was detected in all three tomato products. The MS® of

ferol-0-gl id led the dep d molecule
M- H] and the ion corresponding to the loss of a hexoside moiety
[M-H-162]", whereas the MS” of kaempferol-3-C-hexoside did not
reveal the deprotonated aglycon [M-H]", although characteristic
losses of 90 and 120 u from myz 477, corresponding to cross-ring
cleavages in the sugar unit, were observed.

As far as we know, this is the first time kaempferol-C-hexoside
has been reported in gazpachos, whereas kaempferol-3-0-glucoside
has been previously described in (Slimestad & Verheul,
2009). The presence of kaempferol-C-hexoside in gazpachos was
tentatively attributed to the vegetables added in its production
and to the technological process in its manufacture, which could
lead to the formation of kaempferol-3-C-glucoside from more
complex forms, as mentioned above for protocatechuic acid.

3.1.7. Dihydrochalcone derivatives

Dihydrochalcones are a family of bicyclic flavonoids defined by
the presence of two benzenoid rings joined by a three-carbon
bridge. Dihydrochalcones show significant radical scavenging
activity, suppressing lipid peroxidation, and have various advanta-
ges for application as food additives, being safe, stable, colourless
and easy to prepare by the usual hydrogenation of citrus flavanon-
es (Nakamura, Watanabe, Miyake, Kohno, & Osawa, 2003).

In ketchups and tomato juices, a peak showing m/z 623 could
be attributed to dihydroxy-dimethoxychalcone-C-diglycoside,
whereas phloretin-C-diglycoside (m/z 597) was tentatively identi-
fied in all tomato-derived products. Both chalcones showed losses
of 90 and 120 u as characteristic fragment ions in the MS/MS mode.
As far as we know, this is the first time dihydroxy-dimethoxychal-
cone-C-diglycoside is reported in ketchups and tomato juices,
whereas phloretin-C-diglycoside has been previously described in
tomato by Slimestad et al. (2008). The presence of dihydroxy-
dimethoxychalcone-C-diglycoside only in ketchups and tomato
Jjuices is probably due to technological practices such as dehydra-
tations and stabilization procedures (Gahler et al, 2003; Galicia-
Cabrera, 2010).

3.2 Technological conditions and cultural practices may affect the
phenolic profile of tomato-based products

From a technological point of view, the main difficulty in the
production of ketchups, tomato juices and gazpachos with a good
consistency is choosing the right variety of tomatoes with suitable
characteristics. The products are obtained in accordance with good
C ial practices to in the physicochemical parameters
of the and other ingred and provide products with
the best characteristics. Moreover, tomato varieties and agricul-
tural conditions such as cultivar selection, temperature, light, fer-
tilisation and irrigation, temperature and season may have an
influence on phenolic accumulation (Slimestad & Verheul, 2009),

Among the six brands analysed for each tomato-based product,
no differences were observed in the phenolic profiles. The typical
olive oil phenols such as oleuropein and ligstroside (Torre-Carbot
etal., 2005) were not found in the tomato-based products. Phenolic
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composition varied among the ketchups, gazpachos and tomato
juices, with gazpacho generally showing the highest number of
phenolic compounds. These results could be explained by the con-
tent of several vegetables in gazpacho that are a rich source of bio-
active compounds.

4. Conclusions

Ketchups, tomato juices and gazpachos, three tomato-based
products, were studied with high-resolution HPLC-ESI-QTOF.
This technique is able to distinguish b different phenoli
compounds of several chemical classes. Using HPLC-ESI-QTOF,
good mass accuracies were obtained for all molecular ions both
in MS and MS/MS experiments: the differences between calcu-
lated and measured m/z values were below 2.8 mDa in MS mode.
In the IDA experiment, the data itself directs the kind of mass
analysis function used. Its main advantage is that, within a sin-
gle run, product ion spectra can be generated for precursor ions
that are unknown beforehand. Its application in tomato-based
products has allowed the |d.enuﬁcauon of 47 phenollc com-
pounds including simple phenolic and hyd
acids, and flavone, flavonol, ﬂavanone and dlhydrochalcone
derivatives, five of which, as far as it is known, have never been
reported in tomatoes before.

The phenolic fingerprint unambiguously identified with HPLC~
QTOF showed that tomato-based products differ in phenolic com-
position, principally in protocatechuic acid-0-hexoside, apigenin
and its glycosylated forms, quercetin-O-dihexoside, kaempferol-
C-hexoside and eriodictyol-O-dihexoside. As described in the liter-
ature, protocatechuic acid and its derivatives can be formed from
more complex structures as a consequence of thermal processing.
Quercetin-O-dihexoside, kaempferol-C-hexoside and apigenin
were present in gazpachos due to the other vegetables added in
its production, such as onion, garlic and bell pepper. Finally, eri-
odictyol-O-dihexoside was detected only in tomato juices, proba-
bly due to the addition of citric juice.

These three marketed tomato-based products are interesting for
their content of bioactive phenolic compounds that have beneficial
effects on human health. Moreover, the transformation of toma-
toes is a useful economic strategy to extend their shelf life,
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6. Capitol VI: Avaluacié d’'un métode per caracteritzar el perfil fenolic de tomaquets

organics i convencionals

Anna Vallverdu-Queralt, Olga Jauregui, Alexander Medina-Remdén & Rosa M. Lamuela-

Raventods. Journal of Agricultural and Food Chemistry. 2012, 60: 3373-3380.

Resum: Aquest estudi pretén comparar el perfil fenolic de tomaquets ecologics i
convencionals mitjancant 'analisi HPLC-MS/MS. La metodologia es va optimitzar i
validar. Per a la identificacié dels compostos, es van fer servir experiments com: el PIS,
I’'NL i el Prec. ' MRM es va utilitzar per quantificar els flavonols, flavones, flavanones i
acids cinnamics presents en les mostres de tomaquet. La confirmacio dels compostos,
préviament identificats amb el QqQ, es va dur a terme amb un equip d’alta resolucio
(QToF-MS). D’aquesta manera, es van identificar 34 compostos. Les recuperacions dels
compostos seleccionats eren superiors al 78% per als tomaquets convencionals i
ecologics. Els valors de desviacio estandard relativa (RSD%), per a la precisio intraday i
interday, van ser inferiors al 12% en tots els casos. Es van trobar nivells
significativament (P<0.05) superiors de polifenols en els tomaquets ecologics. Aquesta
metodologia permet trobar diferéncies en el contingut de polifenols en tomaquets

ecologics i convencionals que no havien estat descrites anteriorment.
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ABSTRACT: The present study aims to compare the phenohc pmﬁlm of org:mc and convenhonal tomatoes bought in the

market. For the quantification and identification of i
in tandem mode (LC-MS/MS) was carried out. Confi

, liquid ch hy coupled to mass spectrometry

of the ¢ ds p

|dmuﬁed on the triple-quadrupole

was accomplnshed by injection m the lngh -resolution system (QToF- MS) In this way, 34 compounds were identified in tomato

fruits. R ies of targeted p Is exceed 78% for

| and organic ively. The method intraday

precision ranged between 3 and 5%, whereas the m!enhy one was below 12%. Comparing the analym of tomatoes from

conventional and organic

ically higher levels (P < 0.05) of phenolic compounds in

systenns d
organic tomatoes. Thk medaodology allowed finding differences in the bioactive components of organic and conventional

not

4 r P

KEYWORDS: organic tomatocs, conventional tomatoes, polyphenols, LC-ESI-MS/MS, QToF-MS

B INTRODUCTION

The consumption of raw tomato is associated with a decrease
in chmmc degenerative diseases.' Tomatoes contain some
valuable bioact including polyphenols*™ The
polyphenol content of phnu is affected by culuvahon, growing
conditions, degree of ripeness, and plant variety.*™ The nutrient
ition of plants, including dary plant metabolites,

may be affected by different production systems, such as or-
ganic and conventional ™" These systems differ in the amounts
of nutrients applied as fertilizers and in organic matter applied
to the soil. The synthesis of secondary plant metabolites,
proteins, and soluble solids is influenced by inorganic nitrogen
availability. Moreover, organically produced plants have a longer
npenmg penod b«auu of a slower release of the supplied
d to ¢ ional plants,'* and as poly-

phenols are syn(hesued durmg the ripening period and the
plant hesizes them as p lexins under stress condmons,

)

of oxidative defense. The urinary excretion of quercetin and
kaempferol was higher (P < 0.05) after 22 days of intake of the
OPD than of the CPD. Therefore, the food production method
not only affected the content of the major flavonoids in foods
but also affected urinary flavonoids and markers of oxidation in
humans,

Liquid chromatography (LC) coupled to mass spectrometry
(MS) with electrospray ionization (ESI) is one of the most
pouelful tools to analyze phenolic compounds. For thls Idnd
of ion, liquid ch
time-of: flight mass spedmmetry (LC ESI- QToF) allows the
exact mass measurements of both MS and MS/MS ions to be
achieved, which is ial for the charac of small
molecules.

We carried out a study to find phenolic profile differences

one may expect a lnghcr conlenl of these p in

organically grown plants. In previous works made with market

tomato-based products, organic ketchups and tomato juices had

a significantly higher phenolic content than conventional
ives M1 H . for these p

of information about whlch tomato varieties have been used

" ional and organic in the content
of flavonols (kaempferol-3-O-rutinoside, rutin, and quercetin),
= (naringenin and ge i 7.0.8;uwside), flavones
(s 7O g, o beycanmic scks (ke

i aﬁ'cn:, and chlorogenic acids). Therefore, we pro-

pose an analytical appmch to obtain the phenolic profile of

and if there are some differences in the
ments applied, so it is necessary to perform a study with the
same varieties and grown under the same weather conditions,
in which the only difference is organic or conventional growth.

Grinder-Pedersen et al.'® compared conventionally produced
diets (CPD) and organically produced diets (OPD) in a human
crossover intervention study (1 = 16) in terms of the intake and
excretion of five selected flavonoids and the effect on markers

< ACS Publications  © 2012 American Chemical Society

\ there is a lack organic and ¢ The methodology was
ptimized and validated. Confirmation of the compounds was
hnological treat- lished by in the high-resolution system (LC-

QToF- MS) using accnme mass measu:ements in MS and
MS? modes. Moreover, the combination of LC-QToF-MS and

Received:  November 16, 2011
Revised:  February 6, 2012
Accepted:  March 2, 2012
Published: March 2, 2012

de.doioeg/10.1021/12047021 1 1 Agric. Food Chem. 2012, 60. 33733380

119



Resultats

120

Journal of Agricultural and Food Chemistry

triple-quadrupole enabled us to identify 34 polyphenols in
tomato fruits.

W MATERIALS AND METHODS

Standards and Reagents. All samples and standards were
handled without exposure to light. Caffeic, p-coumaric, and chloro-
gmmmd:mﬂn.mdqmnnmpumhandfmnSw(dend,
Spain)-and nasiogecs e | 230
sde; and. kaemplerol-3.0 "
France). HydmdmloncaadiS“éwas&mnPum(BmdomSpm)
and anhydrous sodium acetate (2 mol/L) from Merck (D. 3

to 400 °C and introduced to a flow rate of 6000 cm'/min. The
dedumnng potential and mllmon energy were optimized fov ead\
in_ infusion dividual standard
(10 ag/mL) dissolved in 5050 (v/v) mobile phase were infused at a
constant flow rate of § uL/min using a model syringe pump (Harvard
Apparatus, Holliston, MA, USA). Fullscan data acquisition was
performed scanning from m/z 100 to 800 in profile mode and using a
cycle time of 2 s with a step size of 0.1 u and a pause between each
scan of 2 ms. To confirm the identity of some compounds, neutral loss
scan and ion scan experiments were carried out as described
by Vallverdt- Queralt et al.”

Germany). Ethanol and formic acid of HPLC grade were obtained
from Schardau (Barcelona, Spain), and ultrapure water (Milli-Q) was
from a Millipore system (Bedford, MA, USA).

Samples: Organic and Conventional Tomatoes. Organic and
conventional tomatoes (cv. Daniell) were bought in Barcelona
markets over two consecutive years, 2010 and 2011. All conventional
and organic tomatoes selected had the same degree of ripeness
(43=3 °Bm) and were notm.ll sized (7s-w g) Conventional farms
utilize fe soluble inorg; and other
nutrients, which are more dxrmly available to phnu. Organic systems
emphasize the accumulation of soil organic matter and fertility over
time through the use of cover crops, manures, and composts and rely
on the activity of a diverse soil ecosystem to make nitrogen (N) and
other nutrients available to plants. The amount of N present in cover
avp«mﬁun)wwyemhn.ryptuly. plots currently
receive between 240 and 260 kg of N ha™ ptr)vrh.lddhimwd\eN
fixed by the cover crop. Conventional tomatoes usually receive
50 kg ha™" of an N—P-K starter fertilizer and 118 kg ha™ of ammonium
nitrate as side dressing' Tomatoes were bought and frozen until the
analyses were carried out.

Extraction and Isolation of Phenolic Compounds. Sample
treatment was performed by duplicate, in a darkened room wlth ared
nfetylﬁﬂ\ltoavoiddnond-\tﬁonof:heuulymduﬂng
following the procedure of Vallverdi-Queralt et al. wﬂ.h some
modifications. Tomatoes (skin, flesh, and pips) were blended to obtain
a tomato paste containing an average particle size of about 1 mm.
Then, 0.5 g of the paste was weighed and nized with 4 mL of
80% cthanol in Milli-Q water and centrifuged (4000 rpm at 4 °C) for
20 min. The supernatant was transferred into a flask, and the ex-
traction was rqmled on the pellet with the same conditions, Both

d and evaporated under nitrogen flow.
Fuully, the n-suluc was reconstituted with up to 1.5 mL of Milli-Q
water containing 0.1% formic acid.

Solid-phase extraction (SPE) of these extracts was carried out
following the ds jously reported'™'* using Oasis MAX
oﬂndsn (30 mg) from Waters. These cartridges were selected
because they provided the highest First, 1 mL of methanol
and subsequently 1 mL of sodium acetate (50 mmol/L, pH 7) were
loaded into the cartridges to equilibrate the cartridges; then, | mL of
each extract was diluted with | mL of Milli-Q water and acidified with
34 uL of hydrochloric acid at 35% before being loaded into the
cartridges. These were rinsed with I mL of 50 mmol/L sodium acetate
(pH 7) at 5% of methanol. The polyphenols were eluted with 1800 uL
of methanol containing 2% formic acid. The eluted fractions were
evaporated under nitrogen flow, and the residue was reconstituted
with up to 250 uL of water containing 0.1% formic acid and filtered
with 13 mm polytetrafluoroethylene (PTFE) 045 pm filters from
Waters (Milford, MA, USA) into an insert-amber vial for HPLC
analysis, Samples were stored at —20 “C until analysis.

HPLC-ESI-MS/MS Analysis. To evaluate the differences between
organic and conventional production systems, target analytes were
identified and quantified using HPLC-ESI-MS/MS. An API 3000 (PE
Sciex, Concord, ON, Canada) triple-quadrupole mass
equipped with a Turbo Impnymmlnmpmtwnmodewuuud
to obtain MS/MS data. Turbo lonspray source settings were as
follows: capillary voltage, =3500 V; nebulizer gas (N,), 10 arbitrary
units (au); curtain gas (N,), 12 au; collision gas (N,), 4 au; focusing
potential, =200 V; entrance potential, =10 V; drying gas (N,), heated

For two MRM were selected for
each oflhem. after having observed their product fon scan spectra.
Table 1 shows the two MRM transitions together with the collision

Table 1. HPLC-MS/MS Parameters for Polyphenols and
Internal Standard

MRM collision
analyte o transition” energy
chlorogenic acid 343 3583191 =2000
353179

caffeic acid 380 179135 ~2000
179-107

p-coumaric acid 382 163=119 2500
163=145

ferulic acid 600 193134 =2000
193149

rutin 821 609300 ~50.00
609131

kaempferol-3-O-rutinoside Q.18 593285 -30.00
593255

apigenin7-O-glucoside 966 431-269 2000
4314161

naringenin-7-O-glucoside 1070 433-271 2500
433=151

quercetin 1193 301-+151 =30.00
301121

naringenin 1303 271151 =30.00
271119

intenal standard: ethyl gallate 865 197169 -2000

“ft, retention time. "The first line reports the quantifier MRM
transition and the second line the qualifier transition.

energy for polyphenols and intemal standard (ethyl gallate). Each
polyphenol was identified on the basis of its retention time, two
selected MRM transitions, and their relative abundance. Quantitative
analysis was performed by means of standard addition method because
blank samples were not available.

The liquid chromatograph was an Aplem series 1100 HPLC in-
strument (Agilent, Waldb G y) equipped with a q Y
pump, an autosampler, and a column oven set to 30 °C. A Luna C,y
column 30 X 2.0 mm id,, § um (Phenomenex, Torrance, CA, USA),
was used. Mobile phases consisted of 0.1% formic acid in Milli-Q water
(A) and 0.1% formic acid in acetonitrile (B). The injection volume was

ol ony/10.121204702 | . Agric. Food Chem. 2012. 60, 33733380
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20 pL, and the flow rate was 0.4 mL/min, Separation was carried out
in 20 min under the following conditions: 0 min, 5% B; 16 min, 40%
B; 17 min, 95% B; 19 min, 95% B; 19.5 min, $% B. The column was
equilibrated for § min prior to each analysis.

HPLC-ESI-QToF Analysis. For accurate mass measurements, a
HPLC-ESI-QToF was used following the procedure of Vallverdi-
Quenalt et al** The chromatography was performed on an Agilent
1200 RRLC using the column and the gradient elution described
above. Flow rate was 0.4 mL/min, and injection volume was § uL. The
column was equilibrated for § min prior to each analysis. The HPLC
system was coupled to a hybnd qudrupok ToF QSTAR Elite
(ABSciex). The MS acq in negative jonizati
using IDA between m/z 90 and IlOO MS parameters were as follows:
ion spray voltage, —4200 V; declustering potential, ~60 V; focusing
potential, =190 V; declustering potential 2, —13 V; ion release delay,
6 V;ion release width, § V; temperature, 400 °C with curtain gas (N,),
50 au; awliary gas, 50 au; and nebulizer gas (N,), 50 au. IDA was
performed using the following criteria: jons that exceed S counts; ion
tolerance, 50 mDa; collision energy, fixed at ~30 V; dynamic back-
ground subtract activated. The QToF was calibrated as recommended
by the manufacturer.

The el I of each henol was selected
according to the accurate masses and the lsolopk pattern (through
the Formula Finder feature in Analyst QS 2.0) and searched for in the
Dictionary of Natural Products (Chapman & Hall/CRC) and the
MOTO database (http://appliedbicinformatics.wur.nl/moto). The
interpretation of the observed MS/MS spectra in comparison with
those found in the literature was the main tool for putative identi-
fication of polyphenols.

Validation Method. Validation assays were performed by means

imated the

Stability. Three aliquots with four different quantities (S0, 100,
150, and 200% of expected value) were used to evaluate the short-term
temperature stability at =20 and ~80 "C. The aliquots were thawed at
room temperature for 6 h (the mean sample preparation time) and
then analyzed. To evaluate the stability after successive freeze—thaw
cycles, three aliquots of each concentration (50, 100, 150, and 200% of
expected value) were stored at —20 and —80 °C for 24 h and then
thawed at room temperature up to four times over a 1 week period.
Analytes were assessed in each aliquot in a single run at the end of the
last freeze~thaw cycle. Aliquots of each concentration for long-term
stability were prepared and immediately frozen at —20 and —80 °C
until analysis (within 1 year), The concentrations of all the stability
samples were compared with the mean of back-calculated values for
the standards at each concentration from the fint day of long-term
stability testing,

B RESULTS AND DISCUSSION

It is well-k that the biosynthesis of phenoli d:
in plants is strongly influenced by the cultivar® and mode of
fertilization.” The level of carbon-based secondary metabolites
such as Phenollc compounds is usually higher in organic
plants™* due to their defensive role in plants under stress
conditions.™ Data on the phenolic composition of fruits and
vegetables grown either organically or conventionally remain
scarce in the litemuu as these compounds have only recently
been considered to be | mi umens
due to their p "mlcmtbc of di

dlseascs, degenmnve diseases, and cancer.”® Among papers

of the standard addition method. Therefore, we
unknown amount of the analytes in organic and conventional
tomatoes, and we evaluated the linear dynamlc range and ul\nlmty
in the analysis in both organic and
precisions, limits of detection (LODs), limits of quantitation (LOQs),
and stabilities were calculated after determination of the natural levels
of each polyphenol in organic and conventional tomatoes.
Standard Addition Method. Analyte quantification was
performed by the standard addition method (five points). For this
purpose, five aliquots (0.5 g each) of organic tomato and five aliquots
(0.5 g each) of conventional tomato were spiked with the same
amount of the internal standard (ethyl gallate); four aliquots of each
group were then spiked with different concentrations of phenols

g total p i contcnl, lhe majonty describe a

henoli y grown fruits or

vegcublcs *” Our results are in accordancc with these studies

because organic tomatoes showed a higher content of
| N 1, "“n

Validation Its. Standard Addition Method. Linear

are reported in Table 2. A good linearity

wasvcriﬁed. with all lation coefficients ding 0.9907.

Slopes were very similar for curves representing o:xanlc and

suggesting a comparable matrix effect.

LODs and LOQs are also shown in Table 2. The noise level

depended on the matrix and, therefore, the same analyte was

(between 11.70 and 46380 pg/g) and suby d to the

process. The spiked level was chosen to increase the original content
of polyphenols in organic and conventional tomatoes by a factor
bctwtcn 2and 3.

y and Precision. After a p y screening of the
phenolic profile in organic and conventional tomatoes, analyte
rmmrnts w:r:usmd by lm.ly'nng the pemrnhp of recovery of
cach p I and The samples
were sp:hd mth four different concentrations (50, 100, 150, and
200% of expected value) of each polyphenol before extraction. The
spnk«l samples were extracted by lnplnule and analyzed under the

blished optimal The p 5 nfn-cmry
wa Jeul d for each polyph ), whereas the P rehuve
standard deviati (RSD) T i fu mmday, i
Interday precision was estimated as the RSD p d within three

different da

Limits of Detection and Limits of Quantitation. The sensitivity
of the method was evaluated determining the LODs and LOQs. With
regard to the two MRM ions, the ifi
for quantitative purposes, whereas the “confirmation_transition was
used for qualitative analysis and for method limits. The LOD veas
calculated as the quantity of analyte able to produce a ch

cterized by different LODs and LOQs in organic and
conventional tomatoes. The LODs varied between 0.13 and
0.66 pg/g fresh weight (FW) for conventional tomatoes and
between 0.18 and 0.61 pg/g FW for organic tomatoes. The
LOQs ranged between 0.43 and 2.20 yg/g FW for conventional
tomatoes and between 0.60 and 2.04 ug/g FW for organic
tomatoes.

Recovery and Precision. After a preliminary determination
of the polyphenol content in organic and conventional
tomatoes, Table 3 reports the definitive values of the estimated
quantities by the standard addmon, recoveries, and precision
data in organically and c ionally grown Recoveries
nngcdbemren?Sand%%,and mmdayandhludaypmdshns
were less than $ and 11%, respectively, for all of the analytes. For
the values analyzed, recovery and precision were between the

vaoes of AOAC Intematonal®

Stability. Freeze and thaw cycles did not significantly modify

was used l.he polyphenol at either temp tested;
were b 85 and 98% at —80 °C

and bctween 81 and 97% at =20 °C. For short-term stability,

Vi the of polyphenols were between 80 and 98% at =20 °C

peak 3 times higher than the noise of the baseline in a ch
(S/N = 3) of a nonfortified sample, after having estimated the
endogenous amount. The LOQ was set at 10 times higher than the
noise of the baseline in a chromatogram (S/N = 10).*'

.\ndbemen78md9496whenthetempennnwas—80°c
bong mm storage at =20 and —80 °C did not affect the
ies. They were b 75 and 91% after

POup
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Table 2. Method Validation Parameters: Slopes (m), Correlation Coefficients (R?) and Limits of Detection (LOD) and

Quantification (LOQ)

conventional tomatoes organic tomatoes

analyte m (10°) ® LOD (ug/g FW) LOQ(ug/gFW) m (10°) R LOD (ug/g FW)  LOQ (ug/g FW)
aaffeic acid 350 09933 030 099 330 09911 022 073
chlorogenic acid 423 09943 026 088 360 09%7 029 097
ferulic acid 078 09988 042 139 043 09926 0s3 L
p-coumaric acid 440 09934 028 094 408 09934 022 073
naringenin 210 09 019 063 260 09918 020 067
naringenin-7-O-glucoside 210 09934 013 043 235 09958 018 060
rutin 730 09927 021 070 762 0.99%0 024 080
Quercetin 29 09919 0.66 220 238 09957 061 2
kaempferol-3-0-rutinoside 035 09957 036 120 2530 09%8 033 L10
apigenin-7-O-glucoside 082 09985 023 077 080 09950 026 086

1 year, at both Therefore, the storage conditi (Table 4). Caffeic acid-O-hexosides (m/z 341) were detected in

used for the assays “allowed the phenols to remain stable.
Application of the Method for the Analysis of
Conventional and Organic Tomatoes. The results
concerning the quantitative determination of the target poly-
phenols are summznzed in Table 3, whmas those related to

all convv:nhonzl and org:mc (omztocs. The MS? of m/z 341
showed a ch i @ cl of the
intact sugar [M — H — 162] (m/z l79) and the ion
corresponding to the loss of CO, (m/z 135).

In addition, the analysis in ToF-MS mode revealed the

the g of polyphenols (hydroxycinnamic acids, fl !
flavanones, ﬁavoncs. and their derlvatwes) are given in Table 4
To avoid the effect of water evaporation and concentration of
solids taking place on the quantification, the estimated values
were expressed as FW and dry weight (DW).

The main polyphenol in all tomatoes was rutin, followed
by naringenin, as reported in other studies.”™® Rutin and
naringenin concentrations were slgnif‘can(ly higher in
organically grown tomatoes. Chassy et al.”* found signifi-
cantly higher mean levels of soluble solids, flavonoids, total
phenolics, and ascorbic acid in organic tomatoes than in their
conventional counterparts grown in model plots over a 3 year
period. However, in their study, a complete phenolic profile
identification was not performed because only flavonoids were
identified.

Simple Phenolic Acid Derivatives. Phenolic acids and their
derivatives are widely distributed in plants. They are known to
act as antioxidants not only because of their ability to donate
hydrogen or electrons but also because of their stable radical
imennedmes, which prevent the oxidation of various food

mgredmnu.

i of the ch grams in full scan mode on
the tripl drupole system led the presence of ferulic
(m/z l93), caffeic (m/z 179), and p-coumaric (m/z 163) acids
(Table 4). MS® of these ions showed the deprotonated
molecule [M — H]" and the typical loss of CO,, giving [M -~ H
— 4] as a characteristic ion. These results were confirmed by
mmon in the high-resolution szstcm (Tol-‘ MS) using accurate

and the MS patterns.
Absolu!e differences in the levels of ferulic, caffeic, and
p-coumaric acid were found in organic and ¢ |

P of two h nillic acid-O-hexosides (m/z 343) and
two coumaric acid-O-hexosides (m/z 325). The MS® of m/z
343 and 325 showed ions ponding to the dep d
molecule (M — H]", the loss of a hexose [M = H — 162]", and
the loss of the carboxylic group (Table 4).

The analysis in ToF-MS mode also showed the presence of
ferulic acid-O-hexoside (m/z 355). The MS* of m/z 355
showed ions at m/z 193, 178, and 149 corresponding to the
loss of a hexose moiety [M — H — 162]™ and the loss of a
medxyl and acid group from the aglycone (Table 4)

Hydroxy lquinic Acid Derivatives. P
stmcture—mty mlanonshlp studies of cinnamic mds md
d the imp of the | group

in the antiradical efficacy.”’ The examination of chromatograms
in full sean modc in the triple-quadrupole system of organic and
c led a peak at m/z 353 correspond-
ing to chlorogenic acid (Table 4). Chlorogenic acid was the
most abundant hydroxycinnamic acid, ranging from 36.87 ug/g
FW (460.88 pig/g DW) in conventional tomatoes to 5699 ug/g
FW (633.22 ug/g DW) in organic tomatoes (Table 3). ’I‘hm
results are in line with those reported by Caris-Veyrat et al,*
who retrieved significantly higher concentrations of chlorogenic
acid from organic tomatoes (P < 0.05) in comparison to the
conventional variant. These results were confirmed by injection
in the ToF-MS using accurate mass measurements and the MS*
fragmentation patterns.

Neochlorogenic and cryptochlorogenic acid were also
present (Table 4). It was possible to differentiate the isomers
of chlorogenic acid by their relative intensities in MS? spectra
accordmg to the method cited by other aulhots using liquid

hy—tandem mass spectrometry.”’ Another caf-

SR

(Table 3). Phenolic acids were higher in organic
contents of 3425 ug/g FW (380.55 ug/g DW) for p

feoylquini uomermdwasakodetmed.whxchmlghlbea
i of the chl acid, chlorogeni aad,or

acid and 4170 pg/g FW (46333 pg/g DW) for caffeic acid,
whereas for conventional tomatoes phenolic acids ranged between
2059 pg/g FW (257.38 pg/g DW) for p-coumaric acid and
1288 ugjg FW (286.00 uglg DW) for caffeic acid. We tentatively
of phenolic acids in organic

tomatoes to mode of fmﬂiuuon.
Phenolic acid-O-hexosides were identified in ToF-MS mode
using accurate mass measurements and M§* fragmentations

122

cryptochlorogenic acid as described by other authors.***

The analysis in ToF-MS mode also showed the presence of
two dicaffeoylquinic acid isomers (m/z $15). The MS® of m/z
515 showed the ion [M = H = 162]~ (m/z 353, comsponding
to the loss of a caffeic acid unit) and the deprotonated quinic
acid (m/z 191). Two tricaffeoylquinic acids (m/z 677) were
also identified in both varieties of loma!oe.s. MS’ expenments
of m/z 677 of both p istic

dxdolorg/10.1021/)f2087021 1 L Agric. Food Chem. 2012, 60, 33733350
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Table 3. Estimated Quantitics and R ries (Relative Standard Deviations) of Polyphenols from Organic and Conventional
Tomatoes
conventional tomatoes organic tomatoes
estimated Towest recovery” RSDY  estimated q_li{ lowest
analyte W]Nm Ia?d sD = (%) (ug/g FW = SD spiked level recovery £SD (%)
caffeic acid 2288 & 045 4660 9840322 327 4170 £ 081 9316  9704£295 30§
chlorogenic acid 3687 % 061 6990 9623289 300 5699 £ 090 11650 9612310 323
ferulic acid 2169 £ 040 6990 MISE 449 477 3511 £ 063 6990 9688 £ 401 415
prcoumaric acd 2059 £ 036 46,60 M8 £ 287 302 3425 £ 055 6990 965 £290 297
nmaringenin 3646 + 069 11650 8811 £397 469 §738 + 098 16300 8810 £ 381 398
naringenin.7-0- 768 £ 015 2330 5702 &£ 314 358 1391 £ 028 2330 8863 & 302 341
rutin 11982 + 149 23300 934472 505 2275 £ 298 46580 9501 £ 451 474
quercetin 569 + 042 170 7781388 500 1142 + 0.18 230 78204341 436
3 o1 70 .1 7 7 1270 91
kaempferol-3.0- 603 £ 011 1 915 £327 36 024 2330 302 331
mo 2828 + 063 4660 9105 £265 290 3163 + 052 4660 9354 +287 307
“SD, standard deviation. “The lowest spiked level (30%) was applied for doubling or tripling the endog of each compound.
“Mean recovery of all spiked levels (50, 100, 150, and 200%). “RSD, relative standard deviation.
Table 4. Analytes Tentatively Identified in Organic and Conventional Tomatoes
analyte” a  [M=H]"  m/zions accurate mass mDa® MF!
caffeic acid-O-hexoside 1 143 1 179 (100, 135 (30) 3410877 160 CuH,0,
caffeic acid-O-hexoside 2 154 341 179 (100), 135 (30) MI0ST7 070 CyHLO,
neochlorogenic acid 165 353 191 (100, 179 (70), 135 (30) 3530877 070 CuHL0,
caffeic acid-O-hexoside 3 216 341 179 (100) MI0STT 230 CyH,0,
homovanillic acid-O-hexoside | w 343 343 (100), 137 (70), 109 (40) 3431034 110 CyHyO,
ferulic acid-O-hexoside 249 355 193 (60), 178 (30), 149 (100) 355104 250 CuHyO,
homovanillic acid-O-hexoside 2 28 3 343 (100), 137 (70), 109 (40) 3304 210 CyHuO,
affeic acd-O-hexoside 4 290 341 179 (100), 135 (50) 410877 070 CuHL0,
coumaric acid-O-hexossde 1 299 328 163 (88), 119 (100) 325098 140 C HLO,
coumaric acid-O-hexoside 2 326 328 163 (90), 119 (100) 20928 020 CH,0,
chlorogenic acid® 343 383 191 (100, 179 (5) 3530877 180 CuHL0,
caffeic acid® 380 179 135 (100), 107 (40) 179049 140 CHO,
cryptochlorogenic acid 414 383 191 (70), 173 (100), 135 (20) 3530877 080  CuHLO,
naringenin-C-dighycoside 496 595 595 (100), 305 (33), 475 (60), 385 (30), 355 (43) 3951667 070  CpHuOy
chlorogenic acid isomer 18 38 191 (100) 3830877 100 CLH,O,
rutin-O-hexoside 520 m 771 (100), 609 (80), 300 (20) 71989 L8 CuH0;
p-coumaric acid* 582 163 163 (40), 119 (100) 1630400 086 GH0,
ferulic acid* 600 193 193 (20), 178 (70), 149 (20), 134 (100) 1930506 LI9 CuH,0,
apigenin-C-hexoside-hesoside 626 593 503 (10), 473 (40), 353 (10) S9ISHL 030 CpH,0,
rutin-O-pentoside 7.66 741 741 (100), 609 (90), 300 (20) 7411883 070 CyuHuOy
apigenin-C-hexoside-pentoside 778 563 503 (10), 473 (35), 383 (15), 383 (25) S631406 090 CuHLO,
quercetin-O-dibexoside 790 625 463 (100), 300 (40) 625.1410 180 CuHyOp
rutin® 821 609 609 (100), 300 (40) 609.1460 050  CpHyOy
naringenin-C-hexoside 903 FEY) 433 (30), 343 (20), 313 (40) 4331140 060 CyHL0,
naringenin-O-hexoside 912 43 433 (10), 271 (70) 33140 010 CyuHL0,
kaempferol-3-O-rutinossde* 9.18 593 593 (100), 285 (70), 285 (20) SORISHL 070 CpHyO,
dicaffeoylquinic acid 1 930 515 S15 (20), 353 (100), 335 (20), 191 (48), 173 (60) SIS 010 CyH,0,
apigenin.7-0-glucoside® 966 431 431 (25), 269 (60), 161 (75) 4310983 080 CyHyu0,
dicaffeoylquinic acid 2 1023 518 515 (25), 353 (70), 191 (100), 179 (78) 5181194 160 CyH,0,
naringenin7.0-ghicoside (prunin)® 1070 43 433 (30), 271 (100), 151 (S0) 4331040 L0 CyuHLO,
tricaffeoylquinic acid 1 13t 677 677 (25), 515 (100), 353 (40), 191 (15) 677.1511 140 GO
quercetin® 1193 301 301 (10), 151 (100) 3010383 040 CH,0;
tricaffeoylquinic acid 2 1298 677 677 (55), 515 (100, 353 (20), 173 (15) 677.1511 L0 MO,
naringenin® 1303 271 151 (100, 119 (70) 2710611 130 CyHL0;

“The asterisk (*) indicates comparison with standard. “rt, retention time. ‘mDa. millidaltons of error between the mass found and the of each

polyphenol. “MF, molecular formula.

fragmentations involving cleavage of three caffeoyl moieties for
tricaffeoylquinic acid isomers (Table 4).

Flavone Derivatives. The flavone apigenin is known to have
a number of biological functions such as possible anti-inflammatory,

g
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cytotoxic, and free radical scavenging properties, Studies of
human malignant cancer cell lines have shown that apigenin
inhibits cancer cell growth via apoptosis.** The analysis in full
scan mode in the lnple—quadrupole system showed the
presence of apigenin 7-O-glucoside (m/z 431). The product
ion scan of m/z 431 showed peaks at m/z 269 and 151, which
were attributed to the loss of a glucose moiety [M = H = 162]"

and to the ion corresponding to retro-Diels—Alder (RDA)
fragmentation, as described by other authors.***” These results
were confirmed by injection in the ToF-MS using accurate
mass measurements and the MS’ fragmentation patterns
(Table 4). The smallest differences between organic and con-
ventional tomatoes were shown for apigenin-7-O-glucoside.
Levels of apigenin-7-O-glucoside were higher in organic
tomatoes than in conventional ones. However, the differences
were not so pronounced as in the case of phenolic and hydm

Flavonol Derivatives. The of the ch
grams in the triple-quadrupole in MS mode of organic and
led !he - presence of some peaks
at m/z 609, 593, and 301 g to rutin, kaempferol-3-
O~ruhnoslde, am! qucroehn, respcchvely These results were

in the high-resolution system (ToF-MS)
(Table -l) Thc MS? of m/z 609 and 393 showed peaks cor-
g to the d d molecule [M = H]™ and the
Joss of the rutinoside uml, [M H — 308]". Flavonol ag]ycons
such as q in gave as a ch istic ion the d
molecule [M - H]" and ions corresponding to RDA frag-
mentation.

The organic tomatoes had higher levels of rutin, 272.75 ug/g
FW (303056 /g DW), than the conventional ones, 119.82 ug/g
FW (1497.75 pug/g DW). Similarly, the rates of quercetin
and hempfemISOmtmoslde were much lower in the

inic acid derivatives. Organic d (Table 3). Mitchell et al.*
3l.63 ;lg/g FW (35144 pg/e DW) apigeni 7-0-glucosid descrily ‘msulmu\lmcwuh oursmdy, reporting that the mean
d 28.28 ﬂg/g FwW levels of the fl and | ferol were

(353.50 pg/g DW) (Table 3).

Apigenin-C-hexoside-pentoside (m/z 563) and apigenin-C-
hexoside-hexoside (m/z $93) were tentatively identified in
ToF-MS mode in conventional and organic tomatoes. The
product ion scan of C- dxglycoudts revealed characteristic lossts
of 60, 90, and 120 u g to cross-ring cl

significantly higher (P < 000]) in tomato samplts from the
organic cropping system than in those produced convention-
ally. They suggested that there is a significant difference be-
tween the two systems in the amount of flavonoids occurring in
ripe fruit at harvest. Therefore, different food cultivation

the sugar unit (Table 4). Apxgenm -C-hexoside-hexoside and

in-C- pentoside could be distinguished by the
presrnce of the ion [M = H = 60]" according to the method
cited by other authors

Fl D The ch in the triple-

drupol led the p of in (m/z 271). It
was ldcnhﬁcd by compmng their retention times with their
reference substance. These results were confirmed by injection
in the high-resolution system (ToF-MS) using accurate mass
measurements and the MS® fragmentation patterns (Table 4).
Naringenin has been identified as one of the major polyphenols
Il'l tomatoes. A recent study demonstrated that subchronic
ion of fl significantly 1 the loss of
d in the ia nigra pars compacta
(SNpc) and the decrease in striatal dopamine (DA) con-
ecnlrahons This suggnsts that these compounds may be
das p did for a dietary supplement in

the treatment of Parkinson’s disease.*’

Two naringenin-O-hexosides (m/z 433) and one naringenin-
C-hexoside (m/z 433) were tentatively identified in the ToF-
MS mode (Table 4). The MS* mass spectrum of m/z 433,
which has been assigned to O-substitution, showed an ion at m/
2271 corresponding to the loss of a hexoside moiety [M = H
— 162],” whereas the product ion scan of naringenin-C-
hexoside revealed characteristic losses of 90 and 120 u from m/

5

hods may result in differences in the content of secondary
metabolites such as polyphenol compounds, and such an
increase may have health-related effects because polyphenols
increase significantly after organic food consumption.

The analysis in the ToF-MS confirmed the presence of rutin-
O-hexoside (m/z 771) and rutin-O-pentoside (m/z 741) in
both conventional and organic tomatoes (Table 4). The MS*
mass spectrum of m/z 771 showed peaks at m/z 609 and 300
corresponding to the loss of a hexoside [M = H = 162] " and to
the radical anion of the aglycone (m/z 300) as described m
other studies using a triple-quadrupole mass spec 2
The MS* mass spectrum of m/z 741 was assessed, showing
peaks at m/z 609 and 300 corresponding to the loss of a
pentoside [M = H = 132]" and to the radical anion of the
aglycone (m/z 300).

In addition, quercetin-O-dihexoside (m/z 625) was also
identified in the ToF-MS (Table 4). The MS® of m/z 625
showed ions at m/z 463 and 300 corresponding to the loss of
one hexoside unit and two hexoside units, respectively.

A number of studies have addressed the question of whether
agricultural chemicals and other agricultural methods including
organic farming affect nutrient content. The question is still
unresolved. When plants are grown with artificial nutrients,
they are supposed to lose their natural defense mechanisms.
This may result m reduced disease resistance and dduled

0{ i i i md defe Jated

2433 ¢ ding to cross-ring cleavages in the sugar unit. metabolites, which are considered beneficial for human halth.

Both naringenin and naringenin-7-O-glucoside (prunin) were In the present study the growing conditions of tomatoes
higher in organic (Table 3). Nari genin levels were (conventional versus organic) affected the content of phenolnc
3646 pg/g FW (455.75 pug/g DW) in | ds of these vegetables. The 5 ically p

and 87.38 ug/g FW (970.88 ug/g DW) in organic
whereas levels of naringenin-7-O-glucoside varied from 7.68 ug/g
FW (96.00 ug/g DW) in conventional to 13.91 ug/g FW
(154.56 ug/g DW) in organic tomatoes.

Moreover, a peak showing m/z 595 could be attributed to
naringenin-C-diglycoside (Table 4). The MS* of this ion
d.(sphyed losses of 90 and 120 u from m/z 595 and 475,

which confirmed the p of two hexose
(glucose or ga.lactou) units.

displayed a higher phytochemical conc than
conventionally produced tomatoes. Thus, vegetable and fruit
products grown in organic agriculture would be expected to be
more health-promoting than those produced conventionally.
The LC-MS-MS method was completely validated, providing a
sensitive analysis for polyphenol detection and showing
satisfactory data for all parameters tested. Good results were
obtained with respect to linearity and recovery as well as an

excellent level of precision.

dxdoloeg/10.1021/f2047021 1 ) Agric. Food Chem. 2012, 80, 3373-3380
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7. Capitol VII: Hi ha alguna diferencia en el perfil fenolic de sucs de tomaquet

organics i convencionals?

Anna Vallverdu-Queralt, Alexander Medina-Remodn, Isidre Casals-Ribes & Rosa M.

Lamuela-Raventds. Food Chemistry. 2012, 130: 222-227.

Resum: El contingut de polifenols en els tomaquets es veu influit per les condicions de
cultiu, el grau de maduresa i la varietat. Les diferéncies fonamentals entre els sistemes
de produccié ecologics i convencionals es fonamenten sobretot en la manera de
cultivar i adobar el sol, la qual cosa pot afectar la composicié nutritiva dels tomaquets i
en particular els metabolits secundaris. Els tomaquets convencionals reben herbicides i
plaguicides, mentre que els cultius organics reben només plaguicides organics
aprovats, com els compostos de sofre i benzotiofe. Les granges convencionals utilitzen
fertilitzants que contenen nitrogen inorganic soluble i altres nutrients, que sén més
directament absorbits per les plantes. La disponibilitat de nitrogen inorganic, en
particular, té el potencial per influir en la sintesi dels metabolits secundaris de les
plantes, de les proteines i dels solids solubles. Per tant, en aquest capitol, es pretén
estudiar les diferéncies entre sucs de tomaquet organics i convencionals en relacié al
nivell de polifenols totals i individuals i capacitat antioxidant. L’estudi es va dur a terme
durant I'any 2010. Els sucs de tomaquet organics van presentar nivells més elevats de
polifenols i antioxidants que els convencionals. Aquests resultats es podrien explicar
pels mecanismes de defensa de les plantes segons el tipus d’adob emprat en el cultiu
organic o en el convencional. En tots els cultius, el factor més important per al
creixement de la planta és el nitrogen. Ara bé, en el cas de I'agricultura convencional,
aquest nitrogen es pot afegir a la planta com a nitrogen soluble, com a fertilitzant, etc.,
mentre que en els cultius organics la planta no rep nutrients artificials, i reacciona
activant mecanismes de defensa que augmenten els nivells de polifenols. En
consequiéncia, les plantes d’agricultura tradicional es poden tornar menys resistents a
malalties i presentar un contingut més baix en nutrients, minerals i metabolits

secundaris.
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The present study aims to compare the phenolic and profiles of and
conventionally produced tomato juices. Comparisons of analyses of archived samples from conventional
and organic production systems demonstrated statistically higher levels (P <0.05) of phenolic com-
pounds in organic tomato juices. This increase corresponds not only with increasing amounts of soil
organic matter accumulating in organic plots but also with reduced manure application rates once soils
in the organic systems had reached equilibrium levels of organic matter. Using principal component anal-
ysis, results show that phenolic compounds and hydrophilic antioxidant capacity were responsible for
the differenti organic and ¢ tomato juices. Thus, there appear to be genuine dif-
ferences in the bicactive components of organic and conventional tomato juices not previously reported.

Keywords:
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Organic food production

Conventicnal food production
Polyphenols

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Polyphenols are a widespread family of phytochemicals with di-
verse biological functions in plants. Interest in their analysis has in-
creased due to their recognised physiological actions. !
studies relate the ingestion of polyphenols in diet to a lower
risk of cardiovascular diseases {Silaste, Alfthan, Aro, Kesaniemi, &
Horkko, 2007) and development of cancers {Grieb et al., 2009;
Zhang et al., 2009).

Due to the increasing demand for processed tomato products, it
is extremely important to determine the phenolic compounds and
antioxidants of tomato juices and their possible beneficial impact
on human health. Juice is an intermediate product in the process-
ing of tomato paste, obtained in the juice extraction stage of a pro-
cess that eventually results in tomato concentrate. Tomato juice
can be separated from the pulp by filtering, but more commonly
the entire pulp is used as juice. The juice is formulated according
to the characteristics demanded by the market: the most common
is with extra virgin olive oil (1.8%), salt and citric juice to adjust the
pH. The product is then bottled and pasteurised to extend its shelfl
life {Galicia-Cabrera, 2007).

* Corresponding author at: Nutrition and Food Science Department, XaRTA, INSA
Pharmacy School, University of Barcelona, Av. Joan XXIII s/n, 08028 Barcelona,
Spain. Tel: 434 934034843; fax: +34 934035931

E-mail address: edu (RM. L ha

0308-8146/S - see front matter © 2011 Eksevier Ltd. All rights reserved.
dok: 10.1016/j.foodchem.2011.07.017

It is known that many of the tomato nutrients may function
individually, or in concert, to protect lipoproteins and vascular
cells from oxidation. Several of these substances have been shown
to exhibit other cardioprotective functions, such as reduction of
homocysteine, platelet aggregation, and blood pressure levels. Evi-
dence of a preventive effect of tomato product consumption on
cardiovascular disease and atherosclerosis is, to date, circumstan-
tial but rapidly accumulating {Libby, Ridker, & Maseri, 2002).

In addition, consumption of tomato juice in type 2 diabetic sub-
jects caused a significant elevation of plasma lycopene as well as
increased resistance of low-density lipoprotein (LDL) to oxidation
(Gianetti et al,, 2002).

Polyphenol content in plants is influenced by cultivation and
harvesting conditions such as growing conditions, degree of ripe-
ness and plant variety (Barrett, Weakley, Diaz, & Watnik, 2007;
Connor, Luby, Tong, Finn, & Hancock, 2002; Herrmann, 1976; Toor,
Savage, & Heeb, 2006). Fundamental differences between organic
and conventional production systems, particularly in soil fertility
management, may affect the nutritive composition of plants,
including secondary plant metabolites (Daniel, Meier, Schlatter, &
Frischknecht, 1999; Lydon & Duke, 1989; Williams, 2002). Conven-
tional and organic systems differ in the amount of irrigation re-
ceived (rain fed or irrigated), in the amounts of nutrients applied
as fertilizers and in organic matter applied to the soil as crop res-
idues, winter legume cover crops or composted manure. The avail-
ability of inorganic nitrogen in particular, has the potential to
influence the synthesis of secondary plant metabolites, proteins
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and soluble solids. In addition, organically produced plants have a
longer ripening period compared (o conventional plants, because
of a slower release of the supp {Nielsen, N

& Lerke, 1997), and as flavonoids are formed in the ripening peri-
od, one could expect a higher content of these compounds in
organically grown plants.

‘The aim of this work was to find phenolic profile differences be-
tween conventional and organic tomato juices. Therefore, total pol-
yphenol content {TP), hydrophilic antioxidant capacity and the
content of flavonols (kaempferol- 3—0-g|ucoside. kaempferol-3-0-

20 min. Both sup were ¢ d and d under
nitrogen flow and finally the residue was reconsmuted with
Milli-Q water (0.1% of formic acid) up to 1.5 ml.

Solid-phase extraction {SPE) of these extracts was carried out
following the procedure of another work (Medina-Remén et al.,
2009). Firstly, 1 ml of methanol and subsequently 1 ml of sodium
acetate 50 mmol/l pH 7 were loaded into Oasis® MAX cartridges
from Waters to equilibrate the samples; then, 1 ml of each extract
was diluted with 1 ml of Milli-Q water and acidified with 34 pl of
hydrochloric acid at 35% before being loaded into the cartridges
ly. These were rinsed with 50 mmol/l of sodium acetate

rutinoside, rutin and quercetin), fl (nari in and
nanngemn-?-&glucos:de) and hydroxycinnamic amts {ferulic-0-

ide, caffeic-0-h ide, caffeic, chl ic, cryptochloro-
genic and dicaffeoylquinic acids) were analyzed in conventional
and organic tomato juices.

2. Materials and methods

2.1. Standards and reagents

All ples and dards were handled without exp to
light. Caffeic and chlorogenic acids, rutin and quercetin, Folin-Cio-
calteau (F-C) reagent, ABTS: 2,2'azino-bis{ 3-ethylbenzothiazoline-
6-sulphonic acid), PBS: phosphate—buﬂ'ered saline pH 7.4, Trolox:
{2)-6-hydroxy-2,5,7.8-tet h 2-carboxyli acid
97%, manganese dioxide and DPPH: 2,2-diphenyl-1-picrylhydrazyl
were purchased from Sigma® (Madrid, Spain); naringenin, naringe-
nin-7-0-glucoside, kaempferol-3-O-rutinoside and kaempferol-
3-0-glucoside from Extrasynthése (Genay, France). Ethanol and
formic acid HPLC grade were obtained from Scharlau (Barcelona,
Spain) and ultrapure water (Milli-Q) from Millipore System
{Bedford, USA).

2.2. Processing conditions of organic and conventional tomato juices

Processing of both organic and conventional tomato juice in-
cludes multiple steps such as washing, fruit selection, grinding
and sieving. Juice is an intermediate product in the processing of
tomato paste since it is obtained in the juice extraction stage;
when the process continues it results in tomato concentrate, To-
mato juice can be separated from the pulp by filtering, but more
commonly the entire pulp is used as juice. The juice is formulated
according to the characteristics demanded by the market: the most
common is the juice with extra virgin olive oil { 1.8%), salt, and cit-
ric juice, which is added to adjust the pH. Then the product is bot-
tled and pasteurised to extend its shelf life {Galicia-Cabrera, 2007).
In this study, three independent production events, spread over
2010, were collected. In each event, a total of 11 tomato juices
were analyzed, six of which were conventional and five were or-
ganic. The tomato juices analyzed were commercial juices that
were available in Barcelona markets.

2.3, Extraction and i

of phenolic ¢

Sample treatment was performed in duplicate in a darkened
room with a red safety light to avoid the oxidation of the analytes
during the process following the procedure of Vallverdi-Queralt
et al. with some modifications (Vallverdi-Queralt, Jduregui, Medi-
na-Remon, Andrés-Lacueva, & Lamuela-Raventds, 2010). All juices
{10 ml) were centrifuged {4000 rpm at 4 °C) for 10 min. The super-
natant was discarded and 4 ml of 80% ethanol in Milli-Q water was
added to the pellet; this was sonicated for 5 min and centrifugated
(4000 rpm at 4 °C) for 20 min. The supernatant was transferred
into a flask and the extraction was repeated with 4 ml of 80% eth-
anol in Milli-Q water and centrifugated (4000 rpm at 4 °C) for
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pH 7 (5% methanol). The polyphenols were eluted with 1800 pul
of methanol (2% formic acid). The eluted fractions were evaporated
under nitrogen flow, and the residue was reconstituted with water
{0.1% formic acid) up to 250 ul and filtered through a 13 mm,
0.45 pm PTFE filter (Waters) into an insert-amber vial for HPLC
analysis. Samples were stored at —20 °C until analysis.

2.4. Analysis of total polyphenols

For the TP assay, each sample was analyzed in triplicate: 20 pl
of the eluted fractions were mixed with 188 pul of Milli-Q water
in a thermo microtiter 96-well plate (nuncTM, Roskilde, Denmark);
afterwards, 12 pl of F-C reagent and 30 pl of sodium carbonate
(200 g/l) were added. The mixtures were incubated for 1 h at room
temperature in the dark. After the reaction period, 50 pul of Milli-Q
water were added and the absorbance was measured at 765 nm in
a UV/VIS Thermo Multiskan Spectrum spectrophotometer (Vantaa,
Finland). This spectroph llowed the at e of a 96-
well plate to be read in 10 s. Results were expressed as mg of gallic
acid equivalents (GAE)/100 g fresh weight (FW) (Singleton & Rossi,
1965).

2.5. Antioxidant activity

The antioxidant activity in tomato juices was measured using
an ABTS' radical decolourization assay and DPPH- assay with minor
modifications (Vallverdi-Queralt, Medina-Remén, Andres-Lacueva
& Lamuela-Raventos, 2011).

2.5.1. ABTS® assay

One millimole Trolox {antioxid dard) was p d in
PBS once a week. Working standards were prepared dmly hy dilut-
ing 1 mM Trolox with PBS.

An ABTS’ radical cation was prepared by passing a 5 mM aque-
ous stock solution of ABTS (in PBS) through manganese dioxide
powder. Excess manganese dioxide was filtered through a 13 mm
0.45 pm filter PTFE (Waters). Before analysis, the solution was di-
luted in PBS pH 7.4 to give an absorbance at 734 nm of 1.0=0.1,
and pre-incubated in ice. Then, 245 pl of ABTS' solution were
added to 5 pl of Trolox or to tomato samples and the solutions
were stirred for 30s. The absorbance was recorded continuously
every 30 s with a UV/VIS Thermo Multiskan Spectrum spectropho-
tometer for 1 h and PBS blanks were run in each assay.

The working range for Trolox (final concentration 0-750 uM)
was based on triplicate determinations and consisted of plotting
the absorbance as a percentage of the absorbance of the uninhib-
ited radical cation (blank). The activities of the tomato samples
were assessed at four different concentrations that were within
the range of the dose-response curve, Each sample was analyzed
in triplicate at each concentration. Results were expressed as mmol
Trolox equivalent (TE)/100 g FW.

2.5.2. DPPH" assay
The antioxidant activity was also studied through the
evaluation of the free radical-scavenging effect on DPPH radicals.
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Solutions of known Trolox were used for calibration. Five
microlitres of tomato samples or Trolox were mixed with 250 ul
of methanolic DPPH (0.025 g/l). The homogenate was shaken
vigorously and kept in darkness for 30 min. Absorption of the
samples was measured on a UV/VIS Thermo Multiskan Spectrum
spectrophotometer at 515 nm. The percentage of inhibition of the
DPPH was calculated and plotted as a function of the concentration
of Trolox for the standard reference data. The final DPPHe values
were calculated using a regression equation between the Trolox
concentration and the percentage of DPPHe inhibition and results
were expressed as mmol TE/100 g FW.,

2.6, HPLC-ESI-MS/MS analysis

To evaluate the differences belween organic and conventional
production henoli pounds were quantified using
HPLC-ESI-MS/MS (Vallvetdu—o_ueran et al, 2011). An API 3000
(PE Sciex, Concord, Ontario, Canada) triple quadrupole mass spec-
trometer equipped with a Turbo | source in neg n
mode was used to obtain MS/MS data. Turbo lonspray source set-
tings were as follows: capillary voltage, ~3500V; nebulizer gas
{N2), 10 au. (arbitrary units); curtain gas (Ns), 12 a.u.; collision
gas (Ny), 4 au.; focusing potential, —200 V; entrance potential,
—10V; drying gas {N,), heated to 400 °C and introduced to a flow
rate of 8000 cm*/min. The declustering potential and collision en-
ergy were optimised for each compound in infi experiments:
individual standard solutions (10 pg/ml) dissolved in 50:50 {v/v)
mobile phase were infused at a constant flow rate of 5 pl/min using
a model syringe pump {(Harvard Apparatus, Holliston, MA, USA).
Full-scan data acquisition was performed scanning from m/z 100
to 800 in profile mode and using a cycle time of 2 s with a step size
of 0.1u and a pause between each scan of 2ms. To confirm the
identity of some compounds, neutral loss scan and precursor ion
scan experiments were carried out. MS/MS product ions were pro-
duced by collision-activated dissociation (CAD) of selected precur-
sor ions in the collision cell of the triple quadrupole mass
spect and mass analyzed using the instrument’s second

Addi | i | conditions for MS/MS included
colhsmn energy (dependmg on the compound), CAD gas (nitrogen)
at 6 (arbitrary units), and scan range, as necessary for the precursor
selected. Neutral loss scan of 162 u was done by scanning within
the m/z range from 200 to 800 u, and precursor ion scan experi-
ments were carried out by scanning Q1 between 300 and 800 u.
In all the experiments, both quadrupoles {Q1 and Q3) were oper-
ated at unit resolution.

For quantification purposes, data was collected in the multiple
reaction monitoring (MRM) mode, tracking the transition of parent
and product ions specific for each compound. In particular 12 tran-
sitions were selected which corresponded to ferulic acid-0-hexo-
side mjz 355 - 193 (CE: —20 V); chlorogenic acid m/z 353 - 191
{CE: ~20V); cryptochlorogenic acid mz 353 - 191 (CE: -20V);
dicaffeoylquinic acid mjz 515 - 353 (CE: —20 V); caffeic acid mjz
179 — 135 (CE: —20V); caffeic acid-O-hexoside m/z 341 — 179
{CE: —20V); quercetin mjz 301 — 151 {CE: -30V); rutin mjz
609 - 300 (CE: —~50V); naringenin mjz 271 - 151 {(CE: -30V);
naringenin-7-0-glucoside mjz 433 — 271 (CE: —20V); kaempfer-
ol-3-0-glucoside mfz 477 - 285 (CE: -30V); kaempferol-3-0-
rutinoside myz 593 - 285 (CE: -30V) and ethyl galate (internal
standard) m/z 197 - 169 (CE: -25V).

Quanuﬁcanon of phenolic compounds was determined by an

d. Polyphenols were quantified with respect to
their corresponding s!andard. When standards were not available,
as in the case of caffeic-O-hexoside and ferulic-0-h ide acids,
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acid {caffeoylquinic and dicaffe
with respect to the chlorogenic acid.
The liquid chromatograph was an Agilent series 1100 HPLC
instrument {Agilent, Waldb Germany) equipped with a qua-
terary pump, an autosampler and a column oven set to 30 °C. Mo-
bile phases consisted of 0.1% formic acid in Milli-Q water (A) and
0.1% formic acid in acetonitrile (B). The injection volume was
20 and the flow rate was 0.4 ml/min Separation was carried
out in 20min under the following conditions: Omin, 5% B;
16 min, 40% B; 17 min, 95% B; 19min, 95% B; 19.5min, 5 % B.
The column was equilibrated for 5 min prior to each analysis.

ic acids) were quantified

2.7. Statistical analysis

The significance of the results was analyzed using the Stat-
graphics Plus v.5.1 Windows Package (Statistical Graphics Co.,
Rockville, MD). Analysis of variance (ANOVA) was used to compare
the means of groups of measurement data, and princpal compo-
nent analysis {PCA) was carried out to obtain correlations amongst
variables. PCA visualises the original of tomato juice
samples in an n-dimensional space. by identifying the directions
in which most of the information is retained.

3. Results

3.1. Analysis of TP content and hydrophilic antioxidant capacity of
tomato juices

The conten( of TP evalua(ed by F-C assay after SPE and the rel-
ative contri of individual compounds to the hydrophilic anti-
oxidant capacity of tomato juices were analyzed. Resulrs are
shown in Table 1. No significant changes (P> 0.05) in TP content
and hydrophilic antioxidant capacity were observed in the differ-
ent production events.

The F-C assay showed that organic tomato juices contained
significantly (P <0.05) higher concentrations of TP than conven-
tionally produced tomato juices. TP content ranged from (9.28-
10.55)mg GAE/100g FW in conventional tomato juices to
{11.04-12.89) mg GAE/100 g FW in organic tomato juices.

A similar trend was observed for hydrophilic antioxidant capac-
ities. Tomato juices contained significantly (P < 0.05) higher con-
centrations of hydrophilic antioxidants than conventionally
produced tomato juices. The lowest were determined for conven-
tional tomato juices. For the ABTS' assay, results ranged from

Table 1

Total phenolic content (mg GAE/100 g FW) and ABTS' and DPPHe (mmol TE/100g
FW) assays expressed as mean ¢ SD of organic and conventional tomato juices;
different letters in the columns represent statistically significant differences
(P<0.05)

Tomato juices TPy ABTS* DPPH
Organic

04 12894032 326 +0.08° 57840.12>¢
O 1150+025% 3.712008*° 590+0.11°
[ 11342047* 359 £0.06° 568012
Op 12234034° 3824013 611010
0¢ 1269+0.30° 325 0,07 57020117
Conventional

Ca 1055 £ 0.25° 2382009 411+010°
Ce 9344023 150+0.05" 2.99+0.08'
Ce 10.15£0.20' 290+0.10° 3252012*
Co 928+0.23% 238 +008' 315+007"
Ce 954 +0.28° 1.95 +0.08% 2567 +0.09'
G 10.37 026 277 +0.09* 361+0.10'

they were quantified with respect to the corresponding hydroxy-
cinnamic acid {caffeic and ferulic acids). The isomers of chlorogenic

GAE, gallic acid equivalents: FW, fresh weight; TE, Trolox equivalents; SD, standard
deviation.
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{1.50-2.90) mmol TE/100 g FW in conventional tomato juices to
(3.25-3.82) mmol TE/100 g FW in organic tomato juices. For the
DPPHe assay, antioxidant capacities were higher than those deter-
mined by the ABTS' assay. Values were between {2.67-4.11) mmol
TE{100 g FW in conventional tomato juices and {5.68-6.11) mmol
TE{100 g FW in organic tomato juices.

3.2. Quantization of individual polyphenols in ¢ I and

(1.25-3.27) pg/g FW in conventional tomato juices to {3.40-5.79)
ng/g FW in organic ones.

3.3. Principal component analysis

In order to establlsh the vanauon between the different organic
.md C i ic tech and to d which

organic tomato juices

Specific phenolic ¢ ds were d for conventional
and organic tomato julces Results are quantified in Table 2 and
Table 3. The main phenolic compound in all the tomato juices was
rutin, present at levels ranging between 42.50 and 89.07 pgfg FW.
Organic tomato juices contained significantly (P<0.05) higher
levels of phenolic compounds than conventional tomato juices,
as reflected in the analysis of total phenolics and hydrophilic
antioxidant capacity,

Hydroxycinnamic acids were mainly represented by ferulic
acid-0-hexoside {m/z 355 — 193), which ranged from {19.23-
2991)pg/g FW in conventional tomato juices to (31.92-
45.17) pgjg FW in organic tomato juices. Caffeic acid-0-hexosides
{mjz 341 — 179) and caffeic acid {m/z 179 — 135) followed a sim-
ilar trend, with higher levels in organic tomato juices.

Chlorogenic acid isomers {m/z 353 - 191) and dicaffeoylquinic
acid (mfz 515 - 353) were also present in tomato juices. Chloro-
genic acid was the most abundant caffeoylquinic acid, ranging
from 8.41-10.35pg/g FW in conventional tomato juices to
12.48-15.63 pg/g FW in organic tomato juices. Dicaffeoylquinic
acid was found in lower concentrations than caffeoylquinic acids,
with higher levels in organic tomato juices (2.12-2.71) pug/g FW
compared to conventional juices (1.38-1.84) pg/g FW.

Flavonols were characterised by rutin followed by kaempferol-
3-0-runtinoside, kaempferol-3-0-glucoside and quercetin. The or-
ganic tomato juices had higher levels of rutin (75.06-89.07) pg/g
FW compared with the conventional juices (42.50-63.33) pg/g
FW. The same pattern was followed by quercetin, with levels rang-
ing from (1.05-2.63) ug/g FW in conventional tomato juices to
(2.75-5.47) pg/g FW in those produced organically. Organic toma-
to juices also showed the highest content of kaempferol-3-0-glu-
coside and kaempferol-3-O-rutinoside.

lic comp moslly affects the overall composition of to-
mato Jjuices, a PCA of the data set was performed. PCA allows us
to visualise the original arrangement of tomato juices in an n-
dimensional space, by identifying the directions in which most of
the information is retained. The scores plot was created to define
different groups as shown in Fig. 1. Samples are cl d h
according to the different agronomic techniques {organic and con-
ventional). Two principal components (PC1 and PC2) accounted for
85.30% of the variability of the original data. The first component
(X-axis) explained 77.43% of the total variation of the data set. This
component points to the differentiation between organic and con-
ventional tomato juices. The group of organic juices is situated in
the right-hand side of the plot, which is divided into five different
subgroups: 04, Oy, O, Op and Ox. In contrast, the group of conven-
tional juices is situated on the left-hand side of the plot, which is
divided into six different subgroups: Ca, Ca, Cc, Co, Ce and G
Among the compounds that were significantly higher (P<0.05)
in organic juices versus conventional ones were total polyphenols,
caffeoylquinic and dicaffeoylquinic acids, caffeic and caffeic acid-
O-hexoside, ferulic acid-O-hexoside, kaempferol-3-0-glucoside,
kaempferol-3-O-rutinoside, naringenin-O-hexoside, naringenin,
rutin and quercetin, as well as hydrophilic antioxidant capacity.

4. Discussion

It is known that organic foods have superior sensory attributes,
contain lower levels of pesticides and synthetic fertilisers, have
higher levels of nutrients and protective phytochemicals and lower
levels of nitrate than convennonally produced foods. Wonhmgton
et al. found more iron, magi hosph and vitamin C and
less nitrates in organic crops when compared to conventional
crops. This phenomenon is possibly due to a higher water content
in conventional crops, which causes nutrient dilution (Worthing-
ton, 1998). Conversely, it has also been suggested that application

1 were d by nari in and nari in-7-

0- glucosnde. whose maximum concentrations were determined

of and reduced use of fungicides and antibiotics in organic
farming could result in a greater contamination of organic foods by
micr i

m orgamc tomato juices, like the ab ioned fl;

xycinnamic acids. Naringenin levels ranged from (35.97-52.96)
ug[g FW in conventional tomato juices to (57.54-7043) ug/g FW
in organic ones and levels of naringenin-7-0-glucoside varied from

Table 2

g or microbial products {Hoefkens et al., 2009).
Few data exist regarding the influence of the production method
(organic versus conventional) on the phytochemical concentration
in tomato juices, because these compounds have only been recently

Content of hydroxycinnamic (ug/g FW) expressed as mean ¢ SD of organic and conventional tomato juices, different letters in the columns represent statistically significant

differences (P < 0.05)

Tomato juices Ferulic acid-0-hexoside Caffeic acid-0-hexoside Caffeic acid Cryptoc ic acid Cl ic acid Dic inic acid

Organic

Ox 3526+ 106" 420+011° 4744014 7864 0.18° 1278 +0.37° 243+ 006"
Op 3192095 6804012 324+008" 9552025 12482 0.31° 23320.09°
0c 3666 ¢ 1.28° 5484 0.05° 36740104°  9612017° 13242035° 2124 0.07°
Op 39.14+094° 4354010° 3544013 7.71£020° 1563+ 0.40° 230+ 0.09°
O 45174097 415+013° 4164010°  857+026" 13284 022" 27120.06*
Conventional

Ca 29.91+096' 375+ 012" 238+010° 5804027 936+ 0,14 148 + 0,04
[ 20.76 +0.70' 216+ 0.10' 2294007  43620.16' 84140.29% 1,64 ¢ 0.06°
C 2666+ 1.08" 327¢011" 14640065  479+0.11° 9434025 1524004
[ 2524+079" 2564 0.05" 1814007 5652021 9.26+0.18° 1504007
Ce 19232064 283+0.11% 2244005 4712022° 8794035 184 ¢ 0.07*
G 2875+087% 273+0.12¢ 230+009°  567+025 1035+ 0.12° 1512004

FW, fresh weight: SD, standard deviation.
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Table 3
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Cortent of flavonols ard flavanones (pg/g FW) expressed as mean ¢ SD of conventional and organic tomato juices, different letters in the columns represent statistically

significant differences (P <0.05),

Tomato juices Rutin Quercetin in-7-0-glucoside K: ferol-3-0-rutinosid K ferol-3-0-glucoside

Organic

N 89.07+136" 2994006  5889+140° 5794010 28314 1.19° 1047 + 036°

Op 80724289°  547:011" 57542175  340+013° 2647 +0.867 10.47 + 0.40°

0 81964161 4532006  5979+124°  433+008° 20,64+ 1.02° 958+ 0417

0o 75.06+340°  342£005° 596122200 4024007 3567+ 1.16* 1124+023°

Op 77.004320° 2754005  7043+080'  572+007 2791+ 1.19° 1167 + 046"

Conventional

G 628442137 158+0.04" 45474166  134+005" 1854 + 0.69° 9.37+ 026"

Co 425041855 1294005 36144099  125:004" 1851 + 0.82¢ 7.514029'

C 61.74+1.93° 167£001F 359721265 2414007 1592+ 041" 625+ 019"

G 57.58+268"  263£004'  48832152"  327:011 16.47 £ 0.40" 7.24%022*

Ce 5028+239' 1052003  3824+104' 2264006 2097 + 0.85¢ 6314036"

Cr 63332243"  150+008"  5296%223° 2344008 24724026 572+ 026°

FW, fresh weight; SD, standard deviation.
31F 3 distinguish between d:ﬂeren! agmnomlc treatments. One of

the important f¢ of p is their usage

2.1 conventionat :,:,'“ B as chemotaxonomic markers (Andres-hcueva. Ibern-Gomez,

o) jices L 1 deras, & de la Tor L, 2002; De la

g 11 5 Presa-Owens, Lamuela-Raventos, Buxaderas, & De la Torre-Borona,

~ 1~ 1995; Romero-Perez, | 1, d & De la

& 04 5 Torre-Boronat, 1996; Russo, Galletti, Bocchini, & Carnacini, 1998;
§ i () Singleton & Trousdale, 1983).

09 $ 88’ From the investigation, rutin (quercitin-3-O-rutinoside) was

5 found to be the predominant flavonol in all tomato juices, followed

19 by naringenin, which was also reported in other studies {Andrade,

e & v % = Mendes, Falco, Valentao, & Seabra, 2001; Herrmann, 1976; Le Gall

48 28 'g(; 7 4;; 34 54 et al, 2002). Rutin and naringenin levels were significantly higher

Fig. 1. Score plot of PC1 vs PC2 of different organic and conventional tomato juices.
Conventional: Ca, Ce. Cc. Co. Ce Cr: Organic: O, O, Oc, Op, Og

considered as interesting bioactive microconstituents, due to their
intervention in human health {Grieb et al, 2009; Zhang et al,
2009), especially cardiovascular diseases (Silaste et al., 2007).

From a technological point of view, the main difficulty in the
production of tomato juices is choosing the right variety of toma-
toes with suitable characteristics. Tomatoes destined to produce
Jjuices are harvested at an appropriate degree of ripeness through
the use of selected crops with adequate irrigation systems and
suitable physical and chemical parameters.

Among published studies ing total phenolic contents,
the majority describe a higher phenolic concentration in organi-
cally grown fruits or vegetables (Agence Franciiaise de Sécurité
Sanitaire des Aliments., 2003). Our results are in agreement with
these studies. Organic tomato juices were found to have a higher
content of phenolic ¢ ds and hydrophilic than
convenuonal Juices. It is well known that !he biosynthesis of phe-
nolic compounds in plants is strongly influenced by cultivar
(Hakkinen & Torronen, 2000), mode of fertilisation {Macheix, Feu-
riet, & Billot, 1990), temperature, light and seasonal variations
(Slimestad & Verheul, 2009). The tendency of higher polyphenol

in juices made from organically grown tomatoes. Chassy et al
found that the flavonoid concentration in organically produced
tomatoes and bell peppers was higher than in those produced con-
venmnally {Chassy, Bm. Renaud Van Hom. & Mitchell, 2006).
Hakkinen et al. comp [ d by organic and
conventional methods and found high amounts of phenolic acids
and flavonols in organic strawberries { Hakkinen & Torronen, 2000).

Similarly, the levels of quercetin and kaempferol were much
lower in the conventionally grown produce. Flavonols such as
quercetin and kaempferol are antimicrobial compounds synthe-
sized by plants in response to pathogen attack (Dixon & Paiva,
1995). Since organically grown products are produced by cultural
methods using very few pesticides, pathogenic pressures may ex-
plain the higher TP levels found in the organically grown samples.

The chlorogenic acid was found to be the most abundant caf-
feoylquinic acid in both conventional and organic tomato juices,
which agrees with the results reported by Caris-Veyrat et al. Signif-
icantly higher concentrations of chlorogenic acid and glycoalka-
loids were retrieved in organic tomatoes and derived purees
(P<0.05) in comparison to the conventional ones {Caris-Veyrat
et al, 2004).

Another study performed to the p lic ¢ d
of apples {Golden Delicious) grown under deﬁned organic and con-
ventional conditions showed significant differences in levels of

concentrations in organically produced fruits and bles could
be explained by a higher phosph uptake and limited nitrogen
availability (Awad, de Jager, & van Westing, 2000; Weibel, Bickel,
Leuthold, & Alfoldi, 2000). An increased phosphorus uptake can
provide the necessary energy for the synthesis of phytochemicals
{Weibel et al., 2000). Furthermore, it has been shown that plants
synthesise more flavonoids when nitrogen is limited {Mitchell
et al,, 2007; Weibel et al., 2000). These differences are reflected
in the principal component analysis. Twelve phenolic compounds
were detected as chemotaxonomic tomato juice markers able to

chlorogenic acid, fl Is and fl Is with the organic fruit

g higher conc (Stracke, Rufer, Weibel, Bub, &
Watzl, 2009). Absolute differences are also apparent in both sys-
tems regarding levels of dicaffeoylquinic acids.

A number of studies have addressed the question of whether
agricultural chemicals and other agricultural methods including
organic farming affect nutrient content. The question is still unre-
solved, in part due to the large amount of variability in agricultural
data resulting from uncontrollable factors such as rainfall and
sunlight, which also influence nutrient content. When plants are
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grown with artificial nutrients, they are supposed to lose their
natural defence mechanisms. 1ms may nsuh in reduced disease

e and diluted i and defence-
related secondary metabolites, whlch are considered beneficial
for human health. In the present study the growing conditions of
tomatoes (conventional versus organic) affected the content of
twelve phenolic compounds and the antioxidant capacity in
tomato juices. The organically produced tomato juices displayed
a higher phytochemical concentration and a higher hydrophilic
antioxidant capacity than conventionally produced juices. Thus,
vegetable and fruit products grown in organic agriculture would
be expected to be more health-promoting than those produced
conventionally.
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8. Capitol VIII: Aproximacions metabolomiques per establir diferéncies entre

queétxups organics i convencionals

Anna Vallverdu-Queralt, Alexander Medina-Remodn, Isidre Casals-Ribes, Mercedes

Amat & Rosa M. Lamuela-Raventés. Journal of Agricultural and Food Chemistry. 2011,

59:11703-11710.

Resum: Les tecniques modernes d’analisi global, denominades “omics”, permeten
estudiar la biocomplexitat dels efectes dels nutrients. Concretament, la metabolomica
ha estat proposada com a eina de gran valor per explorar les complexes relacions
entre nutricid i metabolisme, investigant el paper que juguen els components de la
dieta en el manteniment de la salut o en el desenvolupament de malalties.
Actualment, un repte important dels estudis de metabolomica és identificar nous
marcadors que permetin establir relacions entre marcadors i diferents tipus
d’aliments. En aquest estudi elaborat durant I'any 2010, es va dur a terme una analisi
metabolomica en quétxups organics i convencionals. Es van trobar 14 marcadors que
permeten clarament distingir entre els dos tipus de quétxups. Els quetxups organics
presenten més contingut de polifenols que els quétxups convencionals. D’altra banda,
en els quetxups convencionals s’hi van poder identificar dos dipéptids, un derivat del
triptofan i un de la fenilalanina, que fins llavors no havien estat descrits en productes

derivats del tomaquet.
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ABSTRACT: The ag i in which are culti ly affect the levels of antioxidants and other
metabolites in commercial products. In this study, Nochemlca] and melabolomlc tcchnlqucs were uscd to assess the differences
between ketchups produced by organic and jonal systems. An i h using QToF-MS was used

to idcnufy those numenu dm haw: d\c greatest impact on the overall metabolomic profile of oxgamc ketchups as compared to
1 ones. 1 polyphenols were quantified using LC-ESI-QqQ. This multifaceted approach revealed that the

inwhich are grown induces alterations in the content of antioxidant capacity, phenolics, and other

metabolites in Rﬁchups Organic cultivation was found to provide tomatoes and tomato-derived products witha ngnlﬁantly higher

content of tituents, wh

lalanine and N-malonyl! d only in

& Y

conventional ketchups.

2 ol Lol

were

Y AT EAE

)

KEYWORDS: ketchups, organic agriculture, ional

W INTRODUCTION

The increasing demand for organic foods can be explained
mainly by consumer concerns about the quality and safety of
foods and the perception that organically produced foods are
healthier and safer than conventional foods. A wide range of
processed organic tomato products are available including pasta
sauces, tomato sauces, juices, kelchups, tinned tomatoes (whole
and diced), dried tomatoes, and pastes.'

Fund. | differences b organic and
pmducﬂon systems, particularly in soil fertility management,
may affect the nulnuve- position of plants, including second-
ary plant metabolites.” Organic agriculture is an ecologkal
production management system that promotes and enhances
biodiversity, biological cycles, and soil biological activity. Organic
systems rely on the activity of a diverse soil ecosystem to make

gen and other lable to plams h con-

ventional farms utilize fertilizers containing soluble inorg;
nlu'ogen and other nutrients, which are more dmctly available to
plants.* The availability of inorganic nitrogen in particular has the
potential to influence the synthesis of secondary plant metabo-
lnes pnmlns and soluble solids. It is well-known that the
y is of phenolics in plants is gly influenced by
cultivar, environmental conditions, esptcully light, and the mode
of fertilization.** Vallverdi-Queralt et al.® suggested that choice
of cultivar is a major factor contributing to the total phenol
content of tomatoes when grown under similar environmental
conditions. Seven normal-sized field-grown tomatoes, grown
a!ongmde one another in bpam, showed different content of
) and ph and hydroxycinnamic acids.

HPLC-ESI-QToF, LC-ESI-QqQ

Moreovur, the phenolic content ol' plants may be influenced by

g the in which they are
grown.” The level of nitrogen influences the level of phcnol." e
Even if the levels of nitrogen, as well as potassium and phos-
phorus, were higher in organic conditions, the bioavailability of
nitrogen from organic fertilization would remain lower than that
achieved by synthetic fertilization; the levels of carbon-based
secondary metabolites such as phenolic compounds are higher in
organic plants.”""

The development of tools and metabolomic markers to
monitor the quality of these products is necessary. With the
recent develop in plant bolomic techniques,' it is
possible to detect several hundred metabolites simultaneously
and to > compare nmples relubly for differences and similarities in

a and geted manner.
Until now, metabolomic approaches in tomatoes have cnl{
been used to define al to fruit induced by

and to mveshqate metabolomic changes taking place during fruit
development.*** To our knowledge, comprehensive biochem-
ical studies on the effect of the agronomic environment on the

henolic content of tomato-based prod have not been
rcponcd. Many studies have shown lhat phenol intake improves
health and prevents chronic diseases." We carried out a pilot study
to identify the differences between organic and conventional

)
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ketchups on the market through a combinauon of MS tech-

niques, liquid ch ion time-of-
flight mass spectrometry (LC ESI- QToF MS) and liquid chro-
ization tandem mass spectrometry

(LC-ESL QqQ), and two additional analyses, total polyphenol
(TP) and hydrophilic antioxidant capacity assays.

B MATERIALS AND METHODS

Standards and Reagents.Atlnmpbmdmndu\kwmhmdled
without exposure to light. Caffeic and ands,nmz\dtpmnh,
Folin-Ciocalteau (F-C) reagent, 2,2'-azinobis( 3-ethylt li

Anal

ysis of Total Polyphenols. Solid-phase extraction (SPE)
was carried out to eliminate interferences such as ascorbic acid, amino
acids, and reducing sugars, which could contribute to an overestimation
of the values of TP. For this procedure, Oasis MAX cartridges with
30 mg of mixed-mode anion-exchange and reversed-phase sorbent from
Waters (Milford, MA) following the procedure of Vallverdd-Queralt
etal." were used. The eluted fractions were evaporated under nitrogen
flow, and the residue was reconstituted with up to 250 uL of Milli-Q
water containing 0.1% formic acid and filtered through a 13 mm, 0.45 yim
PTEE filter (Waters) into an insert-amber vial for HPLC analysis.

For the TP assay, each sample was analyzed in triplicate: 20 uL of the
cluted fractions was mixed with 188 uL of Milli-Q water in a thermo
microtiter 96-well plate (Nunc, Roskilde, Denmark); then, 12 4L of F-C

fonic acid (ABTS), phaplut&buﬂfurd saline (I’BS), pH 74, (£)-6-
hydroxy-2,5,7,8 hyl boxylic acid (Trolox) 97%,
manganese dioxide, and 2,2 diphenylpicrylbydrazyl (DPPH) were

reagent and 30 uL of sodium carbonate (200 g/L) were added. The
mixtures were incubated for 1 h at room temperature in the dark. After
the reaction period, 50 uL of Milli-Q water was added, and the
bsorbance was d at 765 nm in a UV—vis Thermo Multiskan

pmthascd(mmblgma(SLlnub,MO)md 8 7-

ide, and k ferol-3-0-ruti de from Extrasynthe (Gmy,
Frmcc) Ethanol and formic acid of HPLC grade were obtained from
Scharlau (Barcelona, Spain), and ultrapure water (Milli-Q) was from
Millpore (Bedford, MA).

Processing Condltlons of Organic and Conventional To-
matoes. C i receive herbicides and other pesti-
cides as needed, whereas organic crops n-cm unly orgamﬂ!ly :ppm\'rd
pesticides such as sulfur and benzoth
farms utilize fertili solnbk nmogm and other
nutrients, which are more dsmlly available to plants. Organic systems
emphasize the accumulation of soil organic matter and fertility over time
through the use of cover crops, manures, and composts and rely on the
activity of a diverse soil ecosystem to make nitrogen (N) and other
nutrients available to plants. The amount of N present in cover crops
varies from year to year, but, !ypml}y organic plots currently receive
between 240 and 260 kg of N ha ™" per year in addition to the N fixed by
the legume cover crop. Conventional tomatoes usually receive 50 kg
ha™" of an N~P~K starter fertilizer and 118 kg ha™" of ammonium
nitrate as side dressing'®

Processing Conditions and Ingredients of Commercial
Ketdlups. From a tedmo!ogal point of view, the main difficulty in
the p of k g the most appropriate variety of
organic or | with good y and suitable
degrees Brix to produce tomato paste between 30 and 32 *Brix. More-
over, the use of resistant and tolerant varieties can be advantageous in the
management of pest control. For example, varieties such as Supreme,
Gold, Fresh, and Belle are more resistant to diseases and are the most
commonly used for tomato-based organic products such as ketchups.

Organic and conventional tomatoes are used to produce organic and
conventional ketchups. Tomatoes are sorted, washed, and chopped, and

Spectrum  spectrophotometer (Vantaa, Finland). This spectropho-
tometer allowed the absorbance of a 96-well plate to be read in 10 5.
Results were expressed as milligrams of gallic acid equivalents (GAE) per
100 g of fresh weight (FW)."

Antioxidant Capacity. The antioxidant capacity in tomato juices
was measured using an ABTS" radical decolorization assay and a DPPH
assay following the procedure of Vallverdd-Queralt et al."* with minor
modifications.

ABTS" Assay. One millimolar Trolox (antioxidant standard) was
prepared in PBS once a week. Working standards were prepared daily by
diluting 1 mM Trolox with PBS.

An ABTS' radical cation was prepared by passing a 5 mM aqueous
stock solution of ABTS (in PBS) through manganese dioxide powder.
Excess manganese dioxide was filtered through a 13 mm 0,43 ym filter
PTFE (Waters), Before analysis, the solution was diluted in PBS, pH 7.4,
to give an absorbance at 734 nm of 1.0 & 0.1 and preincubated in ice.
Then, 245 uL of ABTS' solution was added to 3 uL of Trolox or to
tomato samples, and the solutions were stirred for 30 5. The absorbance
was recorded continuously every 30 s with a UV -vis Thermo Multiskan
Spectrum spectrophotometer for 1 h, and PBS blanks were run in
each assay.

The working range for Trolox (final concentration = 0~750 uM) was
based on triplicate determinations and consisted of plotting the absor-
banceasap ge of the absort of the uninhibited radical cation
(blank). The activities of the tomato samples were assessed at four
different concentrations that were within the range of the dose—
response curve, Each sample was analyzed in triplicate at each concen-
tration. Results were expressed as millimoles of Trolox equivalent (TE)
per 100 g of FW.

DPPH Assay. The antioxidant capacity was also studied through the

wine vinegar, salt, aroma,

dwndwmmlopaﬁe(éS",MmdSl“Bm)mmcdmlhwgu luation of the free radical ging effect on DPPH radicals.
(aym:k:tdnlps)whﬂs«fmdmmw jonal ketchup Solutions of known Trolox were used for calibration. Five microliters
d The mixture is p ized of ple or Trolox ixed with 230 4L of methanolic DPPH

of ketchup (0025 g/L). The b was shaken vigorously and kept in

al96°Cfor4—6mmThemhm ufaaunng
genenally takes between 2 and 3 h. Finally, thci:«:tdwup|sbotti=<l.“l~

The manufacturing date controls are January 2010, April 2010, and
September 2010. A total of 15 ketchups commercially available in Barcelona
markets were analyzed on each facturing date: 10 | and
5 organic.

Extraction and Isolation of Phenolic Compounds. All
ketchups (1.0 g) were weighed and homogenized with 4 mL of 80%
ethanol in Milli-Q water, They were then sonicated for 5 min and
centrifuged (4000 rpm at 4 °C) for 20 min. The supematant was
transferred into a flask, and the extraction was repeated. Both super-
natants were combined and evaporated under nitrogen flow. Finally, the
residue was reconstituted with up to 1.5 mL of Milli-Q water containing
0.1% formic acid. Samples were stored at —20 °C until analysis.

11704

darkness for 30 min. Absorption of the samples was measured on a
UV=vis Thermo Multiskan Spectrum spectrophotometer at SIS nm.
The percentage of inhibition of the DPPH was calculated and plotted as
a function of the concentration of Trolox for the standard mfmn« dau.
The final DPPH values were calculated using a reg
between the Trolox concentration and the percentage of DPPH lani-
tion, and results were expressed as millimoles of TE per 100 g of FW.
HPLC-ESI-QToF Analysis. The chromatography was performed
on an Agilent 1200 RRLC (Agilent, Waldbronn, Germany) using a Luna
Cyy column 50 x 2.0 mm intenal diameter, S um (Phenomenex,
Torrance, CA). The flow rate was 0.4 mL/min, and the injection volume
was 5 (L. Mobile phases consisted of 0.1% formic acid in Milli-Q-water
(A) and 0.1% formic acid in acetonitrile (B). Separation was carried out

dxdolorg/10.1021/f202823s Y. Agric. Food Chem. 2011, 59, 1170311710
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over 20 min under the following conditions: 0 min, $% B; 16 min, 40% B;
17 min, 95% B; 19 min, 95% B; 19.5 min, 3% B. The column was
equilibrated for 3 min prior to each analysis. The HPLC system was
coupled to a hybrid quadrupole time-of-flight QSTAR Elite (AB Sciex).
The MS acquisition was performed in negative ionization using infor-
mation-dependent acquisition (IDA) between m/z 90 and 1100. MS
parameters were as follows: ion spray voltage, —4200 V; declustering
potential, —60 V; focusing p L, ~190 V; decl g potential 2,
~15 V; ion release delay, 6 V; ion release width, 5 V; temperature,
400 °C with curtain gas (N,), 50au (ubimryunm),aunlmygx,wau;
and nebulizer gas (N;), 50 au. IDA was p d using the followi

criteria: jons that exceed § counts; ion |o|mn<e. 50 mDg; collision
energy fixed at 30 V; dynamic background subtraction activated. The
QToF was calibrated as ded by the fa The

. of injections were randomized

The significance of the results was analyzed using MarkerView 12
software (Applied Biosystems, MSD SCIEX, Toronto, ON, Canada),
which performs feature extraction by peak-finding for each sample and
alignment using a minimum peak width of 1 mg/L with a noise threshold
of § and a subtraction multiple factor of 1.5, Alignment used 0.04 lnDa
mass tolerance and 0.06 min ion time toll Addi
variables were required to be present in at least five samples. Wnluhese
parameters a data set containing 1200 mass features was obtained.

LC-ESI-QqQ Analysis. To evaluate the differences between or-
ganic and conventional production systems, phenolic compounds were
quantified using LC-ESI-QqQ. An API 3000 (PE Sciex, Concord, ON,
Canada) triple quadrupole mass spectrometer equipped with a Turbo
lonspray source in negative-ion mode was used to obtain MS/MS data.
Turbo lonspray source settings were as follows: capillary voltage, — 3500 V;
nebulizer gas (Ny), 10 au (arbitrary units); curtain gas (Ny), 12 au;
collision gas (N,), 4 av; focusing potential, ~200 V; entrance potential,
~10V; drying gas (N,), heated to 400 °C and introduced at a flow rate
of 8000 cm”/min. The dcdustering potential and collision energy were

Figure 1. Volcano plot (log, fold charge vs ~log,q p value) represent-
ing the entire set of data (1200 features),

593 = 285 (CE, =30 V); and ethyl gallate (internal standard) m/z
197 = 169 (CE, =25 V).

Quantification of phenolic ds was performed by the intemal
standard method. Polyphenols were quanuﬁed with respect to their
corresponding standard. When standards were not available, as in the
case of caffeic-O-hexoside and ferulic-O-hexoside acids, they were quantified
widmspc«to&wconwondhghydmydnmmkadd(aﬁdcmd&nik

acds). The i of chl e acid (caffcoylquinic and dicaffcoylqus
mds)wurqmnnﬁedwﬂnspmmxk acid.

The liquid chromatograph was an Ap'ltm mnﬁ 1100 HPLC instru-
ment (Agilent, Waldb G y) equipped with a g

pump, an autosampler, and a column oven set to 30 °C. Mobile pluses
d of 0.1% formic acid in Milli-Q water (A) and 0.1% formic acid

d for each pound in infusion experi individual
sundml solutions (10 pg/mL) dissolved in 50:50 (v/v) mobile phase
were infused at a constant flow rate of § L./min using a model syringe
pump (Harvard Apparatus, Holliston, MA). Full-scan data acquisition
was performed scanning from m/z 100 to 800 in profile mode and using
acycle time of 2 s with a step size of 0.1 uand a pause between each scan
of 2 ms. To confirm the identity of some compounds, neutral loss scan
and precursor jon scan experiments were carried out. MS/MS product
ions were produced by collision-activated dissociation (CAD) of

in acetonitrile (B). The injection volume was 20 uL, and the flow rate
was 0.4 mL/min. Separation was carried out for 20 min under the
following conditions: 0 min, 5% B; 16 min, 40% B; 17 min, 95% B; 19
min, 95% B; 19.5 min, 5% B. The column was equilibrated for 5 min
prior to each analysis,

Statistical Analysis. Mass profiles were obtained using Marker
View 12 software and Statgraphics Plus 5.1, Analysis of variance
(ANOVA) was used to remove possible mass features shared by all
ketchups that could lead toa pattern of noninformative signals.

selected precursor ons in the collision cell of the triple-quadrupole mass
spectrometer and mass analyzed using the instrument’s second analyzer.
Additional experimental conditions for MS/MS included collision
energy (depending on the compound), CAD gas (nitrogen) at 6
(arbitrary units), and scan range, as necessary for the precursor selected.
Neutral loss scan of 162 u was carried out by scanning within the m/z
range from 200 to 800 u, and precursor ion scan experiments were
carried out by scanning QI between 300 and 800 u. In all of the
experiments, both quadrupoles (Q1 and Q3) were operated at unit
resolution,

For data were collected in the multiple
reaction monilodng (MRM) mode, tracking the transition of parent
and product ions specific for each compound. In particular, we selected
15 transitions corresponding to ferulic acid-0-hexoside m/z 355 = 193
(CE, ~20 V); ferulic acid m/z 193 — 134 (CE, ~20 V); chlorogenic
acid m/z 353 — 191 (CE, 20 V); cryptochlorogenic acid m/z 353 —
191 (CE, =20 V); neochlorogenic acd m/z 353 — 191 (CE, 20 V);
dicaffeoylquinic acids m/z $15 — 333 (CE, =20 V); caffeic acid m/z
179 = 138 (CE, =20 V); caffeic acid-O-hexoside m/z 341 — 179 (CE,
~20V); quercetin m/z 301 = 151 (CE, — 30 V); rutin m/z 609 — 300 (CE,
=50 V); naringenin m/z 271 —= 151 (CE, ~30 V); naringenin-7-0-
glucoside m/z 433 =271 (CE, —20 V); kaempferol-3-0-rutinoside m/z

"

Therefore, one-way ANOVA was used to compare the effects of the
different types of ketchups on metabolome modifications. Prior to each
analysis, the data set was mean-centered and Pareto-scaled. We selected
this scaling because it effectively increases the importance of low-
concentration metabolites, albeit not to an extent that noise con-
tributes to the model.

W RESULTS AND DISCUSSION

The view that organic foods are “healthier” than those
produced conventionally appears to be based on the perception
that organic foods have superior sensory attributes, contain lower
levels of pesticides and synthetic fertilizers, and have higher levels
of nutrients and protective phytochemicals. Conversely, it has
been suggested that the application of manure and reduced use of
fungicides and antibiotics in organic farming could result in a
greater contamination of organic foods by micro-organisms or
microbial products.®”

Untargeted Metabolomic Analysis. To establish the varia-
tions between the different organic and conventional agronomic
techniques and to d which metabolite has the greatest

11705 dudolorg/10.1021/#202822s | Agric. Food Chem. 2011, 53, 1170311710
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Table 1. Significantly Different Compounds (P < 0.05) b Organic and C | Ketchup
ratio mean
compound type [M-H] m/z ions accmass  mDa MF conventional/mean organic

gutamylphenylalani sonal 293 164 (70), 147 (100), 103 (40) 2931143 04  CHuN,O,

n-malonyl tryptophan conventional 289 203 (40), 159 (20), 142 (40) 289083 09  C,H.N,O,

caffeic acid-O-hexoside 1|~ organic 341 179 (100), 135 (20) 3410877 16 CHL0, 07033
caffeic acid-O-hexoside 2 organic M 179 (100), 135 (20) 0877 07 CyHuOy 06139
caffeic acid” organic 17 135(100), 107(20) 1790349 14 CH,0, 06366
neochlorogenic acid onganic 353 191 (100), 179 (80), 135 (30) 3530877 07  CiHuOs 03912
cryptochlorogenic acid oeganic 353 191 (30) 173 (100), 135(20) 3530877 08  C,H,,0, 03894
chlorogenic acid” organic 153 191 (100) 3530877 15 CH0, 0.6468
ferulic acid-0-hexoside onganic 35% 193(65), 178 (30), 149 (100) 3551034 25 CyHwOy 06240
rutin® organic 609 609 (100), 300 (30) 6091460 05 CypHyO 07101
quercetin® organic 301 301 (10), 151 (100) 3010353 04 CiHi0s 04419
kaempferol3-O-rutinoside”  organic 593 593 (100), 285 (60) 931511 07 CypHyO 06540
naringenin® organic 71 151 (80), 119 (100) 710611 15 CyHu0; 06790
naringenin-7-O-glucoside’  organic 433 433 (10), 271 (100) 430140 L1 CyHu04 06503
dicaffeoylquinic acid 1 organic SIS SIS (20), 353 (100), 191 (S0)  S1S.1194 0.1 CyHyOy 07028
dicaffeoylquinic acid 2 onganic s18 $15(20), 383 (100), 191 (30) 3151194 01  CuHu0, 06065

“ Comparison with standard.

effect on the overall metabolomic composition of ketchups, mass
profiles were obtained using Marker View 1.2 software and Stat-
graphics Plus 5.1,

mass characterization of phenolic compounds has been widely
described m lhc literature for tomatoes and tomato-based

A volcano plot (log, fold charge vs ~log;o p value) rep
ing the entire set of data (1200 features) is shown in Figure 1.
Metabolites with statistically significant differences b

products,”~ thu is the first time that glutamylphenylalanine
and N-mal yptophan have been found in conventional
tomato kelchups

of the ch in the ToF-MS mode

organic and conventional ketchups lie above the horizontal threshold
line. Then, the data set was mean-centered and Pareto-scaled
after removal of all mass features showing nonsignificant p values
or other mass features that were due to interferences between
organic and n:onvenuoml I(clchup samplﬁ Alist ofsigniﬁunﬂy
different mass ¢ features | ic and
conventional ketchups is shown in Table 1. The clemental
composition was selected according to the accurate masses and
isotopic pattern (through the Formula Finder feature in Analyst
QS 2.0). Then, the elemental composition obtained was sought
in the Dictionary of Natural Products (Chapman and Hall/CRC),
the MOTO database (http://appliedbioinformatics.wur.nl/moto),
and CAS SciFinder. Interpretation of the observed MS/MS spectra
in comparison with results found in the literature was the main
tool for putative identification of metabolites.

The ds found in significantly higher (P < 0.08) amounts
in organic nthcr than conventional kctdwpa were caffeoylquinic
and dicaffeoylquinic acids, caffeic and caffeic acid hexoddcs, kaemp-
ferol-3-O-rutinoside, ferulic-O-hexoside, naringenin-7-O-glucoside,
naringenin, rutin, and quemeﬁn whereas giumnylphenyhhnhm

and N-malonyll 1 d only in s
bnmls.ltwnspodbktod:ﬁ thnsomenof ffi

ylquinic, and caffeic-O-hexoside acid in relative intensities in
MS?® spectra using LC-ESI-QToF. Table 1 shows the list of 16
compounds identified through HPLC-QToF-MS having levels that
were significantly different (P < 0.05) between organic and con-
ventional brands, along with retention times (rt), accurate mass (acc
mass), molecular formula (MF), and millidaltons (mDa) of error
between the mass found and the accurate mass of each metabolite
and the MS-MS ions used for the identification.

Mass Characterization of Glutamylphenylalanine and
N-Malonyltryptophan in Conventional Ketchups. Although

suggested the presence ofgluhmylphcnylahnme (m/2293) and
N-malonyltryptophan (m/. 289) with errors of 0.39 and 0.90
mDa, respectively. The MS” of m/z 293 showed ions at m/z 164,

147, and 103, which may contspond to losses of CsH-NO;
NHy, and COO, respectively. The MS?* of m/z 289 showed ions
at m/z 203, 159, and 142, which could be attributed to losses of
CyH,047, COO, and NHy, respectively. Glutamylphenylala-

nine is reponcd here for the first time, whcrezs N- malonyl

tryp isap indole comp idespread in
higher plants and found in leaves, fruits, and seeds of wheat
and tomatoes.”****

Itis well-k that the biosynthesis of phenoli d
in plants is slmngly influenced by the cultivar® and mode of
fertilization.® The level of carbon-based secondary metabo-
lites such as phenolic compounds is usually higher in organic
plants”"” due to their defensive role in plants under stress
conditions.”” Qur results for nitrogen compounds are in line
with a German review reporting a lower nitrate content in organic

vgmﬂulnnwlyallcammdlmpmemmorg:mcceml
grains.™ These differences are reflected in our metabolomic
analysis, which detected 14 metabolites as chemotaxonomic ketch-
upnurkusabletodlshngmhbelwunwnmsﬁvmdlﬁuenl

The pp mal(cs it pos-
sible to detect several hundred metabolites simul ly and to
reliably compare samples for differences and similarities in a semi-
automated and, above all, untargeted manner.

Analysis of Total Phenolic Content and Hydrophilic Anti-
oxidant Capacity. The F-C assay showed that organic ketchups
contained ngmﬁcamly (P < 0.05) higher concentrations of TP
than duced ketchups (results shown in Table 2).
Asimilartrend was observed for hydrophxhc antioxidant capacity,
with the lowest being determined in conventional ketchups.

11706 ddolony/10,1021/)202822s . Agric. Food Chem. 201159, 11203-11710
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Table 2. Total Phenolic Content and Hydrophilic Antioxi-
dant Capacity Using ABTS" and DPPH Assays Expressed as
Mean £ SD of Organic and Conventional Ketchups®

total phenolic ABTS® DPPH

content (mg GAE/  (mmol TE/  (mmol TE/

ketchup 100 g FW) 100 g FW) 100 g FW)
conventional
G 943 = 0.10ab 378 0092 495 =011a
Cy 961 £0.12b 381£007a 467 £ 008b
(o 9.03 £ 0.08¢ 389+ 010b 493 £ 008a
Cy 14 x011d 345 £006¢ 420 £ 009¢
Cs 940 £0.17a 337 £008¢ 394 £ 008d
Ce 961 £0.13b 365 +008d 421 £007¢
G 862£016e 271 £008¢ 321 £009¢
Cy 846 £0.19¢ 324 £ 0.08¢ 4152010
Cy 762 £ 0131 259+ 0068 346 £ 009
Cio 807 £0.10d 265 009¢g  325%01le
organic

0, 1156 = 0.18g 425 £007h $38x042¢g
(e} 1261 £011h 441 £ 0061 S50 £0.10h
0y 1222 £ 015§ 427 £ 006h 521 £ 009§
0, 1237 £ 016 419 £007h 509 £ 0.10§
(L1 1230 £ 012§ 453 4 007§ 545 £ 009gh

“Letters in the columns represent significant statistical differences (P <
0.03). GAE, gallic acid equivalents; TE, Trolox equivalent; FW, fresh
weight; SD, standard deviation.

Data on the phenolic composition of fruits and vegetables
grown either organically or conventionally remain scarce in the
literature, because these compounds have only recently been
considered as interesting functional microconstituents due to
their role in the p of cancer, ¢ ular di and
degenerative diseases. Among papers mentioning total phenolic
content, the majority describe a higher phenolic concentration in
organically grown fruits or vegetables.™ Our results are in
accordance with these studies because organic ketchups showed
a higher content of polyphenols and antioxidant capacity than
conventional ketchups.

Quantitation of Individual Polyphenols in Conventional
and Organic Ketchups. Specific polyphenol compounds were
monitored in conventional and organic ketchups, with the results
shown in Table 3. The main polyphenol in all ketchups was rutin,
present at levels ranging between 40.88 and 77.65 ;lq/ug W,
followed by naring, as reported in other studies.**" Rutin
and naringenin concentrations were significantly higher in the
ketchups made from organically grown tomatoes. Chassy et al.™!
found significantly higher mean levels of soluble solids, flavo-
noids, total phenolics, and ascorbic acid in organic tomatoes than
in their conventional counterparts grown in model plots over a
3-year period.

Hydroxycinnamic acids were mainly represented by ferulic
acid-O-hexoside, the content of which ranged from 15.59~
2924 ug/g FW in conventional ketchups to 34.50-40.85 ug/g
FW in organic ketchups. Caffeic acid-O-hexosides and caffeic
acid followed a similar trend, with higher levels found in organic
ketchups.

Table 3. Content of Polyphenols Expressed as Mean £ SD of Organic and C ional Ketchups; superscript *
Hg/gFW
ketchup ferulic acid-O-hexoside caffeic acid-0-hexoside | caffeic acid-O-bexoside 2 caffeic acid
conventional
C 24 £072a 38T L0011 123 £ 006a 141 £ 0042
G 2808 £ 040b 30142 152 = 004b 134 = 0050
Cy 2832 £ 087b iszxoab 148 £ 007b 133 £ 005b
Cy 15.59 £ 0.36¢ 2204 007¢ 136 £ 005 ¢ 118 £ 004¢
Cy 2591 £ 058d 392 £ 0052 136 £ 007¢ 1.90 £ 0.05d
Cy 1923 £ 064¢ 293 £ 008d 137 £007¢ 124 £ 005¢
Cs 1958 £ 0.72ef 284 4 008d 103+ 0044 119+ 005¢
Cy 2276 £ 075g 3204&011e 136 £ 005 ¢ 174 £ 005 ¢
G 2683 £075h 2.50 £ 0.09f LIS 0Me 1.76 £ 006¢
Cio 20,14 £ 0531 333+010g 140 = 0.04¢ 140 = 0042
organic
0, 3484 £ 038h 402 £ 009h 200 £ 0.06f 208 £ 0031
0, 4085 £ 0911 431 013§ 239+ 004g 2893004
0, 3962072 499 £ 011§ 220 £ 0.06h 240 £ 0.04h
0, 39.04 £ 094 400 £ 0.10h 188+ 0061 173 £ 0031
O 34.50 £ 0.69h 830 £ 006k 233+ 0058 228 £ 003§
MR FW
Ketch Blorogenic acid yptochlorogenic acd Hlorogenie ackd diaffeophquinic 3cd | Jeaficoplquinic 3cd 2
conventional
G 056 £002a 018 £001a 1024 0042 036 £ 0012 024 £001a
G 057 £001a 022:£001b 938 £ 0.09b 0350+ 001b 038 £ 001b
Cy 076 + 003" 026+ 001¢ 947 £ 0.15bc 030 £ 0.02b 042 £ 0.02¢
1707 ddolony10.1021//2028225 L Ageic. Food Chem 2011, 59, 11703-11710
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Table 3. Continued

/g FW
ketchup ncochlorogenic acid cryptochlorogenic acid chlorogenic acid dicaffeoylquinic acid 1 dicaffeaylquinic acid 2
C, 043 +002d 014+ 0014 $58 +0.104 047 +0.02¢ 031+ 001d
Ce 073 £ 002b 032+ 001e 954 + 0.12¢ 055 + 0.02d 044+ 001 e
Gs 079 4 003¢ 035+ 001f 1104 £ 0.12¢ 048 £ 001 ¢ 045 £ 001 ¢
G 065+ 002e 036+ 0011 649 + 0,061 043+ 001 041 £ 001 ¢
C, 091 £ 002f 029 001g 885+ 0.12g 039 £ 0,02f 044 £ 001 ¢
G 088+ 001 g 027+ 001¢ 709 £ 007h 046 £ 002¢ 0340016
Ci 077 £002¢ 032£001¢ 693 £ 008§ 033£001g 0.36 £ 001b
onganic
0, 157 £ 002k 066+ 001h 1328 £ 015§ 071 £001h 071 + 001 f
0, 120 4 0.02i 044 400114 1249 £ 013k 074 £ 001 061 + 002g
0 244 £ 002 0.96 % 001 1353+ 0171 0.66 % 001 067 + 001 h
0, 232007k 057 £ 002k 1281 £0.13m 056 2 001k 058 & 0.02i
04 148 £ 0061 088 + 0021 1330 + 0.15) 051+001b 053 + 001§
Hg/g FW
ketchup rutin quercetin naningenin naringenin-7-O-glucoside kaempferol-3-O-rutinoside
conventional
C, 6400 £ 1.04a 056 % 0.02a 4430 = 1.10a 3410082 2937 £ 0824
G 5430 = 1.59b 061 £001b 5496 = 1.24b 334201330 2088 % 1.28a
[ 6024 % 1.33¢ 067 % 0.02¢ 4013 % 125¢ 323+ 013b 2925 + 0.76ab
C, 5584 + 124b 026 4 001 d 3497 £ 1434 224 007¢ 1634 £ 052¢
[ 4958 £ 1.03d 061 £001b 4566 L 1484 2394 009d 2908 £ 099ab
Cs 4528+ 121 063 % 002b 3774 +323¢ 270+ 008¢ 2131 +078d
s 5388 = 098b 050 4 0.02¢ 2787 + L14f 225 4 008¢ 1613 £ 064¢
G 49.07 £ 1.36 049 001 ¢ 3855+ 1.00¢ 177 % 0071 2897 + 0.68ab
G 4196+ 161 053 %0011 2979+ 1248 127 +006g 2748 + 094 ¢
Ci 4088 = 1.78g 039 % 0.02g 4028 % 1.58h 199 % 0.08h 28.24 = 0.75be
organic
0, 69.50 £ 1.26h 0734 001h 5276 4 1601 369+ 0071 A7+ L02e
0, 7518 1274 120 £ 0034 6081 % 1.17j 364 £ 0071 38598 & 142
0, 68.57 £ 1.55h 0580 £ 002§ 5733 = 188k 401 = 0.05§ 4001 £ 1.02g
0, 7190 % 1.66) 196 £ 008k 67.16 + 1371 306 4 003k 3868 4 103K
[eN 7765 + 088k 125 4 0031 5225 4 142m 449 + 0021 4685 + 128§

“Letters in the columns represent significant statistical differences (P < 0.05). FW, fresh weight.

Chlorogenic acid isomers were also present in ketchups.
Chlorogcnic acid was the most abundant caffeoylquinic acid,
ranging from 5.58—11.04 ug/g FW in conventional ketchups
to 12.49-13.53 ug/g FW in organic ketchups. These results
are in line with those reported by Caris-Veyrat et al,™ who
retrieved significantly higher conc ions of chl
acid and glycoalkaloids from organic tomatoes (P < 005) in
comparison to the conventional variant. Absolute differences
in the levels of dicaffeoylquinic acids were also found in the
two types of ketchup, dicaffeoylquinic acid 1 being the most
abundant among the majority, ranging from 0.33-0.55 ug/g
FW in conventional ketchups to 0.51-0.74 ug/g FW in

from 1.27-3.41 ug/g FW in conventional ketchups to 3.06—
449 /lg/g FW in organic ketchups.
Is were rep d by rutin followed by kaempferol
3- O rutinoside and quercetin. ’l’hc organic ketchups had hlghcr
levels of rutin (68.57—77.65 ug/g FW) than the conventional
ones (40.88— 6400/(3/3 FW) The same pattern was observed
-3-0

for g in and }

Shmhdy, the concentrations of quercetin and kaempferol
were much lower in the conventionally produced ketchups.
Mitchell etal.* described results in line with our study, repomng
that the mean level of the fl id: and
kaempferol was significantly higher (P < 0.001) in tomato
nmplcs ﬁvm the organic cropping system than in those produced

organic ketchups,
Fl. were d by naringenin and naringenin-7-
O-glucoside, with ions being determined in

c lly. They suggested that there is a significant difference
b themosystemsmﬂ:umountofﬂ:vonodsocwnmgm

organic ketchups. Naringenin levels ranged from 27.87-54.96
Hg/g FW in conventional ketchups to 52.25~67.16 ug/g FW in
organic ketchups, and levels of naringenin-7-O-glucoside varied

ripe fruit at harvest. Therefore, different food cultivation methods
may result in differences in the content of secondary metabo-
lites such as polyphenolic compounds. Grinder-Pedersen et al.

11708 dxdoloeg/10.1021/2028225 |1 Ageic. Food Chem 2011, 59, 11703-11710
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d diets (CPD) and organically
pmdu«d diets (OPD) i in 2 human crossover intervention study
(n = 16) in terms of the intake and excretion of five selected
flavonoids and the effect on markers of oxidative defense. The
urinary excretion of quercetin and kaempferol was higher after
22 days of intake of the OPD than of the CPD (P < 0.05). There-
fore, the food production method affected the content of the major
ﬂavonouds,qmeunandhcmpfcml,mbodsanddsoaﬁtaed
unnaryﬂzvonmdsandmzrkmofondmonmhmns.

(2) Williams, C. M. Nutritional quality of organic food: shades of
grey or shades of green? Proc. Nutr. Soc. 2002, 61 (1), 19-24.

(3) Worthington, V. Effect of agricultural methods on nutritional
quality: a comparison of organic with conventional crops. Altern. Ther.
Health Med. 1998, 4 (1), 58-69.

(4) Hakkinen, S. H; Torronen, A. R. Content of flavonols and
selected phenolic acids in strawberries and Vaccinium species: influence
of cultivar, cultivation site and technique. Food Res.Int. 2000, 33, 517-524.

(5) Romero-Perez, A. L; Lamuela-Raventos, R M.; Andres-Lacueva,
C,; Tarre-Boronat, M. C. Method for the quantitative extraction of

In another study p d to evaluate the p I con-
tent of apples (Golden Delicious) grown under defined organic
and conventional conditions, it was found that organically pro-
duced apples showed signlﬁunlly higher concentrations of chlo-
rogenic acid, fl ls, and dihydrochal than the
conventionally produced fruits, ™

The results obtained in this study of metabolite profiling led to
the distinction of features that differentiate between organic and
conventional ketchups. Following chromatographic alignment
and peak detection, statistical analysis was performed to identify
metabolites that may serve as markers for organic and conventional
ketchups. It was observed that organic cultivation can pmvwlc
tomatoes and tomato-derived pmducts with a significantly hi

content or . 1. g IIL ’jl +
and Neadouih N 1 only in |
brands.Phn(dcfmse-nlmdseconduymeabolimaregmﬂy

idered to be the most imp determinant of the nutritional
v:!ueofﬁ'\nsmdvegenblsmddmsorgmkﬂygwnpmdtm
are more health-p i
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9. Capitol IX: Diferéncies en el contingut de carotens dels quétxups i gaspatxos a
través d’un métode HPLC-ESI-(Li')-MS/MS correlacionat amb la seva capacitat

antioxidant

Anna_ Vallverdd-Queralt, Miriam Martinez-Huélamo, Sara Arranz-Martinez, Esther

Miralles & Rosa M. Lamuela-Raventés. Journal of the Science of Food and Agriculture.

2012, 92: 2043-2049.

Resum: Els carotens sdn compostos antioxidants molt importants en la dieta humana.
Poden existir en forma cis o trans, els quals sén dificils de diferenciar en mostres
naturals. En quétxups i gaspatxos, les formes isomeériques trans sén les predominants.
No obstant aix0, durant el processat térmic es poden formar isomers en forma cis. Per
tant, la determinacié de carotens en mostres d’aliments és necessaria per a l'avaluacié
del seu valor nutricional.

El caroté majoritari dels quetxups és el trans-licopé, el qual és el principal responsable
de la capacitat antioxidant dels quétxups, mentre que, en els gaspatxos, el 5-, 9- i 13-
cis-licopens, la luteina, el /- i a-carotens contribueixen de manera significativa en la
capacitat antioxidant. Els quétxups presenten una capacitat antioxidant més elevada a
causa del seu elevat contingut en trans-licopé, el principal caroté dels tomaquets.
L’analisi directa de carotens per MS sovint proporciona baixes sensibilitats, per la qual
cosa sOn necessaries técniques de derivatitzaciéd. Conseglientment, es presenta un
meétode per MS fent servir I'ESI com a font d’ionitzacié per analitzar els carotens dels
quétxups i gaspatxos mitjancant una addicié postcolumna de clorur de liti per afavorir
la cationitzacié dels carotens. Aquest és el primer estudi que presenta la identificacié

del 5-, 9- i 13-cis-licopens en quéetxups i gaspatxos.
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Differences in the carotenoid content
of ketchups and gazpachos through
HPLC/ESI(Li*)-MS/MS correlated

with their antioxidant capacity

Anna Vallverdu-Queralt,2P< Miriam Martinez-Huélamo,>?<
Sara Arranz-Martinez,? Esther Miralles® and Rosa M Lamuela-Raventds®?*

Abstract

BACKGROUND: Carotenoids are important antioxidant compounds in the human diet. Owing to their constrained polyene
structure, carotenoids can exist in cis and trans isomeric forms that can be difficult to diffi in natural les. In
ketchups and gazp all-trans i ic forms are p i , during | il i are
formed. Therefore the determination of id i

pr g, cis
ired for the of the nutritional value of foods.

isreq

RESULTS: The main carotenoid found in ketchups was trans-lycopene, whereas in gazpachos a higher contribution to the
total carotenoid content was made by other carotenoids such as 5-, 9- and 13-cis-lycopene, lutein, f-carotene and «-carotene.
Ketchups exhibited the highest lipophilic antioxidant content owing to their higher content of trans-lycopene, the main

carotenoid in tomatoes.

CONCLUSION: Direct analysis of ids by el pray i mass sp y (ESI-MS) often produces poor results
requiring offline time- and pl ing derivatisati hniques. Therefore in this work a simple ESI-MS approach is
described for the direct analysis of ids in ketchups and g using the post-column addition of lithium chloride
top te the cationisation of ids. To the best of the authors’ k ledge, this paper p for the first time the

identification of 5-, 9- and 13-cis-lycopene in ketchups and gazpachos.

(€ 2012 Society of Chemical Industry

Keywords: ketchup; gazpacho; carotenoids; HPLC/ESI(LI* ) -MS/MS; antioxidant capacity
== ————————j

INTRODUCTION

Tomatoes and tomato-based products provide an optimal mix of
dietary antioxidants such as phenolic compounds, ascorbic acid,
vitamin E and carotenoids. Carotenoids are naturally occurring
pigments that are found in a wide variety of plant and animal
sources, including various fruits and vegetables and certain
animal tissues and biological fluids. Studies have proven that
consumption of f-carotene, lycopene and other carotenoids
decreases the risk of degenerative diseases such as certain kinds
of cancer and cardiovascular diseases.'? They act as antioxidants
and as free radical scavengers in vivo.

Owing to their constrained polyene structure, carotenoids can
exist in ¢is and trans isomeric forms. The identification of either
different carotenoids or cis/trans isomers of a particular carotenoid
is of special interest.>* In tomatoes and tomato-based products,
all-transisomeric forms are predominant. However, during thermal
processing, cis isomers are formed. Research indicates that more
than 50% of the carotenoids found in the human body are present
in the cis isomeric form, leading to the hypothesis that the cis
isomeric form is the most bioavailable form in the human body.

Typically, separations of carotenoids have been carried out
through the use of Cyg stationary phases.” More recently, a C3o

stationary phase has been developed that gives dramatically
improved resolution and selectivity of carotenoids and their
isomers.2

For the identification and quantification of carotenoids, high-
performance liquid chromatography (HPLC) with ultraviolet (UV)
detection is the preferred technique.'” More recently, mass
spectrometry (MS) has been introduced. The common ionisation
technique used is atmospheric pressure chemical ionisation (APCI).

=

* Correspondence to: Rosa M Lamuela-Raventds, Nutrition and Food Science

Department, XaRTA, INSA, Pharmacy School, University of Barcelona, Av. Joan
XXl s/n, E-08028 Barcelona, Spain. E-mail: lamuela®ub.edu

=

Nutrition and Food Science Department, XaRTA, INSA, Pharmacy School,
University of Barcelona, Barcelona, Spain

o

CIBER CB06/03, Fisiopatologia de la Obesidad y ka Nutricién (CIBEROBN), Spain

~

RETICS RDOG6/0045/0003, Instituto de Salud Carlos Iil, Spain

d Department of Internal Medicine, Hospital Clinic, IDIBAPS, University of
Barcelona, Barcelona, Spain

o

Scientific and Technical Services, University of Barcelona, Barcelone, Spain

J5¢i Food Agric 2012; 92: 20432049

www.soci.org

(© 2012 Society of Chemical Industry

£v0T

147



0T

Resultats

O
SCI

www.socl.org

AVallverdu-Queralt et al.

However, a large number of samples is necessary and sometimes
this cannot be achieved.'' A good alternative is the use of
electrospray ionisation (ESI) where only a small number of samples
is necessary and there are no problems with thermal instability
of some carotenoids, However, this technique is more susceptible
to mobile phase interference, and low detection limits are usually
achieved when compared with APCI for carotenoid analysis. More
recently, efficient ionisation of low-polar compounds such as
carotenoids using ESI has been achieved with prior derivatisation
via the addition of sodium or lithium salts.""

The aim of this work was to describe the carotenoid composition
of gazpachos and ketchups through the use of HPLC-UV and
HPLC/ESILIY) -MS/MS with a non-polar Cyo stationary phase.

Ketchup and gazpacho samples (0.5 g) were homogenised with

5 mL of ethanol/hexane (4: 3 v/v) following a procedure described

in the literature,’® The homogenate was sonicated for 5 min and

centrifuged at 2140 x g for 15 min at 4 'C. The supernatant was

transferred into a flask and the extraction was repeated. The two

were combined and d undernitrogen flow.

Fmally, the residue was veconsmuted with MTBE up to 1 mL and

filtered through a 13 mm, 0.45 pm polytetrafluoroethylene (PTFE)

filter (Waters, Milford, MA, USA) into an insert-amber vial for HPLC
analysis. Samples were stored at —20" C until analysis.

HPLC ion of ids in ketchups and gazpach

L L 9

In this way we identified seven carotenoids: lutein, a-carotene,
fi-carotene, trans-lycopene and 5-, 9- and 13-cis-lycopene. It

Ch graphic analysis was perf d using an HP 1100 HPLC

system (Hewlett-Packard, Waldbronn, Germany) equipped with
aq y pump, an ler and a column oven, The

is imp to eval bioactive compound owing

to ible synergistic and/or gonistic effects on their
conlributwn to antioxidant capacity.

MATERIALS AND METHODS
Standards and reagents

All ples and dards were d without exposure to
light. B-Carotene, a-carotene, lycopene, lutein, methyl tert-butyl
ether (MTBE) and hexane were purchased from Sigma (St Louis,
MO, USA), ethanol and methanol of HPLC grade from Scharlau
(Barcelona, Spain), and ultrapure water (Milli-Q) from Millipore
(Bedford, MA, USA).

oy

Processing conditions and ingredients of ial !

lytes were d on a 250mm x 4.6 mm id., 5um Cy
column (YMC™, Waters) maintained at 20 °C. Theinjection volume
was 20 pL and the flow rate was 1 mL min~". The mobile phases
were water (A), methanol (B) and MTBE (C). Separation was carried
out in 23 min under the following conditions: 0 min, 70% B;
10 min, 20% B; 20 min, 6% B; 21 min, 6% B; 23 min, 70% B. Water
was kept constant at 4% throughout the analysis. The column was
equilibrated for 10 min prior to each analysis. The modification
pvocedure foll i the protocol previously published for Ocimum
basilicum.” MTBE was used as a modlﬁef to facilitate the elution of
lycopene, which is gly retained in a methanol

Diode array detector

RN q

Commercially avail [ dards (lutein, a-¢

Six different commercial brands of each of the !omato-based
products (ketchup and gazpacho) were analysed. All studied
brands contained the same ingredi but in some cases the
amount of each ingredient was not known.

Ketchup

Ketchup is a sweet-and-sour condiment typical of the American
diet, The technological process used to obtain ketchup consists
of mixing the tomato paste (65%, 30-32" Brix) with sugar, wine
vinegar, salt, aroma and preservatives in traces. The mixture is
pasteurised at 96 °C for 4-6 min and packaged in bottles. The
temperature must be carefully regulated to ensure absorp!

of the ingredients without overcooking. The entire process of
ketchup manufacturing generally takes 2-3 h.'?

Gazpacho

Gazpacho is a traditional Spanish soup that can be defined
as a cold soup containing mainly five vegetables - tomato,
cucumber, green pepper, onion and garlic-as well as other
minor components such as extra virgin olive oil, wine vinegar,
salt, sugar and water. The vegetable mixture is cooked and usually
pasteurised (92-95 “C, 1 min) to extend its shelf life.'* The samples
in this study were of canned, bottled packed, comercial gazpachos.

Extraction and isolation of carotenoid compounds from
tomato-based products

The extraction of carotenoids must be carried out very quickly,
avoiding exposure to light, oxygen, high temperatures and also
pro-oxidant metals such as iron or copper in order to minimise
autoxidation and cis/trans isomerisation,

wileyonlinelibrary.com/jsfa
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P and trans-lycopene) were used to identify analytes
by retention times and UV-visible spectra. The HPLC-UV chro-
matograms were acquired at 450 nm wavelength. Afterwards the
UV-visible spectra were recorded in the range of 350~550 nm
for the tentative identification of ¢ ids and their t
rical isomers (cis-lycopene isomers) on the basis of the retention
times and absorption spectrum characteristics described in the
literature. '

Mass spectrometry

An APl 3000 triple-quadrupole mass spectrometer (PE Sciex,
Concord, ON, Canada) equipped with a Turbo lonspray source
in positive ion mode was used to obtain MS/MS data. The Turbo
lonspray source settings were as follows: capillary voltage, 5500 V;
nebuliser gas (N;), 10 (arbitrary units); curtain gas (N;), 12 (arbitrary
units); collision gas (N;), 4 (arbitrary units); focusing potential,
200 V; entrance potential, 10V; drying gas (N;). heated to 400 C
and introduced at a flow rate of 6000 cm? min~'. The declustering
potential and <ol|usoon energy were optimised for each compound
ini dard solution (10 ugmL™")
dissolved in 50 50 (vlv) mobile phase was infused at a constant
flow rate of 5 uL min~" using a syringe pump (Harvard Apparatus,
Holliston, MA, USA).

Full-scan data acquisition was performed by scanning from
m/z 100 to 800 in profile mode and using a cycle time of
25 with a step size of 0.1 unit and a pause between each
scan of 2ms. MS/MS product ions were produced by collision-
activated dissociation (CAD) of selected precursor ions in the
collision cell of the triple-quadrupole mass spectrometer and
mass analysed using the i t's second ly In all
experiments, both quadrupoles Q1 and Q3 were operated at
unit lution, Additi conditions for MS/MS

p
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included collision energy (di g on the compound), CAD gas
(N;) at 6 (arbitrary units) and scan range, as necessary for the
precursor selected.

A solvent delivery system connected post-column was used
for the delivery of 100 uL min~" of lithium chloride solution at a
concentration of 500mg L',

The combination of DAD and MS was indispensable for the
screening of carotenoids. MS can provide additional information
such as molecular weight and characteristic fragmentation pat-
terns when used in tandem MS mode. C dswereq
with respect to their corresponding standards according to the
internal standard method using trans-f-apo-8'-carotenal. When
standards were not available, as in the case of cis isomers of ly-
copene, they were quantified on the basis of the peak area of the
trans-lycopene standard. Results were expressed as mg kg~ dry
weight (DW).

Lipophilic antioxidant capacity

The lipophilic antioxidant capacity of ketchup and gaz-

pacho extra(ls was measured using the 2,2"-azino-bis-3-
hylb line-6-sulfonic acid cation (ABTS*) radical de-

<olonsauon assay and the 2,2-diphenyl-1-picrylhydrazyl (DPPH)

radical assay following the procedure of Vallverdi-Queralt et al.'®

with minor modifications.

ABTS* assay
Antioxidant standard (1 mmolL' Trolox) was prepared in
methanol once a week. Workil ds were prepared daily by
diluting 1 mmol L~' Trolox with melhanol

AnABTS* radical sol pared by passi 92 Smmol L'

aqueousstocksoluuonofABTS(‘n hanol) th

Statistical analysis

The significance of the results was analysed using Statgraphics
Plus Version 5.1 for Windows (Statistical Graphics Co., Rockville,
MD, USA). Analysis of variance was used to compare the means
of groups of measurement data. Relationships between variables
were examined using Pearson correlation coefficients. P values of
<0.05 were considered statistically significant.

RESULTS AND DISCUSSION

It is well known that tomatoes are the main dietary source
of lycopene and are one of the most frequently consumed
vegetables in the Medit area. Their ¢ ption has
greatly increased worldwide over the past two decades, mostly
owing to a growing demand for tomato-based products such as
ketchups and gazpachos.'®"

Lithium adducts (M + Li]* appear to be very important in the

process of ¢ id compounds. Without the addition
of lithium chloride the molecular ions [M]** and [M + H — H,0]*
could be detected with a high limit of detection, even when other
additives such as formic acid and acetic acid were used. Table 1
shows the HPLC and MS characteristics of identified carotenoids.
The results found in this study are in line with those reported by
other authors.'*

In the case of both fi-carotene (m/z 536.4) and «-carotene
(m/z 536.4) the fragment ion spectrum of the [M]** ion showed
that the most abundant fragment ion was (M — 92]** at
m/z 4444 corresponding to the loss of toluene, indicating the
presence of extensive conjugation within the molecule. This

dioxide powder. Excess manganese dioxide was removed by
means of a 25 mm, 0.45 um PTFE filter (Waters). Before analysis
the solution was diluted in methanol to give an absorbance at
734nm of 1.0 £ 0.1 and pre-incubated in ice. Then 250 pL of
ABTS* solution was added to 5 uL of Trolox or gazpacho/ketchup
extract and the solutions were stirred for 60 s. The absorbance was
recorded every 305 for 1 h with a Thermo Multiskan Spectrum
UV-visible spectrophotometer (Vantaa, Finland), and methanol
blanks were run in each assay.

The working range for Trolox (final concentration
0-1000 umol L") was based on triplicate determinations and
consisted of plotting the absorbance as a percentage of the ab-
sorbance of the uninhibited radical cation (blank). The activities
of ketchup and gazpacho extracts were assessed at four different
concentrations within the range of the dose -response curve. Each
sample was analysed in triplicate at each concentration. Results
were expressed as mmol Trolox equivalent (TE) kg ' DW.

DPPH assay

The antioxidant capacity was also studied through the evaluation
of free radical-scavenging effects on the DPPH radical. Trolox
solutions of known concentration were used for calibration,
First, 5 uL of Trolox or ketchup/gazpacho extract was mixed with
250 pL of methanolic DPPH (0.025 g L"), The homogenates were

ion is abundant in the tandem mass spectra of a-carotene,
p-carotene, lutein and lycopene. The product ion spectra of
p-carotene and a—carotene also hlghhghted ions at m/z 1774
and 137.4 probably g from b g double bonds.
The most intense ion at m/z 1774 might be stabnllsed by the
formation of a ring structure. Similar results were described by
Gentili and Caretti,'® who reported that the product ion spectrum
of f-carotene presented two series of fragment lons. The first
series originated from breaking double bonds and the second
series was due to the cleavage of single bonds, showing fragment
ions at m/z 123 and 413. Moreover, the UV-visible absorption
spectrum of p-carotene displayed Ay, at 450 and 475 nm, which
is consistent with conjugated double bonds in the polyene chain
and two double bonds in the £ rings. These results are in
line with those reported by Mercadante etal.'” The UV-visible
absorption spectrum of «-carotene displayed Ama at 450 and
473 nm.

For lutein (m/z 568.5) the most abundant fragment ion was at
m/z 550.5 corresponding to the loss of water, followed by the
ions at m/z 476.5 and 429.5 corresponding to the loss of toluene
and water plus the terminal ring respectively. The UV-visible
absorption spectrum of lutein displayed Amax at 425, 448 and
472 nm,

For both trans-lycopene and cis-lycopene isomers the most

bundant frag ions were at m/z 467.4 and 4444, which

shaken vigorously and kept in dark for 30 min. Ab

of the samples was measured at 515nm, The percentage of
DPPH inhibition was calculated and plotted as a function of the
concentration of Trolox for the standard reference data. The final
DPPH values were calculated using a regression equation between
the Trolox concentration and the percentage of DPPH inhibition.
Results were expressed as mmol TE kg ' DW.

could be attributed to the loss of isoprene and toluene groups
respectively. M Linthe UV-visible spectra, trans-
lycopene and 5-cis-lycopene displayed A ., at 444,472 and 500 nm
and at 445, 472 and 503 nm respectively, whereas 9- and 13-cis-
lycopene displayed Amay at 440, 462 and 495 nm and at 440, 462
and 490 nm respectively.
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Table 1. List of carotenoids id din ips and gazpache
Compound RT (min) M-H)* mizions Absorption maxima (nm) MF
Lutein* 6.20 568.5 568.5 (10), 550.5 (90), 476.5 (50), 429.5 (50) 425,448,472 CyHes0;
w-Carotene” 1025 5364 536.4 (20), 444.4 (80), 177.4 (50), 137.4 (80) 450,473 CaoHse
fi-Carotene* 1140 5364 536.4 (20),444.4 (80), 1774 (60), 137.4 (80) 450,475 CaoHss
9-cis-Lycopene 1420 5364 5364 (20), 467.4 (80), 444.4 (50) 440,462, 495 CaoHss
13-cis-Lycopene 1650 5364 5364 (20), 467.4 (70), 444.4 (70) 440,462,490 CaoHss
trans-Lycopene® 20.10 5364 536.4 (20), 467.4 (80), 444.4 (50) 444,472, 500 CaoHss
S-cis-Lycopene 21.10 5364 536.4(20), 467 4 (70), 444.4 (70) 445,472,503 CaoHss
RT, retention time; MF, molecular formula,
* Comparison with standard.
6
7004
6504
6,064 3
5564
5064
3 4564 7
E 4004 4
H 354
3 3084 5
2564
2084 2
1564 1
1004
1 2 3 4 56 7 8 9 101 121314151617 1819202122
Time (man)
Figure 1. HPLC id profile, i 9 ifi of each peak: 1, lutein; 2, a-caroteng; 3, f-carotene; 4, 9-cis-lycopene; 5,

of
13-cis-lycopene; 6, trans-lycopene; 7, 5-cis-lycopene.

1A i
L
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It was observed in data from a population-based case-control
study that there was an inverse correlation between total
antioxidant capacity intake and the risk of gastric cancer.! An HPLC
ch of the ¢ id profile, including identification
of each peak, is shown in Fig. 1.

Ketchups exhibited the highest lipophilic antioxidant capacity,
as shown in Table 2. For ketchups the antioxidant capacity varied
between 27.01 and 29.70 mmol TE kg~' DW and between 28,60
and 30.10 mmol TE kg ' DW using the ABTS" and DPPH assays
respectively. For gazpachos it was slightly lower, ranging from
20.22 to 25.76 mmol TE kg~' DW and from 23.83 to 27.14 mmol
TE kg ' DW using the ABTS' and DPPH assays respectively.
These values were slightly higher than those reported by other
authors for tomato products, ™' probably owing to the onion,
garlic and olive oil added in the production of ketchups and
gazpachos. However, the lipophilic antioxidant capacity per
serving is much higher in gazpacho (200 mL) than in ketchup
(10mL).

A Pearson correlation was calculated to establish the relation-
ship b the individual and to ascertain their
relative significance in d ining the lipophili ioxidant ca-
pacity of ketchups and gazpachos. For ketchups the highest
correlation coefficient was found for trans-lycopene and DPPH
(R* = 0.8908, P < 0.05), indicating a relatively strong and sig-

wileyonlinelibrary.com/jsfa
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P the vari; A significant and
ly strong hip was found b ABTS™ and
trans-lycopene (R* = 0.6791,P < 0.05). No significant correlations
were found b other ¢ ids and lipopl i
capacity.

For gazpachos the highest correlation coefficient was observed
for ABTS* and p-carotene (R? = 0.9240, P < 0.05) followed by
ABTS" and lutein (R? = 0.8580, P < 0.05), ABTS* and 5-cis-
lycopene (R? = 0.8186, P < 0.05) and ABTS* and trans-lycopene
(R? = 0.7896, P < 0.05). Significant relationships were also found
between DPPH and 5-cis-lycopene (R? = 0.9249, P < 0.05) and
DPPH and trans-lycopene (R? = 0.6816, P < 0.05).

These results are in line with the well-recognised fact that
the lipophilic antioxidant capacity of tomato fruits is mainly
attributable to the presence of lycopene and f-carotene.?’?!
Although for ketchups the lipophilic antioxidant capacity essen-
tially resulted from trans-lycopene, in the case of gazpachos,
5-cis-lycopene, fi-carotene, trans-lycopene and lutein contributed
significantly to their lipophilic antioxidant capacity. This fact could
well be attributed to the different composition of ketchups and
gazpachos. A lower proportion of tomato and an increase in
the content of cucumber, green pepper and onion in gazpa-
chos may be the reason for the different carotenoid propor-
tion between gazpachos and ketchups. Lutein and f-carotene
are characteristic carotenoids in green peppers, onions and
cucumbers.??

nificant
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Differences in carotenoid content of ketchups and gazpachos

Table2. Lipophilic antioxidant capacity Trolox equivalent
:l:r’ ht) of gazpachos and me ABTS' and
Tomato-based product ABTS* DPPH
Ketchups

A 29.59 +1.73a 29.35 4 1.68a
B 27.01+1.37b 28.60 +1.51b
C 29.70 + 2.32a 30.10 + 1.64¢
D 28.45£1.15¢ 29.14 £1.553
E 28.11 4+ 1.56¢ 29.01 +1.55a
F 27.23 £1.44b 28,97 £ 1.48b
Gazpachos

A 20.22£1.95d 23.83%1.98d
B 25.76 + 1.90e 2714 4253
C 21.36 £ 1.74f 26.00 = 1.84f
D 23.18 1+ 1.559 2447 £ 1,699
E 20,30 + 1.94d 2483 +201g
F 24,95 +2.95h 26.84 +2.24h
Values p d as mean + dard deviation. Different letters in
a column denote statistically significant differences (P < 0.05).

trans-Lycopene content
Quantitative data on lycopene composition are presented in
Table 3. Lycopene shows strong antioxidant capacity both in vitro
and invivo.?* Moreover, thermal processing, such as cooking,
required for the preparation of ketchups and gazpachos is
recommended because it increases the bioavailability of lycopene
in the human body.* Bearing in mind that most lycopene is
associated with the lipophilic fraction in tomato fruits,?' a real
estimation of the antioxidant capacity of the lipophilic fraction of
ketchups depends on a real estimation of lycopene content. These
results are also in line with those reported by Lenucci et al, 5%
who found that tomatoes are characterised by a high lycopene
content (>200 mg kg~' fresh weight).

Lycopene contents were significantly different among the
studied gazpachos and ketchups (P < 0.05). The differences
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between different tomato-based products could be mainly due
to genotypic factors and to enhanced enzymatic activity of
phytoene synthase |, which causes high production of lycopene
precursors in npemng tomaxoes." Lycopene was the most
ging from 66181 to 247791 mgkg '
DWin ke:chups andfrom 59.73t086.30 mg kg ' DWin gazpachos.
This variation in the content of lycopene depends on the amount
of tomato added. As mentioned above for lipophilic antioxidant
capacity, a lower proportion of tomato and an increase in the
content of cucumber, green pepper and onion in gazpachos may
be the reason for the differences in lycopene content.

cis-Lycopene content

We also analysed cis-lycopene isomers (Table 3), because hu-
man studies have focused on the nutritional benefits of con-
suming tomato products with an increased proportion of cis-
lycopene isomers. cis-Lycopene isomers are better absorbed in
the intestine.”2% This lycopene isomer profile is in line with that
described by other authors in different tomato products, They
reported that trans-lycopene was the most abundant lycopene
isomer but that it varied from 35 to 96% of the total lycopene
content, with 5-, 9, 13- and 15-cis-lycopene being the main cis
isomers detected.”

It has been shown that, during the preparation of meals,
lycopene undergoes trans/cis i isation, increasing the pro-
portion of cis isomers.®® In the present study, 15-cis-lycopene
was not detected in either gazpachos or ketchups. However,
we found 5-cis-lycopene in all tomato-based products analysed.
Garcia-Alonso etal.® measured the lycopene content in a num-
ber of tomato-based foodstuffs and meals and found that the
proportion of 5-cis-lycopene fluctuated between 4 and 27%, 9-
cis-lycopene ranged from <1 to 14% and 13- and 15-cis-lycopene
ranged (together) from <1 to 7%, while the sum of the other
cis isomers varied between <1 and 22% of the total lycopene
content. These results are in line with those obtained in our
study on ketchups. For ketchups, cis isomers varied between 9
and 23% of the total lycopene content, whereas cis isomers de-
tected in gazpachos accounted for between 85 and 90% of the
total lycopene content. As mentioned above, cis-lycopene isomers

‘Table3. Carotenoid contents (mg kg~ dry weight) of ketchups and gazpachos

Tomato-based

Product Lutein a-Carotene p-Carotene trans-Lycop Secis-L 9-clsl 13-cis-L Total
Ketchups

A 1.43::0.03a 1001 £061a 257.89+23.37a 134204+ 116.71a 11569+760a 7465+167a 3269+188a 178439
B 14140053 28.284233b 48574 £29.72b 81049 £5388b 56.29+4.43b 8526:805b 51.80+339 1519.26
C 1.40:£0.08a 1849£1.06c 31573 :34.75¢ 2477.91 £266.69¢ 99.24£5.17¢ 13654 £4.60c 71.82:347¢ 312112
D 1.42:4£0.07a 1061 £1.28d 237.30 £19.20d 1107.32+ 7589d 180.35+992d 66.58+3.67d 2037 £091d 162395
E 1.68::0.06b 17.08:£ 1.16e 382.59x23.11e 115671 £64.32¢ 211.14£15.67¢ 10524 £9.79¢ 2647 £2.48¢ 1900.92
F 1.134£006¢ 50040581 231.89+1368d 661.81 411371 181.22+387d 63.58+4.03f 17.07+1.96f 116867
Gazpachos

A 0.89+004d 5.06+037f 181,98+ 3.78f 64.71 + 1.44g 4748 £1.25f 23.69+0869 32.75+046a 35654
B 1584+0.04¢ 6320649 313.83£10.11¢c  86.30 + 1.66h 68.38+0.359 14.76+040b 2834+1.07g 51952
C 126 £0.11f 5394 048h 22861+ 9.57g 65.08 £ 3.429 5927 £843h 2081 £068 2752+063g 40795
D 15240179 735+092i 291.21+3154h 63.67 +6.68q 56.62 + 1.58i 17.26+0.78] 2696+087h 46459
E 1.02£0.10h 62540389 21431 £12.751  59.73 4 3.65i $419£1.06i 27.16+2.1% 27.16£0.84gh 38981
F 1.78£0.13i 10.52£0.29d 315591319  77.21 £7.45) 67.24£2229 3416118 32952620 53946
Values are exp asmean £ d Different letters in a column denote statistically significant differences (P < 0.05).
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are more bioavailable than trans-lycopene invitro and in vivo,
probably because cis isomers are more soluble in bile acid mi-
celles and may be preferentially incorporated into chylomicrons.?
Therefore consuming gazpachos would be expected to be more
health-promoting owing to their high proportion of cis isomers.

f-Carotene, «-carotene and lutein contents
While lycopene is the main carotenoid in tomatoes (~90-96%
of total carotenoids) we also measured the f-carotene,
a-carotene and lutein contents (Table 3). The f-carotene con-
tent ranged between 231.89 and 485.74 mg kg~' DW in ketchups
and between 181.98 and 31559mgkg~' DW in gazpachos.
For ketchups, f-carotene accounted for between 10 and
32% of the total carotenoid content. For gazpachos it var-
ied between 50 and 62% and was the major carotenoid.
This difference may be due to the addition of onion and
garlic to gazpachos. It has been reported that onion and
garlic g lly impi the of f-carot during
cooking.”!

Other carotenoids such as a-carotene and lutein account
for less than 6.8% of total ¢ ids.2% The a-c con-
tent varied from 5.00 to 2828 mgkg~' DW in ketchups and
from 5.06 to 10.52mgkg ' DW in gazpachos. The lutein con-
tent was in the range 1.13-1.68mgkg™"' DW for ketchups
and in the range 0.89-1.78 mg kg ' DW for gazpachos. There-
fore provitamin A of ketchups and gazpachos is derived es-

ially from f-c Thermal might stimu-
late the transformation of some carotenoids into fi-ca
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10. Capitol X: Canvis en el perfil fenolic dels quetxups i sucs de tomaquet durant

I’emmagatzematge

Anna Vallverdu-Queralt, Sara Arranz, Alexander Medina-Reman, Isidre Casals-Ribes &

Rosa M. Lamuela-Raventés. Journal of Agricultural and Food Chemistry. 2011, 59:

9358-9365.

Resum: En aquesta publicacid es pretén estudiar els efectes de 'emmagatzematge de
sucs de tomaquet i quetxups en el contingut de polifenols totals, capacitat antioxidant
i polifenols individuals (acids hidroxicinnamics, flavonols i flavanones). Aquest estudi es
va dur a terme durant I'any 2010. Fins ara, no existia cap estudi que, durant nou
mesos, avalués els efectes de I'emmagatzematge en aquests tipus de productes, que
actualment estan en demanda creixent gracies a I'augment del consum de productes
processats de tomaquet. S'observa que durant 9 mesos, el nivell de polifenols i
antioxidants disminueix, sobretot les aglicones, en comparacié amb els polifenols

glicosilats, pero, en cap cas, pot comportar un perjudici per al consumidor.
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on a triple quadrupole. Aﬂ:mlysawm&nedmﬁxkﬁdmmmdmmwmaﬂnmnge&r&,é and 9 months. The total
polyphemloonmmmdmﬁoﬂ&ntapadydduhy&vphﬁchdmdmadémmeofk&dmuﬂmmim

Ketchups, in general, showed a slightly greater stability during storage than tomato juices. The most sigy

fmqumnfdnwdhdemmdmmmmmmwmﬂﬂwmw
KEYWORDS: Polyphenols, HPLC-MS/MS, antioxidant capacity; storage, stability

M INTRODUCTION

nudesmnmarywdetmmnhenmnmdqmﬂtyofdwr
bi pounds during storag e. M there is no informa-

Tomato consumption has greatly i d worldwide over
the past 2 decades, moﬂiydletoangwmgdemandfortomzto-
based products such as ketchups and tomato juices. K:ldmps
andtnmalonnou,swellasnw , possess

B PNP“
hesmdd\eapmtylomoddﬂemmekeyaﬂnlarmzylu
ﬁmchons,thubangmbedmpantothmmanyphenolm

" When considering the imp of the role of

b g o in flavonols, fi and hyd
nm\icaddsmkddmpsandmaol\mdndng

mmofdlnmdyw:stoevaluneﬂlembﬂltyofﬂ)e
hydrophilic antioxidant ds present in six commercially
waﬂabkmaohumudkﬂdmpsonnsmgepemdnm
months. Both products were kept at storage temperature. The

hyd'ophhc anmmdant capacity, TP, and content of flavonols

y

,L,,‘ Is as health-p ﬁctmxhe ption of
(mmaandtwn!o-bmdpm&ubmuldbemasanuuiﬁoml
indicator of good dietary habits and a healthy lifestyle.
Tomm-lmedpmdlmmypotmtﬂlymmnlhemermge
of phenli which they are derived;
Iwmv«beaued&ﬂmmmdmﬂ
Mongn,“lheloﬁpolwhmol('l’?)manlmmmndc
ably. The nutritional quality of tomato productsis affected by storage
conﬂnonsaswdlabyiheuml treatments during processing. In
theamal are generall bdnmdmbednmn
amofdndepkmnmmdmum&m
Studies investigating the impact of storage conditions on the
stability of tomato antioxidants have shown marked lycopene
and ascorbic acid losses during the first months of storage.”
During the storage of tomato-based products, various changes
myooau,fotmmple,asamultofbmwnmganddeyﬂhno
Itis J1.kn
mugmﬁandylostasamaqumoeof moesmgandstorage
The literature data for individual and/or TP content, as well as
hmm&mmdmmnnuﬂhmthmdﬂd\ough
some data on the content of hydroxyci i

(kaemp ide, rutin, and quercetin), flavanones
l 3 3 and 2 7_0J ida) and Teareds 3

amic acids (chlnmgenm, mﬂ'ac, nﬂacohnmnde. femh:,
and ferulic-O-h de acids) were

7

B MATERIALS AND METHODS

Standards and Reagents. All samples and standards were
handled without exposure to light. Caffeic and chlorogenic acids,
rutin, quercetin, Folin—Ciocalteu (F-C) reagent, ABTS [2.2azino-
bis(3eth o -slfonic 33, PRS (phosphat bufered
saline, pH 7.4), Trolox [(-)-6-bydroxy-2,5,7,8
arboxylic acid 97%], WMNDWH(HMI
picylhydraz) were purchased from Signa Chemical Co (S. Louis,

MO); naring 7.0-ghu and kaempferol-3-0-
tinoside were purch d from ynthe (Gemy ana:) Etha-
mlndﬂoml:add,“‘ fc hy (HPLC)

grade, umobuundhmsd;dauchmk,u(&mdm Spain);
and ultrapure water (Milli-Q) was from Millipore System (Bedford, MA).
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Processing Conditions and Ingredients of Commercial
Samples. In this study, 2 9 month storage tml was designed to

darkness for 1 h. Absorption of the nmpluvm measured on a UV/vis
Thermo Multiskan Sp at 734 nm, and

investigate the stability of the main bioacts

of six commercially available tomato juices and six commercial h(chups
All of the studied brands contained the same ingredients, but in some
cases, the amount of each ingredient was not known. Each brand of
ketchup and tomato juice was analyzed at the start of the trial (month 0),
Three cartons of each brand of ketchup and tomato juice were stored for
3, 6,and 9 months. Ketchups and tomato juices were kept in Tetra Paks
at a storage temperature of 4.0 = 0.1 Both products analyzed were
available in Barcelona markets.

Extraction and Isolation of Phenolic Compounds. Samples
were treated in triplicate in a darkened room with a red safety light to
avoid oxidation of the analytes, following the procedure of Vallverdi
Queralt et al. with some modifications.”*

Ketchup samples (10 g) were weighed and homogenized with 80%
ethanol in Milli-Qwater (4 mL); they were then sonicated for § min and
centrifuged (4000 pm at 4 °C) for 20 min. The supematant was
transferred into a flask, and the extraction was repeated. Both supernatants
were combined and evaporated under nitrogen flow. Finally, the residue
was reconstituted with Milli-Q water (0.1% formic acid) up to L5 mL.

Tomato juices (10 mL) were centrifuged (4000 rpm at 4 °C) for
10 min. The supernatant was discarded, and 4 mL of 80% ethanol in
Milli-Q water was added to 1 g pellets. They were sonicated for $ min
and centrifuged (4000 rpm at 4 °C) for 20 min following the procedure
described above for the extraction of ketchups.

Solid-phase extraction (SPE) of these extracts was carried out
following the procedure of other authors."*** First, 1 mL of methanol
and subsequently | mL of sodium acetate 50 mmol /L pH 7 were loaded
into Oasis MAX cartridges from Waters to equilibrate it; then, | mL of
each extract was diluted with 1 mL of Milli-Q water and acidified with
34 uL. of 35% hydrochloric acid before being loaded into the cartridges
separately. These were rinsed with sodium acetate 50 mmol/L pH 7
(5% methanol). The polyphenols were eluted with 1800 4L of methanol
(29 formic acid). The eluted fractions were evaporated under nitrogen
flow, and the residue was reconstituted with water (0.1% formic acid) up
10 250 uL and filtered through a 13 mm, 045 um PTFE filter (Waters)
into an insert-amber vial for HPLC analysis. Samples were stored at
—20 °C until analysis.

Analysis of TPs. The content of TP was analyzed using the F-C
method. All ketchup and tomato juice extracts (20 (L of the eluted
fractions) were mixed with 188 4L of Milli-Q waterin a thermo microtiter
96-well plate (Nunc, Roskilde, Denmark), Then, 12 L of F-C reagent and
30 uL. of sodium carbonate (200 g/L) were added following procedures
described previoudy.'*"” The mixtures were incubated for 1 k at room
temperature in darkness. After the reaction period, SO L of Milli-Q water
was added, and the absorbance was measured at 765 nm in a UV/vis
Thermo Multiskan Spectrum spectrophotometer (Vantaa, Finland). Gallic
acid was used as a calibration standard, and the TP content was expressed
as mg of gallic acid equivalents (GAE)/100 mg fresh weight (FW).

Antioxidant Capacity of the Hydrophilic Fraction. The
antioxidant capacity of the hy dmphﬂlc fraction in tomato juices and
ketchups was measured by ABTS® and DPPH assays following the
procedure described previously.* >

ABTS' Assay. A 1 mM of Trolox (antioxidant standard)
was prepared in methanol once a week. Working standards were
prepared daily by diluting 1 mM Trolox with methanol Solutions of
known Trolox were used for calibration.

An ABTS" radical cation was prepared by passing a § mM aqueous
stock solution of ABTS (in methanol) through manganese dioxide
powder. Excess manganese dioxide was filtered through a 13 mm
045 pm filter PTFE (Waters). Then, 245 uL of ABTS" solution was
added to 5 puL of Trolox or to tomato samples, and the solutions were
stirred for 30 5. The homogenate was shaken vigorously and kept in

h 'bhnkswmmnlnuchmy Results were expressed as
mmol Trolox equivalent (TE)/100 g DM.

DPPH Assay. The antioxidant activity was also studied through the
evaluation of the free radical-scavenging effect on DPPH radical.
Solutions of known Trolox were used for calibration. Five microliters
of tomato samples or Trolox was mixed with 250 uL of methanolic
DPPH (0.025 g/L). The homogenate was shaken vigorously and kept
in darkness for 30 min. The absorption of the samples was measured
on the spectrophotometer at S15 nm. Results were expressed as mmol
TE/100 g DM.

HPLC-ESI-MS/MS Analysis. To evaluate the effect of storage on
the content of fl ls, fi and hydroxycis ic acids, poly-
phenols were quantified using HPLC-clcdmspray ionization tandem
mass spectrometry (ESI-MS/MS) following the procedure of Vallverdii-
Queralt et al.’® An API 3000 (PE Sciex, Concord, Ontario, Canada)
triple quadrupole mass quipped with a Turbo lonspray
source in negative-ion mode was used to obtain MS and MS/MS data.

For quantification purposes, data were collected in the multiple
reaction monitoring (MRM) mode, tracking the transition of parent
and product fons xpedﬁc for each compound. In particular, we selected
12 ig to ferulic acid-O-hexoside m/z 355 — 193;
ferulic acid m/z 193 > 134~ chlorogenic acid m/z 353 — 191; caffeic
acid m/z 179 — 135; caffeic acid-O-hexoside m/z 341 — 179; quercetin
m/z 301 — 151; rutin m/z 609 — 300; naringenin m/z 271 — 151;
naringenin-7-O-glucoside m/z 433 —= 271; kaempferol-3-O-rutinoside
m/z 593 285 and ﬁhyl ga.lhle {internal standard) m/z 197 — 169.

O ofp performed by the Yatandard
method. Polypbmoll were quantified with respect to their correspond-
ing standard. When standards were not available, as in the case of caffeic-
O-hexoside and ferulic-O-hexoside acids, they were quantified with
respect to the corresponding hydroxycinnamic acid (caffeic and ferulic
acids).

The liquid chmxmtognph was an Agienl senzs 1100 HPLC instru-
ment (Aglent, Waldb ) oquipped with 4 quatermary
pump, an autosampler, and a column oven set to 30 °C. Mobile phases
consisted of 0.1% formic aad in Milli-Q water (A) and 0.1% formic acid
in acetonitrile (B). A Luna Cy5 column 30 mm % 2.0 mm id, $ gm
(Phenomenex, Torrance, CA), was used. The injection volume was
20 uL, and the flow rate was 0.4 mL/min. Separation was carried out
in 20 min under the following conditions: 0 min, 5% B; 16 min, 40% B;
17 min, 95% B; 19 min, 95% B; and 19.5 min, 5% B. The column was
equilibrated for $ min prior to each analysis.

Statistical Analysis. The significance of the results was analyzed
using the Statgraphics Plus v.5.1 Windows package (S | Graphics
Co., Rockville, MD). Analysis of variance (ANOVA) was used to
compare the means of groups of measurement data.

W RESULTS AND DISCUSSION

Effect of Storage on the Total Phenolic Content and
Antioxidant Capacity of the Hydrophilic Fraction. Generally,
thermal processing of tomalo-based products may lead to gains
o losses in total phenol content.**® Thermal processing such as
traditional pasteurization applied to ketchups and tomato juices
might release more bound phenolic compounds in the break-
down of cellular i H , cellular disruption can
release oxidative enzymes that could destroy phenolic com-
pounds. The total phenolic content observed in these samples
is in the range of those reported in tomato and tomato products
(between 100 and 500 mg/kg).”**** As shown in Figure 1A,B,
time of storage slightly affected the TP content as determined by
F-C assay. Although there was a slight variation in the TP content

9359 dhrrdokorg/10.1021/)202140) |1 Agric. Food Chem. 2011, §9, 7358-0365
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Figure 1. Changes in TPs in tomato juices (A) and ketchups (B). Changes in ABTS" [%] in tomato juices (C) and ketchups (D). Changesin DPFH

[%] in tomato juices (E) and ketchups (F).

between different brands of ketchups and tomato juices, the
trends reflecting the effects of storage were similar. The poly-
phenol content decreased by about 12% for tomato juices and
7% for ketchups over the whole of the storage period. The most
significant decrease was observed between 0 and 6 months of
storage. These results are in line with those reported by Klimezak
etal.” They found thatafter 6 months of storage of orange juices,
there was approximately a 10—22% decline in TPs and vitamin C
content. Other studies reported that phenolic compounds were
stable during storage of tomato juice at 4 °C for 3 months” and
storage of tomato pulp at 4 and 20 °C for 3—$ months™

The antioxidant capacity of the hydrophilic fraction of tomato-
based products was evaluated using the DPPH and ABTS assays.

Both methods are easy and accurate assays for measwring the
antioxidant capacity of food. The relative contributions of
individual compounds to the antioxidant capacity of the hydro-
philicfraction (ABTS" and DPPH)} of tomato-based products are
shown in Figure IC—F. The ABTS" and DPPH values decreased
during storage. Results were similar to those reported for the TP
content. It is widely known that ascorbic acid and phenolic
compounds are the major contributors to the antioxidant capa-
city of the hydrophilic fraction. Therefore, polyphenol losses
were paralleled by the decrease in hydrophilic antioxidant
capacity. The most significant decrease was observed between
0 and 6 months of storage. For tomato juices, the antioxidant
capacity of the hydrophilic fraction decreased between 10 and

9360 dhedoiorg/10.1021/f202140) . Agric. Food Chemn. 2011, 59,9368-9366
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Table 1. Changes in the Content of Hydroxycinnamic Acids (#g/g FW) in Ketchups and Tomato Juices (n = 3) during 9 Months

of Storage”
months of storage

v o w o v o w o o w o © o w e © o w o v o w o v o w o ° o w o

e o w o

caffeic acid

141£004a
133+006b
1262005¢
12240054

13440052
1300070
1254006¢
1194005d

13340052
1292007b
125 +006¢
L1sE004d

LIS 0Ma
L114003b
108 20.03¢
1024 005d

19040052
1.814008b
174 £009¢
165+ 007d

12440052
1.1820.06b
Li44007¢
109+ 0.06d

2380102
2310130
220%0.11¢
201 £009d

22940072
22310.4b
206£0.16¢
191+0.10d

146 0.06a
13940130
12840.11¢
122 £0094

18120072
17740110
1612004¢

affeic aad.O-hexoside ferulic acid
ketchup 1
387x0l11a 2515+ 121a
3niond 2497£101b
361£019¢ 2250 e
3490224 2230+ 1384
Ketchup2
37940142 213141502
37240260 2085+ 089b
358+021c¢ 2022+125¢
345%0.18d 1920+ 1104
ketchup3
352401 2245+ 1022
34720175 2171£098b
338+020¢ 2038 +105¢
325£018d 2011+ 1194
ketchupd
220£007a 24111152
20940125 2390+ 140D
206£0.16¢ 2251 £103¢
203%0.18d 2201+ 1224
ketchup$
39240085 223041092
385+ 0190 21154 1.08b
377x021¢ 2088 £ 101¢
364+0.13d 2050+ 1234
ketchpé
293+0.08a 210 +122a
28620145 2091+ 1.09b
2744016¢ 2009 +133¢
270£0.10d 1941+ 113d
tomato juice 1
37520022 2065+ L14a
3éetond 2005+ 121b
35140.109¢ 1921%101¢
344£020d 1801 £ 1104
tomato juice 2
216£0.10a 211141202
211£015b 2065+ 133b
207=0.16¢ 1897+ 126¢
200+0.13d 1851 4 1.09d
tomato juice 3
327+011a 2346+ 1242
inxolld 2268+ L13b
303+021¢ 20114 119¢
296+017d 2040+ 1284
tomato fuke 4
2560052 191421222
24920045 1805 £ L12b
235 0.16¢ 1738+ L10¢
9361

ferulic adid O-hexoside chlorogenic acid
2024+ 072a 1024+014a
BERTESETAY 998+ 020b
27504 1.19¢ 971£039¢
2710+ 1.04d 932+ 030d
28084+ 0402 9384009
2769+133b 915£033b
2%81+121c 890£034¢c
2654+ 1094 850+031d
283240872 9470152
2740+ 0995 9104031b
2630+ 101¢ 881 %025¢
28491224 860+ 036d
155940362 §58+0.10a
14.92:4048b S414019b
M54 £049¢ 520 £024¢
14224056d 509+ 017d
2591 40582 95440122
2541+ 115D 915+ 015b
441+ 115¢ $90 £019¢
%12+ 1.10d 869+ 021d
19230642 11040122
19.01 30995 107640105
1825+ 111¢ 1051 £033¢
1802+128d 1001+ 039d
299140962 936+ 0142
284941485 915£041b
2791+ 134¢ $50+051¢
7211414 830 £047d
207640702 84140292
2032+121b 822+ 044b
19712 L1S¢ 76505k¢
1889+126d 740 +036d
2666+ 1083 943+025a
25801235 8660395
431+ 116¢ 8374046¢
4.0+ 1104 831+041d
BUE079a 926+018a
WAL 10D 218£034b
2391+ 112¢ 849+ 046¢
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Table 1. Continued

months of storage caffeic acid affeic acid-0-hexoside ferulic acid ferulic acid-O-hexoside chlorogenic acid
9 155 £011d 23140194 1716 £ 1.09d PARSESE 811 £036d
tomato juice §
0 2240052 283+011a 2103+ 136a 19230642 87940352
3 2190120 2720095 2034% 1245 18324099b 822:4039b
6 203%009¢ 268+023¢ 1907+ 109¢ 179+ L13¢ 791 £044¢
9 1924+0.13d 25940254 1887 + 1024 1727+ 108d 765 £040d
tomato juice 6
0 2300092 1730122 2211k 141a 28750872 10350122
3 2170145 283+0.11b 2131%129b 27801 1.08b 9.86:40.19b
6 201£011¢ 268£0.15¢ 1966+ 138¢ 2631£1.12¢ 915+ 026¢
9 159 £008¢ 25240194 1914 4 1124 26104123d 897 £033d

*Different letters in the columns represent statistically significant differences (P < 0.05).

129 after 9 months of storage. For ketchups, the changes were
between 7 and 9%. These results are in line with those reported
by Gliszczynska-Swiglo and Tyrakowska” They found that
storage of apple juice at room temperature results in a decrease
in the TEAC value by about 6—14%.

Effect of Storage on Individual Polyphenols in Ketchups

in the studied ketchups were 45.28—64. OOand 4250-63.33 ug/g
FW for tomato juices, wh k 1-3-O-rutinoside was
found at concentrations of 15.92-24.72 pg/g FW for tomato
juices and 16.34—29.88 yug/g FW for ketchups. Rutin decreased
by 7.20-10.61% in ketchups, whereas in tomato juices it
de:rmed by 10.28— 12151996 These results are in line with those

and Tomato Juices. Tables 1 and 2 show polyphenol com-
pounds identified and quantified by HPLC-ESI-MS/MS. Identi-
fication was aided by making comparisons with reference
standards and the MS” fragmentation patterns.”
Hydroxycinnamic acids were represented by ferulic and caffeic
acids, ferulic acid-O-hexoside, and cffeic acid-O-hexoside. Hy-
droxycinnamic acids have become a subject of much interest
because they make up a significant proportion of the total
phenolics mgested ina normal diet and are readily absorbed in
the digestive tract.”® Although there was a variation between

Dunng storage, perondase may be
Ived in the id of p
that are able to interact with reactive oxygen species, !ranslemng
one or two hydrogen atoms, forming %umonmd structures,
which leads to the formation of quinones.” In the case of rutin,
the 3-hydroxy-function at the C ring of the flavonoid is blocked
by a sugar moiety, whereas for quercetin it remains unoccupied.
Quercetin decreased significantly throughout the storage of
tomato-based products, thus reaching values of 0.21-0.51 ug/g
FW for kad\ups md 0.82-215 ug/g FW for tomato yulcs

tomato-based products in the content of hydroxycinnamic acids,
the trends reflecting the effects of storage were similar.

The content of hydroxycinnamic acids decreased after 9 months
of storage at 4 °C. The greatest decrease (P < 0.05) occurred in
ferulic and caffeic acids in comparison to their glycosidic forms. In
ketchups, ferulic and caffeic acids decreased by 949 and 12.84%,
respectively; in tomato juices, they decreased by 12.03 and 15.18%.
In the case of caffeic-O-hexoside and ferulic-O-hexoside, the
3-hydroxy-function at the C ring of the flavonoid is blocked by a
sugar moiety, whereas in the case of caffeic and ferulic acids, it
remains ied. Thus, the blockage of the 3-hydroxyl group is
perhaps one of the reasons for the greater stability of glycosidi

Quercetinisap pound with potent antioxidant

ties and, th efore, more easily oxidized. The blockage oflhe
3-hydroxyl group is perhaps one of the reasons for the greater
stability of rutin toward oxidation.”® Similacly, for kaempferol-3-
O-rutinaside, the 3-hyd: is blocked. This explains the
thermal stability of kzanpferol -3-0-rutinoside toward quercetin. In
contrast, other studies reported that glycosylation of the hydroxy
substituent on C-3 decreases antioxidant activity. ™ The content of
kaempferol in vegetables has not been extensively studied and there
are few data about its occurrence in tomatoes. We found higher
levels (between 15.92 and 29.88/lg/g FW) than those reported by

Fanchi

forms toward their aglycones.

Chlorogenic acid was also present in tomato-based products.
Chlorogenic acid decreased by 9.10 and 12.329% for ketchups and
tomato juices, respectively. Again, ketchups had a greater stability
during storage than tomato juices. Chlorogenic acid may be

Martinez-Valverd ! who reported values of kaempferol
between 1.16 and ?_07 ;lg/g FW.

A slight decrease in naringenin and naringenin-7-O-glucoside
was observed. Table 2 shows the changes in flavanone concentra-
tions during storage. The small changes in individual and total
flavanone content could be explained by the high stability of these

oxidized to reactive O-quinones through the catalytic oxid:

procmsAs ioned by Odriozola et al,”” tomato-based
a sut ial loss of chlorogenic acid from

44103.5-38 mg/100 mL FW after 56 days ofslorage at 4°C.

ds. The naringenin content found in ketchups and tomato
juices was higher than that reported by Martinez-Valverde et al,*
which was 4.50 ug/g FW for raw tomatoes cv. Remate and 12.55
;lg/g WJ for cv. Daniella, whereas Wu M and Burrell RC* found

Peroxidase may be involved in the oxidati of

genin levels of 40, 95, and 142.5 ug/g FW for the Haubners

ds. Therefore, the degradati of henali
compounds dunng storage mght be associated with the residhual
activity of peroxidase.
Tomato and tomato-based products have been found to be
rich sources of flavonoids, with rutin and kaempferol as the main
flavonols.'® As Table 2 shows, the initial concentrations of rutin

Vollendung, Ponds and Sunny Ray varieties, respectively. The
initial concentrations of naringenin in the studied ketchups were
between 34.97 and 54.96 ug/g FW and between 3597 and 52.96
g/ g FW for tomato juices, whereas naringenin-7-O-glucoside was
found at concentrations between 1.25 and 3.27 ug/g FW for
tomato juices and between 2.22 and 341 ug/g FW for ketchups.

9362 churdolong/) 01021/202140 |4 Agric. Food Chem 2011, 59, 9358-0365

161



Res

ultats

Journal of Agricultural and Food Chemistry

Table 2. Changesin the Content of Flavonols and Flavanones (#g/g FW) in Ketchups and Tomato Juices (n = 3) during 9 Months
of Storage”

162

months of storage

v o w o e o w o v o w o © o0 w o v o w o v o w o © o w o v o w o

© o w o

tin

64005 1042
6231£322b
5997 £256¢
s721+271d

5430159
$309£321b
S145£244¢
4901+ 288d

60241332
580141410
$640 £300¢
$4234241d

$584+124a
$461£2200
$220:+212¢
S100:£ 129d

49581032
4901 £ 1896
4711 £215¢
4601£299d

4528+ 121a
4499+ 190b
4320 £201¢
4181+ 267d

628452132
6041:£3015
5897+315¢
$602£219d

4250+ 1852
4098 £ 1300
39514209¢
3811+221d

617441932
$987+301b
$632:+256¢
$520 £299d

§758:£268a
§56542090
$307£287¢

quercetin

0560022
051£004b
047 £003¢
043£001d

06120012
057:+002b
052:002¢
0470034

067£002a
063:£004d
0574003¢
0514+001d

026001
024:002b
022:+001¢
021+001d

061£001a
057:003b
052004¢
04920034

0630022
060:+003b
056+002¢
0514003d

1580042
148009
1394007¢
12640064

294008 2
12120040
Li1s+007¢
107+004d

1670012
159+ 003b
143+002¢
1280054

2630042
2460035
227x006¢

kaempferol-3.0: 2 inge 7-O-glucoside
ketchup 1
203740822 4430+ 1102 3410082
2801+ 199b 42.81:£2.50b 33540200
2799+ 154¢ 4L10£223¢ 3 01lc
2671+ 163d 39.50+£228d 310+ 009d
ketchup2
2988+ 1282 S496E L4 3ME013a
2921+122b 5340+ 1990 329+009b
2851 £143¢ SL50E£240¢ 32 £008¢
27111314 4981 £233d 3100124
ketchup3
29250762 40.13:£125a 323+013a
28884 199b 38944 1560 31740045
2791 +£123¢ 37334 199¢ 3.08 £0.16¢
26604 1554 3631:+231d 29740104
ketchp4
16340522 3497+ 143a 2220072
1549£033b 33.55+ 1940 220009
1509 2044 ¢ 3295+ 167¢ 211 :0.12¢
1498+ 031d 3201+ 188d 2074044
ketchup §
2908 0592 45,661 1482 2390092
2850+ 133b 45.00£ 1995 232x012b
2788 1.12¢ 4401 £ 185¢ 230 £0.08¢
2709+ 1094 4321 £188d 227+ 0094
ketchup6
213140782 37.74£30a 27040082
2101+ 196b 37.00:£233b 261£0.14b
2035 +181¢ 361 E241¢ 256 +0.13¢
19674 1124 350142204 25240164
tomato fuice 1
18540692 4547166 13430052
18.15£088b 430052336 129£0.09b
1754 +076¢ 4LS1+21l¢ 1264008¢c
1699 £0594 4046:+299d 12 40054
tomato fiice 2
18510822 3614099 12540042
181440970 3320£ 1600 12220070
1750091 ¢ 3240+ 1.78¢ L18+006¢
1740 £ 085d 32.104234d L13+£005d
tomato juice 3
1592:+041a 3597+ 126a 24120072
1531+101b 3445+ 1990 231+008b
1498 +099¢ 3390+220¢ 2294006b
14.52+073d 324242004 223 £008¢
tomato uice 4
1647 40402 4883+ 1852a 32740112
1611+ 055b 46,00+ 1600 31240.10b
1537 060¢ 4551£201¢ 3.09:009¢
9363 chdolong/1 010212021 40) |1 Agvic. Food Chem 2011, 59, 03580365
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Table 2. Continued

months of storage nutin quercetin Kaempferol-3.0 g genin-7- 0-ghicoside

9 5103 £299d 2152 006d 1509 =024 43.56.% 1.50d 295 +0.08d
tomato juice §

0 $028+239a 105003 a 2097 £ 0852 38UL104a 2260062

3 4878+212b 09740045 2001 +080b 37.11£123b 21940085

6 4620+ 209¢ 086+002¢ 1933+ 0.76¢ 36.891 1.26¢ 211%007¢

9 4511 4+ 1854 0814001d 19.15 +082d 3468+ 104d 206 +006d
tomato fuie 6

o 63332432 1500042 UN2£026a 52962232 23430082

3 §9.66:+:201b 1332003b 2330+ 085D 49.55 1 L6Sb 219:4009b

6 §721£248¢ 129 002¢ 2250096 ¢ 4812:1.87¢ 215%011¢

9 $561 2664 1224005d 2231 +£068d 47.11 42004 21140154

“Different letters in the columns represent statistically significant differences (P < 0.05).

Nanngemn shﬂaly decms:d throughout the storage of (omaur
based p genin content in ketchups d
537-1084% and in tomato juices by 93112, 18%. For naringen-
in-7-O-glucoside, the trends reflecting the effects of storage were
similar to naringenin.

To our knowledge, this is the first time a study has been carried
out to evaluate the stability of flavonols, flavanones, and hydro-
xycinnamic acids in ketchups and tomato juices during storage.
Storage of tomato juices and ketchups results in a slight decrease
in their polyphenol content and also in the hydrophilic antiox-
idant capacity, but the levels achieved would not represent
a nutritional drawback. This information is of interest to con-
sumers and nutritionists: They can expect a beneficial effect from
the consumption of tomato juices and ketchups throughout
storage.

The main degradati in oxidation, whereas in
the case of rutin, the 3hydroxy “function at the C ring of the
flavonoid is blocked by a sugar moiety. An important fact to note
is that during the storage of individual polyphenols, the glyco-
sides of flavonols and hydroxycinnamic acids are more stable to

idation than agl , probably due to the blockage of the

3-hydroxyl group b at the C ring,
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11. Capitol XI: Estabilitat del compostos fenolics i carotens dels gaspatxos durant

I’emmagatzematge

Anna Vallverdu-Queralt, Sara Arranz, Isidre Casals-Ribes & Rosa M. Lamuela-Raventos.

Journal of Agricultural and Food Chemistry. 2012, 60: 1981-1988.

Resum: En aquesta publicacid es pretén estudiar els efectes de 'emmagatzematge de
gaspatxos en la capacitat antioxidant lipofilica i hidrofilica i en el nivell de carotens i
polifenols individuals. Aquest estudi es va dur a terme durant I'any 2010. Fins ara, no
existia cap estudi que, durant 3 mesos, avalués els efectes de I'emmagatzematge en
gaspatxos. S’hi observa que, durant aquest periode, el nivell de polifenols disminueix,
sobretot les aglicones en comparacié amb els polifenols glicosilats. Pel que fa als
carotens els isomers trans disminueixen més acusadament que els cis. El 5-cis-licope,
fins i tot, augmenta lleugerament durant 'emmagatzematge, la qual cosa es pot
atribuir a la cis/trans isomeritzacié que té lloc durant els tractaments térmics per a la
produccié de derivats de tomaquet. Les capacitats antioxidants hidrofiliques i
lipofiliques també disminueixen lleugerament durant els 3 mesos d’emmagatzematge.

No obstant aix0, aquestes disminucions no comporten un perjudici per al consumidor.
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ABSTRACT: Gazpacho is a ready-to-use vegetable soup containing tomato, cucumber, pepper, olive al!. and other mmor
and ¢

constituents such as onion, garlic, wine vinegar, sea salt, and water, In this work,
as well as in their hydrophilic and lipophilic antioxid

ds of ial l.x.

changes in i

upadﬂes (

d through

ABTS" and DPPH radlak), were assessed for 3 months at 4 °C. The storage of gazpachos at 4 °C for 3 months results in a slight
decrease in their polyphenol and carotenoid content and also in the hydrophilic and lipophilic antioxidant capacities, but the
levels achieved could not be construed as a nutritional drawback. The main degradation was quercetin oxidation because the
hydroxy function at the C-ring of the flavonoid is not blocked by a sugar moiety as it is in the case of rutin and kaempferol-3-0-
rutinoside and glycosylated caffeic and ferulic acids. Lycopene underwent significant losses throughout storage as 11 conjugated

double bonds are present in its structure and should be more reactive than trans-lutei
isomers slightly decreased. However, 5-cis-lycopene underwent a slight increase. This ph

isomerization increasing the proportion of cis-isomers.

and trans-f} dis-Lycopene
could be explained by cis-

KEYWORDS: gazpachos, stability, ids, polyphenols, capacity, storage
n INTRODUCTION Storage conditions and thermal treatments affect the quality
The p ity of gazpach dy-t soup, is of tomato products. In particular, thermal treatments are

npldly becommg more mdcspread panly due lo the fact that a

known to be lhe main cause of the depletion of natural

high of fruits and vegetables has been associated idants. B g and oxidation reactions are the main
with the prevention of cancer, cardiovascular illnesses, and causes of degradati of naturally ing antioxidants during
several deg chronic di ' These beneficial the storage of tomato products.'"*

properties offis and vegetabeshave been atributed partlly B of the important health-protecting role of
to thexr content of functional ¢ ds, such as c i polyphenols and ids, the ption of

and li ds’ T and tomato-based  and tomato-based products could be seen as a nutritional

pmduds such as gazpzchos are of great interest because of
their high content of carotenoids. Some of these compounds,
such as flc and tran. may exhibit
provitamin A activity.' Studies have proven that the
consumption of lycopene decreases the risk of dtgenmnve

indicator of good dietary habits and a healthy lifestyle. As
gazpachos typically have a commercial shelf life of 3 months, as
provided by commercial labels, studies are necessary to
determine their nutritional quality during storage. However,

Asfanswelmow, no infc is curren lable on how

:::ases, such as certain kinds of cancers and cardiovascular the p =g sio . ’ll,;f gaspachos. are
lnas:i'dmon tomato-based products are a goo d — influenced by storage time. Monover, there is no information
g . W=y which contiib | to- theic available concerning changes in flavonols, flavanones, hydrox-

:nhondanl polenhzl Several studies have demonsmled that a
diet rich in phenolic compounds correlates with a reduced risk
of coronary heart disease. Tomatoes possess antioxidative, anti-

yeinnamic acids, and individual
slonge
Wc camcd out a pilot study to evaluate the stability of

ids of g during

inflammatory, antimutagenic, and anticarcinogenic prop

and the capacity to modulate some key cellular enzyme

functions, thus being ascribed to many phenolic compounds.™
Tomato-based products may potentially contain the same

range of phenolic ¢ and ¢ ids as the

from which they are denved however, due to differences

among varieties of tomatoes and their origin,”"" polyphenol

and carotenoid contents could vary considerably.

A4 ACS Publications ~ © 2012 American Chemical Society

1981

ds present in commercially available
gazpachos dunng 3 months of storage. Therefore, hydrophilic
and lipophilic antioxidant capacities and the content of
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a 1< hud,

) ydroxy ic acids, and id
were analyzed.

B MATERIALS AND METHODS

Standards and Reagents. All samples and standards were
handled without exposure to light. Caffeic and chlorogenic acids,
rutin and quercetin, trans-fi-carotene, fl-apo-8'-caortenal, trams-a-
carotene, frans-lycopene, and trans! lutein, methyl tert-butyl ether
(MTBE), 2,2"azinobis(3-ethylb line-6-sulfonic acid (ABTS),
(1)-6-hydroxy-2,5,7,8-4 hylch 2-carboxylic acid (Trolo,
97%), manganese dioxide, and l,l-duphenyl 1-picrylhydrazyl (DPPH)
were pmchmd from Slgm (Madrbd, Spaln), naringenin, naringenin-
7-0-glucosid and hexane were from
Enra:ynlhsc (Gmay, anm) Ethanol, methanol, p-phenylenedi-
amine, hyd; basic and dibasic sodium
phosphate, and formic acid of HPLC grade were obtained from
Scharlau (Barcelona, Spain), and ultrapure water (Milli-Q) was from
Millipore (Bedford, MA).

Commercial Samples. In this study, a 3 month storage trial was
designed to investigate the stability of the main antioxidant
compounds of six commercially available gazpachos. All of the studied
brands contained the same ingredients (tomato, cucumber, pepper,
olive oil, and other minor constituents such as onion, garlic, wine
vinegar, sea salt, and water), but in some cases the amount of each
ingredient was not known. The processing date was March 2010, Each
brand of gazpacho was analyzed immediately after purchase (month
0). ﬁmaﬂmn(ead:hndo(gnpachowmsmmdfm4 8, and
12 weeks. Gazpachos were kept in Tetra Paks at a storage temperature
of 40 + 0.1 “C. All products analyzed were available in Barcelona
markets.

Extraction of Phenolic Compounds from Gazpach
Samples were treated in triplicate in a darkened room with a red
safety light to avoid onrhhnn of the analytes, following a procedure
found in the literature™ with some modifications.

Lyophilized gazpachos (0.5 g) were weighed and homogenized with

mol L' sodium Phosphae buffer (pH 6.5), 20 uL of p-phenylenedi-
amine (10 g kg™') as H-donor, 10 L, of hydrogen peroxidase (15 g
lg")amndml,and leLofcnzynubcmnnma%wellphle The

of p was d at 509 nm and 25 °C
using a UV—m Thermo Multiskan Spectrum  spectrophotometer
(Vantaa, Finland). POD activity was determined by measuring the
initial rate of the reaction, which was computed from the linear portion
of the plotted curve. One unit of POD activity was defined as a change
in absorbance at 509 nm min™' mL™" of enzymatic extract. The
percentage of residual POD activity (RA) was defined as indicated by
eq |

RA = 100 X i‘-
Ao )

where A, is the enzyme activity of gazpachos from week 0, 4, 8, or 12
and A, is the enzyme activity of gazpachos from week 0.

Analysis of Polyphenols in Gazpachos. HPLC-ESI-MS/MS
was used to evaluate the effect of time on the content of flavonols,
flavanones, and hydroxycinnamic mdx" An API 3000 (PE Sciex,
Concord, ON, Canada) tripl pole mass spec
equipped with a Turbo lonwnysow« in negative-ion mode was
used to obtain MS/MS data. Turbo lonspray source settings were as
follows: capillary voltage, =3500 V; nebulizer gas (N,), 10 au
(arbitrary units); curtain gas (N,), 12 au; collision gas (N,), 4 au;
focusing potential, =200 V; entrance potential, =10 V; drying o
(N,), heated to 400 °C and introduced at a flow rate of 8000 cm®
min”", The declustering potential and collision energy were optimized
for each compound in infusion experiments: individual standard
solutions (10 yg mL™") dissolved in 50:50 (v/v) mobile phase were
infused at a constant flow rate of § yL min~ using a model syringe

pump (Harvard Apparatus, Holliston, MA). Full-scan data acquisition

wxpafmmdmmngﬁomm/. 100 to 800 using a cycle time of 2 s

with a step size of 0.1 unit and a pause between each scan of 2 ms. To

confirm the identity cf some compounds, ntnlnl loss scan and
ion scan exp were carried out.”

80% ethanol in Milli-Q water (4 mL); they were then sonicated for §
min and centrifuged (4000 rpm at 4 °C) for 20 min. The supernatant
wutransfemdwoaﬁuhmdmwnwupmed.m

were combined and evap d under nitrogen flow;
ﬁm!ly the residue was reconstituted with Milli-Q water (0.1% of
formic acid) up to 1.5 mL and filtered through a 13 mm, 045 ym
PTFE filter (Waters).

Extraction of Carotenoid Compounds from Gazpachos.
There is a wide range of carotenoids present in vegetables and fruits.
Therefore, the identification of these compounds in the food matrix is
a difficult task. To avoid exposure to light, oxygen, and high
temperatures and to pro-oxidant metals such as iron or copper, the
extractions of carotenoids were carried out quickly in darkness and
using dry ice to minimize autoxidation and cis—trans isomerization.

Lyophilized gazpachos (0.5 g) were weighed and homogenized with
S mL of EtOH/baam (4:3, v/v) following a procedure described in
the literature;'* they were then sonicated for $ min and centrifuged
(4000 rpm at 4 °C) for 15 min. The supematant was transferred into a
flask, and extraction was repeated. The sup were combined

" For quanhfkanon purposes, data were collected in the multiple
reaction monitoring (MRM) mode, tracking the transition of parent
and product fons specific to cach compound. Quantification of
polyphenols was performed by the internal standard method.
Polyphenols were quantified with respect to their corresponding
standard. When standards were not available, as in the case of caffeic-
O-hexoside and ferulic-O-hexoside acids, they were quantified with
respect to the corresponding hydroxycinnamic acid (caffeic and ferulic

acids).

~ The liquid chromatograph was an Agilent series 1100 HPLC
(Agilent, Waldt Germany) equipped with a
quaternary pump, an autosampler, and a column oven set to 30 “C.
Mobile phases consisted of 0.1% formic acid in Milli-Q water (A) and
0.1% formic acid in acetonitrile (B). The injection volume was 20 uL,
and the flow rate was 0.4 mL min™". Separation was carried out in 20
min under the following conditions: 0 min, S% B; 16 min, 40% B; 17
min, 95% B; 19 min, 95% B; 1935 min, 3% B. The column was
:qulhbmtd for $ min prior to each analysis.

and evaporated under nitrogen flow; finally, the residue was
reconstituted with MTBE to 1 mL and filtered through a 25 mm,
045 pm PTFE filter (Waters).

Antioxidant Capacity. The hydrophilic and lipophilic antioxid
capacities in gazpachos were measured by ABTS" md DPPH assays
following the procedures described in the i A

Peroxidase (POD) Activity Measurement. POD activity of
gazpachos was measured using the method described by Aguild-
Aguayo et al”* Enzyme extracts were obtained by homogenization of
10 mL of gazpacho with 20 mL of 02 mol L™ sodium phosphate
buffer (pH 6.5). Then, the homogenate was centrifuged (4000 rpm, 15
min) at 4 °C. The supernatant was filtered through a Whatman no. 1
paper and the resulting liquid constituted the enzymatic extract, which
was immediately used for the POD activity determination. POD
activity was assayed spectrophotometrically by placing 260 uL. of 0.030

168

of C ids in Gazpachos. Chromatographic
am!ym was performed using the HPLC system described for
polyphenol analysis, The analytes were separated on a Cy, column,
250 X 4.6 mm id, $ ym (YMC, Waters Co,, Milford, MA), and kept
at 20 °C, The injection volume was 20 uL and the flow rate, 1 mL
min~". The mobile phase consisted of two different solvent mixtures:
A, water/methanol/MTBE (4:26:70, v/v), and B, the same solvents
but in the range 4:90:6 (v/v). The linear gradient was from 26 to 90%
B in 23 min. The column was equilibrated for 10 min prior to each
analysis. The modification procedure followed the protocol previously
published." MTBE was used as a modifier to facilitate the elution of
Iycopene, which is strongly retained in a methanol environment.

Diode Array Detector. Cs cally available id standard

(trans-lutein, trans-a-carotene, trans-f-carotene, and trans-lycopene)
were used to identify analytes by retention times and UV-vis spectra.
The LC-DAD chromatograms were acquired by selecting the 450 nm

ddoloeg/10.1021/#204142 1 L Agric. Food Chem. 2012, €0, 19811988
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Table 1. Changes in the Hydrophilic and Lipophilic Antioxidant Capacities and Relative Residual POD Activity in Gazpachos (n
= 3) during 12 Weeks of Storage”
mmol TE 100 g™ FW
weeks of relative residual
storage ABTS" hydrophil DPPH hydrophils ABTS' lipophilic DPPH lipophilic POD activity (%)
Gazpacho 1
0 33820042 468 £ 011 101 £001 2 L19+010a 1002
4 327 £ 007b 455 +£026b 097 + 0.08b L12 £ 004 b 92025 + 408 b
8 313 = 004c 436 +023¢ 093 + 005¢ 108 + 002¢ 8511 £ 405¢
2 309 + 002d 429 + 0284 092 £ 003¢ 105 £ 0.04d 8215 + 397d
Gazpacho 2
0 320 £ 0052 423£014a 129 £ 0032 136 £ 0043 1002
4 313 £ 005b 412 £ 032b 1.23 + 006b 132 + 008 b %051 + 318b
8 305 £ 008¢ 402 +£028¢ 119+ 003¢ 128 + 005¢ 8816 + 407 ¢
n» 302 £ 003d 393 £ 0164 117 £ 009¢ 126 £ 0.09¢ 8446 + 4.124d
Gazpacho 3
0 395+ 0052 482t0l1a 107 £ 002a 130 + 007 a 1002
4 384 £ 005h 469 £ 022b 102 £ 002b 127 £ 008b 9351 £311b
8 370 £ 0.04¢ 430 £ 028¢ 0.99 + 0.05¢ 125 + 006¢ 8610 + 4.18¢
2 363 + 006d 441 £ 0.10d 097 £ 0.09¢ 1.24 + 003¢ 8300 + 4.03d
Gazpacho 4
0 341 £0042 469 £007 2 116 £ 008 2 1.22 £ 0062 1002
4 330 £ 005b 454 £ 0.8b LI2 £ 003b 120 + 0.05b 9L10 £ 4.09b
8 352 007¢ 441 £020¢ 109 + 002¢ 116 + 004 ¢ 8743 £391¢
n 309 £ 003d 436 £ 025d 108 £ 003¢ L14 £ 006¢ 8300 & 387d
Gazpacho 5
0 411 £ 005a 500 + 005 a 102 £ 0093 124 £ 0052 100a
4 403 £ 006b 485 £ 025b 099 4 008b 122 4 008b 90.10 & 4.15b
395+ 007¢ 476 £ 030¢ 097 £ 007¢ LIS £ 007¢ 8356 + 402¢
2 391 +009d 465 +0.19d 095 £ 005¢ L4 £003¢ $001 + 406d
Gazpacho 6
0 307 £ 0052 429 £ 0082 125 £ 0022 134 + 0062 1002
4 298 £ 008b 4.16 £ 0.18b 121 £ 005b 130 + 0.04b 9170 + 4.09b
8 289 = 005¢ 409 £020c LIS = 004c 125 £ 007¢ 8750 + 389¢
n 284 £ 09d 401 £ 006d LI7 £003¢ 123 £002¢ 84.18 £ 373d

“Letters in the columns represent statistically significant differences (P < 0.05).

wavelength; afterward, the UV—vis spectra were recorded in the range
of 350~550 nm for the tentative identification of carotenoids and their
geometrical isomers (cis-lycopene isomers), on the basis of the
retention times and absorption spectrum characteristics described in
the literature.'*'*

Mass Spectrometry. The API 3000 (PE Sciex) triple-q
mass spectrometer in positive-ion mode was used to obtain MS/MS
data for wotmnld analysis Tutho lonspny source settings were the
same as previously d for | analysis. A solvent
delivery system Applied Biosy Foster
Cny,CA)vnsmcdfcrl}wddwcryo(lMmem ! of a LiCl solution
at a concentration of 500 mg L™,

Statistical Analysis. The significance of the results was analyzed
using the Statgraphics Plus v.5.1 Windows Package (Statistical
Graphics Co,, Rockville, MD). Analysis of variance (ANOVA) was

3
q 1

hydrophilic antioxidant capacity represents >90% of the total
antioxidant capacity of fruits and vegetables. These results
concur with our study. Although hydrophilic antioxidant
capacity does not account for >90% of the total antioxidant
capacity, hydrophilic antioxidant content is greater than
lipophilic content (Table 1).

The ABTS" and DPPH values decreased over the 12 weeks
of storage for both lipophilic and hydrophilic antioxidants.
Although there was a slight variation between different brands
of gazpachos in the content of antioxidants, the trends
reflecting the effects of storage were similar. The content of
hydrophilic antioxidants d d by about 7.34% for the
ABTS assay and by 7.42% for the DPPH assay. For lipophilic

ity, the decreased by 7.95 and 7.76%

used to compare the means of groups of data.
Relationships between variables were examined using Pearson
correlation coefficients. P values of <0.05 were considered to be

statistically significant.

B RESULTS AND DISCUSSION

Effect of Time of Storage on Hydrophilic and
Lipophilic Antioxidants in Gazpachos. The contribution
of carotenoids to total antioxidant capacity is considered to be
small in comparison with hydrophilic antioxidant capacity. In
tomatoes, the hydrophilic fraction displays greater antioxidant
capacity than the lipophilic fraction. Wu et al™ d that

for the ABTS' and DPPH assays, respectively. The most
significant deae.ne was observed after 4 weeks of storage. Del
Caro et al.*' described a decrease of about 5% in the TEAC
value for orange juice slored for 12 days at 4 °C.
Controversially, Piga et al** reported an increase in the
DPPH content over 15 days of storage of mandarin juices at 4
°C. They attributed this increase in the antioxidant capacity to
the formation of Maillard reaction products.

Effect of Time of Storage on Individual Phenolic
Compounds in Gazpachos. POD is involved in the oxidative
dation of phenolic compounds.™ Therefore, the residual

&
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Table 2. Changes in the Content of Hydroxycinnamic Acids in Gazpachos (n = 3) during 12 Weeks of Storage"
peg W
weeks of caffeic acid- ferulic acid-

storage caffelc acid O-hexoside ferulic acid O-hexoside chlorogenic acid
Gazpacho 1

0 4230042 1069 £ 0112 31101212 47 £0722 1093 2 014

4 409 £ 0.09b 1049 £ 027b 3031 £ LISb 3348 £ 1LMb 1063 £ 025b

399 £ 007¢ 1020 £ 0S¢ 2943 £ 1.54¢ 3291 + 1.29¢ 1031 £ 029¢

12 384 £ 008d 1000 1 026¢ 2900 £ 145¢ 3231 £ Ll4c 1002 1 040¢
Gazpacho 2

0 333 £ 005a 1344 £ 0042 2411 £ 1502 3962 + 0402 932+ 009a

4 327 £ 0.10b 1309 + 029b 2354 +092b 3829 + 143b 899 £ 043b

298 4 0.12¢ 1267 4 0.18¢ 287 + 130¢ 3780 + 131 ¢ 852 + 040¢

n 291 + 009d 1231 £ 022¢ 209+ 1204 3660 + 1294 843 £ 041d
Gazpacho 3

0 367 £ 0053 968 £ 0112 2651 + 1022 3812 £ 0872 1211 £018a

4 351 +003b 941 £027b 2560 £ 095b 3407 £ 089b 1191 £ 021b

342 £ 009¢ 905 £ 022¢ 239 % 110¢ 3331 £ L1s¢ 1122 £ 035¢

2 330 £ 008d 88240154 302+ 122d 3297 £ 132d 1108 £ 026¢
Gazpacho 4

0 405+ 0042 1535+ 0072 2146 + 1152 2898 + 0362 1119 £ 0.10a

4 397 £ 007b 1509 £ 0.15b 2087 £ 153b 27.50 £ 05b 1101 £029b

378 £ 008¢ 14355 £ 0.19¢ 2009 1L13e %678 +059¢ 1079 2 034¢

n 372+ 0084 1438 £ 021 ¢ 1970 £ 132¢ 2668 £ 065 ¢ 1054 £027d
Gazpacho §

0 447 £ 0032 1734 £ 005 a 3041 £ 1092 2570 £ 058 a 955 £ 0122

4 429 £ 0.10b 1698 +022b 2860 + L15h 2501 + 125b 921 £ 025b

8 417 £ 013¢ 1651 £ 025¢ 2801 £ Lll¢ 286 + 123¢ 9.10 £ 029¢

n 413 £ 005d 1639 £ 0.16 ¢ 794+ 133 ¢ UV +130¢ 892 £ 031d
Gazpacho 6

0 385 £ 0082 1157 £ 0082 2057 + 1222 3364 + 0642 1009 £ 0122

i 371 +0.0b 161 + 0.18b 2021 + 119b 3301 + 089b 959 % 0.15b

8 3532 004c 1144 £ 020¢ 1982 % 140¢ 282 120c 934 2 043¢

7] 345 £ 009d 1131 £ 015d 1947 + 123d 3212+ 138¢ 920 £ 029¢

“Letters in the columns represent statistically significant differences (P < 0.05).

activity of POD might be associated with the degradation of
phenolic compounds during storage. Table 1 shows the relative
POD activity after 4, 8, and 12 weeks of storage. Ferulic, caffeic,
and chlorogenic acid, ferulic acid-O-hexoside, and caffeic acid-
O-hexoside were identified in gazpachos (Table 2). Levels of
caffeic acid in gazpachos were in line with those reported by
Martinez-Valverde et al.** for tomato products, which ranged
between 139 and 13 g g™ FW. The content of ferulic acid
was higher than that found by Luthria et al™ for tomato
products, who reported values between 9 and 15 pig g™ FW,
whereas in our study the results were between 20.57 and 31.10
g g for ferulic acid and between 25.70 and 39.62 pg g™ for
its glycosidic form. The trends reflecting the effects of storage
were similar for all of the gazpachos analyzed.

The content of hydroxycinnamic acids decreased after 12
weeks of storage at 4 °C. The greatest decrease (P < 0.05)
occurred for ferulic (8.33%) and caffeic (9.68%) acids during
the 12 weeks of storage, whereas their glycosidic forms
decreased by 6.37 and 6.71%, respectively. The higher stability
of the glycosidic forms toward their aglycones could be

ributed to the blockage of the 3-hydroxy function at the C-
ring by a sugar moiety.g Similarly, chlorogenic acid decreased
by 7.94%.

As described by Gliszczy and Tyrakowska,”
caffeic and chlorogenic acids decreased during the storage of
apple juices. They found that the initial concentrations of

ka-Swiol
o

affeic acid were 331-8.66 mg L™ and underwent losses
reaching values of 1.51 to 349 mg L™, The same pattem was
observed for chlorogenic acids. Hydroxycinnamic acids are
formed in plant products via the action of phenylalanine
ammonia-lyase activity (PAL) due to the phenylpropanoid
metabolism.

Biosynthesis of flavonols consists of the sequential addition
of three molecules of malonyl-CoA to hydroxy ic acid
CoA esters to form chalcones. These chalcones are then

ized into (25)-fl which, through hydroxylation
and desaturation, are converted into flavonols.” In our study, it
could not be hypothesized that the disapp e of
hydroxycinnamic acids is due to their conversion to flavonols,
as g rutin, and kaempferol-3-O-rutinoside did not
increase during storage and other flavonols were not detected.
Therefore, decreases may be due to the oxidation of
chlorogenic to reactive O-quinones through the catalytic
oxidation process.””

A slight decrease in naringenin and naringenin-7-O-glucoside
was observed (Table 3). The naringenin content found in
gazpachos was in the range reported by other authors in tomato
products.**** The initial concentrations of naringenin in the
studied gazpachos were 44.08-4683 pg g™ FW, whereas
naringenin-7-O-glucoside was found at concentrations of 2.16—
2.54 pg g”' FW. The naringenin content in gazpachos

dxdolong/10.1021/204142) | L Agric. Food Chem. 2012, 60, 1981-1988
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Table 3. Changes in the Content of Fl Is and Fl

in Gazpachos (n = 3) during 12 Weeks of Storage”

g W

weeks of Kkaempferol- naringenin-

storage rutin quercetin 3.0-rutinoside naringenin 7-O-ghucoside
Gazpacho 1

0 5998 + 1042 279+002a 2047 £ 0822 HOS+ L10a 248+ 0082

4 $7.93 £ 330b 263 £ 007b 1980 £ 1.79b 4290 £ 260b 239 £ 0.18b

3581 + 266¢ 248 + 005¢ 19.19 £ L44c 4149 £ 230¢ 232 £ 016¢

12 5400 + 290d 229 + 003d 1853 & 1.53d 4100 £ 235¢ 280114
Gazpacho 2

0 3699 + 1592 247 £ 0012 2077 + 1282 4683 £ 1242 226 + 0132

4 5491 +£331b 232+ 003b 235+ L12b 4521 + 1.87b 22 +0.12b

8 3281 £ 154c 215 £ 004¢ 1981 £ 1.33¢ 4429 + 225¢ 219 £005¢

12 5193 + 298¢ 200 + 0.05d 1950 + 121¢ 4302 + 213d 217 £ 0.08¢
Gazpacho 3

0 5440 £ 1332 261 +002a 1957 £ 0.76a H46 + 1252 219+ 0132

4 5267 £ 1.50b 244 £ 006b 1890 + 1.59b 4221 % 1.76b 214 £019b

5054 + 285¢ 233 £ 005¢ 1831 £ L13¢ 4151 £ 209¢ 210 + 026¢

12 4931 £ 260d 216 + 003d 1792 £ 1.56d 4133 £ 215¢ 207 £ 0.15d
Gazpacho 4

0 6068 £ 1242 248 £ 0012 2059 £ 0522 4650 £ 1432 253 £ 0072

4 5803 +231b 232+ 005b 2001 +023b 4565 + 187b 249 £013b

8 3737 £ 223¢ 221 £002¢ 1970 £ 034 ¢ 4480 £ 1.75¢ 245 £ 015¢

12 57.00 £ 1.25¢ 215 + 0.04d 1925 £ 040¢ 01 £ 1.9¢ 241 £024d
Gazpacho 3

0 5104 £ 103a 208+ 0.01a 19.05 £ 09a HI0 £ 1482 216 £ 009

4 3000 £ 1.95b 200 + 005b 1870 + 1.43b 4301 £ 1.87b 210 £ 022b

8 4877 £ 225¢ 1.83 £ 006¢ 1800 £ 1.22¢ 290 £ 175¢ 209 + 005¢

12 4800 + 289¢ 175 + 005d 1788 + L12d 4250 + 198¢ 201 +006d
Gazpacho 6

0 6183 £ 121a 274 £ 0022 2041 £ 0.78a 4520 £ 3232 254 £ 0032

4 58.00 + L79b 255 006b 1987 + 101b 4318 £ 243b 241 £ 0.04b

8 5743 £ 231¢ 249 £ 004c 1937 + 191¢ 4261 £ 230¢ 235+ 015¢

2 5703 £277¢ 225+ 005d 19.05 & 1.82¢ 4240 £ 230¢ 230+ 0.18d

“Letters in the columns represent statistically significant differences (P < 0.05).

decreased by 6.53% and that of naringenin-7-O-glucoside by
about 6.44%.

Gazpachos have been found to be a rich source of flavonols
such as quercetin, kaempferol, and rutin. Naringenin (45%) is
reported to be the main fl id, followed by q i
(39%), myricetin (10%), and kaempferol (5%).” Other studies
report rutin to be the major flavonoid in several tomato
cultivars.'” In this study, rutin was the dominant flavonol in all
of the gazpachos, followed by kaempferol-3-O-rutinoside and
quercetin,

The initial concentrations of quercetin in the studied
gazpachos were 2.08-2.79 yig g”' FW, whereas kaempferol-3-
O-rutinoside was found at concentrations of 19.05-20.77 g
&' FW. Quercetin underwent significant losses throughout the
gazpacho storage period, reaching values of 1.75-2.29 yg g™'
FW. Our results were in line with those found by Vallverdd-
Queralt et al during the storage of ketchups and tomato
juices.

Changes in rutin content are also shown in Table 3; rutin
decreased by 8.00%. It could be hypothesized that the oxidative
degradation of phenolic compounds is due to the residual
peroxidase activity and the autocatalytic oxidative reactions.
Flavonols may capture reactive oxygen species and, during the

the 3-hydroxy function at the C-ring of the flavonoid is blocked
by a sugar moiety. Thus, the blockage of the 3-hydroxyl group
might explain the higher stability of rutin and kaempferol
toward oxidation.

Effect of Time of Storage on Individual Carotenoids in
Gazpachos. Table 4 shows the evolution of the carotenoid
content in gazpachos over 12 weeks of storage at 4 °C. The
initial concentrations of all-trans-lycopene in the studied
gazpachos were 299-4.31 pg g FW. all-trans-Lycopene
underwent significant losses throughout the storage of
gazpachos, reaching values of 245351 pg g™ FW. trans-
Lycopene decreased by 1691% in comparison to trans-f-
carotene, trans-a-carotene, and trans-lutein, which decreased by
8.54, 10.24, and 5.44%, respectively.

Our results are in line with those reported by Lin and
Chen, ™ who attributed the higher stability of trans-lutein and
trans-fi-carotene to the coplanar structure of trans-lycopene, in
which 11 conjugated double bonds are present and which
should be more reactive than trans-lutein and trans-fi-carotene.

In another study, Zanoni et al.** reported that trans-lycopene
underwent a high loss of 30% in dried tomatoes after a 30 day
storage period and a loss of 70% after 90 days. Similarly,
Odriozola-Serrano et al."" reported final trans-lycopene losses

thermal p ing, flavonols could form quinonoid 7 of app ly 70% in tomato juice stored at 4 °C for 3
which leads to the formation of quinones. In the case of rutin months, Moreover, similar lycopene degradation patterns (35~
and kaempferol-3-O-rutinoside, in comp with quercetin,  75%) have been described by Giovanelli and Paradiso™ during

1985 dxdoioeg/10,1021/204142)1 L Agric. Food Chem. 2012, 60, 19811968
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Table 4. Changes in the Content of Carotenoids in Gazpachos (n = 3) during 12 Weeks of Storage”

g FW
weeks of trans- trang- frans- trans- S-dis- 9cis- 13-dis-
storage aarotene fcarotene lutein Iycopene lycopene Iycopene Iycopene
Gazpacho 1
0 025 £ 0012 910 £ 0042 204 £002a 324 £016a 237+ 0053 LIS £002a 164 £ 0162
4 021001 b 875 +0.12b 200+ 009 b 310+013b 235+ 010a LIS+ 004 b 155 +015b
8 020 £ 001 ¢ 845+ 011 c 198 £ 0.08 ¢ 285 £0.15¢ 240 £ 007 b LIS £ 006 b 1340120
n 0.19 + 001 ¢ 8344003 ¢ 195+ 006d 274 %0174 2454009 ¢ L4 £005b 12+ 010¢
Gazpacho 2
0 032+003a 1569 005 a 198 £ 0082 431 £019a 34210040 074 £ 001 a 12£012a
4 030 £002b 1535 £ 002 b 192£009b 406 £ 015 b 345 £ 008 b 071£002b 136+ 0011 b
8 030 £ 001 b H5£009¢ 189 £ 007 ¢ 378 £017¢ 346003 ¢ 070 £ 003 b 133+010b
2 029 £ 001 b 1450 £ 007 ¢ 185 £006d 351 £014d 350 %0024 070 001 b 132+£009¢
Gazpacho 3
0 027 £0022 1143 £ 0012 190 £ 004 2 325+016a 296+ 0072 104 20042 1380112
4 026 £002b 113 £005b 184 £005b 30540190 298 £ 006b 102 £005b 132£010b
8 025 001 b 1069 £ 004 ¢ 1.80 £ 0.04 ¢ 282 £010¢ 300 005 b 100 £ 003 ¢ 130 £ 009 ¢
n 025 £ 001 b 1042 £ 008 ¢ 1792003 ¢ L7 015d 305 £ 007 ¢ 098 £ 001 ¢ 129 £ 008 ¢
Gazpacho 4
0 037 £003a 1456 £ 0042 188 £ 0042 38+ 012a 283+ 011a 086 + 0022 13011
4 035 £ 002 b 1420 £ 005 b 181 £005b 29 £019b 286 £ 05b 085 + 0.06 2 1282006 b
8 035+ 003 b 1365 £ 009 ¢ 176 £ 007 ¢ 271 +0d1¢ 290+ 0J2¢ 083 £007b 127 £005 b
12 034 003b 1334+ 008 ¢ 173£008d 267 £ 0154 289 £006d 082£005b 1250070
Gazpacho §
0 031 £003a 1072 £ 0032 185 £005a 29+ 0142 271 £ 0062 136 0092 136 £011a
+ 030 £002b 1033 + 006 b 181 £007b 280 £ 015 b 273006 b 132£012b 130 £ 007 b
8 0290020 995 £ 004 ¢ 1.80 £ 0.06 ¢ 261 £013 ¢ 276 £ 003 ¢ 130£010¢ 127 £ 005 ¢
2 028002 b 975003 d 178 2009 d 24520194 279+008d 125 £ 008 d 125009 ¢
Gazpacho 6
0 053 £ 0052 1578 £ 0042 195 £ 006 2 386 +0152 336 £ 008 2 17120153 165 04052
+ 051 £005b 1540 £ 003 b 190 £ 006 b 361 £016b 339£010b 169 %016 b 137 £013b
8 050 £ 004 b 1473 £ 006 ¢ 1.88 £ 005 ¢ 30 L0l4c 341 2£005¢ 165 £ 014 ¢ 1554£002¢
12 049 £ 003 b 1433 £ 008 ¢ 187 £ 007 ¢ 20 £015d 34520194 162 +£013d 1534004 ¢

“Letters in the columns represent statistically significant differences (P < 0.05).

the storage of tomato paste. Controversially, Garcia Alonso et
al** found that the total lycopene content remained fairly
stable throughout the storage trial and varied from 99 to 120
mgkg™ in !omato juice packaged in Tetra Paks and from 96 to
115 mg kg™ in samples stored in gj.us bottles. For both rypes
of samples, no clear temp dency was
regarding the rate of total lycopene loss, which was affected
only by storage time. At the end of the storage trial, the final
losses in the total lycopene content varied from 7 to 17%. The
differences in lycopene stability between these studies could be
attributed to the presence and stability of other antioxidants
such as polyphenols or to the thcrmal inactivation of oxidizing
enzymes during tomato processing*

We also looked at cis-isomers of lycopene. Human health
studies have demonstrated the nutritional benefits of cis-
isomers in tomato products, because these compounds seem to
be better absorbed in the intestine. We ively identified
three isomers in gazpachos: S+, 9-, and 13-cis-lycopene (Table
4). This lycopene isomer profile is in line with that described by
other authors in different tomato products, in which trans-
lycopene represents the most abundant lycopene isomer,
varying from 35 to 96% of total lycopene, with $-, 9-, 13-,
and 15-cis-lycopene being the main cis- |somcrs deu.w.:led.m7 It
was shown that during meal preparation, lycop
trans/cis-isomerization, increasing the proportion of dis-
isomers.™ As mentioned above, all-translycopene underwent

a 1691% loss in gazpachos in comparison to cis-lycopene
isomers, which slightly decreased, 5.52 and 7.27% for 9-cis-
lycopene and 13-cis-lycopene, respectively. An increase of
2.72% for the $-cis-lycopene isomer was observed in gazpacho
products. These results are in line with those reported by Lin
and Chen.” They observed the formation of cis-lycopene
isomers during the 3 month storage penod of tomato juice.
This could be explained by the i ph all-
trans-Lycopene can be converted to 13-cis-lycopene, which can
then be converted into other cis-isomers.

To our knowledge, this is the first time a study has been
mmed out to evaluate the mlnlny of ﬂavonols, ﬂavannns,
nic acids, and indi in
dunng storage.

The storage of gazpachos at 4 °C results in a slight decrease
in their polyphenol and carotenoid contents and also in the
hydrophilic and lipophilic antioxidant capacities, but the levels
achieved do not signify a nutritional drawback. Therefore, we
can expect a beneficial effect from the consumption of
gazpachos at any point during their shelf life.

The main degradation was observed for quercetin oxidation
because the hydroxy function at the C-ring of the flavonoid is
not blocked by a sugar moiety as it is in the case of rutin,
kaempferol-3-O-rutinoside, and glycosylated caffeic and ferulic
acids.

o
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Lycopene underwent significant losses throughout storage,
due mainly to the 11 conjugated double bonds that are present
in its structure, and should be more reactive than trans-lutein
and trans-fi-carotene. cis-Lycopene isomers slightly decreased.
Huwever, S-cis-lycopene underwent a slight increase; this

could be explained by cis-i increasing
the portion of cis-isomers.
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Resum: L'aplicacié dels polsos eléctrics en el processat d’aliments ha atret gran interés
com una alternativa als tractaments termics per mantenir la qualitat nutricional dels
productes. No obstant aixo, els polsos electrics també es poden fer servir per estimular
la produccié de metabolits secundaris com els polifenols i els carotens. Es va fer servir
un disseny de superficie de resposta per avaluar I'efecte dels tractaments de polsos
electrics en la produccié de polifenols, carotens i vitamina C. Les variables
independents van ser la intensitat de camp (de 0.4 a 2.0 kV/cm) i el nombre de polsos
(de 5 a 30). Els tomaquets tractats amb polsos electrics es van guardar a 4 °C durant 24
hores. Després es van dur a terme les analisis de capacitat antioxidant, vitamina C,
polifenols totals i licope total. S’observa un increment en el contingut de polifenols,
licopé total i capacitat antioxidant a diferents combinacions de polsos eléectrics i
intensitat de camp. La vitamina C disminueix lleugerament. Conseglientment, els
polsos electrics es poden fer servir per augmentar el contingut de compostos bioactius
en tomaquets i derivats de tomaquet, com ara sucs de tomaquet, quetxups i

gaspatxos.
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ABSTRACT: The effect of moderate intensity pulsed electric fields (MIPEF) on the b pounds (total polyphenol
lycopene, and vitamin C content) as well as on the antioxidant capacity of tomato fruit was studied. The MIPEF treatment
conditions were optimized to obtain tomato fruit with a high content of bioactive compounds. Tomato fruits were subjected to
different electric field strengthx (fmm 04 to 2.0 kV/cm) and number of pulses (from 5 to 30) and then immediately refrigerated
at4°Cfor24h. A pounds higher than that of d was obtained in MIPEF-treated
tomatoes. A 44% increase in total pulyphmol content was achieved under 30 pulses at 1.2 kV/em. The hydrophilic antioxidant

capacity was also enhanced by 44% applying 18 pulses at 1.2 kV/cm, and the llpophﬂic antioxidant capacity was increased by 37%
; R ARA

under $ pulses at 1.2 kV/em. The maximum overall level of bi

capaaly in the treated

MIPEF

could be considered an effective method to

tomatoes was obtained under 16 pulses at 1 kV/cm. Therefc

i vid

h the bioactiv d content and

ial of

4

KEYWORDS: MIPEF treatments, lycopene, total polyphenols, antioxidant capacity, vitamin C, stress reactions

B INTRODUCTION

Diet-related chronic diseases have become a major public
health concern due to their increasing prevalence in recent
years. In this context, the consumption of tomatoes could be

considered as a nutritional indi of good dietary habits and
healthy lifestyle due to the important health pmttcﬁng role of
their bioacti ds, principally polyphenols, carote-

noids, and vitamin C.** In particular, lycopene has been
associated in epidemiological studies with a lower risk of
prostate cancer.” The high content of polyphenols in tomatoes
has also been gaining interest because of their multiple
biological effects, including free-radical scavenging, inhibition
of cellular proliferation, and modulation of enzymatic activity
and signal transduction pathways.*
ngll mlensxty pulscd tlccmc ﬁcl&s have been proposed as an
to ques of food preservation.
Several studies have demonstrated the ability of high intensity
pulsed electric fields to obtain shelf-stable liquid foods with
high numtloml value by inactivating microorganisms and
enzymes.® Other apphcauons of pulsed electrk ﬁelds
Niiolowr dre Iy bein Sooid Mad
pulsed electric fields (MIPEF) may czusc lethal damage to cells

ROS are endog signal quired for the
synthesis of secondary mcubolltcs such as polyphenols or
carotenoids, which are k.nown to be part of the defense
response of plants to stress.'"

P to MIPEF have been studied
in potato msues.' 12 but as far as we know, no data is available
on the effects of MIPEF on other fruit and vegetables.
Therefore, the aim of this research was to study the effects of
processing parameters of MIPEF, namely, electric field strength
and number of pulses, on the bioproduction of polyphenols,
lycopene and vitamin C as well as on the antioxidant capacity of
tomato fruits. In addition, MIPEF processing parameters were
optimized to obtain tomato fruit with enhanced levels of
bioactive compounds.

B MATERIALS AND METHODS

Reagents. All samples and standards were handled without

exposure to light. Folxn-CloalIew (F~ C) lngml. Leascorbic acid,

2,2zi (3)-ethylb lfonic acid

(ABTS). Trolox ((t)-&hydrorxy 2,5,7 8-tetramethylchromane-2-car-

boxylic acid) 97% ,and manganese dioxide were purchased fmm
Sigma (Madrid, Spain); phosphoric acid and v1-1,4-dith

(DTT) were purchased from Acros Organics (New Jersey, USA.);

or induce sublethal stress by p bilizing tissue ¢
thus improving intracellular metabohle extraction™® and
enhancing drying efficiency.” Recent studies have also
suggested the possnbnhty of usmg MIPEF to stress cclls and
thus stimulate the of

MIPEF affect the metabolism of vegeubles with the
consequent generation of reactive oxygen species (ROS). ™'

A4 ACS Publications — © 2012 American Chemical Society

hydrochloric acid 35% and acetic acid 99.8% were from Panreac
(Bamdum. Spain); and anhydrous sodium acetate (2 M) was from
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Merck (D dt, Germa flated hyd ! (BHT), plate to be read in 10 5. TP content was expressed as mg of gallic acid
methanol, henne and founu xid were obtained from Scharlau equivalents ((‘.AB)/IOOgdry weight.

(Barcelona, Spain). Ultrapure water (Milli-Q) was from Millipore Extraction and Analyses of Vitamin C Content. The extraction

Corporation (Bedford. MA, USA).
Tomatoes. Commercially mature tomato fruit (Licop

procedure was carried out in triplicate following a method described
Odriozola-S et al'"* Five grams of lyophilized tomato fruits

esculentum Mill. cv. Daniella) were purchased from a local sup %

were weighed and homogenized with 3 mL of a solution containing 45

(Lleida, Spain). The pH (Crison 2001 pH-meter; Crison 1
SA, Alella, Barcelona, Spain), soluble solids content (Atago RX-1000
refractometer; Atago Company Ltd,, Japan), firmness (Texturometer-
XT2 Stable Micro Systems Ltd,, Surrey, England), and color (Minolta
CR-400, Konica Minolta Sensing, Inc., Osaka, Japan) of the tomato
fruit were determined (Table 1).

Table 1. Analytical Characteristics of Tomato Fruits
parameters’
pH
firmness (Ns")
soluble solids (*Brix)
I

tomato fruits
445 £ 001
204 = 251
442 4 002
385 =04
o 181 %19
b 46218
“Results are the mean % SD of three measurements. EN.s:
Newtonssecond.

MIPEF P g. MIPEF were conducted in bath
equipment manufactured by Physics International (San Leandro, CA,
USA), which can deliver pulses from a capacitor of 0.1 uF with an
exponential decaying waveform. A stainless steel parallel plate
treatment chamber was used. A batch of tomato fruit was placed in
the treatment chamber filled with tap water. Tomato fruits were
treated at 0.4-2 kV/cm using 5-30 monopolar pulses of 4 us at a
frequency of 0.1 Hz. Each treatment was repeated twice.

& of metaphosphoric acid and 7.5 g of DTT per liter. The mixture was
centrifuged at 4000 rpm for 10 min at 4 °C. The supernatant was
transferred into a flask, and the extraction was repeated. Both
supernatants were combined and filtered through a 0.45 ym PTFE
filter into an insert-amber vial for HPLC analysis.

For chromatographic separations an HP 1100 HPLC system
(Hewlett-Packard, Waldbronn, Germany) equipped with a diode-armay
detector and an automatic sample injector was used. The mobile phase
was a 0.01% solution of sulphuric acid adjusted to pH 2.6. The
separation of ascorbic acid was performed with a Luna Cj column SO
X 20 mm id, § pm (Phenomenex, Tomance, CA, USA). The
injection volume was 20 uL, and the flow rate was 1 mL/min. All UV
spectra were recorded at 245 nm, Identification of the ascorbic acid
was carried out comparing the retention time and UV-visible
absorption spectrum with those of the standard, Vitamin C content
wasupress«lasmgvmnn(./loﬂgdrywﬁght

and yses of Lycopene Content. The extraction
of lycopene was carried out in lnphcalv: following the procedure of
Odriozola-Serrano et al'* This method determines the content of
lycopene and other derivates such as hydrmy lycopene and lycopene
epoxides. Approximately 0.2 g of lyophili were weighed
and added to 2.5 ml, of 0.05% (w/v) BHT in acetone, 2.5 mL of 95%
USP-grade ethanol, and § mL of hexane. The homogenate was
centrifuged at 4000 rpm for 20 min at 4 °C. After shaking, 1.5 mL of
distilled water was added. The vials were then agitated for $ min and
left at room temperature to allow phase separation. The lycopene
content of each sample was measured using the absorbance at 503 nm.
Lympm: content was nptmd as mg lycopene/100 g dry weight.
Ca The tomato extracts

MIPEF-treated tomato fruits were collected and diately
refrigerated at 4 °C for 24 h as previously described by Galindo et
al." Untreated tomatoes were stored separately at 4 °C for 24 h. Both
untreated and MIPEF treated tomatoes were lyophilized after 24 h and
frozen at =20 "C until analysis.

ly of Total F I Content.
Samples were mx:d IlI triplicate following the procedure of
Vallverdi-Queralt et al'* with some modifications. Lyophilized
tomato fruits (0.2 g) were weighed and homogenized with 50%
ethanol in Milli-Q water (4 mL); the homogenate was then sonicated
for 5 min and centrifuged (4000 rpm at 4 °C) for 15 min. The
iupcnuumwummftmdm(oaﬂaskmdlbcenrxumwn
repealcd. Both were d and d under
flow. Flnany the residue was reconstituted with Mill- - water
(Ol%dfamlkand)uplelmLmdﬁllzmd a 13 mm, 045
pm polytetrafluorocthylene (PTFE) filter from Waters (Milford, USA)
into an insert-amber vial

Solid phase extraction (SPE) was carried out to eliminate
interferences such as ascorbic acid, amino acids, reducing sugars,
which are proved to overestimate values of total polyphenol (TP)
oonlenLFwthspro«dum,OamMM(cwﬂgcswnhwmso(
mixed-mode and ed-phase solvent from Waters
(Milford, USA) were used foll the dure of Vallverda
Queralt et al."* The cluted fractions were evapunld under nitrogen
flow, and the residue was reconstituted with up to 500 L of Milli-Q
water containing 0.1% formic acid.

For the TP content assay, each extract was analyzed as follows: 20
HL of the eluted fractions was mixed with 188 uL of Milli-Q water in a
thermo microtiter 96-well plate (Nunc, Roskilde, Denmark), and 12
HL of Folin—Ciocalteu (F—C) reagent and 30 uL. of sodium carbonate
(200 g/L) were added. The mixtures were incubated for 1 h at room
temperature in the dark. After the reaction period, 30 uL of Milli-Q
water was added, andlhcibsofhn«vusmmﬂdﬂ%Snmmt
UV/vis Thermo Itisk (Vantaa,
Finland). This sp ph of a 96-well

allowed the absorb

3127

paci
prepared to determine the TP and lycopene contents were also used to
analyze the hydrophilic antioxidant capacity (HAC) and lipophilic
antioxidant capacity (LAC), respectively. The HAC and LAC were
measured using an ABTS' radical decolorization assay and DPPH
assay following the procedure of Vallverdii-Queralt et al.'” with minor
modifications.

ABTS' Assay. An ABTS' radical cation was prepared by
mM aqueous stock solution of ABTS (in methanol) through
manganese r. Excess manganese dioxide was filtered
through a 13 mm 045 pm filter PTFE. Before analysis, the solution
was diluted in methanol pH 7.4 to give an absorbance at 734 nm of 0.9
4 0.1 and preincubated in ice. Two hundred forty-five microliters of
ABTS" solution was added to $ uL of tomato extracts, and solutions
were stirred for 30 5. The homogenates were kept in darkness for 1 b,
and the absorbance was recorded with a UV/vis Thermo Multiskan
Spectrum spectrophotometer at 734 nm against a blank of methanol
without ABTS". The results were expressed as mmol Trolox equivalent
(TE)/100 g dry weight.

DPPH Assay. HAC and LAC were also measured by the DPPH
assay. Five microliters of tomato extracts or Trolox were mixed with
250 uL of methanolic DPPH (0,025 g/L). The Ilomoguult w;s
nhlmﬂgmllyleepthn&nfnrJOmnAhﬂpﬁon
samples was d on the alSISnmaganun
blank of methanol without DPPH. The results were expressed as
mmol Trolox equivalent (TE)/100 g dry weight.

TP, lycopene, and vitamin C relative contents were defined as the
percentage of compound content of MIPEF-treated tomatoes
compared to that of the untreated tomatoes. Relative HAC and
LAC were defined as the percentage of HAC or LAC of MIPEF-
treated tomatoes compared to that of the untreated tomatoes.

Experimental Design. A face-centered central composite
response surface design was used to determine the effect of electric
field strength and number of pulses on TP, vitamin C, and lycopene
content as well as on HAC and LAC. The independent variables were
electric field strength (from 0.4 to 2 kV/em) and number of pulses

ing a §

ol org/10.1021/)0205216m | £ Agric. Foad Chem. 2012, 60, 3126114
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Table 2. Central Composite Response Surface Design for Relative TP, Vitamin C, and Lycopene Content and Relative
Antioxidant Capacity of Tomato Fruits under Different MIPEF Treatments”

E "

N ep s e
12 30 14461 £229a 9897+ Llla 1003 £274a
12 5 12189 £292b 8605 % 1450 13L75229%0b
12 18 B9 £273¢ 99362092 1NIT72137¢
2 18 9059 +288d 9451 £ 196 ¢ 10056 £2404d
04 18 12121 £ 269b 9530+ 188d 11298 = 2410
2 30 9896 = 465 ¢ MM = 130c 9301 =139
04 30 13449 £300¢ 9431 £097¢ 10383 £ 300f
2 - S137 2195 S100 £ 185 ¢ 11097 £ 3092
04 3 10664 & 168g 8322+ 160f 12602 £ 282 g

relative HAC relative HAC® relative LAC* relative LAC*

(DPPH) (%) (ABTS') (%)*  (DPPH) (%)*  (ABTS") (%)"
13467 £ 1642 12976 £ 130 a 12334 £277a 1545 £296a
12080 £238b 11269+ 1L77b  13735£202b 13072 £223b
14420 £ 208 ¢ 14136 £ 176 ¢ 12647 £ 133 ¢ 12042 £ 150 ¢
12248 £ 187d 11469 £ 138b 11393 £ 164d 10551 £3574d
13380 = 192 13020 = 2382 12210 £ 2312 1876 = 212 ¢
10985 = 167 ¢ 10306 = 153d 11042 =243 e 9993 =238 ¢

12581 £ 2151 N730£137¢ 11675 £ 308 f N6 £226¢
10160 £ 245 ¢ 9261 £ 095 f 12074 £227 ¢ 11462 £ 1842
1413 £257h 10657 £ 151 g 13086 £ 19h 1347 £337¢

“Different letters in the columns represent statistically significant differences (P<0.03). “Data shown are the mean + SD of two PEF treatment
repetitions; each assay was performed in triplicate. “HAC, hydrophilic antioxidant capacity; LAC, lipophilic antioxidant capacity.

Table 3. Analysis of Variance of the Second-Order Models for Relative TP, Vitamin C, and Lycopene Content and Relative

Antioxidant Capacity
relative TP relative vitamin C  relative lycopene  relative HAC"  relative HAC"  relative LAC"  relative LAC*

source™ content content content (DPPH) (ABTS") (DPPH) (ABTS")
quadratic model 200.13° 46334 178.83° 285,83 17678 11843° 62.54°
E 26708 9423 17115 14218 7941 917 7734
" 148497 14777.62° 44527 10225 60.76° 241.80° 124.43°
g 46883 27901 26851° 356297 21801° 248607 10399
o 280 7656.7° 16" 375.28° 24568 21437 243
En 506 187.89° 34 156 001 350 059
Tack of fit 038 261 042 269 290 213 147
std. dev. 228 136 120 136 200 101 158
mean 12198 12988 11370 12938 12413 12368 117.06
coefficient of 187 103 103 105 161 082 13

variation

R 09931 09898 09922 09951 09921 09883 09781
adj B 09881 09896 09867 0916 09868 09799 09624
“E) electric field strength, m)number of pulses. "HAC, hydrophilic antioxidant capacity; LAC, lipophil joxidant capacity. “Significant at p <

0001. “Significant at p < 0.05.

(from $ to 30). The levels for each independent parameter were
chosen considering sample and equipment limitations. MIPEF
experimental design was performed twice, and the order of assays
was randomized. Experimental data were fitted to a polynomial

A set of 88 experiments, choosing intensities between 0.4 and 2 kV/
«cm and number of pulses between 3 and 30, was carried out to validate
the predictive models on TP, vitamin C, and lycopene content as well
as on HAC and LAC. Correlations between predicted and observed

response surface. The second-order response function was predicted
byeq It

3 3 - |
Y=po+ L oXi+ X b7+ X X B

i=1 i=1 i=1i+1 1)

where Y is the dependent variable, /4, is the center point of the system,
By B and B, represent the coefficients of the linear, quadratic, and
interactive effect, respectively, and X,X* and XX, represent the linear,
quadratic, and Interactive effect of the independent variables,
respectively. The nonsignificant terms were deleted from the
second-order polynomial model after an ANOVA test, and a new
ANOVA was performed to obtain the coefficients of the final equation
for improved accuracy. Design Expert 7.0.1 software (Stat Ease Inc,
Minneapolis, MN) was used to generate quadratic models that fit the
experimental data and to draw the response surface plots.

The optimization was done following the method proposed by
Derringer et al."® All the individual desirability functions obtained for
each response were combined into an overall expression, which is

defined as the g I mean of the individual fu The closer
the desirability value is to the unit, the more suitable is the system. In
the totl desaliics & et devvloid ‘60! bbai

tomato fruits with optimum levels of health-related compound

were evaluated by Pearson's test.

W RESULTS AND DISCUSSION

Effect of MIPEF on TP Content. The TP content of
untreated tomatoes was 138.2 mg/100 g dry weight, which was
consi with values reported in the li 1 Results for
relative TP content obtained under the different experimental
conditions are shown in Table 2. After 24 h of MIPEF
treatments, a higher TP content was observed in MIPEF-
treated tomatoes than in untreated samples except at 2 kV/em.
The increases in relative TP content of tomatoes ranged from
6.6% (5 pulses at 0.4 kV/cm) to 44.6% (30 pulses at 1.2 kV/
«cm). These results are in accordance with Galindo et al,'® who
reported that 24 h after MIPEF treatments, potato tissue
metabolism showed plant stress responses characterized by
changes in polyphenols, amino acids, and the hexose pool.
Similar responses in plants to other types of stress have also
been observed. Matsuda et al.*” reported a 50% increase of
chlorogenic acid in wound-healing potato tuber tissue, which is
known to boost tissue protection against oxidative stress.

Increases of TP content are difficult to explain due to the
lexity of chemical reacti ing in natural systems.

P

3128 dedolorg/10.1021/J205216m 1 L Agric. Food Chem. 2012, 60, 1126-3134
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Table 4. Significant Regression Coefficients of the Quadratic Model for Relative TP, Vitamin C, and Lycopene Content and

Relative Antioxidant Capacity of MIPEF-Treated Tomatoes

relative TP relative vitamin C  relative lycopene  relative HAC" mmc“ relative LAC*  relative LAC"
source” content content content (DPPH) (ABTS") (DPPH) (ABTS")
mlc‘;wy( 74338 69.237 120413 80.107 66.220 125996 119.264
value
E 95417 14778 35962 49782 §7.167 30562 26.589
" 0909 1967 =1.374 4011 4742 =112 -0.564
B -47.692 -7.087 -18308 =24200 =27615 =14.871 -13973
o ~0.044 0016 ~0.102 ~0.121 -0018
En 0.0%0

“E, electric field strength; n, number of pulses. "HAC, hydrophilic antioxidant capacity; LAC, lipophilic antioxidant capacity.

Polyphenols are formed in plant products via the action of
phenylalanine ammonia-lyase (PAL) in the phenylpropanoid
metabolism.* It could be hypothesized that MIPEF induced
stress and increased PAL activity, thus enhancing TP content.
This stress response is initiated when the plant recognizes a
stimulus at the cellular level, which is initiated by the activity of
specific ion channels.”” Voltage-gated ion channels are a specific
type of transmembrane ion channel embedded in a cell
membrane, which are activated by changes in the membrane
electrical potential. Therefore, MIPEF may influence the
voltage-gated ion channels and increase the membrane
permeability for Ca® at the cellular level, followed by a rapid
influx of Ca*™* through cation channels. Through this process,
Ca*-dependent protein kinase (cnpx) phosphorylates PAL,*

which regulates the phenyl bolism. The CDPK
can also Increase the ROS which are endogenous signal
quired for the synthesis of dary metabo-

||tes. such as polyphenuls. known to be part of the plant defense
response to stress."
The effect of the number of pulses and electric field strength

"

E

Relative TP content (%)

g
8

Number of
strength (kV/cm)
Figure 1, Effect of electric field strength and number of pulses on the
relative TP content of tomatoes.

ranged b 81.0% (S pulses at 2 kV/cm) and

on relative TP content was evaluated by a design surface

hodology. The statistical analyses showed that the quadratic
model proposed for relative TP content was adequate (P <
0001), with a satisfactory determination coefficient (R* =
0.9931) (Table 3). The model showed no significant (P > 0.05)
lack-of-fit, indicating a good fit for prediction within the range
of assayed conditions. The linear term of electric field strength
(P < 0.001), the linear term of number of pulses (P < 0.001),
and the quadratic term of electric field strength (P < 0.001)
significantly affected the relative TP content of tomato fruits
(Table 3). Coefficients of the fitted equations are shown in
Table 4. An overall increase in relative TP content was
observed as the number of pulses rose (Figure 1), These results
provide evidence that a fast metabolic response took place
under 25-30 pulses at 0.7—1.1 kV/cm. The application of
MIPEF results in an opening of pores in the cell membrane and
consequently an efflux and influx of molecules. The influence of
different stress factors such as wounding and light on the
mcmascd pression of phenol-biosynthetic genes has been
reported,” and MIPEF may elicit a similar response. As can be
seen in Figure 1, tomato fruit treated at the highest intensity
field strength (2 kV/em) and minimum number of pulses (S
pulses) showed the lowest relative TP content. It seems that
treatments at 2 kV/cm may cause lethal damage to cells due to

99.4% (18 pulses at 1.2 kV/cm) (Table 2). Ade-Omowaye et
al reported a relative vitamin C content ranging from 89.6% to
96.5% in red bell peppers immediately after the application of
MIPEF treatments (30 pulses at 2 kV/cm, pulse duration 400
ms). Therefore, the application of MIPEF does not produce
synthesis of vitamin C.

In order to evaluate the effects of number of pulses and
electric field strength on relative vitamin C content, a surface
design methodology was used. A second-order model showed a
good fit with the relative vitamin C content results (P < 0.001).
The determination coefficient, R, was 0.9898, and the lack of
fit was not significant (P > 0.08). The linear terms of electric
field strength (P < 0.001) and number of pulses (P < 0.001),
the quadratic terms of electric field strength (P < 0.001) and
number of pulses (P < 0.001), and the interaction between
both parameters (P < 0.001) had significant effects on the
vitamin C content of the tomato fruits (Table 3). Coefficients
of the fitted equations are presented in Table 4. As shown in
Figure 2, a lower relative vitamin C content was observed in
MIPEF-treated tomatoes than in untreated samples. The
highest relative vitamin C content (99.4%) was obtained
under 18-25 pulses at 0.8~1.2 kV/cm. Vitamin C is a typmlly
labile nutrient and is also vulnerable to

idation (specifically by ascorbate oxidase and pemndase) o

irreversible loss of cell b f bility prop

Effect of MIPEF on Vitamin C Content. The vitamin C
content of untreated tomato fruits was 98 mg/100 g dry weight,
which is consistent with values reported in the literature.'® The
relative vitamin C content of tomatoes 24 h after MIPEF

Our results demonstrate that 24 h after the application of
MIPEF, tomato metabolism did not show an increase in
vitamin C. Even more a slight decrease was observed in vitamin
C in treated fruits.

dudolong/10.1021/6205216m 1 L Agric. Food Chem. 2012, 60, 3126-3134
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Figure 2. Effect of electric field strength and number of pulses on the

relative vitamin C content of tomatoes.

Effect of MIPEF on Lycopene Content. In untreated
tomatoes, the lycopene content was 65 "‘FJ 100 & dry wu%hl.
which is ¢ with values rey in the li
higher relative lycopene content was achieved in tomato fmﬂs
24 h after the application of MIPEF, except under 30 pulses at 2
kV/em (Table 2). The increase in the relative lycopene content
of tomato fruit ranged from 0.6% (18 pulses at 2 kV/cm,) to
31.8% (5 pulses at 1.2 kV/cm), indicating an influence of
MIPEF on the carotenoid pattern. The maturation of tomato
fruit is characteristically accompanied by a burst of ethylene.
Ethylene production, which leads to lycopene biosynthesis in
tomatoes, is also known to be rapidly |nmased by stress, eg, a
pathogenic attack or elevated salinity.*** Thus, it is possible
that MIPEF pmmcled ﬂhylenc pmducuon and achv.ll:d

Relative lycopene content (%)

120
0820 Electric fiakd
strength (kV/em)

pulses 500 040

Figure 3. Effect of electric field strength and number of pulses on the
relative lycopene content of tomatoes.

of MIPEF-processed tomato fruits treated under the studied
experimental conditions using DPPH and ABTS" methods. In
untreated tomatoes, the HAC (DPPH) was 5.30 mmol TE/100
g dry weight, and HAC (ABTS') was 4.85 mmol TE/100 g dry
weight, being consistent with values reported in the literature."*
The increases in relative HAC of tomatoes 24 h after MIPEF
treatments ranged from 1.6% (S pulses at 2 kV/cm) to 44.2%
(18 pulses at 1.2 kV/cm) for the DPPH assay, and from 3.1%
(30 pulses at 2 kV/cm) to 41.4% (18 pulses at 1.2 kV/cm) for
the ABTS' assay. Thus, MIPEF treatment significantly affected
the metabolome after 24 h in promoting an increase in
hydrophilic compounds. These rtsulu are in agreement with

those reported by Galindo et al,'” who strongly suggested that

d in ly such as ¢
isomeusc or {-carotene desa(urase.

A second-order model showed an adequate fit with the
relative lycopene content (P < 0.001) with a satisfactory
determination coefficient (R* = 0.9922) and insignificant lack of
fit (P > 0.05) (Table 3). Coefficients of the fitted equations are
shown in Table 4. The relative lycopene content was
significantly affected by the lincar terms of electric field
strength (P < 0.001) and number of pulses (P < 0.001), the
quadratic terms of electric field strength (P < 0.001), :md
number of pulses (P < 0.05). A fast boli

MIPEF treatments significantly affect the tissue metabolome
only in the long term (time scale of hours).

The effects of electric field strength and number of pulses on
the relative HAC were studied. A second-order model fitted
well (P < 0.001) with the relative HAC results in both assays
(ABTS' and DPPH). The determination coefficients, R®, were
09951 (DPPH) and 0.9921 (ABTS'), and the lack of fit was
not significant (P > 0.05). The linear terms of electric field
strength (P < 0.001) and number of pulses (P < 0.001), and the

dratic terms of electric field strength (P < 0.001) and

observed when electric field slreng(h increased between 0.4 md
1.2 kV/em, showing a duction 0.8
and 12 kV/em, al(hough the relative lycopene content
decreases when electric field strength increases above 1.2 kV/
cm. Moreover, treatments carried out at § pulses resulted in the
highest lycopene content of tomato fruits. At 0.4 kV/cm, an
enhancement of about 22% was observed with § pulses
compared to 30 pulses (Figure 3). Similarly, increases of 22%
and 18% were obtained with 5 pulses at 1.2 LV/cm and 30
pulses at 2 kV/em, ively. The b is
initiated when the plant recog\rus a stimulus at the cellular
level, including changes in membrane electric potential.
Therefore, MIPEF may influence the vollage-gntd ion
channels and increase the membrane permeability for Ca™
the cellular level, followed by a rapid influx of Ca™ thmugh
cation channels:'J and an acceleration of the biosynthesis of
carotenoids in tomatoes.

Effect of MIPEF on Antioxidant Capacity. Hydrophilic
Antioxidant Capacity (HAC). Table 2 shows the relative HAC

number of pulses (P < 0.001) had significant effects on the
relative HAC of tomato fruits in both DPPH and ABTS' assays
(Table 3). Thus, the HAC was represented by polynomial
quadratic equations in terms of the studied PEF parameters
(Table 4).

As can be seen in Figure 42 and b, the analyzed tomato fruits
showed the same tendencies in both DPPH and ABTS® assays.
A rise in relative HAC was observed when the electric field
strength and number of pulses were increased between 0.4 and
12 kV/em and 5-18, respectively, although it seemed to
decrease when these parameters were increased further (Figure
4a and b). The maximum relative HAC was achieved with 0.6—
1 kV/em and 15-18 pulses (Figure 4a and b).

Antioxidant capacity is related to the amount and
composition of bioactive compounds present in food.*" It is
widely known th:nt ascorblc md (ogelher with polyphenols may
be imp g ive-related health benefits
in W' A d lationship was found b
relative HAC and TP content, R* = 0.6794 (DPPH) and R* =

dxdolorg/10.1021/{205216m | L Agric. Food Chem. 2012, 60, 3126-3134
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Figure 4. Effect of electric field strength and number of pulses on the relative hydrophilic antioxidant capacity of tomatoes. (a) DPPH. (b) ABTS",
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Figure S, Effect of electric field strength and number of pulses on the relative lipophilic antioxidant capacity of tomatoes. (a) DPPH. (b) ABTS".

0.6515 (ABTS'), whereas a stronger relationship was observed
between relative HAC and vitamin C content, R® = 07272
(DPPH) and R = 07319 (ABTS'). As can be seen by
comparing Figure 1 with Figure 4a and b, relative HAC and
relative TP content did not follow the same pattern, the former
reaching a peak at 15-22 pulses and the latter at 30 pulses.
Thus, the levels of vitamin C and other antioxidant compounds
in the tomato fruits seem to have exerted an important effect on
the HAC, which increased 24 h after the MIPEF treatments.

Lipophilic Antioxidant Capacity (LAC). The LAC of tomato
fruits was measured on the basis of the DPPH and ABTS'
assays. The LAC (DPPH) of untreated tomatoes was 4.73
mmol TE/100 g dry weight, and LAC (ABTS") was 4.51 mmol
TE/100 g dry weight. These results are in the range of those
reported by Cano et al™® MIPEF-processed tomato fruits
showed an increase in relative LAC between 10.4% (30 pulses
at 2 kV/cm) and 37.4% (S pulses at 1.2 kV/cm,) in the DPPH
assay and between 5.5% (18 pulses at 2 kV/em) and 30.7% (5
pulses at 1.2 kV/cm) in the ABTS" assay 24 h after MIPEF
treatments (Table 2).

The effects of the number of pulses and electric field strength
on relative LAC were also evaluated. A second-order model

I

showed a good fit with the relative LAC data (Table 3). The
determination coefficient, R*, was 0.9883 (DDPH) and 0.9781
(ABTS"), and the lack-of-fit was not significant (P > 0.05). The
linear terms of electric field strength (P < 0.001) and number of
pulses (P < 0.001), and the quadratic term of electric field
strength (P < 0.001) had significant effects on the relative LAC
of tomato fruits in both DPPH and ABTS' assays (Table 3),
while the quadratic term of number of pulses (P < 0.05)
significantly affected the relative LAC of tomato fruits in the
DPPH assay (Table 3). Coefficients of the fitted equations are
shown in Table 4.

A rise in relative LAC was observed when electric field
strength was increased between 0.4 and 1 kV/cm, beyond
which it decreased (Figure Sa and Sb). The number of pulses
also had a significant effect (P < 0.001) on the relative LAC of
tomatoes. A maximum content of tomato lipophilic antiox-
idants was achieved by combining an electric field strength of
0.8—1.3 kV/cm with 5—8 pulses (Figure 5a and b), when a fast
metabolic response was observed.

Lipophilic ds such as are resp
for the LAC of tomato fruits."* A close relationship was found
between the relative LAC and lycopene content: R’ = 0.9708

d, .

dudol.oeg/10.1021/§205216m | ). Agric. Food Chem. 2012, 60, 3126-3134
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Figure 6. Scatter plots of the observed and predicted data of tomato fruit TP content (a), vitamin C content (b), lycopene content (c), HAC
(ABTS*) (d), HAC (DPPH) (c), LAC (ABTS") (f), and LAC (DPPH) (g). Retention of the validated trials, The straight line indicates the

correlation between both groups of data.

(DPPH) and R® = 09592 (ABTS'). As can be seen when
comparing Figure 3 with Figure Sa and b, the relative LAC and
lycopene content show a similar tendency, indicating that the
increases in LAC observed 24 h after MIPEF treatment could
be due to the higher total lycopene content. These results are in

agreement with those of Cano et al** who described lycopene
as the most imp id in the lipophilic fraction of
tomatoes,

Optimization and Validation of the MIPEF Processing
Conditions. The MIPEF critical parameters that provided

3132 QrB0L0eg/N0.1021/)1205206m 1 L Agnc. Food Chem. 2012, 60, 31261134
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tomato fruits with the highest nutritional quality were
determined, The same priority was assigned to each dependent
variable in order to obtain tomatoes with maximal content of
TP, vitamin C, lycopene, and antioxidant capacity. All the
individual desirability functi btained for each resp
were combined into an overall expression, which is defined as
the geometrical mean of the individual functions. The closer the
desirability value to the unit, the more adequate the system. A
desirability value of 0.822 was obtained when MIPEF

was conducted with 16 pulses at 1 kV/em. Under these
conditions, the predicted relative contents were TP (136.58%),
vitamin C (98.33%), lycopene (120.10%), HAC-DPPH
(143.83%), HAC-ABTS® (140.70%), LAC-DPPH (128.03%),
and LAC-ABTS® (122.84%).

To validate the predictive models, a set of 88 experiments
was carried out. The data comparison (Figure 6) showed that
the p d predicted expressions (Table 4) were accurate
enough to ﬁl experimental results. There were strong
correlations between the observed and predicted retention
data: TP (0.9464), vitamin C (09718), lycopene (0.9093),
HAC.DPPH (09476), HAC-ABTS' (0.9494), LAC-DPPH
(0.8882), and LAC-ABTS" (0.9633).

Conclusions. | in TP and lycop. as well
as in the antioxidant capacity of MIPEF-treated tomato fruit
were observed 24 h after treatments, depending on the electric
field strength (0.4-2 kV/cm) and number of pulses (5-30).
Maximum increases in TP (36.58%) and lycopene (20.10%)

were obtained by combining 1 kV/cm and 16 pulses,
contributing to an increase in the antioxidant capacity of
tomato fruit by more than 20%.

Qur results confirm an increase in bioactive compounds,

which could be attributed to a MIPEF-induced stress resp

M REFERENCES

(1) Grieb, S. M. D;; Theis, R. P.; Burr, D.; Benardot, D.; Siddiqui, T.;
Asal, N. R. Food groups and renal cell carcinoma: results from a case-
control study. . Am. Diet. Assoc. 2009, 109, 636-667.

(2) Willcox, J. K; Catignani, G. L; Lazarus, S. Tomatoes and
cardiovascular health. Crit Rev. Food Sci. Nutr. 2003, 43 (1), 1-18.

(3) Giovannucdi, E; Rimm, E. B; Liu, Y.; Stampfer, M. J.; Willett, W.
C. A prospective study of tomato products, lycopene, and prostate
cancer risk. J. Nat. Cancer L 2002, 94, 391398,

(4) Crozier, A; Jaganath, 1. B,; Clifford, M. N. Dietary phenolics:
chemistry, bioavailability and effects on health. Nat. Prod. Rep. 2009,
26, 10011043,

(3) Soliva-Fortuny, R; Balasa, A; Knor, D; Martin-Belloso, O.
Effects of pulsed electric fields on bioactive compounds in foods: a
review. Trends Food Sci. Technol. 2009, 20, 544-556.

(6) Ade-Omowaye, B. I; Taiwo, K.; Eshtiaghi, N.; Angersbach, A
Knorr, D. Comparative evaluation of the effects of pulsed electric field
and freezing on cell membrane permeabilisation and mass transfer
during dehydration of red bell peppers. Innov, Food Sci. Emerg. 2003, 4,
177-188,

(7) Taiwo, K. A; Angersbach, A; Knorr, D. Influence of high
intensity electric field pulses and osmotic dehydration on the
rehydration characteristics of apple slices at different temperatures. /.
Food Eng. 2002, 52, 185-192.

(8) Toepfl, S.; Mathys, A; Heinz, V.; Knorr, D, Review: Potential of
high hydrostatic pressure and pulsed electric fields for energy efficient
and environmentally friendly food processing, Food Rev. Int. 2006, 22,
405-423.

(9) Galindo, F. G; S;oholm,l R.lsmmn,A.G Widell, S.; Kaack,
K. Plant stress physiol and challenges for the food
industry. Crit. Rlv Faod S mm 47, 749-763.

(10) Galindo, F.; Dejmek, P.; Lundgren, K.; Rasmusson, A,; Vicente,
A.; Moritz, T. Metabolomic evaluation of pulsed electric field-induced
stress on potato tissue. Planta 2009, 230, 469-479.

(11) Shohael, A. M.; Ali, M. B; Yu, K. W;; Hahn, E. J; Islam, R;
I‘uk,K.Y Eﬂ'cdofhy\lmundammmndaqmnbohm

but also to an increased permeability of the cellular membrane
due to MIPEF processing, which could potentially make the
extraction of bioactive constituent more efficient. MIPEF
treatments may induce stress mmons in tomato fruits after 24
h of refrigeration by bolic activity and
accumulating secondary meubohles. However, further inves-
tigations should be carried out to study in depth the MIPEF-
induced stresses in plants.

B AUTHOR INFORMATION

Corresponding Author

*Tel: 34-973-702593. Fax: 34-973-702596). E-mail: omartin@
tecal.udl.cat.

Funding

We express our gratitude to CICYT’s (AGL2010-22319-C03),
RETICS RDO06/0045/0003 from the Spanish Ministry of
Science and Innovation (MICINN) for financial support. The
CIBERobn CB06/03 is an initiative from the Instituto de Salud
Carlos 111, Spain. We also acknowledge the financial support of
the Spanish Institute of Agricultural and Food Research and
Technology (INIA) through the project RTA2010-00079-C02-
02. ICREA Academia Award is also acknowledged by O. M-B.
AV-Q received support from MEC for the training of
researchers.

Notes
The authors declare no competing financial interest.

and i of idant enzymes in Eleutherococcus senticosus
somatic embryos in bioreactor. Process Biochem. 2006, 41, 11791185,

(12) Gomez Galindo, F; Wadso, L; Vicente, A; Dejmek, P.
Exploring metabolic responses of potato tissue induced by electric
pulses. Food Biophys. 2008, 3, 352-360.

(13) Vallverdi- QumlL A,; Jauregui, 0 Medina-| Remén, A., Andrés-
Lacveva, C; Lar ds, R M. I ion of
tomato polyphenols using liquid chomztognphy/rkmospny ioniza-
uon linear ion tnp quadmpole Orbknp mass spectrometry and liquid
tandem mass spectrometry.
Rapid Commun. Mass Spectrom, 2010, 24, 2986-2992.

(14) Vallverdi-Queralt, A.; Medina-Remén, A,; Martinez-Huelamo,
M; Jauregui, O; Andrés-Lacueva, C; Lamuela-Raventds, R. M.
Phenolic profile and hydrophilic antioxidant capacity as chemo-
taxonomic markers of tomato varieties. J. Agric. Food Chem. 2011, 59,
3994-4001.

(15) Odriozola-Serrano, 1; Soliva-Fortuny, R,; Martin-Belloso, O.
lmpacl of hlgh -intensity pulnd electric fields variables on vitamin C,

and capacity of strawberry juice. LWT - Food
Sci. Technol. 2009, 42 (1), 93-100.

(16) Odriozola-Serrano, L; Aguilé-Aguayo, L; Soliva-Fortuny, R;
Gimeno-Aiio, V,; Martin-Belloso, O. Lycopene, vitamin C, and
antioxidant capacity of tomato juice as affected by high-intensity
pulsed electric fields critical parameters. J. Agr.Food Chem. 2007, 5§,
9036-9042.

(17) Vallverdt-Queralt, A; Medina-Remén, A; Andrés-Lacueva, C;
Lamuela-Raventds, R. M. Changes in phenolic profile and antioxidant
activity during production of diced tomatoes. Food Chem. 2011, 126,
1700-1707.

(18) Derringer, G.; Suich, R Simultaneous optimization of several
response variables. J. Qual. Technol. 1980, 12, 214=219.

(19) Bahorun, T; Luximon-Ramma, A; Crozier, A; Aruoma, O. .
Total phenol, flavonoid, proanthocyanidin and vitamin C levels and

dddoloeg/10.1021(205216m) 1 Agric. Food Chem. 2012, 60, 3126-3134



Resultats

Journal of Agricultural and Food Chemistry | Article |
antioxidant activities of Mauritian vegetables. J. Sci. Food Agric. 2004,
84, 1553—1561.

(20) Matsuda, F; Morino, K; Miyashita, M; Miyagawa, H.
Metabolic flux analysis of the phenylpropanoid pathway in wound-
healing potato tuber tissue using stable isotope-labeled tracer and LC-
MS spectroscopy, Plant Cell Physiol. 2003, 44, 510-517.

(21) Odriozola-Serrano, 1; Oms-Oliu, G.; Soliva-Fortuny, R; Martin-
Belloso, O. Effect of high-oxygen atmospheres on the antioxidant
potential of fresh-cut tomatoes. J. Agric. Food Chem. 2009, 57, 6603~
6610.

(22) Gaspar, T; Franck, T.; Bisbis, B; Kevers, C; Jouve, L;
Hausman, ]. F; Dommes, ]. Concepts in plant stress physiology.
Application to plant tissue cultures. Plant Growth Regul 2002, 37,
263-285.

(23) Sanders, D;; Pelloux, |.; Brownlee, C.; Harper, . F. Calcium at
the crossroads of signaling. Plant Cell 2002, 14, S401~S417.

(24) Xing, T;; Wang, X. J; Malik, K; Miki, B. L. Ectopic expression
of an arabidopsis calmodulin-like domain protein kinase-enhanced
NADPH oxidase activity and oxidative burst in tomato protoplasts.
Mol. Plant Microbe 2001, 14, 12611264,

(25) Piironen, V.; Lindsay, D. G.; Miettinen, T. A.; Toivo, J.; Lampi,
A M. Plant sterols: biosynthesis, biological function and their
importance to human nutrition. J. <. Food Agric. 2000, 80, 939-966.

(26) Aronsson, K; Lindgren, M.; Johansson, B. R; Ronner, U.
Inactivation of microorganisms usmg pukcd electric fields: the

£l of process p Escherichia coli, Listeria innocua,
L ides and S a cerevisiac. Innov. Food Sci.
Emerg, 2001, 2 (1), 41-54.

(27) Davey, M. W, Montagu, M. V; Inzé, D.; Sanmartin, M
Kanellis, A.; Smimoff, N.; Benzie, L J; Strain, J. J.; Favell, D.; Fk(dm,
J. Plant L-ascorbic acid: chemistry, function, metabolism, bioavail
ability and effects of processing. J. Sci. Food Agric. 2000, 30, 825-860

(28) Dannchl, D; Huyskens-keil, S; Eichholz, L; Ulrichs, C;
Schmidt, U. Effects of direct-electric-current on secondary plant

ds and antioxidant activity in h. d tomato fruits

(Solanum lycopersicon L.). Food Chem. 2011, 126, 157—-165.

(N)Shlb!! R; Kushad, M; Yousef, G; Lila, M. Physiological and

of tomato hoots to induced salinity stress
with associated ﬂhykne accumulation. Plant Growth Regul. 2007, 51,
159-169.

(30) DellaPenna, D.; Pogson, B, J. Vitamin synthesis in plants:
Tocopherols and carotenoids. Annu, Rev. Plant Biol. 2006, 7 (1),
711-738.

(31) Sinchez-Moreno, C; Pilar Cano, M; de Ancos, B; Plaza, L;
Olmedilla, B; Granado, F.; Elez-Martinez, P.; Martin-Belloso, O,
Martin, A. Intake of Mediterranean vegetable soup treated by pulsed
electric fields affects plasma vitamin C and antioxidant biomarkers in
humans. . Food Sci. Nutr. 2008, 56, 115-124.

(32) Cano, A; Acosta, M;; Amao, M. B. Hydrophilic and lipophilic
antioxidant activity changes during on-vine ripening of tomatoes
(Lycog lentum MilL). Postharvest Biol. Technol. 2003, 28 (1),
$9-65.

3134 dxdolorg/10.1021/)1205216m | L Agric. Food Chem. 2012, 60, 3126-3134

185






DISCUSSIO GLOBAL







Discussio global

VI. DISCUSSIO GLOBAL

La discussio general dels resultats derivats d’aquesta tesi es presenta a
continuacio estructurada a partir dels articles anteriorment descrits al llarg del treball
d’investigacid. La primera part del treball d’investigacio de la tesi doctoral comprén la
posada a punt de metodes d’extraccié optimitzats i especifics de compostos
polifenolics en mostres de tomaquet i els seus derivats. Es va posar a punt i validar un
meétode per a la determinacié de polifenols totals en aquestes mostres fent servir
I"analisi d’FC. Per aplicar aquesta metodologia va ser necessari fer una neteja prévia de
les mostres mitjancant SPE per eliminar les possibles interferéncies de substancies
reductores que reaccionen amb el reactiu d’FC. Es van utilitzar plaques de 96 pous, la
qual cosa permet analitzar 96 mostres en 3 hores a diferéncia d’altres metodes que
necessitaven un temps d’aproximadament 12.5 hores (Saura-Calixto & Goiii, 2006;
Singleton VL et al., 1999). Les plaques de 96 pous fan la metodologia més practica en
I"analisi d’un gran nombre de mostres d’aliments. Es van provar diferents tipus de
cartutxos per obtenir la major sensibilitat i menor efecte matriu en la posterior
deteccid per MS. Els cartutxos de bescanvi anionic amb fase reversa (Oasis® MAX) van
donar els millors resultats de recuperacio i precisio en els flavonols, flavanones i acids
fenolics.

La metodologia va ser validada amb 10 patrons de polifenols de diferents
polaritats i a diferents concentracions. Les recuperacions es van trobar en el rang 77-
109% i els valors d’RSD%, per a la precisid intraday i interday, van ser inferiors al 15%
en tots els casos, per la qual cosa compleix els criteris AOAC International (Horwitz,
2003). A més a més, es va estudiar 'estabilitat dels polifenols a curt i llarg termini i,
també, després de diversos cicles de congelacio i descongelacid a -20 2C i a -80 °C. Els
compostos fenolics van ser estables en les condicions de manipulacid i
emmagatzematge d’aquesta metodologia.

Aquesta metodologia es va aplicar per fer I'analisi de polifenols en diferents
varietats de tomaquet (publicacid 1). Posteriorment a la fase de preparacio, es van fer
servir dues técniques (HPLC-LTQ-Orbitrap-MS i HPLC-MS/MS) per a la identificacié de
38 polifenols, 3 dels quals, I'O-acetilprunina, un C-glicosid de la ploridzina i un

diglicosid de la rutina no havien estat identificats anteriorment en aquest tipus de
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productes. Els O-glicosids mostren una fragmentacié diferent dels C-glicosids. Els O-
glicosids presenten pérdues de 162 o 132 unitats, segons si sén hexoses o pentoses,
mentre que els C-glicosids mostren pérdues de 120 i 90 unitats, la qual cosa ja havia
estat descrita anteriorment en fonoll (Foeniculum vulgare) i cacau (Theobroma cacao)
fent servir HPLC-MS/MS (Parejo et al., 2004; Sanchez-Rabaneda et al., 2003).

L’HPLC-LTQ-Orbitrap-MS permet I'analitica d’MS, MS/MS i MS" i facilita
I’'obtencié d’informacié estructural. A causa de I'especificitat de les mesures d’MS" i la
capacitat d’eliminar les interferencies a través de I'etapa inicial de seleccié de masses,
I"HPLC-LTQ-Orbitrap-MS és un dels millors equips per I'analitica qualitativa; facilita
I’elucidacié de l'estructura de compostos desconeguts. Per exemple, I'HPLC-LTQ-
Orbitrap-MS és crucial per a la determinacio estructural de glicosids dels acids p-
coumaric, feruloilquinic i coumaroilquinic, aixi com, també, de diglicosids de la rutina,
C-glicosids de la ploridzina i I'O-acetilprunina. L'HPLC-LTQ-Orbitrap-MS permet obtenir
molt bones exactituds per a tots els ions moleculars. En general, les diferéncies entre
la m/z calculada i mesurada va ser inferior a 2 mDa.

Una de les caracteristiques més importants dels polifenols és el seu Us com a
marcadors entre varietats (Andrés-Lacueva et al., 2002; De La Presa Owens et al.,
1995; Romero Pérez et al., 1996; Russo et al., 1998; Singleton & Trousdale, 1983). En la
publicacié 2, es va estudiar el perfil fenolic de diferents varietats de tomaquet (H-9661,
H-9997, H-9661, malva, guadiva, albastro i elegy) procedents de 'empresa CONESA de
Vegas Bajas del Guadiana, Badajoz, Espanya, durant dos anys consecutius, 2008 i 2009.
Es va portar a terme |'analisi de polifenols totals, pel metode de I'FC, amb prévia SPE;
I’analisi de la capacitat antioxidant, mitjangant el métode ABTS’; i I'analisi individual de
polifenols, mitjancant HPLC-MS/MS. S’hi van trobar 10 marcadors responsables de la
diferenciacié entre aquestes varietats: la quercetina, la rutina, la naringenina, el 3-0-
glucosid del kaempferol, els acids cafeic, un glicosid del cafeic, el ferdlic, el clorogenic,
el gal-lic i el protocatequic. A més a més, els polifenols totals i la capacitat antioxidant
van facilitar la diferenciacié entre les diferents varietats de tomaquet analitzades.

Els resultats obtinguts van ser coherents amb els que préeviament havien
observat Singleton et al. (1983) en diferents vins produits a partir de les varietats de
raim: chenin blanc, french colombard, semillon i thompson. En aquest estudi, es va

descriure que les diferents varietats de vins es veuen influides pel perfil fenolic. De la
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mateixa manera, diferents varietats de mosts (De La Presa Owens et al., 1995), vins
(Darias-Martin et al., 2008; Romero Pérez et al., 1996) i caves (Andrés-Lacueva et al.,
2002) presenten diferents perfils fenolics. Russo et al. (1998) van estudiar la relacié
entre la composicié quimica de 24 mostres d’olis essencials. Van trobar 4 marcadors
en base al perfil fenolic: timol, carvacrol, timol/carvacrol i carvacrol/timol.
Consegiientment, el perfil fenolic i la capacitat antioxidant sén unes eines essencials
tant per diferenciar entre varietats de vins i olis essencials com també diferents tipus
de tomaquets.

En les publicacions 3 i 4, es van analitzar els efectes del processat industrial en
el perfil fenolic de salses i daus de tomaquet. Les mostres es van obtenir de I'empresa
CONESA de Vegas Bajas del Guadiana, Badajoz, Espanya, durant dos anys consecutius
2008 i 2009. Es va portar a terme I'analisi de polifenols totals, pel metode de I'FC, amb
prévia SPE; 'analisi de la capacitat antioxidant, mitjancant els métodes ABTS" i DPPH; i
I’analisi individual de polifenols, mitjangcant HPLC-MS/MS. Els marcadors estudiats van
ser: la rutina, la quercetina, la naringenina, el 7-O-glucosid de la naringenina, el 3-O-
glucosid del kaempferol i els acids fertlic, cafeic, clorogénic, protocatequic, un glicosid
del cafeic i un glicosid del ferulic. En les salses i daus de tomaquet, el compost fenolic
majoritari va ser la rutina, seguida de la naringenina. Aquests resultats ja s’havien
obtingut préviament en altres estudis (Le Gall et al., 2003; Slimestad et al., 2008).

Per a I'obtencié de salses de tomaquet, publicacié 3, els processos estudiats
van ser: passata 10/12, cold break 28/30, hot break 28/30 i hot break 22/24. En cada
un dels processos, s’hi van monitoritzar 4 punts: (1) tomaquets frescs, (2) salsa després
de I'addicié de pells i llavors riques en antioxidants, (3) salsa després de I'evaporador i
(4) producte final.

El processat térmic dels tomaquets per obtenir el producte final inclou diverses
etapes que necessiten I'aplicacié de calor, la qual cosa pot tenir un efecte negatiu en
els compostos termolabils, com ara els polifenols. La integritat de la matriu cel-lular
dels tomaquets determina la biodisponibilitat dels polifenols i antioxidants. El
processat pot trencar aquesta matriu cel-lular. Dewanto et al. (2002) van estudiar que
el contingut de polifenols totals no es veu modificat durant el processat dels
tomaquets. En canvi, els resultats obtinguts en aquesta tesi doctoral mostren un

increment en el contingut de polifenols i la capacitat antioxidant quan els tomaquets
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frescs sén processats per obtenir salses en els processos passata 10/12, hot break
22/24 i hot break 28/30. Aquest fet és degut a I'addicié de pells i llavors riques en
antioxidants, les quals s’extreuen per separat durant el processat dels tomaquets i
després es retornen a la salsa en aquest punt (punt 2). L'addicié de pells i llavors
s’utilitza com a tecnica de reconstitucié en industries per augmentar la viscositat dels
productes. Cal tenir en compte que en el procés cold break 28/30, no s’hi van observar
aquests augments, ja que no es va dur a terme I'addicié de pells i llavors durant el
processat industrial.

En I'etapa d’evaporacié (punt 3), quan els temps d’evaporacié eren més llargs
(procés hot break 28/30), es van observar pérdues significatives (P < 0.05) en el nivell
de polifenols i capacitat antioxidant, la qual cosa és comparable amb els resultats
obtinguts per Capanoglu et al. (2008) que van observar una disminucié en el contingut
d’alguns polifenols després de tractar les mostres termicament a 80 2C en un
evaporador.

A I'Gltim pas, després de I'etapa d’esterilitzacio i envasat (punt 4), les perdues
en el nivell de polifenols i capacitat antioxidant no van ser tan acusades com després
de I'etapa d’evaporacid (punt 3). Aquests resultats son similars als obtinguts per Re et
al. (2002) Ells van estudiar 'efecte de 3 métodes de processats per obtenir salses de
tomaquet: hot break a 90 2C, cold break a 65 °C i super cold break i van concloure que
durant el processat de salses de tomaquet disminueix el nivell de flavonoides.

Per a I'obtencid de daus de tomaquet, publicacié 4, els processos estudiats van
ser: hot break, cold break i cold break amb sals de calci (CaCl,). L’addicié de CaCl, es
porta a terme a les etapes finals de processat, la funcié de les quals és aconseguir un
producte amb elevada fermesa. En cada un dels processats, s’hi van monitoritzar 4
punts: (1) tomaquets frescs, (2) tomaquets pelats, (3) daus de tomaquet i (4) producte
final. Aquest ha estat el primer estudi que ha analitzat els canvis durant el processat de
daus de tomaquet en I'ambit industrial.

Durant el processat, s’observa una disminucié gradual significativa (P < 0.05) en
el nivell de polifenols i antioxidants des del punt 1 al punt 3, com ja s’ha comentat
anteriorment, en les salses de tomaquet (publicacié 3). El procés que presenta la
disminucié més important és el hot break. Les elevades temperatures que sén

necessaries per produir els productes desitjats han estat associades amb les altes
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pérdues en el contingut de compostos bioactius. En aquest cas, també es fa servir
I'estrategia de reconstitucié per augmentar la viscositat del producte mitjangant
I’addicié de pells i llavors riques en antioxidants. L'increment més elevat s’obté en el
procés cold break sense sals de calci, les quals poden inhibir I'acumulacié de
compostos fenolics. Existeix certa controversia respecte els efectes que les sals de calci
poden causar en el nivell de polifenols. Floros et al. (1992) van estudiar que les sals de
calci fan innecessaris els tractaments térmics a altes temperatures, ja que aquestes
sals inhibeixen I'activitat de la peroxidasa i la fenoloxidasa. No obstant aixo, Rensburg
& Engelbrecht (1986) van descriure que els tractaments amb sals de calci disminueixen
el contingut de polifenols i altres antioxidants.

La disminucié en el contingut de polifenols i la capacitat antioxidant durant el
processat de salses i daus de tomaquet pot ser a causa de la degradacié oxidativa dels
polifenols. Aquests resultats son similars als obtinguts per I'estudi de Lavelli et al.
(1999). Es obvi que la preséncia d’oxigen accelera la degradacié dels polifenols. La
degradacié és ocasionada per les ROS. Aquests radicals poden ser capturats pels
flavonols, la qual cosa pot portar a la formacié de quinones. A més a més, els acids
fenolics, també, es poden oxidar i formar quinones. Les O-quinones poden
interaccionar amb el NH, dels aminoacids i causar perdues nutricionals (Friedman,
1992). Durant els tractaments téermics de salses i daus de tomaquet, la quercetina és el
polifenol que presenta una disminucié més elevada a diferéncia de la rutina o el 3-O-
glucosid del kaempferol. En el cas de la rutina i del 3-O-glucosid del kaempferol, el 3-
OH de I'anell d’aquests flavonoides esta bloquejat per una hexosa, mentre que per a la
guercetina roman desocupat. Per tant, el bloqueig del 3-OH és la rad fonamental per a
I’elevada estabilitat de la rutina i del 3-O-glucosid del kaempferol davant I'oxidacid
(Makris & Rossiter, 2000).

El seglient treball de la tesi doctoral, publicacié 5, va consistir en la identificacid
exhaustiva dels polifenols de tres derivats del tomaquet: quetxups, gaspatxos i sucs de
tomaquet. Per aix0 es va fer servir un HPLC-QToF-MS. El perfil fenolic mostra
clarament que aquests tres derivats del tomaquet es diferencien en la seva composicio
fenolica, principalment en 7 tipus de marcadors: un glicosid de I'acid protocatequic,
I'apigenina i les seves formes glicosilades, un dihexosid de la quercetina, un C-hexosid

del kaempferol i un dihexosid de I’eriodictiol.
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El glicosid de I'acid protocatequic es va detectar en gaspatxos i quétxups. Com
s’ha descrit en la literatura, I'acid protocatéquic i els seus derivats poden provenir
d’altres estructures més complexes com a conseqliencia dels tractaments térmics
(Ruiz-Rodriguez et al., 2008). L'O-dihexosid de I'eriodictiol només es va detectar en
sucs de tomaquet i el dihexosid de la quercetina, el C-hexosid del kaempferol i
I'apigenina i els seus derivats només es van trobar en els gaspatxos, probablement
causat per la preséncia d’altres hortalisses per a la seva produccié com ara les cebes i
pebrots. Es possible distingir entre els diferents derivats de 'apigenina (un C-dihexosid
i un C-hexosid-pentosid) per la preséncia de I'idé [M-H-60]". Aquests resultants ja
s’havien obtingut préviament en un estudi realitzat per Han et al. (2008) mitjangant
HPLC-MS/MS. L'MS? del C-dihexosid del kaempferol produeix pérdues de 120 i 90
unitats, pero no s’observa la perdua de 60 unitats; en canvi, per al C-héexosid-pentosid
s’hi observen pérdues de 180, 120, 90 i 60 unitats, la qual cosa suggereix la presencia
d’una substitucié de 5 carbonis.

Tant els quetxups, com els gaspatxos i els sucs de tomaquet sén productes d’un
elevat contingut en polifenols, els quals sén beneficiosos per a la salut. A més a més, la
transformacid del tomaquet a derivats de tomaquet és una estrategia economica per
preservar la vida util dels tomaquets frescs que inevitablement es deterioren amb el
temps. Els compostos fenolics dels derivats del tomaquet no es veuen afectats pels
tractaments termics aplicats, i no s’hi observen reduccions en comparacio als
tomaquets frescs (Vallverdu-Queralt et al., 2010).

Els proxims estudis de la tesi doctoral, publicacions 6, 7 i 8, es van centrar en les
diferéncies entre tomaquets, sucs de tomaquet i quéetxups convencionals i ecologics.
En els tres estudis, s’hi ha observat un major contingut de polifenols en els cultius
ecologics que en els tradicionals. En canvi, els queéetxups de cultiu tradicional
presentaven un contingut més elevat de dos dipeptids, un derivat del triptofan i un de
la fenilalanina. Els nostres resultants son similars als que ja s’havien trobat
anteriorment per Woese et al. (1997) que van descriure que en cereals de cultiu
ecologic s’hi troba menys quantitat de proteines que en els de cultiu convencional.
Aquestes diferencies estan clarament reflectides en I'analisi metabolomica, la qual va

permetre establir clares diferéncies entre el cultiu ecologic i tradicional. L’analisi
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metabolomica permet detectar molts metabolits simultaniament i comparar mostres
per trobar similituds i diferencies d’una manera no dirigida.

Les diferencies fonamentals entre els sistemes de produccid ecologics i
convencionals es fonamenten sobretot en la manera de cultivar i adobar el sol, la qual
cosa pot afectar la composicid nutritiva dels tomaquets i en particular els metabolits
secundaris (Daniel et al., 1999; Williams, 2002). En el cultiu convencional, esta permes
utilitzar fertilitzants que contenen nitrogen inorganic soluble i altres nutrients, que son
més directament absorbits per les plantes. La disponibilitat de nitrogen inorganic
condiciona la sintesi dels metabolits secundaris de les plantes, de les proteines i dels
solids solubles. A més a més, les plantes de produccié ecologica tenen un periode més
llarg de maduracid en comparacid amb les plantes convencionals, a causa d’un
alliberament més lent dels nutrients subministrats (Nielsen et al., 1997), i com que els
flavonoides es formen en el periode de maduracio, es podria esperar un contingut més
elevat d'aquests compostos en les plantes de cultiu ecologic (Vallverdu-Queralt et al.,
2012).

Els estudis de composicié fenolica en hortalisses cultivades de manera
ecologica i tradicional sén escassos. En general, es descriu un contingut més elevat de
compostos fenolics en fruites i hortalisses ecologiques (Brandt et al., 2011). El nostre
estudi presenta els mateixos resultats, ja que els tomaquets i derivats del tomaquet
ecologics presenten més contingut de polifenols i capacitat antioxidant que els
convencionals. Chassy et al. (2006) van trobar continguts més elevats de solids
solubles, flavonoides, polifenols totals i acid ascorbic en tomaquets ecologics durant
un periode de tres anys consecutius. Pel que fa a polifenols individuals, Caris-Veyrat et
al. (2004) van atribuir concentracions superiors d’acid clorogénic en tomaquets de
cultiu ecologic. Pel que fa als nivells de quercetina, naringenina i kaempferol, els nivells
eren també superiors en cultius ecologics. Els nostres resultats estan en linia amb els
que van descriure Mitchell et al. (2007), els quals van detectar nivells de quercetina,
naringenina i kaempferol significativament superiors (P<0.001) en tomaquets
ecologics. En un altre estudi dissenyat per avaluar el contingut fenolic en pomes
(Golden Delicious) cultivades mitjangant agricultura ecologica i convencional, es va

trobar que les pomes ecologiques presentaven concentracions significativament més
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elevades d’acid clorogénic, flavonols, flavanols i dihidrocalcones que les produides
mitjancant agricultura convencional (Stracke et al., 2009).

Pel que fa a estudis en humans, Grinder-Pedersen et al. (2003) van comparar
dietes que provenien de cultiu ecologic amb altres de cultiu convencional en estudis
d’intervencié creuats en humans (n=16) en termes d’excrecié de 5 flavonoides.
L’excrecio urinaria de la quercetina i el kaempferol va ser més elevada després de 22
dies de consum de dietes que provenien de cultiu ecologic (P < 0.05). Per tant, el
meétode de produccié dels aliments no només afecta el contingut de flavonoides en
aliments, sind també el contingut de flavonoides en orina. No obstant aixo, Stracke et
al. (2010) van comparar dietes que provenien de pomes de cultiu ecologic amb pomes
de cultiu tradicional en estudis a curt i llarg termini i no es van observar augments en la
concentracio de polifenols en plasma i orina.

El seglient estudi d’aquesta tesi doctoral, publicacié 9, es va centrar en la
identificacid i quantificacié de carotens en mostres de tomaquets i derivats de
tomaquet. Es va utilitzar la combinacié de dues técniques: HPLC-UV i HPLC-ESI-(Li*)-
MS/MS. S'hi van identificar 7 carotens: luteina, a-carote, f-carote, trans-licope, 5-, 9- i
13-cis-licopé. A més a més, es va estudiar la capacitat antioxidant lipofilica mitjangant
els métodes DPPH i ABTS". Els resultats mostren que Iactivitat antioxidant lipofilica ve
determinada principalment per la preséncia de trans-licopeé i f-caroté (Cano et al.,
2003; Raffo et al., 2006). El perfil de carotens varia en funcio del derivat de tomaquet a
estudiar a causa de les diferents proporcions d’ingredients com el tomaquet, I'oli, les
cebes o els alls utilitzats per a la preparacié del producte. El trans-licope és el carote
més abundant en tomaquets (Abushita et al., 2000; Leonardi et al., 2000). El processat
termic, que és necessari per a la preparacio dels quetxups i gaspatxos, incrementa la
biodisponibilitat del licopé (Boehm & Bitsch, 1999). Les diferéncies entre els derivats
de tomaquet podrien ser degudes principalment als factors genétics i a I'laugment de
I'activitat enzimatica de la fitoé sintasa |, que causa una elevada produccié de
precursors de licopé en tomaquets d’elevada maduresa (Fraser et al., 2009).

Pel que fa als isomers del cis-licopé&, sén de gran interés nutricional, perque sén
absorbits més facilment en l'intesti (Failla et al., 2008; Unlu et al., 2007). El perfil
d’isomers derivats del cis- i trans-licopé en els diferents derivats de tomaquet estudiats

és el mateix que ja havia estat descrit anteriorment. El trans-licopé representa el licope
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més abundant i varia del 35% al 96% del licope total; els 5-, 9-, 13- i 15-cis-licopée son
els isomers cis majoritaris (Frohlich et al., 2007). Durant el tractament térmic, es porta
a terme la trans/cis isomeritzacio, per la qual cosa s’incrementa la proporcié d’isomers
cis (Lin & Chen, 2005).

Pel que fa a la luteina, a-carote i f-caroté també mostren clares diferéncies
depenent del tipus de derivat de tomaquet. Per als quéetxups, el f-caroté representa
entre el 10% i el 32% del contingut total de carotens, mentre que, per als gaspatxos,
varia entre el 50% i el 62% i és el caroté majoritari. Aquesta diferéncia pot ser deguda a
I’addicié d’alls i cebes utilitzada per a la preparacioé dels gaspatxos. S’ha descrit que Iall
i la ceba milloren la retencié de f-caroté en el processat térmic (El-Sherefa., 2006).
Altres carotens com |'a-carote i la luteina representen menys del 6.8% dels carotens
totals (Raffo et al., 2006). La provitamina A dels tomaquets, quétxups i gaspatxos
deriva principalment del S-carote. Els tractaments termics estimulen la transformacié
d’alguns carotens. Per exemple, el y-carote es cicla per formar anells de 6 carbonis al
final de la molécula, la qual cosa pot portar a la formacié del f-carote (Quitao-Teixeira
et al., 2009).

Els seglients estudis, publicacions 10-11, es van centrar a avaluar els efectes de
I’emmagatzematge de sucs de tomaquet, quéetxups i gaspatxos a 4 2C en el contingut
de polifenols i carotens mitjangant I'analisi de polifenols totals, pel métode de I'FC,
amb prévia SPE; 'analisi de la capacitat antioxidant mitjancant els métodes ABTS" i
DPPH; i I'analisi individual de polifenols i carotens, mitjangant HPLC-MS/MS i HPLC-UV.

El contingut de polifenols i la capacitat antioxidant hidrofilica van disminuir
durant 'emmagatzematge a 4 °C dels diferents derivats del tomaquet. Els polifenols
que van presentar més disminucié van ser el ferdlic, el cafeic i la quercetina; en canvi,
els polifenols glicosilats van disminuir només lleugerament. L’elevada estabilitat de les
formes glicosilades respecte les aglicones pot ser atribuida al bloqueig de la posicié 3-
OH de I'anell dels polifenols per un glicosid (Makris & Rossiter, 2000). La degradacié és
ocasionada per les ROS. Aquests radicals poden ser capturats pels flavonoides, la qual
cosa pot portar a la formacié de quinones. A més a més, els acids fenolics també es
poden oxidar i formar quinones. Les O-quinones poden interaccionar amb el NH; dels

aminoacids i causar pérdues nutricionals (Friedman, 1992).
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Pel que fa als carotens i capacitat antioxidant lipofilica també van disminuir
durant I'emmagatzematge de derivats del tomaquet a 4 2C. El trans-licopé, el qual
conté 11 dobles enllagos conjugats, és més reactiu que la luteina, I'a-caroté o el 3
carote i va presentar una disminucio d’'un 17% després de 3 mesos d’emmagatzematge
de gaspatxos a 4 °C. En un altre estudi, Zanoni et al. (1998) també van descriure que el
trans-licopé presentava pérdues del 50% en tomaquets després de I'emmagatzematge
durant 30 dies i del 70% després de 90 dies. Odriozola-Serrano et al. (2008) van
descriure pérdues del 70% en trans-licope en suc de tomaquet emmagatzemat durant
3 mesos a 4 2C. Pel que fa als cis-isomers del licope, van disminuir lleugerament i el 5-
cis-licope va augmentar durant I'emmagatzematge de gaspatxos. Resultats similars ja
havien estat descrits en sucs de tomaquet (Lin & Chen, 2005) emmagatzemats durant
3 mesos, ja que s’hi observava com augmentava la proporcié d’isomers cis del licopé,
la qual cosa es pot atribuir al fenomen d’isomeritzacié que es porta a terme durant el
tractament téermic (Lin & Chen, 2005).

Per tant, 'emmagatzematge de derivats de tomaquet a 4 2C provoca una
disminucié en el contingut de polifenols i carotens com també en les capacitats
antioxidants hidrofiliques i lipofiliques. No obstant aix0, aquestes disminucions no
presenten cap desavantatge per al consumidor. Es pot esperar un efecte beneficids de
la consumicié d’aquests derivats en qualsevol punt del seu emmagatzematge.

Un dels proxims reptes en lanalisi d’aliments és utilitzar técniques per
incrementar el nivell de polifenols i carotens en aliments. En la publicacié 12, s’hi han
utilitzat els PEBIC per augmentar el nivell de compostos bioactius i capacitat
antioxidant en els tomaquets. Els polsos eléctrics provoquen un estrés al fruit amb la
conseglient generacié de metabolits secundaris al cap de 24 h de refrigeracié a 4 °C.

En aquests estudis, s’hi va treballar a intensitats de camp entre 0.4 i 2 kV/cm i
entre 5 i 30 polsos. A intensitats de camp de 1.2 kV/cm, s’aconsegueix el maxim
increment de polifenols i carotens; en canvi a 2 kV/cm, disminueix el nivell de
compostos bioactius i capacitat antioxidant. Per tant, en aquestes condicions els PEBIC
poden causar danys irreversibles a les cél-lules del fruit amb la consegiient perdua de
la permeabilitat de les membranes (Aronsson et al., 2001). Pel que fa al nombre de

polsos, a 5 polsos s’hi observa un increment en la biosintesi dels carotens; en canvi, en
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els polifenols la maxima produccié és a 30 polsos. Pel que fa a la vitamina C, disminueix
lleugerament després de I'aplicacio dels PEBIC.

Es dificil explicar els increments dels polifenols a causa de la complexitat de
reaccions quimiques que es duen a terme en productes naturals. Els flavonoides es
formen per I'accié de la fenilalanina amoni-liasa mitjancant el metabolisme dels
fenilpropanoids (Odriozola-Serrano et al., 2009b). Els tractaments de PEBIC podrien
induir estrés i incrementar I'activitat de la fenilalanina amoni-liasa i, per tant,
augmentar el nivell de polifenols. Aquesta resposta a I’estres és iniciada quan la planta
reconeix un estimul a nivell cel-lular, que és iniciat per I'activitat especifica de diferents
canals ionics (Gaspar et al., 2002). Els canals ionics sén proteines o un agregat de
proteines que obren porus en la membrana cel-lular i es poden obrir responent a un
estimul. Aquest estimul pot ser un canvi de voltatge. Per tant, els PEBIC poden influir
en els canals ionics i incrementar la permeabilitat del Ca®" a nivell cellular, seguit per
un influx rapid de Ca”* a través dels canals. A través d’aquest procés, les quinases
depenents del transport de Ca** fosforilen la fenilalanina amoni-liasa, la qual regula el
metabolisme dels fenilpropanoids (Sanders et al., 2002).

Els mecanismes implicats en la sintesi de carotens en plantes sén relativament
poc coneguts. Els enzims biosintétics sén codificats per gens nuclears i les proteines
precursores son importades cap als plastidis, en els quals té lloc la sintesi de carotens.
La ruptura dels teixits provocada per I'estrés pot promoure la transcripcid dels gens o
el transport de l'acid ribonucleic missatger relacionat amb la sintesi de carotens
(Bartley & Scolnik, 1995). La maduracié dels tomaquets va acompanyada d’una
produccié d’etile i una conseglient produccié de licope (Dannehl et al.,, 2011). La
produccié d’etileé s’'incrementa amb |'estrés com, per exemple, en casos d’elevada
salinitat o atac de patogens (Dannehl et al., 2011; Shibli et al., 2007). Per tant, els
polsos eléctrics podrien accelerar la produccié d’etile i activar els enzims implicats en

la sintesi de licope i els seus derivats (DellaPenna & Pogson, 2006).
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VIl. CONCLUSIONS

Conclusions generals

v

La varietat, el tipus de cultiu, el processat i 'emmagatzematge afecten el nivell de
compostos bioactius.
El coneixement dels punts critics pot permetre obtenir aliments amb més

compostos bioactius.

Conclusions especifiques

v' S’ha validat un métode sensible, especific, rapid i reproduible per analitzar els

polifenols totals en mostres de tomaquet, amb prévia neteja mitjangant SPE.
Aquest métode permet obtenir més sensibilitat i menor efecte matriu en la

posterior deteccid per MS.

S’ha utilitzat la combinacié de dues técniques (HPLC-LTQ-Orbitrap-MS i HPLC-
MS/MS) per a la identificacié6 de 38 polifenols en tomaquets i derivats de
tomaquet, 3 dels quals, I'O-acetilprunina, un C-diglicosid de la ploridzina i un

diglicosid de la rutina, no havien estat identificats anteriorment.
La varietat condiciona el perfil fenolic i la capacitat antioxidant del tomaquet.

Durant el processat, s’observa una disminucié gradual significativa en el nivell de
polifenols i antioxidants. Les temperatures elevades sén el principal responsable de
les perdues en el contingut d’aquests compostos bioactius. No obstant aixo,
I’'addicié de pells i polpa de tomaquet permet obtenir un producte final amb un

contingut més elevat que la matéria primera.

S’ha efectuat una identificacid exhaustiva dels polifenols de tres derivats del
tomaquet: quéetxups, gaspatxos i sucs de tomaquet mitjancant HPLC-QToF-MS. El
perfil fenolic mostra que aquests tres derivats del tomaquet es diferencien
principalment en 7 tipus de marcadors: un glicosid de l'acid protocatequic,
I'apigenina i les seves formes glicosilades, un dihexosid de la quercetina, un C-

hexosid del kaempferol i un dihexosid de I'eriodictiol.
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S’ha observat un major contingut de polifenols en els cultius ecologics que en els
tradicionals. En canvi, en els quetxups de cultiu tradicional s’hi va detectar la
presencia de dos dipéptids, un derivat del triptofan i un de la fenilalanina. Aquest
comportament esta clarament reflectit en I'analisi metabolomica, la qual va

permetre establir clares diferéncies entre el cultiu ecologic i tradicional.

S’han identificat i quantificat els carotens en quetxups i gaspatxos mitjangant la
combinacié de dues técniques (HPLC-UV i HPLC-ESI-(Li*)-MS/MS). S’hi van
identificar 7 carotens: luteina, a-carote, f-carote, trans-licope, 5-, 9- i 13-cis-licopé
i es va estudiar la capacitat antioxidant lipofilica. Els resultats mostren que
I'activitat antioxidant lipofilica ve determinada principalment per la preséncia de

trans-licopé i f-caroté.

L’'emmagatzematge de derivats de tomaquet a 4 2C provoca una disminucio en el
contingut de polifenols i carotens com també en les capacitats antioxidants. No
obstant aix0, aquestes disminucions no comporten un perjudici per al consumidor
quant als compostos bioactius. Es pot esperar un efecte beneficids del consum

d’aquests derivats en qualsevol punt del seu emmagatzematge.

S’han utilitzat els polsos eléctrics de baixa intensitat de camp per augmentar el
nivell de compostos bioactius i la capacitat antioxidant dels tomaquets. A
intensitats de camp d’1.2 kV/cm, s’aconsegueix el maxim increment de polifenols,
carotens i vitamina C; en canvi a 2 kV/cm, disminueix el nivell de compostos
bioactius i la capacitat antioxidant. Pel que fa al nombre de polsos, a 5 polsos
s’observa un increment en la biosintesi dels carotens; en canvi, per als polifenols, la

maxima produccid és a 30 polsos.
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VIl. CONCLUSIONS

General conclusions

v" The variety, type of cultivation, processing and storage affect the level of bioactive
compounds.

v" Knowledge of the critical points may provide food with a higher level of bioactive

compounds.

Specific conclusions

v' A sensitive, specific, rapid and reproducible method using SPE has been validated
to analyse polyphenols from tomato samples. This method provides greater
sensitivity and less matrix effect on the subsequent detection by mass

spectrometry.

v" A combination of two techniques (HPLC-LTQ-Orbitrap-MS and HPLC-MS/MS) has
been used to identify 38 polyphenols in tomatoes and tomato-based products, 3 of
which, O-acetylprunine, a C-diglycoside of phloridzin and a diglycoside of rutin,

have not been previously identified.
v' The variety determines the phenolic profile and antioxidant activity of tomatoes.

v' During processing, there was a significant gradual decrease in the level of
polyphenols and antioxidants. The high temperatures are responsible for the
decreases in these compounds. However, the addition of tomato seeds and skin
fragments provide a final product with a higher content of bioactive compounds

than raw tomatoes.

v" An extensive identification of the phenolic profile of ketchups, tomato juices and
gazpachos has been carried out by HPLC-QToF-MS. The phenolic profile shows that
these three tomato-based products mainly differ in 7 types of markers: a glycoside
of protocatechuic acid, apigenin and its glycosilated forms, a dihexoside of

quercetin, a C-hexoside of kaempferol and a dihexoside of eriodictyol.
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Organic cultivation was found to provide tomatoes and tomato-based products
with a significantly higher content of antioxidants. However, in conventional
ketchups the presence of two dipeptides, a derivative of tryptophan and a
derivative of phenylalanine, was detected. This behaviour is clearly reflected in the
metabolomic analysis, which allowed clear differences between traditional and

organic systems to be established.

Carotenoids of ketchups and gazpachos have been identified and quantified
through a combination of two techniques (HPLC-UV and HPLC-ESI-(Li*)-MS/MS).
Seven carotenoids were identified: lutein, a-carotene, f-carotene, trans-lycopene,
and 5-, 9-, and 13-cis-lycopene. Moreover, lipophilic antioxidant capacity was also
studied. The results show that lipophilic antioxidant capacity is mainly attributed to

the presence of trans-lycopene and f-carotene.

Storage of tomato-based products at 4 °C results in a slight decrease in their
polyphenol and carotenoid content, and also in the antioxidant capacities.
However, the levels achieved do not represent a drawback. Therefore, we can
expect a beneficial effect from the consumption of tomato-based products at any

point during their shelf life.

Moderate-intensity pulsed electric fields have been used to increase the level of
bioactive compounds and antioxidant capacity of tomatoes. An electric field
strength of 1.2 kV/cm achieved the highest increase of polyphenols, carotenoids
and vitamin C, in contrast to 2 kV/cm which decreased the level of bioactive
compounds and antioxidant capacities. Regarding the number of pulses, 5 pulses
provided an increase in the biosynthesis of carotenoids, whereas polyphenols

obtained their maximum increase at 30 pulses.
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ARTICLE INFO ABSTRACT
Asticle history: A metabolite profiling awma(h was used to study the effect of moderalc -intensity pulsed electric field
Received 4 April 2012 (MIPEF) on the i | and d contents of tomato fruit after refriger-

Received in revised form 9 July 2012
Accepted 24 July 2012
Available online 4 August 2012

ation at 4 °C for 24 h. The MIPEF processmg variables studied were electric field strength (from 0.4 to
2.0 kV[em) and number of pulses (from 5 to 30).
Twrnly four hours after MIPEF treatments, an increase was observed in hydroxycinnamic acids and

whereas fl i ic and ferulic acid-0-glucoside were not affected. Major changes
m‘" were also observed for carotenoids, except for the 5-cis-lycopene isomer, which remain unchanged after
Pulsed electric fields 24 h of MIPEF MIPEF ducted at 1.2 kV/em and 30 pulses, led to the greatest
Metabolite profiling increases in chlorogenic (152%). caffeic acid-O-glucoside (170%) and caffeic (140%) acids. On the other
Polyphenols hand, treatments at 1.2 kVjem and 5 pulses led to maximum increases of x-carotene, 9- and 13-cis-lyco-
Carotenoids pene, whmh increased by 93%, 94% and 140%, respectively. Therefore, MIPEF could stimulate synlhesus of
Y bolites and bute to prod of with high individual polyphenol and

carotenoid contents.
© 2012 Elsevier Ltd. All rights reserved.
1. Introduction The application of pulsed electric fields at high field strength

Tomatoes (Solanum lycopersicum L.) contain some valuable bio-
active ¢ including antioxidants such as carotenoids and
phenolic compounds. Recently, the high content of phenolic com-

has been proposed as an alternative to conventional food preser-
vation techniques. Several studies have demonstrated the ability
of high intensity pulsed electric fields to produce shelf-stable
Ilquld foods with high nutritional value by inactivating microor-

pounds, such as fl ds and hydroxycinnamic acids in

has been attracting interest because of their apparent multiple bio-
logical effects (Crozier, Jaganath, & Clifford, 2009). Moreover, toma-
toes contain carotenoids such as f-carotene and z-carotene, which
possess provitamin A activity (Olson, 1989). The consumption of
fi-carotene, lycopene and other carotenoids decreases the risk of
certain cancers and cardiovascular diseases (Das, Otani, Maulik, &
Das, 2005; Djuric & Powell, 2001; Giovannucci, 1999; Giovannucci
et al,, 1995). Trans-lycopenes represents the most abundant lyco-
pene isomer in tomato, with 5-, 9-, 13-, and 15-cis-lycopene being
the main cis-isomers detected (Frohlich, Conrad, Schmid,
Breithaupt, & Bohm, 2007). Human studies have demonstrated
the nutritional benefits of cis isomers in tomato products, because
these compounds seem to be better absorbed in the intestine than
are trans isomers (Takeoka et al., 2001).

* Corresponding author. Tel.: +34 973 702593; fax: +34 973 702596.
E-mail addresses: i udl cat, udLes (0, Martin-Belloso).

0308-8146/$ - see front matter © 2012 Elsevier Ltd, All rights reserved.
hitp://dx.doi.org/ 10.1016/j foodchem.2012.07.108

g and enzymes (Soliva-Fortuny, Balasa, Knorr, &
Martin-Belloso, 2009). Other applications of pulsed electric fields,
at moderate field strength, are currently under development.
Moderate-intensity pulsed electric fields (MIPEF) permeabilise tis-
sue structures, thus improving intracellular metabolite extraction
(Soliva-Fortuny et al., 2009) and enhancing drying efficiency (De
Vito, Ferrari, Lebovka, Shynkaryk, & Vorobiev, 2008). Metabolic
responses of plant cells (Cai et al, 2011) and tissues (Galindo
et al, 2009; Gomez Galindo, Wadso, Vicente, & Dejmek, 2008)
upon the application of MIPEF have been studied. The analysis
of potato demonstrated that, 24 h after the application of MIPEF,
tissue metabolism showed MIPEF-specific stress responses,
characterised by changes in the hexose pool that may involve
starch and ascorbic acid degradation (Galindo et al., 2009).
MIPEF-induced stresses could include a burst of ROS, which are
endogenous signal components required for synthesis of second-
ary metabolites, such as polyphenols or carotenoids, which are
known to be part of the defence response of plants to stress
(Shohael et al., 2006).
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Metabolic analysis was used to characterise stress responses of
vegetable tissues subjected to MIPEF, providing insights of how po-
tato tissue responds to treatment (Galindo et al., 2009; Gomez Gal-
indo et al., 2008). However, as far as we know, this is the first time
that a targeted metabolite profiling of tomato polyphenols and
carotenoids has been used to study the effects of MIPEF on the bio-
synthesis of secondary metabolites in whole fruits, The objective of
this research was to characterise the biosynthesis of individual
polyphenols and carotenoids in tomato 24 h after MIPEF treat-
ments at different electric field strengths and numbers of pulses.

2. Materials and methods
2.1. Standards and reagents

All samples and standards were handled without exposure to
light. Caffeic, ferulic, p-coumaric and chlorogenic acids, rutin and
quercetin, fi-carotene, f-apo-8'-caortenal, a-carotene, trans-lycopene,
lutein and methyl tert-butyl ether (MTBE) were purchased from
Sigma® (Madrid, Spain); naringenin, naringenin-7-O-glucoside,
eriodictyol and hexane were from Extrasynthése (Genay, France).
Ethanol, methanol and formic acid (HPLC grade) were obtained
from Scharlau (Barcelona, Spain) and ultrapure water (Milli-Q)
from Millipore (Bedford, USA).

2.2. Tomatoes

Commercially mature tomato fruit (c.v. Daniella) were pur-
chased from a local supermarket (Lleida, Spain). The pH (Crison
2001 pH-metre; Crison Instruments SA, Alella, Barcelona, Spain),
soluble solids content (Atago RX-1000 refractometer; Atago
Company Ltd., Japan), firmness (TA-XT2 Texture Analyzer; Stable
Micro Systems Ltd, Surrey, England) and colour (Minolta CR-400,
Konica Minolta Sensing. Inc.Osaka, Japan) of the tomato fruit
were determined. The physicochemical characteristics of tomatoes
were: pH =445+ 001, firmness = 204 + 2,51 N-s, soluble solids =
3.8+0.1 Brix, colour: L*=385+04,a"=181419,b*=246+138.

2.3. MIPEF processing

MIPEF treatments were conducted in a bath apparatus manu-
factured by Physics International (San Leandro, CA, USA), which
can deliver pulses from a capacitor of 0.1 uF with an exponential
decaying waveform. A stainless steel parallel plate treatment
chamber was used. A batch of tomato fruit was placed in the treat-
ment chamber filled with tap water. Tomato fruit were treated at
0.4-2 kV/cm, using 5-30 monopolar pulses of 4 pis at a frequency
of 0.1 Hz. Two replicates of each treatment were carried out.

MIPEF-treated tomato fruit were collected and immediately
refrigerated at 4 °C during 24 h, as previously described by Galindo
et al. (2009). Untreated tomatoes were stored separately, also at
4°Cduring 24 h. Then, both untreated and MIPEF-treated tomatoes
were lyophilised and frozen at -20 °C prior to analysis.

2.4. Extraction and analysis of polyphenols

24.1. Extraction of polyphenols

Each replicate of the treatment was extracted and analysed
three times in a darkened room with a red safety light to avoid
oxidation of the analytes, following the procedure of Vallverdi-
Queralt, Jduregui, Medina-Remén, Andrés-Lacueva, and Lamuela-
Raventds (2010) with some modifications.

Lyophilised tomato fruits (0.2 g) were weighed and homoge-
nised with 80% ethanol in Milli-Q water (4 ml); the homogenate
was sonicated for 5min and centrifuged (4000 rpm at 4 °C) for
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15 min. The supernatant was transferred into a flask and extrac-
tion was repeated. Both supernatants were combined and evap-
orated under nitrogen flow: finally, the residue was
reconstituted with up to 2 ml of Milli-Q water containing 0.1%
formic acid and filtered through a 13 mm, 0.45 pm Polytetrafluo-
roethylene (PTFE) filter from Waters (Milford, USA) into an in-
sert-amber vial,

Solid phase extraction (SPE) was carried out to eliminate
interferents, such as ascorbic acid, amino acids and reducing sug-
ars. For this procedure, Oasis® MAX cartridges, with 30 mg of
mixed-mode anion-exchange and reversed-phase sorbent from
Waters (Milford, USA), following the procedure of Vallverdu-
Queralt et al. (2011). The eluted fractions were evaporated under
nitrogen flow and the residue was reconstituted with up to 500 ul
of Milli-Q water containing 0.1% formic acid and filtered through
a 13 mm, 0.45 pm PTFE filter into an insert-amber vial for HPLC
analysis.

2.4.2. Analysis of polyphenols

HPLC-ESI-MS/MS was used to evaluate the content of flavonols,
fl and hydroxycinnamic acids, following the procedures
of other studies. (Vallverdu-Queralt, Jauregui, Medina-Remon, &
L la-R 2012; Vallverdu-Queralt et al., 2011). Method
parameters appear in these studies of the same authors.

Liquid chromatography was performed with an Agilent series
1100 HPLC instrument (Agilent, Waldbronn, Germany) equipped
with a quaternary pump, an autosampler and a column oven set
to 30 °C. Mobile phase consisted of Milli-Q water containing 0,1%
formic acid (A) and acetonitrile containing 0.1% formic acid (B).
The injection volume was 20 pl and the flow rate was 0.4 ml/
min. Separation was carried out in 20 min under the following con-
ditions: 0 min, 5% B; 16 min, 40% B; 17 min, 95% B 19 min, 95% B;
19.5min, 5 % B. The column was equilibrated for 5 min prior to
each analysis.

An API 3000 (PE Sciex, Concord, Ontario, Canada) triple quadru-
pole mass spectrometer, equipped with a Turbo lonspray source in
negative-ion mode, was used to obtain MS/MS data. Turbo lon-
spray source settings were as follows: capillary voltage, 3500 V;
nebuliser gas (N), 10au. (arbitrary units); curtain gas (Ny),
12 a.u.; collision gas (N,), 4 a.u.; focusing potential, —200V; en-
trance potential, ~10V; drying gas (N;), heated to 400°C and
introduced to a flow rate of 6000 cm?/min. The declustering poten-
tial and collision energy were optimised for each compound in
infusion experiments: individual standard solutions (10 pg/ml)
dissolved in 1:1 (v/v) mobile phase were infused at a constant flow
rate of 5 pl/min, using a model syringe pump (Harvard Apparatus,
Holliston, MA, USA). Full-scan data acquisition was performed
scanning from m/z 100 to 800 in profile mode and using a cycle
time of 2 s with a step size of 0.1 u and a pause between scans of
2 ms. Identification of some compounds was carried out through
neutral loss scan and precursor ion scan experiments. For quantifi-
cation purposes, data were collected in the multiple reaction mon-
itoring (MRM) mode, tracking the transition of parent and product
ions specific for each compound.

Quantification of polyphenols was performed by the internal

dard method. Polyphenols were quantified, related to their
corresponding standard, and results were expressed as pg/g dry
weight. When standards were not available, as in the case of caffeic
acid-0-glucoside, p-coumaric acid-O-glucoside and ferulic acid-
0-glucoside, polyphenols were quantified related to the
corresponding hydroxycinnamic acid (caffeic, p-coumaric and
ferulic acids). Cryptochlorogenic and dicaffeoylquinic acids were
quantified with respect to the chlorogenic acid.

The total polyphenol (TP) content was obtained by the sum of
all individual polyphenols.
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2.5. Extraction and analysis of carotenoid compounds

2.5.1. Extraction of carotenoids

Each replicate of the treatment was extracted and analysed
three times in a darkened room with a red safety light to avoid
oxidation of the analytes, according to a method of (Rodriguez-
Bernaldo de Quiros & Costa, 2003) with minor modifications,

Lyophilised tomato fruits (0.2 g) were weighed and homoge-
nised with 5ml of EtOH: Hexane (4:3 v/v); the homogenate was
sonicated for S5min and centrifuged (4000 rpm at 4°C) for
15 min. The supernatant was transferred into a flask and extraction
was repeated. Both supernatants were combined and evaporated
under nitrogen flow; finally, the residue was reconstituted with
up to 1 ml of MTBE and filtered through a 25 mm, 0.45 pm PTFE fil-
ter into an insert-amber vial for HPLC analysis.

2.5.2. Analysis of carotenoids

Chromatographic analysis was performed, using the HPLC sys-
tem described above for polyphenol analysis. The analytes were
separated on a C3g column 250 x 4.6 mm i.d, 5 pm (YMC™, Waters
Co., Milford, MA, USA) and kept at 20 “C. The injection volume was
20 pl and flow rate 1 mi/min. Mobile phases consisted of water (A),
methanol (B) and MTBE (C). Separation was carried out in 23 min
under the following conditions: Omin, 70% B; 10 min, 20% B;
20 min, 6% B; 21 min, 6% B; 23 min, 70 % B. Water was kept con-
stant at 4% throughout the analysis. The column was equilibrated
for 10 min prior to each analysis. The analysis was carried out fol-
lowing the procedure of other authors (Matea, Soran, Pintea, &
Bele, 2010; Vallverdu-Queralt, Martinez-Huelamo, Arranz-Marti-
nez, Miralles, & Lamuela-Raventos, 2012). MTBE was used as a
modifier to facilitate elution of lycopene, which is strongly retained
in a methanol environment.

Commercially available carotenoid standards (lutein, x-caro-
tene, f-carotene, (rans-lycopene and trans-f-apo-8'-carotenal)
were used to identify analytes by retention times and ultravio-
let-visible (UV-vis) spectra. The HPLC-UV chromatograms were
acquired, selecting the 450 nm wavelength; afterwards, the UV~
vis spectra were recorded in the range 350-550 nm for the tenta-
tive identification of carotenoids and their geometrical isomers
(cis-lycopene, cis-lutein and cis-f-carotene isomers) on the basis
of the retention times and absorption spectrum characteristics de-
scribed in the literature (Frohlich et al., 2007; Matea et al., 2010).

The API 3000 (PE Sciex, Concord, Ontario, Canada) triple quad-
rupole mass spectrometer, in positive-ion mode, was used to ob-
tain MS/MS data for carotenoid analysis. Turbo lonspray source
settings were as follows: capillary voltage, 4500 V; nebuliser gas
(N2), 10 a.u. (arbitrary units); curtain gas (N;), 12 a.u.; collision
gas (Na). 4a.u.; focussing potential, 200V; entrance potential,
10V; drying gas (N;), heated to 400 °C and introduced to a flow
rate of 6000 cm®/min. The declustering potential and collision en-
ergy were optimised for each compound in infusion experiments. A
solvent delivery system, connected post-column, was used for the
delivery of 100 pl/min of a LiCl solution at a concentration of
500 ppm. For quantification purposes, data were collected in the
multiple reaction monitoring (MRM) mode, tracking the transition
of parent and product ions specific for each compound.

Quantification of carotenoids was performed by the internal
standard method. The internal standard was trans-f-apo-8'-carot-
enal. Carotenoids were quantified, related to their corresponding
standard, and results were expressed as pg/g dry weight. When
standards were not available, as in the case of 9-cis-lutein, 9-cis-
fi-carotene, 5-, 9-13- and 15-cis-lycopene were quantified related
to the lutein, f-carotene and trans-lycopene, respectively.

The total carotenoid (TC) content was obtained by the sum of all
individual carotenoids.

2.6. Statistical analysis

Using the Unscrambler (v.9, CAMO A/S, Trondheim, Norway), a
PLS-DA analysis was performed to cluster tomato samples accord-
ing to similar metabolite profiling. PLS-DA is a partial least squares
regression of a set of binary variables, describing the categories of
the categorical variables (pulsed electric field treatments) on a set
of predictor variables (bioactive compounds of tomatoes). Further
details about building the PLS-DA can be found in Pedreschi et al.
(2009). For the PLS-DA. pulse treatment conditions (number of
pulses and electric field strength) were considered as X-variables
while individual polyphenol and carotenoid contents of tomatoes,
were Y-variables, The data were mean-centred and variables were
weighted by their standard deviation to give them equal variance.
Cross-validation was applied to test the performance of the mod-
els; since the number of observations is relatively small it is impos-
sible to validate the models on an independent test set. Multifactor
analysis of variance (ANOVA) was carried out at P < 0,05 in order to
assess for absolute changes in polyphenol and carotenoid contents
among the different pulse electric field treatment conditions (num-
ber of pulses and electric field strength), using Statgraphics plus v.
5.1 software (Manugistics, Inc., Rockville, MA, USA). A Duncan's
multiple range test was applied to determine differences among
means, with a significance level of P = 0.05.

3. Results and discussion
3.1, Plant metabolite profile of MIPEF-treated tomatoes

3.1.1. General

A PLS-DA analysis was carried out to discriminate among the
pulse electric field treatments according to similar metabolite pro-
files in tomatoes, Score vectors and loading vectors are formed in
PLS-DA biplot, as can be shown in the Fig. 1. PLS accounts for
11% and 11% of the total X-variance and 40% and 30% of the total
Y-variance by the first two latent variables (LV1 and LV2). This
analysis maximises the covariance between the explanatory vari-
ables X (pulse electric field treatments) and the response Y (pheno-
lic compounds and carotenoids). The nearer the variable Y is

V2 (X=11%, Y=30%)

V1 (X=11%, Y=40%)

Fig. 1. PLS-DA biplot of samples representing tomato fruits treated with different
electric field strengths and numbers of pulses. (X_Y), X: Electric field strength (0.4,
1.2 and 2 kV/cm), Y: number of pulses (5, 18 and 30); FAG, ferulic acid-O-glucoside;
FA, ferulic acid: COUMAG, coumiric acid-O-glucoside: CAG, caffeic acid-0-gluco-
side: CA, caffeic acid; CHA, acid; CRYA, cryptoc genic acid; NG,

in-7-0- ide; N, E Q ;. R, rutin;
DICA, dicaffeoylquinic acid; TP, total polyphenols; Lic_T, trans-lycopene; Lic_5C,
5-cis-lycopene; Lic_9, 9-cis-lycopene; Lic_13, 13-cis-lycopene; Lic_15, 15-cis-lyco-
pene; BCarot, p-carotene; CBCarot, 9-cis-fi-carotene; ACarot, a-carotene; Lut, lutein;
Lut_8C, 9-cis-lutein; TC, total carotenoids.
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located to the axis origin (=loading), the smaller is the contribution
to the class distinction among treatments. Thus, plant metabolites,
such as 5-cis-lycopene, quercetin, rutin and coumaric acid-0-glu-
coside may not contribute to such discrimination among MIPEF
treatments (Fig. 1). On the other hand, large loadings for variables,
such as caffeic, ferulic, chlorogenic, dicaffeoylquinic and coumaric
acids, caffeic acid-O-glucoside, f-carotene, trans-lycopene and
9-cis-lycopene, had a high discriminating power. Changes in total
polyphenol and carotenoid content of tomatoes could be mainly
attributed to changes in some individual compounds It can be ob-
served (hat lhe tolal polyphenol content is highly correlated with

ds, such as caffeic, ferulic, and chlor-
ogenic and On the o(hcr hand, the total carotenoid content is
highly correlated with compounds such as f-carotene, 9-cis-lyco-
pene, 15-cis-lycopene and trans-lycopene. Use of the supervised
PLS-DA technique sharpened the discrimination among the treat-
ments, The biplot (Fig. 1) shows the marked discrimination among
the pulse electric field treatments, as evidenced by pattern clusters
formed among the different pulsed electric field treatments and
their separation along the first two latent variables, LV1 and LV2,
respectively. The latent variable 1 (LV1) of the PLS-DA model is
able to explain the variation among treatments at different electric
field strengths, while the latent variable 2 (LV2) explains the vari-
ation among treatments at different number of pulses. On the basis
of the marked discrimination of the treatments, it can be clearly
observed that certain individual polyphenols and carotenoids are
clearly characteristic or highly correlated with a specific treatment.
For instance, tomatoes, attained at 1.2 kV/cm, located to the posi-
tive side of the LV1 axis, are characterised by high levels of poly-
phenols (TP, chlorogenic, caffeic and ferulic acid) and carotenoids
(TC, fi-carotene, trans-lycopene and 9-cis-lycopene), whereas
tomatoes treated with 2 kV/cm, located towards the negative side
of the LV1 axis, are related to low levels of these metabolites.
Tomatoes treated with 5 pulses, located to the negative side of
LV2 axis, are characterised by high levels of carotenoids, whereas
tomatoes treated with 30 pulses, located towards the positive side
of the LV2 axis, are related to high contents of polyphenols. Accord-
ing to the PLS-DA plot (Fig. 1), a high content of phenolic com-
pounds and carotenoids is strongly correlated with MIPEF
treatments at 1.2 kV/cm, which can be related to a bioproduction
of these metabolites. At this field strength, some polyphenols were

Andres-Lacueva & | la-R 2011). Hydroxycinnamic
acid and flavanone concentration were enhanced 24 h after MIPEF
treatments (P<0.05), whereas flavonols were not affected
(P>0.05).

TP content was between 1969 pg/g DW (2 kV/cm-5pulses) and
3622 pglg DW (1.2 kV/cm-30 pulses). The maximum TP content
was obtained at 1.2 kV/cm and 30 pulses (Table 1). Concentrations
of hydroxycinnamic acids in d ranged from
37.6 ug/g DW for p-coumaric acid to 561 pg/g DW for ferulic
acid-0-glucoside (Table 2). Concentrations of ferulic, p-coumaric,
caffeic and caffeic acid-O-glucoside higher than that of untreated
tomatoes were observed in MIPEF-treated tomatoes with different
combinations of electric field strength (0.4 and 1.2 kV/cm) and
numbers of pulses (5-30 pulses), but not for treatments carried
out at 2kV/cm (Table 2). It seems that treatments at 2 kV/cm
may cause lethal damage to cells, due to irreversible loss of cell
membrane permeability properties (Aronsson, Lindgren, Johans-
son, & Rénner, 2001). The concentration of hydroxycinnamic acids
in MIPEF-treated tomatoes was enhanced from 40.9 pgfg DW for
p-coumaric acid to 517 pg/g DW for ferulic acid (Table 2). The
maximum enhancement was attained at 1.2 kV/cm and 30 pulses
(P<0.05); caffeic acid increased by 140%, ferulic acid by 110%,
p-coumaric acid by 39% and caffeic acid-O-glucoside by 170 %,
followed by treatments carried out at 1.2 kV/cm-18 pulses and
0.4 kV/cm-30 pulses. Bioproduction of hydroxycinnamic acids
seems to be enhanced when electric field strength increases, with
treatments at 1.2 kV/cm leading to the highest content of hydroxy-
cinnamic acids Glycosylated ferulic and p-coumaric acids were not
affected by MIPEF (P>0.05), wh caffeic acid-
O-glycoside concentration was enhanced by 170% at 1.2 kV/em
and 30 pulses. This fact could be attributed to the presence of an
easily oxidisable ortho-diphenol group in caffeic acid which is
not present in ferulic and p-coumaric acids (Kilmartin, Zou, &
Waterhouse, 2001).

It is difficult to explain changes of individual phenolic com-
pounds by one single factor due to the complexity of chemical
reactions occurring in natural systems. Polyphenols are formed in
plant products via the acnon of phenylalamne ammonia-lyase
(PAL) activity due to the phenylprop lism. Activation
of PAL activity has been observed in response to several causes
of phy gical stress (Assis, Maldonado, Mufoz, Escribano, &

markedly characteristic of MIPEF-treated tomatoes treated with 30
pulses (hydroxycinnamic, phenolic acids and flavanones), whereas
some carotenoids were characteristic of MIPEF treatments of 5
pulses (f-carotene, z-carotene and cis-lycopene isomers). There-
fore, the increased number of pulses at 1.2 kV/cm seems to pro-

Merodio, 2001). MIPEF may stimulate the activity of PAL and,
therefore, hydroxycinnamic acids increase. Some authors have
demonstrated that wounding stimulates PAL activity, with further
production of the main phenolic compounds and synthesis of new
polyphenolic substances (Assis et al., 2001).

mote the synthesis of polyphenols rather than that of c. id
in tomatoes, Such a metabolite production is induced as a stress re-
sponse, initiated when the plant recognises a stimulus at the cellu-
lar level, such as changes in electrical potential differences of the
membranes, MIPEF may influence the voltage-gated ion channels
and increase the membrane permeability for Ca** at the cellular le-
vel, followed by a rapid influx of Ca®* through cation channels.
Through this process, Ca**-dependent protein kinase (CDPK) phos-
phorylates PAL (Sanders, Pelloux, Brownlee, & Harper, 2002),which
regulates the phenylpropanoid metabolism. The CDPK can also in-
crease the ROS which are endogenous signal components required
for the synthesis of secondary metabolites, such as polyphenols,
known to be part of the plant defence response to stress (Shohael
et al., 2006).

3.1.2. Effect of MIPEF on mdlwdual polyphenol content
The content of i | polyphenols of d 1

Chlorogenic acid was the most abundant hydroxycinnamic acid
(Table 2). The content of chlorogenic acid in untreated tomatoes
was 335 pg/g DW. The levels of chlorogenic acid of MIPEF-treated
tomatoes ranged from 376 pg/g DW (0.4 kV/em-5 pulses) to
843 pg/g DW (1.2 kV/cm-30 pulses), This increased by 152% when
tomatoes were processed at 1.2 kVfem-30 pulses, followed by
treatments carried out at 1.2 kV/cm-18 pulses and 0.4 kV/cm-30
pulses. It seems that electric field strength substantially affected
the chlorogenic acid content of MIPEF-treated tomatoes. Tomato
fruit treated at the highest electric field strength (2 kV/cm) showed
a decrease in the levels of chlorogenic acid. This means that treat-
ments over 1.2kV/cm may cause lethal damage to cells, due to
irreversible loss of cell membrane permeability properties and,
thus, chlorogenic content is not enhanced (Aronsson et al., 2001).
The trends reflecting the effects of MIPEF were similar for crypto-
chlorogenic and dicaffeoylquinic acids. Hydroxycinnamic acids in

were within the range described in the literature for tomato pmd-
ucts (Martinez-Valverde, Periago, Provan, & Chesson, 2002; Val-
Iverdu-Queralt, Medina-Remon, Martinez-Huelamo, Jauregui,
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have been gaining interest because of their apparent
multiple biological effects, including free radical-scavenging, metal
chelation, inhibition of cellular proliferation, and modulation of
enzymatic activity and signal transduction pathways (Crozier
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Table 1

Annex

Total polyphenol (TP) content and total carotenoid (TC) content of MIPEF-treated tomatoes.

E(kV/em) n (Number of pulses) Total polyphenol (TP) content (jg/g) Total carotenoid (TC) content (ug/g)
0 0 23062357° 5702153
04 5 2313240.1° 75.1£2.04"
04 18 2555+ 57.9° 685+211°
04 30 3226+ 721° 58.2+160°
12 5 2863 £49.3° 786224
12 18 3288+ 766" 719+286°
12 30 36224 814" 61.64189°
2 5 1969 4 238¢ 668+190°
2 18 21354310 50614122
2 30 2364137.9° 4411133
The TP and TC contents were obtained by the sum of all and pectively. Different letters in the columns represent statistically significant
differences (P <0.05).
Table 2
Contents of hydroxycinnamic acids (ig/g DW) of MIPEF-treated tomatoes.
ERY n Ferulic Ferulic p-Coumaric  p-Coumaric  Caffeicacid  Caffeic Ch Crypthochl ic  Dicaffeoyk
cm)  (number acid aid-0- acid ¥id-0- acid-0- acid acd acid
of pulses) glucoside glucoside gucoside
0 0 2462695 5612255 3762300° 6852192 439:051" 1802589 335:145' 1742003 2992056"
04 5 13826.14" 559119 4252326 6832103 499:009 2362326 3762561 2042059 3282032%
04 18 3564837 5564310 409+100°° 680:166° 506:010° 2792662 387:1013° 1412010 39374212
04 30 468+860° 5624372 425:265% £90+153  755:012° 279:632° 805:1436" 235:005° 4354026"
12 5 402¢921% 563$150' 4732153 684£163 87420548 2724875 489+457° 189:036° 40.72049%
12 18 423210.1° 5554229" 4792365% 680+1.02' 485:038° 457:411° 7534449°  2012012° 4122029°
12 30 5172558 5574155° 5212025° 689:188"  105:055' 485:5.18" 8431743 2861024 4954135
2 5 18747.56' 5584278% 37641.13° 689:150° 17.3:034° 985:396" 1984539" 123:034 2874088
2 18 1474742° 5632205' 372:264° 6751125 602:099" 148:931° 284£1075' 2012015 3362123
2 30 2272747 564:338% 317:223'  67.7:£158°  437:031" 175:978° 3271523 1691052 2851058"
Data shawn are the means + SD of two MIPEF each assay was in triplicate. Different letters in the columns represent statistically significant
differences (P < 0.05).
Table 3
Contents of flavonol and flavanones (jg/g DW) of MIPEF-treated tomatoes.
E(kV/cm) n (Number of pulses) Flavonones Favonols
i in-7-0-glucoside Quer Rutin
0 0 503£432° 2574063 114 £060° 61.1£081* 1864059
04 5 509 £ 4.36° 244£371° 1041001 622009 1871012
04 18 4722392° 31.81043° 13720200 62.1£0.15* 188 £0.15*
04 30 560£252" 383:094" 1282019" 622005 1852058*
12 5 5762379 3624075 12720.14* 62.3+020" 186£2.01*
12 18 577:132* 305+ 141¢ 162026" 6223£023" 188 21.80"
12 30 578 £ 0.68* 4294236" 17.1£001* 623£073" 185+ 0.68"
2 5 4682 154° 324£025° 1302027 6272075 1874063
2 18 4712366° 348+001" 11.42058° 6192027* 18721.25°
2 30 491 £168¢ 240+022¢ 11.0+004' 6224013 185+051*

Data shown are the means £ SD of two MIPEF treatment repetitions: each assay was performed in triplicate. Different letters in the columns represent statistically significant

differences (P<0.05).

h

H

et al,, 2009). MIPEF may activate the is of these hyd

n-
Y

namic acids in tomatoes.

Flavanones (naringenin, naringenin-7-0-glucoside, eriodictyol)
increased 24 h after the application of MIPEF treatments (Table 3).
The concentration of flavanones in untreated tomatoes varied from
11.4 pg/g DW for eriodictyol to 503 pg/g DW for naringenin. Con-
centrations of flavanones in MIPEF-treated tomatoes were en-
hanced from 11.4 pug/g DW for eriodictyol to 578 pug/g DW for
naringenin. The highest increase in the content of flavonols was
obtained with treatments carried out at 1.2 kV/cm and 30 pulses.
Naringenin-7-0-glucoside, eriodictyol and naringenin content, in-
creased by 66%, 50% and 15%, respectively. Such a bioproduction
of eriodictyol, naringenin and its glycosylated form in MIPEF-treated
tomatoes could be attributed to the induction of flavanone

y from 4-c yl-CoA and malonyl-CoA (Schroder,
Heller, & Hahlbrock, 1979) when MIPEF-treatments were applied.

3.1.3. Effect of MIPEF on individual carotenoid contents

The contents of individual carotenoids of untreated samples
were in the range described in the literature for tomato products
(Martinez-Valverde et al., 2002). In this study, trans-lycopene, 9-
J13-,15-cis-lycopene and TC content were enhanced (P<0.05)
when MIPEF-treatments were applied. TC content was in the range
44.1 pg/g DW (2 kV/em-30 pulses) to 78.6 pg/g DW (1.2 kV/em-5
pulses) (Table 1). The maximum TC content was obtained at
1.2kV/em and 5 pulses. The concentrations of trans-lycopene and
cis-lycopene isomers in untreated tomatoes ranged from 2.27 g/
g DW for 13-cis-lycopene to 17.6 pg/g DW for trans-lycopene (Ta-
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Table 4

Content of carotenoids (jig/g DW) of MIPEF-treated tomatoes.
E(kV/cm) n (number of pulses) 13-cis-Lycopene 15-cis-Lycopene 9-cis-Lycopene trans-Lycopene 5-cis-Lycopene
0 0 2274007" 5962014° 262+0.13' 1762010 281004
04 5 5141006 7.14£004° 494£004° 21.74006° 2801005
04 18 4104003 6.10£0.18° 4132004* 2081009 2822004"
04 30 2892010 5851 0.04' 3271 0.06% 17.2:009' 2821004
12 5 547 £0.06" 791062 508 £0.04" 2232006" 2812004"
12 18 4652005 683 2020° 467 20.06° 21.12028° 2832009"
12 30 3352002' 581+005' 348+0.05' 18320.42° 2822005
2 5 3812005° 6.8520.04° 3802005° 202+008° 2812005
2 18 2.742008° 58120.04' 280:0.12" 158£0.15" 2832005
2 30 1.97 £0.08' 326 008* 2372022 16.5£042¢ 2802008"

Lutein 9-cis-Lutein a-Carotene f-Carotene 9-qis-p-Carotene

0 0 16420.11" 1.20:0.11% 0712001° 198:041% 343:004'
04 5 2632007 223:007" 122:003" 249:0.14" 4612005"
04 18 2142012 2052009° 1.00 = 0.03¢ 235+009° 384+0.06°
04 30 1.442008" 1.300.06 0672002 21.0+0.18" 3.132006
12 5 2942004 2402003 1372004 2534013 495:004"
12 18 2462005 211003 1.06 £ 0.04° 2434030 44020.4
12 30 192£012° 1.63 £0.08° 0.73£0.04° 214£058' 3314007
2 5 207 £005° 204 £004° 084£002° 23.1£069° 3,64 £ 0.06°
2 18 137 2004% 1.152002¢ 061002 159 £0.10" 285+ 005"
2 30 111:004" 1,02 +002" 0594001 128012 264£008'

Data shown are the means £ SD of two treatment repetitions, each assay was performed in triplicate. Different letters in the columns represent statistically significant

differences (P<0.05)

ble 5). Enhanced concentrations of lycopene isomers in MIPEF-
treated tomatoes between 2.74 pg/g DW for 13-cis-lycopene and
223 pglg DW for trans-lycopene were observed. The maximum
enhancement was attained with 1.2 kV/cm-5 pulses; trans-lyco-
pene increased by 27% whereas 9-, 13- and 15-cis-lycopene were
enhanced by 94%, 140% and 33%. However, these MIPEF conditions

have demonstrated the nutritional benefits of cis isomers in tomato
products, because these compounds seem to be better absorbed in
the intestine than are trans isomers (Failla, Chitchumroonchokchai,
& Ishida, 2008; Takeoka et al., 2001). In our study, cis-isomers are
enhanced after MIPEF treatments, reflecting the importance of
applying this methodology to increasing health-related

did not affect 5-cis-lycopene content (P> 0.05). M , treat-
ments carried out at 2 kV/cm and 30 pulses resulted in a decrease
of trans-lycopene and 9-, 13- and 15-cis-lycopene. Therefore, treat-
ments at the highest electric field strength may cause lethal dam-
age to cells due to irreversible loss of cell membrane permeability
properties (Aronsson et al., 2001). Little is known about the mech-
anisms involved in carotenoid biosynthesis in plants. The biosyn-
thetic enzymes are encoded by nuclear genes, and precursor
proteins are post-translationally imported into plastids, where
carotenoid biosynthesis occurs. Disruption of tissue by wounding
could promote the transcription of the genes or the transport of
the mRNA related to the synthesis of carotenoids (Bartley & Scol-
nik, 1995). The production of cis-lycopene isomers due to MIPEF
treatments could be explained by the activation of enzymes such
as phytoene synthase and {-carotene desaturase (ZDS). Phytoene
undergoes a set of desaturation reactions, each of which creates
a new double bond and extends the chromophore by two conju-
gated double bonds; the end-product is lycopene (DellaPenna &
Pogson, 2006). The increases in cis-lycopene isomers at 0.4 and
2 kV/cm and low number of pulses could be due to the activation
of these specific enzymes. On the other hand, the production of
trans-lycopene (Table 4) could be explained through the enzyme
action of desaturases. These enzymes introduce a series of four
double bonds in cis configuration forms, which are isomerised to
the all-trans c by the ¢ id isomerase enzyme
(CRTISO). MIPEF treatments may also produce the activation of
CRTISO and enhance trans-lycopene bioproduction. There is evi-
dence that the CRTISO enzyme may act in concert with the ZDS en-
zyme (DellaPenna & Pogson, 2006). The results found in our study
are in line with those described by other authors in different toma-
to products, in which trans-lycopene represents the most abundant
lycopene isomer which varied from 35% to 96% of total lycopene,
with 5-,9-, 13-, and 15-cis-lycopene being the main cis isomers de-
tected (Frohlich et al., 2007; Schierle et al., 1997). Human studies
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Moreover, %-, fi- and 9-cis-fi-carotene concentrations increased
significantly (P <0.05) 24 h after MIPEF treatments were applied
(Table 4). The concentration of -, - and 9-cis-fi-carotene in un-
treated tomatoes ranged from 071 pg/g DW for x-carotene to
19.8 pg/g DW for fi-carotene. Concentrations of -, fi- and 9-cis-
f-carotene in MIPEF-treated tomatoes were enhanced from
0.73 pg/g DW for x-carotene to 25.3 pg/g DW for f-carotene. Max-
imum enhancement was attained at 1.2 kV/cm-5 pulses; -, - and
9-cis-fi-carotene increased by 93%, 28% and 44%, respectively, fol-
lowed by treatments carried out at 0.4 kV/cm-5 pulses. As shown
in Table 4, -, fi- and 9-cis-f-carotene decreased as the number
of pulses increased, whereas treatments carried out at 1.2 kV/em
led to the highest content of these three carotenoids. Therefore,
the number of pulses seems to be the determining factor for
enhancing z-, fi- and 9-cis-fi-carotene bioproduction. The caroten-
oid biosynthetic pathway in plants has two main branches after
lycopene, distinguished by different cyclic end-groups. Two beta
rings lead to the f.f branch (f-carotene and its derivatives)
through fi-carotene cyclase, whereas one beta and one epsilon ring
define the p.& branch (z-carotene and its derivatives) through
¢- and fi-carotene cyclase. MIPEF-processing may activate ¢- and
fi-carotene cyclase and, thus stimulate z-, fi- and 9-cis-i-carotene
production. Both the SLCY and s-cyclase (£LCY) enzymes are re-
quired to form a-carotene and lutein (Cunningham & Gantt,
1998). Increasing or decreasing £LCY expression resulted in lutein
levels ranging from 10% to 180% (Pogson & Rissler, 2000). In our
study, the content of lutein and 9-cis-lutein in untreated tomatoes
were 1.64 pg/g DW and 1.20 pg/g DW, respectively (Table 4). Both
lutein and 9-cis-lutein were enhanced (P<0.05) from 1,92 pg/g
DW to 2.40 pg/g DW, while they were maintained or slightly de-
creased when treatments were carried out at the highest electric
field strength (2 kV/cm) or over long treatment times (30 pulses).
The maximum increase was attained at 1.2kV/cm and 5 pulses.
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Lutein was enhanced by 79% and 9-cis-lutein by 44%. This could be
attributed to the physiological responses to MIPEF-induced stress.

4. Conclusions

This study characterised the bioproduction of individual poly-
phenols and carotenoids in MIPEF-treated tomato fruit after 24 h
of refrigeration at 4 °C. Most ¢ ds could be cl: d in
groups, showing either increasing polyphenol content (e.g., caffeic,
ferulic, chlorogenic, dicaffeoylquinic, coumaric acids and caffeic
acid-0-glucoside) and/or increasing carotenoid content (e.g., fi-car-
otene, z-carotene and cis-lycopene isomers) of MIPEF-treated to-
mato fruit. At 1.2kV/cm, some polyphenols were markedly
charactensﬂc of MIPEF-treated tomatoes treated at 30 pulses
(hydroxycinnamic, phenolic acids and fl ). wh some
carotenoids were characteristic of MIPEF treatments at 5 pulses
(p-carotene, x-carotene and cis-lycopene isomers).

MIPEF treatments could be used to induce stress reactions in to-
mato fruit after 24 h of refrigeration at 4 °C by enhancing meta-
balic activity and accumulating secondary metabolites. Therefore,
the metabolic profiling approach used in this study allowed iden-
tification of changes in the metabolome induced by MIPEF treat-
ments, helping in developing new strategies to improve
phytochemical content of tomatoes.

Acknowledgments

The authors express their gratitude to CICYTs (AGL2010-
22319-C03), RETICS RDO06/0045/0003 from the Spanish Ministry
of Science and Innovation (MICINN) for financial support. The CIBE-
Robn CBO6/03 is an initiative from the Instituto de Salud Carlos 1l
Spain. The authors also acknowledge the financial support of the
Spanish Institute of Agricultural and Food Research and Technol-
ogy (INIA) through the project RTA2010-00079-C02-02. ICREA Aca-
demia Award is also acknowledged by 0. M.-B. AV.-Q. received
support from MEC for the training of researchers.

References

Aronsson, K., Lindgren, M., Johansson, B. R, & Ronner, U, (2001). Inactivation of
microorganisms using pulsed electric fields: the influence of process

Djuric, Z, & Powell, L C. (2001). capacity of lycop foods.
International Journal of Food Science and Nutrition, 52, 143-149,

Failla, M., Chitchumroonchokchai, C., & Ishida, B. (2008). In vitro micellarization and
intestinal cell uptake of s isomers of lycopene exceed those of all-trans
Iycopene, Journal of Nutrition, 138, 482-486.

Frohlich, K. Conrad. J.. Schmid, A. Breithaupt. D. E.. & Bohm, V. (2007). Isolation and

ion of different ical isomers of lycopene. International
Journal for Vitamin and Nutrition Research, 77, 369-375,

Galindo, F., Dejmek. P.. Lundgren, K. Rasmusson. A, Vicente, A. N., & Moritz, T.
(2009). Metabolomic evaluation of pulsed electric field-induced stress on
potato tissue, Planta, 230, 469-479.

Giovannucci, E (1999). Tomatoes, tomato-based products, lycopene, and cancer:
review of the epidemiologic literature. JNCI Journal of the National Cancer
Institute, 91, 317-331.

Giovannucd, E., Ascherio, A, Rimm, E. B, Stampfer, M. |, Colditz, G. A, & Willett, W.
C.(1995). Intake of carotenoids and retino in relation to risk of prostate cancer,
JNCT Journal of the National Cancer Institute, 87, 1767-1776.

Gomez Galindo, ., Wadso, L., Vicente, A & Dejmek. P, (2008). Exploring metabolic
responses of potato tissue induced by electric pulses. Food Biophysics, 3,
352-360.

Kilmartin, P. A, Zou, H., & Waterhouse, A. L (2001). A cyclic voltammetry method
suitable for characterizing antioxidant properties of wine and wine phenolics.

Journal of Agricultural and Food Chemistry, 49, 1957-1965.

Martinez-Valverde, ., Periago, M. |, Provan, G., & Chesson, A. (2002). Phenolic
compounds, lycopene and antioxidant activity in commercial varieties of
tomato (Lycopersicum esculentum). journal of the Science of Food and Agriculture,
82,323-330.

Matea, C, Soran, M., Pintea, A, & Bele, C. (2010). Analytical determination of
carotenoids in inland Ocimum basilicum L Bulletin of University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca Aymulnm-. 67, 298-302.

Olson, J. A. (1989). ical actions of - Journal of
Nutrition, 119, 94-95,

Pedreschi, R, Hertog. M., Robben, |, Lilley, K, Karp, N. A, Baggerman, G, et al.
(2009). Gel-based proteomics approach to the study of metabolic changes in
pear nssne during storage. Journal of Agricultural and Food Chemistry, 57,

Pogwn. ll L & Rissler, H, M. (2000). Genetic manipulation of carotenoid
and tion. P of the Royal
Saciety of London Series B: Biological Sciences, 355, 1395-1403,

Rodriguez-Bernaldo de Quiros, A, & Costa, H. S. (2003), Analysis of carotenoids in
vegetable and plasma samples: A review. Journal of Food Composition and
Analysis, 19,97-111,

Sanders, D., Pelloux, J.. Brownlee. C.. & Harper, ). F. (2002). Calcium at the crossroads
of signaling. The Plant Cell Online. 14, S401-5417.

Schierle, J., Bretzel, W., Buhler, |, Faccin, N,, Hess, D, Steiner, K, et al. (1997).
Content and isomeric ratio of lycopene in food and human blood plasma. Food
Chemistry, 59, 459-465.

Schrider, J.. Heller, W.. & Hahlbrock, K. (1979). Flavanone synthase: simple and
rapid assay for the key enzyme of flavonold blosynthesis. Plant Science Letters,
14, 281-286.

Shohael, A. M., Ali, M. B, Yu, K. W, Hahn, E. |, Islam, R., & Pack, K. Y, (2006). Effect of
light on oxidative stress, secondary metabolites and induction of antioxidant
enzymes in Eleutherococcus senticosus somatic embryos in bioreactor. Process
Biochemistry, 41, 11791185,

parameters on Escherichia coli, Listeria innocua, and
Saccharomyces cerevisige. Innovative Food Science & Emerging Technologies, 2,
41-54,

Assis, J. S, Maldonado, R., Mufioz, T, Escribano, M. L, & Merodio, C. (2001). Effect of
hl;h carbon dioxide concentration on PAL activity and phenolic contents in

ing cheri fruit. Biology and 23.33-39,

Bmley G. E, & Scolnik, P. A (1995). plant carotenoids: pigments for
photoprotection, visual attraction, and human health. The Plant Cell Online, 7,
1027-1038.

Cai, 2, Riedel, H., Thaw Saw, N. M., Kutuk, 0., Mewis, 1, Jager, ., et al. (2011, Effects
of pulsed electric field on secondary metabolism of Vitis vinifera L. cv. Gamay

Soliva-Fe y. R. Balasa, A. Knorr, D., & Martin-Belloso, 0. (2009). Effects of pulsed
electric fields on bioactive compounds in foods: A review. Trends in Food Science
& Technology, 20, 544-556.

Takeoka, G. R. Dao, L, Flessa, S, Gillesple, D. M., Jewell, W. T., Huebner, B., et al,
(2001). Processing effects on lycopene content and antioxidant activity of
tomatoes. Journal of Agricultural and Food Chemistry, 49, 3713-3717.

Vallverdd-Queralt. A. Jiuregui, 0. Medina-Remon. A, Andrés-Lacueva, C., &
Lamuela-Raventés, R. M. (2010). Improved characterization of tomato

polyphenols using liquid linear ion
trap quadmpole ommap mass and liquid
tandem mass Rapid Cc ! in

Y. 24,17,

Freaux suspension culture and exudates. Applied y and
164, 443-453,

Crozier, A, Jaganath, 1. B, & Clifford, M. N. (2009). Dietary phenolics: Chemistry,
bioavailability and effects on health. Natural Product Reports, 26, 1001-1043,

Cunningham, F. X, & Gantt, E (1998} Genes and enzymes of carotenoid
biosynthesis in plants. Anmual Review of Plant Physiology and Plant Molecular
Biology, 49, 557-583.

Das, S, Otani, H., Maulik, N, & Das, D. K. (2005). Lycopene, tomatoes, and coronary
heart disease. Free Radical Research, 39, 449-455.

Mass Sp

Vallvmluonerall, A. jiumm. 0., Medina-Remon, A. & Lamuela-Raventos, R M.
(2012). Evaluation of a method to characterize the phenolic profile of organic
and conventional tomatoes. Journal of Agricultural and Food Chemistry, 60,
3373-3380.

Vallverdu-Queralt, A, Medina-Remon, A. Martinez-Huelamo, M. Jauregui, 0.,
Andres-Lacueva, C., & Lamuela-Raventos, R. M. (2011). Phenolic profile and
hydrophilic antioxidant capacity as chemotaxonomic markers of tomato
vanrms. Journal of Agricultural and Food Chemistry, 59, 3994-4001.

DellaPenna, D.. & Pogson, B. J. (2006). Vitamin synthesis in plants: herols and
carotenoids. Annual Review of Plant Biology, 57, 711-738.

De Vito, F., Ferran, G., Lebovka, L. Shynkaryk. V., & Vorobiev, E. N. (2008). Pulse
Duration and Efficiency of Soft Cellular Tissue Disintegration by Pulsed Electric
Fields. Food and Bioprocess Technology, 1, 307-313.

It. A, Martinez-Huel M, Arranz-Martinez, S., Miralles, E. &
umuela Raventos, R. M. (2012). Differences in the carotenoid content of
ketchups and gazpachos through HPLC/ESI(Li+)-MS/MS correlated with their
antioxidant capacity. Journal of the Science of Food and Agriculture, 92,
2043-2049.

231






Annex

Publicacié 14. Changes in polyphenol profile of tomato juices processed by pulsed

electric fields

Anna Vallverdu-Queralt, Isabel Odriozola-Serrano, Gemma Oms-Oliu, Rosa M.

Lamuela-Raventds, Pedro Elez-Martinez & Olga Martin-Belloso. Journal of Agricultural

and Food Chemistry. 2012, 60: 9667-9672.

233






JOURNAL

AGRICULTURAL Ano
FOOD CHEMISTRY

Changes in the Polyphenol Profile of Tomato Juices Processed by
Pulsed Electric Fields

Anna Vallverdi-Queralt, i Isabel Odriozola-Serrano,* Gemma Oms-Oliu,*
Rosa Maria Lamuela-Raventds,” ¥ Pedro EIcz-Marhnez, and Olga Martin- Belloso™*

"Nutrition and Food Science Department, XaRTA, INSA, Pharmacy School, University of Barcelona, Avinguda de Joan XXIII s/n,

Barcelona 08028, Spain

*CIBER CB06/03 Fisiopatologia de la Obesidad y la Nutricién (CIBEROBN) and RETICS RD06/0045/0003, Instituto de Salud

Carlos 111, Madrid 28029, Spain
Dep of Food Technology, Uni

y of Lleida, Rovira Roure 191, Lleida 25198, Spain

pubs.acs.org/JAFC

ABSTRACT: The effect of pu.lscd electric fields on the polyphenol profile of tomato juices was studied. First, tomatoes were

bjected to mod, i y pulsed electric fields (MIPEFs) and then were immediately refrigerated at 4 °C for 24 h. Treated
and untreated j juices were then subjected to high-intensity pulsed electric fields (HIPEFs) or thermal treatment (90 °C for 60 s).
In comparison to references, tomatoes subjected to MIPEF treatments led to juices with a higher content of polyphenol
compounds. A slight decrease in polyphenol compounds was observed over time in thermal- and HIPEF-treated juices, with the
exception of caffeic acid. However, HlPEF-pmcessed tomato juices had a h:gher content of polyphenol compounds (ferulic acid,
caffeic-O-glucoside acid, p-c ic acid, genic acid, rutin, and naringenin) just after p g and through storage than
those thermally treated. Th the combi of MIPEFs and HIPEFs could be propoud a2 strategy for producing

tomato juices with a higher content of phenolic compounds.

KEYWORDS: Tomato juices, HIPEF, MIPEF, thermal treatments, polyphenols, tomato fruit

B INTRODUCTION

The consumption of raw tomato and tomato-based products,
such as tomato juices, is associated with a decrease in chronic
degenerative diseases.' These beneficial effects could be
attributed in part to their content in polyphenols, which have
been gaining interest because of their multiple biological effects,
such as free-radical scavenging, inhibition of cellular prolifer-
ation, and modulahon of enzymatic activity and signal
tnnsdumon pnhways Polypheno!s m tomatoes are mamly

avod dors

treatment is efficient enough to destroy microorganisms in fruit
juices at levels equivalent to those achieved by heat
pasteurization md\oul greatly affecting their nutritional and
sensory properties.®” On the other hand some  studies
suggested that HIPEF p ing may the antioxid
perties of juices compared to wl«s"’" H
knowledge about the effects of this emcrgmg technology on lhe
| of juices prepared with fruits treated by
MIPEFs is nol currently avaxlable. Therefore, the aim of this
work was to evaluate the influence of the consecutive

)
and flavonols (quercetin-, rutln-. and kaempferol-g!ycosyhtcd
derivatives). ™

The application of pulsed electric fields in food processing
has been studied as a possible treatment to induce stress
reactions in plant systems to enhance or late the

lication of MIPEF and HIPEF treatments on the
polyphenol profile of tomato juices.

B MATERIALS AND METHODS
Standards and Reag All samples and standards were

produmon of secondary plant mctzbolncs. such as poly

h.\mﬂcd mlhouk exposure to hghl Caffeic, ferulic, p-coumaric, and

phenols.® Vallverdd-Queralt et al’ d that mod

intensity pulsed electric field (MIPEF) treatments induce stress
reactions in tomato fruits after 24 h of r!fngemion by
stimulating metabolic activity and ac

ic acids, rutin, q , 2,2'azino-bis(3-ethyib h
lm‘—ésulfonu acid) (ABTS), (t)-éhydmxy-l..’v 7,8 ltlnm:lhylchm-
mane-2-carboxylic acid (Trolox, 97%), and manganese dioxide were
pun:hAml from Sigma (Madrid, Spain). Naringenin, naringenin-7-0-

metabolites. MIPEFs affect metabolism as a n.-sult of stmss,
with the consequent generation of reactive oxygen spec:es
(ROS). ROS are required for the synthesis of p

de, and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased
from Extrasynthése (Genay, France). Hydrochloric acid (35%) and
acetic acid (99.8%) were purchased from Panreac (Barcelona, Spain).

Anhyd: sodium accmt (2 M) was purchased from Merck

which are mdelx known to be part of the defense
plants to stress.

Thermal processing is the most common method to extend
the shelf life of juices, by inactivating microorganisms and

H, , heat reduce the sensory and
nutritional qu-'nhms of these products. Up to now, studies have
suggested that high-intensity pulsed electric field (HIPEF)

A 4 ACS Publications ~ © 2012 American Chemical Socsety

sponse of  (Darmstadt, Germany). Ethanol, methanol, and formic acid [high-
perfc liquid chy graphy (HPLC) grade] were obtained
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from Schardau (Barcelona, Spain). Ultrapure water (Milli-Q) was

obtained from Millipore (Bedford, MA).
Tomato Juice, Tomatoes. Tomato fruits (Licopersicon esculentum
Mill, cv. Daniella) at ial maturity were p d from a local

supermarket (Lleida, Spain). pH (Crison pH-meter; Crison Instru-
ments SA, Alella, Barcelona, Spain), soluble solids content (Atago RX-
1000 refractometer; Atago Company, Ltd,, Japan), firmness (Textur-
ometer-XT2 Stable Micro Systems, Ltd, Surrey, UK.), and color
(Minolta CR-400, Konica Mlnolta Sﬂmm lnc., Oulu J:lpm) ol' the
were determined. The physi of
tomatoes were as follows: pH, 445+ 0.0; soluble solids, 3.8 + 0.1°
Brix; firmness, 204 + 251 N s; and color, with L*, 385 + 0.4; a®,
181 & 1.9; and b*, 246 £ 18.
MIPEF Processing of Tomatoes. MIPEF treatments were
ducted in a batch equip f; d by Physics Interna-

For this procedure, Oasis MAX cartridges with 30 mg of mixed-mode
anion-exchange and reversed-phase sorbent from Waters were used."*
The eluted fractions were evaporated under nitrogen flow, and the
residue was redissolved with up to 500 uL. of Milli-Q water containing
0.1% formic acid and filtered through a 13 mm, 0.43 ym PTEE filter
into an insert-amber vial for HPLC analysis.

Analysis of Polyphenols. HPLC—electrospray ionization (ESI)-
tandem mass spectrometry (MS/MS) was used to evaluate the content
of flavonols, flavanones, and hydroxycinnamic acids." The liquid
dummzlognphy equipment was an Agilent series 1100 HPLC

(Agilent, Waldb Germany) equipped with a
quaternary pump, an autosampler, and a column oven set to 30 °C.
The mobile phase consisted of Milli-Q water containing 0.1% formic
acid (A) and acetonitrile containing 0.1% formic acid (B). The

tional (San Leandro, CA), which deliver pulses from a cap of 0.1
MF. A stainless-steel parallel-plate treatment chamber was used. A
batch of tomato fruit was placed in the treatment chamber filled with
tap water. Tomato fruit were treated at 1 kV em™ using 16 monopolar
pulses of 4 s at a frequency of 0.1 Hz according to a previous study.”
MIPEF-treated tomato fruit were collected and immediately
refrigerated at 4 °C for 24 h, as previously described by Galindo et
al"” Untreated tomatoes were stored separately at 4 °C for 24 h.

Preparation of Tomato Juice. Both untreated and MIPEF-treated
tomatoes were ground and then filtered through 2 mm steel sieves.
The physicochemical characteristics of untreated tomato juices were as
follows: electrical conductivity, 0.73 + 0.02 S m™"; pH, 424 + 0.19;
soluble solids, 3.8 + 0.1° Brix; and color, with L*, 22.8 + 08; and h*,
356 + 1.8, The parameters of MIPEF-treated tomato juices were as
follows: electrical conductivity, 0.76 + 001 S m™"; pH, 441 % 0.17;
soluble solids, 3.9 + 0.1° Brix; and color, with L*, 24.8 £ 09; and h*,
386+ 14,

HIPEF Processing of Tomato Juices. Pulse treatments were carried
out using a continuous flow bench-scale system (OSU-4F, The Ohio
State University, Columbus, OH) that provides squared-wave pulses
within eight co-field flow dnmbm in series, Each chamber had a
treatment volume of 0012 em’, delimited by two stainless-steel
zlzamdcsandwpmlzdbyagapofo.l*)an.mﬂowmru(lht
process was adjusted to 60 mL min™' and controlled by a variable-
speed pump (model 752210-25, Cole Palmer Instrument Company,
Vermon Hills, IL). The treatment temperature was kept below 40 °C
us:ng a cooling cml. which was connected before and after each pair of

and ged in an i ter shaking bath. HIPEF
treatment was set up at 35 kV cm™ for 1500 s ulmg bipolar squared-
wave pulses of 4 us and a frequency of 100 Hz.*

Thermal Treatment of Tomato Juice. To compare the effect of
HIPEF to that of jonal thermal tomato
juice was subjected to heat processes at 90 °C for 60 s. Tomato juice
was thermally processed in a tubular stainless-steel heat-exchange coil
immersed in a hot-water shaking bath (University of Lleida, Lleida,
Spain). A gear pump was used to maintain the desirable juice flow rate.
After thermal processing, the juice was immediately cooled in a heat-
exchange coil immersed in an ice~water bath.

Packaging and Storage Conditions. Polypropylene, sterile, 100
mL bottles were filled directly from the outlet of the treatment
le. Al 4 d‘e

of phenolic compounds was performed with a Luna Cq
column, 50 X 2.0 mm inner diameter, 5 ym (Phenomenex, Torrance,
CA). The injection volume was 20 4L, and the flow rate was 0.4 mL
min~", Separation was carried out in 20 min under the following
conditions: 0 min, $% B; 16 min, 40% B; 17 min, 95% B; 19 min, 95%
B; and 19.5 min, $% B. The column was equilibrated for $ min prior to
ad .

An APl 3000 (PE Sciex, Concord, Ontario, Canada) triple
quadrupole mass spectrometer equipped with a Turbo lonspray
source in negative-ion mode was used to obtain MS/MS data”®
Quantification of polyphenols was performed by the interal standard
method. Polyphenols were quantified in relation to their correspond-
ing standard, and results were expressed as pig g ™" of dry weight. When
standards were not available, as in the case of caffeic-O-glucoside and
ftmlicO»gluwddemds they were quantified with respect to the
corresponding hydroxycinnamic acid (caffeic and ferulic acids).

The total polyphenol (TP) content was obtained by the sum of
each individual polyphenol.

Antioxidant Capacity of the Hydrophilic Fraction. The tomato
juice extracts, which were prepared for the analysis of the polyphenols,
were used to analyze the hydrophilic antioxidant capacity (HAC). The
HAC was measured using an ABTS radical decolorization assay and a
DPPH assay."®

ABTS" Assay. A total of 1 mM Trolox (antioxidant standard) was
prepared in methanol. Working standards were carried out by diluting
1 mM Trolox with methanol. Solutions of known Trolox were used for
calibration.

An ABTS’ radical cation was prepared by passing a § mM aqueous
stock solution of ABTS (in methanol) through manganese dioxide
powder. Excess manganese dioxide was filtered through a 13 mm, 0.45
um PTEE filter (Waters). Then, 245 uL of ABTS' solution was added
to § ul of Trolox or tomato juice extracts, and the solutions were
stirred for 30 5. The homogenate was shaken vigorously and kept in
the dark for I h. Absorption of the samples was measured on a UV-vis
Thermo Multiskan Spectrum spectrophotometer at 734 nm, and
methanol blanks were run in each assay. Results were expressed as
millimoles of Trolox equivalent (TE) 100 g™ of fresh weight (FW).

DPPH Assay. The antioxidant capacity was also studied through the

systems, leaving as little headspace as possibl
container was tightly closed and stored at 4 + 1 °C for 36 days.
Extraction and Analysis of Polyphenols. Extraction of
Polyphenols. Samples were treated in a dark room with a red safety
light to avoid oxidation of the analytes. Tomato juices (0.5 g) were
weighed and homogenized with 80% ethanol in Milli-Q water (4 mL);
the homogenates were sonicated for § min and centrifugated (4000
rpm at 4 °C) for 13 min. The supernatant was transferred into a flask,
and extraction was repeated. The supernatants were combined and
evaporated under nitrogen flow. Finally, the residue was redissolved
with up to 2 mL of Milli-Q water containing 0.1% formic acid and
filtered through a 13 mm, 045 um polytetrafluoroethylene gP’l'FE)
filter from Waters (Mildford, MA) into an insert-amber vial."
Solid-phase extraction (SPE) was carried out to eliminate
interferences, such as ascorbic acid, amino acids, and reducing sugars.

luation of the free-radical ging effect on the DPPH radical.
Solutions of known Trolox were used for calibration. A total of § . of
tomato juice extracts or Trolox were mixed with 250 uL of methanolic
DPPH (0.025 g L™). The homogenate was shaken vigorously and
kept in the dark for 30 min. Absorption of the samples was measured
on the spectrophotometer at 515 nm. Results were expressed as
millimoles of TE 100 g™ of FW.

Statistical Analysis. Treatments of tomato juice were carried out in
duplicate, and each replicate was analyzed 3 times, Significance of the
results and statistical differences were analyzed using Statgraphics Plus,
version 5.1, software (Manugistics, Inc, Rockville, MA). Data were
analyzed by multifactor analysis of variance, and a Duncan multiple
range test was applied to determine differences among means, with a
significance level of p = 0.03,

ddoloeg/10.1021/J302791k | L Agric. Food Chem. 2012, 60, 9667-9672
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were significantly higher (p < 0.05) in juices made of MIPEF-
treated in ¢ ison to those made of untreated

Effect of Processing and Storage on Polyphenol
Compounds. The initial TP content of tomato juices,
obtained by the sum of each individual polyphenol, ranged
from 148 to 151 pg g™' of FW for those prepared with
untreated tomatoes and from 175 to 180 g g™ of FW for
juices made of MIPEF-treated tomatoes (Figure 1). The results

tomatoes. This fact could be attributed to the defense response
of plants to MIPEFs." MIPEF treatment provides potential to
induce stress reactions in tomato fruits after 24 h of
refrigeration by enhancing metabolic activity and accumulat

secondary metabolites but also an increased permeability of the
cellular membrane because of MIPEF processing, which could
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Figure 1. Effects of HIPEFs and heat treatments on TP of tomato
juices made of untreated and MIPEF-treated tomatoes through storage
at 4 °C. U-To + U-To), untreated tomato + untreated tomato juice; U-
To + HIPEF-To}, untreated tomato + HIPEF-treated tomato juice; U-
To + T-ToJ, d tomato + thermal-treated tomato juice;
MIPEF-To + U-To), MIPEF treated tomato + untreated tomato juice;
MIPEF-To + HIPEF-To), MIPEF-treated tomato + HIPEF-treated
tomato juice; and MIPEF-To + T-ToJ, MIPEF-treated tomato +

potentially make the extraction of the bioactive constituent
more efficient.

HIPEF processing better maintained the content of
polyphenols in tomato juices than thermal treatments. Lower
processing temperatures reached through HIPEF processing (T
< 40 °C) would explain the higher retention of polyphenols in
HIPEF-treated tomato juices compared to the thermally

processed samples.
HIPEF-pmcesscd lomato |u|ccs from untreated and MIPEF-
treated ificantly (p < 0.03) higher TP

content ( 1342-1600 Hg g" of FW) !hroughout the storage
period than those treated at 90 °C for 60 s. Juices treated by
heat showed levels of TP content ranging from 127.5 to 155.2
ug g~ of FW (Figure 1) at 56 days of cold storage. The TP
concentration was kept stable during the first 10 days of storage
in fresh and treated juices. Afterward, a significant decrease (p >
0.05) was observed in fresh juices, whereas for HIPEF- and
thermal-treated juices, the TP content significantly depleted (p
> 0.05) after day 30 of cold storage. This trend is in accordance
with other studies that determined the effects of heat and
HIPEF treatments over storage on tomato juices made of

thermal-treated tomato juice. Data shown are the mean + standard

deviation. d " Peroxid .md oxidase are involved in
the oxidative degradation of ph ds. Thus, the
degradation of phenoll duung storage might be
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Figure 2. Effects of HIPEF and heat treatments on hydroxycinnamic acids of tomato juices made of untreated and MIPEF-treated tomatoes through
storage at 4 °C. U-To + U-To], untreated tomato + untreated tomato juice; U-To + HIPEF-ToJ, untreated tomato + HIPEF-treated tomato juice;
U-To + T-To), untreated tomato + thermal-treated tomato juice; MIPEF-To + U-ToJ, MIPEF-treated tomato + untreated tomato juice; MIPEF-To
+ HIPEF-To), MIPEF-treated tomato + HIPEF-treated tomato juice; and MIPEF-To + T-To], MIPEF-treated tomato + thermal-treated tomato
juice. Data shown are the mean + standard deviation.
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Figure 3. Effects of HIPEF and heat treatments on flavonols of tomato juices made of untreated and MIPEF-treated tomatoes through storage at 4
°C. U-To + U-To, untreated tomato + untreated tomato juice; U-To + HIPEF-ToJ, untreated tomato + HIPEF-treated tomato juice; U-To + T-
ToJ, untreated tomato + thermal-treated tomato juice; MIPEF-To + U-ToJ, MIPEF-treated tomato + untreated tomato juice; MIPEF-To + HIPEF-
ToJ, MIPEF-treated tomato + HIPEF-treated tomato juice; and MIPEF-To + T-ToJ, MIPEF-treated tomato + thermal-treated tomato juice. Data

shown are the mean + standard deviation.

associated with the residual activity of phenol oxidase or phenol
idase. It has been d d that both thermal and

HIPEF treatments could partially inhibit peroxidase in tomato
juices.” However, a residual peroxidase activity of 10 and 3%
was obtained after applying thermal and HIPEF treatments,
respectively. Therefore, it could be the reason for the high
content of polyphenols in juices treated with HIPEF treat-
ments.

Phenolic Acids. The main hydroxycinnamic acid deri
in tomato juices was chlorogenic acid. The content of
chlorogenic acid was 25% higher in juices prepared with
MIPEF-treated tomatoes than in juices made of untreated
tomatoes (Figure 2).

Chlorogenic acid was also found to be in s:gmﬁanﬂy (p<

0.03) higher just after p g and over time
in HIPEF-treated tomato juices than in ,mces processed by
heat, irrespective of the used. Tomato juices

underwent a substantial loss (p < 0.05) of chlorogenic acid
from 6.6 to $.8-6.1 ug g™* of FW in juices made of untreated
tomatoes and from 82 to 7.7-79 ug g™ of FW in juices
prepared with MIPEF-treated tomatoes at 56 days of storage at

4°C (Figure 2). These muhs were similar to those reported by
Odriozola-Serrano et al,* in which chlorogenic acid was also
found to be in greater concentrations over the time in juices
processed by HIPEFs than in those lhcnmlly treated, when
tomato juice was prepared with Tomato
juices have been found to be a rich source of caffeic acid (14~
27 ug g~ of FW), ferulic acid (1.8-2.4 ug g™' of FW), and p-
coumaric acid (0.8-1.0 pg g™' of FW) and their glycosilated
forms. Significantly (p < 0.03) lower concentrations of caffeic
acid (87%), p—coum.mc acid (34%), and ferulic md (33%)

and caffeic acids during storage are shown in Figure 2. The
caffeic acid concentration was slightly enhanced (p < 0.05)
during the storage time, reaching maximal values of 1.6-1.7 ug
g™ of FW at 56 days in juices prepared with untreated
tomatoes and 2.9-3.0 ug g™ of FW in juices made of MIPEF-
treated tomatoes. Tomato juices underwent a substantial
depletion (p < 0.05) of p-coumaric acid over time, leading to
values of 0.4-0.8 ug g™ of FW at 56 days of cold storage,
which may be a consequence of its conversion to caffeic acid."”
Therefore, the increase of caffeic acid in tomato juices during
56 days of storage may be directly associated with residual
hydroxylase activities, which convert p-coumaric acid in caffeic
acid. Ferulic-acid- and caffeic-acid-glycosilated forms decreased
(p < 0.05) during storage. The content of ferulic-O-glucoside
acid was maintained during the first 35 days, whereas the
caffeic-O-glucoside acid concentration was kept during 49 days
of cold storage, irrespective of the p g applied.
In caffeic-O-glucoside and ferulic- -O-glucoside acids, the 3-
hydroxy function at the C ring of the flavonoid is blocked by a
sugar moiety. Thus, the blockage of the 3-hydroxyl group is
perhaps one of the reasons for the greater stability of glycosidic
forms toward their aglycones.”

Flavonols. The content of quercetin and rutin was not
enhanced in juices prepared with tomatoes processed by
MIPEFs. The initial content of rutin in tomato juices was 60.3—
632 pg g™ of FW in juices made of untreated tomatoes and
61.2-65.6 pig g of FW in juices prepared with MIPEF-treated
tomatoes. Howcver, quercetin was found at concentrations of
2.1 ug g~ of FW in just processed juices, irrespective of the
tomatoes used. Stewart et al.* reported levels of qucrcetm in
tomato ;mces ranging from 2.8 to 3.7 mg 100 mL™" of FW.
Vallverdi-Queralt et al.”* measured concentrations of quercetin

were obtained in juices prepared with

compared to those made of MIPEF-processed tomatoes
(Figure 2). Ferulic-O-glucoside acid was not affected by
MIPEF treatments (p > 0.05), whereas caffeic-O-glucoside
acid was enhanced from 3 to 3.5 ug g™ of FW in juices made of
MIPEF-treated tomatoes.

Higher concentrations in ferulic, p-coumaric, and caffeic acids
were obtained just after processing in HIPEF-treated tomato
juices than in heat-treated juices, regardless of the tomatoes
used, related to the higher processing temperatures reached in
thermally processed samples. Changes in ferulic, p-coumaric,

238

between 0.4 and 0.8 ug g™ of FW for different commercial
tomato cultivars. The quercetin concentration of tomatoes
varies according to fruit cultivar, country of origin, harvesting
seasons, and growing condition.

The quercetin content depleted significantly (p < 0.05)
throughout the storage of tomato juices, reaching values of
12-1.5 ug g™ of FW (Figure 3) at 56 days, whereas rutin
slightly decreased during storage. This fact could be attributed
to the bonded 3-hydroxyl group in the case of rutin, which may
be one of the reasons for the greater stability of rutin forms

dedolorg/10,1021/302291k 1 L Agric. Food Chem. 2012, €0, %667-9672
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Figure 4. Effects of HIPEF and heat treatments on flavanones of tomato juices made of untreated and MIPEF-treated tomatoes through storage at 4
“C. U-To + U-ToJ, untreated tomato + untreated tomato juice; U-To + HIPEF-To), untreated tomato + HIPEF-treated tomato juice; U-To + T-
ToJ, untreated tomato + thermal-treated tomato juice; MIPEF-To + U-To), MIPEF-treated tomato + untreated tomato juice; MIPEF-To + HIPEF-
ToJ, MIPEF-treated tomato + HIPEF-treated tomato juice; and MIPEF-To + T-ToJ, MIPEF-treated tomato + thermal-treated tomato juice. Data

shown are the mean + standard deviation.

toward querceu'n.m However, HIPEF-treated juices showed
significantly (p < 0.05) greater quercetin and rutin contents
than juices processed by heat just after processing and during
storage for 36 days at 4 °C, irrespective of the tomatoes used.
These results are in agreement with those reported by
Qdriozola-Serrano et al,” who studied the effects of thermal
and HIPEF treatments on tomato juices made with untreated
tomatoes.

Flavanones. The content of naringenin was 40% higher in
juices mlde of MIPEF-treated tomatoes in comparison to juices

pared with d
observed for the naringenin glycosidic form, The content of

naringenin-7-O-glucoside in juices prepared with MIPEF-
treated tomatoes was 52% higher than in juices made of
untreated tomatoes. After MIPEF the li
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process takes place in a time scale of seconds or minutes. The
higher content of naringenin and its glycosilated form in juices
made of MIPEF-treated tomatoes could be attributed to the
induction of flavanone synthase when MIPEF treatments are
applied.*

Thermal and HIPEF processing did not modify the initial
content of naringenin and naringenin-7-O-glucoside in tomato
juices. The nari cong ion depleted significantly (p <
0.03) ﬂ\mughuut the storage, leading to  values of 39.2-42.0 “g
g of FW t'or juices made of untreated tomatoes and 39.1—
629 ug g™ of FW for juices prepared with MIPEF-treated
tomatoes (Figure 4), whereas glycosilated naringenin slightly
changed during storage.” HIPEF-processed tomato juices
better maintained the flavanones content during the storage
period than thermally treated and d juices (Figure 4).

Effect of Processing and Storage on HAC. Figure 5
shows changes in the antioxidant capacity of tomato juices
measured through the DPPH and ABTS assays. According to
both methods, tomato juices made of MIPEF-treated tomatoes
had significantly (p < 0.05) higher HAC (4.28-6.24 mmol of
TE 100 ™" of FW) than tomato juices prepared with untreated
tomatoes (3.07-5.47 mmol of TE 100 g™ of FW). HIPEF-
processed tomato juices obtained from untreated and MIPEF-
treated tomatoes showed significantly (p < 0.08) higher HAC
(3:3-5.6 mmol of TE 100 g ' of FW) just after processing and
throughout the storage period than those treated at 90 °C for
60 s. Juices treated by heat showed levels of HAC ranging from

Figure . Effects of HIPEF and heat treatments on antioxidant
capacities of tomato juices made of untreated and MIPEF-treated
tomatoes through storage at 4 °C. U-To + U-To), untreated tomato +
untreated tomato juice; U-To + HIPEF-To), untreated tomato +
HIPEF-treated tomato juice; U-To + T-ToJ, untreated tomato +
thermal-treated tomato juice; MIPEF-To + U-To], MIPEF-treated
tomato + untreated tomato juice; MIPEF-To + HIPEF-To), MIPEF-
treated tomato + HIPEF-treated tomato juice; and MIPEF-To + T-
To), MIPEF-treated tomato + thermal-treated tomato juice. Data
shown are the mean + standard deviation.

2.6 to 5.3 mmol of TE 100 g* of FW at 56 days of storage
(Figure 5). The changes in the antioxidant capacity over time
might be associated with the variations of the individual
phenolics. The antioxidant capacity of fruits and vegetables is
known to depend upon a wide number of compounds. A high
relationship was found between relative HAC and TP contents,
with R* = 09972 (DPPH) and R* = 09834 (ABTS'). The
magnitude of changcs in values of DPPH and ABTS inhibition
were highly correlated to the p of fl (R* =
09749-09864) and phenolic acids (R* = 09571-09986)
rather than flavonol content (R* = 0.2398-0.3534) in tomato
Aﬂ 1 or | N 1. ;) ( ‘N 1:
acids and flavanones) and HAC were ubscm:d in juices made
of tomatoes processed by MIPEFs. Increases of chlorogenic
acid (25%) and naringenin-7-O-glucoside ($52%) were obtained

9671 dudolorg/10.1021/1302791k | 4 Agric. Food Chem. 2012, 0, 96679672
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in ]mces made of MIPEF treated tomatoes compared to those
prepared with However, the content of
flavonols was not enhnnctd after MIPEF treatments. The
of i | polyphenol ds underwent a
substantial loss dunng storage in bolh juices prepared with
MIPEF-treated and untreated tomatoes, with the exception of
the caffeic acid content. Hom:ver, HIPEF-processed tomato
juices better maintained the individual polyphenols just after
processing and during the storage period than thermally treated
and fresh juices. Consecutive application of MIPEF and HIPEF
could be proposed as a strategy for producing

tomato juices with high antioxidant properties.
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2. Comunicacions en congressos
Comunicacid 1: Presentacio oral
ler Congreso tecnoldgico del tomate para industria. Badajoz, Espafia 2009.

“Folin-Ciocalteu assay for total polyphenols analysis in tomato samples needs a
previous clean up procedure.”

Anna Vallverdd-Queralt!, Alexander Medina-Remén*?, Cristina Andrés-Lacueva™?

& Rosa M. Lamuela-Raventds™?.

"Nutrition and Food Science Department, XaRTA, INSA. Pharmacy School, University of
Barcelona, Av. Joan XXIIl s/n Barcelona, Spain. 2CIBER 06/003 Physiopathology of
Obesity and Nutrition, (CIBEROBN), and RETICS RD06/0045/0003. Instituto de Salud
Carlos I, Spain. 3Ingenio-CONSOLIDER program, FUN-C-FOOD. Instituto de Salud Carlos
111, Spain

Tomatoes are one of the most widely consumed vegetables worldwide, not only in
fresh form, but also in a wide range of processed products. The Folin Ciocalteu (FC)
assay has been used for many years to determine the total polyphenol (TPs) content in
tomatoes (1,2). However, it is affected by several interfering substances (3). The aim of
this study was to improve the determination of TPs in tomato samples using solid
phase extraction (SPE) with Oasis® MAX 96-well plate in order to eliminate these
substances before the F-C assay.

The F-C assay was optimised, to eliminate interferences by reducing substances, and
validated. The sensitivity, linearity, precision and accuracy were evaluated by spiking
the tomato matrix with known levels of gallic acid standard at six different
concentrations. The stability after successive freeze and thaw cycles, and short- and
long-term temperature stability were also evaluated. We used high-performance liquid
chromatography to calculate the recovery of nine representative polyphenols with
different polarity, after spiking the tomato samples with four different concentrations
of each standard. Seven tomato samples were analysed and TPs were expressed as mg
of gallic acid equivalents (GAE)/100g dry material (DM).

The results of the F-C assay were linear over the working range 1 to 75 mgL™. Assay
precision and accuracy were between the accepted values according to AOAC
INTERNATINOAL(4). The samples and standards were stable under the storage and
sample handling condition used and after successive freeze and thaw cycles. The
recoveries for nine polyphenol standards after SPE were between 79.12% and
108.75%. The concentrations of TPs for tomato samples after SPE were between
149.99 and 247.12 mg of GAE/100g DM.

We have optimized and validated a method for analysis of TPs in tomato samples,
eliminating the interferences with the F-C assay using 96-well plate cartridges to carry
out SPE. This methodology is fast and simple, and it allows the analysis of a large
number of samples at the same time.

(1) Gautier H. et al. J.Agric. Food Chem. 2008; 56(4):1241-50.
(2) Hussein L. et al. Int.J. Food Sci. Nutr 2008 Jul 4;1-10.
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Comunicacié 2: Poster
ler Congreso tecnoldgico del tomate para industria. Badajoz, Espafia 2009.

“The extraction of the solid phase of tomato samples before the Folin-Ciocalteu
method to reduce interferences.”

Anna Vallverdu-Queralt, Vaila Mallace, Alexander Medina-Remdn, Cristina Andrés-
Lacueva & Rosa M. Lamuela-Raventds.
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Comunicacio 3: Poster

The 4th International Conference on Polyphenols and Health. Harrogate International
Centre, Yorkshire, England, 2009.

“An improved method to determine total polyphenols in tomato samples eliminating
interferences with Folin-Ciocalteu assay.”

Anna Vallverdu-Queralt, Alexander Medina-Remodn, Vaila Mallace, Cristina Andrés-
Lacueva & Rosa M. Lamuela-Raventos.
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An improved method to determine total polyphenols in tomato
samples eliminating interferences with Folin-Ciocalteau assay.

na Vallverdu . Alexander Medina-Remon', Vail Mallace”, Cristina Andrés-Lacueva'*and Rosa M. Lamwela-Raventos' ™

Soon ity ond RETICS
progrom bt de Saiud Cors I, Spin Nurtion ond Feed Sdence Departiment. Univerity of

Vakute de Sohud Caron I, Spain.’ Deprartisent of Univenity of
Baruelona.

1. Introduction

Tomoatoes are one of the moit widely consumed vegetables worldwide, not
only in fresh form, but alic in & wide range of processed products. Foods rich
in uch as may have an effect in

diecnes, they have specifically been related with o lower risk of cancer and
cordiovasculor diecses. The Folin-Clocalteou (F-C) asay hos been used for
many yean to determine the total polyphenol (TP) content in tomatoes.
Howewer, TP content b sometimes overetimoted for some reducing
substances such as ascorbk otid, sugan and aminookids which interfere in
the asay.

Alm: The cim of this study was to eliminate non-phenclic interfering
substances before the F-C asiay wing solid phase extraction (SPE) in order to
improve the determination of TP in tomato samples. This s the first study
that hos anessed TP content in tomato samples ofter SPE. allowing the
analyis of a large number of samples ot the ame time, using Oak* MAX
96-well 10 0 to eliminate these interfering substances,

2. Method r

Somple preporction
05 g tometo samples !
+5ml EROHH,0 (5020) |
3 L
Agitation:
Vortexs min
’ supematont + S ml

Centrifugation:
4000 rpm, 20 min, 4 1C

Evaporation: until 4 mL
under nitrogenflow

Sample cleaning-up: Oais MAXA 96 well
plate

= 1% Condition:  mL of methanol 98-100%.

- 29 Condition: 1 mL of sodium acetate S0

mMpH 7.

- Load:  mL samples + 1 mL Milli-Q woter +
34pL HQ.

. dl et MoH
7/5% methanel

« Elution: 18mL methanol ot 2 % formic

ocld.

After the reaction period: 50 jL of Milli-Q
Meaiure obiorbarce ot 765 nm ot the
Spectrophotometers WIS Thermo Multiskan
Spectrum.

-ACCUrocy : % recoveries

-Precilon: RSD=SD/X"100  025-10 mglL.

=Stability

=Short-term

~Long-term

~After succenive freeze-thow cycles

~Recoveries of gollic, coffeic, p-coumaric, protocatechuk, p-
and ocids, rutin ond etin, ot

5,10, 25 and 50 mglL.

=Seven somples were analysed and results were expressed os mg of gallic
ocid equivolenti/100g dry material.

 =20%C and -80 2C

\!@

3. Results

Linsarity:
o:&-lomgn.- ¥ * 0.1 -0.003

Sensitivity:
LOD: 0.006 mg/L
LOO: 0.019 ma'L

The are between the accepted values for AOAC
International (Table 1).

|7Mhmwmrdwa«madpmmolﬂnw

Callbrobor 1oy Precion RSD,  Recovery, emor

meosred
“"(';"':'n:’“‘ concentrotion (g /L) () )

itro-  Inter-  Intra-doy Inter-doy Intro-day  Inter-  Intra-  Inter-day
doy  doy

112 107 101 058 010 012 2057 9197
224 21 224 206 0.10 on 100,08 9626
448 427 438 425 009 009 o 99.60
673 641 669 640 009 010 938 987
847 856 893 821 006 008 @58 96.00

N2 08 mEe nes 005 007 10387 10321
1340 1381 1389 451 004 005 10366 10510
RSD: rebcktive dondord devotion

Stability

| Table 2 Froeze-thow cycle, short and long ~ term stabilty |

Temperoture eI G gt term bty Long-em tobikty
20%C 94.6-1062% 90.1-104.0% B%
80%C 91,7-106.6 % 8621026 % 95%
Absolute recoveries
| Tabie 3. Abolute jes of the nine polyph |
Polyphencls Meaon recoveries % Standard deviation (5.0.)
Gallke ackd war (X3
Naringenin 9820 339
Caffeic ackl %74 1072
Rtin 832 481
Quarcetin 77582 543
p-Coumaric ack 9614 1%
Protocatechulc ackd 108.75 315
pHidroxbenzokc acid 9953 200

acid 10111 517

The concentratiom of TPs for tomato 1amples vary between 26080 and 47223 mg of
GAEN00 g DM when SPE was not uied and between 113.32 and 174.88 mg of GAE/100g DM
after the SPE. So this means that the results hove been ouverestimated until now.

4. Conclusions

= It s the first time that SPE hos been wed to eliminate Interfering non-phenolk reductants
before the F-C asay.

~The method desxcribed may be weful o o routine control anay for totol polyphenol
determination in food, especially food such ar frult and vegetables that are rich in non
phenolic reductant substances that react with FC reagent ond interfere in the analyb.
~Samples require minimal sample preparation before TP analyiis. It is ideal to analyse large
batches of samples, o1 the Oasis” MAX 96-well plate accommodates much larger sample
volumes.
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Comunicacio 4: Poster
Il Congreso FESNAD. Barcelona, Espafia, 2010.

“Polifenoles totales en muestras de tomate eliminando sustancias interferentes por el
método de FOLIN-CIOCALTEU.”

Anna Vallverdi-Queralt, Alexander Medina-Remén, Cristina Andrés-Lacueva & Rosa M.
Lamuela-Raventos.

Publicado en: Nutricién Hospitalaria. 2010; (supl. 1) vol. 25: p97.

nivel de significancia del 5% (p < 0,05), hay una diferen-
cia estadisticamente significativa para la cantidad total
de fésforo, siendo los valores mas altos en yogur de
cabra, mientras que calcio y magnesio no muestran dife-
rencias estadisticamente significativas entre las distin-
tas especies.

B4 Polifencles totales en muestras de
tomate eliminando sustancias interferentes
por el método de Folin-Cioc Alteu

Lamuela Raventds RM3:2, Valiverdd Queralt Ar,

Medina Remdn A*%, Lacueva CA™*

‘Departamento de Nutricion y Bromatologia. XaRTA. INSA
Facultad de Farmacia Universidad de Barcelona. *CIBER
06/003 Fisiopatologia de la obesidad y nutricion (CIBERON) y
RETICS RDOB/0045/0003 Instituto de Salud Carlos lll. *Inge-
nio-CONSOLIDER, FUN-C-FOOD. Instituto de Salud Carlos 11l-
Madrid.

Introduccién: El método de Folin-Ciocalteu (F-C) se ha
utilizado durante afios para determinar el contenido de
polifenocles totales (PTs) en muestras de tomate; no obs-
tante otras sustancias presentes en el tomate con poder
reductor (como &cido ascérbico, dehidrascorbico, azi-
cares...) interfieren en la cuantificacién de los PTs.

Ohbjetivo: El objetivo de nuestro estudio es mejorar la
determinacién de polifenoles totales en muestras de
tomate utilizando la extraccion en fase sélida (SPE) con
placas Oasis© MAX 96 con el objetivo de eliminar las
sustancias interferentes antes de la determinacién de
PTs con el método de F-C.

Método: El método de F-C ha sido optimizado, para
reducir las interferencias causadas por sustancias
reductoras, y validado. Se ha determinado la sensibili-
dad, precisién, exactitud y linealidad del método ana-
diendo 6 concentraciones de acido gélico a la matriz de
tomate. La estabilidad a corto y largo plazo y después de
sucesivos ciclos de congelacién-descongelacion tam-
bién se ha evaluado. Mediante cromatografia liquida de
alta resolucién se han determinado las recuperaciones
de nueve polifenoles con diferente polaridad, después
de adicionar a la matriz de tomate 4 concentraciones
distintas de cada patrén estudiado. Se han analizado
siete muestras de tomate y los resultados se expresan
en mg equivalentes de acido galico/100 g de materia
seca.

Resultados: El intervalo de linealidad del método F-C
oscilaentre 1y 75 mgL 1. Los valores de precision y
exactitud estan comprendidos entre los niveles que
acepta la AOAC INTERNATINOAL. Las muestras y
patrones son estables tanto a corto como a largo plazo,
asi como después de los sucesivos ciclos de congela-

Nutr Hesp Vol. 25. Suplemento 1. Marze 2010

cién descongelacion. Las recuperaciones de los nueve
polifenoles después de la SPE estan comprendidos
entre 79,12% y 108,75%. Las concentraciones de PTs
en las muestras de tomate después de SPE oscilan
entre 149,99 Y 247,12 mg equivalentes de acido
galico/100 g materia seca.

Conclusidn: Se ha optimizado y validado un método de
andlisis de PTs en muestras de tomate eliminando las
interferencias con el método F-C utilizando SPE con pla-
cas OasisO MAX 96 obteniendo unos resultados entre
149,99 Y 247,12 mg de GAE/ 00 g materia seca.

vo de tomate maduro
en base a su perfil metabdlico

Oms Oliu G, Hertog TM=, Nicolal BMF

Departamento de Tecnologia de Alimentos. TPV-XaRTA. Uni-
versidad de Lleida. *BIOSYST-MeBioS Divisién. Katholieke
Universiteit Leuven. Bélgica.

Introduccion: Las modernas técnicas de analisis global,
denominadas ‘omics’ permiten estudiar la complejidad
nutritiva de los alimentos. La Metaboldémica se ha apli-
cado en este trabajo como herramienta para explorar el
valor nutritivo de tomate maduro en base a su perfil
metabdlico.

Objetivo: obtener un mapa global de los metabolitos
polares que componen el tomate tales como azucares,
acidos organicos y aminoacidos.

Métodos: La cromatografia de gases-espectrometria
de masas (GC/MS) permitié el analisis simultaneo de
los metabolitos polares presentes en tomate. No obs-
tante, la inyeccion de la muestra en un GC requiere
una conversion previa de los compuestos a derivados
volatiles mediante un proceso de derivatizacion. La
identificacién de los metabolitos se realizd a través de
la libreria “Fiehn GC/MS metabolomic library”. Las
concentraciones relativas de los metabolitos se calcu-
laron a partir de los factores respuesta de cada unode
los compuestos, relacionando el area de cada pico
con la del estandard interno (ribitol) presente en cada
cromatograma.

Resultados:En los extractos de tomate maduro se iden-
tificaron 41 metabolitos. Los compuestos mayoritarios
en tomate (glucosa, fructosa y acido citrico) se detecta-
ron en concentraciones relativas de 1.344,72, 1.739,46
vy 352,16, respectivamente. No obstante, se detectaron
otros azicares como la galactosa, sacarosa, inositol,
acido galacturénico, manosa, maltosa, glucosa 6-fos-
fato, rafinosa, manitol, galactitol, sorbitol, y dcidos tales
como el isocitrico, gulénico, glucénico, tartarico, sacé-
rico, succinico, maleico, lactico, citramalico, fumarico,
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Comunicacid 5: Poster
25th International Conferece on Polyphenols. Montpellier, France, 2010.
“Phenolic profile and antioxidant capacity in tomato varieties from markers.”

Anna Vallverdu-Queralt, Alexander Medina-Remén, Miriam Martinez-Huélamo, Olga
Jauregui, Cristina Andrés-Lacueva & Rosa M. Lamuela-Raventds.
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Phenolic profile and antioxidant capacity in
tomato varieties from markers.

Aema Vallvendi-Dural =, Alesander Maling-Remin -, Miiss Martisee-Hetlims!, s Jsegui-Pallasts), Cristi L
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Comunicacioé 6: Presentacio Oral

The 5th International Conference on Polyphenols and Health. Sitges, Barcelona, Spain
2011.

“Qil addition increase anti-inflammatory effects of tomato.”

Miriam Martinez-Huélamo, Sara Tulipani, Palmira Valderas-Martinez, Giuseppe Di
Lecce, Anna Vallverdu-Queralt, Ramdn Estruch, Xavier Torrado, Elvira Escribano Ferrer
& Rosa M. Lamuela-Raventos.
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052 - Co-sponsored Lecture by I00C

NUTRIGENOMIC EFFECTS OF MEDITERRANEAN DIET AND OLIVE OIL CONSUMPTION ON
CARDIOVASCULAR RISK

M, Fit6'?, V. Konstantinidou®, O. Khymenets*, M. Pujadas®, D. Mufiéz-Aguayo’, O. Castarfier’, M. Farras', MC.
Tormos®, G. Blanchart’, V. Ruiz-Gutiérrez”, G. Saez®, R. De la Torre R'#, M.I. Covas '2

Cardiovascular Risk and Nutrition and e Human Pharmacology and Clinical Neurosciences Researchs Groups.
IMIM-Research Institute Hospital del Mar, and b CIBER de Fisiopatologia de la Obesidad y Nutricion, (CIBEROBN),
Barcelona Spain', CIBER de Fisiopatologia de la Obesidad y Nutricién, (CIBEROBN), Barcelona Spain?, Hellenic
Health Foundation, Athens-Greece’, Bromatology Department. Facultat de Farmacia de Barcelona Spain®,
Human Pharmacology and Clinical Neurosciences Researchs Groups IMIM-Research Institute Hospital del Mar®,
Department of Biochemistry and Molecular Biology. Valencia University. Valencia-Spain®, Nutrition and Lipids
Metabolism. Instituto de La Grasa de Sevilla-Spain’

Introduction Adherence to traditional Mediterranean diet, in which olive oil is the main source of fat, has been
associated with reductions in cardiovascular morbidity and mortality. The objective of the present study was
to assess the in vivo gene expression changes, protective for cardiovascular disease, associated with the
consumption of traditional Mediterranean diet, virgin olive oil, and its phenolic compounds, in healthy volunteers.
Materials and methods: A randomized, parallel, controlled, double-blind trial (ISRCTN53283428) with three
dietary interventions was performed. Ninety Volunteers (20-50 years) were recruited. Whole blood and urine
samples were collected at 0 hours (baseline) and after 3 months of intervention, Volunteers were grouped into
three groups: a) Group A: Traditional Mediterranean diet with virgin olive oil high in phenolic content; b) Group
B: Traditional Mediterranean diet with olive oil with very low phenolic content; Group C: habitual diet. Changes
in the expression of several cardiovascular disease-related genes were assessed. Plasma glucose, lipid profile,
oxidative damage, tyrosol/ hydroxytyrosol, and in flammation markers were also measured.

Results: Traditional Mediterranean diet consumption, decreased: 1) plasma oxidative and inflammatory status
and; 2) the expression of genes related with both inflammation (interferon-gamma; IFNgamma, Rho-GTPase
activating protein15; ARHGAP15, interleukin-7 receptor; IL7R) and oxidative stress (adrenergic-beta-2 receptor;
ADRB2, and polymerase (DNA directed)-kappa: POLK) in mononuclear cells. Al effects, with the exception of the
decrease in POLK expression, were particularly observed when virgin olive oil was present in the TMD dietary
pattern.

Conclusions: Olive oil phenolic compounds, within the frame of the traditional Mediterranean diet, enhance the
health protective nutrigenomic effect. Our results support the idea that the benefits associated with a Mediterranean
diet, virgin olive oil, and olive oil phenolic compounds consumption on cardiovascular risk could be mediated
through changes in the expression of cardiovascular risk-related genes.

053 - Co-sponsored Lecture by I00C

OIL ADDITION INCREASE ANTI-INFLAMMATORY EFFECTS OF TOMATO

Miriam Martinez-Huélamo'?, Sara Tulipani'*, Palmira Valderas-Martinez**, Giuseppe Di Lecce', Anna Vallverdi-
Queralt'#, Ramon Estruch?*, Xavier Torrado', Elvira Escribano Ferrer, Rosa M. Lamuela-Raventés'*

Nutrition and Food Science Department, XaRTA, INSA, Pharmacy School, University of Barcelona, Barcelona-
Spain', CIBER 06/003 Physiopathology of obesity and nutrition (CIBEROBN) and RETICS RD06/0045/0003,
Institute of Health Carlos Ill, Madrid-Spain®, Ingenio Consolider Program, FUN-C-FOOD (CSD2007-063),
Barcelona-Spain®, Department of Internal Medecine, Hospital Clinic, Institute of Biomedical Investigation August
Pii Sunyer (IDIBAPS), University of Barcelona, Barcelona-Spain‘. Department of Pharmacy and Pharmaceutical
Technology, Biopt tics and P kinetics Unit, Faculty of Pharmacy-Spain®

Introduction: Food matrix seems to be an important factor modulating absorption and further biological activity
of dietary polyphenols. In order to verify whether the oral absorption and metabolism of the phenolic compounds
contained in tomato and tomato sauces is influenced by the processing and the addition of a lipid matrix during
Sauce processing, we performed a prospective randomized, cross-over study with 40 healthy volunteers and
three interventions: raw tomatoes, oil-free tomato sauce and refined olive oil-enriched tomato sauce. A

Methods and materials: The phenolic content of the raw tomatoes and tomato sauces was characterized
by UPLC-MS/MS analysis by Triple Quadrupole mass spectrometer, with negative ion detection mode. The
Corresponding phenolic metabolites were identified in plasma and urine by UPLC-MS/MS after solid-phase
extraction of the biological samples with Oasis HLB 96-well plates. The identification of the compounds was carried
Out on the basis of their mass spectra in full scan mode and confirmed by MS/MS experiments (PIS, NL), Multiple
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reaction monitoring experiments were used for quantification purposes. Peripheral blood mononuclear cells were
separated by Fycoll-Hypaque gradient. Adhesion molecule expression on T-lymphocytes and monocytes surface
was determined by using a double-direct immunofluorescence test. Determinations were performed using a
FACSCalibur flow cytometer. Bio-Plex cytokines assays were performed in soluble inflammatory biomarkers,
using Luminex-100 equipment.

Results and lusi The processing of tomato to sauce and the addition of a lipid matrix during sauce

preparation changes the phenolic composition of the product, probably due to changes in the bioaccessibility
of phenolics from the food matrix. The use of oil in tomato sauce increases the anti-inflammatory effect since it
reduces the expression of certain adhesion molecules associated with atherosclerosis than after raw tomatoes,
oil-free tomato sauce. The plasma kinetics and urinary excretion of the flavanone naringenin and naringenin
glucuronides after the interventions confirmed the highest bioaccessibility of this flavanone after tomato processing
to sauce. The plasma pharmacokinetic of naringenin suggests a two-phase absorption only following the ingestion
of oil-enriched tomato sauce. These findings suggest the occurrence of re-absorption events by enterohepatic
circulation.
Polyphenols as preventive ingredients: in vitro
olvphenols as preventive ipgredients; I vitro
models and human intervention studies

054 - Invited Speaker

POLYPHENOLS IN THE PREVENTION OF CHRONIC DISEASES AND RELATED COMPLICATIONS: IN
VITRO STUDIES WITH THE RIGHT MOLECULES

Daniele Del Rio, Luca Calani, Margherita Dall'Asta

The Laboratory of Phytochemicals in Physiology, Department of Public Health, University of Parma, Parma-Italy
On the basis of prospective, cross-sectional and intervention studies linking polyphenols to human health,
several experimental papers in the literature have tried to evaluate the molecular mechanisms involved in their
bioactivity. Polyphenols are reported to in vitro inhibit cancer cell proliferation, reduce vascularisation, protect
neurons, stimulate vasodilation .and improve insulin secretion, but are often studied as aglycones or as sugar
conjugates and at non-physiological concentration. However, it is now well established that polyphenols undergo
substantial metabolism after being ingested by humans in dietary relevant amount and that concentrations of
plasma metabolites after a normal dietary intake rarely exceed nmol/L. This lecture intends to highlight that
uncritical judgments made on the basis of the published literature about polyphenol bioactivity, may sometimes
have been misled and misleading and to conclude that it is phenolic metabolites, formed in the small intestine
and hepatic cells, and low molecular weight metabolic products of the colonic microbiota to travel around the
human body in the circulatory system or reach body tissues to elicit bioactive effects. Therefore, this lecture will
bring to the audience attention the most recent advancements in the field of polyphenol physiological activities,
with particular attention to their antiinflammatory, estrogenic and antiglycative effects investigated with the most
innovative and conservative experimental techniques.

055 - Invited Speaker

PREVENTION OF AGING-RELATED ENDOTHELIAL DYSFUNCTION BY POLYPHENOLS: EVIDENCE FROM
ANIMAL STUDIES

Cyril Auger, Noureddine Idris-Khodja, Valérie B. Schini-Kerth

Cardiovascular Pharmacology and Pathophysiology group, UMR CNRS 7213-Laboratory of Biophotonics and
Pharmacology, Faculty of Pharmacy, University of Strasbourg llIkirch-Graffenstaden-France.

Several cardiovascular diseases, such as hypertension, diabetes, and aging are associated with an endothelial
dysfunction. Since in vitro and ex-vivo studies have demonstrated that polyphenols can induce the formation of
vasoprotective factors such as NO and EDHF-mediated responses, they may also exert beneficial effects on the
endothelial function in vivo. Indeed, experimental studies indicate that chronic intake of polyphenol-rich products
can prevent or improve the endothelial dysfunction in various animal models of cardiovascular diseases such as
hypertension, and vascular aging. This presentation will also discuss the possible mechanistic aspects underlying
the beneficial effects of polyphenols on the endothelial function.
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Comunicacio 7: Poster

The 5th International Conference on Polyphenols and Health. Sitges, Barcelona, Spain
2011.

“Is there any difference between conventional and organic ketchups?”

Anna Vallverdd-Queralt, Alexander Medina-Reman, Isidre Casals-Ribes, Mercedes Amat

& Rosa M. Lamuela-Raventos.
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Comunicacio 8: Poster

The 5th International Conference on Polyphenols and Health. Sitges, Barcelona, Spain
2011.

“Effects of pulsed electric fields on total polyphenol content in tomato fruits: an
emerging perspective.”

Anna_Vallverdu-Queralt, Gemma Oms-Oliu, Isabel Odriozola-Serrano, Pedro Elez-
Martinez, Rosa M2 Lamuela Raventdsa & Olga Martin-Belloso*.
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1. Intro tion

Tomato (Lycopersicon esculentum ML) is the second mast important fruit crop
worldwide. Epidemiological studies have pointed out that consumption of fruit
and vegetables imparts health benefits, e.g. reduced risk of coronary heart
disease and stroke, as well as certain types of cancer,

The application of Pulsed Electric Fields (PEF) in food processing has attracted
large interest as » non-thermal presarvation tachnology to maintain the
nutritional quality and freshness of plant products. However, little research hay
been carried out to evaluate the feasibility of applying low-intensity PEF for
producing y plant such as by
Inducing stress reactions. Therefore, the effects of PEF treatments on
polyphenol content and antioxidant capacities of tomato frult have been
investigated.

Materials and Methods

Analysis of total polyphanols (TP

- 20 L of each fraction eluted after SPE.
- 188 4l of M#-Q water + 12 L of F-C|
reagent + 30 L of Na,CO,.

for 60 min in the darkroom

Antioxidant capacities (AC)

S ut of each fraction eluted after SPE.
245 UL of ABTS™ or DPPM radicals.
Incubation for 60 min in the darkroom
Measurement of absorbance at 734 am

[Measurement of absorbance at 765 am.
Results:  percentage of  polyphenol
content compared 1o that of the
untreated samples.

Experimental Design
A face-centered, central composite design with 2
factors was chosen,
Electric field strength = 0.4-2kV/em
Number of pulses = 5-30
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3. Results

Tabde 1. Contral composin resgumse surface devigm for TP and AC relative comtent (%) of koo fruits wesied
nder different P sreamnents

€ » (oumber of TP relative AC (DPPH) relative  AC (ABTS") relative
(kvjem)  pulses) content (%)* content (N content (N)*

12 30 183612229 13467 = 164 12976 £ 130
12 s 12189 2 292 12080 + 238 1269 2177
12 i 13749 2273 14420 £ 208 14136 £ 176

2 15 +288 12248 % 187 11469 £ 138
04 15 260 2199 13020 £ 238
2 0 96 % 468 =167 103,06 = 153
04 3449 + 300 12681 218 1730+ 137

7195 L wmus

s
of b

Pigure 1: Kffoct of chocanic fichd areng® and mumiber of pulses on TP relative content (%) and AC
relative consent (%) of tomsoes.

The statistical analysis indicates that the quadratic model proposed was adequate (P <
0.001) to determine the effect of PEF treatments on TP and AC in tomato fruits with
(R? 2 0.9865).
PEF-treatments affect TP and AC relative content of tomatoes depending on the
electric field strength and number of pulses. An enhance in TP and AC was observed in
PEF-treated tomatoes, except for treatments carried out at 2 kV/em, A madmum
increase of 40% in TP was attained with PEF treatments of 30 pulses and 1.2 kV/am,
whereas the maximum increase on AC was obtained with PEF treatments of 18 pulses
and 1.2 kV/em. Wounds stimulate phenylalanine -nm lﬂMIy and thus,
induce the enhancement of the main phenolic
polyphenolic substances. Thus, it could be hypothes
of phenylalanine ammonia-lyase and, therefore,
increase.

4. Conclusions
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Comunicacio 9: Poster

The 5th International Conference on Polyphenols and Health. Sitges, Barcelona, Spain
2011.

“Bioaccesibility of phenolic compounds from raw tomato and tomato sauces.”

Miriam Martinez-Huélamo, Sara Tulipani, Palmira Valderas-Martinez, Giuseppe Di
Lecce, Anna Vallverdu-Queralt, Ramén Estruch, Xavier Torrado, Elvira Escribano Ferrer
& Rosa M. Lamuela-Raventos.
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Comunicacioé 10: Poster

The 5th International Conference on Polyphenols and Health. Sitges, Barcelona, Spain
2011.

“Gazpacho Consumption in high-risk Mediterranean Population and Prevalence of
Hypertension: the PREDIMED trial.”

Alexander Medina-Remdn, Anna Vallverdid-Queralt, Sara Arranz, Miguel Angel
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Comunicacié 11: Poster

5" International Symposium on Recent Advances in FOOD ANALYSIS. Prague, Czech
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“Evaluation of a method based on LC-ESI-MS for the characterization of the

polyphenol profile of organic and conventional tomatoes.”
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Evaluation of a method based on LC-ESI-MS/MS for the characterization
of polyphenol profile of organic and conventional tomatoes
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1. Introduction

Fundamental differences between organic and conventional production systems
may affect the nutritive composition of plants, including secondary plant
metabolites, Conventional and organic systems differ in the amount of nutrients
applied as fertilizers and in organic matter applied to the soll as crop residues,
winter legume cover crops or composted manure. The availability of inorganic
nitrogen in particular has the potential to influence the synthesis of secondary
plant metabolites, proteins and soluble solids.

Aim: The aim of this work was to find phenolic profile differences between
conventional and organic tomatoes in tha content of flavonols (kaempfarol-3-0-
de, rutin and ), fi { and 7-0-

The LC-MS/MS method was completely validated, providing a sensitive analysis for
fyphenols detection and showing satisfactory data for all the parameters tested. Good
results were obtained with respact to linearity and recovery as well 35 an excellent level
of precision

glucoside), flavones (apigenin-7-O-glucoside) and hydroxycinnamic acids (ferulic,
p-coumaric, caffeic and chlorogenic acids). Therefore, we propose an analytical
approach to obtain the phenalic profile of organic and conventional tomatoes.
The methodology was optimised and validated.

Time WO AN
(min) 0. o1Hlo mw:z.om:,smmc,
o bl 5 Flow: 4 mL/ min

10 82 1% Column temperature : 30 8¢

13 o 100 Modes: Full scan, Product ion scan, neutral
u 0 100 foss, multiple reaction monitoring

15 9% 5

Validation Method parameters

-Linearity: —

Standard addition method.

-Sensitivity:

LoD=3"S/N

L0Q=10°S/N

-Accuracy : ¥

-Precision: RS

Table 1. Method validation slopes (m), (R?) and limits of
detection (LOD) and quantification (LOQ).
Ansiyves ~Convestionsi \gatess = . Ovgenic tomatens
we wo  wa
S LY 1, 1)
cameic acis 30 omn fox 0w ewn o= on
a ﬂ"{\ﬂ- s w o7 o o
Parvhc scid o omm Noe oo ome. em,  m
peoumanc s w0 ams or o oz’ on
Narigarsn 200 o
guconss 20 TS
Rt 2] Py
Gucen 2
namosse

DY M AW

ma : Y : w0 WAL EASE AN

sMion NnX Mo A

1o NN WMN21 16 WRHLOM NN AMLIm A

WNouinlo: nmion W NBile 1w NAILON 40 NN AW

|

O andurd devianon

endpencnt concents on o each compound.
"Mean recovery of ol spied leveh (0%, KON, 150%, 200%)
WSO relative wandard deviation.

4, Conclusions

In the present study the growing of tomatoes Versus ofganic)
affected the content of phenolic ds of these The i
produced tomatoes displayed a higher than

produced tomatoes.

The LC-MS/MS method was ly vali d, p g a itive analysis
for polyphenols detection and showing satisfactory data for all the parameters

tested. Good results were obtained with respect to linearity and recovery as well
as 3 good level of pracision.
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