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ABSTRACT

Plant foods are the main source of dietary antioxidants, including (poly)phenolic compounds,
with health properties. However, their bioaccessibility might be affected by culinary
processes, as well as by gastrointestinal digestion and microbiota. Additionally, heat
treatment induces the formation of volatile compounds, among them furan which has been
classified as a possibly carcinogenic to humans (group 2B) by the International Agency for
Research on Cancer. Therefore, the main aim of the present research was to investigate the
influence of heat treatment (frying and griddling) on the antioxidant capacity, nutritional
composition and (poly)phenolic compounds in selected vegetables (yellow onion (Allium
cepa), Italian green pepper (Capsicum annuum) and cardoon stalks (Cynara. cardunculus
L.)), as well as their bioaccessibility after a simulated gastrointestinal digestion and colonic
microbiota action. Moreover, the presence of furan in heat treated vegetables in comparison

with that formed during deep-frying in bread coated frozen foods was also investigated.

A total of 7, 24 and 25 free and bound (poly)phenolic compounds were identified and
guantified in both raw and cooked onion, green pepper and cardoon, respectively. The main
(poly)phenolic compounds were quercetin glucosides (approx. 90%) in onion, quercetin and
luteolin derivates (>90%) in green pepper, and chlorogenic and other phenolic acids
(approx. 99%) in cardoon. Heat treatments, especially griddling process, tended to increase
the total (poly)phenolic compounds in vegetables, and consequently their antioxidant
capacity, since DPPH and (poly)phenols were correlated (r=0.70, p<0.001). Although bound
(poly)phenolic compounds decreased higher than the free ones during heat treatments, they
were less affected during griddling process (19-22%) than during frying (35-80%) due to the
higher temperature applied during griddling (150°C) than during frying (115°C).

Heat treatments exerted a positive effect on the bioaccessibility (%) of (poly)phenolic
compounds in both green pepper (>82% in cooked pepper vs 48% in raw one) and cardoon
(60-67% in cooked cardoon vs 2% in raw one). After in vitro gastrointestinal digestion, both
griddled green pepper and griddled cardoon still maintained the highest amount of
(poly)phenolic compounds (9.447 and 41.853 pmol (poly)phenolic compounds/g dm,
respectively). Gut microbiota exerted a high metabolic activity resulting in a large and rapid
degradation of (poly)phenolic compounds into new metabolites, being 3-(3'-
hydroxyphenyl)propionic acid by far the most abundant catabolite in all samples after 24 h of
fecal incubation. Catabolic pathways for colonic microbial degradation of flavonoids and
chlorogenic acids have been proposed. Griddled vegetables were the samples with the
highest amount of bioaccessible (poly)phenolic compounds even after the fecal fermentation.

Finally, frying process did not result in the formation of furan in vegetables, while low
amount (3.5 pg kg in gridlled onion) or traces of this compound were formed in vegetables
during griddling. Therefore, cooked vegetables do not represent a high exposure to furan. In
contrast, deep-frying process induced the formation of considerable amounts of furan in
bread-coated foods (12 pg kg™t (tuna pasties)-172 pg kg™ (onion rings)), implying a health

risk in Spanish population groups with a high consumption of frozen precooked products.



RESUMEN

Los alimentos vegetales constituyen la principal fuente de antioxidantes en la dieta,
incluyendo los compuestos (poli)fendlicos, con propiedades saludables. Sin embargo, su
bioaccesibilidad puede verse afectada por procesos culinarios, asi como por la digestion
gastrointestinal y la microbiota. Ademas, el tratamiento térmico induce la formacién de
compuestos volatiles, entre ellos el furano que ha sido clasificado como posible carcinégeno
en humanos (grupo 2B) por la Agencia Internacional para la Investigacion del Cancer. Por
todo ello, el objetivo general de esta tesis doctoral fue investigar la influencia de los
tratamientos térmicos (fritura y plancha) en la composicidn nutricional, la capacidad
antioxidante, y los compuestos potencialmente responsables de la misma (compuestos
(poli)fendlicos) en alimentos vegetales seleccionados (cebolla (Allium cepa), pimiento verde
(Capsicum annuum) y cardo (Cynara cardunculus L.)), asi como su bioaccesibilidad después
de un proceso in vitro de digestion gastrointestinal y acciéon de la microbiota del colon. Asi
mismo, se planted evaluar la presencia de furano en dichos alimentos y compararla con el

generado durante la fritura de alimentos precocinados empanados.

Se identificaron y cuantificaron un total de 7, 24 y 25 compuestos (poli)fendlicos libres y
unidos en muestras crudas y cocinadas de cebolla, pimiento verde y cardo, respectivamente.
Los principales compuestos (poli)fendlicos fueron los glucdsidos de quercetina (aprox. 90%)
en cebolla, derivados de quercetina y luteolina (>90%) en pimiento verde, y Aacidos
clorogénicos y otros acidos fendlicos (aprox. 99%) en cardo. Los tratamientos térmicos, en
especial el tratamiento a la plancha, tendieron a aumentar el total de compuestos
(poli)fendlicos en los vegetales y, en consecuencia, su capacidad antioxidante, ya que el
DPPH vy los (poli)fenoles estan correlacionados (r=0,70, p<0,001). Aunque los compuestos
(poli) fendlicos unidos disminuyeron mas que los libres durante los tratamientos térmicos, se
vieron menos afectados cuando se aplicdé un tratamiento a la plancha (19-22%) que durante
la fritura (35-80%) debido a la mayor temperatura aplicada durante la plancha (150°C) que
durante la fritura (115°C).

Los tratamientos térmicos ejercieron un efecto positivo en la bioaccesibilidad (%) de los
compuestos (poli)fendlicos tanto en el pimiento verde (>82% en pimiento cocinado frente al
48% en el crudo) como en el cardo (60-67% en cardo cocinado frente al 2% en el crudo).
Después de la digestién gastrointestinal in vitro, tanto el pimiento verde como el cardo
sometidos a tratamiento a la plancha continuaron manteniendo la mayor cantidad de
compuestos (poli)fendlicos (9,447 y 41,853 umol (poli) fendlicos/g dm, respectivamente). La
microbiota intestinal ejercié una alta actividad metabdlica, que resultd en una intensa y
rapida degradacién de los compuestos (poli)fendlicos en nuevos metabolitos, siendo el acido
3-(3'-hidroxifenil) propidnico el catabolito mas abundante en todas las muestras después de
24 h de incubacion fecal. Se han propuesto rutas catabdlicas para la degradacién microbiana
en el colon de flavonoides y acidos clorogénicos. Los vegetales tratados a la plancha fueron
los que presentaron la mayor cantidad de compuestos (poli)fendlicos bioaccesibles, incluso

después de la fermentacion fecal.



Por ultimo, el proceso de fritura no dio lugar a la formacién de furano en los vegetales,
mientras que en los vegetales a la plancha se formaron pequefias cantidades (3,5 pg kg™ en
cebolla a la parrilla) o trazas de este compuesto. Por lo tanto, los vegetales cocinados no
representan una alta exposicion al furano. Por el contrario, el proceso de fritura indujo la
formacion de cantidades considerables de furano en los alimentos precocinados empanados
(12 pg kg (empanadillas de atin)-172 pg kg-1 (aros de cebolla)), implicando un riesgo
para la salud en los grupos de poblacion espafioles con un alto consumo de productos
precocinados empanados.
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Introduction

Mediterranean Diet is characterized by a wide variety of products such as cereals (whole
grain), plenty of fruit, vegetables and nuts, olive oil, legumes, herbs and spices, fish and
seafood, and moderate amounts of meat and wine (Gerber & Hoffman, 2015). In general
Europe produces a broad range of fruits and vegetables thanks to its varied climatic and
topographic conditions, and it is one of the main global producers of some plant foods, being
the Mediterranean countries such as Turkey, Spain or Italy the largest producers (Eurostat,
2016). Specifically, in 2015 Europe produced 17.6 million tonnes of tomatoes, 6.1 million
tonnes of onions and 5.1 million tonnes of carrots (Eurostat, 2016). Spain is one of the main
producer countries and this high production also favors its high consumption of vegetables.
Recent data indicate that the consumption of fresh vegetables, without taking into account
fresh potatoes, in Spanish households in 2015 was 163.58 g/capita/day (MAGRAMA, 2015).
This consumption was increased around 13% in the last decades, since in 2001 the intake of
fresh vegetables was 144.93 g/capita/day (MAGRAMA, 2001). Specifically, the consumption
of tomatoes among Spanish population reached 38.30 g/capita/day in 2015, resulting the
most consumed vegetable, followed by onion and peppers with a consumption of 20.13 and
12.90 g/capita/day respectively (MAGRAMA, 2015). Furthermore, in Spain and, in general, in
Europe, there are many local vegetables as cardoon, chard, borage or cabbage which have

also a high acceptability among population depending on the region (AECOSAN, 2011).

Usually vegetables, like other foods, are consumed after a cooking process, which provides
food with specific organoleptic characteristics, allowing them to be consumed as a basis in
different recipes or as a garnish. But vegetables are not only interesting from a culinary and
gastronomic point of view, but especially from the health point of view. Plant foods are the
main source of dietary antioxidants, including phenolic compounds, which have been
reported to exhibit a wide range of biological effects such as protective effects against
cardiovascular diseases, neurodegenerative diseases and cancer, probably due to their ability
to protect against oxidative damage in cells (Del Rio et al., 2013; Rodriguez-Mateos et al.,
2014). Additionally, vegetables are rich in minerals and vitamins and contain a large amount
of water in its composition, implying a low caloric intake in the diet. Therefore, vegetables
are of a great interest from the nutritional point of view and the World Health Organization

and other international agencies urge for a higher consumption of plant foods (WHO, 2004).
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1. Heat treatment

Many dietary vegetables are usually eaten both crude or after cooking in different ways.
Culinary processes induce significant changes in foods such as water loss, changes in the
total fat content, degradation of thermolabile compounds, and formation of others due to
heat-induced chemical reactions (Miglio, Chiavaro, Visconti, Fogliano, & Pellegrini, 2008;
Miranda et al., 2010). Since frying is one of the most common culinary techniques in
Mediterranean cuisine, especially in countries like Spain, particularly its study could be of
great interest. Vegetables are often subjected to a frying process to be further consumed
directly, be used as a basis in different recipes or as a garnish. Frying process induces
significant changes in foods, most of them related to fat such as increase of total fat content,
and changes in the fatty acid profile due to the mass exchange between frying media and the
fat of food (Romero, Cuesta, & Sanchez-Muniz, 2000; Miranda et al., 2010). Healthy
properties of foods partially depends on the total amount of fat and the
unsaturated/saturated fatty acids ratio, and consequently on the type of fat used during
cooking. In Spain, olive oil is the most consumed culinary fat (around 23 ml/capita/day)
followed by sunflower oil (8.5 ml/capita/day) (MAGRAMA, 2015). In addition, fried food
palatability is related to unique sensory characteristics, including brown color, crunchy
texture and other desired flavor and taste, mainly due to Maillard reactions (Rossell, 2001).
Furthermore, Maillard reactions favor the formation of high molecular weight end-products,
such as melanoidins, which could retain several compounds, like (poly)phenolic compounds
into their structures (Nunes & Coimbra, 2010). Thus, the bioaccessibility of those bioactive
compounds could be affected by frying processes. Some studies confirmed that higher
roasting temperature induced higher formation of melanoidins and that melanoidins content
also depends on the extent of roasting (Bekedam, Loots, Schols, Van Boekel, & Smit, 2008;
Sacchetti et al., 2016). Therefore, not only frying process, but also other intense culinary
techniques could influence (poly)phenols bioaccessibility. (Poly)phenolic compounds can be
either degraded or released from plant tissue structures by thermal processes, depending on
the cooking methods and their time and temperature conditions, as well as the type of
vegetable (Turkmen, Sari, & Velioglu, 2005; Miglio, 2008; Pellegrini et al., 2009; Palermo,
Pellegrini, & Fogliano, 2014; Ramirez-Anaya, Samaniego-Sanchez, Castafieda-Saucedo,
Villalon-Mir, & de la Serrana, 2015; Guillén, Mir-Bel, Oria, & Salvador, 2017).

There are some studies that report the effect of heat treatment on the antioxidant activity
and (poly)phenolic compounds in vegetables, however, results are still unclear. While boiling
is the most investigated cooking method, few studies are about frying process, both deep
frying and pan frying (Palermo et al., 2014) and as far as we know, only one study was
found about the effect of griddling on the antioxidant capacity of vegetables, (Jiménez-
Monreal, Garcia-Diz, Martinez-Tomé, Mariscal, & Murcia, 2009), but none of them focused on
the (poly)phenol profile. In general, cooking methods without addition of water, such as
microwave, or frying, seem to ensure the maximum retention of antioxidant compounds in
vegetables and, consequently, result in higher levels of antioxidant capacity (Chuah et al.,
2008; Jiménez-Monreal et al., 2009; Pellegrini et al., 2010). Onion is one of the most studied
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vegetables, and both losses and gains in (poly)phenolic compounds after heat treatment are
reported in the literature (Crozier, Lean, McDonald, & Black, 1997; Price & Rhodes, 1997;
Ewald, Fjelkner-Modig, Johansson, Sjéholm, & /Kkesson, 1999; Ioku et al., 2001; Lombard,
Peffley, Geoffriau, Thompson, & Herring, 2005; Rohn, Buchner, Driemel, Rauser, & Kroh,
2007; Pellegrini et al., 2009; Fu et al., 2010; Rodrigues, Pérez-Gregorio, Garcia-Falcon, &
Simal-Gandara, 2009; Siddig, Roidoung, Sogi, & Dolan, 2013; Harris, Brunton, Tiwari, &
Cummins, 2015). Influence of heat treatment on phenolic compounds and antioxidant
capacity on Brassica vegetables have also been well studied (Miglio et al., 2008; Wachtel-
Galor, Wong, & Benzie, 2008; Gorinstein et al., 2009; Pellegrini et al., 2010; Girgin & El
Nehir, 2015; Kapusta-Duch, Kusznierewicz, Leszczynska, & Borczak, 2016; Guillén et al.,
2017). Most of them are referred to broccoli and cauliflower, but few are focused on other
brassica vegetables like cabbage. Despite the high consumption and the great variety of
peppers, few studies about the effect of heat treatment on pepper, and specifically green
pepper, have been found, and none of them focused on (poly)phenolic compound profile
changes (Turkmen et al., 2005; Chuah et al., 2008; Gorinstein et al., 2009; Jiménez-Monreal
et al., 2009). The influence of the heat treatment on the antioxidant capacity and phenolics
of other highly consumed vegetables, such as tomatoes and artichokes, has also been
reported in the literature (Dewanto, Wu, Adom, & Liu, 2002; Ferracane et al., 2008;
Pellegrini et al., 2009; Lutz, Henriquez, & Escobar, 2011; Kamiloglu et al., 2014; Guillén et
al., 2017).

On the other hand, Maillard reaction also induces the formation of volatile compounds that
provide the characteristic aroma and flavor of roasted and fried foods. Among them, furan
and furanic compounds can significantly contribute to the sensory properties of heat treated
foods (Maga, 1979; Anese & Suman, 2013). However, furan is a highly volatile compound,
which has been classified as a possibly carcinogenic to humans (group 2B) by the

International Agency for Research on Cancer (IARC, 1995).
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Figure 1. Furan

Cooking conditions such as temperature or time are important parameters on the formation
of furan. Generally, higher temperatures produced higher levels of furan, especially above
120°C (Hasnip, Crews, & Castle, 2006; Senyuva & Gokmen, 2007). A study carried out by
Fromberg et al. (2009) showed a positive correlation between the frying temperature and
the furan content in homemade crisps, and between the degree of browning of bread slices
and the level of furan formed. A previous study about bread observed how a higher
temperature applied during the thermal process (170-200 °C versus 140-160°C) resulted in
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a higher amount of furan concentration (Hasnip et al., 2006). Culinary techniques in general,
and frying process in particular, are not only applied to vegetables, but also to other highly
consumed foods. Nowadays, innovation in the food industry with the development of new
food products associated to social changes in Western countries have increased the
consumption of a great variety of time-saving “ready to eat” frozen foods. Many of these
foods require the application of culinary techniques before their consumption, being frying
process one of the most common. In Spain, the consumption of pre-cooked frozen foods,
most of them bread-coated, has increased in the last years. When considering both
household and catering and institutions consumption, recent data indicate that around 12.9
kg per capita per year of ready-to serve foods (including pre-cooked frozen foods) were
consumed in Spain, increasing every year (4.6% higher in 2015 than in 2014) (MAGRAMA,
2015). Thus, the study of the frying process on this kind of foods could also be of interest.

Despite thermal treatment, other factors like different precursors and food composition
appear to induce many pathways to furan formation. Carbohydrate degradation, pyrolysis of
sugars, decomposition of ascorbic acid and oxidation of polyunsaturated fatty acids during
heat treatment can promote furan generation (Perez Locas & Yaylayan, 2004; Becalski &
Seaman, 2005; Mark, Pollien, Lindinger, Blank, & Marrk, 2006; Limacher, Kerler, Conde-
Petit, & Blank, 2007; Limacher, Kerler, Davidek, Schmalzried, & Blank, 2008; Owczarek-
Fendor et al., 2011). Some authors suggest that carbohydrate foods are more prone to the
formation of furan, probably due to the Maillard reaction, and that the retention of furan in
foods is mainly caused by the lipid fraction, especially polyunsaturated fatty acids (Fromberg
et al., 2009; Arisseto, Vicente, Ueno, Tfouni, & Toledo, 2011). So that, it might be expected
that the content of furan in foods subjected to a frying process, especially those rich in

carbohydrates, could be high.

Taking into account final amount of furan in foods and different exposure scenarios, the risk
assessment should be calculated. Nevertheless, there is not a consensus on what is the best
form to assess the risk of substances that are both genotoxic and carcinogenic. Usually, due
to all the uncertainties around the formation of furan in foods and to reduce the exposure,
ALARA (as-low-as-reasonably-achievable) concept is used to apply for furan exposure.
Nowadays, the Scientific Committee from EFSA (2005) recommends the use of a different
approach, the margin of exposure (MOE) approach. The MOE is the ratio between a defined
reference point on the dose response curve for the adverse effect and the human intake, and
makes no implicit assumptions about a “safe” intake (EFSA, 2005). For calculating the dose
for the adverse effect, the Scientific Committee recommends the use of the benchmark dose
(BDM) to obtain the MOE. Specifically, it is advisable to use the BMDL10 which is an
estimation of the lowest dose which is 95% certain to cause no more than a 10% cancer
incidence in rodents (EFSA, 2005). Then, to estimate the human intake of furan, different
exposure scenarios should be provided including intakes from highly exposed individuals as
represented by the 90", 95, or 99" percentiles (due both to high consumption of foods or
to average consumption of highly contaminated foods). According to the EFSA (2005), a MOE
of 10,000 or higher would be considered as a low public health concern and reasonably as a

low priority for risk management actions. Coffee (for adults) and commercial baby foods (for
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infants) have been proposed as the major contributors to furan exposure (Fromberg, Fagt, &
Granby, 2009). Some authors have studied the risk assessment of furan in these products
(Lachenmeier, Reusch, & Kuballa, 2009; Waizenegger et al., 2012). However other cooked
foods could also contribute in a high extent to furan exposure due to the fact that furan
formation can be influenced by the heat treatment conditions (Fromberg et al., 2009).
Additionally, the global diet should be taken into account. In 2011, WHO estimated the risk
assessment of furan obtaining MOEs of furan of 960 and 480 for average and high dietary
exposures, respectively (WHO, 2011). Therefore, the Committee considered that these MOEs
indicate a human health concern for furan. Nevertheless, an EFSA report highlights that only
8% of the furan data were reported after food preparation and it claims that future testing of
furan should preferably analyzed both as purchased and as consumed indicating the exact
cooking preparation conditions (time, temperature and handling label information) (EFSA,
2010).
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2. (Poly)phenolic compounds

(Poly)phenolic compounds are plant secondary metabolites commonly found in vegetables
and fruits. They are compounds with at least one aromatic ring with one or more hydroxyl
groups attached and represent a wide variety of compounds which are divided into several
classes. They can be classified by the number and arrangement of their carbon atoms (Table
1).

Table 1. Basic structural skeletons of (poly)phenolic compounds (Adapted from Crozier et al., 2009)

Classification Skeleton Basic Structure

Phenolic acids Ce-Cy QCWH
Q

Acetophenones Ce-Co @‘Q
CHy

COOH
Phenylacetic acid Ce-C, @—/
—COOH
Hydroxycinnamic acids Ce-Cs3 @J

o_.0
Coumarins Ce-Cs3 @j
0
Naphthoquinones Ce-C4

0

O
Xantones Ce-Ci-Cs

0
S
I e

Stilbenes Ce-Cy-Co =
; N
Q -
Flavonoids Ce-C5-Co

Usually phenolics are classified into two groups: flavonoids and non-flavonoids. Flavonoids

are (poly)phenolic compounds comprising fifteen carbons, with two aromatic rings connected
by three-carbon bridge (Figure 1). The basic flavonoid skeleton can have numerous
substituents, hydroxyl groups as well as sugars are very common. The majority of flavonoids
exist naturally as glycosides. Flavonols including quercetin, isorhamnetin, myricetin or

kaempferol, are the most widespread of the flavonoids. Most of them are present in plants as
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O-glycoside, such as occurs in onion where the main phenolic compounds are quercetin-
glycosides, mainly those sugars at the 4-position (Murota & Terao, 2003; Bonaccorsi, Caristi,
Gargiulli, & Leuzzi, 2005; Lombard et al., 2005). With a similar structure to flavonols, the
flavones are found, including apigenin or luteolin. A wide range of substitutions are also
possible with flavones, being 7-O-glycoside the most common. Unlike flavonols, flavones are
not as abundant, but they are the major compounds among some of the most consumed
vegetables. Luteolin derivates are the most abundant phenolic compounds in green peppers,
accounting for around 80% of total phenolics (Marin, Ferreres, Tomas-Barberan, & Gil,
2004).

Flavone

Isoflavone

Flavonol

Flavan-3-ol

Anthocyanidin X'

OTS @°©

Flavanone

Figure 2. Generic structure of the major flavonoids (Adapted from Del Rio et al., 2013)

Among non-flavonoid compounds, phenolic acids (C4¢-C;) are the most abundant, however
other non-flavonoid compounds such as hydroxycinnamic acids are also a good source of
antioxidants. Chlorogenic acids and derivates are probably, some of the most known and
most studied compounds. They are the main (poly)phenolic compounds in coffee (Bravo et
al., 2012; Ludwig et al., 2012) but they are also present in other vegetables, such as Cynara
cardunculus (Pinelli et al., 2007; Ramos et al., 2014). This kind of vegetables is commonly
consumed in Spain and includes different vegetables, such as artichoke and cardoon. Major
(poly)phenols of artichoke are caffeic acid derivatives, which mainly occur as esters with
quinic acid (Hausler, Ganzera, Abel, Popp, & Stuppner, 2002; Wang et al., 2003; Mulinacci et
al., 2004; Schiitz, Kammerer, Carle, & Schieber, 2004;). However, only a few studies about
stalks (cardoon) composition have been reported (Velez et al., 2012; Ramos et al., 2014),
and only one of them provided information on the (poly)phenolic profile by high-performance
liquid chromatographic (HPLC) (Ramos et al., 2014).
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Phenolic compounds can also be divided into free, esterified and insoluble-bound forms,
depending on they occur in the free form or covalently bound to other molecules such as
fatty acids (soluble esters) or insoluble macromolecules (insoluble-bound phenolics). Most
insoluble-bound phenolics chemically form covalent bonds with cell wall substances including
pectin, cellulose, arabinoxylan and structural proteins. Bound (poly)phenolics fraction in
vegetables can account up to 60% depending on the food matrix (Acosta-Estrada, Gutiérrez-
Uribe, & Serna-Saldivar, 2014; Nayak, Liu, & Tang, 2015; Shahidi & Yeo, 2016). Free,
esterified and bound (poly)phenolic estimation has been carried out since the 1980s
(Krygier, Sosulski, & Hogge, 1982a, 1982b; Sosulski, Krygier, & Hogge, 1982; Naczk &
Shahidi, 1989) applying different alkaline, acid and enzymatic hydrolyses conditions in order
to measure their content in food (Acosta-Estrada et al., 2014; Shahidi et al., 2016).
Moreover, some authors have reported that food processing such as thermal processing and

fermentation, can release bound phenolic acids from food matrix (Shahidi et al., 2016).

2.1 (Poly)phenolic compounds and health

Despite the high variety, (poly)phenolic compounds in general have been reported to exhibit
a wide range of protective effects against several diseases, particularly neurodegenerative
diseases, cardiovascular diseases (CVD), and cancer, probably due to their ability to protect
against oxidative damage in cells (Del Rio et al., 2013; Rodriguez-Mateos et al., 2014).
Some studies showed the pathophysiological role of inflammation in the development of
neurological disorders (Rodriguez-Mateos et al., 2014). In addition, some studies indicated
that (poly)phenols may inhibit the development of Alzheimer’s disease-like pathology and
counteract age-related cognitive declines (Vauzour, 2012). However, there is no consistent
information regarding (poly)phenols ability to reach the brain (Rendeiro, Rhodes, & Spencer,
2015). (Poly)phenols must first cross a tightly regulated, selectively permeable endothelial
cell layer which can excludes many substances. Animal studies detected some compounds,
such as naringenin and some epicatechins, in the brain after (poly)phenolic compounds
consumption (Abd El Mohsen et al., 2002). Nevertheless, other (poly)phenolic compounds
such as quercetin-4'-O-glucoside or caffeic acid did not result in the accumulation in the
brain (Mullen et al., 2008; Omar et al., 2012). Regarding human studies, there are
limitations for the study in vivo and most of them are epidemiological studies, which have
reported the possible relationship between (poly)phenols rich foods and neurodegenerative
disorders, concluding positive effects against Alzheimer disease, Parkinson and dementia
(Rodriguez-Mateos et al., 2014).

With regard to CVDs, two recent reviews collected numerous epidemiological studies
concluding that there are epidemiological evidences indicating that a diet rich in fruit and
vegetables is associated with a low risk of cardiovascular diseases (Del Rio et al., 2013;
Rodriguez-Mateos et al., 2014; Martinez-Gonzalez et al., 2015). Specifically in Spain, recent
results of an epidemiological study (PREDIMED) suggested that intake of (poly)phenols
provides protection against CVDs throughout the inversely association found with plasma

glucose, plasma triglycerides and systolic blood pressure (Guo et al., 2016). The same study
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observed also an inverse association of fruits and vegetables consumption with CVD in an
elderly Mediterranean population at high cardiovascular risk (Buil-Cosiales et al., 2016).
Despite the large epidemiological evidence, it has to be taken into account some limitations
of this kind of studies. There is a lack of reliable databases on the (poly)phenol content of
foods, even though each day there are advances in analytical techniques to identify and
quantify (poly)phenols levels in foods. In addition, how to collect consumption data for the
estimation of dietary intakes is usually subjected to a high degree of error and bias since
they are usually self-reported through food frequency questionnaires (Rodriguez-Mateos et
al., 2014).

It has also been reported that a higher consumption of fruits, vegetables and legumes, rich
in (poly)phenolic compound, is inversely associated with blood inflammation markers (Nanri
et al., 2008; Salas-Salvaddé et al., 2008) and it can be concluded that antioxidant
phytochemicals present anti-inflammatory effects in the body (Hoffman & Gerber, 2015).
This anti-inflammatory effects might be related in turn with the influence of (poly)phenolic
compounds on carcinogenesis and tumor development. Many epidemiological studies have
been performed to study the relationship between fruit and vegetables consumption and
some types of cancer; however the conclusions are not as clear as in other diseases. Some
authors confirmed a negative correlation between regular fruit and vegetables consumption
and the development of cancer (Benetou et al., 2008; Brown et al., 2014), especially
stomach cancer where (poly)phenolic compounds will be at highest concentration (Brown et
al., 2014). Contrarily, other studies observed no reduction in the incidences of pancreatic
and stomach cancer, or even reported the absence of evidence about the association
between consumption of fruits and vegetables and cancer risk in overall (Larsson, 2006;
Boffetta et al., 2010). There are few clinical intervention studies focused on cancer
prevention, incidence and mortality related to foods, due to ethical aspects. The majority of
clinical evidences have been shown with green tea (poly)phenols or curcumin, so that further
studies including other foods and focusing in other compounds should be developed (Del Rio
et al., 2013; Rodriguez-Mateos et al., 2014).

2.2 Bioaccessibility of (poly)phenolic compounds

Bioavailability is a term that describes the proportion of a nutrient or bioactive compound in
foods that after ingestion is used or accumulated for normal physiological functions. The
bioavailability of nutrients can be subdivided into three phases: 1) Availability in the
intestinal lumen for absorption, 2) Absorption and/or retention in the body, and 3) Utilization

and metabolization by the organism.

The fraction of a compound that is released from its food matrix in the gastrointestinal tract
and thus become available for intestinal absorption is usually named bioaccessibility.
Otherwise, bioactivity includes events linked to how the bioactive compounds are transported
and reached the target tissue, as well as the metabolism and generation of biomarkers and

the subsequent physiological response in the organism. From a rigorous viewpoint,
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bioavailability includes both bioaccessibility and bioactivity (Fernandez-Garcia, Carvajal-
Lérida, & Pérez-Galvez, 2009) (Figure 2).

- - BIOAVAILABILITY |-~

1 \
I After intake, nutrients or bioactive |
I compounds assimilated, used or |
I accumulated for physiological !
I functions. ,'

,-| BIOACCESSIBILITY | « ,-| BIOACTIVITY |-.

Compounds, metabolites and
biomarkers that through the
circulatory system are
transported and reach the target
tissue where perform a
physiological response.

The fraction of a compound
which is released from the food
matrix after digestion process
and therefore is available for
absorption.

m——————
R e ——
— i ———
N, —

Figure 3. Bioavailability, bioaccessibility and bioactivity.

Vegetables are usually eaten cooked, and the softening effect of the cooking process due to
heat-induced wall and cell ruptures can affect (poly)phenolic extractability (Palermo et al.,
2014), possibly favouring the release of these compounds from the food matrix. Some
studies focused on the bioaccessibility of (poly)phenolic compounds demonstrated a higher
bioaccessibility after thermal treatment of some vegetable foods, such as tomatoes and
cauliflower (Bugianesi et al., 2004; Girgin & El Nehir, 2015).

After ingestion, (poly)phenols can also be modified in the gastrointestinal tract by digestive
enzymes and, consequently, their bioaccessibility might be affected. The stomach reduces
the particle size of food, in turn potentially enhancing the release of phenolic compounds
(Scalbert, Morand, Manach, & Rémésy, 2002). Most of the (poly)phenolic compounds, mainly
flavonoids, occur in foods as glycosides and it is in particular the glycosylation one of the
factors that may influence the absorption through the gut barrier. In fact, glycosides are
absent from plasma after nutritional doses (Manach, Williamson, Morand, Scalbert, &
Rémésy, 2005). Deconjugation can take place in the lumen by the action of membrane-
bound lactase phlorizin-hydrolase (LPH) and aglycones may then be absorbed passively
through the epithelium. The epithelial cells can also hydrolyze the glycosides by the action of
cytosolic B-glucosidase, and consequently aglycones may be formed after absorption by the
active sodium-dependent glucose transporter, SGLT-1 (Day et al., 2000; Németh et al.,
2003). Nevertheless, the levels of flavonoids in plasma after dietary intake are low (Aura,
2008), which is probably related to their limited absorption. Chlorogenic acids are also
characterised by a low absorption at small intestinal level (Erk et al., 2014). Coffee is one of
the main source of chlorogenic acids in the diet (Clifford, 2000) and the bioavailability and
limited absorption of its (poly)phenolic compounds is well known (Stalmach et al., 2009;
Stalmach, Steiling, Williamson, & Crozier, 2010; Ludwig, de Pefa, Cid, & Crozier, 2013;
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Monente et al., 2015). However, other foods rich in chlorogenic acids, such as Cynara
cardunculus L. species, have hardly been studied (Azzini et al., 2007; Garbetta et al., 2014;
D’Antuono, Garbetta, Linsalata, Minervini, & Cardinali, 2015).

Absorbed compounds undergo phase II enzymatic metabolism and they can be conjugated
with glucuronic acid, sulphate and methyl groups in the liver and enterohepatic recirculation
may result in some recycling back to the small intestine through bile excretion, so parent
compounds could not be detected in plasma (Aura, 2008; Del Rio et al., 2013). A large part
of the ingested (poly)phenols could then reach the colon where they could be transformed by
the local microbiota to smaller and more absorbable molecules (Ludwig et al., 2013). Gut
microbiota metabolism can also modulate the health effects of dietary (poly)phenolic
compounds by altering absorption, bioavailability, and biological activity. The bioactive
properties of the newly formed metabolites can be different from that of their parent
compounds (Duda-Chodak, Tarko, Satora, & Sroka, 2015), making the studies investigating
the biological effects of vegetables phenolics in vitro without taking this transformation into

account of very limited scientific relevance.

Trying to standardize this process, current research has proposed in vitro digestion models to
simulate gastrointestinal conditions, using commercial digestive enzymes of human, porcine
or bovine origin and bile salts, and also regulating the pH, temperature, substrate and
incubation time (Hur, Lim, Decker, & McClements, 2011; Minekus et al., 2014). Figure 3
shows the characteristics of a simulated gastrointestinal digestion, including the last part of
the intestine where take place the fecal fermentation by colonic microbiota and the

subsequent formation of metabolites.
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« pH7,37°C
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+ pH3,37°C

Stomach \_* <2h

Gallbladder

Intestinal Phase

* Pancreatin + Bile

* Electrolyte stock solution
« pH7,37°C

* 2h

Large Intestine | - Small Intesine

Fecal fermentation
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* Fecal slurry (45%) Appendix
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* Incubation for 24 - 48h

Figure 4. Diagram of a simulated gastrointestinal digestion.
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To complete the in vitro digestion procedure and to study the transepithelial transport, a cell
culture model of human intestinal absorption has been proven to be a good alternative to
predict intestinal absorption of various substances. Some authors combine the
gastrointestinal digestion with the Caco-2 cell culture model to assess globally the
bioaccessibility of phenolic compounds (Dupas, Marsset Baglieri, Ordonaud, Tomé, &
Maillard, 2006; Kosinska-Cagnazzo, Diering, Prim, & Andlauer, 2015; Monente et al., 2015).
The absorption of (poly)phenolic compounds is still unclearly known. Some authors reported
that one third of phenolic compounds was absorbed intact in human small intestine by using
and ileostomy model (Olthof, Hollman, & Katan, 2001; Bugianesi et al., 2004) while other
authors showed that phenolic compounds were poorly absorbed even with an absorption
below 0.3% by using Caco-2 cells models (Dupas et al., 2006; Farrell, Dew, Poquet, Hanson,
& Williamson, 2011; Monente et al., 2015). In general, polyphenols bioavailability in the first
gastrointestinal tract has been estimated around 10%, ranging from 2 to 20% (Hu, 2007).
This implies in general that part of (poly)phenolic compounds will be absorbed, but most of
them will reach the colon where will be further metabolized by the microbiota where could be
transformed by intestinal microbiota to smaller and more absorbable molecules. The amount
of (poly)phenolic compounds that reach the colon and consequently the catabolites
generated might depend on the food matrix, culinary processes, as well as the specific
(poly)phenolic composition of each food (Erk et al., 2014).

Once the colon is reached, gut bacteria can hydrolyze glycosides, glucuronides, sulfates,
amides, esters and lactones. They also carry out ring-cleavage. Gut microbiota metabolism
can also modulate the health effects of dietary (poly)phenolics, by altering absorption,
bioavailability, and biological activity and resulting to new compounds (Aura, 2008; Ludwig
et al., 2013), so biological effects should not be only attributed to the native compounds
present in foods but also to their metabolites. Some metabolites are potentially more
biological active than the parent compounds. Some studies that take metabolic physiological
modifications into consideration, demonstrate beneficial effects, such us antioxidant, anti-
inflamatory, antihyperglicemic or neuroprotective activities of (poly)phenolic catabolites
(Verzelloni et al., 2011; Masella et al., 2012; Duda-Chodak et al., 2015). Moreover, some
compounds present in the diet can modulate the microbiota composition, resulting in
changes in the metabolic activity of intestinal bacteria (Selma, Espin, & Tomas-Barberan,
2009; Duda-Chodak et al., 2015). Specific microbiota is involved in the metabolism of
(poly)phenolic compounds and different enzymatic reactions are achieved by the human
intestinal microbiota (Selma et al., 2009). Furthermore, interindividual variability in gut
microbiota ecology could determine the phenolic compound absorption. Overall, fecal
metabolomics helps study new products resulting from the interaction among food, individual

genetic and gut microbiota.
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Objectives

Plant foods are the main source of dietary antioxidants, including (poly)phenolic compounds, which
have been reported to exhibit a wide range of health properties. Together with other nutritional
properties, the bioaccessibility of (poly)phenolic compounds might be affected by the culinary
processes applied to foods. Nevertheless, since both gains and losses are reported in literature, results
are still unclear. After ingestion, (poly)phenols could also be modified in the gastrointestinal tract by
digestive enzymes and microbiota and, consequently, their bioaccessibility might also be affected.
Additionally, heat treatment induces the formation of volatile compounds like furan and furanic
compounds, which significantly contribute to the sensory properties of heat treated foods. However,
furan is a highly volatile compound, which has been classified as a possibly carcinogenic to humans
(group 2B) by the International Agency for Research on Cancer.

For all these reasons, the main aim of this work was to investigate the influence of heat treatment
(frying and griddling) on the antioxidant capacity, nutritional composition and (poly)phenolic
compounds in selected vegetables, as well as their bioaccessibility after a simulated gastrointestinal
digestion and colonic microbiota action. Moreover, the presence of furan in heat treated selected
vegetables in comparison with that formed during an intense thermal treatment (deep-frying) in foods
with a composition potentially more prone to the formation of furan (bread coated frozen foods) was

also investigated.
To achieve this overall objective, the following partial objectives were proposed:

1. To investigate the influence of heat treatment on food composition, antioxidant capacity and

(poly)phenolic compounds in vegetables. (Papers 1 & 2).
1.1. Screening and selection of vegetables.

1.2. Impact of heat treatment on the selected vegetables: onion (Allium cepa), green pepper

(Capsicum annuum) and cardoon (Cynara cardunculus L.).

2. To evaluate the bioaccessibility of (poly)phenolic compounds and their metabolites after an in vitro
gastrointestinal digestion and colonic microbiota fermentation, of green pepper (Capsicum

annuum) and cardoon (Cynara cardunculus L.) before and after heat treatment. (Papers 3 & 4).

3. To evaluate furan occurrence in vegetables and bread coated frozen foods before and after heat

treatment. (Paper 5).
3.1. Development and validation of the methodology for furan determination in foods.
3.2. Impact of heat treatment on furan occurrence in vegetables and bread coated frozen foods.

3.3. Evaluation of the risk assessment of furan in foods for the Spanish population.
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Objetivos

Los alimentos vegetales constituyen la principal fuente de antioxidantes de la dieta, incluyendo los
compuestos (poli)fendlicos que proporcionan una gran variedad de propiedades saludables. Ademas de
las propiedades nutricionales, la bioaccesibilidad de los compuestos (poli)fendlicos podria verse
afectada por los procesos culinarios aplicados a los alimentos, encontrandose en la literatura tanto
efectos positivos como negativos sobre dichos compuestos, sin poder considerar los resultados
concluyentes. Ademas, después de la ingesta de los alimentos, los (poli)fenoles pueden verse
modificados en el tracto gastrointestinal por los enzimas digestivos y la microbiota y, en consecuencia,
su bioaccesibilidad también podria verse afectada. Por otro lado, el tratamiento térmico de los
alimentos induce la formacion de compuestos volatiles como el furano y sus derivados, que
contribuyen significativamente a las propiedades sensoriales de los alimentos tratados térmicamente.
No obstante, el furano es un compuesto altamente volatil, que ha sido clasificado como posible

carcinégeno en humanos (grupo 2B) por la Agencia Internacional para la Investigacion del Cancer.

Por todo ello, el objetivo general de este trabajo fue investigar la influencia de los tratamientos
térmicos (fritura y plancha) sobre la composicidon nutricional, la capacidad antioxidante, y los
compuestos potencialmente responsables de la misma (compuestos (poli)fendlicos) en alimentos
vegetales seleccionados, asi como su bioaccesibilidad después de un proceso simulado de digestion
gastrointestinal y accién de la microbiota del colon. Asi mismo, se planted evaluar la presencia de
furano en dichos alimentos y compararla con el generado durante un tratamiento térmico intenso
(fritura en profundidad) en alimentos que por su composicidon son potencialmente propensos a la

formacién de furano (alimentos precocinados empanados).
Para lograr este objetivo se propusieron los siguientes objetivos parciales:

1. Estudio de la influencia del tratamiento térmico en la composicién, capacidad antioxidante vy

compuestos (poli)fendlicos en alimentos vegetales. (Publicaciones 1 y 2).
1.1. Screening y seleccion de alimentos vegetales.

1.2. Impacto del tratamiento térmico en los alimentos vegetales seleccionados: cebolla (Allium

cepa), pimiento verde (Capsicum annuum) y cardo (Cynara cardunculus L.).

2. Evaluacion de la bioacccesibilidad de los compuestos (poli)fendlicos y sus metabolitos tras los
procesos de digestion gastrointestinal in vitro y fermentacion por la microbiota del colon, de
pimiento verde (Capsicum annuum) y cardo (Cynara cardunculus L.) tanto crudos como sometidos

a tratamientos térmicos. (Publicaciones 3y 4).

3. Evaluacién de la presencia de furano en alimentos vegetales y alimentos precocinados empanados

sometidos a tratamientos térmicos. (Publicacién 5).
3.1. Puesta a punto y validacidon de la metodologia para la determinacién de furano en alimentos.

3.2. Impacto del tratamiento térmico en la presencia de furano en alimentos vegetales y

alimentos precocinados empanados.

3.3. Evaluacién del riesgo de furano en alimentos para la poblacidn espafiola.
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Objective 1

To investigate the influence of heat treatment on food composition,

antioxidant capacity and (poly)phenolic compounds in vegetables.

Estudio de la influencia del tratamiento térmico en la composicidén, capacidad

antioxidante y compuestos (poli)fendlicos en alimentos vegetales.






Objective 1.1

Screening and selection of vegetables.

Screening y seleccion de alimentos vegetales.






Results

Screening and selection of vegetables.

Part of these results has been published in the next paper (paper 2 of the present

thesis, see page 81):

Influence of heat treatment on antioxidant capacity and (poly)phenolic

compounds of selected vegetables

I.Juaniz, I.A. Ludwig, E. Huarte, G.Pereira-Caro, J.M. Moreno-Rojas C. Cid, M.P. de Pefia
(2016). Food Chemistry, 197, 466-473. http://dx.doi.org/10.1016/j.foodchem.2015.10.139.
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Results

Plant foods are the main source of dietary antioxidants, including phenolic compounds.
(Poly)phenols rich foods have been reported to exhibit a wide range of biological effects such
as protective effects against cardiovascular diseases, neurodegenerative diseases and
cancer, probably due to their ability to protect against oxidative damage in cells (Del Rio et
al., 2013; Rodriguez-Mateos et al., 2014). In order to carry out a first screening and select
potential antioxidant vegetables, five different vegetables (yellow onion (Allium cepa), Italian
green pepper (Capsicum annuum), cardoon stalks (Cynara cardunculus L.), cabbage
(Brassica oleracea) and chicory (Cichorium intybus) were chosen to their study antioxidant
properties. These five vegetables have a great consumer acceptance among the Spanish
population; specifically onion and pepper are two of the most consumed vegetables
(MAGRAMA, 2015). Moreover, all of them can be consumed both raw and after being
subjected to different heat treatments. Culinary processes induce significant changes in
foods such as moaodifications in the phenolic compounds profile and therefore in the
antioxidant capacity (Ramirez-Anaya, Samaniego-Sanchez, Castafieda-Saucedo, Villalon-Mir,
& de la Serrana, 2015). Thus total phenolic compounds (TPC), total flavonoid compounds
(TFC) and antioxidant capacity measured by DPPH and ABTS assays were analyzed in both

raw and cooked vegetables.
1. Material and methods
1.1 Chemical and reagents

Yellow onion (Allium cepa), Italian green pepper (Capsicum annuum), cardoon stalks (Cynara
cardunculus L.), cabbage (Brassica oleracea), chicory (Cichorium intybus), olive oil (refined

and virgin olive oil blend) and sunflower oil were obtained from local stores.

The methanol and ethanol were of analytical grade from Panreac (Barcelona, Spain).
Folin—Ciocalteu reagent and sodium carbonate were also from Panreac (Barcelona, Spain).
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 2,2’-azinobis (3-
ethylbenzothiazonile-6-sulfonic acid) diammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl
(DPPH-), rutin, gallic acid and aluminum chloride hexahydrate were purchased from Sigma-

Aldrich (Steinheim, Germany).

1.2. Samples preparation

43



Results

Chopped vegetables (yellow onion, green pepper, cardoon stalks, cabbage and chicory)
(300 g) were fried with olive or sunflower oils (30 mL) at 115 °C for 10 minutes in a non-
stick frying pan. Then, temperature was decreased to 108 °C for 5 minutes. Chopped
vegetables were also submitted to heating at 150 °C for 10 minutes and then at 110 °C for 5
minutes in a non-stick griddle without oil addition. Then, raw and cooked vegetables were
lyophilized in a freeze dryer Cryodos-80 (Telstar, Terrasa, Spain), and stored at -18°C until

analysis.

1.3. Vegetables extracts

Vegetables extracts were prepared according to Siddiq et al. (2013) with some modifications.
The same procedure was applied to all vegetables. Briefly, thirty mL of ethanol/water
(80/20) was added to 2 grams of lyophilized vegetables. The content was mixed on a
mechanical shaker for 1 hour at room temperature and then centrifuged at 4000 rpm for 10
minutes. Supernatant was collected and residue was re-extracted twice using 10 mL of
ethanol 80% by vortexing (1 minute) and centrifuged at 4000 rpm for 5 minutes. All three

supernatants were combined and frozen at -18°C for further analysis.

1.4. Total phenolic compounds (TPC)

Total phenolic compounds were measured using the Folin-Ciocalteu reagent according to
Singleton's method (Singleton & Rossi, 1965). Each vegetable extract was properly diluted in
demineralized water. A volume of 500 pL of Folin-Ciocalteu reagent was added to a mixture
of 100 pL of the extract sample and 7.9 mL of demineralized water. After a 2 min delay, 1.5
mL of a 7.5% sodium carbonate solution was added. Next, the sample was incubated in
darkness at room temperature for 90 min. The absorbance of the sample was measured at
765 nm in a spectrophotometer Lambda 25 UV/VIS (Perkin Elmer Instruments, Madrid,
Spain). Gallic Acid (GA) was used as reference, and the results were expressed as milligrams

of GA equivalent per gram of dry matter sample (mg GA/ g dm).

1.5. Total flavonoid content (TFC)

The aluminium chloride method (Lamaison & Carnet, 1990) was used estimating the total
flavonoids content of the extracted samples. An aliquot of 100 pL of each vegetable extract
properly diluted was added to 1 mL of a 2% AICI3-:6H20 methanol solution. The mixture was

vigorously shaken, and after 10 min of incubation at room temperature, the absorbance was
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read at 430 nm in a spectrophotometer Lambda 25 UV/VIS (Perkin Elmer). Total flavonoid
content was calculated from the calibration curve of rutin standard solutions, and expressed

as milligram of rutin equivalent per gram of dry matter sample (mg rutin/ g dm).
1.6. Antioxidant capacity by ABTS assay

The ABTS antioxidant capacity was performed according to the method of Re et al. (1999).
The radicals ABTSe+ were generated by the addition of 0.36 mM potassium persulfate to a
0.9 mM ABTS solution prepared in phosphate buffered saline (PBS) (pH 7.4), and the
ABTSe+solution was stored in darkness for 12 h. The ABTSe+ solution was adjusted with
PBS to an absorbance of 0.700 (£0.020) at 734 nm in a 3 mL capacity cuvette (1 cm length)
at 25 °C (Lambda 25 UV-VIS spectrophotometer, Perkin-Elmer Instruments, Madrid, Spain).
An aliquot of 100 uL of each vegetable extract sample properly diluted in demineralized
water, was added to 2 mL of ABTSe+ solution. The absorbance was measured
spectrophotometrically at 734 nm after exactly 18 min. Calibration was performed with
Trolox solution (a water-soluble vitamin E analog), and the antioxidant capacity was
expressed as micromoles of Trolox equivalent per gram of dry matter sample (umol Trolox/g

dm).
1.7. Antioxidant capacity by DPPH assay

The antioxidant capacity was also measured using 2,2-diphenyl-1-picrylhydrazyl (DPPHe)
decolorization assay (Brand-Williams, Cuvelier, & Berset, 1995) with some modifications. A
6.1x10-5 M DPPHe methanolic solution was prepared immediately before use. The DPPHe
solution was adjusted with methanol to an absorbance of 0.700 (£0.020) at 515 nm in a 3
mL capacity cuvette (1 cm length) at 25 °C (Lambda 25 UV-VIS spectrophotometer, Perkin-
Elmer Instruments, Madrid, Spain). Vegetable extracts were properly diluted in
demineralized water prior to analysis. Samples (50 pL) were added to 1.95 mL of the DPPHe
solution. After mixing, the absorbance was measured at 515 nm after exactly 18 min.
Calibration was performed with Trolox solution (a water-soluble vitamin E analog). The
antioxidant capacity was expressed as micromoles of Trolox equivalent per gram of dry

matter sample (umol Trolox/g dm).

1.8. Statistical analysis
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Each parameter was analysed in triplicate. Results are shown as the mean * standard
deviation (SD). One-way analysis of variance (ANOVA) was applied for each parameter. A
Tukey test was applied as a posteriori test with a level of significance of 95%. Principal
Component Analysis (PCA), based on Pearson’s correlation matrix, was applied in order to
study the effect of the heat treatment. All statistical analyses were performed using the

STATA v.12.0 software package.
2. Results and discussion

Figure 1 shows total phenolic and total flavonoid compounds of selected vegetables. Among
raw samples, pepper and onion were the vegetables with the highest content of phenolic
compounds (16.27 £ 0.26 and 10.06 £ 0.39mg g.a/g dm respectively), following by chicory
(8.45 £ 0.30 mg g.a/g dm) and cardoon (7.72 + 0.28 mg g.a/g dm). The vegetable with the
lowest amount of phenolic compounds was cabbage (3.05 £ 0.40 mg g.a/g dm). In all cases
the total amount of phenolic compounds was influenced by the different heat treatments
applied. Heat-induced wall and cells ruptures can affect (poly)phenolic extractability (Harris,
Brunton, Tiwari, & Cummins, 2015; Palermo, Pellegrini, & Fogliano, 2014). Generally, frying
degraded phenolic compounds while griddling increased them. The higher temperature
applied during the griddling treatment than that applied during frying, might favor the
release of these compounds from the food matrix. Griddled cardoon and griddled pepper
were the samples with the highest amount of phenolic compounds (around 20 mg g.a/g dm

in both samples).

Regarding total flavonoid, the raw vegetables with the highest amount of these compounds
were green pepper and chicory (5.95 £ 0.07 and 5.89 £ 0.03 mg rutin/g dm, respectively).
In literature green pepper has been described as a vegetable rich in flavonoids, specifically
luteolin glycosides (Marin, Ferreres, Tomas-Barberan, & Gil, 2004; Morales-Soto, Gomez-
Caravaca, Garcia-Salas, Segura-Carretero, & Fernandez-Gutiérrez, 2013). In cabbage also a
large number of flavonoids have been identified by different authors, including myricetin,
quercetin, kaempferol and luteolin (Franke, Custer, Arakaki, & Murphy, 2004; Park et al.,
2014). On the contrary, cardoon, which belongs to the same family of Cynara cardunculus L.,
hardly presents flavonoids in its composition. Cynara cardunculus L. is a family of
vegetables characterized by phenolic compounds, specifically caffeoylquinic acids such as 5-

CQA (Pinelli et al., 2007; Ramos et al., 2014). Total flavonoid compounds were also
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influenced by the heat treatment in all samples. There was a tendency to increase flavonoid
compounds after cooking. Griddled chicory resulted in the sample with the highest amount of

flavonoids (9.27 £ 0.78 mg rutin/g dm).

Figure 2 shows antioxidant capacity (ABTS and DPPH) of raw and cooked vegetables. In
general antioxidant activity was affected by the different heat treatments and it depended on
the vegetable analyzed and it composition. A significant correlation between antioxidant
capacity, measured both with ABTS and DPPH assays, and TPC was observed (Table 1).
However a correlation with TFC was not observed, so flavonoids might not be as relevant as
TPC with regard to antioxidant properties in vegetables. Some authors had also previously
reported a correlation between phenolic compounds and antioxidant capacity measured by
DPPH (Ramirez-Anaya et al., 2015). Regarding ABTS assay, fried samples showed less
antioxidant capacity (ABTS) than raw ones, except for sunflower oil fried cardoon. In
general, griddled vegetables also showed less antioxidant capacity (ABTS), nevertheless this
decline was no so great as in fried samples. Raw pepper presented the highest antioxidant
activity (ABTS) (257.96 = 0.75 umol Trolox/g dm) following by griddled cardoon, griddled
pepper and raw onion (192.12 + 4.91, 173.03 £ 3.15 and 162.10 £1.33 pymol Trolox/g dm,
respectively). Antioxidant activity measured by DPPH assay was also affected by the heat
treatment, however in this case some cooking processes seemed to increase antioxidant
capacity of some vegetables. Specific, griddling and frying with sunflower oil increased
significantly antioxidant capacity (DPPH) of pepper and cardoon. Griddled cardoon, which
was the vegetable with the highest amount of TPC, showed also the highest antioxidant
capacity by DPPH (90.73 £+ 1.07 umol Trolox/g dm) followed by griddled pepper (57.36 %
1.88 pmol Trolox/g dm). Griddled onions also showed a higher antioxidant capacity by DPPH
than the raw ones. Contrary, cooked cabbage and chicory presented less antioxidant
capacity (DPPH) than their raw vegetables. In general, cabbage and chicory were no relevant
in terms of their antioxidant capacity measured both by ABTS and DPPH assays, probably

due to their lower content of TPC.

Additionally, Principal Component Analysis (PCA) has been applied to evaluate at a glance
the most interesting vegetables to be subsequently studied in order to follow the objectives
outlined in the thesis. Figure 3 shows the bidimensional representation of all the variables

(Figure 3A) and vegetables samples (Figure 3B) according to the two selected Principal
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Components (PC). PC1 (59.42% of the total variance) was mainly characterized by TPC as
well as the scavenging activity measured by DPPH and ABTS on the right half graphic.
According to this, griddled cardoon as well as raw onion and pepper samples, with the
exception of olive oil fried pepper, are characterized by the presence of a high amount of TPC
and a high antioxidant capacity. Therefore onion, pepper and cardoon could result of interest
for further studies. PC2, which explained 26.42% of the total variance, is characterized by
TFC. In fact, chicory samples, specifically griddled ones, which are the samples with the
highest amount of flavonoids, are situated at the top of the graphic. Since it was previously
described, flavonoids were not correlated with antioxidant capacity, so chicory was discarded
for further studies. It was also observed how cooked onion and cooked cabbage tended to be
placed at the top of the graphic, contrary to their corresponding raw samples, indicating an

increase of flavonoid compounds after cooking.

In summary, chicory was the sample with the highest amount of flavonoids, nevertheless
there was not a correlation between flavonoids and antioxidant capacity, so chicory was not
selected for further studies. In the same way, cabbage was not selected because it did not
show a high antioxidant capacity by DDPH and ABTS, moreover the antioxidant capacity of
cabbage was lower in the cooked samples than the in raw ones. On the other hand, pepper
and cardoon seem to have more relevance in antioxidant capacity due to the higher amount
of TPC, specially griddled samples so these two vegetables were selected to further analysis.
At last, onion was also selected since its antioxidant capacity (DPPH) was higher in the
cooked samples than in the raw ones and it could help us to understand the effect of the

heat treatment on the antioxidant properties of vegetables.
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Figure 1. Total Phenolic Compounds and Total Flavonoid Compounds of raw and cooked

vegetables. Different letters indicate significant differences (p < 0.05).
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Figure 2. Antioxidant capacity (DPPH and ABTS) of raw and cooked vegetables. Different

letters indicate significant differences (p < 0.05).
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Figure 3. Principal Component Analysis (PCA) of the raw and cooked vegetables. (a)

Parameter loadings. (b) Sample scores.
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Table 1. Pearson correlation coefficients among the different variables.

Total Total
phenolic flavonoid DPPH ABTS

compounds compounds

Total phenolic

r=1
compounds
Total flavonoid r=0.0300 =1
compounds ns -
r= 7919 r=-0.2594
DPPH et ne r=1

r= 0.7467 r=-0.0212 r= 0.5048 _
ABTS %%k ns K%k r=1

*P < 0.05; **P < 0.01; ***P < 0.001; ns no significant correlation
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Impact of heat treatment on the selected vegetables: onion (Allium cepa),

green pepper (Capsicum annuum) and cardoon (Cynara cardunculus L.).

Impacto del tratamiento térmico en los alimentos vegetales seleccionados: cebolla

(Allium cepa), pimiento verde (Capsicum annuum) y cardo (Cynara cardunculus L.).






Results

Paper 1

Impact of several cooking processes on nutritional composition and

antioxidants of selected vegetables

I.Juaniz, E. Huarte, C.B. de Gorostiza, C. Cid, M.P. de Pefia. (In preparation)
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ABSTRACT

The impact of cooking heat treatments (frying in olive or sunflower oil, and griddling) on the
proximate and fat composition, (poly)phenols and antioxidant properties of onion, green
pepper and cardoon was evaluated. Only fried vegetables showed relevant amounts of fat,
with higher w-3 fatty acids content and lower w-6/w-3 PUFA ratio when olive oil was used.
Thus, olive oil should be the preferable frying oil. Raw cardoon had the highest total
phenolics content (167.59 + 4.05 mg GA/100g) and raw green pepper the highest flavonoids
amount (44.02 £ 0.71 mg rutin/100g). Heat treatment, particularly griddling, tends to
increase (poly)phenols and flavonoids, and antioxidant capacity, being griddled cardoon the
vegetable with both the highest total phenolics content (334.32 £ 6.94 mg GA/100g) and
antioxidant capacity (1524.20 £ 17.94 pmol Trolox/100g). Therefore, griddling process is
suggested as the best heat treatment to substantially increase (poly)phenols and antioxidant

capacity of vegetables, without fat addition.

KEYWORDS: Vegetables, Heat treatment, Nutritional value, Fatty acids, Phenolics,

Flavonoids, Antioxidant capacity
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1. Introduction

Mediterranean countries such as Turkey, Spain, Italy, Greece or France are the largest
producers of vegetables in Europe (Eurostat, 2015). Mediterranean Diet is characterized by
the consumption of a wide variety of products such as cereals (whole grain), plenty of fruit,
vegetables and nuts, olive oil, legumes, herbs and spices, fish and seafood and moderate
amounts of meat and wine (Gerber & Hoffman, 2015). Despite the high variety of foods,
many of the benefits attributed to a Mediterranean diet are due to the antioxidant
phytochemicals of fruits and vegetables. Plants foods are the main source of dietary
antioxidants, including phenolic compounds, which have been reported to exhibit a wide
range of biological effects such as anti-inflamatory effects or protective effects against
cardiovascular diseases, neurodegenerative diseases and cancer, probably due to their ability
to protect against oxidative damage in cells (Del Rio et al., 2013; Rodriguez-Mateos et al.,
2014). Additionally, vegetables are rich in minerals and vitamins and contain a large amount
of water in its composition, implying a low caloric intake in the diet. Therefore, vegetables
are of a great interest from the nutritional point of view and the World Health Organization
and other international agencies urge for a higher consumption of plant foods (WHO, 2004).
In Spain, an increase in the consumption of vegetables has been observed in the last
decades. In 2015, the consumption of fresh vegetables (without potatoes), was 163.58
g/capita/day (MAGRAMA, 2015), a 13% higher than in 2001 when the consumption of
vegetables in Spanish households was 144.93 g/capita/day (MAGRAMA, 2001). Specifically,
onion and pepper are two of the most consumed vegetables in Spain (MAGRAMA, 2015),
however there are lots of local vegetables as cardoon, chard or chicory which also have a
high acceptability among population depending on the region.

Many dietary vegetables are usually eaten both crude or after cooking in different ways.
Among the high variety of cooking processes, frying is a very common culinary technique
applied to foods to develop their typical sensorial properties or in order to be used as base
ingredients in the Mediterranean cuisine. Also griddling is quite common in this cuisine.
Culinary processes generally induce significant changes in foods such as water loss, changes
in fat content, degradation of thermolabile compounds, and formation of others due to heat-
induced chemical reactions (Miglio, Chiavaro, Visconti, Fogliano, & Pellegrini, 2008; Miranda
et al., 2010). Furthermore, phytochemical composition of consumed vegetables, specifically

(poly)phenolic compounds, can also be affected by thermal processes and, consequently
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their antioxidant capacity (Juaniz, et al., 2016a; Ramirez-Anaya, Samaniego-Sanchez,
Castafieda-Saucedo, Villalén-Mir, & de la Serrana, 2015). Aditionally, healthy properties of
foods also depends on the total amount of fat and the unsaturated/saturated fatty acids
ratio, and consequently on the type of fat used during cooking. In Spain, olive oil is the most
consumed culinary fat (around 23 ml/capita/day) followed by sunflower oil (8.5
ml/capita/day) (MAGRAMA, 2015).

Therefore, the aim of this work was to study the impact of three cooking heat treatments
(frying in olive oil, frying in sunflower oil and griddled) on the proximate composition, fatty
acids profile, total phenolic and flavonoid compounds and antioxidant properties of different
vegetables commonly consumed as crude in salads and cooked in several ways in the
mediterranean diet in order to suggest the best culinary technique.

2. Material and methods

2.1 Chemical and reagents

Yellow onion (Allium cepa), sweet Italian green pepper (Capsicum annuum), cardoon stalks
(Cynara cardunculus L), olive oil and sunflower oil were obtained from local stores.

Different solvents of analytical grade were from Panreac (Barcelona, Spain) as well as
potassium chloride, sodium chloride, sodium hydroxide, and Folin-Ciocalteau reagent. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 2,2-diphenyl-1-picrylhydrazyl
(DPPH-), gallic acid, rutin and aluminum chloride hexahydrate were purchased from Sigma-
Aldrich (Steinheim, Germany). All fatty acid methyl esters (FAME) were also purchased from
Sigma-Aldrich (Steinheim, Germany).

2.2 Samples preparation

Chopped vegetables (yellow onion, green pepper and cardoon) (300 g) were fried with olive
or sunflower oils (30 mL) at 115 °C for 10 minutes in a non-stick frying pan. Then,
temperature was decreased to 108 ©°C for 5 minutes. Chopped vegetables were also
submitted to heating at 150 °C for 10 minutes and then at 110 °C for 5 minutes in a non-
stick griddle without oil addition. Then, raw and cooked vegetables were lyophilized in a
freeze dryer Cryodos-80 (Telstar, Terrasa), and stored at -18°C until further analysis.

2.3 Nutritional composition

The samples were analyzed for moisture, protein, ash, fat and carbohydrates using official
methods (AOAC, 2002a). Moisture of each sample was determined drying the samples in an

oven at 102 £ 3 °C until constant weight. Total protein content of the samples was
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estimated by the Kjeldahl method. The ash content was determined by incineration at 550°C
+ 10°C. Total fat content was extracted with petroleum ether from previously dried samples
by Soxhlet extraction system (Extraction Unit B-811 Standard BUCHI, Flawil, Switzerland).
Finally total carbohydrates were calculated by difference. Energy was calculated according to

the following equation:

Energy (Kcal/100g) = 4 x (g protein/100g) + 4 x (g carbohydrates/100g) + 9 x (g fat/100g)

Fatty acid profile was determined in the lipid extract by gas chromatography. Lipids were
extracted using the method of Folch et al. (1957) and boron trifluoride/methanol was used
for the preparation of fatty acid methyl esters (FAME) (AOAC, 2002b). An Agilent HP6890
gas chromatograph (Agilent Technologies, Palo Alto, CA) fitted with a capillary column SPTM-
2560 (100m x 0.25mm x 0.2 pm) and flame ionization detection was used. The injector
temperature was 250°C and the carrier gas was helium at a flow of 1 ml min~!. The oven
temperature was programmed at 175°C for 10min and increased to 200°C at a rate of 10°C
min’!, then increased at 4°C min~! up to 220°C, which was kept for 15min. The FID detector
temperature was 260°C. Fatty acid methyl esters were identified by comparison of the
retention times of the peaks in the sample with those of standard pure compounds.
Individual fatty acids were quantified using heptadecanoic acid methyl ester as an internal
standard. After the quantification of the individual fatty acids, the sums of saturated (SFA),
monounsaturated (MUFA), polyunsaturated (PUFA), w-3, w-6 and trans fatty acids and their

corresponding ratios were calculated.

2.4 Vegetables extracts

Vegetables extracts were prepared using the Siddig method (Siddig, Roidoung, Sogi, &
Dolan, 2013) with some modifications (Juaniz et al., 2016a). Briefly, 30 mL of Ethanol/Water
(80/20) were added to 2 grams of lyophilized vegetables. The content were mixed on a
mechanical shaker for 1 hour at room temperature and then centrifuged at 4000 rpm for 10
minutes. Supernatant was collected and residues were re-extracted twice using 10 mL of
ethanol 80% by vortexing (1 minute) and centrifugation at 4000 rpm for 5 minutes. All three
supernatants were combined and freezer at -189°C for subsequent analyses.

2.5 Total phenolic compounds (TPC)

Total phenolic compounds were measured using the Folin-Ciocalteu reagent according to

Singleton's method (Singleton & Rossi, 1965). Each vegetable extract was properly diluted in
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demineralized water. A volume of 500 pL of Folin-Ciocalteu reagent was added to a mixture
of 100 pL of the extract sample and 7.9 mL of demineralized water. After a 2 min delay, 1.5
mL of a 7.5% sodium carbonate solution was added. Next, the sample was incubated in
darkness at room temperature for 90 min. The absorbance of the sample was measured at
765 nm in a spectrophotometer Lambda 25 UV/VIS (Perkin Elmer Instruments, Madrid,
Spain). Gallic Acid (GA) was used as reference, and the results were expressed as milligrams
of GA equivalent per 100 gram of sample (mg GA/100 g vegetable).

2.6 Total flavonoid content (TFC)

The aluminium chloride method (Lamaison & Carnet, 1990) was used for estimation of the
total flavonoids content of the extracted samples. An aliquot of 100 pL of each vegetable
extract properly diluted was added to 1 mL of a 2% AICI;-6H,O0 methanol solution. The
mixture was vigorously shaken, and after 10 min of incubation at room temperature, the
absorbance was read at 430 nm in a spectrophotometer Lambda 25 UV/VIS (Perkin Elmer
Instruments, Madrid, Spain). Total flavonoid content was calculated from the calibration
curve of rutin standard solutions, and expressed as milligram of rutin equivalent per 100
grams of sample (mg rutin/100 g vegetable).

2.7 Antioxidant capacity by DPPH assay

The antioxidant capacity was measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH®)
decolorization assay (Brand-Williams, Cuvelier, & Berset, 1995) with some modifications. A
6.1x107> M DPPH* methanolic solution was prepared immediately before use. The DPPH*
solution was adjusted with methanol to an absorbance of 0.700 (£0.020) at 515 nm in a 3
mL capacity cuvette (1 cm length) at 25 °C (Lambda 25 UV-VIS spectrophotometer, Perkin-
Elmer Instruments, Madrid, Spain). Vegetable extracts were properly diluted in
demineralized water prior to analysis. Samples (50 pL) were added to 1.95 mL of the DPPH*®
solution. After mixing, the absorbance was measured at 515 nm after exactly 18 min.
Calibration was performed with Trolox solution (a water-soluble vitamin E analog). The
antioxidant capacity was expressed as micromoles of Trolox equivalent per 100 gram of
samnple (pmol Trolox/100 g).

2.8 Statistical analysis

Each parameter was analysed in triplicate. Results are shown as the mean * standard
deviation (SD). One-way analysis of variance (ANOVA) was applied for each parameter. A

Tukey test was applied as a posteriori test with a level of significance of 95%. Within each
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type of fried sample, the differences in fatty acid profile between frying with olive oil and
frying with sunflower oil were evaluated by Student t-test. All statistical analyses were
performed using the STATA v.12.0 software package.

3. Results and discussion

3.1 Nutritional composition

Table 1 shows the effect of heat treatment on proximate composition of the selected
vegetables (onion, green pepper and cardoon). All raw vegetables showed a high content of
water in their composition, specifically cardoon was the vegetable with the lowest moisture
level (83.2 g/100g) followed by onion (90.1 g/100g) and green pepper (92.6 g/100g).
Moisture levels were significantly decreased after cooking process due in general to the
temperature applied and, in the case of fried samples, also to the relative gain of fat during
heat treatment. Fried samples, and specifically sunflower oil fried cardoon (76.4 g/100g),
showed the lowest moisture levels.

Vegetables are characterized by their low fat content and, as expected, only fried vegetables
showed relevant amounts of fat on their composition (6.0 - 7.7 g/100g). No significant
differences on the total fat content between vegetables fried in olive oil or in sunflower oil
were observed. Nevertheless, differences on the fatty acid profile were detected depending
on the oil employed during the process (Table 2). Oleic acid was the most abundant fatty
acid in those olive oil fried vegetables, whereas linoleic acid was the main one in that
sunflower oil fried. Therefore, the main fatty acids in olive oil fried samples were
monounsaturated fatty acids (MUFA). High MUFA diets reduce fasting glucose in patients with
type 2 diabetes and show a beneficial effect on important risk factors as fat mass and
systolic and diastolic blood pressure (Schwingshackl & Strasser, 2012; Schwingshackl,
Strasser, & Hoffmann, 2011). Some studies report that olive oil consumption is associated
with reduced risks of cardiovascular disease, and mortality (Buckland et al., 2012; Guasch-
Ferré et al., 2014; Soriguer et al., 2013). In contrast, sunflower oil fried vegetables
presented higher content polyunsaturated fatty acids (PUFA). As expected, olive oil fried
vegetables shown a higher content of w-3 fatty acids and a lower w-6/w-3 PUFA ratio than
those fried with sunflower oil. A low w-6/w-3 PUFA ratio has been recommended since a high
intake of w-6 fatty acids may reduce the formation of anti-inflammatory mediators by w-3
fatty acids (Aranceta & Pérez-Rodrigo, 2012). Consequently, different health authorities and

scientific organizations now recommend an increase in the dietary intake of w-3 PUFAs to
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achieve nutrient adequacy and to prevent cardiovascular diseases (Gebauer, Psota, Harris, &
Kris-Etherton, 2006).

Heat treatments favored the occurrence of trans fatty acids in fried vegetables, especially in
those fried in sunflower oil. In fact, trans fatty acids were no present in the fresh oil samples
(Table 3). Among olive oil fried samples, cardoon was the vegetable with the highest amount
of trans fatty acids (0.036g/100g), whereas green pepper presented the highest level of
trans fatty acids when sunflower oil was used for frying (0.054 g/100g). In all samples the
major trans fatty acid was elaidic acid (C18:1A9t) which probably could be formed during
heat treatment by changes from cis to trans configuration of the double bond of oleic acid
(C18:1). However, the sum of all trans linoleic acids (t-linoleic, c-t-linoleic and t-c-linoleic
acids) represented the most abundant trans fatty acids fraction in those sunflower oil fried
vegetables, while they are hardly present in olive oil fried samples, and totally absent in
fresh oils. Wolff (1994) reported that heating at high temperature (240°C) affects mainly
octadecatrienoic acids such as linoleic and linolenic acids, which undergo cis-trans
isomerization of their double bonds. Probably, the lower temperature applied during the
frying process of vegetable samples (115°C) induces the formation of low amount of trans
fatty acids. These results are in agreement with the little impact on trans fatty acids
observed when unhydrogenated edible oils are used in ordinary frying process (Tsuzuki,
Matsuoka, & Ushida, 2010). The intake of trans fatty acids has been associated with health
disorders such as cardiovascular diseases, breast cancer or attention-deficit/hyperactivity
disorder (Chajes et al., 2008; Kim et al., 2012; Mensink & Katan, 1990; Ruano et al., 2011;
Willett et al., 1993). Then, the intake of trans fatty acids has to be as low as possible (EFSA,
2010). Therefore, according to their lower w-6/w-3 PUFA ratio, their higher w-3 fatty acids,
and their lower trans fatty acids, it could be preferable the use of olive oil instead of
sunflower oil for frying vegetables. Nevertheless, the global diet and not only the fat
provided by one individual food should be considered for health recommendations.

Protein content was not significantly affected by thermal treatment, with the exception of
both, olive oil or sunflower oil fried cardoon samples, which showed less protein content than
raw and griddled cardoon (Table 1). Similarly, ash or mineral content was no significantly
affected by cooking process. Finally, energy values were calculated (Table 1). Raw
vegetables implied a low caloric intake in the diet, which is significantly affected by the

addition of oil during thermal treatment. As expected, fried vegetables showed the highest
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caloric intake contribution (more than 100 Kcal/100g in all fried samples) due to the fat
content. Despite the absence of fat in griddled vegetables, their energy value was
significantly higher than that of the raw ones, due to water losses and the subsequently
relative increase of the carbohydrates. However, griddled vegetables provided around the
half of the energy of fried samples, so they could be of a high interest from a nutritional
point of view in order to increase the variety of the culinary techniques that can be used in
low caloric diets.

3.2 Phenolic content and antioxidant capacity

The amount of total phenolic content in the analyzed raw and cooked vegetables is shown in
Figure 1A. Cynara cardunculus L. stalks (cardoon) was the raw vegetable with the highest
amount of total phenolic content (167.59 £ 4.05 mg GA/100g). This result expressed in dry
matter (7.72 £ 0.28 mg GA/g dm) is substantially higher than those reported previously by
other authors in C. cardunculus L. stalks (0.66 - 2.88 mg GA/g dm) (Velez et al., 2012). On
the other hand, onion was the vegetables with the lowest amount of phenolic compounds
(96.52 £ 2.15 mg GA/100g). This value is in the range between 16.8 and 114.7 mg
GA/100g, found by Yang, Meyers, Van der Heide, & Liu (2004) for different types of onion. In
general, differences found in total phenolic content could be due to differences in the
vegetable variety, as well as other factors like genetic differences, climate, madurity or
harvest season variation (Lu, Ross, Powers, & Rasco, 2011; Rodriguez Galdén, Rodriguez
Rodriguez, & Diaz Romero, 2008; Sellappan & Akoh, 2002; Yang et al., 2004). Figure 1B
shows the total flavonoid content of raw and cooked vegetables. Cardoon had the lowest
amounts of flavonoids (2.21 £ 0.27 mg rutin/100g). In agreement with literature, some
authors reported that the most abundant compound in Cynara cardunculus L., and
specifically in the stalks part (Cardoon), are chlorogenic acids while only traces of some
flavonoids have been previously identified in this vegetable (Juaniz et al., 2017; Juaniz et al.,
2016b; Pinelli et al., 2007). Contrary to cardoon, green pepper is the vegetable with the
highest amount of flavonoids before cooking process (44.02 = 0.71 mg rutin/100g). Some
authors reported that quercetin and luteolin derivates were the main (poly)phenols in green
pepper samples, accounting for more than 90% of total phenolic compounds in all samples
(Juéniz, et al., 2016a; Juaniz, et al., 2016b; Marin, Ferreres, Tomas-Barberan, & Gil, 2004).
Quercetin derivates, as well as other flavonoids such as isorhamnetin and kaempferol

derivates, are also reported as the main (poly)phenolic compounds in onion (Lanzotti, 2006;
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Lombard, Peffley, Geoffriau, Thompson, & Herring, 2005; Lu et al., 2011; Rodriguez Galddén
et al., 2008; Simin et al., 2013).

The effect of heat treatment on total phenolic and total flavonoid compounds was also
evaluated (Figure 1). A tendency to increase (poly)phenolic compounds with the heat
treatment is observed, but it depends on the analyzed vegetable. In onion, total flavonoid
content increased drastically after heat treatment. The increment was 397.18%, 455.38%
and 506.75% for sunflower oil fried onion; olive oil fried onion and griddled onion,
respectively. However, cooking process did not significantly affect (p>0.05) the total
phenolic content. These contradictory results might be explained by a substantial loss of
other non-flavonoid (poly)phenols during heat treatment that might counterbalance the
flavonoids increase. In green pepper, a significant increase in total phenolic content after
heat treatment was observed. There were not significant differences (p>0.05) between olive
and sunflower oil fried samples, while griddling process favored a great release of phenolic
compounds, reaching 249.25 = 0.61 mg g.a /100g vegetable. Total flavonoid content in
pepper was also increased after heat treatment; being olive oil fried pepper the sample with
the highest levels (82.55 £ 1.59 mg rutin/100g vegetable). In the case of cardoon samples,
those fried in olive oil also showed the highest content of flavonoids (15.20 + 0.08 mg
rutin/100g vegetable) followed by griddled cardoon (10.83 £ 0.42 mg rutin/100g vegetable),
while only griddled cardoon presented a significantly higher amount of total (poly)phenolic
compounds than raw and fried cardoon samples, becoming the sample with the highest
content among all the analyzed samples (334.32 £ 6.94 mg GA/100 g vegetable). Overall,
the increment of total phenolic and flavonoid contents observed could be caused by the
thermal destruction of cell walls and sub cellular compartments during the cooking process
that favor the release of these compounds (Palermo, Pellegrini, & Fogliano, 2014). Moreover,
the higher temperature during griddling than that applied during frying might favor the
release of all these polyphenolic compounds, including flavonoids, from the food matrix
(Juaniz et al., 2016a). Other authors also reported increases on different phenolic
compounds in cooked vegetables as a consequence of the disruption of cell walls, which
liberated soluble phenolic compounds from the insoluble ester bound, or also due to the
inactivation of polyphenol oxidase enzyme during heat treatment, leading to the inhibition of

polyphenols degradation (Chuah et al., 2008; Hwang, Shin, Lee, Lee, & Yoo, 2012; Jiménez-
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Monreal, Garcia-Diz, Martinez-Tomé, Mariscal, & Murcia, 2009; Juaniz et al., 2016a;
Ramirez-Anaya et al., 2015)

Additionally, the antioxidant capacity (DPPH) of the selected vegetables analyzed in the
present study is shown in Figure 2. Antioxidant capacity was higher in cooked vegetables
than in raw ones, with the exception of olive oil fried cardoon. Griddled cardoon, which was
the sample with the highest amount of total phenolic content, also had the highest
antioxidant capacity (1524.20 £ 17.94 umol Trolox/100g). Contrarily, raw and cooked onion
had lowest antioxidant capacity, which also correspond with the lower amount of total
phenolic content. In agreement with these results, some authors had previously reported
good positive correlations between phenolic compounds and the antioxidant capacity
measured by DPPH (Juaniz et al., 2016a; Ramirez-Anaya et al., 2015).

4. Conclusion

In summary, the higher antioxidant capacity due to the presence of higher amounts of
phenolic compounds suggests that the consumption of cooked vegetables would be better
than in their raw form, from the health point of view. Specifically, griddling process can be
recommended as the best heat treatment to cook vegetables in order to substantially
increase their total phenolic content, or at least their flavonoid fraction, and consequently
their antioxidant capacity, without the addition of fat. On the other hand, when frying
process is chosen, olive oil should be the preferable cooking oil because the high presence of
MUFA, especially oleic acid, the higher w-3 fatty acids and the lower amount of trans fatty

acids.
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Figure 1. Total phenolic and flavonoid content of raw and cooked vegetables. Different

letters indicate significant differences (p < 0.05)
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Results

Figure 2. Antioxidant capacity (DPPH) of raw and cooked vegetables. Different letters

indicate significant differences (p < 0.05)
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Table 1. Proximate composition of selected vegetable both raw and cooked (fried in olive oil,

fried in sunflower oil and griddled). Results are expressed as mean * standard deviation (g

per 100 g of vegetable)

Onion Green Pepper Cardoon

Moisture

Raw 90.1 £ 0.2bB 92.6 £ 0.1 cB 83.2+1.6bA

Fried in Olive Oil 80.4+£09aA 80.6 £0.1aA 779+ 0.0aA

Fried in Sunflower Qil 78.0 £ 0.0a B 81.5+0.1acC 76.4 £ 0.0a A

Griddled 84.5+2.8abB 87.1+1.0bB 78.7 £ 0.2ab A
Fat

Raw <0.1a <0.1a <0.1a

Fried in Olive Oil 6.3+05bA 7.7+ 0.7bB 6.0+ 0.1bA

Fried in Sunflower Oil 7.5+ 0.2cA 6.8+ 0.3bA 6.5+ 0.7bA

Griddled <0.1a <0.1a <0.1a
Proteins

Raw 1.9+0.1a8B 1.0+ 0.1aA 1.9+0.1cB

Fried in Olive Oil 1.4+00a8B 1.4+00b8B 0.8+0.1aA

Fried in Sunflower Oil 1.7+ 0.2aB 1.4+£0.1bB 0.8+ 0.0aA

Griddled 1.7+0.1aA 1.5+£0.1bA 1.6 +0.1bA
Ash

Raw 0.3+0.0aA 0.3+0.0aA 1.2+0.1aB

Fried in Olive Oil 0.3+ 0.1abA 04+0.0aA 0.8+x0.1aB

Fried in Sunflower Oil 0.4+ 0.0ab A 04+£00aA 09+0.1aB

Griddled 0.5+0.0bA 0.4+0.0aA 1.2+0.1aB
Carbohydrates

Raw 7.6 £0.2aA 6.0+ 0.2aA 13.6+2.1a8B

Fried in Olive Oil 11.5+1.4a AB 9.8+ 0.6b A 145+ 0.1aB

Fried in Sunflower Oil 12.3 £ 0.2 a AB 99+ 0.1bA 147+ 1.2aB

Griddled 13.3+4.1aB 11.0+14bA 185+ 0.2aC
Energy (Kcal/100g)

Raw 379+ 1.1a A 285+ 09aA 62.3+84aB

Fried in Olive Qil
Fried in Sunflower Oil
Griddled

1084 +£49cA
123.8+0.6cB

599+59bB

115.2 £ 2.7 cA
106.7 £ 0.5cA
502 £ 55bA

1155+ 1.1 cA
125.1 £ 2.2cB
80.3+0.1bC

In each parameter, different small letters in the same column denote significant differences
(p < 0.05) among cooking processes.
In each parameter, different capital letters in the same row indicate significant differences (p < 0.05)

among vegetables.
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Table 2. Fatty acid profile of selected vegetables fried in olive oil and sunflower oil. Results

are expressed as mean * standard deviation (g fatty acid / 100g vegetable).

78

Fatty acid Onion Green Pepper Cardoon

Caprilic C8:0

Fried in Olive Qil nd nd nd

Fried in Sunflower Qil nd nd nd

LS -—-- ---- -—--
Capric C10:0

Fried in Olive Qil nd nd nd

Fried in Sunflower Qil nd nd nd

LS -—-- -—-- ——--
Lauric C12:0

Fried in Olive Qil nd nd nd

Fried in Sunflower Qil nd nd nd

LS -—-- -—-- -—--
Myristic C14:0

Fried in Olive Qil nd nd nd

Fried in Sunflower Oil 0.013 + 0.000° 0.013 + 0.000° 0.011 + 0.001°

Xk kKX *k

LS

Palmitic C16:0
Fried in Olive Qil
Fried in Sunflower Qil
LS

t-Palmitoleic C16:1 t A9t
Fried in Olive Qil
Fried in Sunflower Qil
LS

Palmitoleic C16:1 (»-7)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Stearic C18:0
Fried in Olive Qil
Fried in Sunflower Qil
LS

Elaidic C18:1A9t
Fried in Olive Qil
Fried in Sunflower Qil
LS

Oleic C18:1 (w-9)
Fried in Olive Qil
Fried in Sunflower Qil
LS

c-Vaccenic C18:1 (w-7)
Fried in Olive Qil
Fried in Sunflower Qil
LS

t-Linoleic C18:2 A9t,12t
Fried in Olive Qil
Fried in Sunflower Qil
LS

c-t-Linoleic C18:2 A9c,12t
Fried in Olive Qil
Fried in Sunflower Qil
LS

t-c-Linoleic C18:2 A9t,12c
Fried in Olive Qil
Fried in Sunflower Oil
LS

Linoleic C18:2 A9c,12c
Fried in Olive Qil
Fried in Sunflower Oil
LS

Arachidic C:20
Fried in Olive Qil
Fried in Sunflower Qil
LS

0.514 £ 0.004°
0.293 £ 0.0042

%k %k

nd
nd

nd
nd

0.149 + 0.000°
0.196 + 0.001?

%k %k

0.017 + 0.000°
0.013 £+ 0.003?
ns

3.474 + 0.011°
1.027 +0.009°

%k %k

0.065 = 0.002°
0.016 + 0.000°

%k %k

nd
0.012 + 0.000°

nd
0.010 £ 0.000°

nd
0.008 + 0.000%®

0.312 £+ 0.002?

2.912 + 0.030°
X kK

0.013 + 0.000°

0.004 £ 0.000?
*%k

0.712 £ 0.011°
0.352 + 0.017°

%k

nd
nd

nd
nd

0.207 + 0.000°
0.242 + 0.009°

*

0.015 + 0.000°
0.015 + 0.001%°
ns

4.744 + 0.009°
1.261 + 0.058°

Kk %k

0.087 + 0.000°
0.021 + 0.001°

Kk %k

nd
0.012 + 0.001°

nd
0.011 + 0.001°

nd
0.009 + 0.001°

0.458 £ 0.000°

3.497 £ 0.152°
*k

0.019 + 0.000°

0.009 = 0.000°
*k

0.539 + 0.027°
0.315 + 0.016%®

Xk

nd
nd

nd
nd

0.200 + 0.006°
0.175 v 0.009°
ns

0.025 + 0.002°
0.012 £+ 0.002?

*

3.184 £ 0.117?
1.472 + 0.070°

Xk

0.063 + 0.002°
0.044 + 0.002¢

Xk

nd
0.009 + 0.000°

0.006 + 0.000
0.008 £+ 0.001°
ns

0.005 £ 0.000
0.006 + 0.001°
ns

1.235 + 0.049¢

2.176 £ 0.115°
*k

0.012 + 0.000°

0.006 + 0.000°
*%k



Y-Linoleic C18:3 (w-6)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Eicosenoic C20:1 (w-9)
Fried in Olive Qil
Fried in Sunflower Qil
LS

a-Linolenic C18:3 (w-3)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Eicosadienoic C20:2
Fried in Olive Qil
Fried in Sunflower Qil
LS

Behenic C22:0
Fried in Olive Qil
Fried in Sunflower Qil
LS

Brassidic C20:1A13t
Fried in Olive Qil
Fried in Sunflower Qil
LS

Erucic C22:1 (»-9)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Eicosatrienoic C20:3 (w-3)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Arachidonic C20:4 (»-6)
Fried in Olive Qil
Fried in Sunflower Qil
LS

Eicosapentanoic C20:5 (w-3)

Fried in Olive Qil
Fried in Sunflower Qil
LS

Lignoceric C24:0
Fried in Olive Qil
Fried in Sunflower Qil
LS

Nervonic C24:1 (w-9)
Fried in Olive Qil
Fried in Sunflower Oil
LS

Docosapentaenoic C22:5 (w-6)

Fried in Olive Qil
Fried in Sunflower Oil
LS

Docosapentaenoic C22:5 (w-3)

Fried in Olive Qil
Fried in Sunflower Oil
LS

Docosahexaenoic C22:6 (w-3)

Fried in Olive Qil
Fried in Sunflower Oil
LS

SFA
Fried in Olive Qil
Fried in Sunflower Oil
LS

MUFA
Fried in Olive Qil
Fried in Sunflower Oil
LS

PUFA
Fried in Olive Qil
Fried in Sunflower Qil
LS

Results

nd
nd

0.008 + 0.000%
0.002 £+ 0.000?

Xk

0.027 + 0.000°
0.006 £+ 0.000?

k k%

0.002 + 0.000%
0.002 £+ 0.000?
ns

0.005 + 0.000?
0.032 + 0.001°

% k%

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

0.689 £ 0.003?

0.539 + 0.004°
K%k

3.547 £ 0.012°

1.045 + 0.009°
*KK

0.341 £+ 0.002?

2.948 + 0.030°
*ok ok

nd
nd

0.011 + 0.000°
0.004 + 0.000°

k%

0.054 + 0.000°
0.020 = 0.001°¢

k%

0.002 + 0.000°
nd

0.008 + 0.000°
0.043 = 0.000°

Xk %k

nd
0.006 + 000

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

0.946 = 0.011°¢

0.658 + 0.027°
*k

4.842 = 0.009¢

1.286 + 0.059°
£33 3

0.514 + 0.001°

3.550 £ 0.153°¢
*k

nd
nd

0.007 + 0.000°
0.003 + 0.000%

b3

0.031 + 0.001°
0.015 + 0.000°

Xk

0.003 + 0.000%
0.001 £+ 0.001%
ns

0.017 + 0.000°
0.026 £+ 0.001?

b3

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

0.768 + 0.033°

0.532 + 0.027°
*

3.255 £ 0.115°

1.519 + 0.072°¢
*k

1.280 + 0.051¢

2.214 £ 0.1167
*%k
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trans
Fried in Olive Qil
Fried in Sunflower Qil
LS

Fried in Olive Qil
Fried in Sunflower Qil
LS

Fried in Olive Qil
Fried in Sunflower Qil
LS

PUFA /SFA
Fried in Olive Qil
Fried in Sunflower Qil
LS

(PUFA + MUFA) / SFA
Fried in Olive Qil
Fried in Sunflower Qil
LS

0.017 £+ 0.000?
0.042 £+ 0.003?

kK

0.027 + 0.000°
0.006 £+ 0.000?

k k%

0.314 £ 0.002°
2.942 + 0.030°

k k%

0.501 + 0.005°
5.471 £ 0.011°

k k%

5.716 + 0.048%°
7.410 + 0.012°

% k%

0.015 + 0.000°
0.054 + 0.001°

k%

0.054 = 0.000°
0.020 = 0.001°

k%

0.460 + 0.001°
3.530 £ 0.153°¢

k%

0.544 + 0.006°
5.392 + 0.009°

k%

5.665 + 0.056°
7.345 + 0.018°

Xk %k

0.036 + 0.002°
0.035 = 0.004°
ns

0.031 + 0.001°
0.015 + 0.000°

kK

1.250 £+ 0.050°
2.200 £ 0.1167

Xk

1.668 + 0.006°
4.159 + 0.010°

k k%

5.908 + 0.040°
7.011 £+ 0.003?

k%

nd: no detected

Different letters in the same row indicate significant differences among different vegetables

(P < 0.05).

LS correspond to Student t test of each vegetable fried in olive oil and fried sunflower oil.
*P < 0.05; **P < 0.01; ***P < 0.001; ns no significant differences.



Results

Table 3. Fatty acid profile of olive oil and sunflower oil. Results are expressed as

g fatty acid / 100g oil.

Fatty acid Olive oil Sunflower oil
Caprilic C8:0 nd nd
Capric C10:0 nd nd
Lauric C12:0 nd nd
Myristic C14:0 nd nd
Palmitic C16:0 9.627 + 0.002 5.567 + 0.001
t-palmitoleic C16:1 t A9t nd nd
Palmitoleic C16:1 (w-7) nd nd
Stearic C18:0 2.940 £+ 0.000 2.187 + 0.001
Elaidic C18:1A9t nd nd
Oleic C18:1 (®»-9) 65.515 = 0.015 24.722 + 0.005
c- Vaccenic C18:1 (w-7) 1.260 + 0.001 0.686+ 0.000
t-Linoleic C18:2 A9t,12t nd nd
c-t-Linoleic C18:2 A9c,12t nd nd
t-c-Linoleic C18:2 A9t,12c nd nd
Linoleic C18:2 A9c,12c 6.506 + 0.001 45.437+ 0.020
Arachidic C:20 nd 0.132
Y-linoleic C18:3 (®w-6) nd nd
Eicosenoic C20:1 (®w-9) 0.155+ 0.000 0.068+ 0.000
a-Linolenic C18:3 (w-3) 0.544+ 0.000 nd
Eicosadienoic C20:2 nd nd
Behenic C22:0 nd 0.530+ 0.001
Brassidic C20:1A13t nd nd
Erucic C22:1 (w-9) 0.320+ 0.000 nd
Eicosatrienoic C20:3 (w-3) nd nd
Arachidonic C20:4 (®w-6) nd nd
Eicosapentanoic C20:5 (w-3) nd nd
Lignoceric C24:0 nd nd
Nervonic C24:1 (»-9) nd nd
Docosapentaenoic C22:5 (w-6) nd nd
Docosapentaenoic C22:5 (w-3) nd nd
Docosahexaenoic C22:6 (»-3) nd nd

nd: no detected
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Table $1. Identification of polyphenols in onion by UPLC-MS

Peak Rt Compound [M-H] theor. [M-H] axp. 6 Online fragment
no.  (min) (m/2) (m/z) (ppm) (m/z)

1 13.46 Quercetin triglucoside 787.1927 787.1924 -0.381 301.0342

2 23.44 Quercetin diglucoside | 625.1399 625.1405 0.959 301.0342

3 24.02 Quercetin diglucoside Il 625.1399 625.1405 0.959 301.0342

4 25.87 Isorhamnetin diglucoside 639.1555 639.1560 0.782 315.0499

S5 30.01 Quercetin glucoside | 463.0871 463.0874 0.648 301.0342

6 34.82 Quercetin glucoside Il 463.0871 463.0874 0.648 301.0342

7 37.85 Isorhamnetin glucoside 477.1027 477.1026 -0.209 315.0499

[M-H]-theor.: theoretical exact mass of negatively charged molecular ion; [M-H]-exp.: experimentally measured accurate mass of negatively charged molecular

ion; O: difference between [M-H]-theor and [M-H]-exp; online fragment: daughter ion produced from [M-H]- fragmentation.
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Table S2. Identification of polyphenols in green pepper by UPLC-MS

Peak Rt Compound [M-HT theor.  [M-HT ap. 6 Online fragment
no. _ (min) (m/z) (m/z) (ppm) (m/z)
1 11.88 Caffeic acid glucoside | 341.0867 341.0871 1.172 179.0338
2 15.03 Caffeic acid glucoside Il 341.0867 341.0871 1172 179.0338
3 16.51 CQA 353.0867 353.0873 1.699 191.055
4 23.44  Quercetin rhamnoside glucoside | 609.1450 609.1455 0.821 463.0871 301.0342
5 23.88 Luteolin hexoside pentoside | 579.1344 579.1347 0.518 489.1629, 561.1245, 519.114
6 24.46  Quercetin 3-sambubioside-7-rhamnoside 741.1872 741.1879 0.944 301.0342,447.0921, 463.0871, 595.1293
7 25.25 Luteolin hexoside pentoside Il 579.1344 579.1347 0.518 489.1629, 561.1245, 519.114
8 26.8 Luteolin hexoside pentoside 11l 579.1344 579.1347 0.518 489.1629, 561.1245, 519.114
9 28.86 Luteolin glucoside | 447.0921 447.0920 -0.223 285.0364
10 29.32  Luteolin glucoside I 447.0921 447.0920 -0.223 285.0364
11 34.6 Quercetin rhamnoside glucoside Il 609.1450 609.1455 0.821 301.0342, 463.0871
12 35.61 Luteolin 7-apiosylglucoside 579.1347 579.1344 0.518 447.0921, 285.0398
13 35.94 Quercetin glucoside 463.0871 463.0874 0.647 301.0342
14 41.75 Quercetin rhamnoside 447.0921 447.0920 -0.223 301.0342
15 4422 Luteolin 7-0-(2-apiosyl-6-malonyl)glucoside 665.1348 665.1360 1.804 621.1464, 489.1033, 447.0925

[M-H]-theor.: theoretical exact mass of negatively charged molecular ion; [M-H]-exp.: experimentally measured accurate mass of negatively charged molecular

ion; &: difference between [M-H]-theor and [M-H]-exp; online fragment: daughter ion produced from [M-H]- fragmentation.
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Table S3. Identification of polyphenols in cardoon by UPLC-MS

Peak Rt Compound [M-H] theor. [M-H] . & Online fragment
no. _ (min) (m/z) (m/z) (ppm) (m/z)
1 8.69 CQAI 353.0867 353.0873 1.699 191.0549
2 11.05 CQAll 353.0867 353.0873 1.699 191.0549
3 15.23 5-CQA 353.0867 353.0873 1.699 191.0549
4 18.23 CQAIll 353.0867 353.0873 1.699 191.0549
5 20.39  1,3-diCQAI 515.1184 515.1185 0.194 191.0549
6 30.28  Luteolin glucoside 447.0921 447.0925 0.894 285.0364
7 31.52 3,4-diCQAI 515.1184 515.1185 0.194 353.0873, 173.0442
8 32.08 1,4-diCQAll 515.1184 515.1185 0.194 353.0873, 173.0442
9 33.52 3,5-diCQA IV 515.1184 515.1185 0.194 353.0873, 191.0549
10 33.80 1,5-diCQAV 515.1184 515.1185 0.1%4 353.0873, 191.0549
11 36.34 4,5-diCQAVI 515.1184 515.1185 0.194 353.0873, 173.0442
12  36.55  succinyldiCQA | 615.1344 615.1351 1.138 515.1184, 353.0873, 191.0549
13 39.59 succinyldiCQA Il 615.1344 615.1351 1.138 515.1184, 353.0873, 191.0549
14  40.20  succinyldiCQA Il 615.1344 615.1351 1.138 515.1184, 353.0873, 191.0549
15 41.60  Apigenin glucoside 431.0972 431.0974 0.464 269.0451
16 42.42  disuccinyldiCQA 715.1504 715.1512 1,118 615.1351, 515.1184, 353.0873, 191.0549

[M-H]-theor.: theoretical exact mass of negatively charged molecular ion; [M-H]-exp.: experimentally measured accurate mass of negatively charged molecular

ion; &: difference between [M-H]-theor and [M-H]-exp; online fragment: daughter ion produced from [M-H]- fragmentation.
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Objective 2

To evaluate the bioaccessibility of (poly)phenolic compounds and their
metabolites after an in vitro gastrointestinal digestion and colonic
microbiota fermentation, of green pepper (Capsicum annuum) and cardoon

(Cynara cardunculus L.) before and after heat treatment.

Evaluacion de la bioacccesibilidad de los compuestos (poli)fendlicos y sus
metabolitos tras los procesos de digestion gastrointestinal in vitro y fermentacion
por la microbiota del colon, de pimiento verde (Capsicum annuum) y cardo (Cynara

cardunculus L.) tanto crudos como sometidos a tratamientos térmicos.






Results

Paper 3

Catabolism of raw and cooked green pepper (capsicum annuum)
(poly)phenolic compounds after simulated gastrointestinal digestion and

faecal fermentation

I.Juaniz, I.A. Ludwig, M. Dall’Asta, L. Bresciani, P. Mena, D. Del Rio, C. Cid, M.P. de Pefia
(2016). Journal of Functional Foods, 27, 201-213. http://dx.doi.org/10.1016/}.|ff.2016.09.006

Quality indices:

e Impact factor (JCR, 2015): 3.973
e Journal Rank in categories:
o Food Science & Technology: 8/125 (Q1) (D1)

The final published journal article (PJA) is included with the permission of Elsevier editorial.
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Results

Table S1. Concentrations of electrolytes Simulated Salivary Fluid (SSF), Simulated Gastric
Fluid (SGF) and Simulated Intestinal Fluid (SIF)

stock solution SSF (250mL) SGF (250mL) SIF (250mL)
Constituent  g/50mL mol/L mL mL mL
KCl 1.865 0.5 9.4375 43125 4.25
KH,PO, 3.4 0.5 2.3125 0.5625 0.5
NaHCO; 4.2 1 4.25 7.8125 26.5625
NacCl 5.85 2 - 7.375 6
MgCl,(H.0)s 1.525 0.15 0.3125 0.25 0.6875
(NH,4),CO; 2.4 0.5 0.0375 0.3125 0.6875

2
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Results

Table S2. Mass spectrometric characteristics of native (poly)phenolic compounds and their
microbial catabolites identified in this study.

Compound Ri(min)  [M-H] (m/z)  Fragment ions (m/z)
Quercetin derivaties
Quercetin 3-glucoside-7-rhamnoside 6.56 609 447, 463, 301
Quercetin 3-sambubioside-7-rhamnoside 6.66 741 595, 301
Quercetin 7.58 301 151
Rutin 7.64 609 301
Quercetin glucoside 7.75 463 301
Rutin isomer 8.22 609 301
Quercetin rhamnoside 8.33 447 301
Luteolin derivatives
Luteolin 6,8-di-C-glucoside 6.16 609 489, 285
Luteolin 6-C-hexoside-8-C-pentoside 6.57 579 459, 489
Luteolin 6-C-pentoside-8-C-hexoside 6.86 579 489, 459
Luteolin 8-C-hexoside 7.06 447 327,357
Luteolin 7.52 285 133
Luteolin 7-0-(2-apiosyl)glucoside 7.84 579 447,285
Luteolin 7-0-(2-apiosyl-6-malonyl)glucoside | 8.63 665 621, 489, 579
Luteolin acetylglucoside | 8.70 489 285
Luteolin 7-0-(2-apiosyl-6-malonyl)glucoside 11 9.32 665 621, 489, 579
Luteolin acetylglucoside Il 9.39 489 285
Hydroxycinnamic acids
Caffeic acid glucoside | 1.99 341 179
Caffeic acid glucoside Il 3.28 341 179
Caffeic acid 4.10 179 135
5-CQA 3.72 353 191
4-CQA 5.50 353 191, 173
Coumaric acid 6.20 163 119
Catabolites
Protocatechuic acid 3.20 153 109
Dihydrocaffeic acid 4.50 181 137
3-(3"-Hydroxyphenyl)propionic acid 5.60 165 121

R, retention time; m/z, mass-to-charge ratio; [M-H]~, Negatively charged molecular ion
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Results

Figure S1. (Poly)phenolic compounds profiles of raw green pepper during 24 h fecal
fermentation. A) Main (poly)phenolic compounds (flavonoids) degradation profiles and
production of their corresponding aglycones. B) Minor (poly)phenolic compounds
(hydroxycinnamic acids) degradation profiles. C) Main (poly)phenolic catabolites production
profiles after in vitro fecal fermentation. C is the control sample before fecal fermentation.

= ~—@— Total Luteolin derivatives
©
{n ~——de— Total Quercetin derivateivs
A) g -~ @~ Luteolin
= - A= Quercetin
24h
0.25 1
0.20 A
_g 0.15 | —4— Total CQAs
B) 0 —a— Total Caffeic acid glucosides
g 0.10 4 ~- Coumaric acid
= -9~ Caffeic acid
0.05 A
’ ?
C 15 min Sh Time 24h
£ ’ _—
° ~—&— Dihydrocaffeic acid
g -~ Protocatechuic acid
C) g —8— 3-(3"-Hydroxyphenyl)propionic acid
=
e
C 15 min Sh Time 24h
4

117



Results

Figure S2. (Poly)phenclic compounds profiles of olive oil fried green pepper during 24 h fecal
fermentation. A) Main (poly)phenolic compounds (flavonoids) degradation profiles and
production of their corresponding aglycones. B) Minor (poly)phenolic compounds
(hydroxycinnamic acids) degradation profiles. C) Main (poly)phenolic catabolites production
profiles after in vitro fecal fermentation. C is the control sample before fecal fermentation.
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Results

Figure S3. (Poly)phenolic compounds profiles of sunflower oil fried green pepper during 24 h
fecal fermentation. A) Main (poly)phenolic compounds (flavonoids) degradation profiles and
production of their corresponding aglycones. B) Minor (poly)phenolic compounds
(hydroxycinnamic acids) degradation profiles. C) Main (poly)phenclic catabolites production
profiles after in vitro fecal fermentation. C is the control sample before fecal fermentation.
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Paper 4

Bioaccessibility of (poly)phenolic compounds of raw and cooked cardoon
(Cynara cardunculus L.) after simulated gastrointestinal digestion and
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I.Juaniz, I.A. Ludwig, M. Dall’Asta, L. Bresciani, P. Mena, D. Del Rio, C. Cid, M.P. de Pefia.
(2017). Journal of Functional Foods,32, 195-207. http://dx.doi.org/10.1016/}.iff.2017.02.033

Quality indices:

e Impact factor (JCR, 2015): 3.973
e Journal Rank in categories:
o Food Science & Technology: 8/125 (Q1) (D1)

The final published journal article (PJA) is included with the permission of Elsevier editorial.
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Results

Table S1. Concentrations of electrolytes Simulated Salivary Fluid (SSF), Simulated Gastric
Fluid (SGF) and Simulated Intestinal Fluid (SIF)

stock solution ~ SSF (250mL)  SGF (250mL)  SIF (250mL)

Constituent  g/50mL mol/L mL mL mL

KCI 1.865 0.5 9.4375 43125 425
KH;PO4 3.4 0.5 2.3125 0.5625 0.5
NaHCOs; 4.2 1 4.25 7.8125 26.5625
NaCl 5.85 2 e 7.375 6
MgCl,(H,0)s 1.525  0.15 0.3125 0.25 0.6875

(NH4)2CO4 24 0.5 0.0375 0.3125 0.6875
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Results

Table S2. Mass spectrometric characteristics of native phenolic compounds and their microbial
catabolites identified in this study.

Compound Re(min) [M-H] (m/z)  Fragmentions (m/z)
Chlorogenic acid derivates
3-COA 1.3 353 191
5-COA 3.6 353 191
4-COA 5.0 353 191,173
diCQA | 6.4 515 353
diCQA Il 8.2 515 353
SuccinyldiCQA | 8.5 615 453, 353
diCQA I 8.6 515 353
SuccinyldiCQA 11 9.1 615 453, 353
diSuccinyldiCQA 9.4 715 615, 453, 353
Caffeic acid derivates
Caffeic acid glucoside | 1.8 341 179
Caffeic acid glucoside Il 3.1 341 179
Caffeic acid 41 179 135
Coumaric acid derivates
Coumaroylquinic acid 59 337 163
Coumaric acid 6.2 163 119
Luteolin derivates
Luteolin 7.5 285 133
Luteolin glucoside 7.8 447 285
Luteolin acetylglucoside | 8.7 489 285
Luteolin acetylglucoside II 9.4 489 285
Catabolites
Protocatechuic acid 32 153 109
Dihydrocaffeoylquinic acid 3.5 355 191, 181, 137
Dihydrocaffeic acid 4.5 181 137
3-(3’-Hydroxyphenyl)propionic acid 5.6 165 121

R, retention time; m/z, mass-to-charge ratio; [M-H] ", Negatively charged molecular ion
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Results

Figure S1. Degradation profile of phenolic compounds of raw cardoon and their corresponding
catabolites produced during fecal incubation. A) Total CQAs degradation profiles of fecal
fermentation samples. B) Total diCQAs and caffeic acid degradation profiles of fecal
fermentation samples. C) Total succinyldiCQAs, total caffeic acid glucosides, coumaroylquinic
acid and coumaric acid degradation profiles of fecal fermentation samples. D) Flavonoids
(luteolin derivates) degradation profiles of fecal fermentation samples and production of their
corresponding aglycone (luteolin). E) Profiles of main catabolites produced during fecal
fermentation over 24 h of incubation. C is the control sample before fecal fermentation.
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Results

Figure S2. Degradation profile of phenolic compounds of olive oil fried cardoon and their
corresponding catabolites produced during fecal incubation. A) Total CQAs degradation profiles
of fecal fermentation samples. B) Total diCQAs and caffeic acid degradation profiles of fecal
fermentation samples. C) Total succinyldiCQAs, total caffeic acid glucosides, coumaroylquinic
acid and coumaric acid degradation profiles of fecal fermentation samples. D) Flavonoids
(luteolin derivates) degradation profiles of fecal fermentation samples and production of their
corresponding aglycone (luteolin). E) Profiles of main catabolites produced during fecal
fermentation over 24 h of incubation. C is the control sample before fecal fermentation.

A} 16 B) 7
14 6
12 e—Total COAs o == Total diCQAs
E 10 E \ Caffeic acid
3 ©
-]
7 e 3
E & £
4
p)
0 - i £y
1 T
C 18min 5k Time 24h C &mn Sh Tima 24h
0.25 - 010 -
) 1 D)
0.20 - +l;1mj ?éu;:fr[wleﬁmfﬁ, P REE = —e—Total Luteolin derivatives
—m-Total Caffelc acid derivatives :
0.15 —— Coumaroylgquinic acd £ s A &-Luteolin
£ ; - - = O -
- == Coumaric acid w0
3 3
8 1
2 E 004
=2
0.02
5 e »
Tims 4h C15min  Sh Tima 24h

E) & T

pmolfg dm

¢ 15min sh Tima #4h
=R=Dhydrecaffelc acld =pe=Cl|hydrocaffesylquinlc acld
=gr=Protocatechuic acid =8=3-(3'-Hydroxyphenyl}propionic acid

140



Figure S3. Degradation profile of phenolic compounds of sunflower oil fried cardoon and their
corresponding catabolites produced during fecal incubation. A) Total CQAs degradation profiles
of fecal fermentation samples. B) Total diCQAs and caffeic acid degradation profiles of fecal
fermentation samples. C) Total succinyldiCQAs, total caffeic acid glucosides, coumaroylquinic
acid and coumaric acid degradation profiles of fecal fermentation samples. D) Flavonoids
(luteolin derivates) degradation profiles of fecal fermentation samples and production of their
corresponding aglycone (luteolin). E) Profiles of main catabolites produced during fecal

Results

fermentation over 24 h of incubation. C is the control sample before fecal fermentation.
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Objective 3

To evaluate furan occurrence in vegetables and bread coated frozen foods
before and after heat treatment.

Evaluacion de la presencia de furano en alimentos vegetales y alimentos

precocinados empanados sometidos a tratamientos térmicos.






Objective 3.1

Development and validation of the methodology for furan determination in
foods.

Puesta a punto y validacion de la metodologia para la determinacion de furano en

alimentos.

Objective 3.2

Impact of heat treatment on furan occurrence in vegetables and bread

coated frozen foods.

Impacto del tratamiento térmico en la presencia de furano en alimentos vegetales y

alimentos precocinados empanados.

Objective 3.3

Evaluation of the risk assessment of furan in foods for the Spanish

population.

Evaluacion del riesgo de furano en alimentos para la poblacién espafiola.






Results

Paper 5

Effect of frying process on furan content in foods and assessment of furan

exposure of Spanish population

I. Juaniz, C. Zocco, V. Mouro, C. Cid, M.P. de Pefia. (2016). LWT-Food Science and
Technology, 68, 549-555. http://dx.doi.org/10.1016/j.lwt.2015.12.061

Quality indices:

e Impact factor (JCR, 2015): 2.711
e Journal Rank in categories:
o Food Science & Technology: 23/125 (Q1)

The final published journal article (PJA) is included with the permission of Elsevier editorial.
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General discussion

Plant foods are the main source of dietary antioxidants, including phenolic compounds.
(Poly)phenols rich foods have been reported to exhibit a wide range of biological effects such
as protective effects against cardiovascular diseases, neurodegenerative diseases and
cancer, probably due to their ability to protect against oxidative damage in cells (Del Rio et
al., 2013; Rodriguez-Mateos et al., 2014). In order to carry out a first screening and select
potential antioxidant vegetables, five different vegetables (yellow onion (Allium cepa), Italian
green pepper (Capsicum Annuum), cardoon stalks (Cynara cardunculus L.), cabbage
(Brassica oleracea) and chicory (Cichorium intybus)) were chosen to study antioxidant
properties. These five vegetables have a great consumer acceptance among the Spanish
population; specifically onion and pepper are two of the most consumed vegetables
(MAGRAMA, 2015). Moreover, all of them can be consumed both raw and after being
subjected to different heat treatments. Among the high variety of cooking processes, frying
is a very common culinary technique applied to foods to develop their typical sensorial
properties or in order to be used as base ingredients in the Mediterranean cuisine. Also
griddling is quite common in this cuisine. In Spain, olive oil is the most consumed culinary fat
(around 23 ml/capita/day) followed by sunflower oil (8.5 ml/capita/day) (MAGRAMA, 2015).
Thus, total phenolic compounds, total flavonoid compounds and antioxidant capacity
measured by DPPH and ABTS assays were analyzed in both raw and cooked (fried in olive
and sunflower oil and griddled) vegetables.

Chicory was the sample with the highest amount of flavonoids, nevertheless no correlation
between flavonoids and antioxidant capacity was found. Then, chicory was not selected for
further studies. In the same way, cabbage was not selected because it did not show high
antioxidant capacity by DDPH and ABTS. Moreover, the antioxidant capacity of cabbage was
lower in the cooked samples than in the raw ones. On the other hand, pepper and cardoon
seem to have more relevance in antioxidant capacity due to the higher amount of total
phenolic compounds, specially griddled samples. Therefore, these two vegetables were
selected for further analysis. At last, onion was also selected since antioxidant capacity
(DPPH) was higher in cooked samples than in raw one and it could help us to understand the

effect of heat treatment on antioxidant properties of vegetables.

Once yellow onion (Allium cepa), Italian green pepper (Capsicum annuum) and cardoon
stalks (C. cardunculus L.) were selected, the influence of several heat treatments (frying
with olive and sunflower oil, and griddling) on proximate composition, fatty acids profile,

(poly)phenolic compounds and antioxidant properties was studied.

All vegetables were characterized by high amounts of water in their composition. Green
pepper was the vegetable with the highest moisture level (92.6 g/100g) followed by onion
(90.1 g/100g) and cardoon (83.2 g/100g). Moisture levels were significantly decreased after
cooking process due in general to the temperature applied and, in the case of fried samples,
also to the relative gain of fat during heat treatment. Fried samples, and specifically
sunflower oil fried cardoon (76.4 g/100g), showed the lowest moisture levels. Protein
content was not significantly affected by thermal treatment, with the exception of both, olive

oil or sunflower oil fried cardoon samples, which showed less protein content than raw and
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General discussion

griddled cardoon. Similarly, ash or mineral content was no significantly affected by cooking
process. As expected, only fried vegetables showed relevant amounts of fat o (6.0-7.7
g/100g). No significant differences on the total fat content between vegetables fried in olive
oil or in sunflower oil were observed. Nevertheless, differences on the fatty acid profile were
detected depending on the oil employed during the process. The main fatty acids in olive oil
fried samples were monounsaturated fatty acids (MUFA), specifically oleic acid. High MUFA
diets reduce fasting glucose in patients with type 2 diabetes and show a beneficial effect on
important risk factors as fat mass and systolic and diastolic blood pressure (Schwingshackl,
Strasser, & Hoffmann, 2011; Schwingshackl & Strasser, 2012). Some studies report that
olive oil consumption is associated with reduced risks of cardiovascular disease, and
mortality (Buckland et al., 2012; Soriguer et al., 2013; Guasch-Ferré et al., 2014;). In
contrast, sunflower oil fried vegetables presented higher content of polyunsaturated fatty
acids (PUFA), specifically linoleic acid. As expected, olive oil fried vegetables showed a higher
content of w-3 fatty acids and a lower w-6/w-3 PUFA ratio than those fried with sunflower
oil. A low w-6/w-3 PUFA ratio has been recommended since a high intake of w-6 fatty acids
may reduce the formation of anti-inflammatory mediators by w-3 fatty acids (Aranceta &
Pérez-Rodrigo, 2012). Consequently, different health authorities and scientific organizations
now recommend an increase in the dietary intake of w-3 PUFAs to achieve nutrient adequacy
and to prevent cardiovascular diseases (Gebauer, Psota, Harris, & Kris-Etherton, 2006).
Additionally, even though heat treatments favored the occurrence of trans fatty acids in fried
vegetables, especially in those fried in sunflower oil, the amount of trans fatty acids was very
low in all cases. In all samples the major trans fatty acid was elaidic acid (C18:1A9t) which
probably could be formed during heat treatment by changes from cis to trans configuration
of the double bond of oleic acid (C18:1). However, the sum of all trans linoleic acids (t-
linoleic, c-t-linoleic and t-c-linoleic acids) represented the most abundant trans fatty acids
fraction in those sunflower oil fried vegetables, while they are hardly present in olive oil fried
samples, and totally absent in fresh oils. Wolff (1994) reported that heating at high
temperature (240°C) affects mainly octadecatrienoic acids such as linoleic and linolenic
acids, which undergo cis-trans isomerization of their double bonds. Probably, the lower
temperature applied during the frying process of vegetable samples (115°C) induces the
formation of low amount of trans fatty acids. These results are in agreement with the little
impact on trans fatty acids observed when unhydrogenated edible oils are used in ordinary
frying process (Tsuzuki, Matsuoka, & Ushida, 2010). The intake of trans fatty acids has been
associated with health disorders such as cardiovascular diseases, breast cancer or attention-
deficit/hyperactivity disorder (Mensink & Katan, 1990; Willett et al., 1993; Chajés et al.,
2008; Ruano et al., 2011; Kim et al., 2012). Then, the intake of trans fatty acids has to be
as low as possible (EFSA, 2010).

Therefore, according to their lower w-6/w-3 PUFA ratio, their higher w-3 fatty acids, and
their lower trans fatty acids, it could be preferable the use of olive oil instead of sunflower oil
for frying vegetables. Nevertheless, the global diet and not only the fat provided by one
individual food should be considered for health recommendations. Fried vegetables were the

samples with the highest caloric intake contribution (more than 100 Kcal/100g in all fried
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samples) due to the fat content. Despite the absence of fat in griddled vegetables, their
energy value was significantly higher than that of the raw ones, due to water losses and the
subsequent relative increase of the carbohydrates. However, griddled vegetables provided
around half of the energy of fried samples, so they could be of a high interest from a
nutritional point of view in order to increase the variety of the culinary techniques that can

be used in low caloric diets.

The influence of heat treatment on antioxidant capacity and (poly)phenolic compounds
of selected vegetables (onion, green pepper and cardoon) was evaluated and the results
were published in Food Chemistry journal (Juaniz et al., 2016). A total of seven flavonoids
were identified and quantified in raw and heat treated onion samples. The most abundant
(poly)phenolic compounds in onion were quercetin glucosides, which accounted
approximately for 90% of total flavonoids in all samples. This is quite similar to the
percentage of quercetin glucosides (83-93% of the total flavonols content) reported by
Lombard et al. (2005). Glucosides of isorhamnetin were also detected. Aglycones of these
two flavonoids, as well as other minor flavonoids such as kaempferol, luteolin and myricetin
derivates, or phenolic acids, previously identified in onion by other authors, were not
detected in our samples, probably due to differences in onion varieties, as well as factors like
cultivar (Sellappan & Akoh, 2002; Lanzotti, 2006; Rodriguez Galddn, Rodriguez Rodriguez, &
Diaz Romero, 2008; Lu et al., 2011; Simin et al., 2013). However, in all studies found,
quercetin derivates were also the main compounds in raw onion. All heat treatments applied
in the present study resulted in the increase of (poly)phenolic compounds in onion. Griddled
onion had the highest amount of flavonoids with an increment of 57.35% compared to raw.
Additionally, the use of olive oil for frying resulted in a higher increase of flavonoids
(34.55%) than the use of sunflower oil (15.44%). However, in literature, both losses and
gains in (poly)phenolic compounds content, especially quercetin derivates, after cooking
process of onions have been reported depending on the heat treatment conditions. Quercetin
derivates did not significantly change when brown-skinned onion was fried during 5 minutes,
whereas at higher frying times (15 minutes) it decreased significantly (Price & Rhodes,
1997). Lombard et al. (2005) also showed how different heat treatments could affect
phenolic content; baking or sauteing increased concentrations of predominant quercetin
derivates in 25% and 7%, respectively, compared to raw onions, as it occurred in the
present study, while boiling decreased total flavonoid concentration in 18%. However, other
authors reported that frying process induced 21-39% losses of flavonoids in onion (Crozier,
Lean, McDonald, & Black, 1997; Ewald, Fjelkner-Modig, Johansson, Sjoholm, & Akesson,
1999) while others reported no significant changes in the total levels of quercetin diglucoside

and monoglucoside (Rodrigues, Pérez-Gregorio, Garcia-Falcén, & Simal-Géndara, 2009).

In the present study, all compounds tended to increase after cooking process, but molar
ratio of quercetin diglucoside/quercetin glucoside decreased with the frying process. In olive
oil fried onion and in sunflower oil fried onion, quercetin diglucoside/glucoside had ratios of
0.74 and 0.72, respectively, lower than that of the raw onion (0.83). These results suggest
that during frying process, glucosides of the quercetin diglucosides are thermohydrolyzed
producing the corresponding monoglucoside as discussed by several authors (Rohn, Buchner,
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Driemel, Rauser, & Kroh, 2007; Rodrigues et al., 2009). However in griddled onion, total
onion quercetin diglucosides significantly increased, probably due to the degradation of other
quercetin derivates such as quercetin triglucoside, that may be strongly linked to other
structures in the food matrix and thus have not been fully extracted. Although some authors
reported that quercetin monoglucoside can be also deglycosilated by thermohydrolysis to the
corresponding aglycon (Rohn et al.,, 2007; Rodrigues et al., 2009), no quercetin or
isorhamnetin aglycons were detected after the cooking process in the present work, in
agreement with Harris et al. (2015), probably due to both heat degradation and their
contribution on the formation of Maillard reaction products, like melanoidins (Pérez-Jiménez,
Diaz-Rubio, Mesias, Morales, & Saura-Calixto, 2014).

A total of twelve flavonoids and three phenolic acids were identified in green pepper.
Flavonoid compounds (quercetin and luteolin derivates) were also the main (poly)phenolic
compounds in green pepper, accounting for more than 90% of total phenolic compounds. As
well as in onion samples, no aglycone flavonoids were detected. Quercetin rhamnoside and
luteolin 7-O-(2-apiosyl-6-malonyl) glucoside were the most abundant in all green pepper
samples, accounting for around 80% of total phenolic compounds. These results are in
agreement with those reported in previous studies in raw green pepper (Marin, Ferreres,
Tomas-Barberan, & Gil, 2004). In green pepper, also an increase of the total (poly)phenolic
compounds after heat treatment was observed. Griddled pepper had the highest amount of
phenolic compounds (0.96 mg (poly)phenolic compounds/ g sample dm). Frying also induced
an increase of (poly)phenolic compounds, but the use of olive oil for frying resulted in a
lower increase in flavonoids, and therefore in total (poly)phenolic compounds (48.14%) than
with sunflower oil (103.70%). Caffeic acid derivates, as well as luteolin hexoside-pentosides

and luteolin glucosides, were only found after the heat treatment.

In contrast to the phenolic compounds characteristics of onion and green pepper, the most
abundant (poly)phenols of cardoon were chlorogenic acids (four caffeoylquinic acids (CQA),
six diccaffeoylquinic acids (diCQA), three succinyldicaffeoylquinic acids (succinyldiCQA) and
one disuccinyldicaffeoylquinic acid (disuccinyldiCQA). These last compounds were reported
for the first time in raw cardoon leaves (C. cardunculus L.) by Pinelli et al. (2007). In the
cardoon stalks of the present study, CQAs and diCQAs accounted for 80-90% of total
(poly)phenolic compounds. Traces of some flavonoids were also detected in cardoon, mainly
in griddled one. As well as in onion and green pepper, the total amount of (poly)phenolic
compounds identified by HPLC increased after cardoon heat treatment. The increment in
total (poly)phenolic compounds was higher in griddled cardoon (203.06%) than in sunflower
oil fried cardoon (44.25%) and in olive oil fried cardoon (25.47%). This could be due to the
higher temperature applied during the griddling treatment (150°C) than that applied during
the frying processes (115°C), which might favor the release of these compounds from the
food matrix, specially 5CQA which increased dramatically after the griddling process probably
due to the hydrolysis of diCQAs compounds. On the other hand, the lower increment in fried
samples may be due to the slight decrease of 5-CQA after frying processes both with olive

and sunflower oils, maybe due to isomerization into other CQAs. These results are in
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agreement with Ferracane et al. (2008) which confirmed that cooking practices caused a

marked intramolecular transesterification of caffeoylquinic acid.

In summary, all heat treatments, and particularly griddling, tend to increase the
(poly)phenols content in the chosen vegetables suggesting a thermal destruction of cell walls
and sub cellular compartments during the cooking process that favor the release of these
compounds. This increase, especially that observed for chlorogenic acids (CQAs, diCQAs and
succinyldiCQAs), was significantly correlated with an increase in the antioxidant capacity
measured by DPPH (r=0.70, p<0.001). Griddled cardoon is the vegetable with both the
highest amount of phenolic compounds and the highest scavenging activity (DPPH). Also
ABTS increased after the heat treatment in cardoon samples, but decreased in onion and
green pepper samples, probably due to the degradation of other thermolabile non-phenolic
antioxidants. In onion, this disagrees with the findings of no losses or increases in the ABTS
antioxidant activity after frying and griddling (Jiménez-Monreal, Garcia-Diz, Martinez-Tomé,
Mariscal, & Murcia, 2009; Pellegrini et al., 2009), probably due to the different heat
treatment applied as well as onion varieties. In green pepper, previous studies also reported
losses on ABTS scavenging capacity after frying (30-50% losses) and griddling (5-30%
losses), but these losses were lower than those found in the present study, probably due to
the shorter time of cooking (up to 8 min vs 15 min in the present study) (Jiménez-Monreal et
al., 2009).

(Poly)phenolic compounds are present free, esterified and covalently bound to other
macromolecules like fiber, carbohydrates and proteins, modulating their bioaccessibility. Up
to now, only the free fraction of (poly)phenolic compounds was analyzed in the present
study. The increase of this fraction after heat treatment suggests the release of
(poly)phenolic compounds from those bound to macromolecules. Then, the next step was the
application of an alkaline hydrolysis before (poly)phenols extraction and HPLC analysis, in
order to know the (poly)phenol profile of the bound fraction. Simultaneously, the free
fraction (extraction without hydrolysis) was also analyzed. Due to the different (poly)phenol
profile, green pepper (rich in flavonoids) and cardoon (rich in chlorogenic acids) were chosen
to be studied and the obtained results were published in the Journal of Functional Foods
(Juaniz et al., 2016, 2017). Results were expressed as pmol/g (dm) in order to discuss the

gastrointestinal bioaccessibility and catabolism of (poly)phenolic compounds.

In green pepper samples, a total of 21 (poly)phenolic compounds were identified and
quantified in the new HPLC-MS analysis. At least 9 of them were not identified in the
previous experiment. Similarly, flavonoids, and particularly quercetin rhamnoside, were
again the main compounds found both in raw and cooked samples. All flavonoids were
mainly detected in the analyzed free fraction, although some of them, as rutin, quercetin
glucoside, quercetin rhamnoside, luteolin 8-C-hexoside and Iuteolin 7-0-(2-apiosyl)
glucoside, were also found in the bound fraction. In contrast, some hydroxycinnamic acids,
such as caffeic and coumaric acids, were found in the bound fraction but they were not
detected in the free one, as in the previous experiment. These compounds could probably be
linked to pepper fiber fraction and released from the food matrix only after the hydrolytic
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process. In raw green pepper, 66 % of the (poly)phenolic compounds were detected as free

compounds while 34% were bound compounds.

In cardoon samples, a total of 17 (poly)phenolic compounds were identified and quantified in
the free and bound fraction, being 5-CQA the main (poly)phenolic compound in all samples,
accounting for more than 50% of the total compounds in both raw and cooked cardoon, in
agreement with the previous experiment. In addition to 5-CQA, other CQAs derivates were
also detected as in the previously experiment, specifically two monoCQAs (3-CQA and 4-
CQA), three diCQAs, two succinyl-diCQAs and one disuccinyl-diCQA were identified, resulting
in CQA derivatives being the most representative compounds in cardoon. As in the previous
experiment, small amounts of flavonoids (luteolin derivatives) were also detected, especially
in the griddled cardoon. Additionally, two caffeic acid glycosides, caffeic acid,
coumaroylquinic acid and coumaric acid were detected in this experiment, but not in the
previous one. Most of the (poly)phenolic compounds were detected in both raw and cooked
cardoon, although some of them (diCQA I and luteolin acetylglucoside II) were only identified
after heat treatment. These compounds were probably strongly bound to the food matrix and
were not easily extracted, even after alkaline hydrolysis. However, intensive heat treatment,
which can induce wall and cell ruptures, may favor (poly)phenol release and extractability
(Palermo, Pellegrini, & Fogliano, 2014; Shahidi & Yeo, 2016). Similarly, diCQA III, caffeic
acid glucoside II, and luteolin glucoside, which were found both in the free and bound
fractions in raw cardoon, were detected in lower amount or were not detected at all in the
bound fraction after the heat treatment, probably due to their release from the food matrix
after the heat treatment, with the subsequent increase in the free fraction. In contrast,
caffeic and coumaric acids, which were found only in the bound fraction, were not released
into the free fraction after heat treatment. These two phenolic acids are probably covalently

attached to the cardoon macromolecules.

After the frying process, (poly)phenolic compounds tended to decrease both in green pepper
and cardoon samples, mainly due to the decrease of bound compounds. In fact, in green
pepper, total (poly)phenolic compounds decreased by more than a half from 12.664 pmol/g
dm in raw pepper to 4.715 and 5.113 pmol/g dm in olive and sunflower oil fried green
peppers, respectively, resulting in a degradation of 50% of free compounds compared with
around 80% of bound (poly)phenolic compounds. In cardoon the degradation of the free
(poly)phenolic compounds was around 35-40% after frying, while the percentage of loss of
the attached compounds was higher (72% in olive oil fried cardoon and 56% in sunflower oil
fried cardoon). In contrast, the amount of (poly)phenolic compounds was not so affected by
griddling process. Although the amount of (poly)phenolic compounds of griddled green
pepper (11.475 pmol/g dm) was also lower than in raw green pepper, this reduction was
much lower than after frying process. In fact, bound compounds decreased only 22%,
representing the 29% of the total (poly)phenolic compounds of griddled green pepper. In
cardoon, griddling process significantly increased the total amount of (poly)phenols
(approximately 12%), resulting the griddled cardoon the sample with the highest content of
(poly)phenolic compounds (69.7 umol (poly)phenolic compounds/g dm), even though the
bound fraction of (poly)phenolic compounds was decreased (19%). The decrease of bound
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compounds observed in cooked samples with respect to raw ones, could be due to the
thermal destruction of cell walls and sub-cellular compartments during the cooking process
that induce the release of these compounds. High temperature applied to foods usually
enhances the release of bound (poly)phenolic compounds (Shahidi et al., 2016), but also
favor Maillard reactions and consequently the formation of typical high molecular weight end-
products, such as melanoidins, that could include or retain (poly)phenolic compounds into
their structures (Nunes & Coimbra, 2010). Some studies confirmed that higher roasting
temperature induced higher formation of melanoidins (Bekedam, Loots, Schols, Van Boekel,
& Smit, 2008; Sacchetti et al., 2016). Additionally, some studies about coffee reported the
incorporation of chlorogenic acids and other phenolic compounds into melanoidins, which
may reach an astounding 54% mainly by non-covalent interactions (Bekedam, Schols, et al.,
2008; Nunes et al., 2010; Morales, Somoza, & Fogliano, 2012; Monente, Ludwig, Irigoyen,
De Pefia, & Cid, 2015). Thus, the higher temperature applied during griddling process
(150°C) compared to frying (115°C) could also explain a higher incorporation into
melanoidins inducing a lower decrease of bound compounds. Other authors also suggested
that part of the bound phenolics were released during lentils boiling, and some of them
remained linked to other macromolecules, like proteins, starch and cellulose (Yeo & Shahidi,
2017).

Although there is no direct relationship between chemical extractability and bioaccessibility,
it can be hypothesized that the rupture of the plant structures could facilitate the action of
gastrointestinal enzymes and might increase the bioavailability of (poly)phenolic compounds
and, consequently, their health benefits. Therefore, after the characterization of nutritional
and (poly)phenolic compounds (free and bound), the selected vegetables, green pepper and
cardoon, both raw and cooked, were submitted to a simulated gastrointestinal digestion and
a further fecal fermentation in order to evaluate the bioaccessibility of the main free and

bound (poly)phenolic compounds and their metabolites.

The bioaccessibility of (poly)phenolic compounds of both green pepper and cardoon after a
simulated gastrointestinal digestion was highly influenced by the previous heat treatment or
its absence. An evident decrease of total (poly)phenolic compounds was observed in raw
samples after digestion. In raw green pepper, rich in flavonoids, 52% of total (poly)phenolic
compounds were degraded, whereas only 2% of the (poly)phenolic compounds of raw
cardoon, whose main compounds were chlorogenic acids, remained bioaccesible after
gastrointestinal digestion. Non-flavonoid compounds and specifically chlorogenic acids (in
cardoon) seems to be more prone to be degraded by gastrointestinal digestion than
flavonoids (in green pepper). The losses in green pepper were mainly due to the decrease of
the bound (poly)phenols, through their release from the food matrix into the free fraction as
a consequence of the enzymatic action and pH conditions (Shahidi et al., 2016). In cardoon,
even bound chlorogenic acids were also degraded or released into the free fraction, free
(poly)phenols were degraded at a higher rate than in green pepper. Gastrointestinal
digestion also produces losses of total (poly)phenolic compounds in cooked samples,
however the bioaccessibility of phenolic compounds after digestion was much higher in
cooked samples than in raw ones. In green pepper, the 82%, 96% and 100% of the total
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amount of (poly)phenolic compounds of undigested griddled green pepper, olive oil fried
green pepper and sunflower oil fried green pepper, respectively, were bioaccessible after
gastrointestinal digestion, compared to 48% in raw green pepper. In cooked cardoon
samples, between 60 and 67% of the (poly)phenols remained bioaccessible after digestion in
comparison with the 2% of the raw cardoon. In other chlorogenic acids-rich foods like coffee,
the roasting process has been reported to induce a high decrease (up to 95%) of these
(poly)phenolic compounds (Clifford, 1999; Ludwig et al., 2014), but part (23%) of the
chlorogenic acids and other phenolic acids are incorporated into the structures of melanoidins
formed by Maillard reactions (Coelho et al., 2014) or linked by non-covalent interactions up
to 54% (Bekedam, Schols, et al., 2008; Nunes et al., 2010; Morales et al., 2012; Monente,
et al., 2015). Coffee chlorogenic acids have shown to be quite stable during gastrointestinal
digestion (Olthof, Hollman, & Katan, 2001; Rechner, Spencer, Kuhnle, Hahn, & Rice-Evans,
2001; Monente, Ludwig, Stalmach et al., 2015), probably due to these complex “inclusive”
melanoidinic structures. Similarly, in the present study, cooked cardoon showed a higher
bioaccessibility of (poly)phenolic compounds after simulated gastrointestinal digestion (60-
67%) in comparison with raw cardoon (2%), where no Maillard reaction took place. Fried
vegetable samples, both with olive oil and sunflower oil, showed higher bioaccessibility of
(poly)phenolic compounds than the griddled ones. This suggests that fat content could
modulate and exert a protective effect against enzymatic action. In spite of the higher
(poly)phenols bioaccessibility percentages in fried samples, both griddled green pepper and
griddled cardoon remained being the samples with the highest amount of (poly)phenolic
compounds after gastrointestinal digestion (9.447 and 41.853 pmol (poly)phenolic
compounds/g dm, respectively) because of the highest amount of bound compounds. Some
studies focused on the bioaccessibility of (poly)phenolic compounds in other vegetables
foods, such as tomatoes and cauliflower, also demonstrated a higher bioaccessibility after
thermal treatment (Bugianesi et al., 2004; Girgin & El Nehir, 2015).

Considering the individual (poly)phenolic compounds, no new compounds were found after
the digestion process in both green pepper and cardoon samples although flavonoid
aglyconic forms could be expected. Actually, the loss of the glycosidic moieties is due to
membrane-bound glycosylases found on the brush border of the mammalian small intestine
(Day et al., 2000; Németh et al., 2003), which are clearly not present under the adopted
conditions. However some chemical reactions such as isomerization can be observed, mainly
in cardoon chlorogenic acids. Isomerization from 5-CQA to 3-CQA is highly pH dependent and
may occur during the intestinal step of the digestion process (alkaline pH) (Bermudez-Soto,
Tomas-Barberan, & Garcia-Conesa, 2007; Erk et al., 2014; Monente, Ludwig, Stalmach et
al., 2015; Mawalagedera, Ou, McDowell, & Gould, 2016). This might explain the 5-CQA
degradation (59 and 64% bioaccessibility) and the simultaneous 3-CQA increase (191 and
156% bioaccessibility) observed in olive and sunflower oil fried cardoon samples submitted
to gastrointestinal digestion. Similarly, other isomerization reactions might take place among
diCQAs, increasing 143-377% bioaccessibility of diCQA II. Since this behavior was mainly
observed in fried samples, the presence of fat might have a relevant role in these

isomerization reactions.
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After the intake of vegetables, the levels of flavonoids and non-flavonoids in plasma are low
(Aura, 2008), probably related to their limited absorption (Walle, 2004; Manach, Williamson,
Morand, Scalbert, & Rémésy, 2005; Dupas, Marsset Baglieri, Ordonaud, Tomé, & Maillard,
2006; Jaganath, Mullen, Edwards, & Crozier, 2006; Monente, Ludwig, Stalmach, et al.,
2015;). In fact, (poly)phenols bioavailability in the first gastrointestinal tract has been
estimated in less than 20% (Hu, 2007). Therefore, most of the (poly)phenolic compounds
are unabsorbed and potentially reach the colon, where the colonic microbiota actively
participates in their catabolic process. In the present study an important microbial metabolic
activity was observed resulting in the degradation of most of the parent (poly)phenolic
compounds and, consequently, in the increase of some compounds and the further
generation of new metabolites. According to the obtained amounts of native (poly)phenolic
compounds and catabolites during 24h fecal fermentation of digested green pepper and
cardoon, and based on previous studies in the literature, catabolic pathways for quercetin,
luteolin and caffeoylquinic acids derivatives from microbial degradation in the colon were

proposed (Figure 1).

Figure 1. Proposed catabolic pathways for quercetin, luteolin and caffeoylquinic acids

derivatives microbial degradation in the colon after gastrointestinal digestion.
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In flavonoids, an important microbial metabolic activity was observed, which resulted in the
deglycosilation of flavonoid glucosides and the consequent formation of aglycones. In green
pepper samples, quercetin-based compounds were quickly metabolized and during the first
few minutes of colonic biotransformation the amount was halved, while the aglycone
increased simultaneously, detecting the highest amount of quercetin after 5 hours of fecal
fermentation. However, the recovered amount of quercetin after 5 h did not correspond to
the total of the native quercetin derivatives, indicating that also the aglycone, once released,
could be rapidly degraded, in agreement with previously reported results (Serra et al.,
2012). Similarly, luteolin aglycone was rapidly released at the beginning of the fecal
incubation. However, luteolin derivatives were not degraded as fast as luteolin was formed,
letting us to hypothesize that Iluteolin could have also derived from quercetin
dehydroxylation. In general, O-glucosides of both luteolin and quercetin were almost
completely metabolized by the intestinal microbiota while C-glucosides were much more
slowly degraded, and some of them, like luteolin 8-C-hexoside, still remained present after
24 h of fecal incubation. In cardoon samples, every luteolin derivates were degraded during
fecal fermentation, probably because all of them were O-glucosides. These results are in
agreement with those reported by Hein et al. (2008), who observed a complete metabolism
of O-glycoside compounds between 20 min and 4 hours of fecal incubation, whereas C-

glycoside compounds were only partially reduced.

Both Iuteolin and quercetin are subjected to ring fission, resulting in the formation of
dihydrocaffeic acid, which could be further degraded to new catabolites (Serra et al., 2012).
Ring fission of quercetin could also result in the formation of protocatechuic acid (Rechner et
al., 2004). Hein et al. (2008) reported the complete metabolization of the released aglycones
within 8 hours of fecal incubation. Nevertheless, in the present study, luteolin aglycone was
substantially metabolized within 5 hours, whereas low amounts of quercetin still remained
after 24 h of fecal incubation. The highlighted difference between the compared studies could
be linked to the source of native compounds used in the model, as Hein et al. (2008)
employed only standard molecules, not a food matrix. Therefore, it could be hypothesized
that food matrices used in the present study could have influenced the metabolism of
quercetin derivatives, preventing their complete degradation.

Concerning phenolic acids, the compounds detected on the digested fraction of both green
pepper and cardoon were quickly metabolized by gut microbiota, and no native compounds
were detected after 5 h of fecal fermentation in green pepper whereas in a chlorogenic acids-
rich vegetable like cardoon, low amount in 5-CQA and caffeic acid were found especially in
the cooked samples. Firstly, successive ester hydrolysis took place in CQAs derivates like
diCQAs or succinildiCQAs, resulting in the release of their corresponding CQAs, mainly 5-
CQA. Next, the major catabolic pathway of CQAs was their transformation into caffeic acid by
the action of bacterial esterases (Rechner et al., 2004; Ludwig, de Pefia, Cid, & Crozier,
2013; Tomas-Barberan et al., 2014). In addition, caffeic acid could also be formed from
caffeic acid glucosides by deglycosilation. Both processes could explain the increase in caffeic
acid observed during the first 15 min of fecal incubation, for green pepper and fried cardoon

samples, probably modulated by the food matrix, the initial amount of caffeic acid and the
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presence of fat. Caffeic acid was then hydrogenated into dihydrocaffeic acid (Rechner et al.,
2004; Ludwig et al., 2013; Tomas-Barberan et al., 2014). The high amount of CQAs in
cardoon samples gave rise to a greater amount of caffeic acid than green pepper samples,
which could not be completely metabolized after 24 hours by colonic microbiota into 3-(3’,4'-
dihydroxyphenyl)propionic acid (dihydrocaffeic acid). Additionally, hydrogenation was also
reported as one of the first catabolic steps of CQAs, yielding dihydrocaffeoylquinic acid, which
was further transformed into dihydrocaffeic acid by ester bond hydrolysis reactions (Tomas-
Barberan et al., 2014). Since dihydrocaffeoylquinic acid formation is CQA dose dependent
(Tomas-Barberan et al., 2014), this catabolite was only detected in cooked cardoon samples,
which were the samples with the highest amount of CQAs in their composition in the present

study.

Dihydrocaffeic acid should be consider as an intermediate catabolite, since it may
subsequently undergo either dehydroxylation, resulting in the production of 3-(3’-
hydroxyphenil)propionic acid, or via two a-oxidation steps, resulting in the formation of 3,4-
dihydroxybenzoic acid (protocatechuic acid) acting 3’,4’-dihydroxyphenylacetic acid
(homoprotocatechuic acid) as an intermediate. Actually, 3-(3’-hydroxyphenyl)propionic acid
was by far the most abundant catabolite found after 24 h of fecal incubation in both cardoon
and green pepper. This compound has also been reported to be one of the main colonic
catabolites of 5-CQA found in in vitro experiments or after consumption of coffee brew, rich
in CQAs (Gonthier et al., 2006; Ludwig et al., 2013). Contrarily, 3',4'-dihydroxyphenylacetic
acid was not detected in either cardoon or green pepper samples during fecal fermentation,
probably because of its rapid rate of conversion into 3,4-dihydroxybenzoic acid
(protocatechuic acid) (Ludwig et al., 2013), which was detected in substantial amounts in 5 h
fermented samples, and still remained in considerable amounts after 24 h of fecal incubation.
Actually, Aura et al. (Aura et al., 2002) detected the highest concentration of 3’,4'-
dihydroxyphenylacetic acid within 2 h of fecal incubation, a time point not considered in the
present study. Recently, a direct formation of 3-4-dihydroxybenzoic acid (protocatechuic)
from dihydrocaffeic acid via p-oxidation has also been suggested (Kay, Pereira-Caro, Ludwig,
Clifford, & Crozier, 2017). Like 3’,4’-dihydroxyphenylacetic acid, other minor catabolites
previously reported as being generated after (poly)phenol compound fecal biotransformation,
such as phenylacetic acid, hydroxyphenylacetic acid, hydroxybenzoic acid or benzoic acid
(Aura et al., 2002; Serra et al., 2012, Ludwig et al., 2013) were not detected in the present
study. This could be due to the different fermentation times applied, as 3-
hydroxyphenylacetic acid was formed by dehydroxylation of 3,4-hydroxyphenylacetic acid
after 8 h incubation (Aura et al., 2002), while other catabolites presented the maximum
amount after 48 h of fecal incubation and only low quantities were detected after 24 h (Serra
et al., 2012).

Finally, regarding the influence of heat treatment on fecal metabolism, overall only
differences in the total amount of catabolites were observed between raw and cooked
samples, whereas no differences were detectable in the number of identified catabolites with
the exception of dihydrocaffeoylquinic acid, which was only detected in cooked cardoon
samples due to the high amount of CQAs. In green pepper, from the total amount of
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(poly)phenolic compounds and catabolites present after digestion, around 41-53% remained
bioaccesible after 24 h of fecal incubation, being griddled green pepper the sample with the
highest amount of (poly)phenolic compounds and catabolites after fecal fermentation
(4.198 umol (poly)phenolic compounds/g). In the case of cardoon, around 30-40% of
(poly)phenolic compounds and catabolites of digested cooked samples were bioaccesible
after fecal fermentation. Also griddled cardoon was the sample with the highest amount of
(poly)phenolic compounds, including catabolites, after 24 h of fecal incubation (12.489 umol
(poly)phenolic compounds/g). Therefore, griddling process can be suggested as the most
appropriate cooking technique to maintain both native (poly)phenolic compounds and
catabolites, bioaccesible to be absorbed in the gut, or even to have an influence on the
intestinal microbiota (Blaut, Schoefer, & Braune, 2003) and exert health benefits (Verzelloni
et al., 2011; Masella et al., 2012; Duda-Chodak, Tarko, Satora, & Sroka, 2015). However,
the positive effects of these metabolites on health are still unclearly defined, and further
studies are necessary in order to better understand the mechanism of action of these
compounds within the human organism, including gut microbiota. Further studies are also
clearly needed to investigate the absorption of (poly)phenolic compounds and their
subsequent transformation during phase II enzymatic metabolism resulting in

glucuronidated, sulphated and methylated derivatives (Aura, 2008; Del Rio et al., 2013).

In summary, it has been demonstrated that heat treatments, especially those carried out at
the highest temperature (griddling), of green pepper and cardoon enhances the
bioaccessibility of the (poly)phenolic compounds, which remain in greater amount after in
vitro gastrointestinal digestion and fecal fermentation. Heat treatment also induces other
significant changes such as water loss, changes in the total fat content and in the fatty acid
profile, as previously demonstrated in the present study, as well as degradation of other
thermolabile compounds, and the formation of others due to heat-induced chemical reactions
(Miglio, Chiavaro, Visconti, Fogliano, & Pellegrini, 2008; Miranda et al., 2010). Additionally,
cooking processes, especially those more intense, develop the typical sensorial properties
and palatability of roasted and fried foods due to Maillard reactions, including brown color,
crunchy texture, and induce the formation of volatile compounds that provide their
characteristic aroma and flavor, among which are furanic compounds (Maga, 1979; Anese &
Suman, 2013). Since furan has been classified as a possibly carcinogenic to humans (group
2B) by the International Agency for Research on Cancer (IARC, 1995) its formation on

different cooking foods including vegetables might be of a great interest to be studied.

In the present study the occurrence of furan in five vegetables (yellow onion, green
pepper, cardoon, cabbage and chicory) used as base ingredients or garnish in typical dishes
in Spanish cuisine after frying with olive or sunflower oil or after griddling was analyzed.
These results were compared with those obtained in foods that, due to their composition
(bread coated frozen foods) and to the intense heat treatment usually applied before
consumption (deep-frying) are very prone to the formation of furan (Fromberg, Fagt, &
Granby, 2009; Arisseto, Vicente, Ueno, Tfouni, & Toledo, 2011). The obtained results were
published in LW- Food Science and Technology journal (Juaniz et al., 2016).
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Regarding vegetables, furan was only found in griddled onion at low level (3.5 pg/kg), and in
the other griddled vegetables below the limit of quantification of 2.3 pg/kg or the limit of
detection of 0.7 pg/kg. Furan was not detected in any of the raw or fried vegetable samples.
Furan values in vegetables reported by EFSA (2011) were higher than those resulting on the
present study. Since canned and jarred products present high levels of furan (US FDA, 2004)
it is probably that EFSA data mainly include this kind of vegetables. The high consumption of
onion might contribute up to 368 ng/kg bw/day of furan intake for the worst scenario.
However, onion is mainly consumed raw in salads or fried, in which samples furan content
was not found. Therefore, only in the case of the consumption of onion treated by griddling,
which is less common than the other culinary techniques, it could contribute to furan dietary
exposure. The consumption of the other vegetables analysed in the present study did not

suppose a significant intake of furan.

As expected, furan levels increased in all bread coated frozen foods (ham croquettes, squid
rings, tuna pasties, churros, nuggets, fish fingers, onion rings and san Jacobos) after frying
with either fresh or reheated olive oil. In raw foods, furan was only found in tuna pasties (16
Hg/kg), probably due to their filling (tuna in tomato sauce) previously cooked. After frying,
furan levels increased in all samples. In samples fried in fresh oil, furan levels ranged
between 16 pg kg-1 (fish fingers) and 115 ug/kg (onion rings). When reheated oil was used,
furan levels tended to be higher in many cases, ranging from 12 pg/kg (tuna pasties) to
172 ug/kg (onion rings). However, no significant differences were found in ham croquettes,
tuna pasties, nuggets and fish fingers fried using either fresh or reheated oil. Therefore, the
use of reheated oil seemed to have lower influence in furan formation than the frying process
itself. Because in the present study the same time (6 min) and temperature (190 °C) were
applied for frying all bread coated frozen foods, the different food composition might explain
the different levels of furan. On the other hand, the longer time in comparison to that applied
for French fries and homemade crisps (3-3.5min at 190 °C) (Fromberg et al., 2009) might
explain the higher values of furan in the present study. Moreover, the Maillard browning
reactions induced by frying at high temperatures in a dough (churros and tuna pasties) or
food samples with a carbohydrate-rich external coat, such as bread (ham croquettes, fish
fingers, nuggets and san jacobos) or a dough (squid rings and onion rings), might explain
the formation of higher furan content in our samples than in toasted bread slices or also in
coffee brew, two of the previously reported foods with the higher furan levels (Fromberg et
al., 2009; EFSA, 2011). A dietary exposure from 4.7 to 178 ng /kg bw/day of furan was
estimated for Spanish population due to the consumption of the fried frozen precooked food
analyzed in the present study taking into account the mean and P99 consumption of these
foods reported by the Spanish Dietary Intake Survey (AECOSAN, 2011). Unheated olive oil
contained low amount of furan (2.5 pg/kg), in agreement with that found in other vegetable
oils (EFSA, 2010b, 2011), but lower than that reported for olive oil by Fromberg et al.
(2009). However, olive oil after used as frying agent contained between 14 and 17 ug7kg.
This may be due to the formation of furan from unsaturated fatty acids at high temperatures
(Becalski & Seaman, 2005), and the retention of furan formed in fried foods or in their

residues by oil (Van Lancker, Adams, Owczarek, De Meulenaer, & De Kimpe, 2009). Olive oil
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has been estimated as one of the main foods which might contribute to furan intake among
Spanish population (up to 1463 ng/kg bw/day of furan for the worst scenario) due to its high
consumption in Spain. However, it has to be considered that most of the olive oil is
consumed unheated, mainly in salads, which present very low furan content (2.5 pg/kg)
providing a furan intake of 57 and 192 ng/kg bw/day for those consumers with a mean and

P99 food consumption, respectively.

Finally, the total exposure of furan in Spanish population was also estimated based on data
of furan content (mean and P95) per main food category reported by EFSA (2011) and the
consumption of those foods by Spanish population (AECOSAN, 2011). A total mean dietary
exposure of furan of 239 ng/kg bw/day was estimated for Spanish population. This result is
in the range reported by EFSA (2011) for European adults (30 and 580 ng/kg bw/day).
However, taking into account the worst scenario, that is the high consumption (P99) of
different foods with the highest content of furan (P95), total dietary exposure of furan could
reach up to 4372 ng/kg bw/day. In European adult populations, coffee brew, with a range of
furan levels between 42-45 pg/kg (mean) and 228 pg/kg (P95) (EFSA, 2011), has been
proposed as the major contributor to furan intake (Fromberg et al., 2009; EFSA, 2011; Sijia,
Enting, & Yuan, 2014). However these values might be overestimated, due to the high
consumption of coffee brew in Northern European countries (more than 10 ml/kg bw/day of
coffee) that usually has been taken to estimate furan content (Fromberg et al., 2009). In
Spain, for example coffee brew consumption is much lower (up to 5.4 mil/kg bw/day)
(AECOSAN, 2011), thus coffee is not the main furan contributor in the Spanish population
with an average consumption of this brew. The highest furan exposure in the Spanish
population is due to cereal products. This could be due to the fact that the category “cereal
products” in Spanish survey covers a wide range of products, and consequently its
consumption might be overestimated. EFSA report only collected furan data from 4 cereal
products samples from Spain, but it is difficult to know what are the specific foods included.
Taking into account that typical Spanish fried foods such as churros, croquettes and pasties
are included in the category “cereal products” (AECOSAN, 2011), and that as far as we know
this is the first study that reports furan content in these products, it is suggested that EFSA
data should be revised to include them.

With these data, MOEs of furan were calculated in order to estimate a preliminary approach
for risk assessment. According to the EFSA (2005), a MOE of 10,000 or higher would be
considered as a low public health concern and reasonably as a low priority for risk
management actions. WHO (2011) obtained MOEs of furan of 960 and 480 for average and
high dietary exposures, respectively. Therefore, the Committee considered that these MOEs
indicate a human health concern for furan. In the case of the total furan exposure in Spanish
population, MOEs were also below 10,000 in all scenarios. When MOEs were calculated for
fried frozen precooked food samples for Spanish population, results showed that furan could
suppose a possible public health risk only in the case of people with the highest consumption
of these food products. Regarding vegetables, MOEs were not calculated due to the low

levels of furan.
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Despite the potential risk of furan in the Spanish population, taking into account the
limitation of the low number of samples in the present study, further studies with a higher
number of samples from different commercial brands, homemade products, and other ethnic
foods should be developed to provide exposure data for a final risk assessment. Additionally,
taking into account that 93.6% of the collected furan results in EFSA report (2011) were
derived from samples without cooking processes, data should be continuously revised
including higher numbers of foods cooked at different conditions. Other aspects, such as the
volatilization of furan during the time between cooking and consumption or the reheated
process should also be considered. Some authors found a decrease in furan levels (Zoller,
Sager, & Reinhard, 2007; EFSA, 2011), while others reported a furan increase during cooling
in toasted bread (Fromberg et al., 2009). Additionally, some authors reported furan losses
during warming under different times (Goldmann, Périsset, Scanlan, & Stadler, 2005; Zoller
et al., 2007; Fromberg et al., 2009) while others have found that furan persist during
reheating practice ( Hasnip, Crews, & Castle, 2006; Lachenmeier, Reusch, & Kuballa, 2009).
Furthermore, risk assessment of foods should be conducted to consider vulnerable groups,
like adolescents and infants, and professionals in restaurants, caterings, etc.
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Conclusions

In addition to the decrease in water, and the changes in fatty acid profile when fat is
added, heat treatments (frying and griddling) tend to increase the total (poly)phenolic
compounds in selected vegetables (yellow onion (Allium cepa), Italian green pepper
(Capsicum annuum) and cardoon stalks (Cynara. cardunculus L.)), and consequently
their antioxidant capacity, since DPPH and (poly)phenols are correlated (r = 0.70,
p < 0.001).

Heat treatments, especially griddling, favor the release of (poly)phenolic compounds
increasing or at least preserving the main (poly)phenols: quercetin glucosides in yellow
onion, quercetin and luteolin derivates in green pepper and chlorogenic and other

phenolic acids in cardoon.

Although bound (poly)phenolic compounds decrease higher than the free ones during the
heat treatments, they are less affected by griddling (19-22%) than by frying process
(35-80%), probably due to a higher formation of melanoidins that could include or retain

(poly)phenolic compounds into their structures at higher temperature (150°C vs 115°C).

Heat treatments exert a positive effect on the bioaccessibility (%) of (poly)phenolic
compounds in both green pepper (>82% in cooked pepper vs 48% in raw one) and
cardoon (60-67% in cooked cardoon vs 2% in raw one). Therefore, non-flavonoids
compounds and specifically chlorogenic acids (in cardoon) seem to be more prone to be

degraded by gastrointestinal digestion than flavonoids (in green pepper).

After in vitro gastrointestinal digestion, both griddled green pepper and griddled cardoon
still maintain the highest amount of (poly)phenolic compounds (9.447 and 41.853 pmol

(poly)phenolic compounds/g dm, respectively).

Gut microbiota exert a high metabolic activity resulting in a large and rapid (<5h)
degradation of quercetin and luteolin derivatives into their corresponding aglycones, as
well as caffeoylquinic acids derivatives into caffeic acid. The highest bioaccessibility of
(poly)phenolic compounds and catabolites after fecal fermentation is again found in both

griddled green pepper and cardoon.

Catabolic pathways are proposed based on the different catabolites formed during fecal
fermentation of green pepper and cardoon: dihydrocaffeic acid, protocatechuic acid and
3-(3’-hydroxyphenil)propionic acid, as well as dihydrocaffeoylquinic acid, which is only
detected in cooked cardoon samples due to the high amount of CQAs. 3-(3'-
hydroxyphenyl)propionic acid is by far the most abundant catabolite in both raw and

cooked green pepper and cardoon after 24 h of fecal incubation.

Frying process does not result in the formation of furan in vegetables, while low amount
(3.5 pg kgt in griddled onion) or traces of this compound are formed in vegetables after
griddling. Therefore, cooked vegetables do not represent a high exposure to furan. In
contrast, deep-frying process induces the formation of considerable amounts of furan in
bread-coated foods (from 12 pg kg for tuna pasties to 172 pg kg *for onion rings), with
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a furan increase tendency when reheated oil is used, implying a health risk in Spanish

population groups with a high consumption of these frozen precooked products.

9. A total mean dietary exposure of furan of 239 ng/kg bw/day is estimated for Spanish
population, resulting in MOEs below 10,000 in all scenarios, which indicate a human

health concern for furan.

In summary, although low amount of furan is formed, griddling process can be suggested as
the most appropriated cooking technique applied to vegetables to maintain both native
(poly)phenolic compounds and catabolites bioaccesible to be absorbed in the gut, or even to
have a positive influence on the intestinal microbiota. In order to increase the variety of
culinary techniques, when frying process is chosen, olive oil should be the preferable cooking
oil because the high presence of MUFA, especially oleic acid, the higher w-3 fatty acids and

the lower amount of trans fatty acids.
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Ademas de la disminucidn del contenido en agua, y de los cambios en el perfil de acidos
grasos cuando se emplea aceite, los tratamientos térmicos (fritura y plancha) tienden a
aumentar los compuestos (poli)fendlicos en los vegetales seleccionados (cebolla (Allium
cepa), pimiento verde (Capsicum annuum) y cardo (Cynara. cardunculus L.), y por lo
tanto su capacidad antioxidante, ya que el DPPH vy los (poli)fenoles estan correlacionados
(r=0,70, p < 0,001).

Los tratamientos térmicos, especialmente la plancha, favorecen la liberacion de los
compuestos (poli)fendlicos, incrementando o al menos manteniendo los principales
(poli)fenoles: glucdsidos de quercetina en la cebolla, derivados de quercetina y luteolina

en el pimiento verde y acidos clorogénicos y otros acidos fendlicos en el cardo.

Aunque los compuestos (poli)fendlicos unidos disminuyen mas que los libres durante los
tratamientos térmicos, se ven menos afectados cuando se aplica un tratamiento a la
plancha (19-22%) que cuando se aplica la fritura (35-80%), debido probablemente a
una mayor formacion de melanoidinas que podrian incluir o retener compuestos

(poli)fendlicos en sus estructuras (150°C vs 115°C).

Los tratamientos térmicos ejercen un efecto positivo en la bioaccesibilidad (%) de los
compuestos (poli)fendlicos tanto en el pimiento verde (>82% en pimiento cocinado
frente al 48% en el crudo) como en el cardo (60-67% en cardo cocinado frente al 2% en
el crudo). Por tanto, los compuestos no flavonoides y especificamente los acidos
clorogénicos (en cardo) parecen ser mas propensos a ser degradados por la digestion

gastrointestinal que los flavonoides (en el pimiento verde).

Después de la digestidn gastrointestinal in vitro, tanto el pimiento verde como el cardo
cocinados a la plancha contintan manteniendo la mayor cantidad de compuestos

(poli)fendlicos (9,447 y 41,853 umol (poli)fendlicos / g ss, respectivamente).

La microbiota intestinal presenta una alta actividad metabdlica originando una intensa y
rapida degradacién (<5h) de los derivados de quercetina y Iuteolina en sus
correspondientes agliconas, asi como de los derivados de los acidos cafeoilquinicos a
acido cafeico. La mayor bioaccesibilidad de compuestos (poli)fendlicos y catabolitos
después de la fermentacion fecal se presenta nuevamente tanto en el pimiento verde

como en el cardo cocinados a la plancha.

Se han propuesto diversas rutas catabdlicas basadas en los diferentes catabolitos
formados durante la fermentacion fecal del pimiento verde y cardo: acido dihidrocafeico,
acido protocatecuico y acido 3-(3'-hidroxifenil)propidénico, asi como &cido
dihidrocafeoilquinico -sélo detectado en las muestras de cardo cocinado por la gran
cantidad de CQAs que contienen-. El &cido 3-(3'-hidroxifenil)propiénico es, con
diferencia, el catabolito mas abundante después de 24 h de incubacién fecal tanto en el

pimiento verde como en el cardo crudos y cocinados.
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8. El proceso de fritura no da lugar a la formacion de furano en los vegetales seleccionados,
mientras que en los vegetales a la plancha se forman pequefias cantidades (3,5 pg kg™
en cebolla a la plancha) o trazas de este compuesto. Por lo tanto, los vegetales
cocinados no representan una alta exposicion al furano. Por el contrario, el proceso de
fritura en profundidad induce la formacién de cantidades considerables de furano en
alimentos precocinados empanados (de 12 ug kg™ en las empanadillas de atin a 172 ug
kg en los aros de cebolla), con una tendencia a aumentar cuando se emplea aceite
reutilizado. Todo esto implica un riesgo para la salud en grupos de poblacion espafioles

con un elevado consumo de estos productos precocinados empanados.

9. Se estima una exposicidon media total de furano de 239 ng/kg pc/dia en la poblacion
espafola, lo cual se traduce en un MOE inferior a 10.000 en todos los escenarios, lo que

indica que el furano presenta un riesgo para la salud humana.

En resumen, aunque se forme una cantidad baja de furano, se sugiere el proceso de
cocinado a la plancha como la técnica de coccidn mas apropiada aplicada a los vegetales
para mantener tanto los compuestos (poli)fendlicos nativos como los catabolitos
bioaccesibles para ser absorbidos en el intestino o al menos para ejercer una influencia
positiva en la microbiota intestinal. Con el fin de aumentar la variedad de técnicas culinarias,
cuando se elige el proceso de fritura, el aceite de oliva debe ser el aceite elegido debido a la
alta presencia de acidos grasos monoinsaturados, especialmente acido oleico, una mayor

cantidad de acidos grasos w-3 y un menor contenido de acidos grasos trans.

188



RESEARCH DISSEMINATION







Research dissemination

Publications

I.Juaniz, I.A. Ludwig, E. Huarte, G.Pereira-Caro, J.M. Moreno-Rojas C. Cid, M.P. de Pefia.
(2016). Influence of heat treatment on antioxidant capacity and (poly)phenolic compounds of
selected vegetables. Food Chemistry, 197, 466-473. (Q1) (D1)

I. Juaniz, C. Zocco, V. Mouro, C. Cid, M.P. de Pefia. (2016). Effect of frying process on furan
content in foods and assessment of furan exposure of Spanish population. LWT-Food Science
and Technology, 68, 549-555. (Q1)

I. Juaniz, I.A. Ludwig, M. Dall’Asta, L. Bresciani, P. Mena, D. Del Rio, C. Cid, M.P. de Pefa
(2016). Catabolism of raw and cooked green pepper (Capsicum annuum) (poly)phenolic
compounds after simulated gastrointestinal digestion and faecal fermentation. Journal of
Functional Foods, 27, 201-213. (Q1) (D1)

I.Juaniz, I.A. Ludwig, M. Dall’Asta, L. Bresciani, P. Mena, D. Del Rio, C. Cid, M.P. de Pefia.
(2017). Bioaccessibility of (poly)phenolic compounds of raw and cooked cardoon (Cynara
cardunculus L.) after simulated gastrointestinal digestion and fermentation by human colonic
microbiota. Journal of Functional Foods, 32, 195-207. (Q1) (D1)

I.Juaniz, E. Huarte, C.B. de Gorostiza, C. Cid, M.P. de Pena. Impact of heat treatment on

the composition and antioxidant capacity of selected vegetables. In preparation.

Conferences communications

I. Juaniz, M.P. De Pefia, C. Cid. (2014). Poster: “Influence of frying on the formation of
furan in Spanish precooked breaded foods”. In 28th EFFoST Conference. Innovations in
Attractive and Sustainable Food for Health. Uppsala, Sweden. Delegate abstract book
P1.029. (See annex).

I. Juaniz, M.P. De Pefia, C. Cid. (2014). Poster: “Influence of heat treatment (frying and
grilling) on antioxidants of some common consumed vegetables (onion and green pepper)”.
In 28th EFFoST Conference. Innovations in Attractive and Sustainable Food for Health.

Uppsala, Sweden. Delegate abstract book P1.030. (See annex).

I. Juaniz, I.A. Ludwig, G. Pereira-Caro, J.M. Moreno-Rojas, C. Cid, M.P. de Pena. (2015).
Poster: “Heat treatment increase polyphenols levels in onion”. In Future Trends in
phytochemistry in the global era of agri-food and health II. San Pedro del Pinatar, Murcia,
Spain. Book of abstracts 2015; pages 138-139. ISBN: 978-0-9565472-6-2. (See annex).

I. Juaniz, I.A. Ludwig, G. Pereira-Caro, J.M. Moreno-Rojas, C. Cid, M.P. de Pena. (2015).
Poster: “Culinary heat treatments increase polyphenols in selected vegetables of
Mediterranean diet”. In 7th International Conference on Polyphenols and Health. Tours,

France. Book of Abstracts 2015; pages 264. (See annex).

191



Research dissemination

I. Juaniz, M. Dall’Asta, L. Bresciani, P. Mena, D. Del Rio, C. Cid, M.P. de Pena. (2015).
Poster: “Effect of a simulated gastrointestinal digestion on the (poly)phenolic fraction of raw
and cooked vegetables (green pepper and cardoon)”. In 7th International Conference on
Polyphenols and Health. Tours, France. Book of Abstracts 2015; pages 270-271. (See

annex).

192



ANNEX







Annex

.

'Inndvahcms in Attractwe ancl

Sustalnable Food far Health

Ech EFF:-ST Gnnfemm:e | i'th Fatd Fﬂlffﬂl"l_u" for ihc Futurr- Gunferc-nce "o

uuuwmumwmmmww';_m

www.effostconference.com
i



Annex

[P1.0293]
Influence of frying on the formation of furan in Spanish precooked breaded foods
I. Judniz*, M_P_ De Pefia, C. Cid
University of Navarra, Spain

In the last years, consumption of precooked foods that require frying before eating has
increased. Frying process produces changes in foods including the formation of wolatile
compounds such as furan which is potentially carcinogenic. The presence of carbohydrates also
promotes the formation of furan that can be retained in lipid fraction. Furthermore, lincleic acid
one of the main precursors of the furan formation. Then, typical Spanish breaded foods
commonly fried are a good target to study the furan content.

Eight frozen breaded foods acquired in local supemarkets were deep fried in olive oil (190°C,
6min) and furan content was immediately measured by GC-MS. Also, total fat, oleic and linoleic
acids content were evaluated to study the influence of lipid fraction and potential precursors.

In raw foods, furan was only found in tuna pasty (15.66ng/g) probably due to its filling previously
cooked. After frying, furan levels increase significantly. This increment iz not the same for all the
foods, maybe due to differences in their food composition. Onion rings (114.87ngig), followed
by nuggets (65.57ng/g) and churmos (49.60ng/g), were those with high amounts of furan.

Figure 1 Furan {ng/g food) in Spanigh precooked breaded foods both raw and fried in olive oil.

OFaw  mFfednolwe ol i

Furan{ngig)

ham orogueties  cquid rings tuna pacty ohurroc nuggetc fich Mirsganc ocnkon ringe can jacoboc

Different letters indicate significant differences (p = 0.05)

Total fat content was significantly higher in fried foods (13.4-29.3 g/100g). A significantly
increase in oleic acid was observed in all fried samples, except in 3an jacobos due to the use of
olive oil. However, lincleic acid content iz low in all samples. In fact, no significant correlations
have been found between furan and these fatty acids.

In summary, daily consumption of fried precooked foods should be limited in diet because of
both the content of furan and total fat. However, because furan is a volatile compound, further
studies about the losses before consumption at the adequate temperature should be needed.

This regearch was funded by the University of Mavarra (PIUNA) and its Association of Friends.

Keywords: furan, olive oil, frozen foods, frying
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In the last few years, consumption of precooked foods that require
frying before eating has increased. Frying process induces changes
in foods including the formation of volatile compounds such as furan

SPANISH PRECOOKED BREADED FOODS

1. Juaniz, M.P. De Pefia *, C. Cid

Department of Nutrition, Food Science and Physiology, Faculty of Pharmacy.

University of Navarra, Spain. * mpdepena@unav.es

M

S

Ham croquettes

which has been classified as a possible human carcinogen by the
International Agency for Research on Cancer (IARC, 1995)

Furan levels in foods can be influenced by several factors, such as

heat treatment conditions and food composition. Carbohydrate
foods are more prone to the formation of furan, that can be
retained in lipid fraction. Furthermore, linoleic acid is one of the
main precursors of the furan formation. Then, typical Spanish

breaded foods commonly fried are a good target to study the furan

content.

OBJECTIVE

The main aim of this work was to assess the formation of furan in
Spanish precooked breaded foods after a frying process, as well as
to calculate Spanish population furan exposition due to the
consumption of these products. Additionally, the influence of lipid

fraction on furan formation and fat intake have been evaluated.

RES

Figure 1 Furan (ng/g food) in Spanish precooked breaded foods both raw and fried

in olive oil.

ORaw B Fried in ofive oil

Furan (nglg)

hamcroquettes  squid rings  tuna pasty churros nuggets  fish fingers

Different letters indicate significant differences (p € 0.05)
Values are expressed as mean £ SD

onion rings

san jacobos

Table 2. Mean food consumption, furan levels, total fat content and exposure of
furan (ng/capita/day) and fat (g/capita/day) per different foods frying in the

Spanish population

Range of furan

Average Furan intake
consumption® min - max min - max Total fat Fat intake
Food (9/capita/day) (ng/a) (ng/capita/day) (9/1009) __ (g/capita/day)
olive oil 10.80 2.49-16.91°  49.30 - 334.18 100 19.80
Ham croquettes 0.74 29.24 21.63 19.32 0.14
Squid rings 0.62" 3547 21.99 23.93 0.15
Tuna pasties 0.59 26.24 15.48 29.29 0.17
Churros 1.32 49.60 65.47 13.48 0.18
Nuggets 0.33 65.57 21.64 23.86 0.07
Fish fingers 0.11 15.70 1.72 13.38 0.01
Onion rings 0.62° 114.87 71.22 26.34 0.16
San Jacobos 0.62° 32.19 19.95 2033 0.12
Total 288.84 - 573.28 208

a, mean food consumption in the Spanish population as recorded by the Ministry of
Agriculture, Food and Environment. ENIDE, 2011.
b, Mean value of fried foods is taken because data are not available.
c, the range of values corresponds to crude oil and fried oil
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In raw foods, furan was only
found in tuna pasties
(15.66ng/g) probably due to

their filling (tuna in tomato
sauce) previously cooked.

After  frying, furan levels
increase significantly. This
increment is not the same for all
the foods, maybe due to
differences in  their food
composition. Onion rings
(114.87ng/qg), followed by

nuggets (65.57ng/g) and
churros  (49.60ng/g), were
those with high amounts of
furan.

Olive oil is one of the main
foods which could contribute to
furan intake due to its high
consumption in Spain. However,
it is usually consumed as crude
oil, mainly in salads, which
present the lowest furan content
(2.49 ng/g). The highest furan
intake are due to onion rings
(71:22 ng/capita/day) and
churros (65.47 ng/capita/day).
Nevertheless, furan intake from
analysed foods represents less
than the 0.5% of the acceptable
daily intake (ADI) of 2 mg/kg
bw/day (Kuballa et al, 2005).

Fat intake from foods analysed
is also high (20.8g/capita/day)
and its consumption should be
moderate to prevent
overweight, obesity and
associated diseases.

Frying process

-2

1909C - 6 min
Olive oil
& I Fatty acids
| (Oleic and linoleic acids)
Total fat
content
CG-FID
Folch et al. (1957)
ADAC (2002)

Table 1. Tetal fat content and fatty acids profile (cleic acid
and linoleic acid) of precooked breaded foods before and
after fried treatment with clive oil.

fatty acid
g/ 100 g food
total fat
Food 9/100g food oleic acid linoleic acid
Ham croguettes
aw 5.70 + 0.00 * 1.57+0.01° 1.98+0.00°
Fried olive oil  19.32+1.54° 7.02%0.01° 2.03+0.00"
Squid rings
Raw 11204 0.00° 2.87£0.02° 5.69+0.01°
Fried olive oil  23.93%0.06® 143120.12° 1,79 +0.01°
Tuna pasties
Raw 1130 £0.00°  3.07 £0.00° 1.56 +0.00°
Fried olive oil  20.20 = 0.58" 10.97 £0.01" 2.26 *0.01°
Churros
0.70 % 0.00 * 0.09 £ 0.00* 0.31+0.00°
Fried olive oil  13.48+0.85° 11.84+0.03" 1.33*0.00°
Nuggets
Raw 10.80 £ 0.00 * 3.49+0.03* 0.40 +0.00°
Fried olive oil  23.86+0.00° 11.17 +0.06° 1.21+0.00°
Fish fingers
Raw 6.60 £ 0.00 * 1.31+0.00* 2.39+0.00"
Fried olive oil  13.38%0.86° 4.65%0.00° 0.52+0.00°
Onion rings
Raw 12.00 £0.00° 188+ 0.06° 3.38+0.04°
Fried olive ol 26.34 £0.88"  8.88+0.05" 1.15+0.01°
San jacobos
Raw 16.30 £0.00°  9.46% 0.04° 1.15£0.01°
Fried olive oil  20.33£0.19°  6.110.01° 0.64+0.00°

Different letters for each column and each food indicate
significant differences. (p < 0.05
Values are expressed as mean + SD

Total fat content was significantly higher in fried
foods with an increment between 4 and 18
g/100g.

A significantly increase in oleic acid was observed
in all fried samples due to the use of olive oil,
except in san jacobos. Linoleic acid tends to
decrease in those fried foods with higher content
in raw samples, maybe due to losses in frying oil
and thermal degradation.

No significant correlations between furan and oleic
and linoleic acids have been found.

CONCLUSIONS

Frying process induces the formation of furan in precooked breaded
foods and increases total fat content.

Although furan intake due to breaded fried foods in Spanish
population in less than 0.5% ADI, daily consumption should be

should be needed.

limited in diet because of both the content of furan and total fat.
However, because furan is a volatile compound, further studies
about the losses before consumption at the adequate temperature
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Influence of heat treatment (frying and grilling} on antioxidants of some common
consumed vegetables (onion and green pepper)
|. Juaniz*, M.P. De Pefia, C. Cid
University of Navarmra, Spain

The Word Health Organization promotes higher consumption of vegetables, rich in antioxidant
compounds, to prevent oxidative stress related diseases. Then, the antioxidant capacity could
be influenced by several factors, such as culinary processing. The aim of this work was to study
the impact of cocking heat treatments on the artioxidant capacity and bioactive compounds of
oniong and green peppers, commonly consumed as crude in salads and cocked in several
ways in mediterranean diet.

Ethanolic (B0%) extracts wers prepared from rav and cooked vegetables (grilled, fried in olive
and sunflower oilz), and antioxidant capacity waz measured by DPPH and ABTS assays. Total
phenolic and flavonoid compounds were alzo determined. The results (in dry matter) showed
that green peppers have more antioxidant capacity than onions, probably due to the presence
of higher amounts of phenolic compounds  (figure 1) including flavonoids. Frying process
significantly decreased total phenolic compounds inducing a decrease in antioxidant capacity
(ABTS). However, antioxidant capacity was hardly affected when it was measured by DPPH,
especially in onions maybe because in this case, total flavonoids increased. On the other hand,
grilling significantly decreazed total phenolic compounds in onions but flavonoids increased
sugesting that non-flavonoids phenolic compounds were those mainly degraded. In green
peppers an increase of total phenolic compounds and anfioxidant capacity was observed,
maybe due fo the releaze of those phenolics bound fo cell structures damaged during heating.
However in terms of consumption (per 100g of fresh vegetable) cooked vegetables both fried
and grilled had higher levels of phennlic compoonds, incheding flavnnnids, and conseoqueantly

antioxidant capacity.

In conclusion, green peppers are richer in phenolice than onions, but both can be used as a
good source of antioxidants independently that they are consumed raw or cooked.

This rezearch was funded by the University of Navarra (PIUNA) and its Association of Friends.

Figure1. Total Phenclic Compounds of vegetables both raw and after heat treatment (fried in
olive and sunflower oils and grilled)
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(ONION AND GREEN PEPPER)

1. Judniz, M.P. De Pefia *, C. Cid
Department of Nutrition, Food Science and Physiology, Faculty of Pharmacy.

University of Navarra, Spain. * mpdepena@unav.es

INTRODUCTION

The World Health Organization and other international agencies
urge higher consumption of plant foods to prevent oxidative stress
related diseases, such as cancer, diabetes and cardiovascular
diseases (OMS, 2004). Dietary antioxidant compounds can be
intaked by traditional vegetables and fortified functional foods
allowing increase of the diet variety. Bioactivity of these
components, in both cases, is influenced by several factors related
to their original chemical nature, interaction with other compounds
mainly lipids, technological and culinary processing among others.

OBJECTIVE

The main objective of this work was to evaluate the impact of
cooking heat treatments on the antioxidant capacity and bioactive
compounds of onions and green peppers, which are commonly

MATERIAL AND METHODS

W =

Green pepper

| l |

Fried in olive oil  Fried in sunflower oil Grilled
(115°C 10 min + 108°C 5 min) (150°C 10 min + 110°C 5 min)
e
Lyophilization

Raw

80% Etha'nc!ic extract

Antioxidant capacity Bioactive compounds

: : : DPPH (Brand-Williams et al., 1995) | Total Phenolic Compounds (Singleton & Rossi, 1995)
cons_umed as c'.'Ude in salads and cooked in several ways in ABTS (Re et al., 1999) Total Flavonoid Compounds (Chang et al., 2007)
mediterranean diet.

Impact of heat treatment (per gram of dry matter)

Figure 1. Antioxidant Capacity (DPPH and ABTS), Total Phenolic Compounds and Total
Flavonoid Compounds of onion and green pepper, both raw and after heat treatment (fried
in olive and sunflower oils, and grilled).

Antloxidant In vegetables (per 100g)

Figure 2. Antioxidant Capacity (DPPH and ABTS), Total Phenolic Compounds and Total
Flavonoid Compounds of onion and green pepper, both raw and after heat treatment (fried
in olive and sunflower oils and grilled).
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FRYING PROCESS

Frying process significantly decreased
total phenolic compounds inducing a

GRILLED PROCESS

compounds in onions

was measured by DPPH, especially in
onions, maybe due to total flavonoids

Increase. to cell structures during heating.

Grilled process significantly decreased total phenolic
but flavonoids

decrease in antioxidant capacity suggesting that non-flavonoids phenolic compounds

(ABTS). However, antioxidant were those mainly degraded.

capacity was hardly affected when it ’ ’
In green peppers increases of total phenolic

compounds and antioxidant capacity were observed,
maybe due to the release of those phenolics bound

In terms of consumption (per 100g of fresh vegetable)

Green peppers both raw and cooked (120.41 -251.36 mg galic
acid/100g) show higher levels of total phenolic compounds than
onion (98.576 - 113.53 mg galic acid/100g). Antioxidant
capacity measured by DPPH was also higher in green pepper.

increased

Globally, cooked vegetables, onion and green pepper, both fried
and grilled, had higher levels of phenolic compounds, including
flavonoids, and consequently antioxidant capacity than raw
vegetables.
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CONCLUSIONS

Green peppers are richer in phenolics than onions, but both can be
used as a good source of antioxidants independently that they are
raw or cooked consumed.

In terms of consumption (per 100g of fresh vegetable), cooked
vegetables both fried and grilled had higher levels of phenolic
compounds, including flavonoids, and consequently antioxidant
capacity.
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Heat treatment increases polyphenol levels in onion

LJudniz®, LA. Ludwig®, G. Pereira-Caro®, J.M. Moreno-Rojas®, C. Cid®, M.P. de
Peiia®

“Department of Nutrition, Food Science and Physiology, School of Pharmacy. University of
Navarra, 31008, Pamplona, Spain. mpdepena@unav.es

*Department of Technology, Postharvest and Food Industry, IFAPA-Alameda del Obispo,
14004, Cordoba, Spain

Onion is one of the most consumed vegetables in Spain (23.3 g/capita/day). It is a
rich source of phenolic compounds, specially quercetin and its glycosides.
Polyphenol rich foods have been reported to exhibit a wide range of biological
effects such as protective effects against cardiovascular diseases, neurodegenerative
diseases and cancer. Because of this, The World Health Organization promotes
higher consumption of vegetables. Usually dietary vegetables are eaten after cooking
in diferent ways. This process produces significant changes in foods such as water
loss, changes in the fatty acid profile, the development of chemical reactions induced
by heat, and degradation of thermolabile compounds.

Thus, the aim of this work was to study the impact of different thermal treatments on
the polyphenol content in onion, commonly consumed as crude in salads and cooked
in several ways in Mediterranean diet.

Onion were cooked by three diferent domestic processes (griddled, fried in olive and
sunflower oils). Raw onion and cooked samples were lyophylized and extracted with
80:20 ethanol:water. Ethanolic extracts were analyzed using a UPLC-PDA-HESI-MS
to determine polyphenol compounds.

Total of eigth flavonoids were identified and quantified. All of them were glucosides
of quercetin and isorhamnetin. However, aglycones of these two flavonoids were not
detected. The most abundant polyphenols were three quercetin derivates (one
quercetin glucoside and two quercetin diglucosides) which account approx. for 90%

of total flavonoids in all samples.

Overall heat treatment resulted in increased polyphenol levels compared to raw
onion. The increment was respectively 17.4%, 35.7% and 55.5% for onion fried in

sunflower oil; onion fried in olive oil and griddled onion. These changes could be

138
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caused by thermal destruction of cell walls and sub cellular compartments during the
cooking process. However, further research is required to investigate if the increase
in phenolic compounds, caused by heat treatment, also increases the bioavailability
of these compounds after consumption.

We thank the PIUNA (Plan de Investigacion de la Universidad de Navarra) for their
contribution to the financial support of this work. I.Judniz is grateful to **Asociacion

de Amigos de la Universidad de Navarra’’ for the grant received.
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INTRODUCTION

Onion is one of the most consumed vegetables in Spain (23.3 g/capita/day) (ENIDE, 2011). It is a rich source of phenolic compounds,
specially quercetin and its glycosides. Polyphenol rich foods have been reported to exhibit a wide range of biological effects such as
protective effects against cardiovascular diseases, neurodegenerative diseases and cancer (del Rio et al., 2013). Because of this, the
World Health Organization promotes higher consumption of vegetables. Usually dietary vegetables are eaten after cooking in different
ways. This process produces significant changes in foods such as water loss, changes in the fatty acid profile, the development of
chemical reactions induced by heat, and degradation of thermolabile compounds.

OBJECTIVE MATERIAL AND METHODS
The aim of this work was to study the impact of different Onion & ?
thermal treatments on the polyphenol content in onion, (Allium Cepa)

commonly consumed as crude in salads and cooked in several
ways in Mediterranean diet. | |
Raw Fried in olive oil Fried in sunflower oil Griddled

(115°C 10 min + 108°C 5 min) (150°C 10 min + 110°C 5 min)

RESULTS AND DISCUSSION !
Lyophilization .
A total of eight flavonoids were identified and quantified (Figure 1, Table | |

1). All of them were glucosides of quercetin and isorhamnetin. However, 0% Eth N lic extract I“l E| |
aglycones of these two flavonoids were not detected. EnanplcEiae . ———

Figure 1, UPLC-PDA traces of raw onion, A=360nm UPLC-PDA-HESI-MS
.
oo |
so0ta Table 1. Identification of polyphenols by UPLC-MS
i Peak Rt Compound TVH] oy VH ., 5 Online fragment
40000 no. {min) (m/z) {ppm) (m/z)
et 1 13.46 Quercetin triglucoside 787.1927 787.1924 -0.381 301.0342
330000 2 23.44 Quercetin diglucoside | 625.1399 625.1405 0.959 301.0342
28000 3 24.02 Quercetin diglucoside || 625.1399 £25.1405 0.859 301.0342
20000 4 25.87 Isarhamnetin diglucoside 639.1555 639.1560 0.782 315.0499
150007 5 30.01 Quercetin glucoside | 463.0871 463.0874 0.648 301.0342
- . 6 34.82 Quercetin glucoside |1 463,0871 463.0874 0.648 301.0342
wwi - N 7 37.85 Isorhamnetin glucoside 477.1027 477.1026 -0.208 315.0499
F|
3 % Y ;D #i © i s [M-H]-theor.: theoritical exact mass of negatively charged molecular ion; [M-H]-exp.: experimentally
Tiens. tnin) measured accurate mass of negatively charged molecular jon; 5: difference between [M-H]-theor and [M-H]-
For identification of peaks and peak numbers see Table 1. exp; online fragment: daughter ion produced frem [M-H]- fragmentation.
The most abundant flavonoids were three quercetin derivates (one
Table 2. Quercetin and Isorhamnetin derivates in raw and cooked onion (fried in quercetin glucoside and two quercetin diglucosides) which accounted
olive oil, fried in sunflower oil and griddie). Results are expressed as mean + approximate\y for 90% of total flavonoids in all samples. In contrast

Sandardideyiation. {mg'fiavanoid/gonlentm); isorhamnetin derivates were minor flavonoids accounting for only 6 to 8%

of total flavonoids (Table 2).

—_—" Raw Onion Onien friedin  Onion friedin  Onion griddle

alive ol sunflower oil
Quercetin triglucaside 001-000° 0.01.000° 0.01-000° 0.0l -000° Overall an increase of polyphenols levels was observed in samples after
Quercetin diglucoside | 0.224000% 0.304001% 0.244003¢ 035£006° heat treatment. The use of olive oll for frying resulted in a higher increase
Quercetin diglucoside I 0.33:000° 0414001 037£002%  0.55+0.03¢ of flavonoids (35.7%) compared to sunflower oil (17.4%). However the
Quercetin diglucoside 0.02+000° 0.01+000° 0.01+000° 0.01+000° griddled onion showed the highest amount of flavonoids with an increment
Quercetin glucoside | 0.0440.00" 0,02 40.00° 0.074000% 0.03.£0.00% of 55.5% compared to raw onion. The temperature applied during this
Quercetin glucoside Ii 0.64 0014 095001 08340000 1.024004¢ treatment was higher than the temperature applied during frying
Total Quercetin derivates 1260014 LH£003% 14820055 1,960,412 ¢ processes, which might favor the release of these compounds from the food
Isorhamnetin diglucoside 0.02 £0.00% 0.12+£0.02% 0.09 002" 0.17+0.02° matrix.
1sorhamnetin glucoside 0.08+0.00° 0.01+0.007 0.01+000% 0.01+0.00° . I
Total Isorhamnetin derivates 0104001+  013+0.02%  0.104002°  0.18+001" In terms of consumption (per 100g of fresh vegetable), a significant
Total flavonoids compounds 1365000  183£005% 1571007  214014° increase of flavonoids content (60%) was also observed after heat

treatment. In this case no differences were found between fried in olive oil
Different letters for each row indicate significant differences (p < 0.05) amang onion samples (35.91mg flavonoids/100g onion), fried in sunflower oil (35.91mg
flavonoids/100g onion), or griddled (34.57 mg flavonoids /100g onion).

CONCLUSION

Heat treatment (frying or griddling) of onion induces significant increases in total quercetin and isorhamnetin derivates and,
consequently, total flavonoids content suggesting thermal destruction of cell walls and sub cellular compartments during the cooking
process. However, further research is required to investigate if the increase in phenolic compounds caused by heat treatment also
increases the bioavailability of these compounds after consumption.
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Biological activity of Amazon oils and structured lipids formed by enzymatic interesterification

A _Falcdo!*, T. Uetal, V. Nakajima!, G. Macedo!, J. Macedo!
1 Foed and Nutrition Deparmment, Faculty of Food Engineering, Campinas State University, Brazil,
*andrea afalcac@gmail com

In Amazon, there 15 a vartety of underexplored vegetable oils, with bioactive compounds. These o1ls have a great
potential to apply in cosmetics, drugs and functional foods, attracting the mterest of the food industry in obtamment of
structured lipids, with better physical chemical and nutritional properties. Enzymatic interesterification. involving the
rearrangement of fatty acids among glycerol backbones is proving to be a good alternative. The aim of this work was
to evaluate the biological potential, by measuring the minor compounds and the antioxidant capacify, of the selected
Amazon oils and the structured lipids generated by enzymatic interesterification m three different enzymatic systems:
with non-commercial lipase from Rhizopus sp; with commercial lipase TL-IM of Novozymes® and with the use of
this two lipases concurrent. The blends were composed with buniti oil and muramuru fat (7:3 wiw) with 2.5% (wiw)
of lipases. The reaction occurred at 40°C, 150 rpm. for 24 hours. The results showed burity oil as an important source
of carotenoids and tocopherols without cytotoxic effects and wit good antioxidant capacity, exceeding nurumuru fat
i all of these requirements. The enzymatic interesterification origmated structured lipids with these same biological
potential characteristics of original oil (burity oil), however with improved technological characteristics. The antiox-
idant capacity of structured lipids was preserved or improved according to the lipase applied. In vitro assays showed
the structured lipids as substances capable of modulating the activity of antioxidant enzymes and capable to operate in
combating oxidative stress.

Financial support: CNPq/FAEPEX/FAPESP
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I Juaniz!, IA Ludwig?, G. Pereira-Caro®, J. M. Moreno-Rojas?, C. Cid', MLP. de Pefial®

! Deparment of Nutrition, Food Science and Physiology, School of Pharmacy. University of Navarra, 31008, Pamplona, Spain.
* mpdepena@unav.es

2 Postharvest Technology and Agrifood Industry Avea. Andalusian Institute of Agriculnural and Fishering Research and Training
(IFAP4) Alameda del Obispo, Cordoba. Spain.

The World Health Organization promotes higher consumption of vegetables. rich in antioxidants, mainly phenolic
compounds, to contribute to the prevention of several chronic diseases associated with oxidative stress, such as cancer,
cardiovascular and neurodegenerative diseases. However, antioxidant capacity and phenolic compounds could be m-
fluenced by many factors, such as culinary processing. The amm of this work was to study the impact of cooking heat
treatments on the antioxidant capacity and bioactive compounds of omons, green peppers and cardoon, commonly
consumed as crude 1n salads and cooked in several ways in Mediterranean diet.

Ethanolic (80%) extracts were prepared from raw and cooked vegetables (griddled, fried in olive and sunflower
oils). Antioxidant capacity was measured by DPPH and ABTS assays. Total phenolic and flavonoid compounds were
determined by spectrophotometric assays. Polyphenol compounds were identified and quantified using a UPLC-PDA-
HESI-MS. Principal Component Analysis (PCA), based on Pearson’s correlation matrix. was applied in order to study
the effect of heat treatment.

Flavonoid compounds were the main polyphenols i onton (quercetin and 1sorhamnetin derivates) and green pep-
per (luteolin and quercetin derivates). In contrast, the most abundant polyphencls of cardoon were chlorogemc acids
(caffeoylquinic, diccaffeoylquinic and suceninyl dicaffeoylquinic acids).

All heat treatments increased polyphenols content in vegetables. This increase. especially that observed for chlo-
rogenic acids, was correlated with an increase in the antioxidant capacity measured by DPPH (1=0.70). The griddled
vegetables showed the highest amounts of phenolic compounds with increments of 55.5%, 246% and 203% compared
to raw onion, pepper and cardoon, respectively. The higher temperature during griddling than that applied duning frymg
might favor the release of these polyphenol compounds from the food matrix.

Financial support: PIUNA (Plan de Investigacion de la Universidad de Navarra) for their contribution to the finan-
cial support of this work ITuaniz is grateful to *Asociacion de Amigos de la Universidad de Navarra™ for the grant
received.
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Culinary heat treatments increase (poly)phenols in selected
vegetables of Mediterranean diet
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1 Department of Nutrition, Food Science and Physiology, School of Pharmacy. University of Navarra. IdiSNA, Navarra Institute for Health Research.
Pamplona, Spain * mpdepena@unav.es
2 Postharvest Technology and Agrifood Industry Area. Andalusian Institute of Agricultural and Fishering Research and Training (IFAPA) Alameda del

Institute de Investigacian y Formacian Agrana y Pesquera
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Obispo, Cérdoba. Spain.

MATERIAL AND METHODS

INTRODUCTION

The World Health Organization promotes higher consumption
of wvegetables, rich in antioxidants, mainly phenolic
compounds, to contribute to the prevention of several chronic
diseases associated with oxidative stress, such as cancer,
cardiovascular and neurodegenerative diseases (OMS, 2004).
However, antioxidant capacity and phenolic compounds could
be influenced by many factors, such as culinary processing.

OBJECTIVE

Onion
(Allium cepa)

)

+ '

Raw Fried in olive oil

Green pepper
( Capsicum annuum)

f

Fried in sunflower oil
(115°C 10 min + 108°C 5 min)

Cardoon

(Cynara carduniculus L.)

4

v

Griddled
(1500C 10 min + 110°C 5 min)

|

The aim of this work was to study the impact of cooking heat

Antioxidant capacity

Lyophilization

DPPH (Brand-williams et al., 1995)
ABTS (Re et al,, 1999)

treatments on the antioxidant capacity and bioactive '
compounds of onions, green peppers and cardoon, commonly 80% Ethanolic extract—— | UPLC-PDA-HESI-MS |—s BHO¥A
consumed as crude in salads and cooked in several ways in ; — F Principal Component
mediterranean diet. l [ j J I Analysis

; (PCA)

RESULTS AND DISCUSSION

Table 1. (Poly)phenolic compounds in raw and cooked onion, green pepper and cardoon (fried in olive oil,
fried in sunflower oil and griddled). Results are expressed as mean + standard deviation (mg/g sample dm).

Figure 2. Antioxidant capacity (DPPH and ABTS) of raw
and cooked vegetables
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Different letters for each row indicate significant differences (p < 0.05) among samples.
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Figure 1. Principal Component Analysis (PCA) of the raw and cooked vegetables. (a) Parameter loadings.

(b) Sample scores.
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P918
Effect of the irrigation, the cultivation method and the olive variety on the phenolic content of olive
oils
M. Colman-Martinez!, P. Quifer-Rada'?, R. Martinez-Las Heras®, R. Callejon-Fernandez*, B. Jiménez®, RM.
Lamuela-Raventos!-2
1 Nutrition and Food Science Department, School of Pharmacy, University of Barcelona, Barcelona, Spain
2 CIBER Physiopathelogy of ebesity and nutrition (CIBERebn), Institute of Health Carlos III, Madrid, Spain
3 stitute of Food Engineering for Development, Universitat Politécnica de Valéncia Spain
4 Nutrition and Food Science, Toxicology and Forensic Medicine Department, School of Pharmacy, University of Seviila,
Sevilla, Spain
3 Ministry of Agriculture and Fisheries, Agricultural Research Training Centre, Cordoba, Spain

Background/Objectives: Olive oil is considered one of the healthiest dietary fats due to its phenolic composition.
Nevertheless, the nutritional quality of the olive oils is affected by agronomic and technological factors, the vanety of
olive, the geographical area of production, the harvest period and the extraction process, as well as the climatic condi-
tions prevailing in the production year. Irrigation positively influences the composition and organoleptic characteristics
of olive oil. The aim of this work was to study the phenolic profile of oils produced with two different types of olives
harvested in Andalucia, Spain, Hojiblanca and Picual, and to determine whether there are differences in the phenolic
content of these oils according to the type of irrigation received and the cultivation method (conventional or organic).

Methods: A double liquid-liquid extraction (LLE) was used to 1solate the phenolic fraction of the oils us-
ing hexane:methanol (1:2, v/v). Organic solvents were evaporated, then samples were reconstituted with 850uL of
MeOH:H,0(20:80)(v/v) and mnjected to an Acquity UHPLC coupled to an API 3000 triple-quadrupole mass spec-
trometer with a Turbolon spray source in negative mode for phenolic quantification. Samples were also injected to an
UHPLC-LTQ-Orbitrap-MS to identify phenolic compound present in the olive oil samples.

Results and conclusion: Thirty-two phenolic compounds were identified in the two types of olive oils. According
to the irrigation received, the Riego technique increases the phenolic content of the two types olives giving oils richest
in phenolic compounds. Likewise, organic farming increases the phenolic content of the olive oils. Statistically differ-
ences were found mainly for: tyrosoi_ elenoic acid. ligstroid and derivatives, luteolin hydroxyoleuropein aglycone and
other oleuropein derivatives.

Financial support: CICYT(AGL2013-49083-C3-1-R), Generalifat de Catalunya FI-DGR 2013/FI-DGR 2014 the
Instituto de Salud Carlos I and ISCTH (CIBERObn) from the Spanish Ministry of Science and Innovation (MICINN)
and Manuel Heredia Haleon, owner of the farm organically grown Suerte Alta.

P919
Effect of a simulated gastrointestinal digestion on the (poly)phenolic fraction of raw and cooked
vegetables (green pepper and cardoon)

I Juéniz!. M Dall’Asta’, L. Bresciani’, P Mena®. D. DelRio?, C. Cid!, M P. de Pefia!”

4 Depm'rmem of Nutrition, Food Science and thsrofogv School of.thmrzcj University of Navarra. IdiSNA, Navarra Institute
Jfor Health Research. Pamplona, Spain.

*mpdepenalfiunay.es

? The Laboratory of Plyvtochemicals in Physiclogy, LS9 InterLab Group, Department of Food Science, University of Parma,
Parma, Italy

Plant foods are the main source of dietary bioactive compounds, such as (poly)phenols. Usually dietary vegetables
are eaten after cooking m different ways, which can influence their antioxidant capacity and phenolic compounds.
Moreover, after ingestion, (poly)phenols can be modified m the gastrointestinal tract by digestive enzymes and, conse-
quently, their bioaccessibility might be affected. The aim of this work was to study the effect of in vitro gastrointestinal
digestion on the (poly)phenolic compounds of green pepper and cardoon, both raw and cooked.

Samples of raw and cooked vegetables (gniddled, fried m olive and sunflower oils) were submutted to in vitro
gastrointestinal digestion and extracted with methanol/acidified water (0.1% formic acid) (80:20 v/v). (Poly)phenol
compounds were 1denfified and quantified using a UHPLC-ESI-MS®.

In green pepper. a fotal of 19 (poly)phenolic compounds were quantified, being flavonoids (luteolin and quercetin
derivates) the most abundant In cardoon, a total of 16 (poly)phenols (mainly phenolic acids) were quantihied Total
phenolic compounds decreased in raw samples of green pepper after gastrointestinal dipestion However, digested
cooked pepper had higher content of phenolics than non digested samples. In cardoon, a significant decrease in phe-
nolic compounds was observed for all the samples after digestion, although losses were lower in the cooked ones.
Additionally, phenolic acids were affected by the i viiro gastrointestinal digestion to a greater extent (losses up fo
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99%) than flavonoids, which were even increased in some cooked samples. Thus, the higher bioaccesibility of phenolic
compounds in cooked vegetables suggests that changes during cooking process, including Maillard Reaction Products
formation, might have a protective effect against digestive enzyme activity.

Financial support: Spanish Ministry of Economy and Competitiveness (AGL2014-52636-P) and PIUN(Plan Inves-
tigacion Universidad de Navarra). I.Juaniz is grateful to **Asociacion de Amigos de la Universidad de Navarra™ for the
grant received.

P920
Optimization of the methodology for identification and quantification of (poly)phenolic compounds
in cactus cladodes (Opuntia ficus-indica)

E. De Santiago!, I. Juaniz!, C. Cid!, M.P. de Pefial”

! Department of Nutrition, Food Science and Physiology, School of Pharmacy. University of Navarra. IdiSNA, Navarra Institute
Jor Health Research. 31008, Pamplona, Spain.

*mpdepena@unav.es

Consumption of vegetables is related with lower risks of chronic diseases associated with oxidative stress such
as cancer, cardiovascular diseases or diabetes. The cactus Opuntia ficus-indica is one of the most consumed foods in
Mexico and a vegetable rich in antioxidant compounds, like (poly)phenolics. Most (poly)phenolic compounds, pat-
ticularly flavonoids, are in their glycosides forms, so that for their quantification with HPLC-DAD it is necessary to
apply a previous hydrolysis to release their respective aglycones. The acid hydrolysis under continuous heating is the
traditional method, but it should be standardized and optimized for each food because it is dependent on the binding
sites of the glycosides in the flavonoid nucleus. The aim of this work was to optimize hydrolysis conditions for a better
identification and quantification of (poly)phenolic aglycones. Additionally, antioxidant capacity was evaluated in the
selected extract.

Cactus cladodes were successive extracted with methanol, acetone and water. Hydrolysis was carried out using HCI
at 90°C at different concentrations (0.6, 1.2, 1. and 1.7M) and times (2 and 3 hours). After hydrolysis, (poly)phenolic
aglycones and phenolic acids were identified and quantified using HPLC-DAD. Antioxidant capacity was measured
by DPPH and ABTS spectrophotometric assays.

Three flavonoids (isorhamnetin, quercetin and kaempferol) and two phenolic acids (ferulic and hidroxybenzoic
acids) were identified and quantified. The 1.5M HCI hydrolisis during 2 hours showed the disappearance of glycosides
peaks yielding the highest amount of (poly)phenols, especially flavonoids aglycones. Furthermore, there was an in-
crease in the antioxidant capacity measured by DPPH after hydrolisis, which might release the flavonoids aglycones
from their glycosides forms in the food matrix.

Financial support; Spanish Ministry of Economy and Competitiveness (AGL2014-52636-P) and PIUN(Plan Inves-
tigacion Universidad de Navarra). E. De Santiago and I. Juaniz thank to* Asociacion de Amigos de la Universidad de
Navarra™ for the grants.
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of raw and cooked vegetables (green pepper and cardoon)
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2 The Laboratory of Phytochemicals in Physiology, LS9 InterLab

INTRODUCTION

Plant foods are the main source of dietary antioxidants, including
phenolic compounds. (Poly)phenols rich foods have been reported to
exhibit a wide range of biological effects such as protective effects
against cardiovascular diseases, neurodegenerative diseases and cancer
(Del Rio et al., 2013). Usually dietary vegetables are eaten after
cooking in different ways, which can influence their antioxidant capacity
and phenolic compounds. Moreover, after ingestion, (poly)phenols can
be modified in the gastrointestinal tract by digestive enzymes and,
consequently, their bioaccesibility might be affected.

OBJECTIVE

The aim of this work was to study the effect of /n vifro gastrointestinal
digestion on the (poly)phenolic compounds of green pepper and
cardoon, both raw and cooked.

* mpdepena@unav.es
Group, Department of Food Science, University of Parma, Parma, Italy

| 7 MATERIAL AND METHODS
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RESULTS AND DISCUSSION

Figure 1. (Poly)phenolic compounds of green pepper,
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“Asociacién de Amigos de la Universidad de Navarra” for the grant.

Figure 2. (Poly)phenolic compounds of cardoon, both raw

In green pepper, a total of 19 (poly)phenolic
compounds were identified and quantified, being
flavonoids (luteolin and quercetin derivates) the

clive and sunflower oils,

| After digestion

most abundant. In cardoon, a total of 16
(poly)phenols  (mainly phenolic acids) were
identified and quantified.

Total phenolic compounds decreased in raw

samples of green pepper after gastrointestinal
digestion. However, digestion process increased the
bioaccessibility of phenclic compounds in cooked
pepper samples (12.8%, 60.9% and 22.6%) in
pepper fried in olive oil, pepper fried in sunflower
oil and griddled pepper, respectively.
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In cardoon, a significant decrease in phenolic
compounds was observed for all the samples after
simulated gastrointestinal digestion, although
losses were lower in the cooked ones.
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Additionally, phenolic acids were affected by the /n
vitro gastrointestinal digestion to a greater extent
(losses up to 99%) than flavonoids, which were
even increased in some cooked samples.

L CONCLUSION

ne ns
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The higher bioaccesibility of phenolic compounds in
cooked vegetables than in raw ones after
gastrointestinal process suggests that changes
during cooking process, including Maillard Reaction
Products formation, might have a protective effect
against digestive enzyme activity.
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