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ABSTRACT

Spent coffee is the main by-product of the coffee brew preparation and a promising
source of bioactive compounds. The aim of this work was to evaluate the main
bioactive compounds of spent coffee extracts, their bioaccessibility, as well as their
antimutagenic and antimicrobial activity. Previously, the extraction method of
antioxidant compounds was improved by applying defatting and Iyophilisation. The
phenolics and caffeine content of Arabica filter and Robusta espresso spent coffee
was measured by HPLC-DAD-MS, and the total content of phenolic compounds (free
and bound) was assessed after applying three treatments (alkaline, acid, saline). A
total of 36 free chlorogenic acids (CGA) were identified and quantified showing that
Arabica and Robusta spent coffee extracts have 329 and 345 umol of free CGA /g,
respectively. Furthermore, bound compounds were estimated as half of the total
phenolic content, due to presence of phenolics linked to macromolecules like
melanoidins, mainly by non-covalent interactions.

The majority of CGAs of spent coffee extracts remain bioaccessible after an in vitro
simulated gastroduodenal digestion (89-92%), being the major compounds -
caffeoylquinic (CQAs) and feruloylquinic (FQAs) acids- those with a low degradation,
whereas lactones were partially degraded. However, CGAs showed very limited
absorption and transport (1% initial dose) across the Caco-2 human cell monolayer
(intestinal epithelium). Therefore, in vivo studies are required to assess
bioavailability of spent coffee bioactive compounds.

Spent coffee extracts exhibited strong protection activity against indirect acting
mutagen (up to 92%), whereas the protection against a direct acting mutagen was
12-35% (Ames Test), being phenolics with a caffeic acid highly effective.

The growth inhibition of common food-borne pathogen and food spoilage
microorganisms by coffee extracts was also studied. Spent coffee extracts showed
antimicrobial activity, mainly against Gram-positive bacteria (Staphylococcus
aureus, Listeria monocytogenes) and yeast (Candida albicans).

In conclusion, all the results support the idea that spent coffee is an accessible,
sustainable, and major source of bioactive compounds with potential health

benefits in order to be applied as ingredients of functional foods.



RESUMEN
Los subproductos (posos) resultantes de la preparacion de la bebida de café son una
potencial fuente de compuestos bioactivos. El objetivo de la tesis fue evaluar los
principales compuestos bioactivos de los posos del café, su bioaccesibilidad, y su
potencial actividad antimutagénica y antimicrobiana. Previamente, se optimizé el
método de extraccién de antioxidantes aplicando el desgrasado y la liofilizacién. La
cuantificacion del contenido de compuestos fendlicos y cafeina de los extractos de
posos de café Ardbica de filtro y de Robusta expreso, se realizd6 por HPLC-DAD-MS.
Se estimod el contenido total de compuestos fendlicos (libres y unidos) tras aplicar
tres tratamientos (alcalino, acido, salino). Se identificaron y cuantificaron un total
de 36 acidos clorogénicos (CGA) libres, mostrando los extractos de posos Arabica y
Robusta una concentracion de 329 y 345 umol/g, respectivamente. Se estimoé que la
mitad del total de los compuestos fendlicos estan unidos a macromoléculas como
las melanoidinas, principalmente por enlaces no covalentes.
La mayoria de los CGA de los extractos de posos de café permanecen bioaccesibles
tras una digestién gastroduodenal in vitro (89-92%). Los mayoritarios —acidos
cafeoilquinicos (CQAs) y feruloilquinicos (FQAs)- son los mas estables, mientras que
las lactonas se degradan parcialmente. Sin embargo, la absorcidn y transporte de
los CGAs a través una monocapa de células Caco-2 (células intestinales) fue muy
limitada (1% dosis inicial). Por tanto, se requeririan estudios in vivo para evaluar la
biodisponibilidad de los compuestos bioactivos de los extractos de posos del café.
Los extractos de posos de café mostraron una elevada proteccion frente al
mutageno de accion indirecta (hasta 92%), mientras que frente al mutdgeno de
accion directa fue del 12-35% (Test de Ames); siendo los fendlicos con acido cafeico
altamente efectivos.
Finalmente, se evalud la capacidad de los extractos de posos de café para inhibir el
crecimiento de microrganismos patégenos y contaminantes comunes en alimentos,
mostrando mayor actividad antimicrobiana frente a bacterias Gram-positivas
(Staphylococcus aureus, Listeria monocytogenes) y levaduras (Candida albicans).
En conclusidn, todos los resultados muestran que los posos de café son una fuente
accesible y sostenible de compuestos bioactivos con potenciales beneficios para la

salud, por lo que podrian ser utilizados como ingredientes en alimentos funcionales.
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1. Coffee By-products

Coffee is a worldwide food product with a production of 145 million bags in 2013
(International Coffee Organization, 2013). Two major species are cultivated namely,
Coffea Arabica (75% global production) and Coffea Canephora, commonly known as
Robusta coffee. After the harvesting, three steps are followed to obtain the final
product for consumption, which is the coffee brew. First, the coffee cherries are
processed by either one of two methods — a wet or a dry process. Subsequently, a
roasting process is applied to the green coffee obtained after the first step. Finally,
the roasted coffee is used to produce soluble coffee by the industry or to consume
at home or in cafeterias for brewing using different coffeemakers such as filter,
espresso, plunger and mocha. Each step generates residues, which might serve as
by-products that could have potential applications for the industry (Esquivel and

Jiménez, 2012; Murthy and Madhava Naidu, 2012).
1.1 Coffee Pulp and Husk

The coffee pulp is the by-product obtained after the wet processing of coffee and
represents 29% dry-weight of the whole berry, whereas coffee husks are the
residue generated in the dry processing of coffee berries and represents about 12%
on dry-weight basis (Murthy and Madhava Naidu, 2012). These by-products contain
carbohydrates, proteins, fibers and minerals (Pandey et al., 2000). Caffeine, tannin
and chlorogenic acids (CGA) have also been identified in extracts from these by-
products, as well as other minor phenolic compounds (Fan et al., 2000, Andrade et
al., 2012). Several potential applications have been proposed such as improved
cultivation of mushrooms (Fan et al., 2000; Murthy and Manonmani, 2008), ethanol
production (Gouvea et al., 2009), and the production of enzymes, organic acids,
flavor and aroma compounds (Pandey et al., 2000; Murthy and Madhava Naidu,
2012).

1.2 Coffee Silverskin

Coffee silverskin is the tegument of the coffee bean and the byproduct obtained
after the roasting process. Its composition includes a high content of dietary fiber

(50-60%), which is 15% soluble and 85% insoluble (Borrelli et al., 2004; Napolitano
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et al., 2007). The amount of melanoidins found in this by-product is around 4.5%
(Borrelli et al., 2004). Furthermore, some studies have reported significant caffeine
and chlorogenic acids content (caffeoylquinic, feruloylquinic and coumaroylquinic
acids) (Narita and Inouye, 2012; Bresciani et al., 2014). All these constituents have
shown some functional properties, such as prebiotic effect, or antioxidant capacity
(Borrelli et al., 2004; Napolitano et al., 2007; Narita and Inouye, 2012; Bresciani et
al., 2014). In fact, some authors have technically tried to add this byproduct as a
food ingredient to increase the content of dietary fiber of bread (Pourfarzad et al.,
2013), or to enhance the concentrations of caffeine and chlorogenic acids of an
antioxidant beverage, which have led to acceptable sensorial properties (Martinez-

Saez et al., 2014).
1.3 Spent coffee grounds

The ground roasted coffee is used for consumption. There is an equal split of coffee
used to produce soluble coffee, whereas the other 50% is used in the preparation of
beverages in cafeterias, restaurants or at domestic level. Both extractions generate
large amounts of residues with a potentially great value (Esquivel and Jiménez,
2012; Murthy and Madhava Naidu, 2012). This potential value has been explored
resulting in several possible uses that have been proposed and evaluated in these
by-products. A general characterization of soluble spent coffee ground showed the
presence of a high carbohydrates content (45.3%, w/w), which might be suitable for
bioethanol production through a fermentation process (Mussatto et al., 20113;
2012). Moreover, the lipids extracted from spent coffee grounds could be converted
to fatty acids methyl esters for biodiesel manufacture (Al-Hamamre et al., 2012;
Kwon et al., 2013; Caetano et al., 2014). This biofuel was found to be stable for
more than one month under ambient conditions, due to the presence of phenolic
compounds (Kondamudi et al., 2008). Furthermore, spent coffee grounds are
suggested as a sustainable and renewable energy resource used for heating
purposes (Zuorro and Lavecchia, 2012). Another application could be the potential
use as soil fertilizer to increase the quality (bioactive compounds and antioxidant
capacity) of vegetables, mainly due to the presence of substantial amounts of

minerals (N, K, P, and Mg) and phenolic compounds (Cruz et al., 2012, 2014).
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In the last few years, the interest in these by-products has increased the search for
a new application as a food ingredient, due to the potential functional properties.
Several studies have found high antioxidant capacity in extracts of spent coffee
grounds generated from industrial processes (Yen et al., 2005; Ramalakshmi et al.,
2009; Mussatto et al.,, 2011b) or by cafeterias, restaurants and home-brew
preparations (Cruz et al., 2012; Bravo et al.,, 2012; Panusa et al., 2013). Different
extraction methodologies have been applied to recover the constituents
responsible for that antioxidant activity. Amongst these methodologies there are
several solvents namely organic, aqueous or mixture, but the studies, so far,
indicated that the water is the most effective in terms of quantities and

environmental concerns (Yen et al., 2005; Panusa et al., 2013; Bravo et al., 2013b).

The potential beneficial properties of spent coffee grounds could be associated with
the presence of several compounds namely phenolic compounds, caffeine or
melanoidins. In a comparative study it was found that the by-products from
espresso coffeemaker had higher amounts of soluble natural occurring compounds
than the by-products from spent grounds obtained from the soluble coffee industry
(Cruz et al., 2012). This differential offers a strong indication of the reuse potential
of spent coffee grounds from coffeemakers. Studies of spent coffee from espresso
have shown significant amounts of chlorogenic acids (5-caffeoylquinic acid) and
caffeine (Cruz et al.,, 2012; Panusa et al., 2013; Belviso et al.,, 2014). Moreover,
recent data showed that the extraction of coffee chemical compounds is influenced
by technological factors, such as water pressure and contact time (Lopez-Galilea et
al., 2007; Ludwig et al., 2012). These suggest that the total content of phenolic acids
in spent coffee might be related to the brewing method (filter, expresso, moka,
plunger coffeemakers). Up to now, limited data have been published about the
chlorogenic acids (CGA) detailed profile of coffee brews by-products. The
knowledge of the total content of bioactive compounds is crucial for its potential

use by the food industry as a functional ingredient.
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2. Coffee bioactive compounds

Coffee is a complex mixture of constituents such as phenolic acids, melanoidins and
caffeine, which have been linked with beneficial health effects. Particularity,
epidemiological studies have shown a positive correlation between the
consumption of food with high phenolic compounds content and protection against
chronic pathologies, such as cardiovascular diseases, specific cancers, and
neurodegenerative diseases (Crozier et al., 2009; del Rio et al., 2013). Chlorogenic
acids (CGAs) are the major phenolic compounds of coffee, which are formed
between a molecule of quinic acid with one to three molecules of trans-cinnamic
acid (Figure 1). The most abundant is 5-caffeoylquinic acids (CQAs), followed by the
isomers 4-CQA and 3-CQA. Moreover, feruloylquinic acids (FQAs) are also highly
concentrated, mainly in Robusta coffee (Clifford, 1985; Alonso-Salces et al., 2009).
On the contrary, p-coumaroylquinic acids (pCoQAs) have been found in higher
amounts in Arabica coffees (Clifford, 1999). Other chlorogenic acids have been
identified in coffee, namely caffeoyl-feruloyl-quinic acids (CFQAs), diferuloylquinic
acids (diCQAs), di-p-coumaroylquinic acids, dimethoxycinnamoylquinic acids and
other minor compounds (Clifford et al., 2006; Alonso-Salces et al., 2009; Jaiswal et
al., 2010). Also, cinnamoyl-amino acid conjugates have been characterized in green

and roasted coffees (Stark et al., 2006; Clifford and Knight, 2004).

Chlorogenic acids content decreased after coffee roasting, due to a severe
degradation process ranged from 60 to 98%, depending of the roasting degree
(Clifford, 1985; Moon et al., 2009). Furthermore, changes in the phenolic acid
profile have also been reported: (1) isomer migration has been reported to increase
the 3 and 4 acyl isomers, (2) hydrolytic reactions separated cinnamic acids and
quinic acid molecules and (3) some caffeoylquinic, feruloylquinic and
dicaffeoylquinic are transformed into lactones. In this last reaction, a molecule of
water from the quinic acid is lost, leading to the formation of an intramolecular

ester bond (Clifford, 1999, 2000; Farah et al., 2005, 2006).
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Figure 1. Structures of the main CGAs in green coffee beans (Ludwig, 2014a, with

the permission of the author)
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In the roasting process, the Maillard Reaction also occurs, which is @ non-enzymatic

browning reaction between reducing sugars and free amino groups. Some of the

final products of the reaction are high molecular weight brown compounds named

melanoidins (Bekedam et al., 2006). In the coffee brew, melanoidins represent the

25% of the dry matter (Belitz et al., 2009). These compounds have a complex

chemical structure, however studies on isolated and purified coffee brew

melanoidins have shown strong evidence that polysaccharides, proteins and

chlorogenic acids participate in its formation process (Borrelli et al., 2002; Nunes

and Coimbra, 2007). Although the mechanism remains unknown, some authors

have reported that the thermal oxidative transformations of the hydroxycinnamic
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acids may have an important role in melanoidins formation. Also some authors have
proposed that certain amount of these phenolic compounds remain linked to the
melanoidins structure in coffee (Delgado-Andrade et al., 2005; Nunes and Coimbra,
2010). Moreover, some discrepancies have been arisen about the nature of the
chemical bond between phenolics and melanoidins, suggesting covalent and ionic

bonds as the most likely interactions.

Several techniques have been applied to break these bonds before the
identification and quantitation of phenolic compounds. These have been mainly
focused in breaking covalent bonds. For example, alkaline pressure-hydrolysis was
one of the first methodologies used to detect compounds attached to the high
molecular fraction of coffee extracts (Klocking et al., 1971). Furthermore,
saponification or alkaline hydrolysis is frequently used to release covalently bound
phenolic compounds. Previous studies have detected caffeic and ferulic acids after
applying this method to coffee brew (Nardini et al., 2002) and high molecular
weight fraction in coffee (Bekedam et al., 2008). Recently phenol derivatives and
benzoic acid derivatives have been found after alkaline fusion (Nunes and Coimbra,
2007). Acid conditions have also been used on cereals, fruits, vegetables and
beverages to release phenolic compounds covalently linked to other structures

(Mattila et al., 2006; Alves et al., 2010).

In contrast, non-covalent interactions have been less studied. Barbeau and Kinsella
(1983) reported that a high ionic strength medium with NaCl decreased the
bindings of chlorogenic acids to a protein fraction. Other recent study showed
higher concentrations of phenolic acids after the addition of NaCl, confirming that
NaCl breaks the ionic bindings between phenolic compounds and proteins (Xu and
Diosady, 2000). Some authors used high ionic strength solutions to break non
covalent bonds between melanoidins and low molecular weight compounds, such

as phenolic compounds (Borreli et al., 2002; D’Agostina et al., 2004).

Finally, caffeine is the most well know coffee constituent, widely appreciated for
the stimulating effects on the central nervous system. Moreover, this natural

alkaloid has also been related with some beneficial health properties, such as lower
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risk of Diabetes type 2, Parkinson diseases or some types of cancers (van Dam et al.,
2006; Costa et al., 2010; Sinha et al., 2012). The negative cardiovascular effects of
caffeine seem to be reduced or counteracted by phenolic compounds (Ludwig et al.,
2014b). Recent studies reported that coffee is an important source of caffeine in the
diet, showing an intake of 49.5 mg/day in United Kingdom, while that amount was
doubled in the United Stated (105.4 mg/day) (Fitt et al., 2013; Mitchell et al., 2014).
The total content of caffeine in coffee changes among coffee varieties and roasting
degree; the Robusta coffees had shown higher levels of caffeine than Arabica

coffees (Casal et al., 2000; Ky et al., 2001; Ludwig et al., 2014c).

Free and bound phenolic compounds, caffeine and melanoidins might be present in
different concentrations in spent coffee. Thus, a deeper knowledge of the content
in these bioactive compounds will provide valuable information for a potential used

as food ingredient.

3. Bioaccesibility of phenolic compounds

The bioactive compounds in spent coffee have to be resistant to the conditions of
the gastrointestinal tract (GIT) and reach the circulatory system to exert a biological
action. The main function of the GIT is the digestion and absorption of food
components that are required to maintain good health. Digestion is a series of
hydrolytic reactions, where large food molecules are transformed into their
monomers. Subsequently, these small molecules are transported through the
intestinal wall into the blood system (Fox, 2011). Digestive reactions are caused
mainly by the secretion of enzymes, hydrochloric acid, bicarbonate and water. The
colonic microbiota also participates actively in the catabolic process (Ludwig et al.,
2013) and furthermore, other enzymatic reactions and absorption process occur in

the gastric and intestinal cell wall.

The availability of spent coffee compounds may be influenced by the previously
described gastrointestinal events. Several parameters could be measured to
estimate the amount of bioactive compounds that might reach the blood system.

First, the bioaccessibility indicate the amount of compounds available in the



Introduction P

gastrointestinal tract to cross the intestinal barrier (Fernandez-Garcia et al., 2009).
Gastrointestinal juices might affect the stability of phenolic compounds, due to the
enzymatic activities or pH changes (Friedman and Jiirgens, 2000; Rohn et al., 2002).
The susceptibility of phenolic acids throughout the digestive tract is a key factor to
assess spent coffee significance as a functional ingredient. Furthermore, research
has proposed in vitro digestion models to simulate gastrointestinal conditions, using
commercial digestive enzymes of porcine or bovine origin and bile salts, also

regulating the pH, temperature, substrate and incubation time (Hur et al., 2011).

The second relevant parameter is the bioavailability, which asses the absorption,
degradation or metabolism of food components in the gastric and intestinal
epithelium (Scalbert and Williamson, 2000; Lafay et al., 2006). The bioavailability of
phenolic compounds has been measured by in vitro and in vivo models. In vitro
studies have shown that gastric and intestinal cells are responsible for the nutrients
absorption. Moreover, searches with phenolic compounds standards have repoted
that these cells also have catabolic activity, due to the presence of enzymes, namely
esterases, methyltranferase sulfatases, glucoronidases (Kern et al., 2003; Farrel et
al., 2011). The human epithelial cell lines are commonly used to measure
pharmaceutical or phytochemical absorption and transport (Farrel et al.,, 2011,
2012). In particular Caco-2 cells, these cells are derived from human colon
carcinoma, and after around 21 days of cultured they can differentiate into
enterocytes showing tight junctions. Furthermore, Caco-2 cells have similar
functional properties related to the transport and metabolism of small intestinal

enterocyte.

The bioavailability of phenolic compounds has also been investigated with in vivo
animal and human feeding studies (Lafay et al., 2006; Stalmach et al., 2010, 2014;
Erk et al., 2012). These searches are scared and in some cases with contradictory
results. Some research have reported unmetabolized CGAs in plasma after coffee
consumption (Monteiro et al., 2007), whereas others have found a wide range of
metabolites with low amounts of CQAs and FQAs in plasma (Stalmach et al., 2009,
2010). Furthermore, recent studies have been focused in the study of the impact of

CGA dose and their absorption in GIT (Erk et al., 2012; Stalmach et al., 2014).

10
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Measuring both aspects will allow the estimation of the phenolic compounds
availability for a potential impact on human health, as well as the amount of
components that will reach the colon for further catabolic processes (Ludwig et al.,
2013). Previous works on coffee brew have been focused in the bioaccessibility of
coffee major components (caffeoylquinic acids or feruloylquinic acids) (Dupas et al.,
2006; Tagliazucchi et al., 2012), leaving unknown the fate of other CGAs such as, p-
coumaroylquinic acids (pCoQAs), dicaffeoylquinic acids (diCQAs), and
caffeoylquinide acids (CQLs), which may also exert beneficial effects. Up to now, no
studies have reported about spent coffee extracts bioaccessibility. A deeper
knowledge of the spent coffee bioactive composition and bioaccessibility are

required to support their efficacy in health promotion and disease prevention.

4. Spent coffee as a functional ingredient in food

The consumption and development of functional foods have been growing rapidly
in recent years, driven by the increased knowledge that diet can improve human
health (Fardet and Boirie, 2014). Actually, numerous searches are focused in finding
compounds from natural sources with bioactive properties, to develop new
functional food products for the prevention of a broad range of diseases. In
particular, the ones caused by DNA damage, such as cancer, which are a growing
concern for public health institutions and the general population, mainly because of
the increasingly mortality rates (8.2 million deaths in 2012) (World Health
Organization, 2012). In the case of DNA damage diseases, past research has shown
that antioxidant compounds, such as polyphenols, are effective because of their
ability to act against reactive oxygen species (ROS) (Farombi and Fakoya, 2005).
These molecules induce DNA changes and can lead to cell mutation (Klaunig and
Kamendulis, 2004). Coffee has been proposed as a potential functional food due to
the presence of caffeine and phenolic compounds (Dorea and Da Costa, 2005).
Several studies have positively linked coffee consumption with a decreased risk of
oxidative stress-related diseases, such as cancer, cardiovascular diseases, and

diabetes, amongst others (Higdon and Frei, 2006; Cano-Marquina et al., 2013).
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Furthermore, the spent coffee that it partially retains some of the coffee bioactive
compounds, also it might exhibit some of these properties. Moreover, spent coffee
could be considered as a novel, suitable and sustainable ingredient to develop

value-added foods.

In a recent study, spent coffee was tested for its antioxidant capacity measured by
using chemical-based assays and in in vitro cell cultures showing the ability to
protect against oxidation and DNA damage in human cells (Bravo et al.,, 2012;
2013a). However, initial studies on coffee found potential mutagenicity of coffee,
although excessively heated brewed coffee samples (Kato et al., 1994) or extremely
high coffee concentrations (Duarte et al., 1999) were used for these analyses. In
addition, non-physiological doses of coffee compounds such as melanoidins or
caffeine have been associated with a prooxidant effect (Azam et al.,, 2003;
Caemmerer et al.,, 2012). On the contrary, a small amount of coffee has a strong
protective effect against oxidants (Stadler et al., 1994). Moreover, fruits, vegetables
or herbs with antioxidant properties and genoprotective effects have shown
antimutagenic effects (Edenharde et al., 2002). Thus, based in these previous
knowledge it could be expected that spent coffee exhibit a potential protection

against mutagenic agents.

Another consideration that is essential in the development and production of foods,
including functional foods, is food safety. This term is used to define all the policies,
actions and practices that ensure the quality of food at the different stages of the
food chain, from production to consumption. Food safety is aimed at preventing
foodborne illnesses, which are caused by various microbiological, chemical or
physical contaminants. Microbes are seen as a great challenge due to their impact
on health and their ability to proliferate from small quantities to massive proportion
(Tent, 1999). The European Food Safety Authority (EFSA) reported high rates of
outbreaks per population (1.2 per 100,000) in the EU in 2011 (EFSA, 2013),
commonly caused by Escherichia coli, Salmonella, Bacillus, Shigella and
Staphylococcus aureus, amongst others. The severity of foodborne diseases varies
from mild symptoms, such as diarrhea or vomiting, to dangerous conditions. In

2011, Salmonella was responsible of the mayor number of outbreaks and Listeria
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monocytogenes was consider a major risk concern, due to approximately 90% of the

cases resulted in hospitalization and with a fatality rate of 10% (EFSA, 2013).

In addition to health consequences, microorganisms may cause food spoilage that
can result in considerable economic loss to producers and consumers. The food
industry commonly uses preservatives, preferably naturally occurring, to prevent
microbial growth. Recent studies have reported microbial growth inhibition after
the addition of natural extracts into food model systems. For example Stojkovic et
al. (2013) observed that protocatechuic acid inhibited L. monocytogenes
development in cream cheese. Furthermore, extracts from fruit by-products yield a
growth reduction of major foodborne pathogens in fish and cooked ground beef
during storage (Ahn et al., 2004; Al-Zoreky, 2009). Coffee has shown antimicrobial
activity against a broad range of microorganisms, including foodborne pathogens
(Daglia et al., 1994; Almeida et al., 2006; Martinez-Tomé et al., 2011), but to the
best of our knowledge, the antimicrobial activity of spent coffee has not yet been

evaluated.
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Objectives P
Coffee is well known for the presence of large amounts of different components,
such as phenolic compounds, caffeine and melanoidins, which have been associated
with beneficial health properties. Moreover, the by-product generated during the
coffee brew preparation, namely spent coffee, is a promising rich source of
bioactive compounds. The large volume of these residues - home, cafeterias or
restaurants and industry - indicates the potential use in the industry as a food
ingredient. Towards the attainment of this goal, three aspects warrant further
study, namely, a detailed analysis of spent coffee components, the effect of human
digestion on these compounds and last, to test their potential beneficial health

properties.

The aim of this PhD Thesis was to evaluate the composition of spent coffee extracts,
as well as the bioaccessibility of their bioactive compounds, and to further

investigate potential applications as antimutagenic and antimicrobial agents.
To achieve this aim, the following four objectives were established:

1. To optimize the methodological conditions for the preparation of spent
coffee extracts with antioxidant capacity, and to make a selection based on
major bioactive compounds content among spent coffee obtained from two
coffee varieties (Arabica and Robusta) applying two brewing methods (filter
and espresso coffeemakers).

2. To evaluate free and bound phenolic compounds for the assessment of the
total phenolics content of spent coffee extract, and to determine the most
accurate methodology for this purpose.

3. To assess the bioaccessibility of phenolic compounds of Arabica and Robusta
spent coffee extracts using an in vitro gastroduodenal digestion, followed by
the estimation of the potential absorption of phenolic compounds with a
Caco-2 human cell model.

4. To evaluate the antimutagenic and antimicrobial activity of Arabica and

Robusta spent coffee extracts for further applications in functional foods.
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El café es conocido por contener elevadas cantidades de distintos compuestos,
como acidos fendlicos, cafeina y melanoidinas, que presentan propiedades
beneficiosas para la salud. De igual modo, los subproductos generados después de
la preparacion de la bebida de café, denominados posos del café, constituyen una
potencial fuente de compuestos bioactivos. La elevada producciéon de estos
residuos, en los hogares, cafeterias o restaurantes e industria, aumenta la
probabilidad de su posible uso como ingredientes alimentarios. Sin embargo, esto
requiere el estudio previo y en mayor profundidad de la presencia de estos
compuestos en dichos subproductos, asi como del efecto del proceso de digestion

sobre los mismos y comprobar las propiedades beneficiosas para la salud.

El objetivo de esta Tesis Doctoral fue evaluar la composicion de los extractos de
posos de café, la bioaccesibilidad de sus compuestos bioactivos, y conocer su

potencial aplicacion como agente antimicrobiano y/o antimutagénico.

Para la consecucion de este objetivo se propusieron los siguientes objetivos

parciales:

1- Optimizar las condiciones metodoldgicas para la preparacién de extractos de
posos de café con capacidad antioxidante, y realizar una seleccién basada en el
contenido de compuestos bioactivos mayoritarios, entre posos de café
procedentes de bebidas de café de cafeteras filtro y expreso con dos variedades
Arabica y Robusta.

2- Evaluar el contenido de compuestos fendlicos libres y unidos para determinar el
contenido total de fendlicos en los extractos de posos del café, y establecer la
metodologia idénea para dicho propdsito.

3- Evaluar la bioaccesibilidad de los compuestos fendlicos de los extractos de
posos de café Arabica y Robusta aplicando un modelo de digestion in vitro,
seguido de la estimacion de su potencial absorcién en un modelo celular (células

humanas Caco-2).

4- Evaluar la actividad antimutagénica y antimicrobiana de los extractos de posos
del café Arabica y Robusta para su posterior aplicacion en alimentos

funcionales.
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OBJETIVE 1

To optimize the methodological conditions for the preparation of spent coffee
extracts with antioxidant capacity, and to make a selection based on major
bioactive compounds content among spent coffee obtained from two coffee
varieties (Arabica and Robusta) applying two brewing methods (filter and

espresso coffeemakers).

Optimizar las condiciones metodoldgicas para la preparacion de extractos de
posos de café con capacidad antioxidante, y realizar una seleccion basada en el
contenido de compuestos bioactivos mayoritarios, entre posos de café
procedentes de bebidas de café de cafeteras filtro y expreso con dos variedades

Ardbica y Robusta.

The results of Objective 1 have been published in the next papers together with
other results of the project.

Paper 1:

Influence of extraction process on antioxidant capacity of spent coffee

Jimena Bravo, Carmen Monente, Isabel Juaniz, M. Paz De Peiia and Concepcién Cid
Food Research International, 2013, 50, 610-616.

Impact Factor (JCR, 2013): 3.050

Journal Rank in categories:

e Food Science & Technology: 14/123 (Q1)

Paper 2:

Evaluation of Spent Coffee Obtained from the Most Common Coffeemakers as a
Source of Hydrophilic Bioactive Compounds

Jimena Bravo, Isabel Juaniz, Carmen Monente, Bettina Caemmerer, Lothar W. Kroh,
M. Paz De Pefia and Concepcién Cid

Journal Agricultural and Food Chemistry, 2012, 60(51), 12565-12573.
Impact Factor (JCR, 2012): 2.906.
Journal Rank in categories:

e Agriculture, Multidisciplinary: 1/57 (Q1)
e Chemistry, Applied: 12/71 (Q1)
e Food Science & Technology: 15/124 (Q1)



Bravo, J., Monente, C., Judniz, |., De Pefia, M. P., & Cid, C. (2013). Influence of extraction
process on antioxidant capacity of spent coffee. Food Research International, 50(Stability

of phytochemicals during processing), 610-616. doi:10.1016/j.foodres.2011.04.026


https://doi.org/10.1016/j.foodres.2011.04.026

Bravo, J., Juaniz, |., Monente, C., De Pefia, M., Cid, C., Caemmerer, B., & Kroh, L. (2012). Evaluation
of spent coffee obtained from the most common coffeemakers as a source of hydrophilic bioactive
compounds.Journal Of Agricultural And Food Chemistry, 60(51), 12565-12573.
doi:10.1021/jf3040594


https://doi.org/10.1021/jf3040594




OBJETIVE 2

To evaluate free and bound phenolic compounds for the assessment of the total
phenolics content of spent coffee extract, and to determine the most accurate

methodology for this purpose.

Evaluar el contenido de compuestos fendlicos libres y unidos para determinar el
contenido total de fendlicos en los extractos de posos del café, y establecer la

metodologia idonea para dicho propdsito.

Paper 3:

Assessment of total (free and bound) phenolic compounds in spent coffee extracts
Carmen Monente, Iziar A. Ludwig, Angel Irigoyen, M. Paz De Pefa and Concepcién
Cid

Journal Agricultural and Food Chemistry (2nd revision, January 2015)

Impact Factor (JCR, 2013): 3.107

Journal Rank in categories:

e Agriculture, Multidisciplinary: 2/56 (Q1)
e Chemistry, Applied: 11/71 (Q1)
e Food Science & Technology: 13/123 (Q1)



Monente, C., Ludwig, |., De Pefia, M., Cid, C., & Irigoyen, A. (2015). Assessment of total (Free
and Bound) phenolic compounds in spent coffee extracts. Journal Of Agricultural And Food

Chemistry, 63(17), 4327-4334. doi:10.1021/acs.jafc.5b01619


https://doi.org/10.1021/acs.jafc.5b01619




OBJETIVE 3

To assess the bioaccessibility of phenolic compounds of Arabica and Robusta
spent coffee extracts using an in vitro gastroduodenal digestion, followed by the
estimation of the potential absorption of phenolic compounds with a Caco-2

human cell model.

Evaluar la bioaccesibilidad de los compuestos fendlicos de los extractos de posos
de café Ardbica y Robusta aplicando un modelo de digestion in vitro, seqguido de la
estimacion de su potencial absorcion en un modelo celular (células humanas Caco-

2).

Paper 4:

In vitro studies on the stability in the proximal gastrointestinal tract and
bioaccessibility in Caco-2 cells of chlorogenic acids from spent coffee extracts

Carmen Monente, Iziar A. Ludwig, Maria Paz de Pefia, Concepcién Cid, Alan Crozier
International Journal of Food Sciences and Nutrition (submitted, February 2015)
Impact Factor (JCR, 2013): 1.202

Journal Rank in categories:

e Food Science & Technology: 63/123 (Q3)
e Nutrition & Dietetics 63/79 (Q4)
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ABSTRACT

Spent coffee grounds are the main by-product of coffee beverage production. This
waste product could be a valuable source of phenolic compounds, mainly
chlorogenic acids (CGAs), The aim of this work was to study the stability of spent
coffee CGAs using in vitro simulated gastroduodenal digestion and investigate their
potential absorption using an in vitro Caco-2 model of human small intestinal
epithelium. Two spent coffee extracts from filter and espresso coffee brews were
submitted to the in vitro digestion model. CGAs of nondigested and digested
samples were analyzed by HPLC-PDA-MSn. Similar concentrations but different
chromatographic phenolic profiles were found during in vitro digestion. Lactones
were partially degraded and CQA and FQA showed high resistant. Furthermore, the
transport and metabolism studies were carried out with Arabica digested sample
and standard solutions. Lactones and coumaroylquinic acids showed a higher
transport percentage than other phenolic compounds; moreover minimal amounts
of the three isomers of CQA and FQA were able to cross the intestinal barrier. The
metabolic activity of Caco-2 cells was lower than the expected. In conclusion, spent
filter and expresso coffee grounds are rich, unused source of CGAs. The CGAs in
spent coffees extracts were largely stable during in vitro gastroduodenal digestion

with limited absorption of the intact compounds across the intestinal epithelium.

KEYWORDS: Coffee, by-products, bioaccessibility, Caco-2.
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1. Introduction

The consumption and development of functional foods have been growing rapidly
in recent years, driven by the increased interest in food that can improve human
health. This has resulted in searches for new bioactive ingredients for products with
a potential to contribute to the prevention and reduction of risk factor for chronic
diseases, or have the capacity to enhance key physiological functions. Flavonoids
and related phenolic compounds have proven to be bioactive with a number of
beneficial effects on health (Yao et al. 2004, Crozier et al. 2009). One of the main
dietary sources of phenolic compounds are the millions cup of coffee consumed
every day, due to the presence of substantial amounts of chlorogenic acids (CGAs).
The levels do however vary; principally as a consequence of roasting (Moon et al.
2009) and a recent study found the amount per serving in espresso coffees ranging
from 24-422 mg (Crozier et al. 2012). Epidemiological studies have linked coffee
consumption with a reduced risk of type 2 diabetes (Salazar-Martinez et al. 2004),
cardiovascular diseases (Andersen et al. 2006) and some types of cancer notably

prostate (Li et al. 2013) and skin (cutaneous melanoma) (Loftfield et al. 2015)

Coffee compounds may be considered as potential functional foods. A sustainable
strategy could use the tons of by-products generated after brewing coffee, namely
the spent coffee grounds. Currently, limited data are available on the CGA profile of
spent coffee grounds. Moreover, the fate of CGAs as they pass along the
gastrointestinal tract is another key factor to assess spent coffee significance as a
functional ingredient. Previous studies have focused on assessing the absorption
and metabolic fate of chlorogenic acids (CGA) from coffee beverage (Stalmach et al.
2009, 2010, 2014; Renouf et al. 2014; Monteiro et al. 2007); studies investigating
the gastrointestinal stability, and bioaccessibility of chlorogenic acids from spent

coffee grounds are scarce.

The aim of the current study was to assess the CGA profile of the spent coffee
grounds remaining after the production of filter and espresso coffees, and to

investigate the upper gastrointestinal stability of these compounds using an in vitro
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model of digestion, and to determine the transport mechanism using Caco-2 cell, an

in vitro model of intestinal absorption.

2. Experimental
2.1 Chemicals

Caffeic acid, ferulic acid, sinapic acid, 5-CQA, caffeine, human saliva a-amylase (300-
1500 U/mg protein), pepsin (674 U/mg), pancreatin (4 x UPS) and bile salts were
purchased from Sigma-Aldrich (Steinheim, Germany). 4,5-DiCQA was obtained from
Phytolab (Vestenbergsgreuth, Germany) and dihydrocaffeic acid and dihydroferulic
acid from Alfa Aeser (Heysham, UK). Culture flasks, Transwell fitted with
polycarbonate membranes were acquired from Corning® Costar® Transwell (Sigma
Aldrich, St. Louis, US). Dulbecco’s modified Eagle’s medium (DMEM) was purchased
from Gibco Invitrogen (Paisley, UK). The Caco-2 cell line PD7 clone was kindly
provided by Dr. Edith Brot-Laroche (Paris, France). All chemicals and reagents used
were of analytical grade from Panreac (Barcelona, Spain), Fisher Scientific

(Loughborough, UK), and Sigma Aldrich (Steinheim, Germany).

2.2 Coffee samples

Medium roasted coffee beans from Guatemala (Arabica) and Vietnam (Robusta)
were provided by Unién Tostadora S.A (Logrofio, Spain). The beans were ground to
a powder in a Moulinex coffee grinder for 20 seconds immediately before sample

preparation.

2.3 Spent coffee extract preparation

Arabica filter (24 g coffee/ 400 mL) and Robusta espresso (7g coffee/ 45 mL) coffee
brew were prepared to obtain spent coffee. Spent coffee extracts were prepared
according to the method described by Bravo et al. (2012). First, dried spent coffee

was defatted with petroleum ether (1:11, w/v) for 3 h at 60 °C in a Soxhlet
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extraction system (Extraction Unit B-811 Standard Blichi, Flawil, Switzerland). Then,
spent Arabica coffee was extracted with a volume of 400 mL of water using a filter
coffeemaker (model Avantis 70 Inox). Extraction took approximately 6 min at 90 °C.

Aqueous spent coffee extracts and coffee brews were freeze-dried and stored at

—18 oC. Spent coffee extraction yielded 10% (w/w) in terms of final lyophilized

powder of spent coffee extract.

2.4 Invitro digestion

A three step in vitro digestion was carried out in a bioreactor according to Pastoriza
et al. (2011). Briefly, 2 g of each spent extract was dissolved in 200 mL of water and
transferred into a vessel placed in a water bath at 37°C. The vessel was magnetically
stirred and connected to a pH sensor. Before each step the sample was sparged
with N; to maintain an reduced O, atmosphere. The three steps were carried out in
absence of light. First, oral digestion was performed by adding 500 puL of an a-
amylase solution (32.5 mg of a-amylase dissolved in 25 ml 1 mM CacCl,, pH 7.0) and
incubating for 15 min. The second gastric digestion step was carried out at pH 2.5
with HCl 6N and it was initiated by adding 547 uL of a pepsin solution containing
0.05 g of pepsin/g of lyophilized spent coffee. After a 2 h incubation the gastric
digestion was stopped by raising the pH to 6.5 with 0.1 M NaHCOs. Finally for
intestinal digestion, 5 mL of a mixture of pancreatin and bile salts (0.1g of
pancreatin and 0.625 g of bile salts in 25 ml of 1 M NaHCOs3) was added to the
vessel. The pH was adjusted to pH 7.5 with 0.1 M NaHCOs;, and samples incubated
for 2 h. After each step an aliquot was collected, and the enzymes were inactivated
with heat treatment (4 min at 100 2C), after which the samples were immediately
cooled, freeze-dried and stored at —18 C prior to analysis. Each experimental

condition was tested in triplicate.

For CGA analysis, the freeze dried spent coffee extracts and the digested samples

were reconstituted with distilled water, centrifuged at 16.2 g for 5 min and filtered
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with 0.45 um pore size, 13 mm, Milex-HV filters (Millipore, Bedford, MA, USA), and
diluted 20-fold with distilled water.

2.5 Transport and metabolism experiments using Caco-2 cells

Caco-2 cells were cultured in DMEM supplemented as previously describe Fanjul et
al. (2012). Once the cells reached 80% confluence, they were dissociated with
0.05% trypsin-EDTA and sub-cultured on 25 or 75cm’ plastic flasks at a
25 x 10° cells/cm? density. Caco-2 cells were seeded on Transwell inserts (12 mm
diameter, 1.12 cm? growth area) at a density of 6 x 10* cells/cm?. Culture medium
was replaced every 2days. Cell confluence was confirmed by transepithelial
electrical resistance (TEERS) measurements. Transport experiments were
performed at 17-21 days post-seeding according to Farrel et al. (2012). Lyophilised,
digested Arabica spent coffee was redissolved in DMEM (15 mg/mL, pH 7.4). The
culture medium was aspirated and 1 mL test solution was added in the apical side
and 2 mL of DMEM pH 7.4 in the basal side. The incubation period was 0.5 and 1
hour at 372C. At the end of the incubation period media from the apical and basal
sides were collected, the monolayer was washed with DMEM, and cells were
scraped in sterile water and sonicated for 30 s. Samples were cooled immediately,
freeze-dried and stored at —18 2C. Each experimental condition was tested in

triplicate.

For the metabolism experiment, Caco-2 cells were incubated with (1 mL) standard
solutions 5-CQA (0.9 mM), 4,5-DiCQA (0.2 mM), caffeic (2.5 mM), ferulic (0.7 uM),
dihydrocaffeic (2.5 uM) and dihydroferulic (0.7 uM) in DMSO (0.1%). The incubation
period was 0.5 and 1 hour at 372C, then samples were removed and stored as
described above. Each experimental condition was tested in triplicate. For CGA
analysis culture solution and cells were extracted and deproteinated according
Stalamach et al. (2009) with some modifications. Each sample was resuspended in
500 pL of methanol containing 1% formic acid and 20 mmol/L of sodium

diethydithiocarbamate and spiked with sinapic acid (20 uL) as an internal standard.
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The samples in eppendorf tubes were mixed using a flat shaker at a speed of 400
rpm for 5 min at room temperature, before being centrifuged for 10 min at 42C. The
supernatant was collected and the pellet was re-extracted as describe above. The
two supernatants were combined and reduced to dryness in vacuo and

resuspended in HPLC mobile phase.

4.6 Qualitative and quantitative analysis of CGAs and hydroxycinnamates by

HPLC-PDA-MS"

CGAs were analyzed using a Surveyor HPLC with a photodiode array (PDA) detector
scanning from 200 to 600 nm, an autosampler cooled at 6 2C, and a LCQ Duo ion
trap mass spectrometer fitted with an electrospray interface (ESI) (Thermo Fisher
Scientific, San Jose, CA). The injection volume was 100 pL of sample. HPLC was
performed at 40 2C with a Synergi 4-mm Polar-RP 250 x 4.6 mm reversed-phase
column (Phenomenex, Macclesfield, UK). The mobile phase consisted of 0.1 %
aqueous formic acid (solvent A) and 100% methanol (solvent B). Isocratic conditions
of 5% solvent B were maintained for 15 min, followed by a gradient from 5 to 10% B
over 20 min and maintained for 5 min, then the % B was increased to 40% over 60
min and maintained 20 min. The flow rate was 1 mL/min. After passing the PDA
flow cell, the eluate was split and 0.3 mL/min was directed to the mass
spectrometer with the ESI operating in negative ionization mode. Analysis was
initially carried out in full-scan, data-depending scanning from m/z 100 to 600 and
identification was confirmed by single reaction monitoring and consecutive reaction
monitoring. Calibration curves of standard were used to quantify 5-CQA,
hydroxycinnamic acids, dihydroferulic acid (DHF) and dihydrocaffeic acid (DHC).
Coefficients of linearity for the calibration curves were typically R>>0.99. CGAs and
hydroxycinnamic acids were quantified by PDA at 325 nm, and 280 nm for DHC and
DHF. Quantification of the other CGAs (FQAs, diCQAs, CoQAs, CFQA, CQL, and FQL)
was performed using a 5-CQA calibration curve combined with molar extinction
coefficients of the respective compound as reported by Trugo and Macrae (1984)

and Farah et al. (2005).
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4.7 Statistic

Results are shown as the mean * standard deviation (SD). Student's t-test was
applied for each CGA group to know whether there were differences among spent
coffee and the coffee brew. One-way analysis of variance (ANOVA) was applied to
determine significant differences (p < 0.05) between non-digested and digested
samples. A T-Tukey test was applied as a test a posteriori with a level of significance

of 95%. All statistical analyses were performed using STATA v.12.0.

3. Results
3.1 Characterization of spent coffee extracts

Filter and espresso coffeemakers are commonly used to prepare a cup of coffee,
not only at domestic levels but also in workplaces and coffee shops. And Arabica
and Robusta coffees are the most consumed varieties around the world. Previous
searches have shown that the spent coffees obtained after the preparation of a
filter (Arabica coffee) and an expresso (Robusta coffee) coffee brew had the highest
antioxidant activity in chemical-based assays and in cell cultures (Bravo et al. 2012;
2013). Thus, these two spent coffee were used to prepare two aqueous extracts
which were lyophilised, stored and reconstituted prior to analysis and testing, as
well as their respective coffee brews. A total of 36 chlorogenic acids (CGAs) were
identified and quantified in both spent coffee extracts and coffee brews with HPLC-
PDA-MS", including two cinnamoyl-amino acid conjugates (Table 1). Identifications
were performed by reference to published CGA fragmentation patterns (Clifford et

al. 2003, Clifford and Knight 2004).
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The results indicated that on a weight per weight basis, spent coffee contained
higher amounts of CGAs than their respective coffee brew, especially after the
production of espresso coffee (Table 2). On average, and a weight/weight basis,
there was 6.212.5% more CGAs quantified in the Arabica spent coffee compared
with the brew, whereas 41+2.4% more CGAs were recovered in Robusta spent
coffee compared with the brew, mainly due to the higher extraction of
caffeoylquinic acids (CQAs) from the spent coffee (44+2.5%). Spent coffee extracts
had a different CGAs profile, depending on the coffee bean variety. Arabica spent
coffee contained higher amounts of CQAs, coumaroylquinic acids (pCoQAs) and
caffeoylquinic acid lactones (CQLs), while Robusta spent coffee was richer in
feruloylquinic acids (FQAs), feruloylquinic acid lactones (FQLs),

caffeoylferuloylquinic acids (C-FQAs) and cinnamoyl-amino acids.

Table 2. Chlorogenic acids and caffeine content in Arabica and Robusta spent
coffees extracts and coffee brews.

Arabica Robusta

Compounds®

Spent coffee

Coffee brew

Spent coffee

Coffee brew

Caffeoylquinic acids (7) 228 + 6* 210+2 186 + 5* 129+3
Feruloylquinic acids (4) 34 +1* 28+0 90 + 3* 48 +1
p-Coumaroylquinic acids (3) 9.9+0.3*% 9.3+0.3 6.0+ 0.2* 44+0.1
Dicaffeoylquinic acids (6) 3.8+ 0.0* 2.8+0.0 4.4 +0.4* 2.7+0.1
Caffeoylquinic acid lactones (4) 47 + 3* 53+1 37 £ 2% 43+2
Feruloylquinic acid lactones (4) 46+0.6 5.0+0.1 9.0+0.5 9.8+0.1
Caffeoylferuloylquinic acids (6) 0.9+ 0.0* 0.6+0.0 3.8+0.1* 1.9+0.0
Cinnamoyl-amino acids (2) 0.9 +0.0* 0.7+0.0 9.4 +0.2* 7.2+0.2
Total chlorogenic acids (36) 329 +8* 3092 345 + 4* 245+ 4
Caffeine 406 + 40 395+ 35 49 + 39 671 £ 45

Data expressed in umol/g of lyophilized spent coffee extract or coffee brew, as mean values
+ standard deviation (n = 3). a Number of individual compounds corresponding to the sum
for each group of chlorogenic acids. * Significant differences (p < 0.05) among spent coffee

and its coffee brew (Student’s t-test).
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3.2 In vitro digestion

The upper gastrointestinal stability of the CGAs, contained in Arabica and Robusta
spent coffees, was assessed using a three step in vitro model of digestion (Table 3
and Fig. 1). Table 3 summarizes the CGAs content of spent coffee extracts after
simulated oral, gastric and intestinal digestion. The results indicated that the total
CGA content of spent coffees significantly decreased by 4-14% indicating
degradation during the in vitro digestion process. However, successive in vitro
digestions had little impact on CQAs and FQAs degradation, as shown by the
stability in the amounts recovered following incubations with digestive juice (Fig. 1).
In contrast, the compounds most susceptible to oral, gastric and intestinal
digestions were the lactones, CQL and FQL, with losses accounting for 45 to 85% of
the initial dose incubated (p < 0.05). CGA compounds responded differently to the
enzymatic activity and pH changes. Robusta spent coffee showed more
degradations of the CQA, FQA, CoQA and diCQA compounds, whereas lactones

were more affected in Arabica compared to Robusta spent coffee.

As mentioned above, overall CQAs and FQAs were relatively stable, although after
in vitro digestion, there were changes due mainly to variations in isomer levels.
Firstly, the addition of a-amylase at pH 6.5-7 brought a significant (p <0.05)
decrease in the levels of 5-CQA (Fig. 1), and an increase in the 3- and 4-CQA
isomers. Following the simulated oral digestion the spent coffees and coffee brews
were subjected to in vitro gastric digestion for 2 h. This reduced the concentrations
of 3- and 4- isomers, although the final values remained slightly higher than non-
digested sample. And finally, the last step was the addition of pancreatin and bile

salt (pH 7), which had similar effects to those observed after oral digestion.
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Table 3. Chlorogenic acids content of Arabica and Robusta spent coffee extracts
after the in vitro digestion model.

Compound

Non-digested

Oral digestion

Gastric digestion

Intestinal digestion

Caffeoylquinic acids
Arabica
Robusta
Feruloylquinic acids
Arabica
Robusta
p-Coumaroylquinic acids
Arabica
Robusta
Dicaffeoylquinic acids
Arabica
Robusta
Caffeoylquinide
Arabica
Robusta
Feruloylquinide
Arabica
Robusta
Caffeoylferuloylquinic acids
Arabica
Robusta
Cinnamoyl-amino acids
Arabica
Robusta
Total chlorogenic acids
Arabica
Robusta

228 + 6°
186 + 5%

329+11°
345+11°

256 + 8(112)°
194 + 15 (104)°

37 £ 1(109)°
99 + 6(110)°

9.0 +0.3(91)°
6.4 +0.7(107)°

3.6+0.1(95°
3.6+0.5(82™

7.7 +0.4(16)°
15 + 3 (41)°

1.0+0.1(22)°
4.6 +1.0(51)°

0.9 +0.0(100)°
3.5+0.4(92)°

1.0+0.1(111)°
8.7 +0.8(93)°

317 +10(96)™
336 +28(96)°

234 +12(103)°
169+ 6(91)°

35+ 1(103™
91 + 4(101)°

9.6+ 0.6(97)
5.1+0.3(85)°

3.5+0.1(92)°
3.5 +0.3(80)°

17.5+2.1(37)°
20+ 1(54)°

1.3+0.1(28)°
5.0+ 0.8(56)°

0.9 +0.0(100)°
3.3+0.3(87°

0.9 + 0.0(100)*®
8.5+ 0.4 (90)°

303 +10(92)°
296 + 13(86)°

244 + 12 (107)®
179 + 7 (96)™

36 + 1(106)™
84 +6(93)°

9.5 +0.3(96)™
4.5+0.1(75)"

3.6 +0.0(95)°
3.7+0.1(84/™

8.2+0.8(17)°
17 + 2 (46)°

0.9 +0.1(20)°
5.3+0.3(59)°

0.9 + 0.0 (100)°
3.4+0.1(89)°

0.9 + 0.0(100)*®
9.0 + 0.5(96)°

304 + 15 (92)°
306 + 15(89)°

Data expressed in umol/ g of lyophilized spent coffee extract non-digested or digested. Values are

mean * standard deviation from three independent experiments. Italicized numbers in brackets

represent the recovery as a percentage of the non-digested sample. Different superscripts within

rows indicate significant differences (p < 0.05) between non-digested and digested samples (Analysis

of Variance with a pair-wise post-hoc comparison).
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Fig.

1. The impact of in vitro digestion model on the stability of the main CGAs isomers
in spent coffee extracts. (A) Arabica spent coffee, (B) Robusta spent coffee. (B) Non
Digested (8) Oral digestion, (B) Gastric digestion, (B) Intestinal digestion. Data
expressed as mean value * standard deviation. Different letters in each isomer
indicate significant differences (p < 0.05) between non-digested and digested

samples (Analysis of Variance with a pair-wise post-hoc comparison).

3.3 Absorption and metabolism of spent coffee CGAs and hydroxycinnamate

standards

The absorption study was performed with the digested Arabica spent coffee extract.
The sample was incubated in Transwell cell culture inserts with a Caco-2 cell
monolayer, which simulated the intestinal barrier. Table 4 shows the amount of
CQAs found in the apical and basal compartments and in the Caco-2 cells as well as
the percentage related to the initial amount loaded on the apical side. The results
indicate that only 0.55% of the total CGAs were absorbed and transported from the
apical to the basolateral side of cell in the first 0.5 h, increased to 1% after 1 h.
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quinide lactones and CoQA were recovered in greater amounts on the basolateral
side, accounting for 33% and 17% of the amount incubated, respectively. Other
CGAs were subject to negligible transport from the apical to the basal cell. DiCQAs
showed an absorption of 0.6% and CQAs and FQAs of 0.3% and 0.5%, respectively.
There was no difference in the transport of the different CQA and FQA isomers. In
contrast to most of the CGAs, there was substantial transport of caffeine with 30%
recovered on the basolateral side within 0.5 h and a further 6.5% taking place in the

subsequent 0.5 h (Table 4).

Further incubations were carried out to compare the absorption and metabolism of
individual coffee components. Caco-2 cells were incubated with 5-CQA, 4,5-diCQA,
caffeic acid, ferulic acid, dihydrocaffeic acid and dihydroferulic acid. Table 5
summaries the percentage of the initial dose remaining on the apical side after 0.5
h and 1 h, and that found in the Caco-2 cells and the quantities transported to the
basolateral side. Table 5 also provides information on metabolites produced. All the
compounds were identified by comparing MS" fragmentation with patterns of

previous works and standard solutions (Stalmach et al. 2009; Farrel et al. 2011b)

Compounds with the highest basolateral recovery were ferulic acid and
dihydroferulic acid, accounting for 5.9% and 5.3% of the apical dose, respectively,
indicating a highest absorption and basolateral transport compared with caffeic and
dihydrocaffeic acids (<0.1% of the apical dose), 5-CQA (0.3%) and 4,5-DICQA (0.5%).
There was evidence of substantial metabolism principally in the form of
isomerization of 5-CQA and 4,5-DiCQA. There was also low level i) hydrolysis of
CQAs and DiCQA releasing caffeic acid, ii) sulphation of caffeic acid and ferulic acid,
iii) methylation of caffeic acid yielding ferulic acid and iv) conversion of ferulic acid

to dihydroferulic acid (Table 5).

Furthermore, different amounts of CGAs were found among spent coffee extracts.
Arabica spent coffee had higher amounts of CQAs, coumaroylquinic acids (CoQAs)
and caffeoylquinides (CQLs), while Robusta spent coffee was richer in feruloylquinic
acids (FQAs), feruloylquinides (FQLs), caffeoylferuloylquinic acids (C-FQAs) and

cinnamoyl-amino acids.
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Table 5. Transport and metabolism of CGAs and hydroxycinnamates across the

Caco-2 Cell monolayer.

% of apical dose

Compounds 0.5h 1h
Apical Cell Basolateral Apical Cell Basolateral

Substrate

5-0-Caffeoylquinic acid 73.1 1.5 0.06 72.0 1.3 0.29
Metabolites

4-0-Caffeoylquinic acid 15.7 0.13 0.001 16.1 0.12 0.29

3-0-Caffeoylquinic acid 9.1 0.04 tr 9.4 0.03 0.05

Caffeoylquinic acid-O-sulfate 0.05 tr tr 0.03 tr 0.03

Caffeoylquinic acid-O-sulfate 0.23 tr tr 0.17 tr 0.02

Caffeic Acid 0.04 0.06 0.01 0.04 0.03 0.10
Total 98.2 1.7 0.08 97.7 1.5 0.78
Substrate

4,5-0-Dicaffeoylquinic acid 48.6 1.2 0.11 44.7 0.75 0.47
Metabolites

3,5-0-Dicaffeoylquinic acid 25.7 0.4 0.09 28.5 0.28 0.23

3,4-0-Dicaffeoylquinic acid 10.0 0.07 0.03 13.3 0.06 0.06

5-0-Caffeoylquinic acid 6.8 0.26 0.15 6.1 0.20 0.20

4-0-Caffeoylquinic acid 3.3 tr Tr 2.6 tr tr

3-0-Caffeoylquinic acid 2.9 tr Tr 2.1 tr tr

Caffeic acid 0.27 0.05 0.04 0.23 0.09 0.08
Total 97.6 2.0 0.4 97.5 1.4 1.0
Substrate

Caffeic acid 94.6 1.7 0.01 92.3 0.01 0.04
Metabolites

Caffeic acid-3-O-sulfate 0.55 0.02 0.03 1.4 0.03 0.03

Ferulic acid 3.0 0.01 0.03 2.6 0.03 0.13
Total 98.2 1.7 0.07 96.3 0.07 0.2
Substrate

Ferulic acid 95.5 0.9 3.5 92.3 0.6 5.9
Metabolites

Ferulic acid-4-O-sulfate 0.03 0.02 0.04 0.04 0.02 0.07

Dihydroferulic acid tr tr tr 0.79 0.18 0.16
Total 95.5 1.0 3.5 93.1 0.8 6.1
Substrate

Dihydrocaffeic acid 96.8 3.2 tr 96.8 3.1 0.03
Substrate

Dihydroferulic acid 96.2 1.7 2.1 93.2 1.5 5.3

Data expressed as a percentage of the apical dose of each standard solution, means from

three independent experiments. tr=traces (< LOQ)
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4. Discussion

The by-product generated after the brewing process namely, spent coffee, is a rich
source of a diversity of CGAs. The aim of the present work was to assess the
bioaccessibility of these compounds using Caco-2 cells and determine their stability
in the proximal gastrointestinal tract, using a three step in vitro model of digestion

to simulate the physiological conditions of the distal gastrointestinal tract.

The stability of the various CGAs in the spent coffee extracts varied depending on
the type of compounds, following incubation with simulated digestive juices
corresponding to a model of oral, gastric and intestinal digestion. Our study is in line
with previous studies reporting that CGAs are stable when incubated with various
gastrointestinal fluids (Olthof et al. 2001; Rechner et al. 2001; Farah et al. 2006).
Our results showed that the main CGAs in spent coffee, namely CQAs and FQAs
were also subjected to isomerisation from the 5-acyl to 3- and 4- acyl loci, as
previously reported in ileostomy volunteers (Erk et al. 2014). Moreover, our data
showed that the high recoveries of CQA and FQA in the in vitro digestion model
might be related with the susceptibility and degradation of other components, such
as diCQA and lactones, in the spent coffee extracts. These two compounds showed
a higher loss of recovery following incubation with gastrointestinal juices, which
could have resulted to the release of the hydroxycinnamate moiety of DICQAs or
the cleavage of the intramolecular ester bond of lactones. Furthermore, the release
of CQAs from other structures, including melanoidins, into which they are
incorporated during roasting (Bekedam et al. 2008, Perrone et al. 2012), could also
be hypothesised. In general, CGAs in spent coffee extracts were stable in the in vitro
model of the proximal gastrointestinal tract implying that in vivo substantial
amounts are likely to reach the colon. This is in keeping with the reported 59-77%
recoveries of CQAs in ileal fluid after the ingestion of coffee by ileostomists

(Stalmach et al. 2010; Erk et al. 2012).

CQA isomers in spent coffee were transported across the Caco-2 monolayer in only
low amounts, corresponding to 0.3% of the apical dose. Similar absorption values

have been reported for CQAs from coffee brew and standard solutions using similar
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Caco-2 cell models (Konishi and Kobayashi 2004; Dupas et al. 2006). Despite the
different functions and morphology between gastric epithelial and Caco-2 cell
monolayers, similar absorptive patterns were observed among both cellular lines.
The absorption percentage of spent coffee CQAs was 0.3% of the apical dose, in
agreement with the findings of Farrell et al. (2012a). In their study, Farrell et al.
found that the percentage FQAs and CQLs transported across the gastric cell
monolayer was slightly higher than that of CQAs. The only difference among gastric
and intestinal cells was the percentage of diCQAs transported, due to the high

permeability observed in gastric cells (Farrell et al. 2012a).

Our study demonstrated higher levels of CGAs in spent coffee compared with the
corresponding coffee brew, although with similar profiles of the individual
compounds. Robusta coffee spent extract contained ca. 40% more CGAs compared
with the beverage (only 6% more CGAs in the Arabica spent coffee extract vs brew),
which may have been due to the brewing method used (espresso preparation),

known for its low extraction efficiency (Cruz et al. 2012).

Previous studies have highlighted the higher content of antioxidant and bioactive
compounds in Arabica and Robusta spent coffee extracts compared with their
respective coffee brews (Bravo et al. 2012, 2013). Our study also demonstrated the
high levels of unextracted CGAs in spent Arabica and Robusta spent coffee
compared with the brews, and showed that the aqueous extracts of spent coffee
were stable under gastrointestinal conditions and as bioaccessible as the

compounds found in coffee beverage.

5. Conclusions

In conclusion, spent filter and expresso coffee grounds are rich, unused source of
CGAs. The CGAs in spent coffees extracts were largely stable during in vitro
gastroduodenal digestion with limited absorption of the intact compounds across

the intestinal epithelium.
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Spent coffee is a potential source of compounds with beneficial effects on human
health. However, these compounds should be firstly extracted from spent coffee
grounds in order to be applied as functional ingredients. Initial analyses carried out
in the research group established the most efficient methodological conditions for
the extraction of compounds with antioxidant capacity, which are neutral aqueous
medium (pH 7.0) using a filter coffeemaker in a proportion of 24 g spent coffee per
400 mL water (Bravo et al., 2013a). Subsequently, two processes, namely defatting
and lyophilization, were tested to optimize the extraction of antioxidant
compounds. The application of both technological processes was the most efficient
methodology. In fact, the extract with the highest antioxidant capacity was
obtained when spent coffee grounds were defatted and the extract was lyophilized
(Bravo et al., 2013a). Moreover, defatting process showed more influence than
lyophilization on radical scavenging activity. Defatting process with organic solvents
has been previously used to remove fatty compounds in coffee before extraction of
antioxidants or other coffee compounds, such as melanoidins (Rufian-Henares and
Morales, 2007; Nunes and Coimbra, 2007; Bekedam et al., 2008a; Ramalakshmi et
al.,, 2009). Thus, the removal of fat could facilitate the extraction of water soluble
antioxidants. Defatting process can also prevent fat rancidity and radicals formation
during long storage of spent coffee extracts. And lyophilization not only avoids the
microorganism growth extending self-life, but also facilitates the handling of spent
coffee extracts in powder for further applications, such as an ingredient or an

additive in food industry.

This optimized extraction methodology was applied to spent coffee grounds
obtained after two of the most common coffee brew preparations (filter and
espresso coffeemaker) using two coffee varieties (Arabica and Robusta). All spent
coffee extracts showed relevant amounts of total caffeoylquinic acids (CQAs). The
distribution of CQAs was identical to that previously reported for coffee brew,
where 5-CQA was the most abundant CQAs, followed by 4-CQA and 3-CQA (Clifford,
2000). Our results agree with published data of Cruz et al. (2012), who reported
similar amounts of 5-CQA in espresso coffee residues. Furthermore, Arabica spent

coffees showed higher concentrations of CQAs than Robusta ones. Higher amounts
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of CQAs in Robusta coffees than in Arabica ones have been extensively reported
(Farah et al., 2005). However other authors have found higher content in Arabica
coffees (Vignoli et al., 2011; Ludwig et al., 2012). This could be because both, the
origin of coffee and the higher loss of chlorogenic acids in Robusta coffee during

roasting process (Clifford, 1997; Perrone et al., 2012).

Furthermore, other phenolic compounds, such as diCQAs, were found in spent
coffee samples. The 3,4-diCQA were the most abundant, followed by 4,5-diCQA and
3,5-diCQA. Some authors observed that diCQAs were extracted rather slowly from
coffee in comparison to CQAs (Blumberg et al.,, 2010; Ludwig et al., 2012). The
esterification of an additional caffeic acid molecule in diCQAs increases the number
of hydroxyl groups that might be bound to the amide carbonyls of the peptide bond
in melanoidins (Bekedam et al., 2008b; Nunes and Coimbra, 2010). Also, other
authors corroborated the hypothesis that the chlorogenic acids are incorporated
into melanoidins via hydroxycinnamic acids (such as caffeic acid) moieties, mainly
through nonester linkages upon coffee roasting (Perrone et al.,, 2012). Therefore,
the release of diCQAs bound to melanoidins is rather difficult compared to

monoCQA:s.

All spent coffee extracts had concentrations of caffeine ranged from 3.59 mg (from
Arabica espresso coffee) to 8.09 mg (from Robusta espresso coffee) per gram of
spent coffee. Quite similar amounts of caffeine were reported by Cruz et al. (2012)
for espresso coffee residues obtained from Arabica/Robusta blends. These results
are in agreement with those of the literature which extensively reports that

Robusta coffees are richer in caffeine than Arabica ones (Belitz et al., 2009).

Finally, browned compounds, mainly melanoidins, are originated by Maillard
reactions during coffee roasting process. Spent coffee extracts obtained from the
filter coffeemaker showed higher browning indices than espresso spent coffees. The
absorbance values of spent coffee extracts from filter coffeemaker were similar to
those found in filter coffee brews (Bravo et al.,, 2012). Melanoidins and Maillard
reaction products contribute to the antioxidant and other functional properties of
coffee by themselves and because of the presence of phenolics in their skeleton

(Lépez-Galilea et al., 2006; Rufian-Henares and Morales, 2007).
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After this first screening, Arabica coffee residues from filter coffee brew were
selected for further experiments because of their highest values of CQAs, diCQAs
and melanoidins. Despite the fact that the two Robusta spent coffee extracts had
less phenolics content than Arabica ones, Robusta espresso spent coffee extract
was also selected for further analyses based on its high antioxidant capacity. This is
because Robusta coffees are richer in other CGAs, namely FQAs (Farah et al., 2006).
In fact, recent studies have identified the presence of FQAs and other phenolic
compounds, such as chlorogenic acids lactones, in spent coffee obtained from
espresso coffee capsule or cafeterias of different origins, but their concentration is
still unknown (Cruz et al., 2012; Panusa et al., 2013; Belviso et al., 2014). Therefore,
a more detailed phenolic profile was determined in the two selected spent coffee

samples.

A total of 36 free chlorogenic acids were identified and quantified with HPLC-PAD-
MS, including 2 Cinnamoyl-amino acid conjugates. The phenolic acids profiles were
different between both spent coffee extracts. Arabica spent coffee extract had
higher amounts of CQAs, pCoQAs and CQLs, while Robusta spent coffee was richer
in FQAs, FQLs, C-FQAs and cinnamoyl-amino acids. Furthermore, the content of
other phenolic compounds, such as hydroxycinnamic acids and benzoic acid
derivative, was also measured by HPLC-DAD. The results showed low amounts of
caffeic acid, ferulic acid, p-coumaric acid, sinapic acid, as well as 4-hydroxybenzoic

acid in spent coffee extracts.

Phenolic compounds could be also found in the food matrix attached to other
structures such as proteins, polysaccharides, etc. by hydrogen, covalent, ionic bonds
and other interactions (Kroll et al., 2003; Pérez-Jiménez and Torres, 2011). As
mentioned above, phenolics have been found attached to melanoidins skeleton.
These bound compounds might contribute to health related properties, after their
release from food matrices by gastrointestinal enzymatic action or further
microbiota activity (Andreasen et al., 2001; Manach et al., 2004). The knowledge of
the total content of phenolic compounds (free and bound) in spent coffee extracts
is important for their potential use as functional ingredients by the food industry.

Therefore, after identification and quantitation of free phenolic compounds,
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Arabica spent coffee extract, which was the sample with the highest value of
melanoidins, was submitted to three hydrolytic methods (alkaline, acid and saline).
Then, bound phenolic compounds were identified and quantitated in order to

estimate total phenolic compounds.

First, alkaline hydrolysis or saponification is applied to release compounds bound to
polymers by covalent interactions (Pérez-Jiménez and Torres, 2011). After
hydrolysis, the major CGAs in spent coffee extract completely disappeared while
caffeic acid significantly increased, even though not all the expected quantity was
found. Some authors have reported that phenolic compounds are susceptible to
oxidation at pH 8 and higher, leading to degradation into their corresponding
molecules derivatives (Cilliers and Singleton, 1989; Kroll et al., 2003). Alkaline
medium can break not only the covalent bonds between melanoidins and phenolic
compounds, but also CGAs internal bonds. Our findings suggest that the caffeic acid
found in hydrolyzed samples were partially due to the cleavage of the ester linkages
in the CGAs with caffeic acid in their structure mentioned above, namely CQAs,
CQLs and diCQAs. Numerical data indicate that around 47% (spent coffee extract)
and 19% (coffee brew) of the caffeic acid found after the alkaline hydrolysis could
come from CGAs or caffeic acids attached to other structures. In the case of coffee
brew, this percentage of bound phenolic compounds is in the range of 1 to 29%

proposed by Perrone et al. (2012) depending on the roasting degree.

Similarly, the increment of ferulic and coumaric acids concentration could be
explained by the release of hydroxycinnamic acids from FQAs and pCoQA presents
in coffee brew and spent coffee extract. The percentage of the additional ferulic
acid found in hydrolyzed samples was similar to the total content of free FQAs and
FQLs, which indicate that minor amount of this compound was released from
melanoidins and other macromolecules. Even though the concentrations of sinapic
and 4-hydroxybenzoic acids were lower than caffeic, ferulic and coumaric acids, an
increase was found in comparison to the values in the non-treated samples. There is
scarce literature about the presence of sinapic acid in coffee. Up to our knowledge,
sinapic acid linked to quinic, caffeoylquinic and feruloylquinic acids has only been

reported in Robusta green coffee (Jaiswal et al., 2010). Consequently, part of these
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chlorogenic acids could remain attached to melanoidins during roasting process.
Finally, the increase of 4-hydroxybenzoic acid agrees with Nunes and Coimbra
(2007) who found benzoic acid and derivatives as 4-hydroxybenzoic acid attached to

HMW melanoidins fraction of roasted coffee after applying alkaline fusion.

The second hydrolytic treatment was an acid hydrolysis, also to induce the rupture
of covalent bonds. In spent coffee, CQAs and diCQAs were completely lost after acid
hydrolysis. Also, ferulic, coumaric, sinapic and 4-hydroxybenzoic acids totally
disappeared in both spent coffee extracts and coffee brews after acid treatment. A
previous study reported that this technique could be used to release and to
guantitate phenolic compounds like isoflavones from other coffee components
(Alves et al., 2010). However, our results strongly suggest that phenolic acids, such
as CGAs and hydroxycinnamic acids are very susceptible to acid hydrolysis. This is in
agreement with the study of Mattila et al. (2006), which found that phenolic
compounds are affected by extreme pH conditions, but oxidation processes are
more likely to occur in acid pH. Consequently, acid hydrolysis is an inadequate
technique to release the main bound coffee phenolic compounds (phenolic acids),

but it can be applied to evaluate others like isoflavones.

The last methodology to determine bound phenolic compounds in spent coffee
extracts was saline treatment. This method has been used to release phenolic
compounds ionically bound to proteins or melanoidins. Barbeau and Kinsella (1983)
reported that chlorogenic acid carboxyl group is predominately ionized at neutral
pH. Therefore, the increase of ionic strength tends to neutralize charge interaction
between dissociated carboxylic groups of chlorogenic acid and positively charge
side chain groups, like the amide carbonyls of the peptide bonds in proteins and
melanoidins, leading to the release of ionically bound phenolics. The extra amounts
of CQAs, diCQAs, coumaric, sinapic and 4-hydrobenzoic acids found after the saline
treatment means that those compounds are ionically attached to other structures.
Thus, it should be highlighted that free and ionically bound CQAs were found in
similar amounts in spent coffee extracts. The addition of a caffeic acid molecule in
the case of diCQAs increases the hydroxyl groups that can ionically interact with

melanoidins explaining the higher amount of bound diCQAs in coffee brews in
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comparison to spent coffee extracts. This is in agreement with previous works,
which showed that a second extraction of ground coffee to obtain spent coffee
extracts using a filter coffeemaker favors the extraction of bound CQAs, mainly
diCQAs, probably due to the turbulences which facilitate contact of grounds and

water (Bravo et al., 2012; Ludwig et al., 2012).

Some authors did not find phenolic acids increases after applying high ionic strength
treatment to coffee brew HMW melanoidins fraction (Nunes and Perrone, 2007;
Perrone et al., 2012), whereas others found caffeoylquinic acids ionically bound to
the HMW melanoidins core contributing to high antioxidant capacity of coffee
(Delgado-Andrade and Morales, 2005). Our data strongly suggest that the extra
phenolic compounds found after the ionic treatment have been released from the
melanoidins core or other medium and low molecular weight melanoidins or
Maillard reaction products. In fact, our results support the theory of Bekedam et al.
(2008b) that CGAs are also incorporated into the melanoidins through nonester

linkages.

In summary, spent coffee extracts has around 2-fold higher content of total
phenolics than those measured directly (without hydrolysis or saline treatment)
showing an underestimation of phenolic acids. Phenolic compounds with one or
more caffeic acid molecules were approximately 54% linked to macromolecules like
melanoidins, mainly by non-covalent interactions (up to 81% of bound phenolic
compounds). The rest of the quantitated phenolic acids were mainly attached to

other structures by covalent bonds (62-97% of total bound compounds).

Free and bound phenolic compounds in spent coffee should be bioaccessible to
cross through the intestinal barrier and reach target cells and organs in order to
exert their health benefits. To evaluate the bioaccessibility of these compounds,
spent coffee extracts were summited to an in vitro simulated gastrointestinal
digestion and bioactive compounds were analyzed after oral, gastric, and intestinal
digestion. CGAs in the spent coffee extracts responded differently to each step of

the in vitro digestion. The stability of the CGAs in the spent coffee extracts varied
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depending on the type of compounds, but the most abundant ones (CQAs and
FQAs) did not significantly change. This is in line with previous studies reporting that
CGAs are stable when incubated with various gastrointestinal fluids (Olthof et al.,
2001; Rechner et al., 2001; Farah et al., 2006). CQAs and FQAs were also subjected
to isomerisation from the 5-acyl to 3- and 4- acyl loci, in agreement with other in
vitro research (Dupas et al., 2006; Tagliazucchi et al., 2012) as well as in ileostomy
volunteers (Erk et al., 2012). Moreover, the data showed that the high recoveries of
CQA and FQA in the in vitro digestion model might be related with the susceptibility
and degradation of other components, such as diCQA and lactones, in the spent
coffee extracts. This could be due to the release of the hydroxycinnamate molecule
of diCQAs or the cleavage of the intramolecular ester bond of lactones.
Furthermore, the release of CQAs from other structures, including melanoidins, into
which they are incorporated during roasting (Bekedam et al., 2008, Perrone et al.,
2012), could also be hypothesized. In general, CGAs in spent coffee extracts were
stable in the in vitro model of the proximal gastrointestinal tract implying that in
vivo substantial amounts are likely to reach the colon. This is in keeping with the
reported 59-77% recoveries of CQAs in ileal fluid after the ingestion of coffee by

ileostomists (Stalmach et al., 2010; Erk et al., 2012).

Absorption study of the digested Arabica spent coffee extract was performed using
a Caco-2 cell model, which simulated the intestinal barrier. CQA isomers in spent
coffee were transported across the Caco-2 monolayer in only low amounts. Similar
absorption values have also been reported with coffee brew and standard solutions
using similar cellular models (Konishi and Kobayashi, 2004; Dupas et al., 2006). Even
though, gastric and Caco-2 (intestinal) cells have different functions and
morphology, similar absorptive patterns were observed between both cellular lines.
The absorption percentage of spent coffee CQAs was in agreement with the findings
of Farrel et al. (2011). Furthermore, in this study it was found that the percentage of
FQAs and CQLs transported across the gastric cell monolayer was slightly higher
than that of CQAs. The only difference between gastric and intestinal cells was the
transport percentage of diCQAs, due to the high permeability observed in gastric
cells (Farrel et al., 2011).

119



General Discussion »

Coffee brews bioavailability studies have found trace amounts of intact CQAs in
plasma after coffee consumption, whereas others have reported Cmax of intact
CQAs ranged in 0.16% (Monteiro et al., 2007), or 5-19% (Erk et al., 2012) of the
initial ingested dose. Furthermore, FQAs have shown higher transport percentage
than CQAs, in agreement with Stalmach et al. (2010, 2014). In reference to CQLs,
some authors have reported that these compounds are highly metabolized and
absorbed in the small intestine (Erk et al., 2012; Stalmach et al., 2010, 2014), which
is partially in agreement with the high permeability of spent coffee lactones in Caco-
2 cells. Furthermore, some studies have found substantial amounts of diCQAs in
human plasma after coffee consumption (Monteiro et al., 2007; Farah et al., 2008).
However, recent feeding studies have not detected intact diCQA in plasma, mainly
explained by the high molecular weight of these compounds and the enzymatic

reactions in the intestinal barrier (Erk et al., 2012; Stalmach et al., 2010, 2014).

Stalmach et al. (2014) reported that 60-70% of the compounds absorbed in small
intestine were metabolites. These compounds are the products of esterases,
sulphate, glucuronide and methyltransferases enzymes. In our study, some of these
products, namely caffeic acid, ferulic acid, caffeic acid-3'-sulphate or ferulic acid-4'-
sulphate, were detected after loading Caco-2 cell with the standard solutions.
Consequently, this corroborated the presence of these enzymes in the intestinal

cells; but the percentages found were inconsistent with values observed in plasma.

In summary, our study demonstrated that the CGAs in spent Arabica and Robusta
spent coffee extracts were stable under gastrointestinal conditions and as

bioaccessible as the compounds found in coffee brew.

After characterization of the spent coffee extracts, antimutagenic and antimicrobial

activity was evaluated to propose their potential application in functional foods.

Spent coffee extracts showed higher antimutagenic activity than coffee brews
against the action of the direct acting mutagen NPD due to the presence of
bioactive compounds. First, phenolic compounds might have a positive

contribution; in fact, previous findings have reported that these compounds might
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play an important role in the antimutagenic activity of fruit, vegetables or herbs
(Edenharder et al., 2002). The results with the standard solutions indicated that 5-
CQA standard was highly effective in the inhibition of NPD mutagen, mainly due to
caffeic acid. Furthermore, the ferulic acid of FQAs also showed an important
contribution to the antimutagenic activity of spent coffee extracts. Shushi and Kaur
(2008) reported that the methoxy group on the phenyl ring is responsible for the

antimutagenic activity of ferulic acid.

Second, caffeine standard solutions also showed high protection against the
mutagenic agent. However, 5-CQA and caffeine did not showed any additional or
synergistic effects, because similar antimutagenic activity has been found in
standard solutions mixtures when comparing with individual standards. The
mixtures of similar amounts of both compounds were more efficient. This could
partially explain the highest inhibition percentage observed in Robusta spent coffee
extract with similar concentrations of naturally-occurring CQAs and caffeine.
Nevertheless, coffee samples were less effective than standard solutions, probably

due to the presence of many other compounds, which may act as antagonists.

Substances may become mutagenic agents after metabolic process, which it is the
case of the aromatic amine 2-aminofluorene (2-AF). S9 mix is rat liver microsomal
fraction containing phase | and Il metabolic enzymes. Moreover, the metabolic
activation involves the cytochrome-based P450 metabolic oxidation system, where
the arylamino group of 2-AF is oxidized to the N-hydroxy-derivatives (Wang and
Guengerich, 2013). These electrophilic products are highly mutagenic due to their
capability to form DNA adducts (Heflich and Neft 1994). The results showed that
spent coffee extracts and coffee brews had a stronger response against the
mutagenic activity of 2-AF than NPD, yielded almost complete protection against
the mutagen action. Similar to the aforementioned results regarding NPD, phenolic
compounds and caffeine standard solutions were effective reducing the
mutagenicity caused by the mutagen 2-AF. In this case, CQA and caffeic acid
showed a higher antimutagenic effect than ferulic acid. Furthermore, the inhibition

percentages of the standard mixtures were lower than the ones found for coffee
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samples, indicating that other compounds, such as Maillard Reaction Products like

melanoidins, might participate actively against indirect acting mutagens.

These data demonstrate that 4.8 mg of both spent coffee extracts was able to
reduce the activity of direct and indirect acting mutagens. This quantity of spent
coffee extract contains approximately 300 ug of naturally-occurring coffee
compounds (CQAs and caffeine). The protection mechanism is not completely
understood, but results suggest a possible direct action against free radicals and an
indirect mechanism for DNA protection. The antioxidant capacity of phenolic acids,
caffeine or melanoidins could be associated with the inhibition of mutagens,
through scavenging activity against free radicals (Azam et al., 2005, Rufian-Henares
and Morales, 2007). The high level of antioxidant activity of the tested spent coffee
extracts (Bravo et al., 2012) and their capability to reduce ROS level and DNA strand
breaks induced by H,0, in a human cell line (Bravo et al., 2013b) may support the
radical scavenging theory. In addition, the samples might also protect-DNA through
other ways. Abraham et al. (1991) found genotoxicity inhibition of several
carcinogens by coffee in in vivo studies. Indirect acting mutagen could also be
blocked by interfering with the enzymatic process or competing for the metabolic
paths. Some authors have reported that phenolic acids had selective inhibitory
effects on cytochrome P450 (Teel and Huynh, 1998). Furthermore, caffeine is
metabolized through cytochrome P450 enzymatic path which might cause a
decrease in the revertants number, due to a competitive inhibition (Weisburger et

al., 1998).

Thus, spent coffee extract compounds were capable of inhibiting, destroying or
avoiding DNA damage caused by direct and indirect acting mutagens, and
consequently, might be linked with the prevention of earlier stages of

carcinogenesis.

A requirement for a new food ingredient, whether it be functional or not, is that it
be safe; this ingredient would become even more valuable if it also contributed to
food safety. Spent coffee extracts contain bioactive compounds that would be good
candidates as suitable food ingredients for preventing or delaying microbial growth

that may cause food borne-diseases or food spoilage. Three assays were used to
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evaluate the antimicrobial activity of spent coffee against some common food-
borne pathogens (Salmonella, Listeria monocytogenes, Staphylococcus aureus,
Escherichia coli) and food spoilage microorganisms (Bacillus subtilis, Pseudomonas
aeruginosa, Candida albicans, Aspergillus niger). First, a screening test was carried
out to determine the sensibility of each microorganism to spent coffee and coffee
brew samples. Next, the lowest amount of extract capable of inhibiting
microorganism growth was estimated. And finally, the antimicrobial effect of spent

coffee extracts was measured throughout the time.

In general the results showed that all the tested samples were more active against
Gram-positive bacteria (S. aureus, L. monocytogenes, B. subtilis) and the yeast
(Candida albicans) than against Gram-negative ones (E. coli, S. Choleraesuis, Ps.
aeruginosa). B. subtilis was the least sensitive Gram-positive bacterium to coffee,
coinciding with results reported by Murthy and Manonmani (2009). This higher
resistance could be related to the capability to produce endospores, a mechanism
linked to the increase of resistance to environmental conditions (Russell, 1991).
Furthermore, S. aureus showed the lowest Minimum Inhibitory Concentration
(MIC), and amounts ranging from 5 to 80 mg/mL of spent coffee were capable of
inhibiting the growth of a broad range of microorganisms with concentrations of
10° cfu/mL; however, the most resistant bacteria (E. coli) required larger quantities.
The inhibition curves also showed that S. aureus was the most sensitive
microorganism to the tested extracts and that small amounts of spent coffee
extracts may cause a bacteriostatic effect on microorganisms during long

exposures.

The response of each microorganism to coffee samples might be influenced by a
number of factors. Firstly, structural differences between Gram-negative and Gram-
positive bacteria, specifically in the outer membrane, have been associated with
resistance patterns. Secondly, the differences in the antimicrobial activity could also
be affected by the variation of the concentrations of the phytochemicals among
coffee samples. Our data suggest that Gram-positive bacteria appear to be more
susceptible to phenolic acids, coinciding with that which was reported by Del

Castillo et al. (2007). Several authors have proposed that the hydroxycinnamic
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acids, and specifically the hydroxyl groups on chlorogenic acids, are responsible for
the antimicrobial activity, probably due to their capability of disrupting the cell
membrane permeability (Lou et al., 2011). In our study, Gram positive bacteria were
inhibited by small amounts of spent coffee extracts (CQAs ranged from 0.4 to 4.4
mg/mL), while higher concentrations were needed to inhibit S. Choleraesuis, Ps.
aeruginosa, E. coli and Candida albicans (CQAs ranged from 1.6 to 10 mg/mL).
Therefore, these results suggest that the antimicrobial activity against more
resistant microorganisms was due to other coffee components. Although the data
did not show a strong connection between a high content of caffeine and lower
inhibition diameters or MICs, some authors have reported that caffeine has
antimicrobial activity against Gram-negative bacteria (Almeida et al., 2006, 2012).
Melanoidins have been proposed as highly active against resistant microorganisms
(Einarsson et al., 1983; Rufidan-Henares and Morales, 2008; Stauder et al., 2010).
Our results strongly suggest that a high content of melanoidins (Robusta coffee
brew) is responsible for the growth inhibition of Gram-negative bacteria. Rufian-
Henares and De la Cueva (2009) propose that antimicrobial activity of melanoidins
could be mediated by metal chelating mechanisms. Therefore, the complex mixture
of compounds found in spent coffee (phenolic compounds, caffeine and
melanoidins) is able to act as a suitable antimicrobial agent for extent food shelf-

life, mainly against Gram-positive bacteria and yeast.

In summary, the residues obtained from the coffee brew preparation, named spent
coffee, are a source of large amounts of bioactive compounds easily extracted after
the application of an optimized method. The characterization of the main bioactive
compounds in spent coffees extracts showed the presence of caffeine and a wide
variety of free CGAs, as well as similar amounts of phenolic compounds linked to
macromolecules like melanoidins or other Maillard reaction products, mainly by
non-covalent interactions. Phenolic compounds in spent coffee extracts showed
stability and bioaccessibility under gastrointestinal conditions. Thus, spent coffee
extracts may be able to exert the proved antimutagenic activity and other beneficial

health effects. Furthermore, this by-product could be considered as a potential food
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ingredient for enhancing functional properties and extending the shelf-life of foods,
due to the antimicrobial activity. Although further research is needed to study the
stability of compounds in a food matrix and while undergoing industrial processes,
the results support the idea that spent coffee is an accessible, sustainable, and

major source of bioactive compounds with potential health benefits.
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1. The extraction method of spent coffee grounds has been improved by
applying two technological processes, namely defatting and lyophilization,
before and after an aqueous extraction, respectively. This optimized method
allowed us to obtain spent coffee extracts powder with high antioxidant
capacity that might be used to enhance health related properties and

preservation in foods.

2. Spent coffee extracts have a wide variety of free chlorogenic acids (CGA),
quantified in 329 and 345 umol of free CGA per gram of Arabica filter and
Robusta espresso spent coffee extracts, respectively. The caffeoylquinic

acids were the most abundant (70% of the free CGAs).

3. The application of both alkaline and saline treatments provides accurate
information to estimate total bound and ionically bound phenolic
compounds of spent coffee extracts, respectively, whereas acid hydrolysis is

an inadequate method to quantify coffee phenolic acids.

4. Bound compounds were estimated as half of the total phenolic content in
spent coffee extracts, due to the presence of phenolics linked to
macromolecules like melanoidins, mainly by non-covalent interactions.
Therefore, the application of hydrolytic methods to evaluate free and bound
phenolic compounds is needed to avoid the underestimation of bioactive

compounds.

5. The majority of CGA in spent coffee extracts remain bioaccessible after in
vitro gastroduodenal digestion (89-92%), being the major compounds -CQAs

and FQAs- those with the lowest degradation percentage.

6. The absorption of CGAs is marginal, only 1% of the initial dose, using a Caco-
2 human cell model. This demonstrates an underestimation in comparison
to in vivo studies of coffee brews. Caco-2 cell monolayer model is suitable

for an initial screening to estimate the absorption of phenolic compounds in
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the human gastrointestinal epithelium. But, further in vivo models should be
used to assess the bioavailability of spent coffee extracts bioactive

compounds.

Spent coffee extracts exhibit strong protection activity against indirect acting
mutagen 2-AF (up to 92%), whereas the protection against direct acting
mutagen NPD was 12-35%. Phenolic compounds with caffeic acid molecules

were highly effective.

Spent coffee extracts have antimicrobial activity, mainly against Gram-
positive bacteria (Staphylococcus aureus, Listeria monocytogenes) and yeast
(Candida albicans). Amounts ranged from 5 to 80 mg/mL of spent coffee
extracts were capable of inhibiting the growth of a broad range of

microorganisms.

In conclusion, spent filter and espresso coffee grounds are a rich source of

bioaccessible and bioactive compounds, mainly free and bound chlorogenic acids

and caffeine, which are easily extracted to obtain a powder with antimutagenic and

antimicrobial activity. However, further research is needed (1) to determine the

stability of compounds in a food matrix and while undergoing industrial processes,

(2) to evaluate the effect of the addition of spent coffee extracts on food sensorial

properties, and (3) to assess the bioavailability and functionality of the bioactive

compounds using in vivo models. This knowledge is required in order to use spent

coffee extracts as a potential ingredient for functional foods.
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1. Se optimizé el método de extraccidon de los posos de café aplicando dos
procesos tecnoldgicos, el desgrasado y el liofilizado, antes y después de la
extraccion acuosa, respectivamente. Este método optimizado permite la
obtencién de extractos de posos de café en polvo con alta capacidad
antioxidante que podrian ser aplicados para mejorar las propiedades

saludables y la conservacidn de alimentos.

2. Los extractos de posos de café presentan una amplia variedad de acidos
clorogénicos libres (CGA), cuantificados en 329 y 345 umol de CGA libre por
gramo de extractos de posos de café Arabica filtro y Robusta expreso,
respectivamente. Los acidos cafeoilquinicos son los méas abundantes (70% de

los clorogénicos libres).

3. La aplicacién de los tratamientos alcalino y salino aporta informacién precisa
sobre el contenido total de compuestos fendlicos unidos, asi como de los
unidos de forma idnica, respectivamente; mientras que la hidrélisis acida no

es un método adecuado para la cuantificacién de acidos fendlicos.

4. Se estima que la mitad de los compuestos fendlicos de los extractos de
posos de café se encuentran unidos a macromoléculas como las
melanoidinas, principalmente por interacciones no covalentes. Por lo tanto,
con el fin de evitar subestimar el total de compuestos fendlicos, se requiere
la aplicacion de métodos hidroliticos para evaluar tanto los compuestos

libres como los unidos.

5. La mayoria de acidos clorogénicos presentes en los extractos de posos de
café permanecen bioaccesibles tras una digestion gastroduodenal in vitro
(89-92%), siendo los mayoritarios (CQA y FQA) los que mostraron menor

porcentaje de degradacion.
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6. La absorcion de los acidos clorogénicos fue muy limitada, sélo un 1% de la
dosis inicial, con el modelo celular Caco-2. Esto demuestra una
subestimacion en comparacién con estudios in vivo con bebidas de café. El
modelo celular Caco-2 ha demostrado ser adecuado para estudios iniciales
de absorcién de compuestos fendlicos en el epitelio intestinal. Sin embargo,
la realizacién de estudios in vivo podria aportar mayor informacidn sobre la
biodisponibilidad de los compuestos bioactivos de los extractos de posos del

café.

7. Los extractos de posos de café muestran una elevada proteccién frente al
mutdgeno de accidn indirecta 2-AF (hasta 92%), mientras que la proteccion
frente al mutdgeno de accidon directa NPD fue de 12-35%. Los fendlicos con

un acido cafeico en su estructura fueron altamente efectivos.

8. Los extractos de posos de café presentan actividad antimicrobiana
especialmente frente a bacterias Gram-positivas (Staphylococcus aureus,
Listeria monocytogenes) y levaduras (Candida albicans). Ccantidades entre 5
a 80 mg/mL de extractos de posos de café fueron capaces de inhibir el

crecimiento de una amplia variedad de microrganismos.

En conclusion, los subproductos obtenidos de la preparacién de la bebida de café
filtro y expreso son una importante fuente de compuestos bioaccesibles vy
bioactivos, en su mayoria acidos clorogénicos libres y unidos, y cafeina, que pueden
ser facilmente extraibles para obtener un extracto en polvo con actividad
antimutagénica y antimicrobiana. Sin embargo, se requieren estudios adicionales
para (1) determinar la estabilidad de los compuestos en los alimentos durante el
procesado, (2) valorar el efecto sobre las propiedades sensoriales de los alimentos
de la adicién de los posos del café, y (3) evaluar su biodisponibilidad y funcionalidad
mediante estudios in vivo. Este conocimiento es necesario con la finalidad de

utilizar los posos de café como ingredientes en alimentos funcionales.
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EVALUATION OF THE IN VITRO AND IN VIVO ANTIOXIDATIVE ACTIVITIES OF
CYNARA SCOLYMUS LEAF EXTRACT

Joanna Magielse?, Teresita Arcoraci', Luc Pieters?, Nina Hermans'

Laboratory of Nutrition and Functional Food Science, Department of Pharmaceutical
Sciences, University of Antwerp, Antwerp-Belgium', Laboratory of Pharmacognosy,
Department of Pharmaceutical Sciences, University of Antwerp, Antwerp-Belgium?

Cynara scolymus is known for its hepatoprotective effects and positive effects on
gastrointestinal disorders. It also has antioxidative effects. In this study, in vitro and in
vivo antioxidalive properties of a standardised extract of C. scolymus are determined.
With respect to its in vitro antioxidant activity screening, different assays are used to
establish an antioxidative profile. [1) The radical scavenging capacity is examined
using the DPPH-assay. The reducing power is analysed in the FRAP-assay. The
biomimetic in vitro lipid peroxidation assay is used as a third assay to evaluale
antioxidative potential. The in vitro antioxidative properties of the C. scolymus extract
and its main constituents, chlorogenic acid, cynarin and luteolin-7-O-glucoside are
determined. Quercetin and rutin are used as reference compounds. For the in vivo
antioxidative evaluation of C. scolymus extract, the streptozotocin induced diabetic
rat model is used [2]. Three weeks after induction of diabetes, oxidative stress is
developed and supplementation with C. scolymus leaf extract is started. The test group
receives the C. scolymus extract (500 mgfkg) by oral gavage daily during four weeks.
A positive (diabetes, Vitamin E (50 mg/kg)), a negative (diabetes, no treatment) and
a healthy (no diabetes, no treatment) control group are also included. Blood samples
are taken at the beginning and end of the gavage period. In order to evaluate oxidative
stress status, different biomarkers are analysed by HPLC in the plasma samples:
malondialdehyde (in vivo fipid peroxidation), alpha- and gamma-tocopherol, retinol
and coenzyme Q9 (fat-soluble antioxidants) [3]. In addition, glutathione is determined
by HPLC in erythrocytes. By evaluating these markers of oxidative stress, the in vivo
antioxidative activity of C. Scolymus leaf extract is determined.

[1] P. Cos et al. (2002) Free Rad. Res (2] N. Hermans, et al. (2007) J. Phar Pharmacol.
(3] N. Hermans, et al. (2005) J. Chrom. B.
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UNRAVELLING THE INFLUENCE OF BREWING TIME ON COFFEE
CHLOROGENIC ACIDS EXTRACTION

Maria-Paz de Peia, Iziar A. Ludwig, Lidia Sanchez-Ayaso, Concepcion Cid

Dept. Nutrition, Food Science Physiology and Toxicology University of Navarra,
Pamplona-Spain

Introduction: Chlorogenic acids, the major phenclics of coffee, are the main
antioxidants in coffee brews. The aim of this work was to study the influence of
brewing time on the concentration of caffeoylquinic acids in coffee brews in order to
optimize their extraction.

Materials and methods: Three fractions (FE1-FE3) for Espresso coffee (7g
coffee/40mL) collected sequentially every 8 seconds, and five fractions (FF1-
FF5) for Filter coffee (24g coffee/d00mL) collected sequentially every 75 seconds,
were obtained from Gualemala (Arabica) and Vietnam (Robusta) coffees.
Monocaffeoylquinic acids (3-CQA, 4-CQA, 5-CQA) and dicaffeoylquinic acids
(3,4-diCQA, 3,5-diCQA, 4,5-diCQA) were identified and quantified by HPLC-DAD in
each fraction and coffee brew.

Results: Espresso coffee fractions in both coffees showed a steep decrease with
brewing time in CQA isomers. Approximately 70% of the totals CQAs of an Espresso
coffee brew were found in FE1 (0-8s). In comparison, diCQAs were extracted slower,
accounting FE1 for ~50%, FE2 for ~30% and FE3 still for ~20%. Filter coffee fractions
revealed different CQAs and diCQAs extraction paiterns, being also different in
Guatemala and Vietnam coffees. In Guatemala Filter coffee, CQAs and diCQAs
extraction showed a U-shape profile with the highest concentration in FF1 (0-75s) and
FF5 (300-375s) and the lowest in FF3 (150-225s). However, in Vietnam coffee the
U-shape caffeoylquinic acids extraction started after 75 s, maybe because Vietnam
coffee has a longer wetting stage. The increase of caffeoylquinic acids in the last two
fractions (FF4 and FF5) of Filter coffee brews could be due to the water pressure
decrease that induces a lower flow and a longer contact time between water and
ground coffee.

Conclusions: Caffeoylquinic acids are mainly extracted during first 8 seconds in
espresso coffee, while in Filter coffee a longer extraction time is necessary to obtain
a polyphenol-rich coffee brew.

Funded by Spanish Ministry of Science (AGL2009-12052)
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COMPARISON BETWEEN THE LIPOLYTIC EFFECT OF RESVERATROL AND A
MIXTURE OF ANTHOCYANINS IN ISOLATED RAT ADIPOCYTES

Amale Lasa, Leixuri Aguirre, Jonatan Miranda, Edurne Simén, Itziar Txurruka. Maria
del Puy Portillo

University of the Basque Country, Vitoria-Spain

Introduction: Resveratrol, a polyphenol present in grapes and its derivative drinks,
is known to reduce adipose tissue weight in some animal models by decreasing
lipogenesis and increasing fat oxidation. Although several studies have attributed lo
resveratrol a lipolytic activity, this effect has not been widely analyzed. Anthocyanins,
flavonoids present mainly in beries, have also been described as functional
ingredients due to their beneficial properiies as antioxidants or vessel dilatators.
They have also been described as hypolipidemic molecules but no dala exils in the
literature according their lipolytic effect.
Objective: To compare the lipolytic effect of resveratrol and anthocyanins in rat white
adipose tissue.
Methods: Eight male Wistar rats (body weight 250g) were sacrificed after a 12 hour-
fasting. Epididymal and subcutaneous adipose tissues were dissected and digested
by collagenase. Lipolysis was measured in presence of resveratrol and Medox®,
a mixture of 17 different natural anthocyanins, at a dose of 10-5 M. Lipolysis was
quantified under basal and isoproterenol (ISO, 10-5M)-stimulated conditions. Glycerol
release was measured by spectrofotometry and total lipids by gravimetry using Dole
method. Results were expressed as percentage of basal lipolysis.
Results: Resveratrol increased glycerol release under basal conditions in both
epididymal and subculaneous adipose tissues (242% and 227% of control basal
lipolysis), but Medox® only showed the lipolytic effect in the epididymal tissue (132%).
The 1SO-stimulated lipolysis was enhanced after the addition of resveratrol only in the
subcutaneous adipose tissue (233%).
Conclusion: Resvsratrolsaemsiabeampntsmhpommlawieman
neationg

anthocuanine in both adinosa
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CHLOROGENIC ACIDS CONTENTS IN BRAZILIAN COFFEA ARABICA
CULTIVARS FROM VARIOUS CONSECUTIVE CROPS
Mariana Monteiro, Adri
Universidade Federal do Rio de Janeiro, Instituto de Quimica & Instituto de Nutrigao-
Brazil

L}
In the last few years chiorogenic acids (CGA) have been widely studied due to their
potential bioactive properties in humans. Because of coffee’s high CGA contents,
this beverage is known as the major antioxidants source in the Western human diet
and this led to a search for cullivars that may be at the same time of good sensorial
quality and rich in CGA. C. arabica is the best quality coffee species and represents
about 75% of the world market, being Brazil the main producer and exporter. In
uusmWecmnparedmacmﬂsnlstGAanhms! important
cultivars in Brazil Mundo Novo, Bourbon, Red Catuai and Yellow Catuai-cultivated
in one farm in Minas Gerais, Brazil, and harvested in four or five consecutive years,
depending on the cultivar. CGA content was determined by LC-MS. Eight CGA 3-;
4- and 5-caffeoylquinic acids (CQA); 4- and 5-feruloylquinic acids (FQA) and 3.4
3,5- and 4, 5-dicaffeoylquinic acids (diCQA) were evaluated and identified in all green
coffee samples. CGA average contents in green coffee seeds from all cultivars and
all crops ranged from 6.120.7 to 6.6¢1.1 g100g-1 (dry weight). The distribution of
CGA classes was similar in all evaluated cultivars and crops, being CQA the major
CGA class identified in all samples, followed by diCQA and FQA, respectively. CGA
content did not vary significantly among cultivars when all crops were considered, but
when selecting only one crop, different cultivars presented higher contents in different
years. This may be explained by the fact that these are secondary metabolites that
have protective role against pathogens and abiotic stresses and their contents may
vary significant according to the plant needs. The present results raise the importance
of considering at least three crops when selecting coffee cultivars with higher phenolic
compounds contents.
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SPENT COFFEE: A NEW SOURCE OF POLYPHENOLS

Maria-Paz de Pefia, Jimena Bravo, Carmen Monente, Isabel Juaniz, Concepcidn Cid
Department Nutrition, Food Science Physiology and Toxicology University of Navarna
Pamplona-Spain

Introduction: Chlorogenic acids are the main phenolic compounds in coffee. Somé
coffee brewing techniques extracted less chiorogenic acids than others. Thus, the
coffee residues, named spent coffee, still may have relevant amounts of thesé
antioxidant compounds. Therefore, the aim of the present study was to evalualé
the content of the major chlorogenic acids in spent coffee obtained from different
coffeemakers.

Materials and methods: An Arabica coffee (Guatemala) was extracted with four
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different coffeemakers (filter, espresso, plunger and mocha). Spent coffee was dried
and defatted. Aqueous extracts were obtained in a filter coffeemaker (24g spent
coffee/400mL water) and the exiracts were lyophilized. Monocafieoylquinic acids (3-
CQA, 4-CQA, 5-CQA) and dicaffeoylquinic acids (3,4-diCQA, 3,5-diCQA, 4,5-diCQA)
were identified and quantified by HPLC-DAD.

Results: In all spent coffee exiracts relevant amounts of chlorogenic acids were
delected, except in mocha ones. Spent coffee from filler coffeemaker showed the
highest amount of total caffeoylquinic acids (13.24:0.10 mg/g spent coffee dm),
followed by plunger (11.13£0.39 mg/g spent coffee dm) and espresso (11.05£0.13
mglg spent coffee dm). The content of monoCQAs was higher than diCQAs.
Furthermore, diCQAs were 3-4 folds higher in spent coffee extracts than in their
respective coffee brews. This evidences that diCQAs were extracted rather slowly
from coffee in comparison to monoCQAs, maybe because the presence of two caffeic
acid molecules in the chemical structure induces to a higher retention in coffee.
Conclusions: All the coffee residues, with the exception of those obtained with
mocha coffee maker, retain relevant amounts of caffeoylquinic acids, being diCQAs
in aqueous extracts higher than in coffee brews. For that reason, spent coffee can
be proposed as a good source of these polyphenolic compounds in order to obtain
potential functional ingredients with applications in new food and pharmaceutical
products.

Funded by the Spanish Ministry of Science and Innovation (AGL2009-12052)
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CHARACTERIZATION OF POLYPHENOLS IN ORGANIC BLUEBERRY
(VACCINIUM SPP.) GROWN IN SOUTHER BRAZIL

Priscilla Reque', Marina Pereira', Simone Flores', André Jablonski®, Alessandro
Rios!, Ema Jong'

Instituto de Ciéncia e Tecnologia de Alimentos, Universidade Federal do Rio Grande

do Sul. Porto Alegre. Brazil', Escola de Engenharia, Departamento de Engenharia de
o Federal do Rio Grande do Sul, Pario Alegre, Brazil,

Blueberry (Vaccinium spp.) is a fruit rich in polyphenols like flavonoids, tannins and
phenolic acids. Studies indicate beneficial health properties associated with their high
antioxidant aclivity and free radical-scavenging capacity against the development of
chronic diseases, such as diabetes, cancer, cardiovascular and neurodegenerative
diseases. Moreover, it also has reports of beneficial actions on the quality of vision.
Polyphenols like carolenoids are natural pigments responsible for color of vegetables,
fruits and include a large number of compounds, most of those with biological activity.
Alpha and beta-carotene have pro-vitamin A activity while lutein and zeaxanthin may
play a role in reducing the development and progression of age-related macular
degeneration. As there is very little information about the profile of blueberries
polyphenols, the aim of the present study was to characterize these compounds in
this fruit by HPLC analysis. Rabbiteye organic blueberries were produced in Camaqua
(Southern Brazil) and harvested between December 2009 and January 2010. The
analyses were carried out in an Agilent high performance liquid chromatography unit,
equipped with a degasser, a quaternary solvent pump and a UV/Vis detector. The
results show small concentration of zeaxanthin (26,25 pg/100g FW) and beta-carotene
(30,64 pg/100g FW), but higher amounts of lutein (158,49 yg/100g FW). It represents
1,53% of the USA recommendation daily intake for beta-carotene and 10,87% for
lutein and zeaxanthin or according to the recommendation of Denmark, 1,70% and
26,42% for beta-carotene and lutein, respectively. These results are similar to other
two studies with blueberries polyphenols from Bulgaria and Finland but larger than
those found by the USDA. Although blueberries are not a great source of carotenoids,
these substances, in addition to anthocyanins and other phenolic compounds, are
also responsible for the healthy properties of this fruit, especially related to vision.
Key Words: blueberry (Vaccinium spp.), carotenoids, HPLC analysis.
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EFFECT OF ENZYMATIC TREATMENT ON POLYPHENOLIC CONTENT AND
ANTIOXIDANT ACTIVITY IN GRAPE SEED EXTRACT AND GRAPE POMACE
Susana Chamorro!, Agustin Viveros?, Inmaculada Alvarez', Agustin Brenes'

Instituto de Ciencia y Tecnologia de Alimentos y MNutricién, ICTAN-CSIC, Madrid.
Spain', Facultad de Veterinaria, Universidad Complutense de Madrid-Spain?

In recent years, the interest in the extraction of bioactive compounds from agricultural
by-products has promoted research on the use of cell wall hydrolyzing enzymes. The
capacity of three fungal enzymatic preparations was used to evaluate the release of
low molecular weight of polyphenals and the antioxidant activity of grape pomace
and grape seed exiract. Cellulase (Laminex, 3174 Ulg), pectinase (Pectozyme,
135 Ulg) and tannase (10Ufg) were added at two concentrations (0.5 and 1%),
individually or combined, to grape seed extract and grape pomace. The enzymes
have been selected on the basis of the structural composition of grape seeds. HPLC-
MS and DPPH radical scavenging activity assays were used to determine phenalic
compounds and antioxidant activity. In the case of grape seed extract, tannase
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treatment increased epicatechin (up to 22%), gallic acid (up to 471%) and procyanidin
B2 (42%) content while epigallocatechin gallate, gallocatechin gallate and epicatechin
gallate were entirely hydrolysed. In grape pomace, cellulase treatment was not
efficient for phenolic release and antioxidant activity improvement. Pectinase, tannase
and combination of three enzymes increased the release of epigallocatechin (up to
32, 3 and 29%, respectively), gallic acid (up to 34, 78 and 99%, respectively) and
procyanidin B2 (up to 10, 10 and 22%, respectively) while epicatechin gallate was fully
hydrolysed. These effects were related with an increase in the antioxidant activity. In
conclusion, tannase catalyzed the hydrolysis of the catechin gallates in grape seed
by-products releasing mainly gallic acid and increasing the antioxidant activities of the
resultant hydrolysates. In grape pomace, the release of phenolic compounds and the
antioxidant activity was enhanced with the combination of pectinase and tannase but
not with the addition of cellulase.
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ORGAN SPECIFIC DIVERSITY IN CONTENT OF POLYPHENOLS AMONG BLACK
CURRANT (RIBES NIGRUM L) GERMPLASM CULTIVATED IN SWEDEN

Michael Vagiri!, Anders Ekholm', Eva Johansson?, Kimmo Rumpunen’

Swedish university of agricultural sciences, Department of Plant Breeding and
Biotechnology, Balsgard, Kristiansta-Sweden', Swedish university of agricultural
sciences, Department of Agriculture-Farming Systems, Technology and Product
Quality, Alnarp-Sweden?

In recent years there has been an increased scientific interest toward the crops
belonging to the genus Ribes. Especially black currant has been found an interesting
crop, not only due to the taste but also for the health benefits associated with
consumption. In addition to the high vitamin C content within the fruit, high levels
of other bioactive compounds with potential antioxidant ability have been reported.
Recent studies conducted have shown different anatomical parts of the black currant

{buds, leaves and fruils) lo be good sources of polyphenclic compounds. These

compounds have been related to flavor, colour and health benefits, making them
desirable extracts for functional foods. The important phenolic compounds that occur
in black currants are e.g. anthocyanins, glycosides of myricetin, quercetin, kaempferol,
catechins, isorhamnetin and phenolic acids. In numerous in vitro studies conducted,
the phenolic extracts of black currant are known to exhibit anti-inflammatory,
vasomodulatory and anti-haemostatic activities. Furthermore the black currant
anthocyanins have been demonstrated to provide neuroprotection against oxidative
stress and in improving vision. The objective of the present study was to biochemically
characterizing different organs of the black currant plant for the content of individual
polyphencls and estimates the diversity among cultivars. The plant material was
cultivated at Balsgard, Department of Plant Breeding and Biotechnology, Swedish
University of Agricultural Sciences, Southem Sweden. Fruits, buds and leaves were
hand harvested, freeze-dried, ground and extracted by ethanol. Polyphenols were
then separated and analyzed by HPLC-DAD. The composition of flavonols, phenolic
acids, catechins and anthocyanidins were investigated. Information about the diversity
will be presented in the poster.

P212

IDENTIFICATION OF POLYPHENOLS IN RED WINE BY UHPLC

Isidre Masana!, Friedrich Mande, Judy Berry?, Wiliam Long?, John W Henderson Jr.?
Agilent Techonologies, Barcelona-Spain’, Agilent Technologies, Waldbroon-
Gremany?, Agilent TechonologiesWilmington-USA?

Generating high peak capacily is necessary for the analysis of complex samples
in order to reduce the number of overlapping peaks. Greater peak capacity and
resolution can be easily obtained for gradient analysis of complex samples such
as wine, by using the higher efficiency of sub-2 micron particles in longer column
lengths. This was confirmed by a 43% increase in peak capacity for the analysis of 19
polyphenol standards when the column length of a narrow bore Agilent ZORBAX Rapid
Resolution High Definition (RRHD) StableBond SB-C18 column was increased from
100mm to 200mm. An additional 15% improvement in peak capacity was achieved by
increasing the column length an extra 100mm to 300mm. The data show that higher
quality separations can be achieved using longer column lengths and is demonstrated
by the analysis of polyphenols in wine. The Agilent 1290 Infinity LC system was used
because the increased column length resulted not only in a significant improvement in
resolution, but also system pressures in the 600-1000 bar range.
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Introduction - Materials and Methods

/ Chlorogenic acids (CGA), and mainly caffeoylquinic acids, are the most abundant [ Guatemala coffee {Arabica)
[ phenolic compounds in coffee. Despite their contribution to the final acidity, ;

astringency and bitterness of the coffee brew, they are very well known for their I Coffeemaker e:tr?cthn I 1
antioxidant properties. r = ar fa r
Technological factors play an important role in antioxidants extraction during the Z‘F'mLa E?prﬁﬁo ﬁg PI“';Dgc:‘f i] 32'10‘:52:
brewing process (Andueza et al., 2007, Lépez-Galilea et al., 2007, Pérez-Martinez s _Taol gy oSl g\ ot
et aI 2010) and consequenth,r, may have an infl e on the p e of - 3
g antioxi compounds in spent coffee. Thus, spent coffee that is F : _Coffee brews
produced in tons by r and c , and « at ic | Spent coffee
| levels, could be a good opportunity to have an important source of natural | ) Defatting _
\3"U°X|daﬂl5- such as chlorogenic acids. / " Aqueous extraction (Bravo et al., in press) | | Lyophilization
= Filter coffeemaker (|24 g/400mL water) J
0 b]ECtIVE ’ Spent coffee extracts
Y Lyophilizati
The aim of the present study was to evaluate the amount of the major chlorogenic o yopeteetan g
acids in spent coffee obtained using the most common coffeemakers (filter, / HPLC-DAD analysis: y
espresso, plunger or french, and mocha). ] - Solid Phase Extraction (Bicchi et al., 1995)
pS - - HPLC method (Farah et al., 2005 with modifications)
. . - Identification with 5-CQA (Sigma-Aldrich), 3-CQA and 4-CQA (by
Results and Discussion isomerization of 5-CQA, Trugo and Macrae, 1984), and diCQAs (Phytolab)
standards.
Three monocaffeoylquinic acids (3-CQA, 4-CQA and 5-CQA) and three dicaffeoylquinic - Quantification based on the area of 5-CQA combined with molar extinction
acids (3,4-diCQA, 3,5-diCQA and 4,5-diCQA) were identified and quantified in spent '\coefﬂcients (Trugo and Macrae, 1984)
coffee extracts and their respective coffee brews. The chr q of Gi o P4
filter spent coffee and coffee brew are shown in Figure 1. Analysis of variance (ANOVA)
Relevant amounts of chlorogenic acids were detected in all spent coffee extracts,
except in mocha ones. The most abundant CGA group in spent coffee extracts was Figure 2. Monocaffeoylquinic acids Figure 3. Dicaffeoylquinic acids content
the CQA, being 5-CQA the major isomer (2.48-3.59 mg/g spent coffee dm) followed content of spent coffee in comparison to of spent coffee in comparison to their
by 4-CQA (1.75-2.51 mg/g spent coffee dm) and 3-CQA (1.1-1.64 mg/g spent coffee their respective coffee brews. respective coffee brews.
dm). A higher extraction of these compounds in the coffee brew led to a lower
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concentration of monoCQAs in the spent coffee extracts (Figure 2).

In contrast, the amount of diCQAs was 3-4 fold higher in spent coffee extracts than in .
their respective coffee brews (Figure 3). The range of values for total diCQAs were ; ‘
0.22-1.94 mg/g coffee dm, and 4.89-5.79 mg/g spent coffee dm in coffee brews and i
spent coffee extracts, respectively. This evidences that diCQAs were extracted rather .
slowly from coffee in comparison to monoCQAs, maybe because the presence of two

caffeic acid moieties in the chemical structure induces to a higher retention in coffee.

In relation to coffeemaker extraction, spent coffee from filter coffeemaker showed the
high t of total caffeoylquinic acids (13.24£0.10 mg/g spent coffee dm), " . -
followed by plunger (11.13+0.39 mg/g spent coffee dm) and espresso (11.05%0.13 * i s " A
mg/g spent coffee dm). For mocha spent coffee extracts, total caffeoylquinic acids -
were found below the limit of quantification because mocha coffeemaker extracted
the highest amount of total caffeoylquinic acids in the coffee brew.

Figure 1. Ci of a) filter spent coffee and b) Guatemala filter coffee brew.
¥ g
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[ All the coffee residues (spent coffee), with the exception of those obtained with ' [ Andues, 5., Vila, MA., de Pefa, MP., Cid, C. Influence of coffee/water ratio on the final gualty of the espresss |
rmocha ¢ retain ts of caffeoylquinic acids. The coffee. ). Sci. Food Agric. 2007, 87, 596-592.
v er, ret Yig Bicchi, C. P., Binello, A. E., Pellegrino, G. M., Vanni, A. C. Characterization of Green and Roasted Coffees through
of diCQAs was higher in spent coffee extracts than in coffee brews. For those u;e ghwsss nic Acid Fraction by HPLC-UV and Principal Component Analysis. ). Agric. Food Chem. 1993, 43 (6),
. 1549-1 .
reasons, spent coffee can be proposed as a good source of these polyphenalic Bravo, ., Monente, C., Judniz, L., De Pefla, M. Paz, O, C. Influence of extraction process on antiodidant capacity
compounds in order to obtain potential functional ingredients with applications in of spent coffee. Food Res. Int. 2011, doi:10.1016/).foodres. 2011.04.026.
1 Farah, A., De Paulis, T., Trugo, L.C., Martin, P.R. Effect of roasting on the formation of chlorogenic acid lactones
\ new food and pharmaceutical products. / in coffee. ). Agric. Food Chem. 2008, 53(5), 15051513,
/ Lépez-Galilea, 1., de Pefia, M.P., Od, C. Correlation of selected constituents with the Total antioxidant capacity of
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ASSESSMENT THE ANTIOXIDANT CAPACITY OF SPENT COFFEE
AS A NEW SOURCE OF ANTIOXIDANTS

Bravo J., Monente C., Juaniz |., De Pefia M.P., Cid C.

Department of Nutrition, Food Science, Physiology and Toxicology, School of Pharmacy, University of
Navarra, E-31080-Pamplona, Spain.

e-mail: mpdepena@unav.es

Abstract

During last few years, new sources of natural bioactive compounds have been proposed
to be added as ingredients for functional foods. Some industrial coffee by-products
generated during roasting process or soluble coffee preparation demonstrated to have
antioxidant properties (Borrelli et al., 2004, Ramalakshmi et al., 2009). However, the
residues generated during coffee brewing procedure, called spent coffee, which are
produced in large amounts in cafeterias and restaurants or at domestic levels have not
been already studied. Therefore, the aim of the present study was to evaluate the
antioxidant capacity of spent coffee to know if this coffee by-product can be considered
as a source of antioxidants. Two coffees of different varieties (Arabica and Robusta)
were extracted with filter and espresso coffeemakers for obtaining the spent coffee.
Spent coffee was dried and defatted and aqueous extracts were obtained in a filter
coffeemaker and lyophilized. The antioxidant capacity was evaluated using radical
scavenging (ABTS and DPPH), and total phenolic compounds assays in the aqueous
spent coffee extracts and the coffee brews (as reference). Guatemala spent coffee
obtained from filter coffeemaker showed the highest values in all assays, followed by
Vietnam spent coffee obtained from espresso coffeemaker. The antioxidant capacity of
Guatemala filter spent coffee was almost the same (88.9-102.3%) than that of the coffee
brew. For Vietnam espresso spent coffee, the antioxidant capacity was 59.2- 68.7% than
that of the coffee brew. In conclusion, spent coffee obtained after coffee brewing still
have antioxidant capacity, consequently this by-product could be consider as a potential
source of antioxidant compounds in the food and pharmaceutical industries to increase
food nutritional values, products stability and to develop new products.
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Infcroduction

/ During last few vyears, new sources of natural bioactive
compounds have been proposed to be added as ingredients for
functional foods. Some industrial coffee by-products generated
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2004, Ramalakshmi et al.,
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generated during coffee brewing procedure, called spent coffee,

which are produced in large amounts

\
Objective
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| The aim of the present study was to evaluate the antioxidant
capacity of spent coffee to know if this coffee by-product can be

considered as a source of antioxidants.
.

Results and Discussion

Table 1. Browned Compounds, Total Phenolic compounds and
Capacity (ABTS, DPPH) of Spent Coffee.

Fittar Eapresss
Browned Compounds
(A2 428 Am)
Custes sy 0.163 & 0,008 2,102 + 0.003
vatnam 2.145 4 D0 2132 & £.003
Total Phessiic compounds
[mg GA  § spent coftee dm)
Guatemaly 2440 8 018 T
vetnam 7508038 maza e

anTs
(umal Tradsn | § spant coffes dm)

Custessls %124 208 11083 4 LAY
[r— 1724 4 578 17783 4 133
oren
(umsi Trotsn | § spest coffes dm)
Guatrmala [ TTRE

vamtnam 7409 4 100

1 vahsrs avw o 2t meann 4 30 (e}

Table 2. Browned Compounds, Total Phenolic compounds and
Antioxidant Capacity (ABTS, DPPH) of Coffee brews.

Finer Espressa
Bromned Compounds
[ABs 430 nm)
Guatemals (Asabaca) 8.455 4 D000 0318 & 0.008
Weatnam (Rsbusta) 2.197 & B001 0418 & 0,008
Tatal Phesslic compaunds
[mg GA | g coffea)
Guatemala (Arabaa) 2870 4 007 EI R E ]
\etaam (Retusts) FERT T 1838 & 608
anTs
(st Trnisa | § cotioe)
Gustemsia (Arabacs) 242,08 4 334 206.12 4 168
Witnam (Ratusta) 310,93 4 237 19906 & 209
oren
[umat Troles / § coblen)
Guatemals (Arabica) 109,49 4 280 W13 4 040
\netham (Astuists) 1TN18 4 530 131.72 4 468

Al valoes. are ihown ot mean & 30 (n=1)

Conclusion

n'/Spent coffee obtained after coffee brewing still
has antioxidant capacity. Consequently this by-
product could be consider as a potential source
of antioxidant compounds in the food and
pharmaceutical industries to increase food
nutritional values, products stability and to

| develop new products.
\d P p

in cafeterias and
| restaurants or at domestic levels have not been already studied. /

- '

N\ [ Guatemala (Arabica) |
L

" Vietnam (Robusta) |
J

. hl
Filter coffeemaker
24 g/400mL
L

- 1 Y
Espresso coffeemaker
J L 7 9;1[0 mbL J

Filter coffeemaker (24 g/400mL Water)

[ - Coffee brew
. Spent coffee

Defatted (4 h) |
-

Extracts preparation Lyophilized

(4 days)

|
Spent coffee extracts

la Filter, la E Vietnam

A=
Lyophilized (4 days)

r -Browned Compounds (Abs. 420 nm)
-Total Phenolic compounds: Folin Ciocalteau (Singleton & Rossi, 1965)

Filter, Vietnam Espresso)

-Scavenging Activity: ABTS (Re et al., 1999)

A

The results (Table 1) indicate that all spent coffee
extracts showed properties, due to the
presence of Browned and Phenolic compounds.
Guatemala spent coffee ob d from filter coffi L
showed the highest values in all assays, followed by
Vietnam spent coffees from espresso and filter
[ and Guatemala spent coffee from
espresso coffeemaker, in order.

All Vietnam coffee brews showed higher antioxidant
capacity measured by Folin Ciocalteau and scavenging
activity assays than Guatemala ones (Table 2). In
addition, Vietnam filter coffee brews had higher
antioxidant capacity than espresso ones, maybe due to a
longer extraction. Thus, in Vietnam spent coffee from

P coffi L ined higher amount of
antioxidant compounds.

The antioxidant capacity of Guatemala Filter spent coffee
was almost the same (88.9-102.3%) than that of the
coffee brew. For Vietnam espresso spent coffee, the
antioxidant capacity was 59.2-68.7% than that of the
coffee brew.

No significant differences (p>0.05) were found in DPPH
between Guatemala Filter spent coffee and its coffee
brew, showing that spent coffee extracts has the same
capacity that its coffee brew.
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p

DPPH (Brand-Wiliams et al., 1995) )
Analysis of variance (ANOVA)

Figure 1. Total Phenolic compounds percentage of
Spent coffee in comparison to coffee brew.

Figure 2. Antioxidant Capacity (ABTS) percentage of
Spent coffee in comparison to coffee brew.

Figure 3. Antioxidant Capacity (DPPH) percentage of
Spent coffee in comparison to coffee brew.
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Determination of Antioxidant Values of Hawthorn
and Cranberry Fruits Growing in Turkey and Its
Products Such as Marmelade and Sauces
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Tunceli University, TR6200, Tunceli, Turkey
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Phenolic substances which are the most important group
of natural antioxidants and very important by any ways such
as, aroma formation effects, participation to color formation
and change, showing antimicrobial and antioxidative effects,
causing enzyme inhibition and purity criteria for some foods.
It is indicate that phenolic substances show very useful health
effects because of lowering cholesterol, inhibiting oxidation
of low density lipoprotein, prevent hypertension and cardio-
vascular disease, and effects as anticarcinogenic and anti-
mutagenic. For this purpose in recent years these foods are
used in the prevention of various diseases so the usage has in-
creased substantially worldwide, and consequently, the higher
the antioxidant content of food items for the food market is
growing rapidly.

Hawthorn and cranberry are some of the fruits which
are rich in terms of phenolic compounds grown in Turkey.
Although these fruits are grown so much in Turkey, sauce
and marmalades, which have functional properties, produc-
ing is not very common from these fruits. From fruit to kitch-
en process, variation of phenolic compounds and chemical
properties of these products have not been studied enough
in Turkey. Determination the variation of components which
have high significance for health is very important during
the producing sauce and marmalade from the fruits which
have high antioxidant content. These products which have
very high content of antioxidants will be sold at very special
markets with high prices. Also new products are presented to
consumption as, marmalade at breakfast and sauce will be
consumed with cakes and ice creams. In this study, the an-
tioxidant values of hawthorn and cranberry fruits growing
in Turkey and their products such as marmelade and sauces
will be determined.

Correspondence to: ali_batu@hotmail.com
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The extraction of coffee brew antioxidant compounds is af-
fected by several technological factors such as grinding,
coffee/water ratio, roasting degree and water temperature
and pressure. Therefore, could be expected that the compo-
sition of the residues generated during brewing procedure,
called spent coffee, changes according to the coffee brew.
The aim of the present work was to establish if the same time
of grinding applies to two different coffee varieties affects
the extraction of chlorogenic acids in coffee brews and their
corresponding spent coffee. One Arabica coffee from Gua-
temala and one Robusta coffee from Vietnam with the same
roasting degree were ground for 20 s. Particle size distribution
of both coffees was measured using a sieve shaker. Filter coffee
brews were prepared (24 g coffee/400 mL water), and spent
coffees were extracted with water at the same conditions us-
ing a filter coffeemaker. Six chlorogenic acids (CGA), three
caffeoylquinic acids (3-CQA, 4-CQA, 5-CQA) and three di-
caffeoylquinic acids (3,4-diCQA, 3,5-diCQA, 4,5-diCQA),
and caffeine were quantified by HPLC. The results showed
that the same grinding time produced an unimodal particle
size distribution in Guatemala coffee, whereas for Vietnam
coffee was plurimodal. The extraction of the main antioxi-
dant coffee compounds, such as chlorogenic acids (CGA)
seems to be favoured by a larger amount of coarse particles,
because Guatemala filter coffee brew and spent coffee aque-
ous extracts exhibited 16.68 mg and 13.24 mg of total CGA
per gram of coffee and spent coffee, respectively, whereas
Vietnam filter coffee brew and spent coffee aqueous ex-
tracts showed 10.13 mg and 6.22 mg of total CGA per gram
of coffee and spent coffee, respectively. In contrast, caffeine
was in highest concentration in Robusta filter coffee brews
and spent coffee aqueous extracts than in Arabica. In con-
clusion, grinding should be controlled not only by the time
because the structure of different coffee beans, and conse-
quently the extraction of antioxidant compounds, can be af-
fected differently with the same grinding time.

Acknowledgements: We thank the Ministry of Science
and Innovation of the Spanish Government (AGL2009-12052)
and the Asociacion de Amigos of the University of Navarra for
financial support and for the grants given to C.M and J.B. We
also thank the Unién Tostadora for providing the coffee samples.
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Objective

i

) s N
The extraction of coffee brew antioxidant compounds is | The aim of the present work was to establish if the same time
affected by several technological factors such as grinding, of grinding applied to two different coffee varieties (Ara

coffee/water ratio, roasting degree and water temperature and Robusta) affects the extraction of chlorogenic acids (CGA)
and pressure (Bell et al., 1996, Lopez-Galilea et al., 2006). | in coffee brews and their corresponding spent coffees.
Therefore, it could be expected that the chemical composition ~ =
of the residues generated during brewing procedure, called

. spent coffee, changes according to the coffee brew. ;

N 4 | Aqueous extraction

\__Filter coffeemaker (24 g/400mL Water)
Materials and Methods

Defatted (4 h) Spent coffee extracts

"'-Guatemala (Arabica)-" Grinding
. Vietnam (Robusta) 0s

L*® 25.17

Coffee brews

Granulometry study
(Andueza et al., 2003)

Results and Discussion

" Filter coffeemaker |

Lyophilized

s . ™
" HPLC-DAD analysis: solid Phase Extraction (Bicchi et al., 1995)
HPLC method (Bravo et al., in preparation)

- Caffeoylquinic acids (3-CQA, 4-CQA, 5-CQA)

(24 g/400mL Water)

| Spent coffees |

- Dicaffeoylquinic acids (3,4-diCQA, 3,5-diCQA, 4,5-diCQA)
Oy Caffeine

Figure 2. Chr am of a) coffee brew

Figure 1. Per
of ground coffees.

of p

The results (Figure 1) showed that the same grinding

and b) Guatemala spent coffee extract.

time produced different pattemns in both coffees. In

Guatemala coffee, an unimodal particle size a) t i .
distribution was observed with the 96.7% of particles - s |° e
bigger than 710 pm. Whereas for Vietnam coffee - 3
was plurimodal, with three maximum peaks at 4
300 pm, 500 pm and 710 pm. : \ ¥

Table 1 and Figures 2 and 3 show the results of
caffeoylquinic acids, which are the most abundant
CGA group in coffee, dicaffeoylquinic acids and
caffeine. 5-CQA was the major isomer among CQAs ||
in both coffee brews, followed by 4-CQA and 3-CQA. z|
3,4-diCQA was found in both Guatemala and Vietnam - H 1
coffee brews, 3,5-diCQA was only found in Vietnam " !
coffee brew whereas 4,5-diCQA was not detected. i | P
However, in spent coffee extracts the amount of T __!_'.'_
diCQAs were increased whereas the amount of CQAs

were decreased in comparison to coffee brews. This

100

Table 1. Chlorogenic acids and caffeine content
in coffee brews and spent coffee extracts.

Figure 3. Ch of a) Vi

Guatemata Vietnam [ : : 9 coffee brew and

I-CQA (™3 5 om) could be due to both the weaker polarity of diCQAs b) Vietnam spent coffee extract.

Coffee beew 154 £0.00 22640.13 and stronger interactions with melanoidins.

Spert coffee eatract 1.64 4 0.00 068 & 0.03 pod a} i
gl o35 & il S a e The extraction of the main antioxidant coffee :

Spant ifes et 251 £ 0.02 0.97 4 0.04 compounds, such as chlorogenic acids (CQAs and
!mwfml s Al s diCQAs) seems to be favoured by a larger amount of -

oot e T5t a0t thasa coarse particles. In fact, Guatemala filter coffee brew g sk e i
34-dICQA (mg | g dm) and spent coffee aqueous extracts exhibited 16.68 2 R : ¥

Coffen brew 022 #0.00 029 0.01 mg and 13.24 mg of total CGA per gram of coffee s
;_mﬁﬂ, A0 Hans and spent coffee, respectively. However, Vietnam

Calte i fagaon filter coffee brew and spent coffee agueous extracts - o taem
PYarotrpriprnr e = showed 10.13 mg and 6.22 mg of total CGA per 4 W 8

Coftee brew nd nd gram of coffee and spent coffee, respectively. In

Mm'j:"d':‘ Laam 1304 008 contrast, caffeine was in higher concentration in i

Colfee brew 10,084 0.04 1108 # 0.06 Robusta (Vietnam) filter coffee brews and spent 5 o 3

Spent coffee extract 520 & 0.04 753+ 035

coffee aqueous extracts than in Arabica (Guatemala). N % Bt 0§

AN s are shown 83 mears 3 50 [nad) |

Conclusion |

Grinding should be controlled not only by the
time, because the structure of different coffee
beans (Arabica and Robusta), can be affected
differently with the same grinding time giving
an unimodal or plurimodal particle size
distribution. Consequently the extraction of
antioxidant compounds, such as chlorogenic
acids, in coffee brews and spent coffee
aqueous extracts can also be influenced

"\_ increasing o reducing their healthy properties. /
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Millions of coffee cups are consumed every day around the world, producing spent coffee
grounds in tons in restaurants and cafeterias and also at domestic levels. Coffee is well-known
as a rich source of bioactive compounds in human diet that may contribute to the prevention
of several diseases. Also that spent coffee grounds could be valuable by-products because of
the presence of significant amounts of phenolic (mainly chlorogenic acids) and nonphenolic
bioactive compounds. In fact, in a previous work of our research group it was found that spent
coffee obtained from the most common coffeemakers (filter and espresso) was an excellent
source of hydrophilic bioactive compounds with antioxidant and antigenotoxic properties.
Therefore, the aim of this work was to study other functional properties of spent coffee
extracts such as antimutagenic and antimicrobial activity in order to propose new and
sustainable applications of this coffee by-product.

Spent coffee grounds from filter and espresso coffee were dried and defatted, and then
aqueous extracts were obtained using the methodology previously developed. The
antimutagenic activity was analysed using the Ames Test. The antimicrobial activity was
measured against eight bacterial and two fungal strains (Staphylococcus aureus, Listeria
monocytogenes, Bacillus subtilis, Escherichia coli, Pseudomenas ceruginosa, Salmonella
choleraesuis, Candida albicans and Aspergillus niger). The obtained data prove that extracts of
both spent coffee grounds were able to reduce the action of direct and indirect mutagens.
Moreover, the antimicrobial assays showed that spent coffees were more active against Gram-
positive bacteria than Gram-negative ones. The most susceptible microorganisms were two
common food-borne pathogens S. aureus and L. monocytogenes. In conclusion, spent coffee is
an accessible source of natural bioactive compounds. Although further studies are needed to
optimize technological extraction conditions, mainly at food industry level, this coffee by-
product could be considered as a potential preservative to extent food shelf-life or to be
applied to prepare functional foods.

Keywords: antimicrobial, antimutagenic, by-products, coffee
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Coffee has proven to be an excellent source of bioactive compounds, mainly phenolic
acids, such as chlorogenic acids (CGA). These compounds have been extensively
associated with a risk decrease in several chronic and degenerative diseases. The by-
product generated after brewing processes, named spent coffee, could have similar
characteristics and also might contribute with health related properties. In a recent
study of our research group, Bravo et al. (2012, 2013) found that spent coffee has
antioxidant capacity measured by chemical based assays and in in vitro cell cultures,
attributed to a high content of phenolic acids, as well as caffeine and Maillard reaction
products. The aim of the present study was to evaluate the ability of coffee brew and
spent coffee to protect against mutagens responsible of cell mutation. Spent coffee
extracts from filter and espresso brewing process, as well as their respective coffee
brews, were analyzed using the Salmonella mutagenicity test (Ames Test). Three non-
toxic concentrations of the samples were tested with (S9) and without (-S9) metabolic
activation. The data prove that both spent coffees extracts and coffee brews were able
to reduce the action of direct (NPD) and indirect (2-AF) acting mutagens. The results
showed that spent coffee extracts after no metabolic activation (-S9) had higher
antimutagenic activity than their respective coffee brews. The protection percentage
against direct mutagens (NPD) was up to 35%, showing no dose-dependent pattern.
However, spent coffee extracts and coffee brews had a strong protection activity
against indirect acting mutagens (2-AF), with a dose-dependent pattern, up to 92% in
Arabica spent coffee after metabolic activation (S9). In conclusion, the high
antimutagenic activity of spent coffee found in this work suggests that this by-product
could be considered as a potential food ingredient to enhance healthy properties of
functional foods. However, further experimental and clinical studies would be needed to
claim their functional properties.

This research was funded by the Spanish Ministry of Science and Innovation
(AGL2009-12052). We thank the Unién Tostadora S.A. for providing the coffee.
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Spent coffee grounds are produced in tons by brewing process in coffee shops, restaurants and at domestic level and
could be a good source of phenolic compounds, mainly chlorogenic acids (Bravo et al. 2012, 2013). Coffee has
antimicrobial activity against a broad range of microorganisms, including foodborne pathogens, but up to our
knowledge, potential antimicrobial activity of spent coffee grounds has not been investigated yet. The aim of the
present study was to identify and quantify the main chlorogenic acids of spent coffee extracts and to evaluate their
ability to inhibit the growth of some of the most common food-borne pathogen microorganisms.

Two spent coffee extracts (Arabica and Robusta) obtained after filter and espresso brewing process were analyzed by
HPLC to measure caffeoylquinic (3-, 4- and 5-CQA) and dicaffeoylquinic acids (3,4-, 3,5- and 4,5-diCQA). Both spent
coffee extracts had slightly higher amounts of CQAs and diCQAs than their respective coffee brews. The antimicrobial
activity of spent coffee extracts was assessed against six bacterial and one fungal strains (Staphylococcus aureus,
Listeria monocytogenes, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Salmonella Choleraesuis, and
Candida albicans) by using three different tests. The agar well diffusion method (screening test) showed that spent
coffee extracts had similar antimicrobial activity than their corresponding coffee brews, being more active against
Gram-positive bacteria and yeast (higher inhibition zones diameters). The results indicated that the total amount of
CQA and diCQA are highly associated with the inhibition zones diameters of Gram-positive bacteria. Minimum
Inhibitory Concentration (MIC) test showed that S. aureus was the most sensitive microorganism with both spent
coffees extracts (5-10 mg lyophilized/mL), followed by L. monocytogenes (20 mg/mL). Finally, the growth inhibition
curves of S. aureus, B. subtilis and C. albicans in the presence of low concentrations of both spent coffees extracts
(12 mg/mL) was determined. The number of viable cells after 72 hours of exposure was lower than their respective
control cultures (2.5 to 3 log CFU/mL in the case of S. aureus), suggesting that spent coffee may cause bacteriostatic
effect on microorganisms during long exposures. In conclusion, spent coffee could be proposed as an antimicrobial
agent that can be used for protection mainly against Gram-positive bacteria and yeast. However, further studies in

food matrices are needed to verify the stability during industrial process.

This research was funded by the Spanish Ministry of Science and Innovation (AGL2009-12052). We thank the Union
Tostadora S.A. for providing the coffee.
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I ntroduction Objective

Spent coffee grounds are produced in tons by brewing process in coffee  The aim of the present study was to identify and quantify the main
shops, restaurants and at domestic level and could be a good source of  chlorogenic acids of spent coffee extracts and to evaluate their
phenolic compounds, mainly chlorogenic acids (Bravo et al. 2012, 2013).  ability to inhibit the growth of some of the most common food-
Coffee has antimicrobial activity against a broad range of microorganisms,  borne pathogen microorganisms.

including foodborne pathogens, but up to our knowledge, potential

antimicrobial activity of spent coffee grounds has not been investigated yet.

Material and Methods 2- ANTI MI CROBI AL SUSCEPTI BILITY TEST:
Microbial strains: 2.2 Minimum | nhibitory Concentration
N T Staphylococeus aureus (G+) 200 pUwell Inoculum of each microorganism
Arabica o Robusta plr Bl Listeria monocytogenes (G+) Twofold serial dilution of each sample:
Filter Coffee Brew Espresso Coffee brew =% Bacillus subtilis (G+) FFEs
s Escherichia coli (G-) Arabica Spent coffee 160- 0.08 mg/mL 133
Spent coffee R Pseud inosa (G-) Robusta Spent coffee 160-0.08 mg/mL L3
: b RTINS BeIUINGEs Ly Arabica coffee brew 122-0.06 mg/mL 28
Extracts preparation. Filter coffeemaker (24 g/400mL Water) ?axmwa Choleraesuis (G-} Robusta coffee brew 260-0.12mg/mL ]
| PGS aitecans et Incubation 379C 24 (bacterial strains)
Arabica Spent coffee Robusta Spent coffee 309C 72h (fungal strain)
2(;61 Agar \fmail diﬁusionmatl'lod 2.3 Growth inhibition curve
1- CHLOROGENI C ACI DS: HPLC-DAD analysis (Bravo et al, 2013) 10 cfu/ml of each microorganism 105 cfufmL. of 5. aureus, 8. subtilis and C. albicans

. 50 pL of each sample:
- Caffeoylquinic acids (3-CQA, 4-CQA, 5-CQA)
Arabica Spent coffee 160: L Arabica coffee
- Dicaffeaylquinic acids (3,4-diCQA, 3,5-iCQA, 4,5-diCQA) Rataitn et offes 160 L A2ma/miof fiok ms:““p X Colfi
Arabica coffee brew 122mg/mlL
Robusta coffee brew 260mg/mL

Incubation 379C 24h

Incubation 379C 1h, 24h, 48h and 72h

Results and Discussion

The results (Table 1) indicated that
Table 1. Characterization of bioactive compounds of poth spent coffee extracts had slightly  Table 2. Inhibition zones obtained with the agar-well

spent coffee extracts and coffee brews higher amounts of CQAs and diCQAs  diffusion method (diameter in mm).
C (gl mg ly than their respective coffee brews.
i bt I nhibition zones (mm)
Compunds Arabica filter Robusta espresso T§ble 2 summarizes the inhibition Organisms A Pt a
Spent coffee  Coffee brew Spent coffee  Coffee brew  diameters obtained with the agar-well presso
diffusion method. The results showed Spent coffee Coffee brew  Spent coffee Coffee brew )
3-C0A 20.6620.70 18.10x0.82 18.1420.48 12.8620.73 . o : : :
that all tested samples were more 5 aureus 1723+ 06* 153+06° 15312 19712
4-COA 24.75£054  21.22£1.09 19.40£2.18  15.4320.92 h ; e i " ' . '
s.coa 785101 33905066 25742063 2004s0ps ACtVE against Gram-positive bacteria L monocytogenes 200£36' 19027 180:2.0° 223x31
SA-ICaA AFEe  Gsisas 5 '93:0 P .48:0 4 2nd yeast than against Gram-negative . subtilis 88:03 97+06 ND 119+ 02°
o= Tl S Sy s bacteria. The total amount of CQA and E. coli ND ND ND 10312
3,5-diCQA 0542014 0.4120.10 066:00L 0412005 Gieoa are highly associated with the  s.ct . b . . i
4,5-diCQA 0772012 0.5620.03 1.2120.02 0.6920.09 inhibition zones diameters of Gram- Ps. ; ND ND ND 10.3 £ 0.6
COA+dICQA (CGA)  84.22 7419 66.09 50.80 positive bacteria. Minimum Inhibitory ¢, 153212% 137206 157215% 177 20.6%
Values are expressed as means + standard deviation of three experiments. Concentration (MIC) (Table 3) test

Values are expressed as means + standard deviation of three experiments. In each row,
showed that 5. aureus was the mOSt  gifferent superscripts indicate significant differences (p < 0.05) among samples

sensitive microorganism with both
Table 3. Minimum inhibitory concentration values for spent coffees extracts (5-10 mg
coffee extracts and coffee brews against different Iyophilized/mL), followed by L Figure 1. Growth inhibition curves of spent coffee extracts on

microorganisms. n?onacﬁagenes (20 mgme]: Flinlallly. (a) S. (b) B. subtilis, (c) C. albic. (#) Control, ()
MIC (mg/ mL) Figure 1 shows the growth inhibition ? >
Ovganisers. i Robusta sepresse  CUIVes of S, aureus, B. subtilis and ¢, Arabica spent coffee, (4 ) Robusta spent coffee.
Spent coffee  Coffee brew Spent coffee  Coffee brew albicans i.n the presence of low "
ry B concentrations of both spent coffees 3° 11w
s 5 - 10 ad extracts (12 mg/mL). The number of & * f——a_, 8 e
monocytogenes 1. | 3 - s
B 20 30 20 163 viable cells after 72 hours of exposure & . g 1 ’f— ==
8. subtilis 40 60 40 325 was lower than their respective control §* / = . T ! Y 4 =
£ colf 80 60 160 25 cultures (2.5 to 3 log CFU/mL in the 5~ o 14
5. choleraesuis 40 30 40 163 case of S5 aureus), suggesting that : - Y = =
Ps. aeruginosa 40 60 80 16.3 spent coffee may cause bacteriostatic [ [
C. albicans a0 60 40 125 effect on microorganisms during long
exposures.
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