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Abstract

ABSTRACT

“Development of new food products: Incorporation of plant extracts as functional

ingredients and natural preservatives”

Innovations and beneficial inputs to increase health effects of foodstuffs are an important task
in [+D+I research in the food industry. Parallel to these needs, the consumers are becoming
more aware of the food they eat and demand healthier products which should be minimally
processed or not processed at all. Food additives are one of the most used ways of preserving
the characteristics of food and have been used for dozens of years, with improvements being
introduced routinely. The quest for better and healthier food additives allied to the demand of
consumers have fostered the investment in natural food additives, that come from plants,
animals or microorganisms. Extensive research has been carried out to find synergies between
natural and synthetic additives, and to find the natural additive that is capable of carrying out
various functions in food (coloring, preserving, antioxidant, etc.).

In the EU, some natural additives are approved for use in food, although many more are waiting
authorization from the governing bodies. Natural additives can be individual compounds or
groups of compounds that benefit from synergies. The use of plants and their extracts as
additives has become one of the leading themes in research for natural food additives.

This dissertation focuses on the chemical characterization of plants and their extracts
(decoctions and infusions), with subsequent incorporation into traditional Portuguese cakes
“econdmicos” and traditional ewe cheese, “Queijo da Serra da Estrela”. Three plants and their
aqueous extracts were screened in terms of bioactivity, and subsequently incorporated into
foods. The three plants used were chestnut flowers (Castanéa sativa Mill.), leaves and stems of
lemon balm (Melissa officinalis L.) and basil (Ocimum basilicumL.). For the flowers, both the
infusions and decoctions of two cultivars (Judia and Longal) were screened for bioactive
compounds and bioactivities. Phenolic compounds were determined by high performance liquid
chromatography, coupled to a mass spectrometer, while the organic acids relied on ultra-fast
liquid chromatography coupled to a diode array detector for determination. Tocopherols (only

for lemon balm) and soluble sugars were both determined by high performance liquid
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Abstract

chromatography, coupled to a fluorescence and refraction index detectors, respectively. In
terms of bioactivities, the antioxidant, antimicrobial (antibacterial and antifungal) and
antitumor activities were screened. In terms of the antioxidant activity, the 2,2-diphenil-1-
picrilhydrazil assay was tested, along with the reducing power, while two assays were used to
determine lipid peroxidation, namely, PB-carotene bleaching inhibition and inhibition of
thiobarbituric acid reactive substances. The antimicrobial assays used different species of food
contaminants, and the minimum inhibition concentration, minimum bactericidal and fungicidal
concentration were determined for all plants. In terms of the antitumor assays, various human
tumor cell lines were screened against the plants, while primary porcine liver cell lines were
employed to determine the hepatotoxicity of the extracts.

For the chestnut flower extracts, the highest phenolic compounds were trigalloyl-HHDP-
glucoside followed by pentagalloyl glucoside. Fructose, glucose, quinic and oxalic acids were
the highest sugars and organic acids. The highest antioxidant activity was determined for the
decoctions of Judia, which also proved to be the most efficient against the screened bacteria.
The most sensitive tumor cell lines were liver and colon tumor cell lines, while no toxicity was
detected for any of the extractions.

In terms of the screening of lemon balm, only the decoctions were screened, and the most
abundant phenolic compounds were rosmarinic acid, followed by lithospermic acid A. Quinic
acid, fructose and y-tocopherol were the most abundant compounds within their bioactive
group. The most sensitive microorganisms to the decoctions, with inhibition rations under the
positive controls, were Pseudomonas aeruginosa, Salmonella typhimurium and Penicillium
funiculosum. The most sensitive tumor cell lines were breast and liver, and no toxicity was
detected for the lemon balm decoctions.

Finally, regarding basil, rosmarinic acid followed by chicoric acid were the most abundant
polyphenols. Quinic acid and fructose were the most abundant organic acid and soluble sugar,
respectively. Cervical and liver tumor cell lines were the most sensitive to the decoctions, and
once again no toxicity was found. Thiobarbituric acid reactive substances assay and the
reducing power were the antioxidant assays with the best results for this plant. Overall, the
fungi seemed to be more susceptible to it that the bacteria, although it showed lower inhibition
concentrations that the positive controls for Listeria monocytogenes, Staphylococcus aureus,
Enterobacter cloacae, and Salmonella typhimurium.

The second part of the work plan was the incorporation of the best extracts in foodstuffs. The

first incorporation was in traditional north-eastern Portuguese cakes, and only with the
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Abstract

decoctions of the chestnut flowers and the direct incorporation of dried flowers in two different
lots. The quantity of incorporated decoction was calculated taking into consideration the
antioxidant activity of the extract, relying of the ECso (concentration at which the extract
displays 50% of antioxidant activity) value, adjusted to the amount of batter used. The amount
of dried flower incorporated relied on the extraction yield of the decoctions. In order to
determine the changes and eventual preservation of the extracts and/or flowers, the cakes were
analysed on the same day of manufacture, after fifteen and thirty days. To determine the
influence of different concentrations of each incorporation, a two-fold concentration of each
was incorporated to other lots of cakes, and subject to the same storage periods and analysis.
The nutritional value (moisture, total available carbohydrates, dietary fibers, crude protein,
crude fat, ash and energy) was measured relying on AOAC procedures. The fatty acids were
determined by gas chromatography and mineral elements by atomic absorption spectrometry.
Finally, the antioxidant activity of the cakes was also measured. Overall, and as expected, the
moisture decreased over time, which lead to a raise of ash, total available carbohydrates,
insoluble fiber and energy, although very slight changes were found among the incorporated
samples. Succinic acid was the highest organic acid, with the highest values being detected in
the cakes incorporated with the decoctions. a-tocopherol was the most abundant tocopherol,
but detected in very small quantities, while sucrose was the most prevalent soluble sugar, but
decreased during storage time, thus raising the amounts of fructose and sucrose. Sodium and
potassium were the most abundant mineral elements. Palmitic acid was the most abundant fatty
acid, and there was a continuous reduction in the polyunsaturated fatty acids along the storage
time. To determine the influence of the storage time and the type of incorporation
independently, 2-way ANOVAS were carried out, followed by linear discriminant analysis.
Overall, and nutritionally, the cakes incorporated with the dried flowers seemed to be the best
choices. In terms of the antioxidant activity of the incorporated cakes, storage time had a higher
influence than the quantities incorporated, and the 2,2-diphenil-1-picrilhydrazil assay, along
with the inhibition of thiobarbituric acid reactive substances, were the most improved
parameters.

The second incorporated foodstuft was soft cheese (Serra da Estrela), which is one of Portugal’s
most appreciated and famous dairy products. Different lots were produced in order to
incorporate the three selected plants and their decoctions in the same manner as for the cakes,
although for the cheese only one concentration was tested. Analysing the different lots, in two

different storage times, zero and six months. The external color was also determined. Calcium
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Abstract

and sodium were the most abundant mineral elements in all the cheeses, while palmitic and
oleic acids were the most abundant fatty acids. Overall, the saturated fatty acids prevailed over
the monounsaturated ones. Over time, moisture seemed to be lower in the incorporated samples,
which could allow a quicker achievement of harder cheese (old cheese). The incorporated
cheeses also showed higher antioxidant activity, both for radical scavenging activity and
inhibition of lipid peroxidation. Overall, the dried chestnut flowers and lemon balm plants
seemed to preserve and functionalize the cheeses better than their decoctions, but the basil
decoctions proved to be better than the plants. In terms of external color, some changes were
detected in the incorporated cheeses, especially for the ones incorporated with the dried plants.
The findings of this work prove the efficacy of these plants and their aqueous extracts as
functional ingredients and natural preservatives in these foodstuffs, by turning them into
healthier products, with higher antioxidant potential while aiding their conservation, mainly in

“Serra da Estrela” cheese.
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Resumen

RESUMEN

“Desarrollo de nuevos productos alimenticios: Incorporacion de extractos de plantas

como ingredientes funcionales y conservantes naturales”

La innovacion y busqueda de nuevas evidencias cientificas que avalen el consumo de alimentos
funcionales con contrastados beneficios para la salud de los consumidores, es hoy en dia una
tarea clave para la industria alimentaria. Paralelamente a estas necesidades, los consumidores
son cada vez mas conscientes de los alimentos que consumen y demandan productos mas
saludables. Los aditivos alimentarios son una de las formas mas utilizadas por la industria
alimentaria para mantener la calidad de los alimentos. Dentro de la mejora de los productos
alimenticios, la industria alimentaria recurre a la busqueda de aditivos mas saludables, con
menos efectos secundarios y mas econémicos, de ahi que se haya fomentado la investigacion
en aditivos naturales, que provengan de plantas, animales o microorganismos. Los aditivos
naturales pueden ser compuestos, o grupos de compuestos que se benefician de las sinergias
individuales. El uso de las plantas y sus extractos como aditivos se ha convertido en uno de los
temas principales en la investigacion de los aditivos alimentarios naturales. Asi mismo, se ha
llevado a cabo una amplia investigacion para encontrar sinergias entre aditivos naturales y
sintéticos, y para encontrar un aditivo natural que sea capaz de llevar a cabo diversas funciones
en los alimentos (colorantes, conservantes, antioxidantes, etc.). En la Union Europea, algunos
aditivos naturales estdn aprobados para su uso en alimentos, como por ejemplo el extracto de
romero, los glucésidos de la stevia, etc. habiendo muchos otros esperando la autorizacion. de
gobierno.

El trabajo realizado en esta tesis doctoral se centra en la caracterizacion quimica de tres plantas
tradicionalmente consumidas en Portugal y sus extractos acuosos (decocciones e infusiones),
con la posterior incorporacion en algunos alimentos tradicionales portugueses, como en los
pasteles denominados "economicos" y el queso tradicional de oveja "Queijo da Serra da
Estrela". Las plantas y sus extractos acuosos fueron seleccionados en funcion de su

bioactividad, particularmente por su potencial antioxidante, escogiéndose las flores de castafio
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(Castanea sativa Mill. variedad “Judia” y “Longal”), las hojas y tallos de melisa (Melissa
officinalis L.) y la albahaca ( Ocimum basilicumL.).

En todos los extractos se procedi6 al estudio de su contenido en compuestos bioactivos y
evaluacion de su potencial actividad biologica. Los compuestos fenodlicos se determinaron por
cromatografia de alta resolucion acoplado a espectro de masas (HPLC-MS), mientras que los
acidos organicos se basaron en cromatografia de liquidos de ultra-rapido (UHPLC) acoplado a
un detector diodarray para la determinacion. Los tocoferoles (s6lo caracterizados en las hojas
de melisa) y azucares solubles se determinaron por HPLC acoplado a detector de fluorescencia
e indice de refraccion, respectivamente. En términos de actividades biologicas, se evalu6 la
actividad antioxidante, antimicrobiana (antibacteriana y antifingica) y la actividad antitumoral
de los extractos acuosos. En términos de la actividad antioxidante, se emplearon diferentes
métodos, para la valoracion de la actividad antioxidante total se empled el ensayo 2,2-diphenil-
1-picrilhydrazil (DPPH) junto con el ensayo del poder reductor, mientras que para la evaluacion
de la peroxidacion lipidica se emplearon el ensayo de inhibicion de la decoloracion del B-
caroteno y el ensayo de inhibicion de especies reactivas del acido tiobarbitirico (TBARS). En
la evaluacion de la actividad antimicrobiana, se determiné la concentracién minima inhibitoria,
concentracion minima bactericida y la concentracion minima fungicida. Por altimo, en los
ensayos antitumorales, se emplearon diversas lineas de células tumorales humanas, asi como se
testd la posible hepatotoxidad de los extractos mediante lineas celulares de higado porcino
primarios.

Para los extractos de la flor de castafo, los compuestos fenolicos mas relevantes fueron el tri-
galoil-HHDP-glucoésido seguido del pentagalloyl glucésido. La fructosa, glucosa, el acido
quinico y oxalico fueron los azlicares y acidos organicos mayoritarios, respectivamente. Los
mejores resultados frente a los diferentes métodos de actividad antioxidante y antibacteriana se
observaron en las decocciones de la variedad Judia. Las lineas de células tumorales mas
sensibles frente a estos extractos fueron las lineas de células tumorales hepaticas y de colon, no
detectandose toxicidad hepatica en ninguno de los extractos.

En relacion a los extractos de hoja de melisa (decocciones), los compuestos fendlicos mas
abundantes fueron el acido rosmarinico, seguido de acido litospérmico A. Asi mismo, se
destaco por su contenido en acido quinico, la fructosa y y-tocoferol. Los microorganismos mas
sensibles, con valores de inhibicion inferiores a los controles positivos, fueron Pseudomonas

aeruginosa, Salmonella typhimurium y Penicillium funiculosum. Mientras que las lineas de
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células tumorales mas sensibles a estos extractos acuosos fueron las de mama e higado, no
detectandose toxicidad hepatica en dicho extracto acuoso.

Por ultimo, en relacion con el extracto acuoso de albahaca (decoccion), el acido rosmarinico,
seguido de 4cido chicdrico fueron los compuestos fenolicos mas abundantes. El 4cido quinico
y fructosa fueron el acido organico y azucar soluble mas abundantes, respectivamente. El
ensayo del poder reductor y del TBARS fueron los ensayos de antioxidantes con los mejores
resultados (menor ECso). Mientras que se observaron mejores resultados de actividad
antifungica que antibacteriana, aunque el extracto acuoso presentd una concentracion minima
inhibitoria menor que los controles positivos para Listeria monocytogenes, Staphylococcus
aureus, Enterobacter cloacae, y Salmoneélla typhimurium. Los mejores resultados de actividad
antitumoral se observaron frente a lineas de células tumorales del cuello de ttero e higado. No
detectandose hepatotoxidad de dichos extractos acuosos.

La segunda parte del plan de trabajo fue la incorporacion de los mejores extractos en diferentes
productos alimenticios tradicionales de Portugal. La primera incorporacion se realizd en
pasteles portugueses tradicionales del noreste (“‘economicos”), a los cuales se les adicion6 las
decocciones, asi como la incorporacion directa de flores secas, en dos lotes diferentes. La
cantidad de decoccion incorporada se calcul6 teniendo en cuenta la actividad antioxidante del
extracto, apoyandose de su valor de ECso (concentracion a la que el extracto muestra 50% de la
actividad antioxidante), ajustandolo a la cantidad de pastel. La cantidad de flores secas
incorporadas dependid del rendimiento de la extraccion de las decocciones. En ambos casos
(extracto y planta) se incorporaron dos concentraciones diferentes, la anteriormente calculada
y una concentracion de dos veces superior a esta, para establecer la mejor dosis de incorporacion
en cada caso.

Con el fin de determinar los cambios producidos durante el periodo de conservacion de los
bollos, los diferentes lotes de bollos elaborados se analizaron en el mismo dia de la elaboracion,
después de quince dias, y después de treinta dias de almacenamiento. Para determinar la
influencia del tiempo de almacenamiento y el tipo de incorporacion de forma independiente, se
llevaron a cabo el estudio estadistico de ANOVA de 2 factores seguido por el analisis
discriminante lineal. En todos los lotes y tiempos de almacenamiento se determind el valor
nutricional (humedad, hidratos de carbono disponibles, fibra alimentaria, proteina bruta, grasa,
cenizas y valor energético) segun los procedimientos oficiales de la AOAC. Asi como se

determind el perfil de acidos grasos mediante cromatografia de gases y el contenido en
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elementos minerales por espectrometria de absorcion atomica. Finalmente, también se evaluo
la actividad antioxidante de los pasteles mediante los ensayos anteriormente descritos.

En general, y como era de esperar, la humedad disminuyé a lo largo del tiempo de
almacenamientos, con el consecuente incremento del resto de macronutrientes como hidratos
de carbono disponibles, fibra insoluble, cenizas y valor energético, no observandose
modificaciones significativas entre los lotes de bollos incorporados. El acido succinico fue el
acido organico mayoritario, especialmente en el lote de bollos a los que se les incorpord las
decocciones de flor de castano. La sacarosa fue el azlicar soluble més abundante, aunque su
concentracion disminuyé durante el tiempo de almacenamiento, degradandose en fructosa y
glucosa. El a-tocoferol fue la isoforma mas abundante, a pesar que se cuantifico en cantidades
muy pequefias. El dcido palmitico fue el dcido graso mas abundante, probablemente debido al
contenido en mantequilla con el que se elaboraron los bollos. Se observd una apreciable
disminucién del contenido en acidos grasos poliinsaturados a lo largo del tiempo de
almacenamiento, seguramente asociado a un proceso de peroxidacion lipidica. Por otro lado, el
sodio y el potasio fueron los elementos minerales predominantes.

En general, y particularmente en relacion al valor nutricional, los lotes de los bollos a los que
se les incorpord las flores secas de castafio fueron los que mostraron los mejores resultados.
Mientras que, en relacion a la capacidad antioxidante, los mejores resultados se observaron en
los lotes de bollos con la incorporacion de extracto y/o planta en comparacion con los controles,
mostrandose los mejores resultados frente al ensayo del DPPH y TBARS.

El segundo alimento al que se incorporo6 los extractos de las tres plantas anteriormente descritos
fue el queso con D.O. “Serra da Estrela”, uno de los productos lacteos mas apreciadas y
conocidos de Portugal. Se elaboraron diferentes lotes a los que se les incorporo tanto la planta
seca como sus extractos acuosos (decocciones) siguiendo el mismo procedimiento que para los
bollos, analizdndose los diferentes lotes tras un mes de maduracion (TO) y tras 6 meses de
almacenamiento. Analizandose los mismos parametros que para los bollos, ademas del color
externo de los quesos. Al igual que en la mayoria de los quesos, los nutrientes mayoritarios
fueron las proteinas y la grasa. En general, como cabria esperar los 4acidos grasos saturados
fueron la fraccion mayoritaria frente a los acidos grasos monoinsaturados, destacando su
contenido en 4cido palmitico, seguido por el acido oleico. El calcio y sodio fueron los elementos
minerales mas abundante en todos los quesos analizados. A lo largo del tiempo de
almacenamiento se observo una disminucion de la humedad, especialmente en los lotes de

quesos a los que se les incorporo los extractos de plantas, cuestion podria favorecer el proceso
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de maduracion. Asi mismo, se observaron los mejores resultados de actividad antioxidante (T0),
tanto para el ensayo del DPPH como para los de inhibicion de la peroxidacion lipidica. Siendo
en los lotes de queso con la incorporacion de planta seca, los que mayores modificaciones
experimentaran en la evaluacion de color externo.

En general, podriamos afirmar, que los lotes de quesos a los que se les incorpor6 planta seca
(flores secas de castafio y hojas secas de melisa) mostraron mejores resultados a la hora
conservar el valor nutricional de los quesos y a la hora de funcionalizar en relacion a su
capacidad antioxidante. Mientras que las decocciones de las hojas de albahaca mostraron
mejores resultados que su correspondiente planta seca.

Como conclusion final, podemos resaltar que los resultados de este trabajo corroboran la
eficacia de las plantas seleccionadas y sus extractos acuosos como potenciales ingredientes
funcionales y conservantes naturales para la obtencion de productos alimenticios mas
saludables, con mayor poder antioxidante y contribuyendo a su conservacion, especialmente en

el caso del queso “Serra da Estrela”.
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Introduction

Adding molecules to food, pros and cons

Since the dawn of man, our species searches for better ways to feed itself. There is still no way
of living without eating, therefore, this commodity is of utmost importance for the well-being
of every man, woman and child across the world. Although the need to feed has maintained
itself immutable across the ages, the way we consume foodstuffs has seen deep changes. From
the local gatherers in the Palaeolithic to the domestications of animals and vegetables there was
a huge leap, only surpassed by the commercial trading of spices and other goods in the fifteenth
century. Today, in developed countries, food is produced in specific facilities and then
transported to markets that can be within the same country or even in distant ones (Atkins &
Bowler, 2001). Delivering food in good conditions from the production site to the consumer
requires a great load of energy, either by refrigeration, controlled packaging or the use of
additives to avoid spoilage and reduce food alteration. In a competitive global market, the least
expensive method of food preservation is always favoured, and in most cases, food additives
are chosen over the others. Furthermore, food additives are essential to enable the food industry
to make food meet the increasingly challenging market and legal demands (Saltmarsh et al.,
2013). While the European Food Safety Authority's (EFSA) definition for food additive is “any
substance not normally consumed as a food itself and not normally used as a characteristic
ingredient of a food, whether or not it has nutritive value, the intentional addition of which to a
food for a technological purpose in the manufacture, processing, preparation, treatment,
packaging, transport or storage of such food results, or may reasonably be expected to result, in
it or its by-products becoming directly or indirectly a component of such food” (Council
Regulation (EC) 1333/2008; Saltmarsh et al., 2013). The Food and Drug Administration of the
United States (FDA) defines a food additive as “any substance the intended use of which results
or may reasonably be expected to result — directly or indirectly — in its becoming a component
or otherwise affecting the characteristics of any food. This definition includes any substance
used in the production, processing, treatment, packaging, transportation or storage of food. The
purpose of the legal definition, however, is to impose a premarket approval requirement.
Therefore, this definition excludes ingredients whose use is generally recognized as safe (where
government approval is not needed), those ingredients approved for use by FDA or the U.S.

Department of Agriculture prior to the food additives provisions of law, colour additives and
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pesticides where other legal premarket approval requirements apply” (FDA, 2015). On the other
hand, the Codex Alimentarius (CA) defines a food additive as “any substance not normally
consumed as a food itself and not normally used as a typical ingredient of the food, whether or
not it has nutritive value, the intentional addition of which to food for a technological (including
organoleptic) purpose in the manufacture, processing, preparation treatment, packing,
packaging, transport or holding of such food results, or may be reasonably expected to result
(directly or indirectly) in it or its by-products becoming a component of or otherwise affecting
the characteristics of such foods. The term does not include contaminants, or substances added
to food for maintaining or improving nutritional qualities, or sodium chloride” (Motarjemi et
al., 2014; Codex Alimentarius 2015). Within the European Union (EU), food additives are
divided into 26 functional classes, depending on their function in food: sweeteners, colourants,
preservatives, antioxidants, carriers, acids, acidity regulators, anticaking agents, antifoaming
agents, bulking agents, emulsifiers, emulsifying salts, firming agents, flavor enhancers,
foaming agents, gelling agents, glazing agents, humectants, modified starches, packaging gases,
propellants, raising agents, sequestrants, stabilizers, thickeners, and flour treatment agents
(Council Regulation (EC) 1333/2008). The American approach of food additives narrows down
the number of classes and allows additives to be mentioned in two or more classes. According
to the FDA, there are more than 3000 food additives allowed in the United States, which are

distributed into six groups: preservatives, nutritional additives, colouring agents, flavoring

agents, texturizing agents, and miscellaneous agents (Figure 1). The preservatives group is

divided into three subgroups, although some additives may serve more than one function in
foods: antimicrobials, antioxidants, and antibrowning agents. Within the flavoring agents
group, there are three subgroups: the sweeteners, the natural or synthetic flavors, and the flavor
enhancers. The texturizing agents comprise emulsifiers and stabilizers. Finally, the
miscellaneous agents are composed of many classes: chelating agents, enzymes, antifoaming
agents, surface finishing agents, catalysts, solvents, lubricants, and propellants (Branen et al.,
2001). Despite the various classes of additives and the different classifications used, they can
be divided in four fundamental groups with regard to their origin and manufacture: natural
additives (obtained directly from animals or plants); similar to natural additives (produced
synthetically imitating natural ones); modified from natural (natural additives that are then
modified chemically); and finally artificial additives (synthetic compounds). In the European
Union, all food additives, whether approved or not, are labelled with the letter “E” (representing

Europe) followed by a specific number. This nomenclature was extended to the Codex
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Alimentarius Commission to easily identify food additives worldwide. A huge effort was put
in motion to gather knowledge toward the creation of a single database of legal food additives
to be used within the EU, and in the Regulation 1129, of 2011, all the approved additives as
well as their acceptable daily intake (ADI) were listed (Council Regulation (EC) 1333/2008;
Council Regulation (EC) 1129/2011). In the United States, as from 1961, the FDA determined
that all food components were labelled as generally regarded as safe (GRAS). This term is still
in use today, but for an additive to be considered in it, various toxicology assays must be

performed, and the list has seen changes throughout the years.

Food additives

I e Colouring agent Flavoring agents|

Preservatives additives

Texturizing Miscellaneous
agents agents
Natural and -
synthetic flavors SEI9EE

Flavor enhancers

Antimicrobials Azo compounds!

Chinophthalon

Antioxidants S
derivatives

Antibrowning Triarylmethane

Indigos

Figure 1. Principal groups and subgroups of food additives. Adapted from Carocho et al., 2014a

The ADI is the starting point to establish the maximum amount of a certain additive to be
included in each foodstuff, which can vary from a few milligrams to “Quantum satis”, and
expressed as milligrams of additive per kilogram body weight (mg/kg bw). The term Quantum
satis is a Latin word employed by the EFSA which determines that there is “no maximum
numerical level specified, and substances shall be used in accordance with good a
manufacturing practice, at a level not higher than necessary to achieve the intended purpose

and provided the consumer is not misled” (Council Regulation (EC) 1333/2008). The spread of
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food additives reaches all kinds of foods, since the minimally processed until the highly
processed and transformed foodstuff. The interaction between some food additives and the
general public has not been peaceful. In the 80's food additives were considered dangerous to
be consumed, which fuelled generalized scares and removal of some additives, namely
colourants from processed food. Since then, the relation between additive and consumer has
improved, although some distrust still lingers (Emerton & Choi, 2008). Today, some authors
report health issues on the consumption of food additives, even though the authorities
periodically review the data supporting the safety and correspondent ADI. Regarding the
antimicrobials used in food, the most widespread are benzoates, sorbates, propionates, nitrites
and parabens. Although studied for decades, some potential dangerous effects towards health
are still found for many of them. Sodium benzoate, although regarded as safe, has yet to prove
that it is not hazardous on long-term exposure (Lennerz et al., 2015). Depending on the dose
used, sodium sorbate proves to be genotoxic on /77 Vitro blood lymphocytes (Mamur et al.,
2010), parabens have been proved to induce migratory and invasive activity in human breast
cancer cells /77 Vitro, while their dermic exposure has been overlooked, proving that this type of
exposure can be added to the oral exposure, therefore increasing the overall intake (Karpuzoglu
et al., 2013; Khanna et al., 2014). Extensive studies have been carried out through the years
regarding sorbates and their health implications. Some of these studies describe these
compounds as genotoxic and mutagenic, while others refer to this not being relevant. Still,
controversy lingers, due to legislation, in which sodium sorbate is not allowed in the US, but
legal to be used in food in the EU (Binstok et al., 1998; Mamur et al., 2012; Mpountoukas et
al., 2008). Nitrates (E240-259) and nitrites (E249-250) are other antimicrobials that are used in
foodstuffs. Nitrates have recently been restricted within the EU, and can now only be added to
meat for slow curing. Nitrites can be found in nontreated fruit and vegetables, and are used in
meat for colour formation, flavor enhancement and antimicrobial activity, being the only food
additive to inhibit the bofulinum toxin. They are also allowed in pickled herring, sprat and
ripened cheese. Its use in the EU has been approved at the minimum possible dosage. (Council
Regulation (EC) 1129/2011; Getterup et al., 2007; Honikel, 2008; lammarino et al., 2013;
Sebranek & Bacus, 2007; Sindelar & Milkowski, 2012; Watson & Preedy, 2010). Nitrites can
take part in the formation of nitrosamines and have been shown to have carcinogenic effects,
among other deleterious effects towards humans, namely the oxidation of oxyhemoglobin to
ferrihemoglobin (Cammack et al., 1999). Sulphites or sulphiting agents are used in food, like

wine, dried fruits, dehydrated biscuits, fish, among others, to avoid antimicrobial
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contamination, to excerpt antioxidant and antibrowning activity. They are known to have
cytotoxic and carcinogenic effects towards both rats and humans (Iammarino et al., 2012; Suh
et al., 2007). Among the synthetic antioxidants, butylated hydroxyanisole, butylated
hydroxytoluene, ethoxyquin, tert-butylhydroquinone and propyl gallate are the most common.
Many studies have been carried out regarding these compounds, and while some studies point
out hazardous effects such as toxicity and carcinogenic effects, others show the opposite,
regarding them as tumor suppressant (Bauer et al., 2001; Botterweck et al., 2000; Carocho &
Ferreira, 2013a; Ikezaki et al., 1996; Vandghanooni et al., 2013). Colourings like indigocarmine
are found to be dangerous by producing superoxide dismutase during metabolisation in mice
(Kohno et al., 2005). Safflower yellow and kokum red have shown to have clastogenic effects
in mice bone marrow (Agarwal et al., 1994). Tartrazine, a widespread food colourant has been
linked to irritability, restlessness and sleep disturbance in children (Rowe & Rowe, 1994). Many
studies also deem colourings safe, within the ADI, but a study has proven that children could
be consuming a higher quantity of dyes that initially thought, while adults are also exposed to
other means of entrance into the body, are overlooked (€.9. shaving creams and after shave
products) (Lucova et al., 2013; Stevens et al., 2015). Finally, among the sweeteners, mainly the
“intensive sweeteners”, such as saccharine, aspartame, sucralose and acesulfame K are the most
common and widespread, used in the food industry mainly in low caloric food products. All of
them provide the sweetening power at low doses. Saccharine and sucralose as regarded as safe
to consume with restrictive maximum level (Council Regulation (EC) 1129/2011), aspartame
still poses some controversial effects, namely by having deleterious effects on human babies
during gestation, and by causing oxidative stress in wistar albino rats (Choudhary &
Rathinasamy, 2014; Toigo et al., 2015). Acesulfame K has been proved to have clastogenic
effects in mice and to induce allergies in humans (doses between 15 and 2250 mg acesulfame/kg
body weight) (Mukherjee & Chakrabarti, 1997; Stohs & Miller, 2014). The concern of the ADI
of synthetic additives their overconsumption has always been of great importance for the
governing bodies. Back in 2001, the EU published a report regarding some member states,
informing the consumption of additives in relation to their ADI. Although at the time, only
preliminary results were given, and many additives were consumed under their ADI, some
additives were clearly being overconsumed by the European population, namely, sulphites
(E220-228), nitrites (E249-250), polysorbates (E432-436), sucrose esters and sucroglycerides
(E473-474), stearoyl-2-lactylates (E481- 482), sorbitan monolaureate and sorbitan monoleate
(E493-494), aluminium sulphates (E520-523), sodium aluminium phosphate (E541) and
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aluminium silicates (E554-556/559). These additives were reported as being consumed in
excess by the adult population, while many more were reported being consumed in excess by
children. Although this report insisted that new studies should be carried out in the following
years, including all the members of the EU, and with more accurate data being gathered, this
did not occur. When the EFSA was formed, in 2002, it preferred to review the consumption and
ADI estimations individually based on scientific committees and panels, and has been doing
this until today. Many food additives have been re-evaluated by these panels and in some cases
the ADI has changed, being all these reports published in the EFSA official journal and website.
Furthermore, in 2010, concerned with food additives consumption, EFSA started a re-
evaluation of all food additives gathering more studies and expert opinions, in order to find
possible health implications and to adjust their ADI. This evaluation is gradual and is expected
to end by 2020 (Lodi et al., 2011; Carocho et al., 2014a). Although some progress has been
achieved in the past years in terms of harmonizing legislation regarding food additives across
the world, there are still some big issues. Between the FDA and the EFSA, there are additives
allowed in Europe that are not deemed safe for food in the USA, while the opposite also occurs.

Some examples of the difference between legislations from the EFSA and the FDA are

presented in| Table 1) Furthermore, other legislative gaps can be found in the definition of food

in terms of their calories. The scandals and fear of consumers, allied to these gaps in legislation
has inspired researchers and companies to pursue natural food additives, in the hopes of

lowering distrust and improving the benefits of these natural compounds.
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Table 1. Examples of legislative differences for the same food additives. Adapted from Carocho et al., 2014a
EFSA FDA

Additive E number Type of Additive Classification Classification ADI
Sodium methyl .
p-hydroxybenzoate E219 Antimicrobial EU Regulation Banned 10 mg/kg bw
No. 1129/2011
(paraben)
Code of Federal
Sodium sorbate E201 Antimicrobial Banned in the EU Regulations 21 25 mg/kg bw
Sec.182.3089
.. Azo compounds EU Regulation =~ No permission
Carmoisine El22 of dyes No. 1129/2001 sought in the USA + m&/kgbw
Azo compounds EU Regulation .
Amaranth E123 of dyes No. 1129/2011 Banned in the USA 0.8 mg/kg bw
Triarylmethane .
EU Regulation .
Patent blue E131 com;zloylir;ds of No. 1129/2011 Banned in the USA 5 mg/kg bw
Triarylmethane . .
- EU Regulation =~ No permission
Brilliant green E142 com%(;lzr;ds of No. 1129/2011 sought in the USA 5 mg/kg bw
Triarylmethane Code of Federal
Fast green (DF&C E143 compounds of Banned in the EU Regulations 21 25 mg/kg bw
Green No.3)
dyes Sec.74.203
Triarylmethane . .
o EU Regulation  No permission
Brilliant black E151 compd(;lzr;ds of No. 1129/2011 sought in the USA 5 mg/kg bw
EU Regulation .
Cyclamates E952 Sweeteners No. 1129/2011 Banned in the USA 11 mg/kg bw
Fructose (high fructose Not considered a Code of Federal
comn sg ) - Sweeteners food additive in ~ Regulations 21  No limitations
YIup the EU Sec.184.1866
Not considered a Code of Federal
Sucrose - Sweeteners food additive in ~ Regulations 21  No limitations

the EU Sec.184.1854

Natural food additives or from natural origin as alternatives to synthetic
ones

For some decades now, natural food additives have been gaining more interest both from the
consumers and food manufacturers. Generally, the public will choose a food with no additives,

but if these are not available, the same consumer will choose, if possible, a food containing

natural compounds over synthetic ones (Carocho et al., 2014a). Depicted in[Figure 2|are the

main categories of natural food additives along with the most used compounds of each category.
The endless amount of both synthetic and natural additives, added to the lack of knowledge of
most of the population, when it comes to distinguishing natural from synthetic compounds does
not help to clarify what is what in the label of most food products. The only way to overcome
this limitation is to provide consumers with valuable information regarding these compounds
purposely added to food. Different consumer studies have shown that consumers have recently
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become more informed about food additives and always tend to choose the additives of natural
origin than their synthetic analogues (Bearth et al., 2014; Devcich et al., 2007; Pokorny, 1991).
Surprisingly there is no definition of natural preservatives, antioxidants, colours or sweeteners.
Only natural flavorings have legislation both in the EU and the USA, and this is then transposed
to the other classes of additives, leading to wrong interpretations and the confusion of what is
natural or synthetic. There is a growing need for legislation regarding the natural additives, for
they are of growing interest in developed countries (Baines & Seal, 2012). There are no defined
categories for natural additives; in the EU, they are incorporated into the same “E” classification
as all the other counterparts (Council Regulation (EC) 1129/2011). Still, the most researched

natural additives are antioxidants, antimicrobials, colourings, and sweeteners (Figure 2).

Natural
additives
Natural Natural Natural Natural
antioxidants antimicrobials colorants sweeteners
* Polyphenols : * Annatto * Erythritol
* Ascorbic acid t * Paprika * Tagatose
* Carotenoids : * B-carotene * Steviol glyc
* Tocopherols * Poly-L-Lysine * Lutein * Glycyrrhizin

zyme * Carotenoids * Thaumatin
Anthocyanins

Betalains

Curcumin

Caminic acid

)
T
e o o o

Figure 2. Depiction of the most common additives divided by categories. Represented in orange are the
antimicrobials derived from microorganisms. In blue, the antimicrobials derived from animals and in green the
ones derived from plants. The purple colour represents bulk sweeteners and in yellow, the high potency ones. In
black, the antioxidants and colours derived from plants. Adapted from Carocho et al., 2015a

With regard to natural antioxidants, polyphenols are some of the most interesting groups in the
vegetable kingdom, and due to their strong antioxidant capacity they display interesting effects
towards human health, namely against cancer, osteoporosis, cataracts, cardiovascular

dysfunctions, brain diseases, and immunological conditions (Carocho & Ferreira, 2013b). Due
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to their high efficacy in preserving food and their wide acceptance from the general public, it
is desirable to add them to food. In all the classes of polyphenols (phenolic acids-
hydroxybenzoic or hydroxycinnamic acids, flavonoids including anthocyanins, tannins,
lignans, stilbenes, and coumarins), some stand out with higher potential than others. They can
be added as plant extracts, taking advantage of the synergistic effects between compounds, or
by further purification to individual molecules, adding the most bioactive ones to the foodstuff.
Polyphenolic extracts like rosemary and other extracts from plants have been used to act as
antioxidants in food and, in terms of rosemary, it has been identified as a food additive in the
Council Regulation (EC) 1129/2011, with the E number 392. Although the synergistic effect
between the compounds is important for the extracts antioxidant activity, some industries seek
specific molecules to carry out these effects. Among the individual polyphenols the most
bioactive and used are carnosic and ferulic acid, and catechin (Ou & Kwon, 2004; Naveena et
al., 2013; Kumar & Pruthi, 2014; Bitri¢ et al., 2015; Kaewprachu et al., 2015). Regarding other
compounds with potential antioxidant activity, ascorbic acid (E300), also known as vitamin C,
is a high oxygen scavenger used in various foodstuffs. It regenerates phenolic oxidants and
tocopherols that have suffered oxidation, due to its higher oxidation potential. Ascorbic acid is
particularly important to stabilize lipids and oils, but can be used in other food matrices (Baines
& Seal, 2012). Carotenoids are also known for their antioxidant potential as food additives,
although their use is always limited by being very susceptible to oxidation by light. Among
these natural molecules, lycopene (E160d) and B-carotene (E160a (ii)) are the most widespread,
being used in baked goods, eggs, and dairy products, among others, as singlet oxygen quenchers
(Smith & Hong-Shum, 2011). Tocopherols (E306-309), which are the building blocks of
vitamin E, are also known as very strong antioxidants. They can act isolated or in synergy with
ascorbic acid, by regenerating it. Apart from this, their main antioxidant function is terminating
free radicals in autoxidation reactions (Smith & Hong-Shum, 2011). In some cases, tocopherols
are also used in films and coatings (Barbosa-Pereira et al., 2013; Lin & Pascall, 2014; Marcos
et al., 2014). Many foodstuffs use mixes of carotenes, ascorbic acid and tocopherols to benefit
from synergies between them.

Natural antimicrobials are also a very hot topic for food processing; they guarantee that the food
is free of microorganisms and safe for its consumption. There are natural antimicrobials of three
sources, derived from microorganisms, from animals and from plants. Ideally all natural
antimicrobials should have a broad action, have bactericidal and fungicidal activities rather than

only inhibitory ones, active at low concentrations, heat stable, unaffected by pH, impart no
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flavor or colour, have no toxicity, easily assayable, have no pharmaceutical application, not
susceptible to resistance from contaminants, label friendly, and finally, cost effective.
Antimicrobials derived from microorganisms are molecules resulting from living organisms
that have impact on others. Examples of this are bacteriocins; to date, about 300 bacteriocins
have been discovered, with some of them having the potential to inhibit the growth of other
proteins (Cotter et al., 2005; Hammami et al., 2007). Nisin (E234), pediocin (against L/stéria
microorganisms) and sakacin are the most used bacteriocins in food. They are used in dairy
products (from 100 to 4000 IU/mL), beverages, eggs, meat (from 400 to 1000 IU/mL), cooked
ham and cold cuts (from 12 to 35 mg/g) (Cleveland et al., 2001; Katla et al., 2002; Jofr¢ et al.,
2007; Millette et al., 2007; Nguyen et al., 2008; Santiago-Silva et al., 2009; Lacroix, 2011; Resa
et al., 2014). Natamycin is also a widely used natural preservative. It is a polyene macrolide
with antifungal activity, especially active against yeasts and moulds and virtually without effect
on bacteria, protozoa and viruses. It has been used in a variety of foodstuffs, both as a free
additive (E235), encapsulated and/or as a constituent of biofilms (Baines & Seal, 2012; Roller,
2003). Reuterin is an antimicrobial compound produced by the Gram positive lactic bacteria
Lactobacillus reuteri, being effective against L/Sferia species. Reuterin has an application in
food by adding the Lactobacillus into the foodstuff as starter cultures with glycerol, namely in
cheese (Gomez-Torres et al., 2014; Langa et al., 2013), or by application of reuterin after
extraction. Poly-L-Lysine is a homopolimer of the amino-acid lysine that has a GRAS status in
the US and is allowed as a natural food additive in Japan, where it is used in staple foods for
many years (Shih et al., 2006). Antimicrobials derived from animals are compounds like
proteins and enzymes that are isolated from animals or are animal derived. Today, the only
authorized natural antimicrobial derived from animals is lysozyme, which is used both in the
US and the EU (E1105). The lysozyme used is derived from eggs (Baines & Seal, 2012). This
enzyme's antimicrobial activity relies on the hydrolysis of the 0-1,4 linkage site of the
peptidoglycan in the bacterial walls, therefore yielding very high activity against Gram negative
bacteria (which is constituted of 90% of peptidoglycan) and moderately effective against Gram
positive bacteria (with much less peptidoglycan), but with no action against yeasts or fungi
(Barbiroli et al., 2012). Lactoferrin, a GRAS compound, iron-binding glycoprotein very
abundant in milk also displays antimicrobial activity. Although there are few reports of its use,
researchers claim that it is potentially a molecule that can be used in the future to control
microbes in food (Davidson et al., 2005; Baines & Seal, 2012). Antimicrobials derived from

plants are usually compounds belonging to their secondary metabolism, which confer
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protection from predators, code for signalling molecules and help the plant resist stress.
Examples of compounds from this metabolism are terpenes, steroids, alkaloids and
polyphenols. The polyphenols group encompasses various classes of molecules, and although
they are attributed to have many biological effects on health, there are only few reports of some
polyphenols with application in coatings and films showing antimicrobial activities (Sun et al.,
2014; Giteru et al., 2015; Kaewprachu et al., 2015). Another very important group of molecules
with antimicrobial activity are the essential oils. These compounds are complex mixtures of
volatile compounds produced by living organisms. The most used essential oils are isolated
through physical means from plants, and derive from the mevalonate, methyl-erithrytol and the
shikimic pathways, with each one yielding different compounds (Baser & Buchbauer, 2010).
Out of the 300 known essential oils of different plants, some have found their way into
foodstuffs due to their antimicrobial activity; in fact, some have achieved the GRAS label in
the US. Of these, oregano, thymol, carvacrol, clove, and cinnamon oil are some of the most
important. There is a vast number of foodstuffs where essential oils have been applied, namely
meat, fish, dairy products, vegetables, rice and fruit (Burt, 2004). Furthermore, recent
developments have also been done in the packaging, with some films being impregnated with
essential oils, namely with carvacrol and thymol (Ramos et al.,2012).

Food colours can be classified into three main groups; natural food colourants, which refer to
ones that are synthesized naturally; nature-identical colourants, which although synthesized in
industries, mime the natural ones, and finally the artificial/synthetic colourants (Msagati, 2013).
There are many colourants used in the food industry, and even the natural or nature-identical
represent an important amount, with some already allowed to be used and legislated. Annatto
(E160b) is a permitted natural food colourant, extracted from the Bixa oréellana L. tree. There
are many foodstuffs where annatto is used, cakes, biscuits, rice, dairy products, flour, fish, soft
drinks, snacks and meat products (Hendry & Houghton, 1996; Rao et al., 2005; Scotter, 2009).
Paprika is another mixture of two carotenoids, capsanthin and capsorubin, it is also approved
in the EU (E160c) and displays an orange to red colour (Hendry & Houghton, 1996). There are
many other carotenoids used in food namely B-carotene, lutein, violaxanthin, neoxanthin, [3-
cryptoxanthin, fucoxanthin, lycopene and astaxanthin. They are extracted from plants, algae
and even insects and represent a wide spectrum of colours in the food industry. The main
applications of carotenoids in food are related to sauces, marinades, spice blends, coatings,
beverages, milk, among others (Baines & Seal, 2012). Anthocyanins (E163) are responsible for

pigments in nature, namely red, purple, violet and blue, and this can be transposed to food when

11




Introduction

they are used as colourants. The main anthocyanins in nature are cyaniding, delphinidin,
malvinidin, pelargonidin, peonidin, petunidin, being their main applications in soft drinks,
confectionary products and fruit preparations (Hendry & Houghton, 1996; Baines & Seal,
2012). Chlorophylls (E140) are vegetable pigments that occur naturally in plants and confer
colour. Among the five different chlorophylls that exist, only two (a and b) are used in the food
industry as colourants. The used commercial colourants of chlorophylls are extracted from
alfalfa, and have been employed in dairy products, soups, drinks and sugar confections
(MacDougall, 2002). Curcumin (E100), a pigment purified from turmeric which is extracted
from the dried rhizomes of the plant Curcuma longa L., is another widespread used food
colourant. It confers an orange colour to food, and is used in mustard, yoghurt, baked goods,
dairy industry, ice creams and salad dressings (Hendry & Houghton, 1996; MacDougall, 2002).
Carminic acid (E120) is the main pigment present in the insect Jactylopius coccus Costa, which
when complexed with aluminium, renders a brilliant red colour. This colouring agent is quite
expensive when compared to other natural red ones, like anthocyanins, although it is considered
technologically important due to its stability. It is used in jams, gelatines, baked goods, dairy
products and non-carbonated drinks (MacDougall, 2002).

Natural sweeteners have the same objective as synthetic ones, to deliver a sweet taste while
contributing with less or no calories at all to the diet. Regarding the bulk sweeteners, the two
main compounds of this group are erythritol and tagatose. Erythritol (E968) is a sugar alcohol
(polyol), which occurs naturally in some fruits and vegetables, although it is industrially
produced through enzymes and osmophilic yeasts or fungi. It is allowed both in the US and in
the EU, although in the latter with some restrictions in beverages. Being a bulk sweetener it
only has around 65% of the sweetness of sucrose, but does not cause tooth decay, toxicity or
carcinogenicity in the quantities used in food. The main foodstuffs where erythritol is used are
baked goods, coatings, frostings, fermented milk, chocolate, low-calorie beverages, candy,
chewing gums, among others (Nabors, 2001; Baines & Seal, 2012). Tagatose is a ketohexose,
an enantiomer of fructose, and is also considered a prebiotic and a flavor enhancer. It occurs in
very small quantities in fruits and heat treated dairy products. Its potency in relation to sucrose
is about 92%, which makes it very similar in terms of taste (Nabors, 2001; Dobbs & Bell, 2010;
Baines & Seal, 2012). Regarding high potency sweeteners, steviol glycosides (E960) are an
example of natural compounds with a high dissemination around the world. These glycosides,
mainly steviosides and rebaudiosides are also know just as stevia, stevioside or steviol, and are

purified from the plant Stevia rebaudiana Bertoni leaves. Due to having various compounds in
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its formula, steviol glycosides have different potencies, with the lowest ones being 30 times
sweeter than sucrose (dulcoside A, rebaudioside C) and others, which are about 300 times more
potent (rebaudioside A). Among the food industry, steviol glycosides are used in beverages,
dairy products, ice cream, frozen desserts, sugar-free confectionary, mints, dried sea-foods and
sauces (Baines & Seal, 2012; Brandle et al., 1998; Brusick, 2008; Nabors, 2001; Urban et al.,
2015). Another high potency sweetener is glycyrrhizin (E958) (Barclay et al., 2014), a
triterpene glycoside extracted from G/lycyrrhiza glabra L., known as the liquorice plant. This
compound, also known as glycyrrhizic acid, can act as a sweetener, with a potency of 50 times
sweeter than sucrose, but also as a foaming agent and flavor enhancer. This compound is legally
used in the US and EU under the form of monoammonium glycyrrhizinate and ammoniated
glycyrrhizin. It is manly used in liquorice, baked goods, frozen dairy products, beverages,
confectionery and chewing gum (Baines & Seal, 2012; Nabors, 2001; Spillane, 2006).
Thaumatin (E957), a mixture of five proteins (taumatin I, I, III, a and b) are also used as a
sweetener in many countries. Thaumatin is extracted from the fruit of 7haumatococcus daniellii
Benth, a plant native to Africa. There is no conclusive value of its potency (Baines & Seal,
2012; Nabors, 2001).

Natural additives have come a long way from their beginnings as archaic additives to becoming
in some cases the leading manner of conserving food. The controversy and ambiguity among
the chemical additives allied to the sporadic scares have paved the way for natural additives to

gain interest and funding.

Plant extracts as natural functional and preservative ingredients

Throughout the history of mankind, plant extracts have been used for many purposes. From
beverages, to creams, ingredients to ointments and lotions, man has relied of plants and their
extracts to maintain or regain health. Plant extracts are used regularly as functional ingredients
in foods and drinks to either preserve, alter or confer taste to them. The incorporation of plants
in food for bioactive properties started a few decades ago, when consumers became more aware
of the food they were consuming and started seeking healthier foods with beneficial properties.
The definition of plant extract is “the separation of medicinally active portions of plant or
animal tissues from the inactive or inert components by using selective solvents in standard

extraction procedures. The products so obtained from plants are relatively impure liquids,
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semisolids or powders intended only for oral or external use. These include classes of
preparations known as decoctions, infusions, fluid extracts, tinctures, pilular (semisolid)
extracts and powdered extracts” (Handa et al., 2008). Among the many ways of obtaining
extracts of plants, the most used ones are maceration, percolation, infusion, decoction,
distillation, solid-phase micro-extraction, supercritical fluid extraction, process-scale high
performance liquid chromatography (HPLC) and flash chromatography. The bioactive
properties of plants are endless, and every day new ones are discovered, converting plants in
the primary substrate of drugs and functional ingredients. According to the website “Plant List”,
there are 350,699 identified plant species, but if taken into account the number of species left
to be found and identified, it is easy to glimpse the potential of finding even more bioactivities
in plants. Plant bioactivities are described for virtually every single plant on earth, from the
smallest herb to the tallest sequoia, although the list narrows down when the extracts are to be
consumed, due to possible toxic effects. Still, plant extracts can be consumed for their effect on
the central nervous system, on different organ disorders, for common and non-lethal sicknesses
(flu, cough, etc.), for relief of symptoms of chronic diseases, for disposition problems, among
many others (Cechinel-Filho, 2012). From a food industry point of view, the most desirable
bioactivities for plants are their antioxidant (to conserve the food and provide this activity to

the consumer), antimicrobial (to avoid spoilage of the foodstuff) and antitumor activities.

1.1. Antioxidant properties

Antioxidants are molecules that fight free radicals, by stabilizing them. In terms of the human
body, free radicals are produced in the normal metabolism, and neutralized by antioxidants
produced in our bodies. Still, due to excess of physical exercise, radiation, smoking, unhealthy
habits, inflammation processes and others, the quantity of free radicals can rise, and produce
health issues (cardiovascular, neurological and pulmonary diseases, along with cancer and other
problems), which is known as oxidative stress (Ferreira et al., 2009). These illnesses arise due
to the constant attack of the free radicals towards lipids, sugars, DNA and RNA molecules, and
proteins within the cells. Thus, the endogenous antioxidants are not enough to neutralise all the
free radicals, and one depends on exogenous antioxidants, which can be absorbed through the

diet. Foods that are rich in antioxidants will provide the human body with different compounds

that fight oxidative stress. |Figure 3|represents the different endogenous and exogenous

antioxidants available.
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Figure 3 Natural antioxidants separated in classes. Green words represent exogenous antioxidants, while yellow

ones represent endogenous antioxidants. Adapted from Carocho & Ferreira, 2013a

The richest foods in antioxidants are usually vegetables, fruits and cereals, which contain

thousands of different compounds with antioxidant capacity, like polyphenols, carotenoids,

tocopherols, ascorbic acid, some minerals, among others. Although not quite completely

understood, the mechanisms of antioxidant activity are quite complex, and involve many

reactions within the human body, although the one of the most important one is the

neutralization of lipid peroxidation, in which the antioxidant molecule stabilizes the free radical

that attacks the lipid molecules of the cell walls (Carocho & Ferreira, 2013a). In

Figure 4

a

representation of the various mechanisms of free radical damage, including lipid peroxidation.
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Figure 4. Overview of the reactions leading to the formation of ROS. Green arrows represent lipid peroxidation.
Blue arrows represent the Haber-Weiss reactions and the red arrows represent the Fenton reactions. The bold letters
represent radicals or molecules with the same behavior (H,0;). SOD refers to the enzyme superoxide dismutase
and CAT refers to the enzyme catalase. Adapted from Carocho & Ferreira, 2013a

Although being healthy for consumers, antioxidants from plant extracts are added to food to
avoid the oxidation of the food itself, mainly by halting the lipid peroxidation, and oxidation of
other molecules, therefore extending its shelf life. In the EU, rosemary extract (E392) is allowed
to be added to food as an antioxidant. Although no other extracts are legally added to food
within the EU, many other extracts (rosemary, lemon, cinnamon, oregano, clove, pomegranate,
grape) have proved to have antioxidant activity when added to food, namely minced meat, meat
balls, cheese and biscuits (Fernandez-Lopez et al., 2005; Osterile & Lerfall, 2005; Reddy et al.,
2005; Shan et al., 2011; Shahidi, 2015; Naveena et al., 2013; Bitri¢ et al., 2015).

1.2. Antimicrobial properties

Microorganisms are present throughout the food supply and can contaminate food in various
ways, including at the farm level through irrigation water, field workers, insects, and fecal
contamination by wild animals, as well as postharvest sources, such as handling by workers,
transport vehicles, and processing equipment; wash water; and cross-contamination from other
foods. They can be added to the actual food, to the packaging, contact surfaces, or food
processing environments to either inhibit microbial growth or promote microorganism death
(Zeuthen & Bagh-Serensen, 2003). These microorganisms pose two major problems to the food
supply: the risk to human health from foodborne illness and the economic losses associated

with food loss because of spoilage. Antimicrobials are added to food for two purposes; to
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control natural spoilage of food (food control) and/or to avoid/control contamination by
microorganisms, including pathogenic ones (of food safety concern) (Tajkarimi et al., 2010;
Taylor, 2015). In the near future, very few synthetic antimicrobials are likely to appear in the
market due to the strict requirements of international regulatory agencies, therefore widening
the opportunity for natural ones to gain even more importance (Zeuthen & Beogh-Serensen,
2003). Plants are rich in many types of antimicrobial compounds, such as saponines, tannins,
alkaloids, alkenyl phenols, glycoalkaloids, flavonoids, sesquiterpenes, lactones, terpenoids, and
phorbol esters (Lewis & Ausubel, 2006; Tajkarimi et al., 2010). There are many published
studies reporting the activity of these secondary metabolism compounds (Bajpai et al., 2008;
Tajkarimi et al., 2010; Tiwari et al., 2009). These compounds excerpt their effects through
different ways: (a) membrane disruption, (b) direct pH reduction, (c) inhibition of NADH
oxidation, (d) interference of membrane permeability, (e) structural and functional damage to
the microorganism’s membrane, (f) attack towards the phospholipid membrane, (g) penetration
of the cell membrane (Taylor, 2015). The most important natural extracts used as antimicrobials
are phenolic extracts, essential oils extracts, dried plants (spices), aqueous extracts (infusions
and decoctions). Some of the most effective plant extracts are derived from garlic, green tea,
mint, thyme, meadowsweet, grape seeds, cranberry, coriander, lemongrass, citrus, among many
others, which have been used in foods like shrimps, chicken meat, sausages, beef, bread, virgin
olive oil, fish, dehydrated apple products, rice starch products, biscuits, milk formula, among
many others (Taylor, 2015). Although the development of new natural antimicrobials has been
rising consistently, there are still drawbacks to overcome, namely the toxic effects of some

potential extracts and the cost to extract them from the source.

1.3. Antitumor properties

Cancer is a worldwide burden that causes millions of deaths each year. In fact, it is the leading
cause of death in developed countries, it is estimated that it will affect 1.658.370 lives in 2015
in the USA alone (Siegel et al., 2015). The developing countries have begun to register
increasing cases of cancer due to cancer-causing behaviours like smoking and unbalanced diets.
Of the 7.6 million deaths in 2008, 64% were in developing countries (Jemal et al., 2011). Meng
et al. (2012) reviewed the major theories that lead to cancer, available since the beginning of
the century, and divided them into 8 categories: (a) cancer caused by viruses; (b) chromosomal
abnormalities, (c) somatic mutations; (d) accumulated multiple mutations; (e) immunological
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surveillances; (f) nonhealing wounds; (g) nonmutagenic mechanisms and (h) tissue
organization field theories. Since ancient times, plants have been used as remedies to treat
different types of illnesses and lesions with satisfying results. Today, more than 60% of
anticancer drugs come from natural compounds or are derived from them, making these
bioactive molecules become increasingly interesting for pharmaceutical industries, even as
prototypes of final formulations for anticancer drugs (Rocha et al., 2001; Gordaliza, 2007). It
is known that plant extracts can display interesting anticancer effects on cell lines and murine
models, yielding higher effects when compared to pure natural or synthetic compounds. Despite
this remarkable effect, it is difficult to assess which compounds are interacting with the cancer
cells or if this orchestrated effect is due to synergy between different compounds. Most of the
antitumor activity of plant extracts come from secondary metabolites, which comprehend
phytosterols, acyl lipids, nucleotides, amino acids and organic acids. Secondary metabolites
tend to accumulate in plant tissues; they play an important role in the plants adaptation process,
acting as antibiotics, antifungals, antivirals, UV absorbing agents to reduce damage to tissues,
signal molecules, allelopathic agents, attractants for pollinators and seed-dispersing animals as
well as protecting the plant against herbivores diseases (Bougard et al., 2001; Crozier et al.,
2006). For mankind, these metabolites are also important for providing dyes, fibers, glues, oils,
waxes, flavoring agents, perfumes, insecticides, herbicides and are sources of new natural drugs
for many diseases (Bougard et al., 2001; Crozier et al., 2006). The secondary metabolites are
usually classified through their biosynthetic pathways, and are divided into three large families:
alkaloids, terpenes and steroids, and phenolic compounds, all with antitumor activities
(Bougard et al., 2001). They are mainly found in storage tissues rather than in vegetative ones,
due to their high biologic potency (Walton & Brown, 1999). Terpenes and steroids are known
for their lipophilic properties and their biosynthetic origin through the mevalonate and
mevalonate-independent pathways. In terms of structure, they are unsaturated cyclic or linear
hydrocarbons with varying degrees of oxygenation. They are subdivided according to the
number of five carbon units (isoprene), which are the building blocks of these compounds
(Walton & Brown, 1999; Tansey, & Shechter, 2000; Dewick, 2002; Crozier, et al., 20006).
Regarding the alkaloids, as many as 12.000 alkaloids have been used as pharmaceuticals,
stimulants, narcotics and poisons since the first alkaloid, morphine, was discovered (Crozier et
al., 2006). Not all alkaloids derive from amino acids and, allowing a division into four groups:
(a) alkaloids derived from amino acids (ornithine, arginine, lysine, histidine, phenylalanine/

tyrosine, tryptophan, anthranilic acid and nicotinic acid); (b) purine alkaloids (xanthine and
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caffeine); (c) aminated terpenes (diterpene aconitine, triterpene solanine); (e) polyketide
alkaloids (consisting of nitrogen introduced into a polyketide carbon skeleton) (Roberts, 1998).
Phenolic compounds are widely dispersed throughout the plant kingdom representing about
8.000 different phenolic structures. As secondary metabolites they also display defensive,
growth and development effects. They have at least one aromatic ring with one or more
hydroxyl groups attached, being able to range from low molecular weight molecules to large
and complex ones. The biosynthesis of phenolic compounds involves the shikimate,
phenilpropanoid and flavonoid pathways (Roberts, 1998; Walton & Brown, 1999; Tansey, &
Shechter, 2000; Dewick, 2002; Crozier, et al., 2006; Fraga, 2010). Phenolic compounds
generally appear as esters and glycosides rather than as free compounds due to the conferred
stability of these molecules. This family of compounds is one of the most studied worldwide

and innumerous publications report beneficial effects in various aspects of human health and

well-being (Lule & Xia, 2005; Boudet, 2007; Fraga, 2010).[Figure 5|represents the various

groups of molecules within the phenolic compounds family, while [Table 2|displays their

structure as well as the representative compounds.

Phenolic

Compounds

Figure 5. Depiction of the different subgroups within the phenolic compounds. Adapted from Carocho & Ferreira,
2013b
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Table 2. Classification and representation of number of carbons of the phenolic compounds subgroups. Adapted

from Carocho & Ferreira, 2013b

Classification

Example

Basic Structure

Hydroxybenzoic acids

Hydroxycinnamic acids

Coumarins

Xanthones

Stilbenes

Flavonoids

Gallic acid

P-coumaric acid

Esculetin

Mangiferin

Resveratrol

Naringenin

H

[¢)
HO (0]
(0) OH

0
HO
OH
HO
OH
o}
T

OH

OH

HO

HOIme

HO

OH
OH o]

All these families of compounds are recognized as having some sort of antitumor properties

(Carocho & Ferreira, 2013b). Within the flavonoids subgroup there are another 6 classes: (a)

flavonols; (b) flavones; (c) flavanols; (d) isoflavones; (e) flavanones and (f) anthocyanins, as

depicted on|Table 3| These classes also display very active compounds with antitumor activity

(Carocho & Ferreira, 2013b).
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Table 3. Representation of the classes within the flavonoids subclass, examples of compounds and the basic
structure

Classification Examples Basic Structure
OH
HO.
Quercetin
0. OH
Flavonol Kaempferol
Myricetin
HO
o HO
HO
Apigenin © o
Flavone .
Chrysin
o OH

OH

Flavanol Catechin
Isoflavone Genistein
Flavanone Hesperidin

Pelargonidin
Anthocyanin o
Cyanidin

Although the individual compounds may display antitumor properties, in many cases the

combined and synergistic effect of many compounds present in the plant extract have higher
21




Introduction

and more efficient properties, although the pharmaceutical industry prefers isolated compounds
or specific groups of compounds.

Many books and papers have been published regarding the effects of plant extracts and their
antitumor and anticancer properties (Cragg & Newman, 2005; Ros, 2005; Slambrouck et al.,
2007; Benzie & Wachtel-Galor, 2011; Karakas et al., 2012; Juneja et al., 2013; Wiart, 2013).
A huge percentage of plants display antitumor and anticancer activities in cell lines or in murine
models, but when scaled up into human trials, many extracts prove to not be effective, and only
a fraction of the plant extracts shows effective antitumor or anticancer effects. Green tea
extracts made from the herb Camellia sinensis L. are known for their preventive effects against
many cancers (prostate, breast, skin, lung and liver) while also having interest in fighting these
illnesses (Juneja et al., 2013; Ros, 2005). A/oe vera (L.) oral extracts have also been studied as
metastasis reducing agents in patients with high metastasising cancers. Bilberry ( Vaccinum
myrtillus (L.)) aqueous extracts have shown interesting results in the reduction of cell
proliferation in patients with colorectal cancer. Pomegranate fruit polyphenols (Punica
granatum L.) extracts has antiproliferative and anticancer effects on prostate cancer. Turmeric
dried extract (Curcuma longa) also has broad anticancer activity, namely against oral and
stomach cancer (Benzie & Wachtel-Galor, 2011). Many other plant extracts are being screened
against cell lines and murine models to determine their effects against tumors and then, if the
results seem promising they are used in clinical trials. If these trials are successful, research is
carried out to find the responsible compounds for the effect, which are then isolated. This
pharmaceutical approach is not always successful due to the synergistic interaction among the
compounds. A lot of research is being carried out with plants, with extracts being tested in
humans. An example is a pomegranate extract pill which supresses tumor growth that is being
tested at the National Cancer Institute (NCI). The project is now recruiting volunteers (NCI,
2015).

1.4. The particular cases of Castanea sativa Mill., Melissa officinalis L. and Ocimum
basilicum L. due to their biological properties

Castanea sativa Mill., also known as chestnut, is a trees belonging to the Fagaceae family, a
medium to large deciduous tree that can grow up to thirty-five meters high, and displaying a 2-
meter crown with a deeply fissured bark (Lim, 2012). It has an important impact on the

Portuguese economy, mainly in the north-eastern part of the country, where almost 85% of total
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chestnut trees are grown, translating into a total revenue of 32 million Euros produced through
the nut export (which shares the same name as the tree). There are four protected designation

9% ¢

of origin (PDO) in the Tras-os-Montes area (north-eastern Portugal), “terra fria”, “soutos da
lapa”, “padrela”, and “Marvao-Montalegre”. Some of the most important Portuguese cultivars
are “Judia”, “Longal”, “Demanda”, “Martainha”, “Aveleira”, “Reborda”, “Trigueira” and
“Zeive” (PNSI, 2012; Borges et al., 2007, 2008). Although the nuts are the most important

commodity of this tree, the wood and honey are also very important. The flowers, depicted in

Figure 6{(catkins) are by-products of the nut harvest, with no use after being fertilized and the

development of the burr has started.

Figure 6. Detail of chestnut flowers (catkins) yellow. Author: M. Carocho

Ancestral claims report that “teas” of chestnut leaves and flowers are used for medicinal
purposes, namely as mucolytic, antispasmodic, anti-dysenteric treatments, furthermore they can
be used to help against coughs, colds, diarrhoea and high cholesterol (Neves et al., 2009; Lim,
2012). Recently, other studies have researched chestnuts leaves and flowers, finding interesting
compounds in the flowers that can support the claims regarding the flowers (Barros et al.,
2010a; Carocho et al., 2014b, c). Although very few reports can be found of the use of chestnut
flowers in human diet, there are some patents that report their use in beverages like hot and cold

teas and refreshments (Patents 1-3).
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Melissa officinalis L., commonly known as lemon balm, is a member of the Lamiaceae family

Figure 7). It is an erect herbaceous perennial herb with opposite pairs of toothed, ovate leaves

growing on square, branching stems (Tramte, 2007). It has been used for centuries for its
outstanding traditional, medicinal effects on health and against illnesses. It is credited for its
antibacterial, antifungal, antiviral, anticholinesterase, antiproliferative, antitumor, and anti-

inflammatory effects, as well as being beneficial against Alzheimer.

Figure 7. Detail of lemon balm. Author: P. Ann

Furthermore, it acts as an expectorant, relieves digestion, headaches, diarrhea, ulcers,
expectoration, hard digestions, and rheumatism (Carnat et al., 1998; Salah & Jager, 2005;
Carvalho, 2010; Martins et al., 2012; Barros et al., 2013a; Pereira et al., 2014; Carocho et al.,
2015b). Recently, apart from some empirical claims of its applicability, other effects have been
discovered for this plant, namely against neurodegenerative diseases, as an antitumor,
antiproliferative, anticholinesterase, antioxidant and anti-Alzheimer (Martins et al., 2012;
Pereira et al., 2014). Lemon balm is widely consumed in Portugal as well as all over the world,
mainly as infusions and decoctions of the leaves, taking advantage of the heat to extract the
bioactive compounds (Tramte, 2007).
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Ocimum basilicum L., also known as basil, is native to the tropical regions of Asia, Africa,
Central and South America, although it is now widespread throughout the world. It belongs to

the Lamiacéeaé family, and is a green herb that can reach about 90 cm of height, displaying

lanceolate leaves, which are glossy and fragrant, as depicted on[Figure 8| One of the most

known uses of this herb is as a spice and ingredient among the Italian and Southeast Asian

cuisines (Wachtel-Galor, 2011).

Figure 8. Detail of the basil plant. Author: Swallowtail Garden Seeds

Still, many medicinal properties are attributed to this plant, among them, it can be used as pain
and inflammation soother, nasal douche, calm cough, break fever, alleviate constipation and
diarrhoea, wart remover, and kidney malfunctions (Javanmardi et al., 2002; Wiart, 2006; Benzie
& Wachtel-Galor, 2011). Some of these ancient claims have been completely or partially
confirmed though scientific studies, and other properties being found, namely as a diuretic,
antipyretic, as a gastritis treatment and bronchodilatant (Boskabady et al., 2005). Its
antimicrobial, antifungal, antimutagenic, and antioxidant activity have also been confirmed,
especially in its essential oils, which are particularly active (Beri¢ et al., 2008; Siddiqui et al.,

2012; Govindarajan et al., 2013; Flanigan & Niemeyer, 2014; Abassy et al., 2015).
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“EconOmicos” cakes and “Serra da Estrela” cheese as food incorporation
targets

“Econdmicos” is the Portuguese name given to a typical cake, which is very famous in the

north-eastern region. These cakes, depicted in|Figure 9] are about ten centimetres in diameter

and 5 in height. The name “econdémicos” translates to “economicals” due to their inexpensive
ingredients, consisting on flour, milk, eggs, sugar and a small chalice of brandy, although the
quantities and ingredients can vary between recipes. These cakes are now widespread across
the country, and usually eaten as breakfast, as an afternoon or evening snack. Usually they are
eaten with tea, or joined with marmalade and jams. The cakes are not eaten for their benefits to
health, but rather to quench hunger whenever it strikes, therefore, their functionalization would
bring benefits to consumers. Furthermore, they have a shelf life of about 15 days, after which
they become crumbly and the taste becomes dull. The use of natural conservatives could

increase their shelf life by avoiding rancidity and loss of flavour.

Figure 9. Top figure: External appearance of the cakes. Bottom figure: Detail of the inside colour of the cakes.
Author: M. Carocho
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“Serra da Estrela” cheese is one of the most well-known Portuguese cheeses across the world,
being considered one of the most influential ambassadors of Portugal. Its name derives from

the mountain, star mountain (Serra da Estrela) where the sheep that produce the milk for it, are

bred (Figure 10). Since its production, the original recipe has not changed, and includes three

ingredients, the unpasteurized milk from the ewe of the breeds “Churra Mondegueira” or

“Bordaleira da Serra da Estrela”, milk thistle (Cynara cardunculus L.) and salt (Figure 11).

The milk thistle flowers have aspartic proteases that clot the milk, therefore transforming it into
cheese (Shah, et al., 2014). This cheese has been referenced in a book by the Portuguese author
“Gil Vicente”, dating back to the XVI century. Back in 1996, the European Union awarded this
cheese a PDO, where the ingredients, manufacturing methods and geographical limitations
were certified (PDO, 1996). The cheese has ever since been produced by empirical means,
relying on the producers’ knowledge, that has been passed on from generation to generation.
Recently, companies have conducted studies to improve yields and standardize the process of

its fabrication (Macedo et al., 1993).

Figure 10. Serra da Estrela, the mountain where the Serra da Estrela cheese is produced. Author: P. Antunes
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Figure 11. Top figure: Sheep of the “Churra Mondegueira” breed. Author: D. Crespo. Bottom figure: Milk thistle
flower (Cynara cardunculus) flower. Author: J. Burt

In 2011, Serra da Estrela cheese was one of the winners of the 7 Wonders of the Portuguese
Cuisine. This cheese can appear in two different forms, a very slight matured cheese (one moth
of ripening) which is soft and can be eaten with a spoon, and a cured form, which has to mature
at least four months, known as “old cheese” (queijo velho). The first is short and flat, displaying
a regular cylinder with bulging sides and some bulging on the top and no defined edges. The
rind must be soft or semi-soft, with a varying weight of 0.5 to 1.7 kg. The texture must be

closed, slightly buttery, but must lose its shape upon cutting. Furthermore, it should be creamy
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and smooth. The taste must be smooth, clean with a slight acidic bouquet. Finally, the colour
should be white or slightly sallow. In terms of the matured cheese, the rind must be slightly
wrinkled with a hard to extra hard consistency. The weight can vary between 0.7 to 1.2 kg with
a texture that should be closed, only displaying some eyes, slightly dry, crumbly but smooth. A
pleasant, lingering, clean, strong to slightly strong taste is desired, with a spicy and salty
bouquet. The exterior colour can vary from yellowish to orange or light brown, becoming darker

from the outside towards the center (Council Regulation (EC) 562/2013) (Figure 12).

Figure 12. Top figure: “Serra da Estrela” cheese after 1 month of ripening. Bottom figure: “Serra da Estrela”
cheese after 6 months of maturation. Author: M. Carocho

The cheese has a high load of fats in its composition, and therefore, with high calories, not being
considered a “healthy food”, making its functionalization with plants an interesting step towards
it acceptance by other consumers. This could be achieved by conferring bioactive properties,
changing its appearance and flavour.

As a PDO cheese, the addition of other ingredients in its manufacture is not allowed, and should
not be regarded as Serra da Estrela cheese, for the name is attached to the PDO, still, in order

to simplify the reading of this document, it will be regarded as such.
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Scope and Objectives

The choices of consumers around the world are changing, with more and more concern

regarding what they eat and their health status. The amount of unprocessed or minimally

processed food is increasing in shelves of stores, along with food with natural ingredients, rather

than chemicals to ensure conservation. Therefore, it is of great importance to study the use of

plant extracts as natural ingredients that can conserve and confer bioactive properties to

foodstuffs. In line with this, the main objective of this work was to evaluate the incorporation

of plants and their extracts into traditional Portuguese foodstuffs in order to determine their

capacity to act as natural conservatives, to functionalize them, and to create new food products.

Furthermore, the specific objectives were:

)]

2)

3)

4)

5)

6)
7)

8)

Chemically characterize the aqueous extracts of flowers of chestnut trees (infusion and
decoction), lemon balm and basil plants (decoction) in terms of phenolic compounds,
organic acids, soluble sugars.

Determine the bioactive properties of the aqueous extracts of these plants, namely the
antioxidant, antimicrobial and antitumor potential.

Evaluate the incorporation effect of the chestnut flowers and their aqueous extracts
(decoctions) in “econdmicos” cakes.

Evaluate the incorporation effect of chestnut flowers, lemon balm and basil leaves, as
well as their aqueous extracts (decoctions) in different lots of “Serra da Estrela” cheese.
Evaluate the nutritional alterations conferred by the plants to the “econdémicos” cakes
and “Serra da Estrela” cheese immediately after production.

Determine the bioactive changes to these foods in terms of antioxidant capacity.
Evaluate the nutritional alterations after specific periods of storage, in terms of
proximate composition, dietary fiber, fatty acids and mineral modifications.

Evaluate the viability of these plants as functional and preservative ingredients.

33




Scope and Objectives

Objectivos

La percepcion de los consumidores, en relacion a la alimentacion ha ido cambiando mucho en
todo el mundo a lo largo de los afios, hoy en dia los consumidores estan mas preocupados por
los alimentos que consumen, que sean mas sanos y naturales. Tanto es asi que el volumen de
negocio de alimentos crudos o minimamente procesado con ingredientes naturales, en vez del
uso de aditivos quimicos, se ha incrementado exponencialmente. De modo que cada dia
adquiere mayor relevancia el estudio del uso de “extractos naturales” que puedan aportar
propiedades funcionales y conservantes a los alimentos. En este sentido, el presente trabajo
tiene como objetivo principal evaluar la incorporacion de plantas y extractos acuoso en
alimentos tradicionales de Portugal para determinar su capacidad como conservantes naturales,

como ingredientes funcionales y crear “nuevos” productos alimenticios.

A partir de este objetivo principal se han propuesto los siguientes objetivos principales:

1) Caracterizar quimicamente los extractos acuosos de flor de castafio (infusion y
decoccidn), hoja de melisa y albahaca (decoccion) en relacion a su contenido en compuestos
bioactivos como polifenoles, 4cidos orgénicos y azlcares solubles.

2) Determinar las propiedades funcionales (actividad antioxidante, antimicrobiana y
antitumoral) de los extractos acuosos de estas plantas.

3) Evaluar el efecto de la incorporacion de la flor de castafio y su extracto acuoso
(decoccion) en los bollos “econdmicos”.

4) Evaluar el efecto de la incorporacion de la flor de castafio, hojas de melisa y albahaca y
sus extractos acuosos (decocciones) en diferentes lotes de queso portugués con DOP “Serra da
Estrela”.

5) Evaluar las modificaciones en el valor nutricional y compuestos bioactivos de los bollos
“econdmicos” y queso “Serra da Estrela”, inmediatamente después de la incorporacion de las
plantas y sus extractos acuosos.

6) Evaluar los cambios en el contenido en compuestos bioldgicos y la actividad antioxidante en

estos alimentos, tras la incorporacion de las plantas y extractos anteriormente mencionados.
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7) Evaluar las modificaciones en el valor nutricional, acidos grasos y minerales de los bollos
“econdmicos” y queso “Serra da Estrela” después de diferentes periodos de almacenamiento.

8) Valorar la viabilidad de estas plantas como ingredientes funcionales y conservantes.
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Working Plan

The main objective of this work was to evaluate the incorporation of different plants and their
aqueous extracts into foodstuffs in order to determine their capacity to act as natural

conservatives, to functionalize them and to create new food products. To achieve the goals of

the study, the proposed working plan, depicted on|Figure 13| was followed.

Task 1. Plant characterization

The selected plants were chosen based on their high antioxidant and antimicrobial potential,
choosing three types of plants: One that is not currently and widely consumed as a beverage in
the north-eastern region of Portugal, but given that the male flowers are by-products of the nut
harvest (Castanea sativa), its use in food could benefit both the farmers that cultivate chestnuts,
and also the consumer, due to its bioactivities. The other plant is commonly used as tea in the
Portuguese diet, lemon balm (Melissa officinalis), and finally one that is consumed regularly in
the Mediterranean diet as a spice or condiment, basil (Ocimum basilicum). It was imperative to
carry out a thorough determination of the bioactive properties and compounds of the plants to
evaluate the potential for the desired effects in the food and food products. Thus,
chromatographic determinations of phenolic compounds, organic acids, soluble sugars and
tocopherols, and bioactivity (antioxidant, antimicrobial and antitumor potential) evaluations
were carried out in aqueous extracts, obtained by infusion and decoction procedures. 