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RESUMEN

Las especies vegetales analizadas en este trabajo, plantas aromaticas (Rosmarinus officinalis,
Thymus vulgaris y Lavandula officinalis) y otros tipos de plantas (Caesalpinia decapetala,
spinosa, Morinda citrifolia (Noni)) tienen importantes propiedades beneficiosas para la salud y
son Utiles para la industria alimentaria y cosmética, ya que son ricas en compuestos
polifendlicos. Estos compuestos poseen propiedades antioxidantes, capaces de inhibir
procesos de oxidacién en alimentos y de envejecimiento celular. Ademas pueden presentar

propiedades bactericidas.

La oxidacién de grasas y aceites hace que experimenten transformaciones que reducen su
calidad nutritiva y se produzcan compuestos volétiles que generan olores y sabores
indeseables. Esta oxidacion puede ser minimizada por los extractos de las plantas, ya que
actian neutralizando los radicales libres que se forman en la primera etapa de la oxidacion y
ello permite que puedan sustituir, al menos parcialmente, a los antioxidantes sintéticos,
potencialmente toxicos. Este trabajo se centra en una profunda investigacion de cada una de

las plantas y su implementacion en modelos de alimentos.

De forma inicial, se han analizado los polifenoles totales por Folin-Ciocalteau, la actividad
antiradicalaria mediante los métodos TEAC (Trolox Equivalent Antioxidant Capacity), DPPH
(2,2-diphenyl-1-picrylhydrazyl), ORAC (Oxygen Radical Aborbance Capacity) y FRAP (Ferric
Reducing Antioxidant Power) y se han identificado los compuestos polifenélicos por HPLC
(DAD y MS/MS) de cada uno de los extractos de las plantas, obtenidos a partir con una
extraccion solido-liquida con etanol 50% como solvente, bajo condiciones de refrigeracion a
4°C durante 24h.

Seguidamente se han evaluado en sistemas alimentarios reales, como emulsiones de “aceite-
en-agua” y productos carnicos (hamburguesas y salchichas) para analizar la ralentizacién de la
oxidacién, seguida a través del valor de perodxido, el ensayo TBARS (Thiobarbituric Acid
Reactive Substances) y el hexanal. En los sistemas carnicos se han determinado otros
factores, como pH, color, cantidad de metamioglobina y la variacion de la actividad antioxidante

en el propio sistema alimentario.

También se ha trabajado con envases activos. Se han fabricado films comestibles a base de
una mezcla de gelatina y extracto etandlico de las plantas del género Caesalpinia y Morinda,
con la finalidad de poder usarlo como pelicula en contacto con el alimento, al ser comestible.
Se caracteriza y evalla tanto en la interaccion con el alimento (hamburguesa), analizando el
retraso en la oxidacién, como por sus propiedades mecanicas y fisico-quimicas. Otro film que
se ha fabricado es a base de acido polilactico (PLA) con adicién de las plantas arométicas

romero y tomillo. Se caracterizé a través de sus propiedades fisico-quimicas y se analiz6 el



valor protector frente a la oxidaciéon en el mismo sistema descrito de emulsiones “aceite-en-

agua’.

De los extractos evaluados el de Tara ha presentado la mayor actividad antiradicalaria, con un
valor frente al ensayo ORAC de 2 mmolesTE/g peso seco y el Noni la menor actividad con
0,017 mmoles TE/g peso seco. Asi mismo, la Tara tuvo un gran efecto antioxidante en
emulsiones “aceite-en-agua”. A una concentracion de 0,5 % m/v la Tara redujo la formacion de
whidroperoxidos en un 96,17 %, aumentando la estabilidad de las emulsiones frente a la
oxidacién lipidica. Por su parte, la C. decapetala logré una reduccion de la oxidacion lipidica en
hamburguesas de un 69,87% después de 11 dias de almacenamiento a 4 °C y al evaluar los
films en este mismo tipo de producto, el film con extracto de Tara al 0,2 % produjo la mejor

proteccion con una reduccion de un 77,17% comparado al control.

Como conclusion, el extracto obtenido de todas las plantas, en especial la Tara, tiene una
actividad antioxidante capaz de proteger a los alimentos analizados y los films fabricados con

estos extractos son una alternativa a la adicién directa en el alimento.

ABSTRACT

Plants analyzed in this study, aromatic plants (Rosmarinus officinalis, Thymus vulgaris and
Lavandula officinalis) and other plants (Caesalpinia decapetala, Caesalpinia spinosa (Tara) and
Morinda citrifolia (Noni)) have important beneficial properties for health and for the food industry
and cosmetics, since they are rich in polyphenol compounds. These compounds possess
antioxidant properties capable of inhibiting oxidation processes in food and cellular aging. They

also may have antibacterial properties

Oxidation of fats and oils makes that they experiment transformations which reduce its
nutritional quality and occur volatile compounds that generate undesirable odors and flavors.
This oxidation can be minimized by extracts of plants, as they act to neutralize free radicals
formed in the first stage of oxidation and may thus be at least partially replace the synthetic
antioxidants, potentially toxic. For this reason this paper focuses on thorough research into the

properties of each of the plants and their implementation in Model Food Systems.

Initially, the content of total polyphenols was analysed by a spectrophotometric method based
on the Folin-Ciocalteu assay, and the antiradical activity was studied by the methods TEAC
(Trolox Equivalent Antioxidant Capacity), DPPH (2,2-diphenyl-1-picrylhydrazyl), ORAC (Oxygen
Radical Absorbance Capacity) and FRAP (Ferric Reducing Antioxidant Power) assays.
Polyphenolic compounds in each of the plant extracts, obtained by a solid-liquid extraction with
50% ethanol as solvent, under refrigeration at 4°C for 24h were identified by HPLC (DAD and
MS/MS).



Plant extracts have also been evaluated in real food systems, such as "oil-in-water" emulsions
and meat products (burgers and sausages), with the main objective being to observe the
protective effect exerted against lipid oxidation over time. Primary oxidation was monitored by
determining the peroxide value and secondary oxidation by the TBARS (Thiobarbituric Acid
Reactive Substances) test and also hexanal determination. In meat systems other factors have
been analyzed including pH, colour, quantity of metmyoglobin and the variation of antioxidant

activity in the alimentary system itself.

The effects of extracts have also been studied in active packaging. In this regard, an edible film
based on a mixture of gelatin and ethanol extract of plants of the genus Caesalpinia and
Morinda has been investigated, with the aim of using as a film in contact with food and with the
characteristic that it is also edible. This film is characterized and evaluated both in its interaction
with food (meat patties) by inhibiting lipid oxidation developing in this food, and by effects on
mechanical and physico-chemical properties. Similarly, a film based on polylactic acid (PLA)
with the addition of rosemary and thyme was manufactured. The film was characterized by its
physical and chemical properties and the protective effect against oxidation in the system

described as "oil-in-water" emulsion was analyzed.

Of the extracts tested, Tara has presented the greatest antiradical activity, with a value against
the ORAC assay of 2 mmolesTE / g dry weight and Noni lower activity with 0.017 mmol TE/g
dry weight. Likewise, the Tara had a great antioxidant effect in emulsions "oil-in-water". Tara at
a concentration of 0.5% m/v reduced hydroperoxide formation in a 96.17%, increasing the
stability of emulsions against lipid oxidation. Meanwhile, C. decapetala achieved a reduction of
lipid oxidation on burgers from a 69.87% after 11 days of storage at 4 ° C and when assessing
the films in this type of product, the film with Tara extract at 0.2% produced the best protection

with a reduction of 77.17% compared to control.

In conclusion, the extract obtained from all plants, especially Tara, has an antioxidant activity
capable of protecting the food samples and films made from these extracts are an alternative to
the direct addition in the food.

Palabras clave: polifenoles, actividad antirradicalaria, inhibicién lipidica, envase activo, plantas
aromaticas, Caesalpinia decapetala, Tara, Noni, emulsiones aceite-en-agua, productos

carnicos.
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1. INTRODUCCION

En este capitulo se explica la teoria relevante en el desarrollo de la Tesis, que se divide en las
siguientes secciones: aplicacion de plantas en los alimentos, antioxidantes, consideraciones
generales de las especies vegetales trabajadas, comportamiento de Model Food System y

envasado alimentario.

1.1.Aplicacion de plantas en los alimentos

Las plantas y las especias, especialmente las especies aromaticas y sus extractos, han tenido
un creciente interés tanto, en la industria alimentaria como en la investigacion cientifica, debido
a sus propiedades antioxidantes y antimicrobianas, que les permite competir con otros
antioxidantes naturales y con los sintéticos utilizados actualmente [1]. Estas propiedades se
deben a gran cantidad de sustancias, como por ejemplo, flavonoides, terpenoides,
carotenoides, vitaminas, ... [2]. Las hierbas y especias usadas, por lo general para condimentar
platos, se han caracterizado por ser una excelente fuente de compuestos fendlicos [3-5],
aportando grandes beneficios frente a la rancidez oxidativa e igualmente aportando un valor
afadido al producto, al indicar en el etiquetado que sus compuestos antioxidantes son
naturales, libre de aditivos sintéticos, caracteristica muy deseable en los consumidores y que

cada vez mas esta marcando tendencia en el mercado.

Actualmente un pequefio ndmero de plantas se usan como antioxidantes en la industria
alimentaria. En vista de este gran auge, los estudios que se realizan en la blsqueda de
antioxidantes seguros aumentan, para mantener la calidad del producto. La eficacia
antioxidante de especies como el romero, tomillo, orégano y clavo [6-8] se han experimentado
en diversos alimentos e incluso se han usado en el desarrollo de fitomedicamentos calificados
como fitofarmacos; por todo ello también representan un rol importante en la industria

farmacedutica [9,10].

Los extractos de plantas ricos en compuestos fendélicos se consideran buenos candidatos para
su uso como antioxidantes en productos carnicos. Las propiedades antioxidantes de dichos
compuestos se han probado con éxito tanto en sistemas modelo como en productos reales
[11]. En su composicion, principalmente se destaca el romero, debido a la presencia de
carnosol, rosmanol, isorosmanol y rosmaridifenol, compuestos con elevado poder antioxidante.
Esta planta es utilizada con éxito en carnes procesadas como las hamburguesas de vacuno, en
las cuales el romero mostr6 una gran capacidad antioxidante ademas de cierto efecto

antimicrobiano [12].

Asimismo, se ha demostrado que compuestos terpénicos con caracter fendlico aislados de
especias y/o hierbas arométicas poseen gran capacidad antioxidante. Por ejemplo, compuestos

extraidos a partir de aceites esenciales de orégano, borraja y salvia han sido estudiadas por su
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potencial antioxidante. Estos compuestos suelen mostrar actividad antimicrobiana que los hace

Utiles para mejorar la seguridad alimentaria del producto final.

En estudios precedentes se han demostrado que utilizar productos naturales como extractos de
plantas, frutas, verduras y especias comestibles actlan sobre los procesos degradativos de
lipidos [13-15], y son una alternativa a los productos sintéticos, que en algunos casos podrian

ser perjudiciales para la salud y el medio ambiente.

1.2. Antioxidantes

Los radicales libres, especies quimicas que poseen uno o mas electrones desapareados,
reaccionan con las moléculas adyacentes mediante reacciones de Oxido-reduccién para
estabilizarse y formar especies menos reactivas. Las especies reactivas del oxigeno (Reactive
Oxygen Species, ROS) incluyen radicales libres y ciertas especies no radicales que son
oxidantes y/o se convierten facilmente en radicales libres, como por ejemplo: HCIO, HBrO, O3,
ONOO’, 0,, 0 H,0, [16].

Los antioxidantes son captadores de radicales libres y por ello retrasan o inhiben la etapa de
iniciacion del proceso de oxidacion, lo que disminuye la consecuente formacion de productos
de descomposicion volatiles (por ejemplo, aldehidos y cetonas) [17-19]. El potencial
antioxidante de los compuestos fendélicos dependera del nimero y disposicion de los grupos

hidroxilo en las moléculas de interés [20].

1.2.1.Compuestos fendlicos

Los compuestos fendlicos constituyen una de las principales clases de metabolitos secundarios
de las plantas, donde desempefian diversas funciones fisiol6gicas. Entre otras, intervienen en
el crecimiento y reproduccion de las plantas y en procesos defensivos frente a patégenos
[21,22].

Los compuestos fendlicos presentan un anillo benceno hidroxilado como elemento comin en
sus estructuras moleculares, las cuales pueden incluir grupos funcionales como ésteres, metil
ésteres, glicdsidos, etc. [23-25]. Las distintas familias de compuestos fendlicos se caracterizan
principalmente por el numero de atomos de carbono de su esqueleto basico molecular. De

acuerdo a su estructura [26], los compuestos fendlicos se clasifican en:

Acidos cindmicos

Acidos benzoicos

Flavonoides

Proantocianidinas o taninos condensados
Estilbenos

Cumarinas

Lignanos

Ligninas
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En la Fig. 1 se muestran las estructuras de los

cuales nos centraremos.

@)

principales compuestos fendlicos sobre los

Acidos hidroxibenzoicos

R2 R1
0]
R3
CH
R4

Acido benzoico R1=R2=R3=R4=H

Acido protocatético R1=R4=H, R2=R3=0H
Acido gélico R1=H, R2=R3=R4=0H
Acido salicilico R1=0H, R2=R3=R4=H
Acido gentisico R1=R4=0H, R2=R3=H

Acidos fendlicos

Acidos hidroxicinamicos

R1 0
R2 / OH
R3
Acidocinamico R1=R2=R3=H

/E\cido p-cumarico R1=R3=H, R2=0H

Acido cafeico R1=R2=0H, R3=0H
.{\cido fertlico R1=0CH3, R2=0H, R3=H
Acido sinapico R1=R3=0CH3, R2=0H

(b)

Flavonoides
Flavanoles 4
Flavonas Flavonoles z 2 "
: \;de 3 O ¢
P & a . 28w
8 o | . 7 == © R 7‘ = 3
= & 3
7 | > 6| P sl L . o
) a H OH 3
5 [e]
[e]
Kaempherol 5=7=4"=0H Catequina
Apigenina  5=7=4'=0H Quercetina ~ 5=7=3'=4"=0H Epicatequina
Luteclina  5=7=3'=4'=0H Morin 5=7=2'=4'=0H Epigatocatequina
Diosmetina 5=7=3'=CH, 4'=0CH3 Fisetina 7=3'=4"=0H 72724 5 Al
lsovitexina  5=7=4"=OH, 6=glucosa Miricetina 8=723'24'=5'=0H Galato de epicatequina 5=7=3'=4"=0H, 3 ester acido gélico
s Antocianidinas Isoflavonas Flavononas
2 4
P Pelargonidina 5=7=4'=0H ~ /*‘:"::1% o s
e ¥ Cianidina 5 =OH 7ﬂ T j x 7 o
. ° Delfinidina 5 "=0H N P o
NN Noy Mabidna  57=4'=OH 3'=5'=0CH, = I EHJJ . Fs
_— & (o]
Antocianinas
Cianidina 3-gluocosido Daidzeina 7=4'=OH uanngen‘\‘na g=;=g=gg 4=0CH3
Cianidina 3-rutinosido Genisteina esperetina  9=7=3=0H, 4 =
Mlalv:d:na 3-gL:l:césI\dc 5=7=4"=0H Naringina Naringenina-7-nechesperidosida
Hesperidina Hesperidina-7-rutinesido

Fig. 1. Estructuras quimicas de: (a) acidos fendlicos y (b) flavonoides [27]

Los flavonoides son compuestos que constan de 15
configuracién C6-C3-C6, compartiendo un esqueleto

radicales fenilos (anillo A y B) ligados a través de un

atomos de carbono dispuestos en la
comun (Fig. 2), compuesto por dos

anillo C de pirano (heterociclico). Los

atomos de carbono en los anillos C y A se numeran del 2 al 8, y los del anillo B desde el 2' al 6'

[28].
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Fig. 2. Estructura basica de los compuestos fendlicos y sistema de numeracion [29].

Los compuestos fendlicos estan presentes en todo el reino vegetal y sus cantidades vy tipos
varian en funcion de diversos parametros. Por ejemplo, de la especie vegetal y variedad, de la
parte de la planta considerada (frutos, semillas, hojas, raices, etc.), del grado de madurez, de

las condiciones de cultivo, del procesado, del almacenamiento, etc [30,31].

La actividad antioxidante de los compuestos fendlicos se atribuye a su facilidad para ceder
atomos de hidrégeno de un grupo hidroxilo aromético a un radical libre y a la posibilidad de
deslocalizacién de cargas en el sistema de dobles enlaces del anillo aromatico. Los
compuestos fendlicos poseen ademas una estructura quimica ideal para captar iones metalicos
(principalmente divalentes, como el hierro (Il) y cobre(ll)) y, por tanto, para inhibir la formacion

de radicales libres a través de reacciones tipo Fenton [32,33].
1.2.2.Efecto de los antioxidantes sobre la salud

La ingesta diaria promedio de polifenoles se ve afectada por los habitos alimenticios; en la
dieta mediterranea es de, aproximadamente, 1 g/dia por persona; las principales fuentes son
las frutas y, en menor medida, verduras y legumbres [34,35]. Estos compuestos ejercen efectos
protectores frente algunas enfermedades graves como el cancer y las enfermedades
cardiovasculares. El estrés oxidativo impuesto por las ROS (tabla 1) desempefia, de hecho, un
papel crucial en la fisiopatologia asociada a neoplasia, aterosclerosis y enfermedades
neurodegenerativas. En este sentido, los efectos de los compuestos quimicos obtenidos a
partir de frutas y verduras son muy activos y eficientes contra el cancer (de colon, mama,

colonorrectal...).

Los compuestos fendlicos asi mismo presentan una amplia gama de propiedades fisiol6gicas,
tales como anti-alergénico, anti-aterogénico, antiinflamatorio, antimicrobiano, antioxidante, anti-
trombotico, cardioprotector y efectos vasodilatadores [36,37]. Los antioxidantes también
pueden ejercer efecto oxidante dependiendo de la concentracion y por tanto, ser perjudiciales

para la salud [38].
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Tabla 1. Nomenclatura de las principales ROS [16].

Radicales No radicales
Hidroxilo ‘OH Perdxidos organicos ROOH
Alcoxilo RO’ Oxigeno singlete 0,
Hidroperoxilo HOO' Perdxido de hidrégeno H,0,
Superoéxido 0,- Acido nitroso HCIO
Peroxilp ROO’ Catién nitrilo HNO,
Oxido nitrico NO’ Peroxinitrito NO,"
Dioxido de nitrégeno  NO,’ Acido Peroxinitroso ONOO
Alquil peroxinitritos ONOOH
Ozono (O
Acido hipobromoso HBrO

1.2.3.Clasificacion de los antioxidantes

Los antioxidantes de acuerdo a su origen se clasifican en dos grandes grupos: antioxidantes

sintéticos y antioxidantes naturales (Fig. 3).

Antioxidantes

 }

Acidos Acido BHA, BHT, Esteres de

ascorbico y Es S C
derivados TBHQ acido galico

Tocoferoles Flavonoides

fendlicos

Fig. 3. Esquema de clasificacién de los antioxidantes [27]

1.2.3.1. Antioxidantes sintéticos

De todos los antioxidantes sintéticos existentes en el mercado, sélo una parte han podido ser
empleados en el campo alimentario dada la necesidad de comprobar la ausencia de toxicidad y
actividad carcinogénica de sus formas oxidadas y de sus productos de reaccion con los
constituyentes del alimento. Los permitidos actualmente son el Butil Hidroxi Anisol (Butyl
Hydroxy Anisol, BHA), Butil hidroxi tolueno (Butyl Hydroxy Toluene, BHT), galato de propilo
(Propy! Gallate, PG), Terbutil Hidroquinona (Tert Butylhydroquinone, TBHQ), galato de octilo
(Octyl Gallate, OG) y galato de dodecilo (Dodecyl Gallate, DG) [39]. Si bien estos antioxidantes
sintéticos son altamente efectivos y econémicos, su potencial efecto toxico sobre la salud del
consumidor, asi como la necesidad de que “en ocasiones” el producto permanezca envasado
durante un largo periodo de tiempo, ha llevado a la blisqueda de nuevas sustancias naturales

sin efecto téxico que reemplacen a los antioxidantes comerciales [7,40].
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1.2.3.2. Antioxidantes naturales

Los antioxidantes naturales son principalmente, como se ha comentado, compuestos fendlicos.
En general, los antioxidantes fendlicos se pueden dividir en varios grupos diferentes en funcion
de su estructura basica. [41,42]. De entre los antioxidantes naturales, el acido ascérbico
(vitamina C) y sus derivados (ascorbato sédico, ascorbato de calcido, palmitato de ascorbilo),
los tocoferoles, los acidos fendlicos y los flavonoides son los antioxidantes naturales mas
comunmente utilizados en aplicaciones alimentarias [43—46]. Otros compuestos presentes de
forma natural también con actividad antioxidante son carotenoides y compuestos nitrogenados

como los alcaloides, aminoacidos y aminas, asi como ciertas proteinas [47].
1.2.4.Fuentes de antioxidantes

Los antioxidantes naturales se encuentran presentes en numerosas fuentes del reino vegetal,
siendo frutas, vegetales, otros... las mas importantes [48-51]. Los materiales ligno-celulésicos
“provenientes de residuos agroalimentarios y forestales” pueden ser también considerados
como fuentes naturales de este tipo de antioxidantes, a pesar de tratarse de matrices

previamente procesadas [52].

Diversas matrices de fuentes de antioxidantes naturales se investigaron por nuestro grupo de
investigacién. Entre ellas cabe destacar los residuos de productos vegetales, como la semilla
de aguacate y residuos de hojas de borraja, los cuales resultaron contener una considerable
concentraciéon de polifenoles y retrasar la oxidacién de las grasas [53]. También residuos de
frutas como la pifia y el limén presentaron gran poder antioxidante con capacidad de proteger
el ADN y las células del estrés oxidativo inducido. Los subproductos de la industria alimentaria
pueden pasar de ser un simple residuo, a darle un valor afiadido y convertirlo en un recurso
aprovechable para evitar la oxidacion de las grasas. Otras fuentes que hemos considerado
como objeto de estudio, se han centrado en el aprovechamiento de plantas con grandes
propiedades antioxidantes, como plantas de la familia: Gentianaceae, Convolvulaceae y

Fabaceae, entre otras.

Entre todas las matrices de fuentes de antioxidantes naturales, los tés constituyen una de las
mas importantes, no sé6lo en funcién del nimero de antioxidantes presentes en los mismos
(principalmente compuestos polifendlicos de la familia de las catequinas) sino también por la
capacidad antioxidante de éstos [54].A continuacion se describirdn las diferentes especies

vegetales utilizadas en particular para esta Tesis.
1.3.Consideraciones generales de las plantas estudiadas:

1.3.1.Romero (Rosmarinus officinalis)

Rosmarinus officinalis es una especie del género Rosmarinus de la familia Lamiaceae,

comunmente conocida como romero. La planta es originaria de los paises que estan bafiados
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por el Mediterrdneo, pero crece actualmente en muchos paises de clima célido. Sus hojas son
lineares parecidas a las de la lavanda, de haz oscuro y sus flores de azul claro, tubulares,
agrupadas en ramilletes axilares (Fig. 4). Aunque tanto las hojas como las flores son muy
aromaticas, parece que es en el caliz donde se concentra la mayor parte de principios volatiles
[55].

Fig. 4. Arbusto del romero (Rosmarinus officinalis) [56].

Esta planta se ha estudiado debido a la potente actividad antioxidante asociada a sus
componentes [57-59]. Los compuestos presentes en los extractos del romero se pueden
clasificar en tres grupos: diterpenos, flavonoides y acidos fendlicos. La estructura del diterpeno
esta relacionada con el acido carndsico (Fig. 5a ), los flavonoides con las flavonas (apigenina y
luteolina) y el acido fendlico con el RA (Fig. 5b) [60,61]. Los acidos rosmarinico y carndésico
tienen una potente actividad antioxidante. Entre los diterpentos cabe destacar el carnosol, el

rosmanol y el epi-rosmanol que influyen positivamente en la actividad antioxidante total [57].

(a) (b)

OH

Fig. 5. Estructuras quimicas del acido carndsico (a) y el &cido rosmarinico (b) [62].

Los acidos rosmanirico y carnésico son los compuestos mas abundantes presentes en el
romero [63]. Wellwood et al. [63] encontraron que el etanol usado como disolvente obtuvo una
gran concentracion de polifenoles (2,19 mg de RA/g peso seco y 29,77 mg de &cido
carnosico/g peso seco). En otros estudios Yi et al. [64] y Emanuel et al. [65] demostraron que el
etanol tuvo eficacia para la extracciéon de los compuestos polifenolicos mayoritarios presentes

en esta planta, en especial empleando una concentracion de 70-80 % [64,65].
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Su aceite esencial es muy rico en componentes antioxidantes. Se han podido identificar
alrededor de 90 componentes. Los principales han sido: 1,8-cineol, a-pineno, alcanfor, canfeno,
B-pineno, linalool y limoneno [66—68]. Tutooolomondo et al. [69] también identificaron el acetato
de bornilo y el tepinoleno, indicando que la composicién quimica se vinculé a las caracteristicas
genéticas de los diferentes biotipos del romero. Por su parte, el extracto de romero obtenido a
partir de una extraccién con acetato de etilo, se demostré que era rico en CA, RA, éster
metilico de RA, luteolina, hispidulin y apigenina [60,70]. En el extracto metandlico “ademés de
los compuestos mencionados anteriormente” también se han identificado: acido ferulico, acido
cumarico, carnosol, acido carndsico, hesperidina y genkwanin, los que se consideran como

potencialmente muy utiles en los alimentos, cosméticos y productos farmacéuticos [71].

Ibarra et al. (2010) [72] obtuvieron una capacidad antirradicalaria del RA presente en el extracto
de romero 1,5 veces superior en el ensayo ORAC y 4 veces mayor en el ensayo por FRAP que
la obtenida en acido carndsico. Sin embargo, para el método DPPH el extracto acuoso de
romero mostré actividad antirradicalaria, comparable a antioxidantes como el alfa-tocoferol [73],
mientras que el extracto metandlico contiene 30% de &cido carnésico, 16% de carnosol y 5%
de RA present0 valores muy similares al BHA y BHT [74]. En cuanto a su aceite esencial, existe
una variacion en la actividad antirradicalaria dependiendo de tres estados de recoleccién de
esta planta (etapa de floracion, post-floracién y etapa vegetativa), siendo mas efectiva la etapa

de floracion [75].

Otros procesos de extraccion mejoraron los resultados de actividad antirradicalaria. Por
ejemplo, la extraccién asistida por microondas y por ultrasonidos optimizaron la cantidad
extraida de compuestos antioxidantes del romero [76,77]. Mediante extraccidn acelerada con

metanol la actividad antiradicalaria fue mayor que la obtenida por extraccion sélido/liquida [78].

Desde el punto de vista culinario y de preservacion de los alimentos, el romero se consideré
como la especia o0 hierba mas comun con fuertes propiedades bactericidas [55]. Posee aceites
esenciales que contienen compuestos quimicos tales como el carvacrol, cinamaldehido,
eugenol y alcanfor, que son los componentes responsables de ejercer esta actividad.
Microorganismos como la Aeromonas sobria, las cepas de Candida [79] y las bacterias
Lactobacillus curvatus, Lactobacillus sakei, Staphylococcus carnosus, Staphylococcus xylosus,
Enterobacter gergoviae y Enterobacter amnigenus son sensibles al aceite esencial de R.
officinalis [80].

Ademas, cabe destacar que el extracto de romero presenté actividad bactericida frente a las
bacterias transmitidas por alimentos, tales como, Escherichia coli, Salmonella typhimurium,
Listeria monocytogenes y Staphylococcus aureus [81]. Este efecto antimicrobiano se
correlaciond con una concentraciéon de 0,1% de extracto [82]. Por otra parte, también se
demostrd un efecto positivo en la proteccién de los alimentos frente a la contaminacion del

microorganismo Vibrio alginolyticus [83].
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Ademas de los efectos comentados sobre los alimentos, diversos autores coinciden en
destacar su efecto también si esta presente en el material del envase [74,80,81,84-88]. Gok et
al. [84] obtuvieron una disminucién de la contaminacion microbiana comparada al control (6,39
unidades formadoras de colonias (CFU)/g de carne) al tratar salchichas con extracto de romero
y tocoferol a 500 ppm (6,03 CFU/g carne). Asimismo, muestras de filetes de pescado tratadas
con romero permitieron un menor crecimiento bacteriano durante 13 dias de almacenamiento,
alcanzando 8,8 CFU/g pescado en las muestras tratadas con romero y 9,3 CFU/g pescado en
la muestra control [85].Con referencia a los productos céarnicos, el extracto de romero es muy
util para retardar la oxidacion lipidica En la carne de cerdo se encontré que la adicion de
extracto de romero logré la inhibicion de la oxidacién lipidica durante su almacenamiento en
refrigeracion [88—90] y la degradacién de los pigmentos hemo causado por la coccion, después
de 8 dias de almacenamiento en refrigeracion, donde Fernandez-Lépez et al. [91] obtuvieron
valores de aproximadamente 75% de metamioglobina en el control versus un 45% de
metamioglobina en la muestra con romero. Herndndez-Hernandez et al. [92] comentaron que el
acido rosmarinico es el principal compuesto que evita el deterioro del color . Asi mismo, Lara et
al. [93] no encontraron diferencias en las caracteristicas sensoriales de este producto. Una
mezcla de romero, acido ascorbico, remolacha y lactato de sodio consiguié mantener el color
inicial de la carne, asi como inhibir la oxidacion lipidica y el crecimiento microbiano en
salchichas de cerdo. Por ello, Martinez et al. [94]consideraron que es una combinacion efectiva

para este tipo de productos.

En la carne de pollo también se han evidenciado buenos resultados. Salchichas de pollo
tratadas con extracto de romero a 500, 1000 y 1500 ppm obtuvieron valores inferiores de
TBARS comparados con las muestras control, después de 14 dias de almacenamiento a 4 °C
[95]. Ademas tiene un efecto positivo en la apariencia y el sabor de la carne de pollo durante su

almacenamiento [96].

En otros productos carnicos como la carne de cordero nuevamente demostrdé su eficacia,
permitiendo la estabilidad oxidativa de la carne cubierta con un film activo con extracto de

romero, expuesta a un almacenamiento bajo iluminacién durante 13 dias a 1 °C [88].

El pescado y los mariscos también fueron objeto de estudio. Muestras de besugo tratadas con
extracto de romero en concentraciones de 2; 2,5 y 3% por peso seco mostraron menor indice
de peroxidos y menores valores de TBARS (2,08; 1,57 y 1,16 mg MDA/kg pescado,
respectivamente), después de 5 dias de almacenamiento en refrigeracion [97,98]. En
condiciones de congelacion a -18 °C el romero también presenté efecto protector, alcanzando
120 dias de almacenamiento [99]. También tuvo buenos resultados al usarse en filetes de
tilapia como pretratamiento antes del proceso de salado [100]. Tironi et al. [101] publicaron que
concentraciones de 500 mg/kg de extracto de romero alargaron la vida util del salmén a 6
meses, y de 200 mg/kg a 3 meses, almacenados en congelacién a -11°C, evitando la oxidacion

de los lipidos y la pérdida del color rojo en el musculo. Una solucién de extracto de romero con
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quercetina, eritorbato de sodio y brotes de flores de acacia japonesa (Sophora japonica)
utilizada por Dragoev et al. (2008) también inhibié satisfactoriamente la oxidacion lipidica en
muestras de caballa congelada [102]. En mariscos, como por ejemplo en los camarones se
demostré su potente actividad antioxidante. Se marinaron con extracto de romero y se
almacenaron a 1 °C [86]. En esas condiciones, incluso después de 75 dias, su analisis
sensorial por panelistas expertos demostraron una menor oxidacion en las muestras

marinadas, frente a las muestras con acido ascorbico, [103].

La adicién de aceite esencial de romero revel6 en la carne de res que la adicién en
concentracién de 200 mg/kg carne, redujo significativamente los valores de TBARS durante su
almacenamiento por 3 meses en congelacién a -18 °C, y las propiedades sensoriales se
mantuvieron practicamente exactas a las iniciales [104]. La combinacién de vitamina C con
extracto de romero aumentd la vida til de filetes de carne fresca por 10 dias, retrasando los
procesos de oxidacion [105]. Por si solo, el extracto de romero mostré6 gran proteccién a la
oxidacion lipidica de la carne de res después de 12 dias de almacenamiento en refrigeracion,

muy por encima que el extracto de limon y naranja [106].

En el campo de los aceites vegetales se comprobé también su estabilidad oxidativa. Yang et al.
[107] obtuvieron una disminucion del indice de perdxidos al incorporar extracto de romero (400
mg/kg aceite) en un aceite vegetal, retrasando igualmente la degradacién de los acidos grasos
poliinsaturados en el aceite después de 24 dias de almacenamiento en estufa a temperatura de
62°C + 1 °C. Por su parte, Tohma et al. [108] obtuvieron buenos resultados al usar el romero
como antioxidante para aumentar la vida util del aceite de avellana usado para freir, no
ocasionaron cambios en los resultados sensoriales de las patatas fritas y mejoraron la textura y
el sabor de la fritura [109]. El extracto de romero mostré una actividad antioxidante significativa
en comparacion con el cido citrico, en la proteccion oxidativa del aceite de sésamo [110].
Igualmente, no interfirié en las caracteristicas sensoriales del aceite de soja, con bastante
aceptacion por los consumidores [111]. Mediante el analisis “Oxytest" se revel6 que el romero
es una gran fuente de antioxidantes para proteger emulsiones de agua-en-aceite, empleando

aceite de canola [112].

1.3.2.Tomillo (Thymus vulgaris.)

El Thymus vulgaris L. conocido cominmente como tomillo, es una planta aromética del género
Thymus y de la familia Lamiaceae, procedente de la regién mediterranea, aunque actualmente

esta distribuida por todo el mundo [55].

Tiene unas hojas estrechas de un color verde agrisado oscuro, generalmente son aromaticas y

las flores son tubulares de color malva, agrupadas en el extremo en ramas (Fig. 6)[55].
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Fig. 6. Arbusto del tomillo (Thymus vulgaris) [113]

El tomillo y sus extractos se han usado a nivel digestivo para trastornos gastrointestinales.
También es conocido su uso en diversas enfermedades como tos, bronquitis, laringitis y
amigdalitis [5]. Ademas actlla como un agente antiparasitario, antihemitico, antiséptico,
antiespasmadico y cicatrizante. [114]. El aceite esencial del tomillo posee dos componentes
principales: el timol y el carvacrol (Fig.5) que son los compuestos aromaticos principales del
tomillo. Segln Perestrelo et al. [115] T. vulgaris tuvo un 67% de timol, mientras Bertoli et al.
[116] detectaron entre 50-55% en las diferentes variedades de T. vulgaris. Los de menor
concentracién son los sesquiterpenos que se encuentran en menor cantidad en todas las
partes de la planta del tomillo (hoja, flores y tallo). EI nUmero de sesquiterpenos detectado es
de 12 en las hojas, 16 en las flores y 9 en los tallos, y el principal componente es el trans-
cariofileno [117]. La planta contiene ademas acidos fendlicos: acido cafeico, clorogénico,
cindmico, quinico y ferulico; flavonoides: apigenina, derivados de la luteolina y quercetina

[118,119]; saponinas triterpénicas (n-triacontano) y los acidos ursdlico y oleandlico [120].

\ /

OH

Thymol Carvacrol

Fig. 5. Estructuras quimicas del timol y del carvacrol [48].

Esta planta ha demostrado que posee actividad antiradicalaria [121]. La presencia de grupos
aromaticos y del nimero de grupos "OH parece coincidir con el potencial antioxidante de los

compuestos presentes en la planta [48,122-128]. Esta actividad se determind a través de
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diversos ensayos como el DPPH y FRAP. Hossain et al. [129] demostraron que la actividad
antioxidante del extracto de tomillo medida por el ensayo FRAP fue mas efectiva usando una
extraccion presurizada, comparado a una extraccién solida/liquida. Ellos determinaron que el
Optimo de temperatura fue de 129 °C y un 6ptimo de metanol de 33 %. Chizzola et al. [130]
indicaron que los extractos etandlicos de tomillo al 60 %, sometidos a un bafio de agua a 40 °C
y ultrasonidos permitieron obtener buenos resultados sobre las pruebas DPPH (53,5-88,4
mgTrolox/g DW) y FRAP (35,7-93,8 mgTrolox/g DW). El aceite esencial de esta planta también
tuvo buenos resultados en los métodos antiradicalarios. Grigore et al. [131] obtuvieron
muestras con una actividad antiradicalaria elevada frente al método DPPH, con una
concentracion del aceite esencial de 3 mg/mL se exhibidé una inhibicién por encima del 50% del
radical DPPH. La literatura indica que los compuestos responsables de esta actividad son los
polifenoles, como el acido rosmanirico, carvacrol, acido cafeico, acido ferulico y timol entre

otros [5].

El tomillo es ampliamente utilizado como especia para condimentar diversos plantas y como
conservante de productos alimenticios [130]. Es una de las plantas aromaticas principales
usadas en la alimentacidn, ya que su fragancia es persistente y sus propiedades bactericidas lo
hacen indicado para patés, salchichas, carnes en conserva y encurtidos, ademés de poder ser

utilizado para aromatizar aceites, vinagres y otros alimentos [55].

Generalmente, el aceite de tomillo y sus extractos tienen una fuerte actividad bactericida contra
agentes patdégenos portadores de enfermedades transmitidas por los alimentos (ETA) y
organismos causantes de deterioro [132], como la Escherichia coli y Enterococcus faecalis
[133]. Mattos de Oliveira et al. [134] indicaron que podria ser una posible alternativa frente a la
Listeria monocytogenes en la industria carnica. Los compuestos timol, p-cimeno y mezclas de
ambos, presentaron efecto antibacteriano contra las cepas de Bacillus [135]. También muestra
efecto frente a la bacteria E. amylovora [136]. Esto es debido a su alto porcentaje de

compuestos fenolicos como timol, p-cimeno, carvacrol y y-terpineno [122,128,135,137-141].

El aceite esencial del tomillo presentd una mejor accibn como agente antifingico que
bactericida. Present6 mayor accién sobre hongos, como por ejemplo el F. oxysporum y F. sp.
Albedinis [142]. Igualmente, sus extractos fueron eficaces contra los principales insectos
portadores de los hongos causantes de formacion de aflatoxinas en alimentos. Estas
micotoxinas son potentes carcindégenos, teratdbgenos y mutagénicos, producidas por
microorganismos del género Aspergillus [143]. En general, el aceite esencial ejerce actividad

inhibitoria sobre bacterias Gram-positivas [144] y Gram-negativas [145].

Es notable el efecto antioxidante que posee esta planta sobre los alimentos. Sus oleoresinas
protegieron el aceite de soja de la oxidacién lipidica, medida por el ensayo Rancimat a una
temperatura de 100 °C. Asi por ejemplo, una concentracion de 3 g/kg de oleoresinas es
suficiente para ejercer esta proteccion [146]. Incluso presentaron mejor efecto protector que el

TBHQ [147]. Babovic et al. [148] aislaron fracciones de esta planta y comprobaron que a una
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concentraciéon de 200 mg/kg de aceite lograron mantener la estabilidad del aceite de girasol,
después de 12 h a a 98 °C. También probaron su extracto como pretratamiento en productos
como patatas. Con una concentracion de 1 g de extracto/Litro de aceite se logra reducir la
acrilamida y se mantienen las propiedades sensoriales [149]. En productos carnicos también
resultd efectivo, inhibiendo la oxidacidn lipidica de carne de res, en una original mezcla de vino

tinto, miel de tilo Allium sativum y Armoracia rusticana con tomillo[150].

1.3.3.Lavanda (Lavandula officinalis)

Lavandula officinalis es una especie del género Lavandula de la familia Lamiaceae,
comunmente conocida con el nombre de lavanda (Fig. 7). Es una planta arbustiva originaria del
sur de Europa, en especial de las zonas costeras del Mediterraneo. La lavanda es un arbusto
de hasta 60 cm de altura, de hojas grises, estrechas y aterciopeladas, las flores de un color
azul agrisado. Las glandulas aromaticas se hallan localizadas en diminutos pelos estrellados
que cubren en su totalidad hojas, flores y tallos, para liberar un poco de aceite (que enseguida
se volatiliza). Entre las variedades del genus se encuentran principalmente: L. officinalis
también conocida como L. angustifolia y L. vera, L. x intermedia, L. latifolia, L. stoechas y L.
spica [55]. Desde el punto de vista medicinal la lavanda se ha usado como calmante, anti-

séptico, anti-inflamatorio, antihistaminico, anti-diabético y digestivo.[151].

Entre los compuestos que presentan sus extractos, cabe destacar derivados terpénicos (acido
ursoélico), cumarinas (herniarina), acido cumarico, ésteres de la umbeliferona, cedreno,
luteolina, acido labiatico, taninos, acidos fendlicos (CA y clorogénico) y diversos principios
amargos. Su aceite esencial contiene o-cimeno, diperteno, canfeno, cariofileno, linalol, geraniol,
borenol, ésteres de linalol, acetato, butirato y valerianato de linalilo, geraniol y cineol [120].
Estos compuestos son los responsables de su actividad farmacoldgica [152—159] y pueden ser
el punto de partida de posibles ingredientes naturales en cosméticos y farmacos para tratar

enfermedades de la piel [160].

Otros compuestos detectados en su aceite esencal, de acuerdo a Yusufoglu et al. [161] fueron:
alcanfor, B-felandreno, terpinoleno, a-tujen, n-hexanal, n-heptanal, metil-amil-cetona,
etilamicetona, perialdehido, peril alcohol, borneol, a-terpineol, a-pineno, limoneno, varias
lactonas y sesquiterpenos. Los principales componentes fueron el 1,8-cineol y el borneol
[159,162]. Otros compuestos identificados en el extractode esta planta por otros autores fueron
acidos fendlicos: acido ferdlico, RA, acido p-cumarico y CA vy flavonoides como quercentina,

apigenina y kaempherol [163].

El aceite esencial mostré actividad inhibitoria muy elevada (mas del 80%) sobre las enzimas
acetilcolinesterasa y butirilcolinesterasa [164]. Asi los aceites 1,8 cineol, a-pineno, eugenol, a-
terpineol y terpinn-4-ol mostraron un ICg, para la enzima colinesterada de 0,015, 0,022, 0,48,

1,3y 3,2 mg/mL, respectivamente [165].
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Fig. 7. Arbusto de la lavanda (Lavandula officinalis) [166].

Los resultados de numerosos estudios demostraron que el aceite esencial de la lavanda tiene
actividad bactericida. Su actividad se extiende a bacterias que producen enfermedades
transmitidas por alimentos: Salmonella enteritidis, Klebsiella pneumoniae, Staphylococcus
aureus, Enterococcus faecalis, Candida albicans, Aspergillus Niger [167]) y Escherichia coli
[168]. Asi mismo, su actividad antifingica estd también documentada, ya que inhibe el
crecimiento de hongos tales como Botrytis cinerea, Penicillium expansum, Rhizopus stolonifer
[169-173] y Cryptococcus neoformans [174]. Una alta capacidad inhibidora de los
microorganismos productores del acné también se observé [175]. Ademas, sus aceites son
fitotoxicos en cultivos de manzanas, usando una emulsiéon con 10% de aceite esencial de

tomillo y 90% de agua destilada [173].

La lavanda puede ser un complemento valioso en la ingesta diaria por sus compuestos
bioactivos [176]. Viuda-Martos et al. [177] obtuvieron un contenido de polifenoles totales de 913
mg GAE/L de aceite esencial. La capacidad antiradicalaria de sus extractos también se estudio,
en este caso el total de polifenoles del extracto metandlico de la lavandula angustifolia fue de
5,2+0,02 mg GAE/g extracto y el % de inhibicion medido por el ensayo DPPH fue de 35.4+1.7
mmolesTrolox®/g extracto [178]. Debido a estas propiedades antioxidantes la lavanda
incorporada a distintos food model systems ha influido en la estabilidad de la oxidacion lipidica.
Rodriguez et al. [179] indican que el aceite esencial de lavanda evito la oxidacion del aceite de
soja, mejorando los pardmetros de calidad. Yang et al. [180] obtuvieron que el aceite de
lavanda inhibio la peroxidacion del acido linoleico después de 10 dias de almacenamiento. Por
su parte, Kovatcheva-Apostolova et al. [158] demostraron que se reducia la oxidacion lipidica

de carne de pollo cocida tratada con extracto de Lavandula vera y almacenada en refrigeracion.
1.3.4.Caesalpinia decapetala
La Caesalpinia decapetala es una planta del género Caesalpinia de la familia fabaceae. Esta

ampliamente distribuida en las regiones tropicales y subtropicales. Existen unas 17 especies de

38



INTRODUCCION

amplia distribucién en China y de ellas alrededor de 14 (por ejemplo, Caesalpinia decapetala se

usa en China para el tratamiento del reumatismo y de enfermedades inflamatorias) [181].

Caesalpinia decapetala se cultiva y es natural de regiones tropicales, sabanas tropicales y
bosques de China, Japdn, Malasia y la India y en las tierras bajas de selva tropical en Nueva
Gales del Sur, Australia. Es decir, suele encontrarse, generalmente, en localidades pantanosas
y barrancos a 1800 metros, pudiéndose definir su rango de crecimiento desde el este de Asia-
Himalaya hasta China (Fig.8) [182].

Las hojas de la Caesalpinia decapetala presentan una gran versatilidad de propiedades
medicinales; es por ello que su rango de usos es muy amplio. Se utilizan en el tratamiento de
quemaduras, exceso de bilis y en trastornos de estémago. También se conoce su aplicacién
como laxante, locién tonificante, antipirético y carminativo contribuye a la expulsiéon de gases
[183]. Su extracto etandlico presenta efecto analgésico, antiinflamatorio y antipirético [183].
Igualmente, tiene grandes beneficios sobre enfermedades como  trastornos
neurodegenerativos, inflamacion, infecciones virales y Ulcera géstrica [184]. Esta planta
presenta compuestos con actividad antitumoral contra la linea celular MGC-803 (céncer
gastrico), tales como, emodina, baicalin y apigenina, asi como, compuestos con efectiva
actividad antiradicalaria frente al radical DPPH como rutina, quercetina, baicalin y EC, incluso

muy comparable con el acido ascérbico [181].

De acuerdo a los estudios realizados hasta el momento los componentes quimicos del genero
Caesalpinia son mas de 280. Entre ellos se puede encontrar diterpenos, triterpenos,
flavonoides, fenoles aromaticos y fenilpropanoides [181]. Los diterpenos son los componentes
predominantes en el género Caesalpinia. Los diterpenos son terpenos compuestos por 4
unidades de isopreno con formula molecular CoHs,. Se encuentran en las plantas superiores,
hongos, insectos y organismos marinos. Los diterpenos son la base de importantes
compuestos biol6gicos tales como el retinol, retinal y el fitol. Algunos de los més importantes
son los cassanos, presentes en la especie Caesalpinia [185]. Se conoce que las hojas de

Caesalpinia decapetala contienen, el diterpeno caesaldecano.

También posee otros componentes que se han logrado aislar e identificar como: espatulenol,
4, 5-epoxi-8(14)-cariofileno, escualeno, lupeol, trans-resveratrol, quercetina, astragalin vy
estigmasterol [186], ademéas de andrografélido, bergenina, rutin, emodina, betulina, baicalin,
salicina y apigenina [181]. Li et al. [187] también aislaron 7 compuestos: acetato de lupeol,
lupeol, &cido oleandlico, acido pentadecanoico 2,3-dihidroxipropil éster, 1-(26-hidroxi
hexadecanoico)-glicerol, estigmasterol y beta-sitosterol. En el extracto etandlico de sus tallos
se han econtrado los componentes: 6'-hidroxi-3, 4- (1"-hidroxi-epoxi-propano)-2',3'-(1"B-hidroxi-
2"-carbonil-ciclobutano)-1,1'-difenil, octacosilo3,5-di-hidroxi-cinamato, daucosterol, B-sitosterol,

2',4,4'-tri-hidroxi-chalcona, bonducelina y 7,3',5'-trihidroxi flavona [44].
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La Caesalpinia decapetala presentd actividad antiradicalaria importante, la cual fue
dependiente de la concentracion del extracto [188]. Unas 6ptimas condiciones de extraccion se
encontraron con etanol:agua 70:30 v/v a una temperatura de 65-70 °C durante 48 h, en

especial para extraer el GA [185].

Fig. 8. Arbol de la Caesalpinia decapetala [189]

1.3.5. Tara (Caesalpinia spinosa)

Caesalpinia spinosa comunmente conocida como Tara (Fig. 9) es un arbol de origen peruano
perteneciente al género Caesalpinia de la familia Fabaceae, que crece en las zonas secas. Sus
flores son de color amarillo rojizo dispuestas en racimos, sus frutos son vainas aplanadas de
color naranja de 8 a 10 cm de largo que contienen de 4 a 7 granos de semilla redondeadas de
0,6 a 0,7 cm de didametro cada una. Crece en forma silvestre en la regién andina y costa

peruana [190].

La Tara, como fuente natural integral (tallo, hojas y frutos), fue utilizada desde la época
prehispénica en la medicina folklérica o popular como astringente, cicatrizante, antidisentérico,
y también y muy importante, como mordiente en tefiidos de cuero. Estas propiedades se

atribuyen a su gran potencial antioxidante.

Los taninos se dividen en taninos condensados y taninos hidrolizables. Los taninos se
hidrolizan por accién de &cidos o enzimas originando un azlcar, un polialcohol y un &cido fenol
carboxilico. La hidrélisis completa de los taninos de la Tara da cantidades importantes de GA (o
derivados) y en menor concentracion acido elagico (o derivados), compuestos cuya capacidad
antioxidante es mayor que la de los taninos. Varios estudios han determinado la capacidad
antioxidante de los hidrolizados de los taninos de la Tara y han evaluado su eficacia en la
conservacion de productos oleosos [191]. Skowyra et al. [191] obtuvieron una concentracién
de 4,64 mg GAE/g peso seco a partir de una extraccion con etanol al 75 % v/v y una actividad
antiradicalaria de 10,17 y 4,29 mmoles TE/g peso seco frente a los ensayos ABTS y ORAC,

respectivamente.
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La transformacion de los taninos de la Tara en compuestos fendlicos antioxidantes de bajo
peso molecular puede ser una alternativa para la obtencion de extractos de alto valor agregado
cuya demanda actual es creciente por su utilidad como suplemento alimenticio, su aplicacién
farmacéutica y como sustituto de antioxidantes sintéticos empleados en la industria de
alimentos. Segun Srivastava et al. [192] el TA es un tipico tanino hidrolizable que consiste en
una mezcla de GA y ésteres de glucosa, y tiene efectos benéficos sobre la salud humana,
incluida antimutagénesis, propiedades antioxidantes y accion anticancerigena. El aceite
esencial de esta planta también es rico en monoterpenos, compuestos que podrian estar

relacionados con su actividad antimicrobiana y antioxidante [193].

Las propiedades bactericidas y antioxidantes la hacen idonea para su uso en productos
alimentarios. Aguilar et al. [194] obtuvieron que los galotaninos del extracto de la Tara y de su
hidrélisis acida durante 4 h, lograron buena inhibicion de la Escherichia coli, por lo que
demuestra su gran potencial sobre bacterias patégenas. Sus propiedades antioxidantes
también se estudiaron en Food Model System. Su uso en estado seco como antioxidante
natural mejoré la calidad y extendi6 el tiempo de vida util de productos cérnicos como la carne
de cerdo, durante su almacenamiento en refrigeracion [195]. En un sistema de emulsiones
aceite-en-agua también demostro su beneficioso efecto protector. La adicion de 48 pg/mL del
liofilizado del extracto etandlico de esta planta retrasé la oxidacion lipidica de las emulsiones

durante su almacenamiento a 38 °C durante 18 dias [191].

Fig. 9. Arbol de la Tara (Caesalpinia spinosa) [196]

1.3.6.Noni (Morinda citrifolia)

Morinda citrifolia conocida como Noni (espafiol, portugués); Noni, Indian mulberry y cheese fruit
(inglés); ba ji tian (chino), o morinde (francés), es un arbusto perteneciente al género Morinda
de la familia Rubiaceae, de hoja perenne que en la madurez alcanza hasta 10 m de altura (Fig.

10). Nativo de Sureste de Asia y Polinesia tropical (Hawai, Nueva Zelanda e Islas de Pascua),
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actualmente tiene una extensa distribucién en las zonas tropicales del mundo y tolera una
amplia gama de suelos y condiciones ambientales. Se compone de entre 6500 y 13000
especies de géneros [197]. La planta es identificada por sus grandes hojas, tallo recto y frutas
de color amarillo-granada, son glabras, oblongas, de 20-45 cm de largo y 7-25 cm de ancho
[198]. La familia es conocida por producir alcaloides, antraquinonas e iridoides, pero también se

encuentran en sus extractos taninos, triterpenos y, con menor frecuencia, saponinas [199].

Entre las actividades biologicas descritas para M. citrifolia, se puede mencionar: actividad
bactericida, antiviral, antihelmintica, analgésica, hipotensora, antioxidante, hipoglucémica,
antidepresiva y anti-inflamatoria [200], destacando entre todas ellas la actividad antitumoral
[201]. Tiene grandes propiedades nutricionales [202,203]. Varios estudios revelaron que puede
llegar a tener unos 200 compuestos fitoquimicos y entre los mas abundantes se encuentran los
acidos fendlicos. Sin embargo, la composicion quimica difiere ampliamente en funcién de la
parte de la planta analizada [200]. Se han identificado los compuestos luteina, zeaxantina,
beta-caroteno, criptoxantina beta, ECG, acido siringico, EGCG, &cido vanillico, naringina y
acido cindmico [204]. Otro compuesto identificado fue la hiosciamina, que demostré elevada
actividad antioxidante [205]. Los perfiles de acidos grasos revelan que es una fuente rica de
acido linolénico, &cido esteérico, acido oléico y &cido laurico, especialmente en sus semillas
[206]. Pandy et al. [207] estudiaron que la escopoletina y la rutina, compuestos bioactivos del
Noni, pueden ser los responsables de impedir los efectos de la dopamina y bloquear la
respuesta de los receptores alfa-adrenérgicos a la noradrenalina. Algunos estudios in vitro e in
Vivo en animales sugierieron una posible sustancia no identificada en el jugo de la fruta de Noni

sin pasteurizar ge puede tener un importante grado de actividad contra el cancer [208].

Las propiedades antiradicalarias del Noni han sido estudiadas en su fruto demostrando que el
extracto metandlico y metanol/agua tuvieron los mejores resultados [209] y presentaron buena
actividad medida por el ensayo ORAC (9,56 + 0,9 umoles de TE/g fruta) y DPPH (3,29,5 + 0,09
pmoles de TE/qg fruta) [210].

Aungue hay menos informacion cientificamente fiable disponible en las propiedades del Noni
que de las propiedades de otros productos botanicos utilizados en la presente Tesis Doctoral,
el jugo de Noni puede ser importante en el creciente mercado de las bebidas funcionales. La
planta tropical M. citrifolia estd clasificada en la U.E. como nuevo alimento. La Autoridad
Europea de Seguridad Alimentaria (European Food Saety Athority, EFSA) determin6é que sus
hojas, tostadas y secadas para hacer infusiones, son seguras, asi como los zumos que se

elaboran con este fruto [211].

Actualmente no se disponen de muchos estudios con esta planta en los alimentos, la mayoria
estan basados en investigaciones con su fruta. Tapp et al. [212] indicaron el gran potencial de
esta fruta para mejorar la estabilidad del color y la vida util de carne de res. En otro estudio se

determiné que el tiempo de cosecha Optimo para el uso de estos frutos, fue de 126 dias
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después del desarrollo de la inflorescencia [213]. No obstante, la eficacia antioxidante de sus

hojas no ha sido aln estudiada.

Fig. 10. Arbol del Noni (Morinda citrifolia) [214]

1.4.Comportamiento en un sistema de alimentos

1.4.1.Comportamiento en el seno de una emulsioén

Las emulsiones se describen como Model Food System. Este sistema es una representacion
en el laboratorio en el que se controlan todos los parametros y componentes, de lo que puede
ser un alimento real. La emulsién se llama asi por ser el medio de dispersién un liquido (agua)
y su fase dispersa (aceite). Esta dispersién requiere de la adiciobn de un agente emulsionante
[215]. Se disefia una emulsion de aceite en agua (10 % de aceite) con Tween-20 como agente
emulsionante. A dicha emulsion se le afiaden distintas proporciones del extracto sujeto a
estudio, que se compara con el control (sin extracto). Se sigue la evolucion de su oxidacion a lo
largo del tiempo con condiciones de almacenamiento de agitacién, temperatura de 37 °C y

ausencia de luz.

Las emulsiones permiten seguir la oxidacion de los lipidos. En la primera fase de la oxidacion
lipidica, los radicales libres lipidicos reaccionan con el oxigeno y se forman hidroperéxidos
[216]. Los hidroperéxidos son componentes inodoros y que afectan poco a las caracteristicas
organolépticas de las emulsiones [217]. Estos productos normalmente se vuelven a oxidar
formando cetonas, aldehidos, alcoholes y acidos que afectan negativamente al sabor, aroma,
valor nutricional y calidad sensorial global del producto, bajando su pH. Por otra parte, se sabe
que los polifenoles y otros antioxidantes naturales de los aceites mejoran significativamente la
estabilidad, porque tienen la capacidad de dar un hidrégeno al radical libre y asi evitar que éste
se oxide [216].

Se ha observado que la descarboxilacién o esterificacion de Trolox® (un anélogo hidrosoluble
de la vitamina E): acido 6-hidroxi-2,5,7,8-tetrametil-2-cromanocarboxilico), con su consecuente

disminucién de polaridad, aumenta su actividad en un sistema de emulsion [218,219].
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1.4.2.Comportamiento en un sistema modelo carnico cocido y sin coccion

La exposicion al oxigeno y a la luz es uno de los principales factores que originan la aparicion
de fenbmenos oxidativos en la carne y/o productos carnicos. El oxigeno (O,) constituye el
punto de partida para el dafio celular, consecuencia de un desequilibrio entre la produccion de
especies reactivas y los mecanismos de defensa antioxidante [220]. Tanto lipidos como

proteinas son susceptibles de sufrir dicha consecuencia.

La peroxidacion lipidica se inicia cuando un radical ataca a un carbono de la cadena alifatica de
un &cido graso. A este primer proceso le siguen una serie de reacciones de propagacion y
terminacion para finalmente dar lugar a productos méas estables como el Malondialdehido
(MDA) (Fig. 11a) [221]. Los cambios asociados a la oxidacion lipidica constituyen la principal
causa de deterioro de la carne y/o productos carnicos, ya que provocan la aparicion de olores y
sabores desagradables y la alteracion del color, y en general, una reduccion de la calidad
organoléptica del producto. Asi mismo dan lugar a una disminucion del valor nutritivo de la
carne y la generacién de compuestos potencialmente nocivos para la salud relacionados con el

riesgo de padecer diversas patologias [222].

a) OH b) OW

Fig. 11 a) Acido Tiobarbitdrico (TBA) / b) Malondialdehido (MDA) [75,223].

Un método eficiente para determinar el grado de rancidez oxidativa de un producto carnico
durante el almacenamiento es la prueba: Sustancias Reactivas al Acido Tiobarbittrico
(Thiobarbituric Acid Reactive Substances, TBARS) (Fig. 11b). En este ensayo se determina el
producto principal de la oxidacidn de los fosfolipidos: el MDA por espectrofotometria a 531 nm

(absorbancia del cromdégeno rosa).
1.5.Envasado alimentario

1.5.1.Polimeros en el envasado de alimentos

Ademas de afiadir los antioxidantes directamente en los alimentos, existe una tendencia
creciente a disefiar films comestibles que mantengan la calidad y la frescura de los productos
alimenticios a lo largo del tiempo [224,225]. En esta linea, los films de biopolimeros, son una

alternativa para proteger los alimentos. Cabe destacar que el hecho de ser biodegradables

44



INTRODUCCION

aumenta su valor desde el punto de vista ecolégico, ya que son respetuosos con el medio

ambiente.

A los alimentos se les debe proteger de los distintos factores externos (fisicos, quimicos y
microbiolégicos). Evidentemente se han de utilizar diferentes barreras, pero una de las

fundamentales son los diferentes tipos de envases, entre ellos los films.

Los films se pueden producir de manera natural a partir de una gran variedad de productos,
como polisacaridos, proteinas, lipidos y resinas. Ademas existe la posibilidad de adicionar otros
componentes como plastificantes o también como agentes tensioactivos. Existe la posibilidad
de que su origen sea sintético, como algunos provenientes del acido polilactico [226], lo cual no
impide que puedan descomponerse en corto tiempo por la accién de microorganismos y/o
enzimas. Krochta et al. [227] clasificaron os componentes de los films alimenticios en tres
categorias, en funcién de su composicién: con lipidos, con hidrocoloides y mezclas de ambos.
Los hidrocoloides incluyen proteinas, derivados de celulosa, alginatos, pectinas, almidones y
otros polisacaridos. Los lipidos incluyen ceras, acilgliceroles y acidos grasos. Las mezclas son

las que contienen componentes lipidicos e hidrocoloides.

Los films a base de proteinas se adhieren facilmente a superficies hidrofilicas. Las fuentes méas
comunes son de origen animal, como colageno, gelatina, suero de leche, albumina, caseina,
aunque también pueden ser derivados de plantas como el gluten de maiz, gluten de trigo o
proteina de la soja [228,229]. Estos flms resultan buenas barreras frente al O, y CO, vy
proporcionan estabilidad mecanica; ademdas sirven como vehiculo para incorporar los
antioxidantes [230]. Los polimeros de origen sintético biodegradables son resultado de la
fermentacion de polimeros primarios, utilizados como sustrato por diversos microorganismos;
por ejemplo, se pueden obtener productos como el Acido Polilactico (Polylactic Acid, PLA), los

polihidroxialcanoatos, ...

Por otro lado, un factor importante es la incorporacién de un plastificante en el film, ya que
actla de forma positiva sobre las propiedades mecanicas y la permeabilidad y también influye
en la estructura, la movilidad de la cadena y los coeficientes de difusion de gases o agua en el
film. Normalmente la permeabilidad al agua suele ser una de las aplicaciones principales por la
que se mejoran y analizan los films. En funcion del caracter polar de las proteinas se obtendran
unas u otras propiedades barreras de los films. Los grupos hidrofilicos libres favorecen las
operaciones de absorcion y adsorcion y la transferencia de vapor de agua a través del film. Sin
embargo, no suelen permitir la transferencia de los gases [231]. Los plastificantes mas usados
son: polioles (sorbitol, glicerol), lipidos y derivados (acidos grasos, fosfolipidos y surfactantes) y
monosacaridos, disacaridos y oligosacaridos (glucosa, jarabe de glucosa y miel entre otros)
[232].

Los envases activos, de acuerdo a Lee et al. (2008) [233] pueden clasificarse en: (1) sistemas

de absorcién (si se usan films o bolsas para eliminar los gases presentes en los envases, tales
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como, humedad, etileno, diéxido de carbono); (2) sistemas de emision, (si se afiaden
compuestos con propiedades especificas, como bactericidas, antioxidantes, enzimas e incluso
sabores 0 compuestos nutraceuticos que permiten mejorar la calidad del producto), y (3) otros
sistemas (donde se incluyen indicadores de temperatura, sistemas de auto calentamiento o

enfriamiento, entre otros).

El producto envasado se considera como un sistema ternario (entorno-envase-alimento), en el
que ocurren interacciones tanto beneficiosas como perjudiciales. Estas interacciones

corresponden a 3 fenédmenos: permeacion, sorcién y migracion (Fig. 12).

La permeacion se refiere a la transferencia de materia y energia a través del material que
constituye el envase. Puede ser de gases, humedad o aromas y se realiza en ambas
direcciones, lo que puede provocar reacciones de oxidacion, pardeamiento enzimatico o

degradacion de vitaminas [234].

Las operaciones de absorcion y adsorcion se basan en la transferencia de sustancias desde el
entorno o el alimento al envase, donde son retenidas. Engloba dos fendbmenos, la adsorcion

(tiene lugar en la superficie) y la absorcion (se da en el seno del envase).

Por dltimo, la migracién consiste en la transferencia de materia desde el envase al alimento.
Estos compuestos pueden incidir en la calidad y seguridad del producto, como es el caso de

los antioxidantes y productos bactericidas [235].

ENTORNO ENVASE ALIMENTO

0, > PERMEACION CO, Degradacién sersora el almento.
Humedad o,
Aromas Humedad
Aromas
Degradacién sensord y nutricionad
del almento: enranciamiento de grasas,
RCION m:cu:\e ;e vitamings, ¢
SO ‘__Oolnmmas - - .
Radiaciones Grasas, etc.
—eeeeee
Deterioro del envase
(pérdida de caldad y posible rechazo).
Mondmeros
Ay Aditivos .
M'GB&_DN Reasiduos le Degradacion sensorid del almento y
Tintes posbiles etgos 1éicos.
Disolventes =

Fig. 12 Interacciones entorno-envase-alimento [236].
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1.5.2.Aditivos en envases: Antioxidantes

La incorporacién de los productos activos extraidos de plantas, frutas y vegetales en film es un
tema actual de investigacién en materiales. Los films pueden servir ademas de portadores de

compuestos activos, tales como bacterianos y antioxidantes asi como y potenciadores de sabor

y conservadores de la textura [237,238].

Un aditivo debe cumplir ciertas caracteristicas para ser afiadido a un envase polimérico. Cabria
destacar [239]:

o Ser eficientes en su accion.

. Estables en las condiciones de procesado.

. Estables en las condiciones de uso.

o No experimentar exudado o sangrado.

. No ser toxicos ni dar lugar a olor o sabor.

o Ser econémicos.

. No afectar negativamente a las propiedades del polimero.

Los films de biopolimeros son excelentes vehiculos para la incorporacion de una amplia
variedad de aditivos. Se han empleado numerosas sustancias para mejorar las caracteristicas
de los polimeros [240,241]. Por ejemplo, la Tabla 2 recoge los tipos mas comunes de aditivos

empleados Yy las funciones basicas que presentan [242].

Tabla 2. Funciones de distintos aditivos empleados en las formulaciones de polimeros como films

[242]

TIPO DE ADITIVO

FUNCION

Antioxidantes

Inhibir las reacciones de oxidaciéon

Estabilizantes a la luz

Evitar el deterioro del polimero por la exposicion a la luz UV

Plastificantes

Aumentar la flexibilidad y resistencia al impacto

Agentes antiestaticos

Proteger al polimero frente a las descargas electrostaticas

Captadores de acido o
antiacidos

Neutralizar residuos acidos cataliticos

Desactivadores metalicos

Desactivar residuos metalicos presentes en la formulacién de las
poliolefinas

Agentes nucleantes

Mejorar la claridad, transparencia y propiedades mecéanicas

Retardadores de llama

Alterar el proceso de combustién originado por un importante flujo
término

Colorantes

Proporcionar color al polimero

Agentes “antiblocking”

Evitar la adhesion entre films como consecuencia del frio o de la
electricidad estatica

Lubricantes

Disminuir la viscosidad vy evitar el sellado del polimero a las
superficies metalicas

Agentes “slip”

Impedir el sellado entre films mediante lubricacion y reducir la carga
electrostatica

Agentes espumantes o de
soplado

Disminuir la densidad del polimero por formacién de gas en el
procesado del polimero
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El uso de antioxidantes tiene un especial interés en los materiales poliméricos destinados a
envases de alimentos. En la actualidad se han desarrollado muchos estudios en la busqueda
de materiales de envasado con adicién de antioxidantes que mantengan o extiendan la calidad
de los productos alimenticios [243-246]. En su mayoria, son incorporados antioxidantes
sintéticos como el BHA y BHT, pero la creciente preocupacion acerca de los riesgos
potenciales para la salud causados por estos aditivos ha llevado a un renovado interés en el

uso de antioxidantes de origen natural, como ya se ha comentado [247].

De esta manera, algunos autores incorporaron extractos naturales en los films y evaluaron
cémo éstos migran y/o retardan el proceso oxidativo de los alimentos durante el
almacenamiento. La incorporacién de plantas, como por ejemplo el extracto de romero, puede
incluso ser mas efectivo que el uso directo de los aditivos sobre la superficie, por ejemplo en el
caso de la carne [248]. Otros extractos provenientes del orégano, té verde, cdrcuma, uva y
propoleo demostraron que aumentan la estabilidad de los diferentes productos a base de carne
y extienden su vida util [249—-251]. Ya se realizaron experimentos en pescado y pollo, por
ejemplo la adicién del aceite esencial de limon en una matriz de carragenina permitié reducir el
crecimiento microbiano e inhibir la oxidacion lipidica de filetes de trucha. El uso del aceite
esencial de orégano y clavo en film permitid extender el tiempo de vida util de pechugas de
pollo [252].
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2. OBJETIVOS

El objetivo de la presente Tesis es determinar la capacidad antioxidante y antirradicalaria de los
extractos de distintas plantas aromaticas y/o comestibles: Rosmarinus officinalis (romero),
Thymus vulgaris (tomillo), Lavandula officinalis (lavanda), Caesalpinia decapetala, Caesalpinia
spinosa (Tara) y Morinda critrifolia (Noni). Ademas, comparar la actividad antioxidante en Model
Food System, con el fin de demostrar la eficacia de estas plantas como posibles sustitutas de
los antioxidantes sintéticos en la industria alimentaria. Este objetivo general se desglosa en los
siguientes objetivos especificos:

. Cuantificar el contenido de polifenoles totales de los extractos de las plantas,
determinar la capacidad antiradicalaria de cada uno de los extractos de las plantas por
diferentes métodos y analizar la equivalencia entre ellos. Asi como, identificar los compuestos
antioxidantes presentes en los extractos mediante cromatografia liquida de alta resolucion
(HPLC-DAD y LC-MS).

. Evaluar y cuantificar la oxidacién en el seno de una emulsién aceite-en-agua, como
sistema modelo, con incorporacion directa de los extractos vegetales en la emulsién, mediante
la oxidacion primaria y la oxidacion secundaria.

. Evaluar el retardo en la oxidaciéon de las grasas en un sistema céarnico (hamburguesas
y salchichas), por incorporacion directa de las plantas.
. Desarrollar, caracterizar y evaluar las propiedades de un envase activo comestible

(films de gelatina) con incorporacion de los extractos: C. decapetala, C. spinosa y M. citrifolia,
asi como analizar su capacidad antioxidante en un sistema carnico (hamburguesas).

. Caracterizar y evaluar la capacidad antioxidante de un film biodegradable, a base de
acido polilactico, con incorporacion de R. officinalis y T. vulgaris, en el seno de una emulsion
aceite-en-agua.
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3. MATERIALES Y METODOS

En el presente capitulo se profundiza la metodologia empleada en los estudios experimentales,
considerando aspectos como: el material vegetal utilizado, reactivos quimicos, modo de
extraccion de las distintas especies vegetales, métodos para evaluar la actividad
antirradicalaria, métodos para identificar compuestos polifenélicos, métodos de medicién de la
actividad antioxidante en Model Food Systems, procedimiento de fabricacion y caracterizacién

de films y analisis estadisticos.
3.1. Material vegetal

Las plantas arométicas utilizadas fueron: romero (R. officinalis), tomillo (T. vulgaris) y lavanda
(L. officinalis) y las comestibles no aromaticas: C. decapetala, Tara (C. spinosa) y Noni (M.
citrifolia). Las aromaticas fueron recolectadas en la comarca del Barcelonés, Catalunya
(Espafia). Las plantas del género Caesalpinia fueron recibidas en estado seco del Instituto de
Fitoterapia Americano (Perl) y la planta Noni fue recolectada en Venezuela y enviada en
estado seco. Todas fueron recolectadas en los meses de primavera. Las plantas se
diferenciaron en funcién de su origen botanico. En las plantas aromaticas se trabajé con las
hojas, raices y flores, exceptuando el romero que solo se empled las hojas y raices. En el caso
de las plantas del género Caesalpinia y la del Noni se trabajé Unicamente con las hojas.
Posteriormente se trituraron, se procedi6 a realizar una extraccion solido-liquida y el extracto se
liofiliz6 y se almacend en oscuridad en un desecador a temperatura ambiente hasta el
momento de su uso. La nomenclatura usada en cada planta (siglas en inglés) se especifica en
la Tabla 3:

Tabla 3. Resumen de las referencias de las plantas estudiadas

Referencia de la muestra Tipo de muestra

RL Hoja de romero

RR Raiz de romero

RD Hojas de romero seco
RLE Extracto liofilizado de hojas de romero
TL Hoja de tomillo

TR Raiz de tomillo

TD Hojas de tomillo seco
TLE Extracto liofilizado de hojas de tomillo
TF Flor de tomillo

LL Hoja de lavanda

LR Raiz de lavanda

LF Flor de lavanda

CD Hoja de C. decapetala

CS Hoja de C. spinosa

NE Extracto de la hoja de Noni
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3.2.Reactivos quimicos

Los reactivos usados en los métodos fueron: Folin-Ciocalteu, metanol, carbonato de sodio
anhidro, alumina (6xido de aluminio), fluoresceina (C,oH10Na,Os), tampoén fosfato salino, acido
clorhidrico 37 %, Tween-20, &cido tricloroacético, acido acético glacial, acetonitrilo calidad
HPLC, &cido formico calidad HPLC, metanol calidad HPLC, todos ellos fueron suministrados

por Panreac.

Los reactivos é&cido tiobarbitrico, GA, ABTS (2,2-Azino-Bis 3-Etilbenzotiazolina-6-Acido
Sulfénico), Trolox® (6-Hidroxi-2,5,7,8-Tetrametilcromo-2-Acido Carboxilico), DPPH (2,2-Difenil-
1-Picrilhidracil), Butil Hidroxi Tolueno (BHT), AAPH (2,2,-Azobis(2-Metilpropinamida),
dihidrocloruro, etanol parcialmente desnaturalizado, tiocianato de amonio, acetato de sodio 3-
hidrato (CH3;COONa-3H,0), cloruro de hierro (lll) hexahidratado (FeCls-:6H20), TPTZ (2,4,6-

Tripyridyl-s-Triazine) y glicerol se obtuvieron de Sigma-Aldrich.

El aceite de oliva de uso comercial y la gelatina tipo A se compraron en supermercado. El 4cido
polilactico fue obtenido de Hycail Finland Oy (HM1011) y el cloroformo (grado HPLC) de

Fischer Scientific.
3.3.Extraccién de las muestras

La extraccién general de las plantas se hizo en la relacion de 1,5 g por 25 mL de disolvente. El
disolvente que se empled fue etanol 50% (EtOH:H,0). La mezcla se sometid a agitacion
continua durante 24 horas a temperatura de 4 °C. Una vez finalizado el periodo las muestras se
centrifugaron. A partir de la centrifugacion, se tomé una parte del sobrenadante para su

posterior uso en la determinacién de la capacidad antiradicalaria.

El sobrenadante restante se separd, se rotaevapord y se congelé a -80 °C durante 24 horas,
seguidamente se liofilizé. El liofilizado obtenido fue pesado y mantenido protegido de la luz en

un desecador hasta su posterior uso.
3.4.Determinacion de polifenoles totales (Folin-Ciocalteu):

El método Folin-Ciocalteu usado actualmente fue propuesto por Singleton y Rossi [253] en el
afio 1965. Este ensayo es una modificacion de un método desarrollado en 1927 por Folin y
Ciocalteu empleado para la determinacion de tirosina, el cual se basaba en la oxidacion de los
fenoles por un reactivo de molibdeno y tungstano sédico), que reaccionan con cualquier tipo de
fenol, formando complejos fosfomolibdico-fosfotingstico. La transferencia de electrones a pH
basico reduce los complejos fosfomolibdico-fosfotiingstico en éxidos cromégenos de color azul
intenso, de tungsteno (WgO,3) y molibdeno (MogO,3), siendo proporcional este color al nimero
de grupos hidroxilo de la molécula [254]. La coloracion azul se cuantifica por espectrofotometria

en base a una recta de calibrado de GA [255].
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Este método es criticado porque diversas sustancias de naturaleza no fendlica pueden interferir
en las determinaciones y pueden dar lugar a concentraciones aparentemente elevadas de
polifenoles debido a la presencia de otros compuestos. Por ello debe hacerse una eliminacion
previa de estas sustancias. Entre ellas destacan las proteinas, el acido ascorbico (CgHgOg), €l
acido urico (CsH4N403), algunos aminoacidos y nucledtidos, azlcares, aminas aromaticas y
algunas sales inorganicas. Sin embargo, como principal ventaja, cabe destacar que es un
método simple, preciso y sensible [255]. Por ello, a pesar de estos inconvenientes, el ensayo
de los fenoles totales se emplea con frecuencia en el estudio de las propiedades antioxidantes
de alimentos vegetales y es un parametro que generalmente muestra una estrecha correlacion

con diferentes métodos de medida de la actividad antioxidante [256,257].

Para realizar los ensayos, se tomaron muestras de los extractos de las plantas (7 % volumen)
en la dilucién adecuada y se agreg6 el reactivo Folin-Ciocalteu (30,8 % volumen) y una
solucién de carbonato de sodio al 20 % (30,8 % volumen) y agua Milli-Q (30,8 %). Las
muestras se realizaron por triplicado, se dejaron reaccionar durante 1 hora en oscuridad y se
midié la absorbancia en un espectrofotémetro FLUOstar OMEGA, Perkin—Elmer, Paris, France
a A=765 nm. Las unidades se expresaron como miligramo equivalente de 4cido gélico (GAE)

por gramo de extracto liofilizado.
3.5.Determinacién de flavonoides totales

Los flavonoides son metabolitos secundarios que se encuentran en todas las partes de las
plantas y cumplen una funcién protectora de ella y sus frutos. Por ejemplo, los flavonoides se
encargan de proteger a los vegetales de la incidencia de rayos ultravioletas y visibles, protege
a la planta también de los insectos, hongos, virus y bacterias. Ademas ejercen un efecto
antioxidante, controlan la accién de hormonas vegetales y agentes alelopaticos, son inhibidores

de enzimas e incluso son atrayentes de insectos polinizadores [258].

Para conocer el contenido de compuestos flavonoides totales se utilizé el método
fotocolorimétrico descrito por Zhishen et al. [259], con una ligera modificacion. De acuerdo a
este método la muestra del extracto (10,6 % volumen), se mezclé en una dilucion adecuada
con 14,9 % de una solucion al 5 % de NaNO,. Al cabo de 5 minutos se afiadieron 31,9 % de
una solucién de AICl; al 10 %, 10,6 % de NaOH 1 M y 63,8 % de agua destilada. La
absorbancia se midié a A= 510 nm. Los resultados se expresaron en mg de Catequina por g de

Peso seco.

3.6.Determinacion de la capacidad reductora fente al Fe(ll) FRAP

(Ferric-Reducing Antioxidant Power)

El andlisis del FRAP (Ferric-Reducing Antioxidant Power) fue introducido por Benzie y Strain
[260] para medir la actividad antioxidante total. Se basa en la capacidad de los polifenoles para

reducir Fe*" a Fe** en los complejos formados con TPTZ (Fig. 13).
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Este método se modificd recientemente para su uso en microplacas de 96-pocillos [261], dando
una mejor reproducibilidad de muestras. El andlisis se basa en el poder reductor de un
antioxidante que reduce el ion Fe** al ion Fe*". Una absorcién alta a una longitud de onda de
593 nm indica un poder de reduccién alto del fitoquimico, es decir una actividad antioxidante
alta [262].
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Fig. 13. Reaccién FRAP [263].

Se realiz6 la determinacién en microplaca, mezclando el reactivo FRAP incubado a 37°C con
las muestras (en una dilucién adecuada para que quede dentro de rango). El reactivo FRAP se
preparé a partir de buffer acetato 300 mM, y los reactivos TPTZ 10 mM vy cloruro de hierro (lll)
20 mM. Estos se mezclaron en la relacion 10:1:1. Se realiz6 lectura de la absorbancia en el
espectrofotometro FLUOstar OMEGA, Perkin—Elmer, Paris, France, midiendo a A= 593 nm.

3.7.Ensayo TEAC

El ensayo TEAC (Trolox Equivalent Antioxidant Activity) o ensayo del ABTS [2,2-Azinobis-(3-
Ethylbenzothiazoline-6-Sulphonic Acid)] se basa en la captacién por los antioxidantes del
radical cationico verde-azulado ABTS:-" (Fig. 14), cuyo espectro muestra un maximo de
absorcién a las longitudes de onda 415, 645, 734 y 815 nm. De todas ellas, las longitudes de
onda empleadas mas frecuentemente son 415 y 734 nm [255]. El método fue realizado de
acuerdo a Almajano et al. [264] Como patron se empleé el acido 6-hidroxi-2,5,7,8-

tetrametilcroman-2-carboxilico (Trélox®), un analogo sintético hidrosoluble de la vitamina E.

ch
=L
e LS5
CH3 NH4*

Fig. 14. Radical ABTS [263].
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Se pueden utilizar dos estrategias para el desarrollo del método: inhibiciéon y decoloracion. En
la primera los antioxidantes se afiaden previamente a la generacion del radical ABTS"- y lo que
se determina es la inhibicion de la formacién del radical, que se traduce en un retraso en la

aparicion de la coloracion verde-azulada

En la segunda estrategia, usada en esta Tesis, los antioxidantes se afiaden una vez el ABTS"-
se ha formado y se determina entonces la disminucién de la absorbancia debida a la reduccion

del radical, es decir la decoloracién de éste [265].

Para proceder al ensayo se prepar6 el radical cationico ABTS (7 mM) y persulfato de potasio
(24,24 mM). Se mezclaron. La absorbancia del radical ABTS se ajustd, diluyéndolo con PBS 10

mM (pH=7,4) incubado a 30 °C. Esta absorbancia se mantuvo entre 0,72 + 0,01.

El ensayo se realizé en una microplaca, mezclando la disolucién que contiene el radical (90%
volumen) con la muestra del extracto (10% volumen) en las diluciones adecuadas para que la
absorbancia quede dentro del rango de lectura del aparato. Se midi6é la absorbancia en el
espectrofotometro FLUOstar OMEGA, Perkin—Elmer, Paris, France a A=734 nm durante 15
minutos. Se tomé como resultado final el minuto 5, a partir del cual ya no se observé

disminucién de la lectura.

A partir de una recta de calibrado con Trolox®, se representd el porcentaje de inhibicion (%)
versus la concentracion de Trolox® (moles de Trolox® por unidad de volumen) y se obtuvieron

los TE de la muestra analizada.

Con la absorbancia, se determiné el porcentaje de inhibicién de los blancos y de cada muestra

segun la siguiente expresion:

% Inhibicién blanco= ( t - ts/to)x100 (Ec. 1)
% Inhibiciébn muestra= (o - ts)/to X 100 - %lInhibicion (Ec. 2)
Donde:

to= representa el valor de la absorbancia al tiempo inicial.

ts= representa el valor de la absorbancia a los 5 minutos de lectura.

3.8.Ensayo ORAC.

El ensayo ORAC (Oxygen Radical Antioxidant Activity) se aplica para evaluar la capacidad
antioxidante en muestras biolégicas y de alimentos. Se basa en la inhibicidn del radical peroxilo
oxidativo inducido por descomposicion térmica de compuestos azo como el AAPH [2,2'-Azobis-
(2-Aminopropano)-Dihidrocloruro] (Fig. 15). El mecanismo de reaccion se basa en la
transferencia de un atomo de hidrégeno del antioxidante al radical libre. Para ello se usa un

radical iniciador (AAPH) para generar el radical peroxilo (ROO-). En presencia de un
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antioxidante, el radical capta, preferiblemente, un atomo de hidrogeno del antioxidante (AH),
originando un compuesto hidroperéxido (ROOH) y un radical antioxidante estable (A-). Como
consecuencia, la disminucion de la fluorescencia por accion del radical peroxilo es disminuida o
inhibida [255]. [255].

HiG CHs  NH
HQNTRAN,,N NH, + 2HG
NH HsC CHj

Fig. 15. Radical AAPH

La proteccion del antioxidante se mide a partir del area de fluorescencia bajo la curva (Area
Under Curve, AUC) (Fig. 16) de la muestra en comparacion con la AUC del blanco (en la cual el
antioxidante no esta presente). La AUC del calibrado se genera usando diferentes patrones

(con diferentes concentraciones estandar) de Trolox® [266].

250000

200000

Muestra

-150_00@I antioxidante

AUC

100000 *—— » Blanco

50000

0 20 40 60 80 100

Tiempo (min)

Fig. 16. Actividad antioxidante ORAC de una muestra con antioxidante medida como AUC

El ensayo se realiz6 de acuerdo a Skowyra et al. [191]. Las muestras del extracto de las
plantas se diluyeron para mantenerse dentro del rango del equipo. Se colocaron en una
microplaca (20 % volumen) y se agregd Fluoresceina (60 % volumen). Se realiz6 una lectura
inicial en el equipo de andlisis (FLUOstar OMEGA, Perkin—Elmer, Paris, France), preparado a
una temperatura de incubacién de 37 °C. Una vez realizada esta, se agrego el AAPH (0,3 M)
(20 % volumen) y se continué con las mediciones durante 2 horas. Se calculé el AUC,

mediante la siguiente ecuacion:
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AUC= ((0,5 + ¥ "= 1fi)/ fi) x tc (Ec. 3)

Donde:

AUC= &rea bajo la curva de la muestra del pocillo.

fi = unidades de fluorescencia (fi, corresponde al valor de la primera lectura).
Nc= nimero de ciclos.

tc: tiempo de cada ciclo, en este caso tc = 2 (2 minutos).

Seguidamente se calculd la disminucion de la fluorescencia a través de la ecuacién 4. Los

resultados son expresados como micromoles TE/gramos de extracto liofilizado:
Disminucion fuorescencia = AUC - AUCqg; (Ec. 4)

AUC= area bajo la curva de la muestra del pocillo.

AUCg=area bajo la curva del blanco.
3.9.Ensayo DPPH

El ensayo DPPH, permite evaluar la actividad de compuestos especificos o extractos usando el

radical libre estable 2,2-difenil-1-picrilhidracilo (DPPH") (Fig. 17) en una solucién metandlica.

L il v,

NO,

Fig. 17. Radical DPPH [267].

La reduccién del DPPH’ se monitorea por la disminucion en la absorbancia a una longitud de
onda caracteristica. En su forma de radical libre, el DPPH’" absorbe a 515 nm y cuando sufre
reduccién por un antioxidante, esta absorcién desaparece. En consecuencia, la desaparicion
del DPPH’ proporciona un indice para estimar la capacidad del compuesto para atrapar
radicales. El modelo que explica la actividad de un compuesto como antirradical se ejemplifica

con la siguiente ecuacion [268].

DPPH’ + (AH)n » DPPH-H + (A)n

Donde AH es un antioxidante que actlla como antirradical donando atomos de hidrégeno (tal es
el caso de los fenoles), lo que da como resultado radicales con estructuras moleculares

relativamente estables , ya que se produce la deslocalizacion, que detendran la reaccion en
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cadena. El nuevo radical formado (A") puede interactuar con otro radical para formar moléculas
estables (DPPH-A, A-A). La reaccién entre el DPPH" y un compuesto, depende de la
conformacién estructural del mismo, por lo que las comparaciones cuantitativas no siempre son
apropiadas [268].El ensayo DPPH se realiz6 segun Skowyra et al. [269] para determinar la
capacidad que tienen los extractos para inhibir el radical DPPH. Se prepard una solucion de
DPPH al 5,07 mM en metanol puro. Se efectuaron las diluciones adecuadas para las muestras
en estudio. Seguidamente en una microplaca, se agreg6 la disolucion de DPPH, y las muestras
(en la concentracion de 10 % v/v de muestra y 90 % v/v del radical). Se midio la absorbancia en
el espectrofotémetro FLUOstar OMEGA, Perkin—Elmer, Paris, France a A=517 nm, durante 75

min.

3.10. Ensayo de resonancia paramagnética electrénica (Electron
Paramagnectic Resonance, EPR):

La extraccion de las plantas para efectuar este ensayo se realiz6 en MeOH en la proporcion
1:10 (m/v). Este procedimiento se aplicd Gnicamente para C. decapetala. El sobrenadante de

esta extraccion se uso en el ensayo.

Para generar la reaccién [270] se efectud la mezcla de reactivos en el siguiente orden: 100 uL
de DMPO (35 mM); 50 pL de H,O, (10 mM); 50 pL del extracto de la planta a diferentes
concentraciones o 50uL de &cido ferulico como control positivo (0-20g/L) o 50uL de MeOH puro

como control negativo y 50uL de FeSO,4 (2mM).

Las soluciones finales (125uL) se pasaron a través de un estrecho tubo de cuarzo (diametro
interior = 2 mm) y se introdujeron en la cavidad del espectrometro de EPR. El espectro se
registré 10 min después de la adicion de la solucién de FeSO,, ya que en ese momento la

sefal del aducto radical es mayor.

Los espectros se registraron con un espectrometro Bruker EMX 10/12-Plus en las siguientes
condiciones: frecuencia de microondas de 9,8762 GHz; potencia de microondas de 30,27 mW;
campo central de 3522,7 G; anchura de barrido de 100 G; ganancia del receptor de 5,02 x 104;
frecuencia de modulacion de 100 kHz; amplitud de modulacion de 1,86 g; constante de tiempo

de 40.96 ms y tiempo de modificacion de 203,0 ms.
3.11. Identificacién de compuestos polifenélicos mediante LC-MS

La identificacion de los compuestos polifendlicos presentes en las plantas se realiz6 usando un
equipo LC-ESI-QTOF-MS Agilent serie 1200 (Wilmington, DE, USA). El equipo esta
conformado por un sistema automatico de inyeccién de muestras, dos bombas isocraticas de
alta presién, un desgasificador y un horno cromatografico. El espectrémetro de masas QTOF

es un Agilent modelo 6520, con una fuente de ionizacién por electroespray dual.
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Los componentes se separaron en una columna C;g Zorbax Eclipse XDB (100 mm x 2.1 mm,
3.5 m) de Agilent y conectada a una precolumna C;g3 (4 mm x 2 mm) de Phenomenex
(Torrance, CA, USA). Las fases moéviles usadas fueron: agua ultrapura (fase A) y acetonitrilo
(fase B), ambos acidificadas con 0,1 % con acido férmico. El gradiente fue: 0-2 min, 3 % B; 25-
27 min, 100 % B; 28-38 min 3 % B. La fase mévil tuvo un flujo de 0,2 mL min™. El volumen de

inyeccion fue 10 pL y la temperatura de la columna fue de 30 °C.

El analizador de masas TOF se oper6 a 2GHz. La exactitud en las masas fue dada por infusién
continua, a través de un segundo nebulizador, de una solucién de referencia de masas
(Solucién de calibracion A de Agilent) en la fuente ESI. La identificacién de los compuestos
activos en los extractos de las muestras se realizaron por la seleccién de los picos mas
intensos en los cromatogramas obtenidos a partir de cada planta, seguido por la generacion de
su férmula empirica y la adquisicién de los iones producto para cada ion precursor obtenidos
en los espectros, sometidos a diferentes colisiones de energia. Para la identifiacion de los
compuestos se utilizé la combinacién de: (1) los valores de masa exactos para los iones
precursores ([MH]), (2) la fragmentacién de los patrones observados mediante el espectro

(MSIMS), vy (3) la existencia de espectros en la base de datos
3.12. Preparacién de emulsiones

3.12.1. Eliminacién de los antioxidantes del aceite.

Con una antelacion de 24 horas al procedimiento de filtracién del aceite, se colocé aliimina en
una estufa a 200 °C para garantizar la ausencia total de agua y la activacién. Se dej6 enfriar en

un desecador hasta que alcanzé la temperatura ambiente.

Para la eliminaciéon de los antioxidantes naturales del aceite, se hizo pasar a través de la

alimina 2 veces. Se almacené a -80 °C hasta su uso.
3.12.2. Preparacion de la emulsion.

Las emulsiones trabajadas fueron del tipo “aceite-en-agua” segun Yoshida et al. [271]. Para
ello, se disolvié Tween-20 (1 %) en agua Milli Q y se afiadié aceite (10 %). Las muestras fueron
afadidas en forma liofilizada re-disueltas en EtOH 50 % v/v. En todos los casos se us6 un
control negativo preparado sin la muestra y un control positivo (Trolox®, BHA o BHT) disuelto
en etanol. Para formar la emulsion, el aceite se afiadid gota en gota y en forma continua,

manteniéndolo en frio (en hielo) y mediante sonicacion durante 10 minutos.
3.12.3. Determinacién del Valor de Perdxidos

El Valor Peréxido (Peroxide Value, PV) se determind por el método del ferrocianuro [272]. Los

reactivos utilizados fueron etanol (96%), cloruro de hierro (ll) tetrahidratado, tiocianato de
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amonio y acido clorhidrico al 37%. Un primer reactivo se prepar6 con acido clorhidrico y cloruro

de hierro (II) y un segundo reactivo con tiocianato de amonio y agua MilliQ.

El ensayo consistié en pesar una gota de emulsion mantenida en un rango entre 0,007-0,01 gy
diluirla en etanol. De esta disolucion se tomé en una cubeta la cantidad necesaria, de acuerdo
al grado de oxidacién de la muestra y se adicioné etanol (96 %). Posteriormente se afiadieron
los reactivos preparados, en la proporcién de 1,875 %v/v cada uno. La medicion de la
absorbancia se realizé en un espectrofotometro marca Zuzi modelo UV4200/51 a A=500 nm. El

célculo del valor de peréxidos fue:

VP= (((Abs x dil)/m) +b)/a (Ec.5)

Donde:
a= representa la pendiente de la recta de calibrado.

Abs= es la absorbancia obtenida.

b= es la ordenada en el origen de la recta de calibrado.
dil= es la dilucién de cada emulsion.

m= peso de la muestra de emulsion tomada (g)

La recta de calibrado se determiné a partir de una serie de muestras de aceite oxidado, de
acuerdo al método oficial AOCS Cd 8-53 [272].

3.12.4. Determinacién de la oxidacion secundaria mediante TBARS en

emulsiones

El método se realiz6 como describe Grau et al. [273]. Se prepar6 el reactivo TBARS (15 %
acido tricloroacético, 0,375 % acido tiobarbitarico y acido clorhidrico 2,1 %). Se tomé una
cantidad de cada emulsion y se afiadié BHA. Posteriormente se afiadi6 el reactivo TBARS en la
relaciéon 1:5. Inmediatamente las muestras fueron introducidas en bafio de ultrasonidos (equipo
marca Prolabo) durante 10 minutos e inmersas en un bafio de agua precalentado a 95 °C por
10 minutos mas. Las muestras fueron centrifugadas y a partir del sobrenadante se midio la
absorbancia a A= 531 nm en un espectrofotémetro marca Zuzi modelo UV4200/51. Los

resultados se expresaron como mg Malonaldidehido (MDA)/kg de emulsién.

3.12.5. Determinacién de voldlites en emulsiones por la técnica del espacio de

cabeza

Se midio la concentracion de hexanal presente en las emulsiones utilizando un cromatégrafo
de gases TRACE GC, equipado con un espectrémetro de masas DSQIl (Thermo Fisher
Scientific) con un inyector de espacio de cabeza TRIPLUS automético. Se introdujo una

concentracion de 0,8 mL en viales de vidrio de 10 mL y se cerraron con tapas de aluminio con
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septos de PTFE / silicona. Posteriormente, se agitaron y se calentaron a 60 °C durante 30min
antes de la medicion. Seguidamente 1ml de la fase de vapor se introdujo y se mantuvo a 65 °C.
Las concentraciones de hexanal se determinaron usando una recta de calibrado preparada a

partir de hexanal.
3.13. Preparacion de hamburguesas de ternera

La carne picada se obtuvo de una carniceria local, la cual se pasé 3 veces por el molino. La
carne se mezcl6 con sal (1,5 %). Posteriormente se separaron varias cantidades de carne y a
cada una de ellas se le afadié la formulacidén correspondiente, pudiendo ser la planta en
estado seco a diferentes concentraciones o controles positivos (BHT, extracto de té blanco).
Los ingredientes fueron mezclados manualmente con la carne y se formaron hamburguesas
pequefas. Las hamburguesas se colocaron en bandejas, cubiertas con plastico transparente y
mantenidas a 4 °C hasta su evaluacién. En el caso de los films, las hamburguesas fueron
cubiertas con una pelicula del film tanto por la parte superior de la hamburguesa como por la
parte de abajo. En uno de los estudios las hamburguesas se almacenaron en atmaosfera rica en

oxigeno que potencio el color rojo de la carne.

3.13.1. Ensayos realizados en hamburguesas:

3.13.1.1. Ensayo de la capacidad antioxidante

Este ensayo se evalué por el método FRAP. Para ello, de acuerdo como describe Linden et al.
[274] se realizaron dos tipos de extraccién para extraer los antioxidantes: lipofilica (con
acetona/etanol/agua destilada; 5:4:1 v/v) e hidrofilica con agua destilada. Cada extraccién se

denomind como FRAP,qer Y FRAPjpig.

En el caso de la carne, para proceder a la extraccién, en primer lugar se homogeneiz6 con un
politron (marca Ultraturrax). La carne (5 g) se mezclé6 con 5 mL de cada disolvente y se
homogeneizd con el politron por 30 segundos. Las dos extracciones se realizaron siguiendo
esta metodologia. La mezcla obtenida se centrifug6 por 30 minutos a 4 °C. El sobrenadante se

filtré y se uso para el ensayo FRAP. Las medidas se hicieron por triplicado.

3.13.1.2. Ensayo de metamioglobina

Las muestras de carne (5 g) se homogenizaron con 25 mL de tampén fosfato 0,04 M (pH 6,8)
durante 10 segundos usando un politrn. La mezcla homogeneizada se almacend por 1 h a
4 °C y se centrifugé a 4500 g por 20 minutos a 4 °C usando una centrifuga refrigerada. La
absorbancia del sobrenadante se filtré y se leyo en un espectrofotometro marca Zuzi modelo
uUv4200/51 a 572, 565, 545 y 525 nm. El porcentaje de metamioglobina fue determinado
usando la formula de Krzywicki [275]:
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MetMB (%)= [2,514(A572/A525)+0,777(A565/A525)+0,8(A545/A525)+1,098]x100  (EC.6)

Donde:

As7»= lectura a longitud de onda de 572
Asys= lectura a longitud de onda de 525
Asgs= lectura a longitud de onda de 565

As4s= lectura a longitud de onda de 545

3.13.1.3. Medicién del color

La colorimetria tiene por objeto detectar y cuantificar la sensacion del color con la ayuda de
unos parametros. Para ello, se pueden determinar 3 parametros: luminosidad, tono y pureza,
que caracterizan a un color. Los colores que pueden presentar una muestra se cuantifican
empleando distintos métodos. Uno de los mas extendidos es el sistema cromatico CieLAB,
donde las coordenadas cromaticas que se determinan son L* (indica luminosidad de la
muestra), a* (cuantifica la dimensién rojo-verde) y b* (cuantifica la dimensién amarillo-azul)
[276].

Las medidas del color se realizaron en 4 puntos de la superficie de las hamburguesas de
carne. El color se midi6 a lo largo de todo el estudio de la carne. Previamente se hizo un blanco
usando una placa blanca y negra. Las muestras se realizaron por triplicado y con el
instrumento se hicieron 3 medidas en 4 puntos diferentes. En cada punto medido el equipo
realiz6 9 mediciones (“disparos”). La media y desviacidon estandar se calculd para cada

muestra.
3.14. Fabricacién de film de gelatina

3.14.1. Método de produccion del film

Para la elaboracién de los films con las plantas del género Caesalpinia y Noni, se realizé una
extraccion etandlica en la proporcion de 6 g de planta seca en 90 mL de EtOH:H,0O 50 % v/v en
el caso de CD, Noni y 1,2 g de planta seca en el caso de la CS. Ademas, se realizé un film
como control positivo a base de té blanco (WT), en la proporcion de 6 g de planta seca en 90
mL de EtOH:H,0 50 % v/v. . En todos los casos la extraccion solido-liquido se mantuvo a 4 °C
durante 24 h. Posteriormente, la mezcla se centrifugé a 2500 rpm y el sobrenadante se recogio

para afiadirlo en el film.

Los films se elaboraron de acuerdo a Bodini et al. [250] con gelatina de tipo A (2 g/100 g de

solucién filmogénica), la cual se hidraté a 25 °C por 10 min y se solubilizé a 55 °C por 15 min
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en un bafio termostatico. Después se afadié el glicerol (20 g/100 g de gelatina). La solucién se
agité y entonces se afiadié el extracto. Nuevamente la solucién se mezcl6. La solucién se dejo
secar en superficies de dimensiones 355x240x17 mm, sobre polietileno (60 g solucion
filmogénica por bandeja) y se secaron en una estufa a 30 °C durante 24 h. Se realizaron

diferentes formulaciones:

e 3 formulaciones para las plantas CD y CS: CD1 (0,3 % m/v de extracto de planta en
film), CD2 (0,7 % m/v de extracto de planta en film) and CD3 (1 % m/v de extracto de
planta en film) and CS1 (0,07 % m/v de extracto de planta en film), CS2 (0,1 %) y CS3
(0,2 % m/v de extracto de planta en film).

e 2 controles positivos con BHA (0,001 %) and WT (1 %).

e 1 control negativo (sin extracto ni adicién de ningun antioxidante)

e 1 formulacién para Noni: NE (1 %)

3.14.2. Caracterizacion del film de gelatina

3.14.2.1. Determinacion de la concentracion de polifenoles totales

Para comprobar la difusividad de los compuestos polifendlicos del film se usaron simulantes
alimentario: etanol 50 % v/v y agua y se determiné la concentracion de polifenoles totales en el
film de acuerdo a Bodini et al. [250]. Las muestras de films se pesaron y se diluyeron en una
solucién de etanol al 50 % , se tomaron muestras diariamente y se analizaron mediante los
ensayos Folin-Ciocalteu, ORAC y TEAC.

3.14.2.2. Ensayo FTIR

Esta técnica se basa en el andlisis de las frecuencias especificas de las vibraciones que
presentan los enlaces quimicos de las moléculas tras su interaccién con la radiacion en la
longitud de onda del infrarrojo. Dichas frecuencias corresponden a niveles de energias y
permiten identificar de modo inequivoco los grupos funcionales més importantes de las

moléculas organicas [277,278].

El ensayo se realiz6 como describe Gallego et al. [279]. Para ello, se empled un equipo FTIR
(Golden Gate, Specac Ltd, Orpington, Reino Unido), con un accesorio de reflexion total
atenuada (attenuated total reeflection, ATR), a una temperatura controlada. Los films se
colocaron directamente en el cristal y se realizaron 8 exploraciones. Se obtuvieron espectros

en la region del infrarrojo entre 4000 cm1y 400 cm'l .

3.14.2.3. Propiedades mecanicas

Dentro de los diversos tipos de ensayos mecanicos que se pueden llevar a cabo en los
polimeros, el de traccién permite calcular el estiramiento de una muestra colocada en un

sistema de mordazas a una velocidad constante hasta su rotura (resistencia a la traccion del
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material) [280]. El ensayo de traccion permite también conocer el grado de elongacion del
material antes de su rotura y el médulo de elasticidad o modulo de Young, que relaciona la
proporcién existente entre la tensién y la deformacién del polimero [281]. Generalmente un
incremento en la cantidad de plastificante da como resultado peliculas con menor fuerza de

tension y una mayor elongacion [282—-284].

Las propiedades mecanicas del film se evaluaron usando un equipo Zwick BZ2.5/TN1S (Zwick
GmbH & Co. KG, ULM, Germany) y se midieron a una velocidad de deformacién de 10
mm/min. Las muestras se cortaron manteniendo un espesor de 15,2 mm con una longitud de
10 mm y un ancho de 5 mm. La media se hizo sobre un minimo de 10 mediciones de cada
muestra. Se obtuvieron los resultados de resistencia a la traccion (T), alargamiento (E) y el

modulo elastico (médulo de Young).

3.14.2.4. Permeabilidad al vapor de agua

El ensayo se realiz6 segun Abdollahi et al. [285]. Los films se cortaron en forma circular y se
fijaron en la parte superior de un vaso de precipitados. Este se coloco en un desecador junto a
un vaso de precipitados con agua destilada. El desecador se introdujo en una incubadora
provista de control de temperatura (25 °C). Las muestras se pesaron a diferentes intervalos de

tiempo hasta completar 101 h, determinando la ganancia de masa de los films.

3.14.2.5. Ensayo de transmisién de luz (transparencia del film)

Este ensayo se realiz6 siguiendo el método propuesto por Fang et al. (2002) [286]. Los films se
cortaron en rectdngulos pequefos y se introdujeron en cubetas. Las cubetas se situaron en un
espectrofotbmetro Zuzi UV4200/51, AUXILAB, S.L., Navarra, Spain y se midieron a una
longitud de onda de 600 nm por triplicado. La opacidad se calculd mediante la siguiente

ecuacion:

Opacidad= Absggy/x (Ec.7)

Donde Absgy es el valor de la abosorbancia (Abs) a 600 nm y x es el espesor del film (mm)

calculado con un medidor manual de grosor marca Sauter.

3.14.2.6. Microscopia_electrénica_de barrido (Scanning Electron Microscopy,

SEM):

Esta técnica consiste en hacer incidir un barrido de haz de electrones sobre la muestra,

previamente recubierta de oro o carbdn (le otorga propiedades conductoras). Al alcanzar el haz
la superficie de la muestra se generan electrones secundarios (Secundary Electron Image,
ESI). El microscopio dotado internamente de un detector, permite recoger la energia y

transformarla en imagen [287].

68



MATERIALES Y METODOS

La morfologia de la pelicula se evalu6 por microscopia electrénica de barrido [250] en un
equipo Nano Nova 230, FEI, Hillsboro, Oregén, EE.UU. Las peliculas se cortaron en trozos de
5 mm x 5 mm. Las muestras se recubrieron de oro y se observaron usando un voltaje de

aceleracion de 20 kV.

3.14.2.7. Propiedades de color en el film

Los pardmetro de color CIE lab se midieron mediante un equipo colorimétrico Konica Minolta
CM-3500d (Konica Minolta Sensing, INC.,, Milton Keynes, UK). Las medidas se tomaron en

fiferentes puntos del film y los valores resultaron como media de 9 mediciones.

3.15. Fabricaciéon del film con base de PLA

3.15.1. Elaboracién del film de PLA

Ademaés de los films de gelatina, se fabricé un film a base de PLA. En este film se incorporaron
las plantas aromaticas romero y tomillo. Ambas plantas se afadieron en estado seco y su
extracto etandlico liofilizado. Para ello, se prepararon un total de 9 films diferentes. La
nomenclatura usada en las formulaciones de los films se muestra en la Tabla 4. Los films

fabricados fueron:

e 1 film solo de PLA (como control).

e 4 films con las plantas aromaticas (2 con el extracto de la planta liofilizado y 2 con la
planta seca).

e 4 con patrones antioxidantes (BHT, RA, CA 'y EGCG).

Tabla 4. Nomenclaturas usadas en los film de PLA

Referencia del film Contenido
TD Tomillo Seco
TLE Extracto de Tomillo Liofilizado
RD Romero Seco
RLE Extracto de Romero Liofilizado
BHT Butil Hidroxi Tolueno
RA Acido Rosmarinico
CA Acido Cafeico
EGCG Galato de Epigalocatequina

Las plantas secas y los extractos liofilizados se afiadieron en la concentracion de 3 % (w/w) al
PLA. La muestra de cada planta se trituré con la ayuda de un mortero. La muestra de tomillo
seco se tamizo (tamafio orificio 140 micras). Los patrones (BHT, RA, CA, EGCG) se diluyeron y

se afadieron al PLA en la concentracién de 1,5 % (w/w).

El PLA se disolvi6 junto a la planta y/o muestra patrén en cloroformo, calentdndose a 40 °C con

agitacion continua. La solucién obtenida se vertié en placas de Petri (18,5 cm de diametro) y se
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dejo secar durante una semana. A continuacion, los films se colocaron en un horno de vacio y

se dejaron secar durante una semana mas.

Considerando el diametro de las capsulas de Petri, se utilizé la relacion de 2,9 g de PLA y 40

ml de cloroformo para la fabricacion del film.

Los films elaborados con los patrones (RA, CA y EGCG) sélo se utilizaron para comparacion en

los ensayos TGA y los ensayos de migracion.

3.15.2. Ensayo de migracién

Los ensayos de migracion se realizaron con los simulantes alimentarios: agua (grado HPLC) y
etanol 95 % v/v. Los films se cortaron en tiras de 50 mg en el caso de los films con planta seca
y 25 mg en los films con el extracto liofilizado y la muestra patrén. Las tiras de films se situaron
en unos tubos de ensayo bordeando el interior del tubo. Se vertieron 5 mL en los tubos de los
simulantes alimentarios y se taparon con tapones de rosca. Las muestras se colocaron en un

horno a 37 °C durante 10 dias.

3.15.3. Pérdiday ganancia de masa del simulante alimentario

El peso inicial de los films se midi6 antes de la migracion. La pérdida de masa se refiri6 al peso
inicial. El peso humedo de las peliculas se midi6 nuevamente después de 10 dias de la
migracion, mientras que el peso seco de las muestras se midié después de 7 dias de haberse
sometido a vacio (0 Pa a 25 °C) [288].

3.15.4. Desorcibén/ionizaciéon laser asistida- tiempo de vuelo- espectrometria de

masas (laser desortion ionization-time of flight-mass spectrometry )

La prueba de desorcion/ionizacion laser asistida — tiempo de vuelo — espectrometria de masas
(Laser Desortion lonizationTtime of Flight- Mass Spectrometry, LDI-ToF-MS) se realiz6 de
acuerdo a Wu and Hakkarainen [289]. Para ello, se us6 un espectrémetro de masas Bruker
Ultra Flex con una fuente de iones SCOUT-MTP (Bruker Daltonics, Bremen, Alemania),
equipado con una fuente laser de nitrégeno 337nm. La expulsién de iones se establecié en

200ns y se realizaron 1000 disparos en cada andlisis.

3.15.4.1. LDI-ToF-MS en las plantas:

El procedimiento se llevé a cabo para obtener la distribucién de los compuestos de bajo peso
molecular presentes en las plantas en estado seco y en el extracto liofilizado. Cerca de 1 mg de
material vegetal se disolvié en 1 ml de EtOH 75 % v/v y luego 1 pL se colocé en una placa

MALDI de acero inoxidable.
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3.15.4.2. LDI-ToF-MS en los films:

Se realiz6 este ensayo en los films sometidos a los simulantes alimentarios. Se analizaron dos
muestras de cada material después de 18 horas, 68 horas y 240 horas. Mediante una jeringa
Hamilton se inyectaron 5 pL del simulante alimentario. Los 5 pL de los simulantes alimentarios
se detectaron en una placa MALDI de acero inoxidable. El blanco que se utilizé fue etanol y

agua.

3.15.4.3. Ensayo termogravimétrico (Thervogravimetric Analysis, TGA)

Es una técnica que mide la masa de una muestra mientras se calienta, enfria 0 se mantiene a
la misma temperatura en una atmdésfera conocida, habitualmente aire u oxigeno y en algin
caso, una atmosfera inerte de N,. Se usa principalmente en el andlisis cuantitativo de
productos. Una curva tipica de TGA nos muestra la pérdida de masa al aumentar la
temperatura y se relaciona con la pérdida de componentes volatiles, descomposicién del

polimero, combustion y posibles residuos finales [290].

El ensayo por TGA (Wu and Hakkarainen [289]) se realiz6 para evaluar la estabilidad termo-
oxidativa de los films y el efecto que poseen las plantas estudiadas sobre los films de PLA. El
equipo que se uso es un Mettler-Toledo TGA / SDTA 851e. Las muestras se cortaron en forma
circular y se colocaron en vasos de aluminio sin tapa. Las muestras se calentaron desde 50 °C
a 600 °C a una velocidad de calentamiento de 10 °C/min. El flujo del gas de oxigeno durante el

analisis fue de 50 mL/min.

3.15.5. Ensayo de la calorimetria diferencial de barrido (Differential Scanning
Calorimetry, DSC):

Es una técnica en la que la diferencia de calor entre una muestra y una referencia se miden en
funcion de la temperatura. La muestra y la referencia se mantienen aproximadamente a la
misma temperatura y se mide el flujo de calor. El equipo DSC se utiliza para caracterizar
polimeros, productos farmacéuticos, bioldgicos y quimicos; se pueden medir las propiedades
fisicas de los materiales como entalpia, energia de fusién, calor especifico, cristalinidad, pureza

o estabilidad a la oxidacion.

Los films se analizaron mediante un equipo DSC (Mettler-Toledo DSC 820). Para ello, se
pesaron 2-5 mg del film y se colocaron en recipientes de aluminio y se cerraron para asegurar
una atmoésfera de nitrégeno (para evitar la degradacion debido a la oxidacion) (Wu and
Hakkarainen [289]).

Las muestras se calentaron desde -30 °C a 240 °C con una velocidad de calentamiento de
10 °C/min y se mantuvieron a 240 °C durante 2 minutos. Después se enfriaron a -30 °C a una

velocidad de 10 °C/min. Las muestras se mantuvieron a -30 °C durante 2minutos antes de
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recalentarlos desde -30 °C a 240 °C con la misma velocidad (10 °C/min). Se fijé un flujo de gas

de nitrégeno de 50 mL/min.

La temperatura de transicion vitrea (Tg) se tom6 como el punto medio de la transicion durante
la segunda etapa del calentamiento. La temperatura de fusiéon (Tm) se obtuvo de la primera
etapa de calentamiento. Todas las muestras se evaluaron por triplicado. Asi mismo, el grado de

cristalinidad se calculé usando la siguiente ecuacion (con AH® f= 93 J/g):

WC= (AHf/AHf) x 100 (Ec.8)

3.16. Analisis estadisticos

Los datos de los analisis se expresaron como media + desviacion estandar. Los analisis
estadisticos se realizaron con el software Minitab. Las diferencias significativas se
determinaron por el andlisis de varianza ANOVA (de una sola via) mediante comparacion con

el test Duncan (p < 0.05).
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4. RESULTADOS Y DISCUSION EXPERIMENTAL

A continuacién se presentan los resultados experimentales realizados con las plantas

aromaticas y/o comestibes empleadas. Los estudios estan clasificados en funcién de la familia

de planta con la que se ha trabajado. En este caso tenemos las plantas de la familia Lamiaceae

(R. officinalis, T. vulgaris y L. officinalis), Fabaceae (C. decapetala y C. spinosa) y Rubiaceae
(M. citrifolia).

Los resultados se muestran en forma de articulo, en las revistas que son:

Antioxidant properties of three aromatic herbs (Rosemary, Thyme and Lavender) in Oil-

in-Water Emulsion. Publicado en Journal American Chemists” Society.

Antioxidant Activity of Polylactic Acid (PLA) Film Prepared with Rosemary and Thyme in

Oil-in-Water Emulsions. Articulo enviado a European Food Research and Technology.

Oxidative stability of O/W emulsions with Caesalpinia decapetala antioxidant capacity

by EPR. Publicacién aceptada en Pharmaceutical Biology en septiembre.

Analytical characterization of polyphenols from Tara and Caesalpinia decapetala as

tabilizers of O/W emulsions. Articulo impress en Journal of Food Science.

Caesalpinia decapetala extracts as inhibidors of lipid oxidation in beef patties.

Publicado en Molecules.

Gelatine-based antioxidant packaging containing Caesalpinia decapetala and Tara as a

coating for grodund beef patties. Publicado en Antioxidants.

Active packaging incorporationg Noni extract to maintain the oxidative stability of meat

Burger. Articulo enviado a Journal of Food Science.

75



RESULTADOS Y DISCUSION EXPERIMENTAL

76



ESTUDIOS CON PLANTAS DE LA FAMILIA LAMIACEAE

Estudios con Plantas de la
Familia Lamiaceae

(R. officinalis, T. vulgaris y L. officinalis)

e Antioxidant properties of three aromatic herbs (Rosemary,
Thyme and) in Oil-in-Water Emulsion.

e Antioxidant Activity of Polylactic Acid (PLA) Film Prepared with

Rosemary and Thyme in Qil-in-Water Emulsions.
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4.1.Antioxidant properties of three aromatic herbs (rosemary, thyme

and lavender) in oil- in- water emulsion

M.Gabriela Gallego, F.J. Segovia, Monika Skowyra, M.P. Almajano,

Publicado en Journal American Chemists” Society (2013): 90:1559-1568; doi:
10.1007/s11746-013-2303-3

4.1.1.Introduction

The susceptibility of lipids to oxidation is one of the main causes of deterioration in the quality of
food emulsions. This deterioration includes undesirable changes in flavors, textures, shelf life,
appearance, and nutritional profiles [291]. In addition, it may cause degradation of nutritional
quality, and even affect food safety. Antioxidants are a group of substances that, in low
concentrations, inhibit or retard oxidative processes through a mechanism that usually involves

oxidation of the antioxidant [292].

Polar compounds have been reported to impact negatively on the oxidative stability of the oils.
Free fatty acids accelerate the oxidation rate of oils and oil in water emulsions (O/W) through
the ability of the carboxylic acid group to accelerate the decomposition of hydroperoxides and

form prooxidative complexes with metals [293].

Synthetic antioxidants, such as Butyl Hydroxy Anisole (BHA), Butyl Hydroxy Toluene (BHT) and
Propyl Gallate (PG) are used in many foods to prevent rancidity. However, their effects on
health have been questioned. Natural antioxidants are presumed to be safe because they occur
in nature and in many cases are derived from plant sources. Natural antioxidants have many
advantages: they are accepted by consumers, are considered safe and have less regulatory
requirements. The antioxidant properties can be due to many substances including some

vitamins, flavonoids, terpenoids, carotenoids and phytoestrogens [2].

The use of herbs and spices to inhibit the development of oxidative reactions in food systems
has recently become popular. Rosemary (Rosmarinus officinalis), thyme (Thymus vulgaris) and
lavender (Lavandula angustifolia) have been the center of focus as sources of natural
antioxidants, and it has been reported that the antioxidant properties of spices were attributed to
their phenolic contents. The compounds present in these extracts can be classified into three
groups: diterpenes, flavonoids and phenolic acids. Compounds such as rosmarinic and carnosic

acid are major components [63].

Aromatic herb extracts act as antioxidants to retard oxidation of fats, and their activity can be
assessed in oil in water emulsions (O/W) as a model system. An emulsion is a dispersion of
droplets of one liquid in a second immiscible liquid. It does not form spontaneously and it
requires the addition of an emulsifying agent to be stable. The use of emulsions to assess the

activity of natural antioxidants is a model for foods such as mayonnaise, where the antioxidant
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capacity of samples containing additives can be compared with a control emulsion under
controlled storage conditions. Lipid oxidation can be monitored in emulsions. In the first phase

of lipid oxidation, lipid free radicals react with oxygen to form hydroperoxides [294].

These products usually are further oxidized to form ketones, aldehydes, alcohols and acids that
negatively affect the taste, aroma, nutritional value and overall sensory quality of the product,
and also lower the pH. Moreover, it is well known that polyphenols and other natural
antioxidants significantly enhance the stability of edible oils, because they have the capacity to
donate one hydrogen atom to a free radical and reduce propagation of the radical chain reaction
[294].

Secondary oxidation of fats can be followed by testing for TBARS (Thiobarbituric Acid Reactive
Substances), which has been widely used to determine the degree of oxidative rancidity of a
product during storage [75]. Determination of the level of lipid peroxidation in a system can be
quantified by measuring the main product formed by the oxidation of polyunsaturated fatty
acids, namely Malondialdehyde (MDA). This can be detected and quantified when it reacts with
thiobarbituric acid. Measurement of thiobarbituric acid reactive substances is a good method to

determine the ability of different antioxidants to inhibit lipid peroxidation [75].

The main objective of this study was to determine and compare the antiradical capacity of
extracts from three aromatic plants: rosemary (Rosmarinus officinalis), thyme (Thymus vulgaris)
and lavender (Lavandula angustifolia), with a study of the individual parts (leaf, flower and
stem). The antioxidant activity in emulsions was compared in order to demonstrate the ability of
extracts from these plants to be used as possible substitutes for synthetic antioxidants in the

food industry.

4.1.2.Results and discussion

4.1.2.1. Analysis of Total Polyphenols.

The concentration of total polyphenols in the extracts was determined, and the results are
shown in Table 5. The extract from the leaves of thyme had the highest polyphenol content with
334 + 18.4mg Gallic Acid Equivalent (GAE)/g lyophilized extract, with the extract from thyme
flowers and lavender leaves next in polyphenol content with no significant difference between
the samples (p= 0.751). Lavender flowers had a lower polyphenol content (52 £ 2.1 mg GAE / g
lyophilized extract) than the leaves. The phenolic content of R. officinalis was in the range 198 +
14.5 and 219 £ 6.1 mgGAE/g lyophilized extract. Several authors have reported the polyphenol
content of this plant. Dorman et al. [295] reported a similar content in rosemary leaves (185 mg

GAE / g extract), when determined following extraction with water.

However, studies involving methanol extraction of rosemary leaves have reported lower values
than those obtained in the present study, in the range of 2.6 to 59. 6 mgGAE/g Dry Weight (DW)
(relative to the whole plant, not Iyophilized), with 80% methanol (MeOH:H,O) used as extracting
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solvent [296]. Extraction with 50 % ethanol (EtOH: H,0) allows higher recovery of the phenolic
compounds [177]. Moreno et al. [59] also found a lower polyphenol content of 120 mgGAE/mL

in a methanol extract.

Table 5. Content of total polyphenols, and antioxidant activity assessed by the ORAC, TEAC,
FRAP and DPPH assay for the studied extracts (means * s.d.).?

FOLIN-CIOCALCETAU TEAC ORAC FRAP DPPH
(mg GAE/qg lyophilized (mM Trolox/g (mM Trolox/g (mM Trolox/g (mM Trolox/g
extract) lyophilized extract) lyophilized extract) | lyophilized extract) | lyophilized extract)

RL 219 ¢ +6.1 0.8 " +0.04 29 ¢ +0.10 20 ° +0.02 1.1 ¢ +0.06
RR 198 ¢ +145 1.2 ¢ +0.08 32 ° +0.12 1.7 ¢ +0.02 1.0 ¢ +0.08
TL 334 9 +184 1.1 ¢ +0.04 46 " 1017 31 9 +0.03 1.6 ¢ +0.09
TR 132 ° +44 0.8 ° +0.07 20 ° +0.06 1.1 % +002 06 ° +0.04
TF 288 ' +101 1.4 " +0.10 44 " +017 |23 " +0.02 1.2 ¢ +0.06
LL 205 © +101 1.3 ® +0.09 46 ' +022 |23 " +002 15 ' +0.06
LR 162 ¢ +52 09 ¢ +0.06 26 ¢ +0.07 15 ¢ +0.02 09 ¢ 0.07
LF 52 % +21 03 ® +0.01 0.8 ® +0.03 04 * +0.01 02 * +0.01

% Values with the same superscript letters are not significantly different (p <0.05) (mean for
triplicate samples). The abbreviations of the plant extracts are: rosemary leaf (RL), rosemary
root (RR), thyme leaf (TL), thyme root (TR), thyme flower (TF), lavender leaf (LL), lavender root
(LR), lavender flower (LF).

Thyme is a rich source of polyphenols, especially in its leaves. Gramza-Michalowska et al. [297]
reported a value of 229.63 mg GAE/g lyophilized powder after ethanol extraction. This value is
lower than those found in the present study, 334 + 18.4 mg GAE/g lyophilized powder for leaves
and 288 = 10.1 mg GAE/g lyophilized powder for flowers. These results are also higher than
those reported for other species such as leaves of T. argaeus, which were reported to contain
83.31 + 0.59 mg GAE/g methanol extract [148].

The ethanolic extract of L. officinalis demonstrated the high phenolic content in this plant,
particularly in the leaves (295 + 10.1 mg GAE/g lyophilized extract). The polyphenol content of
extracts of this species extracted with other solvents (like 70% acetone) were lower (74 mg/g
extract) [298]. Also, Miliuauskas et al. [178] published a value of 5.4 + 0.2 mg GAE/g extract

after extraction with methanolic solvents.

Solvent can have an important effect on polyphenol content and antioxidant activity. Several
procedures for extraction have been described proposing different times of extractions, solvents
and weight/volume ratios, but organic extracts give higher yields of Rosmarinic Acid (RA) from
herbs than extraction with water [299]. Extracts of rosemary in organic solvents have lower
DPPH radical scavenging activity than aqueous extracts [300]. Miliauskas et al. [178] found that
yields of extract from L. angustifolia with different solvents were in the order
methanol>acetone>ethyl acetate, but the radical scavenging activity was relatively weak

compared with other plant extracts, reflecting the low flavonoid content of the extracts.

Considering the co-presence of polar and nonpolar phenols, it was decided to extract with 50 %
agueous ethanol. Compositions of each extract of RA and Caffeic Acid (CA) are presented in
table 6.
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Table 6. Amount of RA and CA quantified by HPLC

Content of RA Content of CA
Extracts ppm (mg/L extract) ppm (mg/L extract)

RL 15.14 +19 41.42 +51
RR 156.61 +65 112.40 £51
TL 39221 1 179.65 +8
TR 80.16 +12 67.00 +4
TF 104.20 +3 82.27 +12
LL 81.04 +1 11361 +1
LR 52.14 +3 55.99 +6
LF 40.97 +1 29.08 =1

®The abbreviations of the plant extracts are: rosemary leaf (RL), rosemary root (RR), thyme leaf
(TL), thyme root (TR), thyme flower (TF), lavender leaf (LL), lavender root (LR), lavender flower
(LF).

The analysis showed that RA and CA were important phenolic compounds in the herbs. The
highest content of RA was found in TL (396.2 mg.kg-'), TF (102.2 mg.kg-"), followed by RR
(85.2 mg.kg—l) and LL (81.6mg.kg—l). RA possesses a broad spectrum of biological activities
and is known as an antiviral, antibacterial, antioxidant, antinflammatory and immunostimulating
agent [301,302]. Among the Lamiaceae species investigated by Janicsék et al. [303], thyme

was an abundant source of RA, followed by lavender, which is in agreement with our findings.

Like RA, CA is also a common constituent of the plants of the Lamiaceae family. CA was
identified in extracts of TL (71.6 mg.kg-"), TR (169.2 mg.kg-") and in LR (114.1 mg.kg-). These
results are in agreement with those of Janicsak et al. [303] who also reported a lower content of

CA than RA in the Lamiaceae plants.

CA, luteolin, RA and hispidulin were present in a thyme extract [5], whereas CA, kaempferol
and myricetin were present in the extract of lavender flowers [304]. Phenolic diterpenes
(carnosic acid, carnosol, 12-O-methylcarnosic acid), caffeoyl derivatives (RA) and flavones
(isoscutellarein 7-O-glucoside and genkwanin) were identified in rosemary leaves, but the

flavones and 12-O-methylcarnosic acid were absent from the stems [305].

4.1.2.2. Antioxidant Activity

The antioxidant capacity of extracts from leaves, stems and flowers of rosemary, thyme and
lavender was investigated by the TEAC, ORAC. DPPH and FRAP assays (Table 10).

The antioxidant capacity of the extracts was in the order LL, TL, TF> RR>RL> LR>TR>LF by
the ORAC assay; TF>RR,LL>TL>LR>TR,RL>LF in the TEAC assay and TL>TF,
LL>RL>RR>LR>TR>LF in the FRAP assay and TL>LL>TF> RL, RR>LR>TR>LF in the DPPH
assay. This compares with the total phenol content in the order: TL> TF,
LL>RL>RR>LR>TR>LF. For all 4 antioxidant assays, the TF, LL and TL extracts had the

highest antioxidant capacity, with minor differences in the order of activity depending on the
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assay.This is consistent with the highest polyphenol content being present in these extracts.The
LF and TR extracts had the lowest antioxidant capacity, and again this is consistent with their
low polyphenol content.The RR, RL, and LR extracts were intermediate in polyphenol content
and also in antioxidant capacity with minor differences in the order depending on the assay
used. The main differences were in the ratio of antioxidant activity for RL and RR which had
values of 0.91, 0.67, 1.18, 1.10 for the ORAC, TEAC, FRAP and DPPH assays, when the Folin-
Ciocalteu assay indicated the ratio of polyphenols was 1.08. Thus the FRAP and DPPH values
were consistent with the polyphenol content, whereas the ORAC and TEAC assays were more
responsive to the polyphenols in RR. Phenolic diterpenes (carnosic acid, carnosol, 12-O-
methylcarnosic acid), caffeoyl derivatives (id) and flavones (isoscutellarein 7-O-glucoside and
genkwanin) were identified in rosemary leaves, but the flavones and 12-O-methylcarnosic acid
were absent from the stems [305]. The presence of o-dihydroxy substituents in the aromatic ring
of carnosic acid, carnosol and RA would suggest that these were more active antioxidant
components than the flavones and 12-O-methylcarnosic acid, and this would be consistent with
the increased activity of the stem extract in the ORAC and TEAC assays which depend on
radical-scavenging activity. The FRAP assay is a measure of reducing capacity and the DPPH
assay is sensitive to steric hindrance, with different antioxidants reacting at different rates, and

can give misleading results.

The polyphenol content assessed by the Folin-Ciocalteu assay correlated with antioxidant
capacity assessed by the FRAP, TEAC and ORAC assays (Fig. 18). The correlation coefficients
were r’= 0.980 (FRAP), r’= 0.821 (TEAC), and r’= 0.983 (ORAC).
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—e— FRAP
—m— TEAC
~ 49— DPPH
—& - ORAC

meq trolox/g Lyophilized extract

0 50 100 150 200 250 300 350
FOLIN mgGAE/ g Lyophilized extract

Fig. 18. Plot of the association between the polyphenol content determined by the Folin-
Ciocalteu analysis and antioxidant activity assessed by the FRAP, DPPH, TEAC and ORAC

assays.

DPPH is a stable nitrogen-centered radical, and many antioxidants do not react rapidly with
DPPH because of steric hindrance due to bulky substituents in the chemical structure around

the radical, which makes small antioxidant molecules generally show greater activity [306]. The
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polyphenol content assessed by the Folin—Ciocalteu assay correlated with antioxidant capacity
assessed by the FRAP, TEAC and ORAC assays (Fig. 2). The correlation coefficients were r’=
0.980 (FRAP), r’= 0.821 (TEAC), and r’= 0.983 (ORAC).

In the case of the DPPH method the correlation was not so good (r=0.711). This may be partly
due to reaction of the DPPH radical with components other than the polyphenols present in the

solution, but steric hindrance probably also contributed.

There is extensive literature on the antioxidant capacity of herb and spice extracts. The values
obtained by the TEAC assay for rosemary (leaves and stems) were 0.8 £+ 0.04 and 1.2 +
0.08mmol Trolox Equivalent (TE)/ g lyophilized extract respectively. These values are much
higher than the values of 0.274 and 0.324 mmol TE/ g extract, reported by Tawaha et al. [296]

for rosemary after extraction with 80 % methanol or hot water.

Tsai et al. [304] reported a TEAC value value of 0.274 mmol/g for an extract from L. angustifolia
flowers, which is similar to the value of 0.3 mmol TE/ g lyophilized extract found in the current
study. There are not many literature reports using the ORAC assay in the plants studied. Zheng
and Wang [5] reported a value of 19.49umol/g fresh weight of thyme. This value is lower that
our study where the range is between 30-100 umol TE / g fresh weight. Brewer 26 reported that
the ORAC values for thyme (T. vulgaris), both fresh and dry, were 0.27mmol TE/ g fresh weight
and 0.15 mmolTE/ g dry weight, respectively.This value for dry thyme (T. vulgaris) is much
lower than those found in the current study, which has values between 0.3 for the stems and 0.6
mmolTE/ g DW for the leavesThe extracts with the highest percentage inhibition by the DPPH
assay were the leaves of rosemary and thyme, with values of 81.7 % and 73.5 % respectively.
These extracts contained components that reacted relatively slowly with the DPPH radical. The
percentage inhibition during the 75 minutes of the experiment did not reach a limit and
components continued to react with the radical after this time. The remainder of the extracts

reached stability after about 70 minutes, presenting a faster kinetics.

Babovic et al. [307] reported that the DPPH radical scavenging activity of thyme leaves was
greater than that of rosemary leaves, which agrees with this study. Lavender showed a
percentage inhibition (%) between 23 to 56 % in the DPPH assay. This compares with the
percentage inhibition of 23 % for an ethanol extract [48], which is comparable to the values

obtained in this study.

The strong antioxidant power of T. vulgaris and R. officinalis measured by the FRAP assay was
reported in the literature [308,309]. The antioxidant power for extracts of rosemary (R.
officinalis) nd thyme (T. vulgaris), extracted with 80 % v/v methanol was 0.01 mmol TE/g dry
extract for both. The recovery of polyphenolic compounds and the antioxidant capacity for
extracts of the plants in our study in which 50 % aqueous ethanol was used for extraction were

higher.
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4.1.2.3. Antioxidant Effects in Stored Emulsions

In the study the antioxidant activity of rosemary, lavender and thyme extracts was analyzed in
oil-in-water emulsions, as a Model Food System (O/W). Each part of the plants was studied
separately (leaves, flowers and stems). The oxidation was followed by assessment of the
primary oxidation products (Peroxide Value, PV) and the secondary oxidation products (TBARS

value). In addition the change in pH was monitored, since pH tends to fall during oxidation.

4.1.2.3.1. Evolution of Peroxide Value

Fig. 19 shows the evolution of PV versus time. The control (without extract added) was oxidized
first, and the second sample oxidized was the positive control (Trolox 250 ppm). The sample
containing Trolox, and the samples containing extracts were not significantly oxidised during the
first 7-9 days. After this first period, the sample containing Trolox was oxidised more rapidly than
the samples containing extracts. The time required for the emulsions to reach a peroxide value
of 10 meq hydroperoxides / kg of emulsion was determined as a measure of stability. This value
was taken since the limit for products of edible fats (animal, plant and anhydrous), margarine,
and fat preparations, to guarantee quality is <10 meq hydroperoxides/kg. The first sample to
reach 10 meq hydroperoxides / kg of emulsion was the control sample, and this occurred rapidly
(2 days). The next samples to reach this level of deterioration were the positive control (Trolox)
and LR. Other samples followed the order of stability: LF=LL=TR <TF <RR=TL =RL.
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Fig.19. Changes in peroxide value of emulsions during storage for 42 days.

It is interesting to compare this order of stability with the results of the antioxidant assays where
TF, LL and TL were most active followed by RR, RL, LR and then LF and TR were least active.
There are clear differences in the activity in the homogeneous antioxidant assays and in the
emulsion. This can be explained by the phenomenon known as the polar paradox, where

antioxidants with less polar characteristics are more effective in an emulsion than in
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homogeneous solution [310]. The reduced activity of TF and LL in the emulsion is consistent
with the presence of more polar antioxidants in these extracts. Blazekovic et al., [311] reported
that RA was a major polyphenol in an ethanolic extract of L. angustifolia leaves. It has
previously been reported that RA is more active than carnosol and carnosic acid in oil but is a
less effective antioxidant in an emulsion because of its relatively high water solubility [312]. The
antioxidant activity of rosemary extracts is associated with the presence of various phenolic
diterpenes, such as carnosic acid, carnosol, rosmanol, and rosmaric diphenol rosmariquinone.
Del Bano et al. [305] and Frankel et al. [312] reported that the carnosol and carnosic acid
content was higher than the RA conent in rosemary leaves. Carnosic acid has been described
as a lipophilic antioxidant that scavenges hydroxyl radicals and peroxyl radicals, preventing lipid
peroxidation [313]. Hence, the carnosol, and carnosic acid in RR and RL help the extracts to
retain their antioxidant properties in the emulsion whereas the TF, which relies more on its RA
content for its antioxidant effectiveness in the homogeneous antioxidant assays, becomes less
effective in the emulsion. Ferulic and GA were also reported to be major antioxidants in extracts
from the flowers of the related species T.capitata and these phenolic acids are known to be
polar, and hence if these were also present in thyme (T.vulgaris), they would be less effective in

an emulsion [314].

4.1.2.3.2. Evolution of pH over time.

The pH of the samples was measured as a parameter to investigate its correlation with PV,
since some hydroperoxide decomposition products are acidic (Fig. 20). The pH change was
inversely proportional to the PV. Many antioxidants have the disadvantage of being less
effective as antioxidants when the pH is low. A significant effect of pH on the antioxidant activity
of carnosic acid and carnosol (main components of rosemary) was reported with a high
antioxidant activity at pH 4 to 5 [312]. Lipid oxidation in emulsions is slower at higher pH and the

speed is accelerated as pH decreases [312].

Following the order of primary oxidation, the pH experienced a decline in accordance with
oxidation. All samples started with a near neutral pH. The negative control (without extract) and
positive control (Trolox) were the first to change. The control sample had a marked decrease in
pH from day 6 and the Trolox from day 14. The lavender extract was oxidized more rapidly with
a fall in pH detectable from 20 days and the pH decreased in the order LR> LL> LF. . Parts of
thyme (leaves and stems) had a similar behavior to the other extracts until time=20 days, when
the pH decreased for TR, and day 27 when it decreased for TF. The stability of samples
containing RR, RL and TL was similar. There was a reduction between 33 to 34 days, but at this

time the pH of the RL was higher than that of the others.
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Fig. 20. pH evolution during 42 days of study.
4.1.2.3.3. Evolution of TBARS.

Hydroperoxides decompose to form secondary oxidation products, which are responsible for the
flavor, the rancid odor and undesirable taste of oxidised fats [315]. Secondary oxidation
products were monitored by measurement of the TBARS (Fig. 21). According to analysis after 5
weeks, TBARs values of emulsions containing added herb extracts were lower than that of the
control (4.35 mg MDA/Kkg) and the Trolox (4.23 mg MDA/kg). The TBARS value increased from
3 weeks. RL (1.79 mgMDA/kg) and TL (2.50 mg MDA/kg) were the most effective antioxidants,
followed by TF (2.50 mg MDA/kg) and RR (2.59 mg MDA/kg). The highest TBARS value for the
herbs, were for LR, TR, LL and LF. It can be concluded that RL and TL had the best antioxidant

effect based on findings from the PV and TBARS measurements.
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Fig. 21. Changes in TBARS values during the study.
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4.1.3.Conclusions.

This study proved the antioxidant activity of extracts from the aromatic plants. The results
obtained showed that there are significant differences between different parts of the plants
studied. The highest content of total polyphenols and antioxidant capacity assessed by
homogeneous antioxidant assays was in the extracts from thyme flowers, lavender leaves and
thyme leaves, followed by the stems and leaves of rosemary. The sample with the lowest

concentration of polyphenols and lowest antiradical capacity was the lavender flower extract.

Rosemary leaves and thyme leaves were most effective at protecting the emulsion against
oxidation followed by the rosemary stems and thyme flowers. No significant differences

between the leaves of thyme and rosemary were detected.

This research has demonstrated the antioxidant properties of the plant tissues of these species,
and they may represent an alternative to synthetic antioxidants in preservation of food, as well

as in the pharmaceutical industry and cosmetics.
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4.2.Antioxidant activity of polylactic acid (PLA) film prepared with

rosemary and thyme in oil-in-water emulsions

Gabriela Gallego, Minna Hakkarainen, Maria Pilar Almajano,

Articulo enviado a European Food Research and Technology en 2016
4.2.1.Introduction

Active packaging is a highly relevant innovative proposal applied that could increase the
consumer satisfaction. It can be defined as a system in which the product, the package and the
environment interact in a positive way to extend the shelf life of the product or to achieve some

characteristics that cannot be obtained otherwise [316].

Previous studies by Boonnattakorn et al. [317] with ethylene vinyl acetate matrix with
incorporation of Mangiferin (potent natural antioxidant) show that matrices with varying defree of
vinyl acetate could potentially be used to control magniferin release rate for packaging with
antioxidant properties. It is important to emphasize that natural products with radical scavenging
activity used in the preparation of the film continues to maintain its antioxidants activity [318].
Some authors have found that films can have chelating activity of Fe (ll) in oil in water
emulsions and open a wide field of work and study to design films that protect such emulsions
[319].

Polylactic Acid (PLA) is one of the few commercially available bio-based and biodegradable
thermoplastic packaging materials. The use of PLA as a food-packaging material is gaining
interest due to environmental reasons and higher demands on sustainability of materials and
products. PLA can offer a sustainable alternative for food packaging across a wide range of
commodity applications in response to consumers’ demands and market trends in the use of

renewable resources [319].

It has been shown that PLA protects the products sufficiently against quality changes, which
has allowed its application in other fields, such as, including biomedical applications, such as,
drug delivery systems and tissue engineering due to its biocompatibility, degradability and

significant characteristics.

Current innovations in food packaging research include the development of active packaging
systems based on materials, which can involve a variety of additives such as antioxidants, anti-
microbials, vitamins, flavours and colourants with the aim of improving the appearance, mainly,
and, also to extend the foodstuff shelf-life. The increasing demand for natural additives has
resulted in studies based on natural active compounds, such as plant extracts or essential oils,
which are categorized as “Generally Recognised as Safe” (GRAS) by the US Food and Drug
Administration as well as the current European Legislation for materials intended to be in
contact with food (EU N10/ 2011 Regulation) [320].
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The phenolic compounds in herbs act as antioxidants due to their redox properties, allowing
them to act as reducing agents, hydrogen donors, free radical quenchers and metal chelators.
Crude extracts of fruits, herbs, cereals and other plant materials, rich in phenolics, are of great
interest for the food industry because they retard oxidative degradation of lipids and thereby
improve the quality and nutritional value of food. In this sense, aromatic herbs such as rosemary
(Rosmarinus officinalis) and thyme (Thymus vulgaris) have been widely studied because of their

potent antioxidant activity [107].

However, few works have reported the combination of natural antioxidants with biopolymer for
use in active food packaging applications. The use of these materials could be a promising
alternative to extend the shelf-life of foodstuff inside the bioplastic packaging. Therefore, the aim
of this study is to evaluate the influence of PLA films that contain either rosemary or thyme
extracts in the oxidative stability of Oil-in-Water (O/W) emulsions stored with these films
protection, as well as the characterization of the prepared films for their basic properties and

migration behavior.

4.2.2.Results and discussion

4.2.2.1. Determination of Peroxide Value (PV).

The most influential deteriorative reaction that could shorten the shelf life of oil in general is lipid
degradation. In this study, the effectiveness of the fabricated films to facilitate the oxidative
stability of soybean oil was investigated by the determination of Peroxide Value (PV). PV is one
of the most commonly used techniques for determining the degree of lipid degradation and it is
determined by measuring the formation of hydroperoxides, the primary product of lipid

oxidation.

Oxidative stability of the emulsions O/W in contact with PLA films with rosemary and thyme, dry
and lyophilized, was monitored during 35 days of storage (Fig. 22). The behavior of the samples
is clearly differentiated into two groups. A first group where samples CTR, pure PLA, Thyme Dry
(TD) and Rosemary Dry (RD) films show an increase in the oxidation from the first days, and a
second group formed by Rosemary Lyophilized extract (RLE) and Thyme Lyophilized extract
(TLE) film stabilized against oxidation especially during the initial period of 18 days. At this

period, the TLE film experience a rise considerable compared to RLE film.

The control sample and pure PLA reached a maximum in hydroperoxide production after 13
days (50.54 and 48.34 meq hydroperoxides/kg emulsion, respectively), which indicates that the
samples began to form secondary oxidation products. Samples with RD and TD films also
experienced relatively rapid oxidation of the emulsion (low induction time) showing similar
behavior to pure PLA. Sample with RLE PLA had best protective effect against formation of
primary oxidation products relatively closely followed by TLE PLA. The emulsions with RLE PLA

maintained the stability of the emulsion until the 22 day (6.20 meq hydroperoxides/kg emulsion).
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As determined by the Codex Alimentarius, the maximum acceptable level of PV for refined

vegetable oils is 10 miliequivalent O,/kg oil [321].

60
—m— Pure PLA
50
- —4&—PLA+TD
o
3
—a—PLA+TLE
2 40
2 —0— PLA+RD
)
S 30
= —e—PLA+RLE
o
)
8' —— Control
5 20
>
=
o
[
IS
10
0
0 5 10 15 20 25 30 35 40

Time (days)

Fig. 22. Changes in peroxide value of emulsions during storage at 33+1°C for 30 days. Bars

represent standard deviation (n=3).

Compared to other studies with natural plants, Samsudin et al. [322] studied PLA incorporated
with 2 wt. % marigold flower extract gave compliance with the Codex Alimentarius having a
shelf life of 5 days, which is well below our study of PLA with RLE, which gave a shelf life of 22
days. Likewise in other study with marigold flower Colin-Chavez et al. [323] investigated
soybean oil packaged in pouches made of polyethylene-bases films coaining marigold flower
extract, showing a protection of soybean oil for 4 days (exceeds 10 miliequivalent O,/kg oil),

less effective than rosemary.

RLE has great antioxidant power, in previous studies with these plants in emulsions Gallego et
al. [324] tested the power of oxidation inhibition of these plants incorporated in emulsions O/W,
showing that R. officinalis leaves were the best of 3 plants studied (rosemary, thyme and
lavender) at protecting the emulsion from oxidation. The protective effect of film with plant
extracts on lipid oxidation in oil-in-water system is a consequence of the presence of active
phenolic compounds in the extracts. Rosemary extract is associated with the presence of
various phenolic diterpenes, such as carnosic acid, carnosol, rosmanol, and rosmaric diphenol
rosmariquinone. It is thought that carnosic acid is a lipophilic antioxidant that scavenges

hydroxyl radicals and peroxyl radicals, preventing lipid peroxidation [313].

The lyophilized ethanolic extract of rosemary contain approximately between 10 to 20% of

antioxidant compounds. Even compounds such as diterpenes of rosemary have been compared
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with common antioxidants such as a-tocopherol, demonstrating a markedly greater antioxidant
activity [325].

4.2.2.2. Evolution of pH of emulsions over time

The pH of the samples was measured as a parameter to investigate its correlation with PV,
since some hydroperoxide decomposition products are acidic, showed in Fig. 23. The pH
decreases as the PV increased. Many antioxidants have the disadvantage of being less
effective as antioxidants when the pH is low. A significant effect of pH on the antioxidant activity
of carnosic acid and carnosol (main components of rosemary) was reported with a high
antioxidant activity at pH 4-5. Lipid oxidation in emulsions is slower at higher pH and the speed

is accelerated as pH decreases [326].
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Fig.23. pH evolution during 30 days of study. Bars represent standard deviation (n=3).

Following the order of primary oxidation, the pH experienced a decline in accordance with
oxidation. The negative control (without extract) and with pure PLA film had a marked decrease
in pH from day 8. The emulsions with PLA films containing RD and TD behaved similar to the
control. The emulsions with PLA films containing RLE and TLE exhibited more stable pH with a
fall detectable first from 18 days and 27 days, respectively. The pH values were most stable for

the emulsion in contact with films containing RLE.

4.2.2.3. Determination of secondary oxidation by TBARS.

Peroxides can form alcohols, aldehydes and acids, or dehydration reactions may occur, that

form ketones, while peroxyl radicals can lead to the formation of dimers, trimers, epoxides,
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ethers and these compounds are indicator compounds for oxidised fat. This secondary
oxidation has a major impact from the sensory point of view and these compounds are

responsible for the flavour, the rancid odor and undesirable taste of oxidised fats [315].

The TBARS method was conducted from the first week after preparation of the emulsion, where
the hydroperoxides could have reacted to form Malondialdehyde (MDA), and end products of
lipid peroxidation. The evaluation was conducted weekly for four weeks (Fig. 24). The emulsion
with the control and pure PLA showed the highest production of secondary products (9.59 meq
malondialdehyde/kg emulsion and 11.75 meq MDA/kg emulsion, respectively), this behaviour
could be ascribed to a faster hydroperoxides decomposition with the formation of aldehydes and
other products, leading to unpleasant off-flavours. The emulsions with PLA films containing RD
and TD exhibited similar TBARS values as PLA and control. However, films containing TLE and
RLE had significantly lower values, 2.54 meq malondialdehyde/kg emulsion and 4.07 meq
malondialdehyde/kg emulsion, respectively, after four weeks. By taking into consideration the
concentration of secondary oxidation products over time the following ranking could be
determined: TD > RD > RLE> TLE. PLA with TLE, thus, showed the best effect in O/W

emulsions.
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Fig. 24. Changes in TBARS values during the study. Bars represent standard deviation (n=3).

4.2.2.4. Migration testing-mass loss

Migration studies are commonly conducted with food simulants, providing uniform contact of the
packaging with the food. Migration of antioxidants is of interest because these compounds and
their degradation products can migrate from plastics into food during processing and storage
[327] and become indirect food additives. In the case of active packaging this could be a

desired phenomenon. Table 7 includes mass loss of the films in contact with two food
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simulants, water and 95 % ethanol. The pure PLA films contained small amounts of cyclic
oligomers [288]. These cyclic oligomers are soluble in ethanol, but not in water. This migration
of cyclic oligomers into ethanol is the probable reason for the generally higher mass loss
observed in ethanol as compared to mass loss in water and is in accordance with study of Bor
et al. [328], where a higher mass loss was observed during storage at room temperature in
ethanol as compared to storage in water for 7 days. The different PLA films in contact with
ethanol show variation behaviour. The mass loss of PLA with TD is the same that the pure PLA,
while the mass loss of PLA with RD, TLE and RLE is somewhat higher, indicating some
migration of plant components. In general, the PLA films show lower water absorption due to
the hydrophilic nature of the plant material, presenting larger holes (SEM image). Here, the
water fills these void spaces and results in a wet mass, much larger than that of PLA film

subjected to ethanol (have smaller holes).

Table 7. Food simulant uptake and mass loss of the films from ethanol migration

Samples Food simulant Food simulant Mass loss Mass loss
uptake (%) in uptake (%)in (%) in EtOH (%) in water
water EtOH 95% 95%

PLA 380 + 025 630 + 057 95 =+ 030 70 =+ 0.46
TD 1720 £ 372 820 + 065 95 =+ 037 81 = 0.15
TLE 2510 * 200 1120 * 025 110 + 0.15 92 =+ 0.08
RD 11.70 + 103 860 + 060 103 + 023 83 * 0.62
RLE 2770 += 0.10 1150 * 041 107 * 021 83 =+ 0.17
BHT 370 + 023 880 + 016 116 +* 032 84 =+ 0.20
CA 370 + 036 1000 = 029 131 + 0.10 86 =+ 0.35
EGCG 6.60 + 0.15 1020 + 057 118 + 013 95 * 035
RA 530 + 080 11.30 +* 060 120 * 020 88 =+ 0.18

? The abbreviations for the samples used are: film only with Polylactic Acid (PLA), film with Dry
Thyme (TD), film with Thyme Extract Lyophilized (TLE), film with Rosemary Dry (RD), film with
Rosemary Extract Lyophilized (RLE), film with Butyl Hydroxy Toluene (BHT), film with Caffeic
Acid (CA), film with Epigallocatechin Gallate (EGCG) and film with Rosmarinic Acid (RA).

From PLA films with plants added subjected at water food simulant. PLA films with TLE had the
biger mass loss in water, which correlates well with the best antioxidant effect of these films in
contact with O/W emulsions. The mass loss of pure PLA is explained by hydrolysis of PLA or
the cyclic oligomers and migration of the resulting linear oligomers [116]. The films with
lyophilized extracts exhibited a higher mass loss compared to the film with dry plants after water
migration which indicates that the lyophilized extracts contain more water soluble compounds.
The results suggest that the release kinetics depend on the affinity between the active agents

and the food simulants, similar to mentioned by Muriel-Galet et al. [329].

Of the films with the standards, the BHT film had relatively low mass loss after migration in
water which is explained by the insolubility of BHT in water. The solubility of BHT is however

high in ethanol. Similar behavior was also reported by other studies with PLA-based functional
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film regarding the diffusivity of antioxidants like a tocopherol, resveratrol, Catechin (C),
Epicatechin (EC), and BHT into ethanol-based simulants [330-332].

The BHT in PLLA is according to Ifiiguez-Franco et al. [330] expected to have a higher diffusion
rate in 95% ethanol compared to C and EC in Poly-L-Lactic Acid (PLLA), which could be
explained by the number of hydroxyl groups interacting with the polymer: C and EC have five
compared to only one in BHT. C and EC did not migrate to water in detectable amounts in the
above mentioned study. The ethanol goes in between the PLLA chains and can therefore
reduce the interaction of C/EC and PLLA resulting in migration of the AOs. Ethanol as food
simulant for PLLA is therefore questioned concerning whether if it is correctly simulating the

food packaging interaction [330].

4.2.2.5. LDI-ToF-MS analysis of low molecular weight compound profiles

LDI-ToF-MS analysis (Fig. 25) was performed to show the general profile of low molecular
weight compounds in the original dry and lyophilized plants. Comparison of the spectra of the
low molecular weight compounds in the dry plants and in the lyophilized extracts shows that the
lyophilized extracts contain larger fraction of molecules with molecular weight < 300 g/mol as
compared to the dry plants. This could be expected based on the extraction process for
preparation of lyophilized samples and it is likely connected to the higher antioxidant effect
observed for the films with lyophilized plants. In addition, more interestingly the obtained spectra
clearly illustrate that TLE contains the largest fraction of compounds with lowest molecular
weight followed by RLE and then very similar products profiles are observed for the whole
plants TD and RD, which closely correlates with the antioxidant effect of the corresponding

films.

4.2.2.6. Thermo-oxidative stability of the PLA films

The thermo-oxidative stability of the different PLA films was studied by Thermogravimetric
Analysis (TGA) (Fig. 26 and 27). Noticeable differences were observed for the initial
degradation temperature (T;,) and maximum degradation temperature (Tax) Values depending
on the additive. These results show that the addition of plants could also significantly improve

the thermo-oxidative stability of the PLA films.

Onset of degradation temperature for the pure PLA film was about 313.4 °C. The addition of
herbs, inclusive RD, TD, RLE and TLE as well as the model natural antioxidant Rosmarinic Acid
(RA), increased the onset of degradation in all cases. However, the highest improvement was
observed after addition of TLE and RA. These films exhibited the highest onset temperatures
334 °C and 332 °C, respectively, i.e. around 20 °C improves compared to pure PLA films.
Interestingly the traditional antioxidant, BHT did not have any stabilizing effect on the films. At
the beginning of the TGA analysis, there was also a mass loss of several percentage This is

attributed to the evaporation of water because of the hydroscopic nature of PLA and other low
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molecular weight compounds like cyclic lactide oligomers, acetaldehyde and carbon monoxide

[333].
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Because of the sensitive nature of PLA, additives to prevent degradation during processing at
high temperatures are of great interest, especially natural ones, like plants and plant extracts.
Both, high temperatures and hydrolysis, are factors that threaten ester bonds. The main

mechanism of thermal degradation is by random scissions of the main-chain [321].
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The polyphenols in the plants could protect the PLA from radicals that would otherwise degrade
it. Although the degradation is mainly caused by nonradical processes, protecting effects on
polymers have been observed in previous studies by adding free radical inhibitors, which
slowed down the degradation rate [334]. Thereby, studies confirm that the addition of
antioxidants compounds in the development of active packaging not significantly modify the
thermal stability [335].

4.2.2.7. Thermal properties and crystallinity of the PLA films

The glass transition temperatures (Tg), as determined by DSC for pure PLA and PLA films
containing rosemary and thyme are depicted in Fig. 28. Tg for the different films were quite
similar. Pure PLA exhibited a Tg around 59.3 °C. The Tg was reduced with the addition of TD
and RD and additionally reduced after addition of lyophilized plants TLE and RLE and thyme.
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Fig. 28. Glass transition temperature. Bars represent standard deviation (n=3).

The results show that the crystallinity of the films was also influenced by the plants or
antioxidant added. It decreased (p < 0.05) with the addition of TD, TLE, RD and BHT but
increased (p < 0.05) with the addition of RLE. The maximum degree of crystallinity (13 %) was

found for the films containing RLE and the films with TD have the lowest crystallinity (4.7 %).

Gongalves et al. [336] obtained a similar result where the degree of crystallinity of PLA film
decreased after the addition of BHT. In another study with different antioxidants Sawalha et al.
[337] reported that the addition of eugenol increased the PLA film crystallinity, while limonene
decreased it, due to the different interactions with PLA. They state that the high crystallinity
obtained with eugenol can be explained by the film formation process: the eugenol remained
inside the film after evaporation of the solvent, and remains there for some time (while slowly

diffusing outwards). The high mobility in the film, due to the high swelling, gives ample time for
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crystallization to take place. Thus, the final film will have higher crystallinity than those films in

which the chain mobility was reduced more quickly.

Reduction of crystallinity is a negative point with respect to the mechanical and barrier
properties and positive point for faster degradation of PLA in nature or in biomedical
applications. In many applications, increasing the crystallization amount of PLA is desired
because in its amorphous form, the range of application of PLA is severely limited. Thus for
these cases the crystalline form is required to increase the high temperature stability of PLA
[290].

4.2.3.Conclusion

A higher degree of lipid oxidation was noted in emulsions in contact with pure PLA compared to
the emulsions in contact with RLE and TLE. These plants were successful in decreasing the
lipid oxidation of the emulsions. In the migration assay the mass loss in ethanol was more
extensive than the mass loss in water. However, the migration of plant materials and/or
antioxidants was faster in contact with water as predicted from the difference in mass loss for
pure PLA and PLA plant films. LDI-MS of the dried and lyophilized plants showed that TLE had
the highest content of low molecular weight compounds followed by RLE, which correlated well
with the determined antioxidant effects. In addition to decreasing the lipid oxidation the plants
could improve the thermo-oxidative stability of PLA. Even here TLE was the most effective
antioxidant and the addition of TLE could increase the onset of degradation temperature from
313 °C for pure PLA to 334 °C, i.e. by 20 °C. Plant material can therefore be used as an
additive for thermo-oxidative stabilization of the PLA. Based on this these plants TLE and RLE,
could be proposed as ecofriendly and biocompatible additives for development of sustainable

active PLA packaging.

99



ESTUDIOS CON PLANTAS DE LA FAMILIA LAMIACEAE

100



ESTUDIOS CON PLANTAS DE LA FAMILIA FABACEAE

Estudios con Plantas de la
Familia Fabaceae

(C. decapetala y C. spinosa)

e Oxidative stability of O/W emulsions with Caesalpinia

decapetala antioxidant capacity by EPR.

e Analytical characterization of polyphenols from Tara and

Caesalpinia decapetala as tabilizers of O/W emulsions.

e Caesalpinia decapetala extracts as inhibidors of lipid oxidation

in beef patties.

e Gelatine-based antioxidant packaging containing Caesalpinia

decapetala and Tara as a coating for grodund beef patties.
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4.3.0xidative stabiliy of O/W emulsions with Caesalpinia decapetala-
antioxidant capacity by EPR

Maria G Gallego, Michael H Gordon, Monika Showyra, Maria Pilar Almajano

Publicacién aceptada en Pharmaceutical Biology en septiembre de 2016
4.3.1.Introduction

Oil-in-Water (O/W) emulsions form the basis for many food products, such as milk, beverages,
sauces and dressings. Lipid oxidation in O/W emulsions is believed to be more likely to occur
due to the higher interfacial area of emulsions, where it has been suggested the oxidative

reaction is initiated [338].

The incorporation of antioxidants, which are molecules capable of preventing and/or delaying
oxidative lipid damage when used in proper conditions, represents a key approach to overcome
the quality deterioration of lipid-based foods products, which occurs mainly due to the attack of
Reactive Oxygen Species (ROS) [339].

Depending on various factors, such as the physico-chemical characteristics of the medium
where they are located and their interactions with other compounds, antioxidants can act as
retarders, when they counteract lipid oxidation by protecting target lipids from oxidation
initiators; or by hindering the propagation phase, which is a property of the so-called “chain-
breaking” antioxidants. Amongst the molecules considered as antioxidants, phenolic
compounds are particularly important because of their high redox potentials, and also, because
they are the most abundant antioxidants found in the diet [339]. Therefore, various phenolic
antioxidants are usually incorporated into O/W emulsions to improve their oxidative stability.
Synthetic antioxidants such as Butyl Hydroxy Anisole (BHA), Butyl Hydroxy Toluene (BHT), and
Tert Butyl Hydroquinone (TBHQ) are very effective in retarding lipid oxidation [340].

Recently, there has been growing interest in the use of natural polyphenols to retard lipid
oxidation due to their possible health-promoting properties and remarkable antioxidant activity
[299,48]. Natural additives extracted from nuts, fruits, and herbs, and spices have been studied
[341,109].

Caesalpinia decapetala (Fabaceae) (CD) has been used since ancient times in traditional
Oriental medicine. It possesses antipyretic, anti-inflammatory, laxative, tonic, carminative,
anticancer, antioxidant, and several others activities [181]. Previous chemical investigations on
CD had revealed that the main chemical components were terpenoids and flavonoids. Many
chemical compounds that occur in this plant have antitumor activities. This plant is a rich source

of tannins. The leaves of CD contain cassane diterpenoid, caesaldecan, spathulenol, 4,5-
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epoxy-8(14)-caryophyllene, squalene, lupeol, resveratrol, quercetin, astragalin and stigmasterol
[186].

The functional properties of CD have been known and studied in various fields. However, there
are no studies about the effects of addition of an extract of CD into a food system. This plant
may be useful in the development of new antioxidant strategies for retaining the quality of O/W
emulsions. Therefore, the aim of this study was to evaluate the antioxidant capacity and to test

the oxidative stability of O/W emulsions containing ethanolic extracts of CD.

4.3.2.Results and Discussion

4.3.2.1. Total Phenolic and Total Flavonoid Content

Phenolic compounds with various structures and molecular weights are formed as secondary
metabolites in plants and contribute to the innate flavour of food. Flavonoids are one of the most
diverse and widespread groups of natural compounds. The flavones, isoflavones, flavonols,

anthocyanins, and catechins are likely to be the most widespread natural phenolics [10].

The total phenolic content of CD expressed as mg of gallic acid per g of dry plant was 31.58 +
1.4 mg/g (Table 8). Pawar & Surana (2010) reported that the concentrations of phenolic
compounds in the wood and pericarp of CD were significant, with extraction with methanol
giving a yield of 13.28 + 0.006 mg of gallic acid per g of dry weight (DW) in the wood and 12.68
+ 0.005 mg of gallic acid per g of dry plant in the pericarp. In another study with the species C.
digyna, Srinivasan et al. [10] reported that extraction with methanol and water gave a yield of
44.70 = 14.2 mg/g DW. The results show that the extract is rich in phenolic compounds, and
these medicinal plants exhibited quite high antioxidant capacities when compared with some
fruits, seeds and other medicinal plants reported in the literature [10]. The extract of CD had a
polyphenol content (165.54 + 7.4 mg gallic acid/g DW) comparable with those of the stem of
thyme (132 £ 4.4 mg gallic acid/g DW) and stem (162 + 5.2 mg gallic acid/g DW) and flower (52
+ 2.1 mg gallic acid/g DW) of lavender, reported by Gallego et al. (2013).

The total flavonoid content of CD as mg of catechin per g of dry plant was 1.96 + 0.008 mg/g.
Pawar & Surana [11] reported values that varied from 3.93 + 0.005 mg quercetin/g DW (wood of
CD) to 5.26 + 0.005 mg quercetin/g DW (pericarp of CD). It is evident from our analysis that the

plant is rich in flavonoids.
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Table 8. Content of total polyphenols, and antioxidant activity assessed by the ORAC, TEAC,
FRAP and DPPH assay for the studied extract.

Total polyphenols (mg GAE/g DW) 31.58 (1.40)
FLAVONOIDS  (mg C/g DW) 1.96 (0.01)
TEAC (umol Trolox/g DW) 360 (10)
ORAC (umol Trolox/g DW) 700 (70)
FRAP (umol Trolox/g DW) 200 (10)
DPPH (umol Trolox/g DW) 300 (20)

Mean values of three replicates (n=3); standard deviations are included in brackets.The
antioxidant activity may also be influenced by some particularly active individual phenolic
compounds other than flavonoids. Many studies have revealed that phenolic contents in plants
are related to their antioxidant activity, and the antioxidant activity of phenolic compounds is
mainly due to their redox properties, which allow them to act as reducing agents, hydrogen

donors, and singlet oxygen quenchers [12].

Figure 29 shows the ESI(-)-MS/MS spectra for the compounds. The analysis of the
components in the CD extract showed that samples contained catechin (a), quercetin (b), p-
coumaric (e), 4-hydroxybenzoic acid (d) and gallic acid (c). Gallic acid was present at the
highest concentration (Table 2). Wei et al. [8] reported the presence of quercetin and rutin in CD

extracts, although no rutin was detected in this study.

Previous chemical analysis of this plant had revealed that the main components were
terpenoids and flavonoids. Recently, the antitumor activity of the chemical constituents of CD

was tested to validate the medicinal use of CD [8].

Numerous studies of the properties of species of the genus Caesalpinia (Fabaceae) have
confirmed their effectiveness as a natural source of bioactive compounds with therapeutic
applications. The genus Caesalpinia contains several classes of chemical compounds including

flavonoids, diterpenes and steroids. Gallic acid is an active constituent in this genus [13].
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Fig. 29. ESI (-)-MS/MS spectra corresponding to C (a), quercetin (b), GA (c), 4-hydroxybenzoic

acid (d), and p-coumaric acid (e).
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Fig. 29. ESI (-)-MS/MS spectra corresponding to catechin (a), quercetin (b), gallic acid (c), 4-
hydroxybenzoic acid (d), and p-coumaric acid (e).

4.3.2.2. Antioxidant Capacity Determination

The antioxidant activity of a compound can be measured by the ability of the compound to
intercept free radicals by radical scavenging. Antioxidants may act by one or more of several
possible mechanisms including sequestration of free radicals; hydrogen donation; metal ion
chelation; electron transfer; or even acting as a substrate for radicals such as superoxide or

hydroxyl.

The antioxidant capacity of CD extract was investigated by the TEAC, ORAC, DPPH and FRAP

assays (Table 9). The order of antioxidant activity compared to Trolox fell in the order ORAC >
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TEAC > DPPH > FRAP value. The ORAC assay measures the loss of fluorescence of a probe
(fluorescein) in the presence or absence of an antioxidant. In the presence of antioxidant, the
FL decay is inhibited and a typical ORAC assay kinetic curve is produced. Data reduction from
the ORAC assay is achieved by (1) calculating the Area Under Curve (AUC) and net AUC
(AUCsample - AUCblank), (2) obtaining a standard curve by plotting the concentration of Trolox
and the AUC (linear or quadratic fit between 0.78 and 12.6 uM Trolox), and (3) calculating the
Trolox equivalents of a sample using the standard curve. A major strength of this assay is that
unlike many other assays which rely on the use of non-biological stable radicals, the ORAC
assay uses peroxyl radicals, a biological species formed by the decomposition of 2,2-Azobis-2-
Methyl-Propanimidamide Dihydrochloride (AAPH), which would then react with a fluorescent

probe, forming a non- fluorescent product [14].

Table 9. Polyphenols identified by LC-MS in CD extract.

Monoisotopic

Empirical molecular Retention  Concentration
Name formula  weight (Da) time (min)  (ng mL™)
Catechin CisH140s  290.0790 11.6 669.40 @)
Quercetin CisH1007  302.0427 16.8 64.80 (5)
Gallic acid C7HeOs 170.0215 3.1 77824.60 (40)
4-hydroxybenzoic
acid C7HeO3 138.0317 10.8 155.80 (20)
p-coumaric acid CoHgO3 164.0473 13.5 155.70 (9)

Mean values of three replicates (n=3); standard deviations are included in brackets.

The antioxidant activity of the extract by this method was 700 + 70 umol Trolox/g dry plant. The
ORAC value is a measure of the radical scavenging capacity of the plant. The ORAC value of
CD was higher than those found in commonly consumed herbs with high antioxidant capacity
including basil, marjoram, oregano, ginger, thyme and black tea (0.048 mmol/g DW,; 0.27
mmol/g DW, 0.14 mmol/g dry plant, 0.39 mmol/g DW, 0.27 and 0.013 mmol/g DW respectively)
(Brewer 2011). The TEAC, FRAP and DPPH assays involve an electron transfer reaction. The
TEAC assay is based on monitoring the decay of the radical-cation ABTS" produced by the
oxidation of 2,2"-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) caused by the addition
of a phenolic-containing sample. ABTS" has a strong absorption in the range of 600-750 nm
and can be easily determined spectrophotometrically. In the absence of phenolics, ABTS is
rather stable, but it reacts energetically with a H-atom donor, such as phenolics, being
converted into a non-colored form of ABTS (Fig. 2a) [15]. In this assay the antioxidant activity of
CD was 360 + 10 umol Trolox/g DW. Our results are lower than the value reported by Gan et al.
[16], who found that the antioxidant capacity of the genus C. sappan L. (Fabaceae) was 417.48
+ 10.57 pmol Trolox/g DW, although the results are of similar magnitude, and natural variability

occurs due to growing conditions etc. According to the literature, the genus Caesalpinia

108



ESTUDIOS CON PLANTAS DE LA FAMILIA FABACEAE

provides strong antioxidant activity, which is confirmed. Also the antioxidant capacity was tested
using the “stable” free radical DPPH. This otherwise-stable free radical is reduced from violet to
yellow in the presence of antioxidants, and the change can be monitored spectrophotometrically
[17]. The extract gave a relatively low percentage inhibition, with values of 39.8%. The
percentage inhibition during the 75 minutes of the experiment did not reach stability and
components continued to react with the radical after this time. Hence the low DPPH value is
likely to be partly due to steric inhibition of the reaction between the bulky antioxidants and the

DPPH radical, which has two bulky aromatic groups attached to the nitrogen radical.

The amount of plant extract needed to decrease the initial DPPH" concentration by 50% (ICsp) is
a parameter widely used to measure the antioxidant activity. The lower the ICxy value, the higher
is the antioxidant power. The amount of plant extract needed to decrease the initial DPPH’
concentration by 50% (ICso) was 1 mg/ mL. This result was similar to the value reported by
Mufioz-Ortiz et al. (2011) who found an ICsy of 1.30 mg/mL for leaves of Caesalpinia pluviosa
(Leguminoseae), which were collected in Ballivian Province and were deposited in the National
Herbarium of Bolivia in La Paz (number of vouchers VM6). However, the ICs, value for
Caesalpinia bonducella (Fabaceae) was much smaller at 1IC5,=74.73 ug/mL [18], as for the bark
of C. pyramidalis (Fabaceae) ICs, = 16.98 + 1.34 ug/mL, which was incorporated in the
Herbarium UFP Geraldo Mariz, Department of Botany, Federal University of Penambuco with
the number 60.195 [19], indicating more active antioxidants in the bark of this plant. The FRAP
value is a measure of the capacity of the antioxidant to reduce ferric (Ill) to ferrous (Il) ions (Fig.
2b). The FRAP assay also takes advantage of electron-transfer reactions. In this assay a ferric
salt, Fe(ll)(TPTZ)2Cl; (TPTZ) 2,4,6-tripyridyls-triazine), is used as an oxidant. The redox
potential of the Fe (Ill) salt (~0.70 V) is comparable to that of ABTS™ (0.68 V). Therefore,
essentially, there is not much difference between the principles of the TEAC assay and the
FRAP assay except the TEAC assay is carried out at neutral pH and the FRAP assay under
acidic (pH 3.6) conditions [20].

The antioxidant capacity measured by this assay was lower than that measured by the other
assays (200 + 10.0 umol Trolox equivalent/ g DW). This value is lower than the values reported
for Caesalpinia sappan of 313.50 + 44.66 pumol and 0.324 mmol Trolox equivalent/g DW (Gan et
al. 2010). However, the FRAP value reported by Gan et al. [16] was in the whole plant, whereas

our result is specific to the leaves of the medicinal plant CD.

The radical-scavenging activity of phenolic acids depends partly on the number of electron
donor hydroxyl and methoxy substituents which increase the stability of the phenoxy radicals.
Gallic acid with three hydroxyl groups and a carboxyl group is very active in reducing free
radicals [21].

According to the literature, the medicinal plant species Caesalpinia has many biological
activities. For example, C. sappan showed antibacterial activity, and had the potential to be

developed into an antibiotic. Plants of this species are often used for the prevention and
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treatment of cardiovascular and cerebrovascular diseases because they improve blood
circulation or stop bleeding [22]. Because of their high antioxidant capacities, it is possible that
these plants will be beneficial for cardiovascular and cerebrovascular diseases caused by
oxidative stress, and they might be developed into a functional food or drug in the future.

However, further evidence relating to their bioavailability and bioactivity is required.

4.3.2.3. Electron Paramagnetic Resonance (EPR) Study

The EPR radical scavenging method has been developed to evaluate the concentration of free
methoxy radicals (CH3;O") generated in the Fenton reaction with the CD extract. The OH radical

is the most ROS found in both plant and animal cells with a very short half-life [23].

Figure 30a shows the decreasing EPR signal with the increase of CD extract concentration. The
free radical scavenging activity of CD extracts was investigated against methoxy (CH;O") radical
by a competitive method in the presence of 5,5-Dimethyl-1-Pyrroline n-Oxide DMPO as spin
trap, using EPR spectroscopy. CH;O" was generated according to the Fenton procedure but
due to its relatively short half-life it was identified by EPR by its ability to form a stable nitroxide
adduct with DMPO, DMPO-OCHj5; (hyperfine splitting constants, ay = 13.9 G and a4 = 8.3 G).
This stable DMPO-OCH; compound can be detected by the double integration value of the EPR

signal.

The CD extract at different concentrations competes with the spin trap in the scavenging of
methoxy radicals. Thus, the effect reduces the amount of radical adducts and, accordingly,
reduces the intensity of the EPR signal. The graph indicates that the area of the signal of the
spectrum decreased as the amount of CD increased. The EPR assay had great correlation (Fig.
30b) with TEAC assay (r2:0.84) and ORAC assay (r220.99)This study confirmed that the
scavenging activity of the CD extracts containing polyphenol constituents could be measured by
the decrease of the intensity of the spectral bands of the adduct DMPO-OCH; in the EPR

spectrum as the amount of antioxidant was increased.
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Fig. 30. (a) Antioxidant activity determined by EPR assay to CD extract at different

concentrations and (b) correlation between ORAC and TEAC assays with EPR assay

4.3.2.4. Effect of CD Extract on Oxidative Stability of Emulsions

Edible oils containing a high percentage of polyunsaturated fatty acids are very sensitive to
auto- and photo-oxidation. Since autoxidation proceeds via a free radical chain reaction,
antioxidants that transfer electrons and/or hydrogen atoms may retard the process. Primary
oxidation was measured by the Peroxide Value (PV), and secondary oxidation was assessed by
the Thiobarbituric Acid (TBA) reaction and the hexanal content in our study.

The yield of the extract of CD was 19%. The antioxidant effect of the extract of CD in oil-in-water
emulsions was studied at three concentrations in the range 0.002-0.2%. The PV of emulsion

samples increased throughout storage at 33°C + 1°C (Fig. 31).

111



ESTUDIOS CON PLANTAS DE LA FAMILIA FABACEAE

120 -
& CONTROL 0 CD1
—A-CD2 X CD3
100 - _ o BHA

,,,,,,,,,, e TROLOX a

80 -

60 -

40

20 -

PV (meq Hydroperoxides/kg emulsion)

=0 —0— =
0 b b g ¢ 10 15 20 25 30
Storage time (days)

Fig. 31. Changes in peroxide value of emulsions during storage at 33°C for 31 days. Bars
represent standard deviation (n=3). Different letters in the same day (a, b,c,d) indicate

significant differences between samples.

The PV of emulsion samples containing CD at concentrations of 0.02% (CD2) or 0.2% (CD3)
was lower than that of the control or sample containing Trolox (0.02%), but at 0.002% (CD1)
concentration the emulsion containing CD deteriorated at a similar rate to the control (Table 10).
The emulsion stability, assessed by hydroperoxide formation, increased with increasing
concentration of the natural extract. Emulsions containing extract concentrations of 0.02% and
0.2% showed a higher stability than those prepared with the positive control Trolox (0.02%) and
the extract at a concentration of 0.2% exhibited a similar antioxidant effect to that of BHA at
0.004%.

The PV in all the emulsions increased during storage (31 days). At day 1, the PV of the control
and the sample containing the lowest concentration of CD extract were already significantly
higher than the values for the other samples and this shows that even in the preparation step
itself these two samples had oxidized. As the storage progressed, the PV showed a gradual
increase in all the emulsions and the PV of the control reached 80.98 meg/kg emulsion at the
end of the storage period. Emulsions containing plant extracts had PV values of 80.07 meg/kg
emulsion (CD1), 48.98 meqg/kg emulsion (CD2) and 2.14 meqg/kg emulsion) (CD3). The PV of
the emulsions containing the positive controls were 0.81 meg/kg emulsion (BHA) and 78.66

meqg/kg emulsion (Trolox) at the end of the storage period.
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Table 10. VP (a) and TBARS value (b) of emulsions containing CD extract at different storage

times.
(a)

Storage time (days)
Samples 4 10 15 25
CONTROL 8.24* (0.48) 42.30° (1.97) 69.79° (0.30) 80.98% (2.49)
CD1 10.12* (0.30) 43.51* (1.25) 67.44* (0.35) 80.07* (3.90)
CD?2 0.26° (0.11) 2.55° (0.60) 13.96° (1.04) 40.68" (2.09)
CD 3 0.01° (0.07) 0.27° (0.05) 1.37° (0.17)  0.61° (0.10)
BHA 0.01° (0.20) 0.33° (0.09) 1.49° (0.09)  0.37° (0.08)
TROLOX 0.01° (0.33) 11.56° (1.37) 40.85° (2.87) 78.66° (0.80)
(b)

Storage time (weeks)
Samples 1 2 3 4
CONTROL 0.27* (0.15) 1.06* (0.13) 1.57* (0.15) 2.30* (0.02)
CD1 0.37° (0.05) 1.01* (0.09) 1.542 (0.05) 2.42° (0.02)
CD2 0.05° (0.10) 0.45° (0.05) 0.63° (0.10) 1.19° (0.02)
CD3 0.06° (0.01) 0.23° (0.00) 0.05° (0.01) 0.05" (0.03)
BHA 0.03° (0.01) 0.27° (0.00) 0.05° (0.01) 0.05° (0.02)
TROLOX 0.08° (0.01) 0.98% (0.08) 1.03° (0.01) 1.60° (0.02)

Mean values of three replicates (n=3); standard deviations are included in brackets. For each
descriptor and for each time, mean values followed by different letters (a—e) denote significant
differences (P<0.05).

PV=Peroxide Value/ TBARS= Thiobabituric Acid Reactive Substances.The protective effect of
plant extracts on lipid oxidation in oil-in-water system is a consequence of the presence of
active phenolic compounds in the extract. Several research groups have determined the
antioxidant and protective effects of herbs on fats and oils. Plants of the Lamiaceae family
contain active antioxidants with rosemary being a very good source, although oregano, sage
and thyme also have good antioxidant capacity [24]. Rosemary extracts are relatively effective
in oils, but much less effective in emulsions due to the polar nature of the antioxidants. Oregano
extract was also more active in oil than emulsion, although sage extract was relatively effective
in both media [25].

Malonaldehyde and other TBA reactive substances are produced as a result of oxidation of
polyunsaturated fatty acids. According to analysis after 31 days, the TBA values of emulsion
samples containing added plant extracts at > 0.02% were lower than that of the control, with the
order of activity of additives similar to that determined by the PV (Fig.32). No significant

differences were found between the TBARS values for emulsions containing BHA and
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CD3 antioxidants (p < 0.05). The order of TBARS values was CD1 > Control > Trolox > CD2 >
CD3 > BHA at the end of the storage period.
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Fig. 32. Changes in TBARS values of emulsions during the study. Bars represent standard
deviation (n=3). Different letters in the same day (a,b,c,d) indicate significant differences

between samples

4.3.2.5. Headspace Volatile Analysis

The concentration of volatile secondary oxidation products increases during oxidation, and
hexanal is generally the main volatile produced from sunflower oil (Laguerre et al. 2007). Initially
in the first week the concentration of hexanal was low in all O/W emulsion samples and it

increased gradually during the storage period (Fig. 33).

Emulsions containing additives, especially those with added lyophilized CD extract showed, in
general, lower concentrations of volatile compounds (702 uM for CD2 or 69.3 uM for CD3) than
the negative control (823.4 uM) during the experiment. The sample containing the lowest
concentration (CD1 = 0.002% of extract) had no significant antioxidant effect. Furthermore,
samples containing Trolox and CD2 concentration maintained a similar behaviour until the
fourth week. The behavior of emulsions containing CD3 and BHA was similar, as was evident in
week 4 when hexanal values for CD3 (69.40 uM) increased, but the samples containing
additives were more effective than the Trolox (681.325 uM) control. Both TBARS values and
hexanal concentrations are measures of the secondary products of oxidation, although TBARS
values include both volatile and non-volatile aldehydes. A linear correlation between TBARS

values and the concentration of hexanal was found (r2 = 0.96%).

114



ESTUDIOS CON PLANTAS DE LA FAMILIA FABACEAE

1000 -
——Control —s=—CD1 a,

900 1 —a-CD2 —=—CD3 '/\i .
’% 800 - —+—BHA —0— Trolox
< 700 - b
g
2 600 -
S 500 -
©
£ 400 -
(O]
e
S 300 -
(@]

200 -

100 - : 5

b d
0 [ ) - {F g
0 1 2 3 4 5

Time (weeks)

Fig. 33. Change in headspace hexanal concentration for oil-in-water emulsions during the study.
Bars represent standard deviation (n=3). Different letters in the same day (a,b,c,d,e) indicate

significant differences between samples.

The results showed that emulsions containing extracts from CD have good oxidative stability
during storage, which can be attributed to the antioxidant activity of the phenolic compounds in
the herb including phenolic acids, and the flavonoids catechin and epicatechin. A good
proportion of gallic acid is present at the interface in oil in water emulsions stabilized by Tween
20, so the antioxidant is located at the correct location to react with free radicals generated in
the agueous phase [26]. The results show that CD phenolics were effective in inhibiting
formation of lipid hydroperoxides and hexanal in the oil-in-water emulsions. This is important
because in order for an antioxidant to be effective, it must be able to inhibit the formation of

volatile secondary lipid oxidation products that are perceived as off-flavors.
4.3.3.Conclusions

The results of this study show that ethanolic extracts of CD exerted a significant effect on the
stability of oil-in-water emulsions, especially at 0.2% concentration, and were more effective
than Trolox (0.02%) and comparable in activity to BHA (0.004%). The extract had strong
antioxidant activity and was rich in polyphenols. The presence of gallic acid, catechin,

epicatechin and vanillic acid contributed significantly to the antioxidant activity of the extract.
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Consumer demand for healthy food products provides an opportunity to develop antioxidants as
new functional foods. The finding of high antioxidant activity of CD extracts in emulsions
provides a possible alternative to synthetic preservatives for the food industry and could be

recommended as an alternative antioxidant for the conservation of fats.
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4.4.Analytical characterization of polyphenols from Tara and
Caesalpinia decapetala as stabilizers of O/W emulsions

M Gabriela Gallego, Tamara Rodriguez, Isaac Rodriguez, Maria Pilar Almajano.

Articulo impress en Journal of Food Science en agosto de 2016
4.4.1.Introduction

Oxidation products from lipids are responsible for deterioration in the sensorial properties and
the nutritional value of foods. The grade of lipids oxidation is greatly affected by many factors,
such as (1) the content of unsaturated fat, (2) matrix types, such as OQOil-in-Water (O/W)
emulsions or bulk oils, and (3) the presence of pro-oxidative metal ions [357,358]. In order to
prevent oxidative reactions, a number of aromatic and medicinal plants contain active
compounds exhibiting antioxidant properties. Most of these compounds are phenolic species

present in different parts of the plants [188].

Caesalpinia is a pantropical genus that presents around 140 species[359]. The genus is
anatomically characterized by the presence of different types of secretory structures throughout
the plant [360]. Such structures, in combination with other anatomical characters, have been

used for taxa delimitation within Caesalpinia [359,361].

C. decapetala (CD) has great properties in traditional medicines, e.g. leaves are used in
treatment of burns, biliousness, and stomach disorders. It is also employed as laxative, tonic,
carminative, and antipyretic [188]. The antioxidant, antitumor and anti-fertility activities of CD
have been also reported in the literature [181,184,185]. The leaves of CD contain several other
active constituents including cassane diterpenoid, squalene, caesaldecan, spathulenol, lupeol,
resveratrol, quercetin, stigmasterol and astragalin [186]. Although the existing scientific data are
still not enough to support the traditional medicinal uses of CD, the content of phenolic species

make this plant valuable for the nutraceutical industry.

Another plant from the family Caesalpinia with antioxidant properties is C.spinosa (CS), also
known as Tara. CS infusions have been traditionally and extensively used by the Peruvian folk
medicine to treat inflamed tonsils, fever, cold and stomachaches [362]. Tara pods, which
represent up to 62% of the plant weight, are a good source to produce tannic, gallotannic and
gallic acid [363]. Pods of CS contain a high percentage of tannins (between 40% and 60%)
which are of the hydrolysable type, rendering gallic acid (GA) as the main constituent under
acidic hydrolysis conditions [364]. Tannins in general are phenolic compounds with astringent,

antiviral, antibacterial, antiparasitic, and antioxidant properties [365].

Naturally occurring polyphenols, from vegetable sources, are of great interest for the
pharmaceutical and food industries in order to be used as feeding supplements and/or food

preservatives. On the other hand, the properties of these natural extracts are strongly affected
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by their chemical composition, which, in many cases, remains unknown. Mass Spectrometry
(MS) constitutes a powerful tool for the identification of unknown compounds in complex plants
extracts [366,367].

The aims of this study are (1) to characterize and (2) to evaluate the suitability of extracts from
CD and CS leaves to prevent the oxidation of O/W emulsions. The Folin-Ciocalteu method and
the Peroxide Value (PV) were employed to evaluate the effect of different extraction conditions
in the total polyphenolic content of extracts and in the stability of O/W emulsions. LC-QTOF-MS

was used as analytical technique for identification of phenolic species in extracts and to follow

their time-course during aging of O/W emulsions.

4.4.2.Results and Discussion

4.4.2.1. Total phenolic content

Fig. 34 shows the total polyphenols contents, expressed as mg of Gallic Acid Equivalent (GAE)
per g of dried plant tissues. Obtained data revealed (1) the much higher concentration of
polyphenols in CS leaves versus CD ones, and (2) the enhanced efficiency of the ethanol: water
(50:50) solution for extraction purposes. Ethyl acetate performed also quite well for the
extraction of CS leaves; however, it turned to be the worst solvent for CD. Such behavior points
out to the possibility that polyphenols existing in both species display different structures, that is,
they belong to different chemical families. Obviously, the ethanol: water (50:50) solution was

selected as extraction mixture for further experiments.
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Figure 34.Total polyphenolic contents in CS and CD leaves extracts as function of extraction
conditions (at a temperature of 4 °C, except for the extraction in hot water at 100 °C). Bars

represent standard deviation (n=3).

Under optimal conditions, a value of 336.4 + 4.5 mg GAE/g dry sample was measured in CS
leaves. Similar results were obtained by Skowyraet al. [191], who reported 464 mg GAE/g dry

CS pods using ethanol (75 % in water) as extraction solvent. Also, Veloz-Garcia et al. (2004)
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reported a polyphenol extract yield of 48+3% referred to dry weight in cascalote (Caesalpinia
cacalaco) pods, a plant of the same genus, using a ternary extraction mixture of water—
methanol-acetone (8:1:1). The total phenolic content of CD (EtOH 50%) was 63.8 + 2.1 mg
GAE/g DW, Fig. 35. Pawar et al. [188] reported a much lower concentration in the wood and
pericarp, giving a yield of 13.28 + 0.006 mg GAE/g DW and 12.68 + 0.005 mg GAE/g DW,

respectively.

4.4.2.2. Identification of phenolic compounds by LC-QTOF-MS

sSome relevant data of phenolic species identified in the extracts from CS and CD leaves
obtained as discussed above. Tabla 11 showed compounds are organized in order to facilitate
the discussion of their identities. Reported data correspond to theoretical values (masses)
obtained for precursor ([M-HJ]) ions, experimental m/z ratios for product ions, their empirical
formulae and retention times. The score column indicates how well the experimental MS
spectrum fits the calculated one for the empirical formula assigned to each species. This score,
in a scale from 0 to 100, accounts for mass accuracy, isotopic profile and spacing between the
cluster of ions corresponding to the [M-H] species. The column corresponding to Collision
Energy (CE) contains the value suggested to acquire the product ion scan spectrum of each
compound, maintaining the signal of the precursor ion, at the same time that several product

ions are generated.
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Table 11. Database of phenolic compounds identified in the extracts from CS and CD leaves.

Compound | Retention time 8[M-H] ion Empirical Normalized ‘MS/MS fragments CE (V) | Proposed identity CS CD

number/gro | (min) formula Score (0-100)
up
1 34 169.0142 C;HgOs 96.2 125.0239, 79.0190 15 Gallic acid X X
2 2.2,34,48 343.0665 C14H16019 99.7 191.0555, 169.0140 15 Monogallolyl quinic acid X -
3 10.4,10.9-12.0 495.0780 Cy1H0014 98.5 343.0665, 191.0553, 169.0131 15 Digallolyl quinic acid X -
4 12.0,12.2-13.1 647.0890 CugH24018 98.8 495.0770, 343.0665, 169.0130 15 Trigallolyl quinic acid X -
5 12.8-14 799.0999 CssH202; 98.3 647.0872, 495.0774, 343.0656 15 Tetragallolyl quinic acid X -
6 11.3 183.0299 CgHgOs 98.7 168.0054, 124.0160 15 Methy! gallate X -
7 114,119 321.0252 C14H100g 99.5 169.0134, 125.0238 5 Digallic acid X -
8 13.3 473.0362 C21H14013 99.8 321.0247,169.0133 5 Trigallic acid X -
9 13.8 300.999 C14HeO0g 97.5 283.9949, 145.0280 35 Ellagic acid X -
10 2.1-32 331.0671 C13H16019 99.4 271.0449, 211.0237, 169.0131 15 Glucogallic acid X -
11 9.7,10.3,10.6 483.0780 CaoH20014 98.8 331.0663, 211.0238, 169.0133 15 Gallic acid galloylglucoside X -
12 13.9 441.0827 C2oH18010 98.0 289.0705, 169.0149, 125.0207 10 Epicatechin gallate X -
13 16.5 301.0354 Cy5H1007 70.0 178.9973, 151.0023, 121.0293 25 Quercetin X X
14 10.9 137.0244 C;HeO3 87.1 93.0345 5 p-hidroxybenzoic acid - X
15 135 163.0389 CyHgO3 90.0 119.0500 5 p-Cumaric acid - X
16 11.7 289.0718 Cy5H1406 99.4 245.0807, 203.0705, 179.033 25 Catechin - X
17 14.8 445.0776 Cy1H1g011 80.0 269.0447, 175.0235, 113.0241 15 Apigenin glucuronide - X
18 175 269.0455 Cy5H1005 84.0 225.0556, 151.0029, 117.0340 25 Apigenin - X
19 13.6 431.0984 C,1H20010 81.0 341.0662, 311.0546, 283.0597 25 Vitexin - X

Calculated m/z value for the compound ® Normalized score values for the most intense peak of each group for 0.05% aqueous solutions of CS and CD freeze-

dried extracts.  Experimental m/z values
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In the case of CS extracts, up to 13 major phenolic species have been noticed in the LC-ESI (-)-
MS chromatograms. Eleven species correspond to derivatives of GA (compound number 1) and
their identification is based on spectral MS/MS information, previous literature data and high
resolution MS/MS databases (e.g. Metlin database). Compounds 2-5 are esters generated from
reaction between one hydroxyl group of quinic acid and the carboxylic moiety in the molecule of
GA. In all cases, several peaks with the same MS/MS spectrum were noticed. Quite often, these
peaks are not baseline resolved resulting in broad chromatographic bands with several valleys
and apexes. In these situations, retention times provided in Table 15 correspond to the start and
the end of the whole chromatographic band. Transitions appearing in the MS/MS spectra of
these species (compounds 25) reflect consecutive replacements of one unit of Gallic Acid (GA)
(CsHs04) by hydrogen. Thus, calculated mass differences between these product ions
correspond to 152.0110 Da. This fragmentation route ends with the product ions corresponding
to quinic and GA (calculated m/z 191.0561 and 169.0142 Da, respectively). Fig. 31A shows a
possible structure for trigalloyl quinic acid, together with its MS/MS spectra. Mass errors
corresponding to differences between calculated and experimental masses for product ions
remained below 1.5 mDa. The existence of complex, conjugated forms between gallic and
quinic acids in CS extracts agrees with previous reports using low resolution tandem MS
detection [369]. LC separation of such mixtures becomes a complex task and requires
chromatographic analysis times above 120 min. Thus, in this study, the sum of peak areas
corresponding to galloly quinic acids with the same empirical formula was used as response

variable to follow their time-course during emulsions storage.

Compound number 6 is the methylated form of GA and species 7-8 corresponded to
esterification of two and three molecules of GA. Several peaks have been noticed for any of
these species (compounds 7-8) depending on whether the hydroxyl moiety in meta- or para-
position to the carboxylic group is involved in the esterification reaction. Again, the molecular ion
for the [M-H] form of GA at m/z 169.0142 Da is present in the MS/MS spectra of these two
compounds, spectrum not shown. Compound number 9 arises also from esterification between
two molecules of GAd to generate a tetracyclic structure. The compound presents a very rich
product ion scan spectra which allows is unambiguous identification as ellagic acid using the
Metlin accurate MS/MS database.

Compound 10 corresponds to a molecule of GA bonded, through a phenolic group, to glucose.
It displays a high polarity which is in agreement with a short retention time. Species number 11
corresponds to esterification of the above structure (compound 10) with one additional molecule
of GA. Compound number 12 is again an ester between Epicatechin (EC) and GA. Quercetin is
a flavonoid structurespecies identified in the extracts from CS leaves. Detailed interpretation of
the product ion scan spectrum assigned to this peak is shown in Fig. 36B. Again, mass errors
for the precursor and the two most intense product ions stayed below 1.5 mDa. Also, the

experimental MS/MS spectrum in Fig. 35B agrees with that existing in the MassBank data base.
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Fig. 35. Product ion scan spectra for CS and CD
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In summary, phenolic species rendering the most intense LC-MS peaks in the aqueous
solutions of CS correspond to free GA itself, its oligomers and conjugated forms with quinic
acid, glucose and flavonoids. Previous studies have also reported the existence of a number of
gallic and ellagic acids derivatives in other plants of the Caesalpinia family, such as C. ferrea
[370].

As regards CD extracts, eight compounds could be identified, Table 16. Two of them (GA, and
guercetin) were also found in CS extracts reaching higher chromatographic responses in this
latter sample. The p-hydroxybenzoic acid and p-cumaric acids rendered weak peaks under LC-
MS conditions employed in this study; however, they identities could be confirmed by injection
of pure standards. Also, their product ion spectra displayed a neutral loss of CO, as the most
intense transition, figure not shown. On the other hand, CD did not contain noticeable levels for
any of the conjugated derivatives of GA reported for CS extracts. Other compound was found in
CD extracts identified as Apigenin-7-glucuronide. Detailed interpretation of fragments in the
product ion spectrum of this compound is shown in Fig. 36C. Despite the very low mass errors,
the proposed structure is just tentative since it is not possible to establish which phenolic moiety
is bonded to the glucuronide group. The empirical formula assigned to compound 18 (C15H100s)
is compatible with three polyphenols: emodin, baicalein and apigenin. Interpretation of its
product ion spectrum and database comparison (MassBank database) permitted to assign this
species to the flavone apigenin. The product ion at m/z 151.0029 Da observed in the
experimental spectrum of this compound, Fig. 36D, is present in the MS/MS spectra of 5,7-
dihydroxyflavones, such as crysin and apigenin but is not observed for the 5,6,7-
trinydroxyflavone baicalein. Finally, compound 19 was identified as vitexin, a glucoside of
apigenin, Fig. 36E. Again, the experimental spectrum matched that existing in Metlin database

for Vitexin.

4.4.2.3. Oxidative stability of oil-in-water emulsions

The formation of primary oxidation products, hydroperoxides, measured in the different
emulsions, containing a 0.5 % (w/v) of freeze-dried plants extracts, during storage at 33 °C is
shown in Fig. 36A. The PV of emulsion samples containing the plant extracts was lower that the
control. The control PV reached 176.16 meq hydroperoxides/kg emulsion at the end of the
storage period. Emulsions containing CD and CS extracts showed a similar behavior until 18
days. Thereafter, the CS extract was much more efficient to reduce the formation of
hydroperoxides. After 20 days of incubation, PV levels of 1821 and 6.73 meq
hydroperoxides/kg emulsion were measured for CD and CS, respectively. The maximum
acceptable level of PV for refined vegetable oils, established by the Codex Alimentarious, is 10
miliequivalent O,/kg oil. Emulsions with CD reached this limit after 18 days. In the case of CS

extracts containing emulsions, such value was not exceeded at the end of the experiment.
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Fig. 36. (A) Peroxide value of emulsions with CD and CS and (B) Time-course of the total
polyphenol content during storage of oil-in-water emulsions containing CD or CS extracts

(0.5%) as stabilizers. Bars represent standard deviation (n=2)

In comparison with previously published data, CS and CD extracts proved to be more effective
slowing down the formation of hydroperoxide radicals in oil-in-water emulsions. For instance,
Roedig-Penman et al. [371] measure a PV of 30 meq /Kg emulsion after 40 days of storage, at
30 °C, of oil-in-water emulsions containing a 0.03 % (w:v) of tea extracts. In other studies with
species of Caesalpinia, Maisuthisakul et al. [372] reported the effect of the Cratoxylum
formosum dry extract in oil-in-water emulsion (0.01% w:w). The PV value reached 50 meqg/kg
emulsion after 4.55 days maintained at 60°C. Also, in previous studies with the CS, we found
that one with a lower concentration (48mg/L emulsion) forming hidroperoxides remains below

20 meq / Kg emulsion in 8 days at 38°C.
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4.4.2.4. Variation of polyphenols compounds in emulsions

According to Shahidi and Zhong [247] antioxidants act as free radical scavengers at the water-
oil interface where they create a protective barrier and thus ‘block’ the entrance of molecular
species capable of accelerating lipid oxidation into the organic phase. In order to further
understand the effect of plants extracts in the stability of the emulsions, the time-course of (1)
the total polyphenolic content, determined following the Folin-Ciocalteu method, and (2) that of
selected compounds in acetonitrile extracts obtained from emulsions, determined by LC-QTOF-

MS, was investigated.

The initial total polyphenol measured (Fig. 37B) showed higher values at week 1 of emulsion
preparation containing samples (3.68+0.2 mg GAE/L emulsion to CD and 6.44+0.3 mg GAE/L
emulsion to CS). Storage significantly decreased the total polyphenols of both emulsions with
very little differences after 2 weeks, despite the different measured PV depending on the

employed plant extract, see Fig. 36A.

Evolution of selected compounds (those showing the larger variations) in emulsions containing
CS extracts are showed in Fif. 38. Responses for GA (A) and the mono-substituted ester with
quinic acid (B) increased steady with storage time. Likely, such behavior results from hydrolysis
of the poly-substituted esters (particularly, tri- trigalloly quinic acids, Fig. 37C). This kind of
reactions might compete with lipids oxidation, contributing to stabilize the oil-in-water emulsions.
Decay in the responses of the oligomeric species trigallic acid (Fig. 37D) and the conjugated of
GA with glucose (Fig. 37F) also contributes to increase the response obtained for the free form
of GA. Hydrolysis reactions also explain the dramatic reduction in the normalized signal for the
ester of EC and GA (Fig. 37E). Finally, the response measured for quercetin increased after 7
days, which suggest a probable degradation of a derivative species, containing the flavonoid
structure of quercetin. Such precursor could not be identified in this study; however, the Metlin
database contains several hundreds of conjugated species between quercetin and different
saccharides. It is worth noting that responses measured for most compounds in Fig. 37
remained stable in aqueous infusions containing the same amount of CS extract stored under
same conditions as emulsions, figure not shown. Thus, time-course profiles depicted in Fig. 38
are related to lipids oxidation reactions. The exception to the above behavior corresponded to
Epicatechin Gallate (ECG), whose response also decreased with storage time for aqueous
solutions; anyhow, the decrease rate of this species in this matrix was lower than that observed

for O/W emulsions.
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Figure 37. Time-course of selected compounds in oil-in-water emulsions containing a 0.5% of
freeze-dried CS extract: (A) GA, (B) Monogalloyl quinic acid, (C) Trigalloyl quinic acid, (D),
Trigallic acid, (E) ECG, (F) 3-glucogallic acid, (G) Quercetin. Average values for duplicate

experiments.

The evolution of several phenolic species in emulsions stabilized with CD extracts is displayed
in Fig. 39. In this case, the lowest variations (below 20%) corresponded to apigenin glucuronide,
vitexin and C (Fig. 39A, 39B and 39F). Conversely to the behavior depicted in Fig. 38, the

126



ESTUDIOS CON PLANTAS DE LA FAMILIA FABACEAE

response of GA (Fig. 38C) decreased in CD containing emulsions. Likely, such reduction is due
to the absence of oligomers and esters of GA in this plant. Quercetin (Fig. 38D) increases
dramatically with time following the same trend as in CS stabilized emulsions (Fig. 38G)
supporting the above reported idea of its generation from hydrolysis of an unknown precursor.
This latter comment is also valid to explain the trend of p-cumaric acid (Fig. 38E). Also, the
analysis revealed the presence of rutin, with precursor ion at m/z 609,1461 Da., but this peak

had a very low signal.

The highest concentration of polyphenols was observed at the beginning of emulsion, as
indicated in Fig. 37 and Fig. 38. In both varieties a bigger variation of polyphenols compounds
were observed throughout 20 days storage period. This is attributed to the fact that reactions
between phenolic substances of plants are mainly polymerization reactions rather than
degradation or oxidation reactions. We show the changes made by the compounds between 5

and 20 days.

The polyphenols compounds were identified by comparison of their retention times. In the
emulsions with CS the compounds suffer a greater degradation are gallotanins and polyphenol
ECG. However, the end of the study was obtained a considerable increased of quercetin,
quininic acid and mono galloyl. Emulsions with CD showed a similar pattern of GA compounds
and quercetin dihydrate. Likewise, a decrease in Catechin polyphenols apigenin-7-glucuronide,
vitexin and GA were observed. p-cumaric acid and quercetin compounds showed a great

increase over time.

Thus, some polyphenols compounds slowed during emulsions oxidation, possibly due to higher
scavenging levels of free radicals due to the added antioxidants. The moieties of polyphenol
structures easily form hydrogen bonds with radicals produced by oil oxidation, resulting in
degradation of polyphenols. The content of catechins decreased over time in the emulsions. It is
well known that catechins can undergo degradation, oxidation, epimerization and polymerization
and many factors could contribute to these chemical changes [373]. In our work the ECG had a
reduction over the time, this polyphenol compound could have suffered an epimerization,
Catechin Gallate (CG) is a product result of the epimerization of ECG. Sharma and Zhou [374]
observed that ECG decreased while their epimers CG increased in green tea during thebiscuit

making process. This can be due to the combined effects of pH and temperature.

In the emulsions occurs a significant variation of GA, there are an increased the contents of
mono-galloyl and galloylquininic acid as a consequence of its release through thermal
degradation of GA. The majority of tannins compounds can be derivatives of this molecule. The

galloyl quinic acid of Tara can be divided in to different groups: mono-, di-, and tri-galloyl [369].
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Figure 38. Time course of selected compounds in oil-in-water emulsions containing a 0.5% of
freeze-dried CD extract: (A) Apigenin glucuronide, (B) Vitexin, (C) GA, (D), Quercetin, (E) p-

cumarico and (F) C.

Some compounds over time may result transformation to other compounds to be influenced by
factors such as temperature, hydrolysis, etc. Quercetin over time suffer a decrease, one
possible reason relates to the rutin present in the samples, which could have suffered
decomposition and its transformation into quercetin. The 85% of rutin is transformed to

quercetin [375].

In the case of p-coumaric acid Pryce [376] considers that p-cumaric acid is a precursor
metabolite of other polyphenolic compounds more complex. Thereby p-hydroxybenzoic acid is
produced through three ways: directly from chorismic acid from 4-oxo-cyclohexanecarboxylic
and through the p-cumaric acid [377]. This explains the decrease of the p-cumaric acid in the

emulsions at end of the study.
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Another compound which showed a decrease in time was the apigenin glucuronide. Although

this behavior the variation available is very mild, it is remaining stable throughout the study.

4.4.3.Conclusions

The total polyphenol content and the stabilities of emulsions with the vegetal extracts were
investigated. Emulsions containing 0.5 % of CD and CS leaf extracts showed much lower PV
indexes than non-stabilized, control emulsions. After 20 days of storage at 33 °C, the CS extract
exerted a higher radical scavenger activity than the CD one. Time-course changes in
polyphenolic species identified in CS extracts suggested the hydrolysis of conjugated and
oligomeric forms to free GA. The responses of some flavonoids,e.g. quercetin, also increased
during storage of oil-in-water emulsions; nevertheless, such pattern could not be correlated with
parallel reduction in the responses of a precursor molecule. QTOF-MS provides valuable
information for identification of major compounds in the LC chromatograms corresponding to
CD and CS extracts; however, a comprehensive characterization of these chromatograms
requires the use of more systematic approaches aiming to (1) identify molecular features in the
chromatograms, even if they display the same retention time, (2) generate their product ion
scan spectra and (3) compare the experimental product ion spectra with those existing in high

resolution database.

The total polyphenols in the emulsion with CS indicates the highest antioxidant activity for the

gallic acids. This correlated with the polyphenolic compounds present in the plant extract.

In the study, the efficacy of these extracts was found to protect against lipid oxidation of O/W
due to the stability and/or increase certain polyphenolic compounds at study end. The results
reveal that the herbs selected are rich sources of phenolic compounds with a high radical
scavenging activity. This outcome favors the application of natural extracts as natural additives

in different fields.
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4.5.Caesalpinia decapetala Extracts as Inhibitors of Lipid Oxidation in

Beef Patties

Maria G. Gallego, Michael H. Gordon, Francisco J. Segovia and Maria Pilar Almajano

Publicado en Molecules (2015): 20: 13913-13926; doi:10.3390/molecules200813913
4.5.1.Introduction

Lipid oxidation, one of the major causes of quality deterioration, is also important because it can
negatively affect sensory attributes such as color, texture, odor, and flavor as well as the
nutritional quality of the product. Meat mincing, cooking and other processing prior to
refrigerated storage disrupt muscle cell membranes facilitating the interaction of unsaturated
lipids with pro-oxidant substances such as non-heme iron, accelerating lipid oxidation leading to
rapid quality deterioration and development of rancidity. Initially lipid oxidation in meat products
results in a cardboard flavor and progresses with the development of painty, rancid and oxidized
flavors [378].

Antioxidants are substances that at low concentrations retard the oxidation of easily oxidizable
biomolecules, such as lipids and proteins in meat products, thus improving the shelf life of

products by protecting them from deterioration caused by oxidation [379].

Synthetic antioxidants such as Butyl Hydroxy Anisole (BHA), Butyl Hydroxy Toluene (BHT), Tert
Butyl Hydroquinone (TBHQ), and Propyl Gallate (PG) have been used as antioxidants in meat
and poultry products, but synthetic antioxidants have fallen under scrutiny due to potential

toxicological effects [379].

Natural extracts have been developed in response the recent demand for natural products and
consumers’ willingness to pay significant premiums for natural foods. Many plants have been
recognized as possessing antioxidant activity, including barks of cinnamon (Cinnamomum
iners), buds of clove (Syzygium aromaticum ), rhizomes of ginger (Zingiber officinale Rosc.),

leaves of green tea (Camellia sinensis) and leaves of thyme (Thymus vulgaris ) [380].

C. decapetala (CD) is a climbing shrub that belongs to the genus Caesalpinia of the Fabaceae
family. C. decapetalais widely distributed around the world, but mainly distributed in the
southern regions of the Yangtze River in China. The plant is locally known as “Yan wang ci” in
Guizhou Province, China. The roots are used in folk medicine to treat bronchitis, prevent colds,
and as an antimalarial agent. Previous chemical investigations on C. decapetalarevealed that
the main chemical components were terpenoids and flavonoids [44]. Recently, the chemical
constituents have been systematically investigated and the antitumor activities of the
compounds have been tested to validate the medicinal use of this plant. C. decapetala has

been shown to contain antioxidants. The leaves contain cassane diterpenoid, caesaldecan,
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spathulenol, 4,5-epoxy-8(14)-caryophyllene, squalene, lupeol, resveratrol, quercetin, astragalin

and stigmasterol [186].

Our objective in this study was therefore to evaluate the effectiveness of C. decapetala extract
in preventing or reducing lipid oxidation as well as color changes in ground beef patties during

storage at a chilled temperature (4 °C).

4.5.2.Results and Discussion

45.2.1. Antioxidant Capacity Assays (AOC)

AOC determined by the ferric reducing antioxidant power (FRAP) assay at 24 h and after 11
days are presented in Figure 40. In order to obtain an accurate value for the total antioxidant
activity (Table 12), both the hydrophylic and lipophilic antioxidant activity analyses were done on

the same samples.

The hydrophylic and lipophilic antioxidant activity values were higher in the sample containing
C. decapetala leaf extract (0.5 %). The hydrophylic antioxidant activity (0.20 £ 0.003 mol Trolox
Equivalent (TE)/mL sample) had a higher value than the lipophilic FRAP value with no
significant difference (p < 0.05) from the sample of BHT (0.21 + 0.01 mol TE/mL sample). The

sample with the lowest antioxidant activity as expected was the control.

The FRAP value is a measure of the capacity of the antioxidant to reduce Ferric (lIl) ions to
Ferrous (1) ions [260]. In our study the final hydrophylic and lipophilic values of antioxidant
activity of the sample containing C. decapetala (0.5 %) were higher than those reported by
Topuz et al. [381]. They studied the effect of addition of sauces containing olive oil and
pomegranate juice into marinated anchovy to retain the initial quality, by preventing undesired
chemical and oxidative alterations during storage at 4 °C. The total antioxidant activity value of
CD2 (0.39 + 0.03) was similar to those (0.31 + 0.05) reported by Bubonja-Sonije et al. [382].

The capacity activity of the hydrophylic and lipophilic extracts can be attributed to different
polyphenol compounds. The hydrophylic extract contains antioxidants such as phenolic
derivatives of Benzoic Acid and cinnamic acid or flavonoids [383]. In the lipophilic extract the
major contributors to the antioxidant activity are hydrophobic compounds such as carotenoids,

tocopherols, polymeric proanthocyanidins and high molecular weight tannins [384].

The extracts showed a higher ability to reduce Fe**. The assay showed higher AOC values in
the assay carried out with the lipophilic extract compared to the values for the hydrophylic

extract.
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Fig. 40. (a) AOC measured by FRAP water; (b) and FRAP lipid; assay for each treatment:
Control (C), CD1 (0.1%), CD2 (0.5%) and BHT after 11 days of storage. The values represent
mean + standard error; treatment means that do not share a common letter are different (p <
0.05).
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Table 12. The antioxidant activities of C. decapetala (0.1% and 0.5%) and BHT in beef patties

after 11 days of storage.

Antioxidant Activities

Sample (umol Trolox/mL Sample)
Hydrophylic Lipophilic Total
Control 0.13(0.03)* 0.08(0.01)*  0.21(0.19)?
CcD1 0.16 (0.003)® 0.12 (0.002)® 0.28 (0.07)°
CD2 0.20(0.01)° 0.19(0.02)°  0.39(0.03)°
BHT 0.21 (0.01)¢  0.11(0.004)°  0.32(0.01)°

Results of sample concentrations (umol Trolox/mL sample) are expressed as mean (SD).
Different letters (a—d) in the same column denote significant differences among samples (p <
0.05).

45.2.2. Effects on Metmyoglobin Formation

The effect of C. decapetala and BHT on Metmyoglobin (MetMB) percentage in beef patties is
presented in Figure 41. The relative MetMb percentage increased with time for the 11 days of
refrigerated storage. The samples treated with leaf extract and BHT had a lower (p < 0.05)
concentration of MetMb compared to the control, thus demonstrating some ability to inhibit
formation of MetMb. After 10 days, the control sample exhibited higher MetMb concentration
(73.48 £ 0.20). No significant difference was found between the control and sample CD 1 0.1%.
Antioxidant effect was best in samples containing leaf herb extract (66.57 % = 0.3 % for C.
decapetala at 0.5 %). The sample with BHT had a very similar behavior to the CD2 extract, with

no significant difference between these samples at the end of the study.

Although many factors can influence the color stability of meat and meat products, the
susceptibility of myoglobin to autoxidation is a predominant factor. The discoloration of meat

from red to brown during storage results from the oxidation of OxyMb to MetMb [385].

The radical species produced during muscle phospholipid oxidation may act to promote OxyMb
autoxidation. Conversely, superoxide anion released from oxidized OxyMb can dismutate to
hydrogen peroxide and hydroxyl radical, which are potent lipid pro-oxidants [385]. The free
radical scavenging effects of phenolic compounds occurring in C. decapetala leaf extract are

the most likely reason for the retardation of MetMb formation.

In a previous study, Sanchez et al. [12] reported that beef patties treated with rosemary did not

exceed 40 % of metmyoglobin after day 8 of storage. Significant correlations (95%) were
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observed between metmyoglobin formation and values from the thiobarbituric acid reactive
substance (TBARS) assay. This confirms that both parameters reflect the oxidation rate for the
samples during the study period, showing the control as the most oxidized sample. The addition
of 0.5% C. decapetala was effective in inhibiting myoglobin oxidation and maintained the
redness of the beef patties due to its ability to maintain oxymyoglobin stability, and to reduce the

formation of metmyoglobin.
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Fig. 41. Effects of C. decapetala extract added at 0.1% and 0.5% (w/w) and BHT on
metmyoglobin changes in beef patties during 11 days of refrigerated storage at 4 °C. Results
are given as mean + standard error. Different letters in the same day (a—d) indicate significant

differences between samples.

45.2.3. Volatile Compounds

The hexanal content increased together with the TBARS values, thereby suggesting lipid
oxidation development (Fig. 42). The hexanal content of meat stored at 4 °C increased rapidly
over the first four days of storage. The trend observed for hexanal values was as follows
(p < 0.05): control > CD1 > CD2 = BHT. The antioxidant herb extract added to beef patties
reduced the amounts of volatile compounds formed. After eight days, the control and CD1
sample showed the highest hexanal concentration throughout the storage period. CD2 (0.5 %)
extract and BHT samples, which also had the lowest TBARS values, formed the least volatiles

with 7.16 £ 0.1 and 6.89 + 0.1ppm hexanal, respectively.

Flavor and aroma compounds found in meat include a broad array of compounds, including

hydrocarbons, aldehydes, ketones, alcohols, furans, thiophenes, pyrroles, pyrazines, oxazoles,
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thiazoles, and sulfurous compounds. Also, flavor and aroma are attributes most easily detected

and assessed by consumers as either acceptable or not [386].

Aldehydes are the most prominent volatiles produced during lipid oxidation and have been used
to successfully follow lipid oxidation in meat or meat products where they are reported to
contribute tothe overall off-flavor of oxidized meat. Hexanal is reported to be the most sensitive
indicator for lipid oxidation [387]. Hexanal and heptanal are degradation products from the
oxidation of long chain polyunsaturated fatty acids n — 6, mainly linoleic acid [388]. Long chain
polyunsaturated fatty acids are known to be less stable towards oxidation than
monounsaturated fatty acids, and the high hexanal values observed in this study can be

attributed to degradation of linoleic acid.
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Fig. 42. Hexanal in beef patties with C. decapetala extract added at 0.1% and 0.5% (w/w)
concentration and BHT packaged in a modified atmosphere and stored at 5 °C. Results are
given as mean % standard error. Different letters in the same day (a—d) indicate significant

differences between samples.

Similar observations have been also made by Juntachote et al.[389] in cooked ground pork
sausages with various added antioxidants. Sampaio et al.[390] indicated that natural
antioxidants including honey, oregano and sage exhibited greater antioxidant efficacy than that

shown by BHT, when assessed by hexanal formation.

4524, Effect on Lipid Oxidation and the Color of Beef Patties

45.2.4.1. Thiobarbituric Acid Reactive Substance (TBARS) Value

The antioxidant effects of C. decapetala leaf extracts and the synthetic antioxidant BHT in

ground beef patties (0.1 % and 0.5 % w/w) are shown in Figure 43. The extracts showed
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effective antioxidant activity against lipid oxidation, although the TBARS content of the patties
treated with edible plant extract (0.5%) was lower than that of the patties treated with BHT. As
expected, the TBARS values of the control sample increased most by 5.6 mg
malondialdehyde/kg sample after 11 days, whereas the TBARS values of patties containing
0.1% and 0.5% C. decapetala extract increased by 2.9 and 1.7 mg malondialdehyde/kg sample,

respectively, after 11 days—significantly less than the control (p < 0.05).

The ethanolic extract of C. decapetala was moderately antioxidant at both 0.1 % and 0.5 % in
beef patties, with significantly lower (p < 0.05) TBARS values than the control, and the
concentration 0.5% was more effective as an antioxidant than BHT treatment. We concluded
that a 0.5 % C. decapetala leaf extract is more capable than BHT of maintaining lipid stability

and efficiently delaying lipid oxidation in refrigerated beef patties.
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Fig. 43. Effects of two concentrations of Caesalpinia decapetala added at 0.1% and 0.5% (w/w)
and BHT added at 0.01% (w/w) on TBARS value (mg MDA/kg sample) of raw beef patties
during 11 days of refrigerated storage at 4 °C. Results are given as mean + standard error.

Different letters in the same day (a—d) indicate significant differences between samples.

Our results are consistent with various other studies, all of which reported that natural
antioxidants from culinary herbs and edible plants were effective at controlling lipid oxidation
and extending the shelf life of meat products. Fasseas et al.[391] reported that both oregano
essential oil (3 %) and sage essential oil (3 %) significantly reduced oxidation. Mitsumoto et
al.[392] reported that adding tea catechins (200 or 400 mg/kg) to minced meat inhibited lipid
oxidation in both raw and cooked beef. Similar results to ours were reported by McCarthy et
al.[393], where an addition of rosemary extracts (0.2 %) to beef patties stored in refrigeration
had antioxidant activities similar to BHA/BHT (0.01%/0.1 %). Formanek et al.[340] noted that
rosemary extracts worked synergistically with vitamin E to inhibit the formation of
malondialdehyde (TBARS). Han and Rhee [394] showed that 0.25% (w/w) extracts of rosemary,
sappanwood, and red or white peony almost completely inhibited lipid oxidation in raw beef

patties.
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In general, the effectiveness of these natural antioxidants is proportional to the number of —OH
groups present on the aromatic rings. If their solubility is compatible with a particular meat
system, the fact that they are natural and have antioxidant activity that is as good as or better

than the synthetics makes them particularly attractive for meat products.

4.5.2.4.2. Changes in pH of Raw Beef Patties

Figure 44 shows the effects of C. decapetala added at two concentrations (0.1 % and 0.5 %)
w/w and BHT (0.1 %) on the pH values in raw beef patties during cold storage for 11 days. The
control sample had the highest pH value (5.50), and the pH values of the other treatments
decreased with storage time. Samples treated with C. decapetala (0.5 %) had the lower pH
value after storage (5.39). The changes in pH value during storage might be due to acidity
produced by bacterial action on the muscle glucose and accumulation of the microbial

metabolites due to bacterial spoilage in pork meat patties [394].
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Fig. 44. Effects of Caesalpinia decapetala added at 0.1% and 0.5% (w/w) and BHT added at
0.01% (w/w) on the changes in pH values of raw beef patties. Data is presented as
mean +* standard deviation. Different letters at the same time (a—d) indicate significant

differences between samples.

45.2.4.3. Color Changes

The Commission Internationale de I'Eclairage (in French, (CIE) color values in raw ground beef
samples with/without spice extracts are shown in Table 13. The color of meat and meat

products after slaughter and manufacturing is altered by increased metmyoglobin.
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Table 13. Color changes of beef patties containing extracts at 4 °C.

Trait Days Control CD1 CD2 BHT

3753 (3.19)°

37.84 (3.24)® 3886 (1.75)* 37.42 (2.47)% 4242 (5.14)°
36.42 (2.22)* 39.73 (2.18)° 39.35 (1.77)°® 38.71 (2.90)°
39.37 (5.18)® 38.74 (3.55)% 40.17 (3.08)* 40.93 (3.41)°
3847 (5.18)® 40.92 (2.60)"* 3453 (2.35° 3852 (2.99)°
4243 (2.66)% 4134 (3.05)* 36.78 (2.06)° 37.29 (4.37)°
4433 (3.36)% 4174 (3.22)° 4005 (1.74)° 4423 (2.59)?
4438 (4.94)*° 4636 (2.85)"% 4047 (1.76)° 45.94 (1.88)°
42.85 (250)% 44.83 (3.30)"* 4059 (2.56)° 35.58 (4.99)°
4571 (3.32)® 48.14 (3.92)"* 4217 (2.65)° 4463 (2.12)°
4431 (3.35)% 4868 (2.14)°* 46.76 (3.76)°% 43.07 (3.03)°°
43.80 (3.66)* 50.90 (1.88)° 43.01 (4.15)% 44.46 (7.98)°°
333 (058)°

508 (1.73)® 592 (1.88)° 433 (1.82)° 6.42 (2.08)°
6.20 (0.63)® 463 (1.18)° 235 (1.05° 630 (1.34)°
441 (1.67)* 652 (1.63)° 456 (1.03)* 420 (1.33)°
504 (2.14)* 448 (1.73)"* 257 (0.88)° 381 (1.23)°
415 (0.43)* 243 (096)° 186 (0.59)°° 0.87 (0.59)°
268 (0.87)* 175 (0.81)° 083 (059)°¢ 211 (0.29)°
1.24 (0.28)* 044 (0.24)° 0.82 (045> 0.72 (0.36)"?
1.48 (0.35)% 053 (0.20)° 0.38 (0.29)°° 0.66 (0.24)*°
127 (0.38)* 0.95 (049 * 0.80 (0.40)* 063 (0.27)°
058 (0.44* 021 (0.19)® -058 (0.50)° 050 (0.40)2°
-0.47 (0.31)® -0.78 (0.349)" -070 (0.27)*" 041 (0.23)*"
333 (0.82)°

657 (1.73)* 6.89 (245 6.44 (217)* 820 (1.85)°
821 (2.08)* 646 (256)° 839 (1.07)* 7.00 (2.01)°
8.15 (2.86)* 1050 (1.75)° 871 (1.47)* 589 (2.05)°
6.62 (2.36)*° 7.38 (2.28)*" 848 (2.43)* 556 (2.68)°
834 (0.97)* 738 (250)° 760 (1.61)°"* 332 (2.25°
960 (2.01)* 1025 (1.99)"* 6.17 (1.04)° 9.11 (1.83)2°
702 (336)* 675 (2.09)° 949 (227)° 9.00 (1.61)°
10.46 (0.98)* 9.89 (1.55)* 955 (1.30)* 290 (2.00)°
7.76  (259)* 874 (299)° 856 (1.42)° 739 (1.97)°
769 (1.16)* 890 (1.87)"”* 1159 (3.01)° 9.70 (1.50)°°
452 (1.35)% 1230 (2.42)° 1057 (3.04)°° 6.23  (4.06) *?

Lightness (L*)

= O

Redness (a*)

= O

Yellowness (b*)

PPRPOO~NODUODWNRPRPOIPRPOONOUOPRWNRPRPORPPRPOONOUUPAAWNEO

= O

Results of color changes are expressed as mean (SD). Means with different letters (a—d) in the

same day are significantly different at p < 0.05.

The formation of metmyoglobin is associated with the oxidation of oxymyoglobin (light pink
color) during storage. L* values showed a small difference for all samples throughout the
storage period. Different authors refer to these slight changes in the values of L* in meat
through the storage time [395,396]. The a* value (redness) is the most important color
parameter in evaluating meat oxidation, as a decrease in redness makes the meat product
unacceptable to consumers. In all samples, the redness (a* value) decreased as storage time
progressed. At the end of the study period (Day 11), the intensity of each color parameter was
lower than the value measured at Day 0 as a result of the oxidation process, leading in this way
to a change in color. It is clear that the protective effects of the test extracts against the color
loss (a* value decrease) in stored beef patties were not as pronounced as their effects against
lipid oxidation. At the end of storage, the a* values of the CD1 and CD2 samples (-1.02 £ 0.33)
were significantly lower (p < 0.05) than those of others samples. BHT displayed the highest

value of a* at the end of the experiment. Therefore, the natural plant extracts affected meat
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color, specifically redness, and are therefore potentially useful in prolonging the shelf life of the
meat product. Several authors have reported an a* value decrease in different meat and meat
products stored under a modified atmosphere [396,397]. The samples had an initial yellowness
(b*) value of 3.33 + 0.82. Significant differences (p < 0.05) were observed in b* values in all

samples throughout storage.

4.5.3.Conclusions

Our experiments with raw beef patties indicated that the C. decapetala extract may be
promising as a source of natural antioxidants for meat products. The analysis of TBARS, fatty
acid degradation, antioxidant activity and concentration of volatile compounds provides a
complete assessment of the consequences of lipid oxidation in burger patties. The addition of
this extract to the beef patties at 0.5 % was the most effective antioxidant. This concentration
inhibited formation of TBARS and volatile compounds more effectively than the synthetic
antioxidant BHT over the course of 11 days. Using this herb extract as an ingredient in burger
patties may be an efficient strategy to enhance the nutritional value and safety of these meat

products.
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4.6.Gelatine-Based Antioxidant Packaging Containing Caesalpinia
decapetala and Tara as a Coating for Ground Beef Patties

Maria Gabriela Gallego, Michael H. Gordon and Maria Pilar Alimajano Pablos

Publicado en Antioxidants el 31 de marzo de 2016, 5, 10; doi: 10.3390/antiox5020010
4.6.1. Introduction

Research into the development of edible films and coatings to extend the shelf-life of food
products has attracted increasing interest in recent years due to several factors, such as
consumer demand for high quality food [398], government demand for reducing packaging
waste and marketing demand for new products. Additionally, the food industry is constantly
seeking new and improved packaging systems and materials in a further attempt to retard

deteriorative changes of food quality and, consequently, extend food shelf-life [399].

These films can help maintain and improve the quality of fresh, frozen and processed meat
foods by reducing moisture loss, lipid oxidation and colour deterioration and acting as carriers

for antimicrobial and antioxidant food additives [400].

Oxidation processes represent some of the most significant mechanisms that cause food
spoilage. Lipid oxidation is one of the major limiting processes responsible for the reduction in
food shelf-life, since it leads to off-flavour, off-odour and has been linked to oxidation reactions
that cause product discoloration and loss of vitamins. Synthetic antioxidants have been used to
prevent lipid oxidation, but the increasing demand for natural products has renewed the interest
in natural polymers as raw materials for edible coatings or films due to their potential to extend

the shelf-life of food and reduce the complexity and cost of packaging systems [401].

Traditional packaging technologies used for fresh meat and processed meat products have
consisted chiefly of vacuum packaging, Modified Atmosphere Packaging (MAP) and air-
permeable packaging. In recent decades, technological advancements in materials,
methodology and machinery have enhanced the efficiency and function of the packaging of
meat products [298]. Gelatine is a protein-based polymer, widely used in the manufacture of
edible films. As a consequence, the properties of films made from mammalian (chiefly porcine
and bovine) gelatines have been widely studied [402]. Antioxidant active material is one type of
“active packaging”, an innovative technology for food preservation based principally on mass
transfer interactions between systems “food/packaging” [403]. The effect of active coating
treatments with natural antioxidants on the uptake of lipid oxidation of food has been
investigated [404]. Several studies have evaluated how antioxidants Butyl Hydroxy Toluene
(BHT), Butyl Hydroxy Anisole (BHA), alpha-tocopherol and natural extracts) incorporated in
packaging film migrate out of the film and retard lipid oxidation in the stored foodstuff [405].

Different plant or herb extracts have been incorporated in gelatine films to enhance the
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antioxidant and/or antimicrobial properties, such as green tea extract [406,407], longan seeds
and leaves [404], oregano or rosemary aqueous extracts [408] and murta ecotypes leaf extracts
[409].

In order to meet consumer demands for more natural, disposable, potentially biodegradable and
recyclable food packaging materials, research has focused on the incorporation of two plants
rich in polyphenolic compounds, namely Caesalpinia decapetala (CD) and Caesalpinia spinosa
(CS) (Tara), into the coating film. The genus Caesalpinia has long been used in Chinese
traditional medicine. Plants of this genus have proven to be a rich source of compounds, such
as diterpenoids, triterpenes, flavonoids, etc. However, information on their application to films is
limited; thus, the aim of this work was to investigate the effectiveness of gelatine film to maintain
the physicochemical properties of beef patties, maintaining the oxidative stability of these fresh

food products.

Therefore, the objectives of this work were to develop a new type of active gelatine film
enriched with Caesalpinia extract with added concentrations of ethanolic extract of CD and CS
and to determine the lipid inhibition on ground beef patties during chilled storage, in addition to

analysing the optical, mechanical, barrier and antioxidant properties of these films.

4.6.2.Results and Discussion

4.6.2.1. Total Phenolic Content and Antioxidant Activity

Folin-Ciocalteu phenol reagent was used to obtain an estimate of the phenolic groups present in
the gelatine film containing plant extracts. The control films (without extract) contained no
phenolics (data not shown). The total polyphenol content of gelatine film with herb extracts is
shown in Figure 39a. As expected, total phenol content increased significantly by the
incorporation of more extract (p < 0.05). The phenol content as Gallic Acid Equivalent(GAE) per
gram of films ranged from 178 to 515 mg GAE/g film for CS and 61 to 191 mg GAE/g film for
CD. The highest value (515 + 27 mg GAE/g film) was for the film formulated with CS3 (0.2%
extract), and the lowest value (61 + 12 mg GAE/g film) was for the film with CD1 (0.3 % extract).
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Fig. 39. (a) Polyphenol concentration of films with different concentrations of plants extracts:
Caesalpinia spinosa 1 (CS1) (0.07%), CS2 (0.1%), CS1 (0.2%), Caesalpinia decapetala 1
(CD1) (0.3%), CD2 (0.7%), CD1 (1%). (b) Antioxidant activity by oxygen radical absorbance
capacity (ORAC) and Trolox equivalence antioxidant capacity (TEAC) assays of films with
different concentrations of plant extracts. (c) Correlation for polyphenol content from the Folin

assay with antioxidant activity assessed by the TEAC and ORAC assays.

The antioxidant activity was measured by the ORAC and TEAC assay (Fig. 39b). The ORAC
method measure the loss of fluorescence of a probe (fluorescein) in the presence or absence of
an antioxidant. The ORAC value was 0.65 + 0.01 mol Trolox Equivalent (TE)/g film for CS3 at a
concentration of 0.2 % and 0.32 mol TE/g for CD3 at a concentration of 1 %. Moreover, when
using the TEAC assay, based on the ability of an antioxidant to reduce the ABTS™ radical [410],
the antioxidant activity was higher at 0.21 + 0.007 mol TE/g film for CS3 and lower at 0.02 +
0.001 mol TE/g film for CD3.
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The polyphenol content assessed by the Folin-Ciocalteu assay correlated with antioxidant
capacity assessed by the TEAC and ORAC assays (Fig. 45c¢). The TEAC assay was the
antioxidant assay that best correlated with the total phenolic content in the extracts (r2 =
0.9696). The correlation coefficient for the ORAC assay was r°=0.8949.

Packaging with antioxidant properties is a promising technique to extend the shelf-life and
maintain the quality of food. The Folin assay is a useful tool to know the total polyphenols, and

the ORAC and TEAC assays are important techniques for measuring antioxidant activity.

The Folin values were higher than those for other films containing natural extracts with
antioxidant power, as the film incorporated with agueous chitosan green tea extract (20% w/v),
where the total polyphenol content was about 33 mg GAE/g film [411]. Similarly, according to
the study by Araujo et al.[318] with ethanolic extract propolis, the polyphenols were proportional
to the extract incorporated in films. The antioxidant capacity of the films should be strongly
related to the portion of film that can be dissolved in water and, consequently, to the release of

active compounds.

The antioxidant capacity assessed by the ORAC and TEAC assays was higher in the CS3
(0.2%) extract films. The antioxidant activity is in direct relation to the concentration of
polyphenols in the herb extract. Comparing to other plants, the ORAC value for the film
containing CS was higher than the values found for commonly-consumed herbs with high
antioxidant capacity, including basil, marjoram, oregano, ginger, thyme and black tea (0.048
mmol/g DW, 0.27 mmol/g DW, 0.14 mmol/g DW, 0.39 mmol/g DW, 0.27 and 0.013 mmol/g DW,
respectively). The results obtained for these assays are consistent with the CS composition,
which contains a high proportion of phenolic compounds. The phenolic compounds are free
radical acceptors that delay or inhibit the initiation step of autoxidation or interrupt the
autoxidation propagation step [412]. The high antioxidant capacity is due to the rich content of
polyphenols contained in these plants, especially CS. The CS tree was traditionally considered
the second-richest tannin feed stock after Schinopsis balansae [413]. Many studies over recent
years have demonstrated that the antioxidant activity of plants is caused mainly by phenolic

compounds [414].

The results indicated that incorporation of CS and CD into gelatine film enhanced the
antioxidant activity of the film. Several studies show that the incorporation the ethanolic extracts
of plants improve the antioxidant power of film. Norajit et al.[415] observed that the
incorporation of a ginseng ethanolic extract improved the antioxidant activity of film compared to
the control film. GOomez-Estaca et al.[408] showed that the incorporation of borage ethanolic

extract to gelatine films gave rise to a high reducing ability with FRAP.
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4.6.2.2. Characterization of Bioactive Films

4.6.2.2.1. Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectra of films are shown in Fig. 40. Samples showed the amide A band located at
about 3300 cm™?, the amide | band located between 1700 and 1600 cm™, the amide Il band
located between 1600 and 1500 cm™ and the amide 1Il band between 1200 and 1400 cm ™.
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Fig. 40. Infrared spectra of gelatine-based films treated with different samples: CTR (control),
BHA, CS3 and CD3.

FTIR spectra showed that there was no interaction between the functional groups of plants and
gelatine. The absorption bands in the spectra were situated in the amide band region. Amide A
is attributed to the stretching of the N-H group. The amide | band is related to the stretching CO,
and the amide Il band is related to the stretching of C-N and the angular distortion of the N-H
bond. The samples containing CD and CS showed similar spectra to the control gelatine film,
suggesting that there is no interaction between the functional groups of the extracts and

gelatine. Similar results are in agreement with [250,416].

4.6.2.2.2. Mechanical Properties

The effects of CD and CS addition on the Tensile Strength (TS) and Elongation at Break(EAB)
of the film are presented in Table 14. The addition of CD1 (0.3 %), CS1 (0.07 %) and CS2 (0.1
%) significantly increased tensile strength. CD2, CD3 and CS3 samples had values below that
of the control sample. It was observed that values of EAB were inversely proportional to the

concentration of the plant extracts added in the film, showing a decrease by increasing the
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concentration of the plants, and in the case of TS, it was directly proportional to the

concentration of plant extracts.

Table 14. The effects of CD and Tara at different concentrations on the tensile strength (TS)

and elongation at break (EAB) of gelatine films.

Sample TS (Mpa) EAB (%)
CTR 69.8+95%° 056+135°
Ch1 96.4+6.2° 108.0+15.9%
CD?2 68.5+182°% 231.1+82.6°
CD3 57.0+58°¢ 404.4 +51.8 ¢
CS1 123.8+15% 178.9+53.3"
CS?2 86.6+10.1* 586+58"
CcS3 55.7+10.6° 357.4+40.1°¢
BHA 109.5+125° 62.9+152°

Different lowercase letters (a—e) in the same column indicate significant differences (p < 0.05)

between samples.

Different antioxidant agents can influence the mechanical properties of the films. Our results for
mechanical properties are consistent with various other studies. Bodini et al. [250] in their study
with gelatine films using propolis extract suggested that the ethanol propolis extract acted as a
plasticizing agent, increasing the mobility of the polymer matrix, which, in turn, promoted a
reduction in tensile strength and increased film elongation. Nufiez et al. [417] reported that the
addition of lignin produced an evident plasticizing effect, as deduced from significant decreases
in TS in the composite films, alongside a marked increase in EAB. Hoque et al. [418] studied
the mechanical properties of films prepared from gelatine and partially hydrolysed gelatine
containing different herb extracts. Films made from gelatine containing cinnamon, clove and
anise showed higher TS, but lower EAB. Lim et al. [419] reported that the TS of agar-based
films containing nano-clays decreased with an increased concentration of grape seed extract in
the film matrix up to 1.2 %. Similar results have been also reported for agar-based films
containing green tea extracts [406].

In general, the incorporation of polyphenol-rich aqueous extracts reduces the mechanical
properties of the films [406]. However, there is a relationship between the concentration of the

plant extract and the film’s mechanical properties.

4.6.2.2.3. Water Vapour Permeability (WVP)

WVP is one of the most important parameters for biodegradable films. This parameter was
studied to evaluate the combined effect of CD and CS on the barrier properties of the gelatine
film. The WVP of the gelatine-based film containing CD3 (1 %), CS3 (0.2 %) and BHA is shown
in Table 15. As can be seen from this table, the control film showed the highest WVP, followed
by the film containing added CS. The lowest WVP was found in the gelatine film treated with CD
and BHA. There were no significant differences between the CD film and the BHA-treated film
(p > 0.05).
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Table 15. Water Vapour Permeability (WVP) of the different gelatine films.

Sample WVP

Control 1.94%+0.1
CD3 1.11°+0.2
CS3 1.32°+0.2
BHA 1.12°+0.1

Different lowercase letters in the same column indicate significant differences (p < 0.05)

between samples.

The results obtained showed that the addition of CS extract improved the barrier properties of
gelatine films. Rattaya et al. [420] said that the chemical nature of the macromolecule, the
structural/morphological characteristics of the polymeric matrix, the chemical nature of the
additives, as well as the degree of cross-linking all affect the barrier characteristics of the film.
Wu et al. [407] reported that the incorporation of green tea extract into gelatine film caused the
resulting film to have lower WVP. They hypothesized that polyphenolic compounds could fit into
the gelatine matrix and establish cross-links with the reactive groups of the gelatine through
hydrogen bonds or through hydrophobic interactions. Bodini et al. [250] reported that the
incorporation of ethanol-propolis extract led to a significant reduction in WVP in relation to the
control gelatine film. The WVP should be as low as possible for food packaging in order to avoid
or at least to reduce moisture transfer between the food and the atmosphere, or between two

components within a heterogeneous food product [421].

4.6.2.2.4. Light Absorption

Table 16 shows the absorption of samples at 600 nm and the opacity. The lowest transmittance
was for the film containing BHA. The film with CD3 had the lowest percent transmittance (%T)
for UV radiation (64.86 %), and the opacity value was higher (14.46 %), compared to the
control, so it is clear that inclusion of the extract at this concentration into gelatine improved the

light barrier properties.

Table 16. Light transmission (%T) and opacity of gelatine films with CD and CS extracts at

different concentrations of the different gelatine films.

Samples %T Opacity
Control 87.00 4.46%*+0.02
CD1 86.30 4.92°+0.02
CD?2 8551 5.23°+0.03
cDh3 64.86 14.46°+0.01
CS1 88.10 4.239+0.02
CS?2 87.30 4.54'+0.03
CS3 85.90 5.08°+0.02
BHA 79.98 7.46"+0.01

Different lowercase letters in the same column indicate significant differences (p < 0.05)

between samples.
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Transparent packaging allows the oxidation and degradation of nutritional compounds, because
light acts as a catalyst for these processes. Therefore, opaque packaging and packaging
containing specific compounds that absorb light in the UV-VIS spectrum have been developed
to prevent these reactions. Plant extracts are commonly used to provide colour and opacity to
polymers. A food packaging film is required to protect food from the effects of light, especially
UV radiation [414].

In general, light transmission at 600 nm for all films was in the range of 64.86%—87%. With the
addition of herb extracts, variations in light transmission of the resulting films were observed.
The incorporation of a higher concentration of the extracts in the film produces an increase in
opacity of the film. The observed differences in the transparency of the films can be attributed to
differences in concentration, colour, polyphenols present in extracts and the extracts’ interaction
with the gelatine film [27].

4.6.2.2.5. Scanning Electron Microscopy

Figure 47 shows the Scanning Electron Microscopy (SEM) of gelatine films treated with CD, CS
and BHA. It was observed that the surface of the control film was very homogeneous without
bubbles. The incorporation of the synthetic antioxidant BHA allowed the formation of crystals in
the film matrix. The addition of more plant extracts to the film generated a more heterogeneous
surface. In the case of film containing CD1 and CD2 extracts, the samples showed an
appearance very similar to the control, and the same was observed in the film treated with CS1

Tara extract.
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Fig. 41 Scanning electron microscopy of gelatine films with different concentrations of plant
extracts (1500x).

Higher concentrations of the extracts used in the films (CD3, CS2 and CS3) formed a more
heterogeneous structure with pore formation in the matrix. The formation of a heterogeneous
surface can be related to a reduction of the dissolution of extract in gelatine when the
concentration is higher. Similar results have been reported by other authors. Bodini et al.[250]
showed that increased ethanol-propolis extract concentrations produced an increase in the
porosity of the matrix, which was probably associated with distribution of extract in the polymer
matrix. Hoque et al.[418] showed that a smooth surface was also obtained in the film prepared
from gelatine treated with star anise. Furthermore, Li et al.[414] reported that the micrographs of
films displayed a heterogeneous surface and porous appearance after the addition of natural

antioxidants (grape seed extract, gingko leaf extract, green tea extract) at a concentration of 1.0
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mg/mL. In general, the smooth surface became rougher when the concentration of herb extracts

was increased.

4.6.2.2.6. Colour Properties

In practical applications, colour quality might influence the appearance of edible films, which in
turn affects the acceptance of foods by consumers. The incorporation of plant extracts improves
the film’s ability to block UV and visible light. The Commission Internationale de I'Eclairage (in
French, (CIE) colour values in the films with or without herb extracts are shown in Table 17. L*
values did not differ significantly between samples. For example, the L* values for control, CD
film and CS film were 74.12 + 1.21, 72.35 + 1.04 and 75.16 + 0.81, respectively. With the
addition of phenolic compounds, the L* values of composite films were practically unchanged.
The control had an initial yellowness (b*) value of 4.51 + 1.47, and the addition of the extracts

caused a significant increase (p < 0.05) in this value.

Table 17. Colour parameters of gelatine films: control, CD3 (1 %), CS3 (0.2 %) and BHA.

Samples L* a* b*

Control  74.12%+1.21 0.86%+0.30 4.51°+1.47
CcDh3 72.35°+1.04 -1.39°+0.63 8.37°+1.45
Ccs3 75.16%+0.81 2.33°+1.33 8.15°+1.52
BHA 73.93%+153 -1.69%+0.41 7.77°+0.80

Mean values are showed for color parameters (lightness, L*; redness, a*; yellowness, b*)

a—d

Different lowercase letters (") in the same column indicate significant differences (p < 0.05)

between samples.

As a general trend, the addition of phenolic compounds caused an increase of blueness for
composite films as indicated by increased b* values and caused a decrease of redness (a*

values), except for the CS film.

Previous authors have reported that the addition of phenolic compounds caused a reduction of
the brightness of edible films [238]. Ahmad et al.[422] showed that the incorporation of
lemongrass oil into fish skin gelatine films increased its total colour difference. However, no
marked effect on the colour parameters of films was obtained when ginger oil was added [423].
The type of plant used influenced the colour of the gelatine film, depending on the type and

concentration incorporated.

4.6.2.3. Evaluation of Antioxidant Activity in Food

4.6.2.3.1. TBARS Assay

Fat content is one of the most important quality indicators of minced beef products. The minced
beef has approximately 17,3 % of fat [424]. A direct method. Thiobarbituric Acid Reactive

Substances (TBARS) was used to evaluate the effectiveness of the antioxidants in preventing
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oxidative degradation of lipids with the production of compounds, such as conjugated
hydroperoxides and aldehydes. The Thiobarbituric Acid (TBA) values were calculated as mg
Malondialdehyde (MDA)/kg meat. TBARS indices were significantly (p < 0.001) affected by
storage time and the active packaging system. The TBARS values of all samples increased
continuously up to 12 days of storage (Fig. 48a). TBARS values of control, CD3 (1%), CS3
(0.2%), WT (1%) and BHA were 0.59 + 0.04, 0.33 £ 0.01, 0.30 £ 0.00 and 0.26 + 0.01 mg
MDA/Kkg at Day 3 and increased to 1.27 + 0.10, 0.53 £ 0.01, 0.27 = 0.02, 0.27 + 0.04 and 0.98 *
0.01 mg MDA/Kkg at the end of storage (Day 12). The highest rate of increase was observed in
the patties treated with the control gelatine film (without plant extract), while the lowest TBARS
value was found in the patties stored with gelatine film treated with CS, followed by samples
treated with WT.

It was noted that the films containing natural extracts did not reach a value of 1.5 mg MDA/kg by
the end of the long storage period (Day 12). It has been reported that an index of 1.5 is closely

related to perceptible and unacceptable off-odour of meat [94].

In our study, samples stored with WT film and CS film behaved similarly with no significant
difference (p > 0.05). However, when compared to the sample stored under CD film, there was
a noticeable difference, since this was less effective. In this study, the samples reduced lipid
oxidation relative to the control in the following order: CS>WT>CD>BHA. These results are
consistent with polyphenol concentrations obtained with the Folin method, which gave values
for CD (27.71 £ 1.03 mg GAE/g DW) and CS (368.90 + 0.6 mg GAE/g DW) and with antioxidant

activity assessed by the ORAC method that showed the same order for the plant extracts.

The mechanism by which the antioxidant-treated packaging lowers the number of molecules
reactive to TBA is currently under investigation. Inactivation of free radicals by either migration
of antioxidant molecules from the active film to the meat or scavenging of those oxidant
molecules from the meat into the active film may be considered as hypotheses for its
mechanism of action. Our results are in agreement with various other studies in films, all of
which reported that natural antioxidants from culinary herbs and edible plants were effective at
controlling lipid oxidation and extending the shelf life of meat products. However, Lorenzo et
al.[425] studied the effect of antioxidant active systems on lipid stability of foal steaks during
storage. Active films with oregano essential oil (2 %) resulted in a decreased lipid oxidation of
foal steaks, and these were more efficient than those treated with green tea (1 %). Similarly,
Camo et al.[88] reported that fresh lamb steaks were treated with three different preparations of
natural antioxidants containing rosemary and oregano, which resulted in the enhanced oxidative
stability of lamb steaks. Furthermore, similar results have been obtained when other
compounds were incorporated, such as essential oils [422] and grapefruit extracts [426]. In all
cases, the oxidation rates decreased, maintaining an acceptable quality in meat, poultry or fish

products.
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These results indicated that lipid oxidation in beef patties could be minimized by the use of
gelatine film treated with natural extracts. We found that a concentration of 0.2 % of CS extract

in the film showed strong antioxidant activity against lipid oxidation in ground beef patties.

4.6.2.3.2. Metmyoglobin

The rates of formation of surface metmyoglobin in fresh beef patties are shown in Figure 42b.
Metmyoglobin percentage for the control increased rapidly in the first seven days of storage,
reaching values above 39.5%, but in samples stored under films treated with antioxidants, the

increase in TBARS values was slow and steady.

The discoloration that occurs during the display of red meat cuts is generally associated with the
accumulation of metmyoglobin in the meat surface. During refrigerated storage, MetMb
accumulation and meat discoloration largely depend on the presence of reducing systems in

meat and on lipid oxidation [427].

Djenane et al.[105] reported that a consumer panel rejected samples of fresh beef with a
percentage of MetMb greater than 40%. Using this limit, the presence of natural antioxidant
extracts led to a significant (p < 0.05) inhibition of metmyoglobin formation. The film treated with
CS reduced the % of metmyoglobin (37.40 %) to less than 40 %, and this value was very similar
to that obtained in treatment with WT (37.19 %), showing the positive effect of the natural

extracts in the active films on the colour of refrigerated fresh patties.
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Fig. 42. (a) Effects of films with CD and CS added at 1% and 0.2%, respectively, on the TBARS
value (mg MDA/kg of sample) of raw beef patties during 12 days of refrigerated storage at 4 °C
and (b) effects of CD and CS extract added on metmyoglobin changes in beef patties during 12

days of refrigerated storage at 4 °C. Results are given as the mean + standard error.
4.6.3.Conclusions

From the results presented, it is possible to conclude that CD and CS incorporation caused an
improvement of the gelatine film properties, reducing tensile strength, and the CS extract
reduced the permeability to water vapour of films relative to the control. Films exhibited high
antioxidant activity, especially for films prepared with the addition of 0.2 % of CS and 1 % of CD.
The analysis of TBARS provided a complete assessment of the consequences of lipid oxidation
in beef patties. The CS film was the most effective antioxidant for the beef patties, inhibiting the
formation of TBARS more effectively than the synthetic antioxidant BHA over the course of 12
days. Results indicated that biodegradable gelatine films containing CD and CS have good
potential for utilization in food packaging. Advances in active packaging materials based on
renewable sources, such as gelatine containing natural extracts, will open new lines of research

for the development of improved eco-friendly materials.
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4.7.Active packaging incorporating Noni extract to maintain the
oxidative stability of meat burger

M.Gabriela Gallego, Francisco Segovia, Maria Pilar Almajano

Articulo enviado a Journal of Food Science en septiembre de 2016
4.7.1. Introduction

Morinda citrifolia L. (Noni) grows in tropical and sub-tropical regions. This plant has positive
effects against cancer, diabetes and obesity [77,428]. Approximately 200 phytochemical
compounds were identified; the most abundant compounds are organic acids and alkalis.

However, the chemical composition largely differs depending on the part of the plant [200].

It is very well known that meat is the muscle tissue of slaughter animals composed of water,
proteins, lipids, minerals and a small proportion of carbohydrates. Meat and meat products are

susceptible to quality deterioration due to their rich nutritional composition [429].

From the foregoing, it is necessary to protect the meat. Specifically, the most important
packaging technologies used to increase the shelf life of meat are vacuum packaging, modified
atmosphere packaging, intelligent packaging, active packaging, bioactive packaging, etc. Active
packaging is a novel technique used to preserve various foods including meat by the release of
the active agents which have been incorporated into the package during its preparation
[243,403]. The release of active agents can be controlled over an extended period of time to
maintain or extend the quality and shelf-life of products, without the need for direct addition of
any substances to the foodstuff [430]. Increasing demand for synthetic packaging materials has
put tremendous pressure on the environment because of their poor biodegradability and non-
renewability [296,431]. Studies considering alternative systems for food protection that use
biopolymers have increased significantly in the last years because these materials are entirely

biodegradable and often edible and have few adverse environmental effects [432].

Bioactive packaging involves the use of edible packaging material with the incorporation of
edible active substances. A number of studies have reported the use of purposefully adding
antioxidants for extending the shelf life of meat products. Nisa et al. [246] reported that the
addition of green tea extract resulted in decreases in Thiobarbituric Acid Reactive Substances
(TBARS) values. Garrido and others [433] applied red grape pomace to pork burgers. Hayes et
al. [434] applied lutein, sesamol, ellagic acid and olive leaf extract in fresh and cooked pork
sausages. The oxidative stability of meat can be extended by using antioxidants and proper

packaging [435].

Therefore, the objectives of this work were to develop an active packaging film of gelatin with

Noni extracts. Characterization of films was carried out by the determination of physical, barrier,
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morphological and mechanical properties. Films were also applied to fresh beef to study their

effect on lipid oxidation.

4.7.2.Results and Discussion

4.7.2.1. Total Phenolic Content (TPC) and Antioxidant Activity

Table 18 showed the Total phenolic content of Noni. The value in Noni leaves extract was 4.76
mg Gallic Acid Equivalent (GAE)/g Dry Weight (DW). Different polyphenolic compounds have
been found in this plant and its fruit. The main ones are, scopoletin that is found in Noni fruit
juice, with anti-inflammatory and antioxidant activities [202,436,437] and the rutin, a flavonoid

with a high antioxidant potential [213].

Table 18. Content of Total Polyphenols (TPC), and antioxidant activity assessed by the DPPH,
ORAC and TEAC assay for the Noni extract.

Total polyphenols (mg GAE/g DW) 473  (0.3)
TEAC (mmol Trolox/g DW) 0.09 (0.002)
ORAC (mmol Trolox/g DW) 0.017 (0.01)
DPPH (umol Trolox/g DW) 0.017 (0.0004)

Mean values of three replicates (n=3); standard deviations are included in brackets.

The TPC obtained in the leaf extract of Noni was comparable with different studies of this plant.
Chan-Blanco et al. [438] and Correia et al. [439] obtained values in Noni pulp between 0.51-
2.16 mg GAE/qg. Likewise, Krishnaiah and others [440](2015) obtained a content of phenolic in
the pulp dehydrated of 4.31 mg EAG/g. Costa and others [441] who determinated the
antioxidant activity in pulp, bark and seeds of Noni, found a content of phenolic compounds for
ethanolic extracts of 0.20 mg GAE/g. These values were lower than the obtained in the present
study. Nevertheless, Zugi¢ et al. [209] determined the best solvent to obtain greater antioxidant
capacity of the Noni fruit cultivated in Parana and they reported a considerable TPC value of
9.67 mgGAE/qg.

The discrepancies in the levels of values of phenolic compounds, according to Soares et al.
[442], They can be attributed to several factors, including the degree of ripeness of the fruit,
crop conditions, the storage form, geographical area. This is where, according to the findings by
Assanga et al. [443], the phenolic content of the Noni fruit varied with the stages of maturation
and climate seasons, with the highest levels were found in mature fruits collected in spring,

summer and autumn.

HPLC chromatogram (Fig. 43) of the Noni showed he existence of the following polyphenolic
compounds: vanillin (4), gallic acid (1), vanillic acid (2), ferulic acid (5) and rutin (3), see Table

19. The concentration of rutin was the highest (0.31 mg/g DW).
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Fig. 43. HPLC chromatogram of ethanol extract of Noni leaf. For peak annotations, refer to
Table 2.

Table 19. Quantification by HPLC of antioxidant compounds in Noni leaf extract.

Retention

Peak Time Compound Area mg/g DW
1 5,45 Gallic acid 190570 0,08
2 24,57 Vanillic acid 226600 0,14
3 32,78 Rutin 266400 0,31
4 33,31 Vanillin 67920 0,03
5 35,84 Ferulic acid 267219 0,14

Previous studies reported the presence of rutin, vanillin and vanillic acid in this plant [210,444].
The concentrations of phenolic compounds were-higher than those described in the literature.
Dussossoy et al. [210] studied the antioxidative and anti-inflammatory actives and characterized
the Noni juice from Costa Rica, reporting that Noni juice contained 0.04 mg/g fresh weight of
rutin, 0.35 mg/g fresh weight of vanillin and 0.0026 mg/g fresh weight of vanillic acid. Pandy et
al. [207] who investigated the intervention of Noni and its bioactive compoundson the
dopaminergic and noradrenergic systems, found in methanolic extract of Noni fruit 1.66 pg/mg
DW of rutin. This compound is a important bioactive constituent in the pharmacological field
(Pachauri and others 2012). Rutin is a flavonoid that plants synthesize and use it as a
mechanism to protect against ultraviolet radiation and diseases [446], with great antioxidant
power [375]. In the Noni has been described the presence of quercetin and kaempferol

rutinoside [210]. The phenolic groups are reported in playing a vital role in antioxidant capacity.

Table 18 showed the antiradical activity measured by the methods: DPPH, measuring DPPH
radical reduction by electron transfer of the antioxidant sample ABTS; It measures the ability of
the antioxidant to reduce the ORAC assay ABTS and measures the ability of the antioxidant to
neutralize the peroxyl radical. The DPPH and the ORAC assays gave rather similar results for
the extracts (0.02 mmol TR/gDW). The results from TEAC assay differed from the two other
assays with a value of 0.09 mmol TR/ g DW. The results are higher than the reported by
Dussossoy and others (2011) to Noni juice 0.01 mmol TR/g for ORAC and 0.003 mmol TR/g for

DPPH.If we compare our results with some fruit juices with high antioxidant properties, we can
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say that the total polyphenols obtained are higher than those obtained for example, in orange
juice, apple juice and tomato juice. [447] and lower than other plant used in culinary, like ginger
[448]. However, the values obtained for TEAC assay were higher than plants from the

Lamiaceae, Rutaceae, Asteraceae families and other plant species with medicinal properties
[296].

4.7.2.2. Characterization of bioactive films

1.1.1.1.1. Fourier transform infrared spectroscopy (FTIR)

Spectra measured by FTIR is showed in Figure 44. The control film and withNoni added
showed typical bands of the gelatin. Among them, the most common were the amide A to

3300cm-1, amide | located between 1700 to 1600 cm-1, amide Il between 1600-1500 cm-1 and
amide Il between 1200-1400 cm-1 [250].

------ Film noni 2.4%

0,9 - Film noni 1%
0,8 -
0,7 -
0,6 -
05 - h
04 - i
03 - 4 i
02 -
0,1 -

0 T T ’ - T T )
010 500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber (cm™)

%T

Fig. 44. Infrared

spectra of gelatin-based films treated with different samples: CTR (control),
NE1 and NE2.

The characteristics bands show that the amide A is due to stretching of NH, amide | is due to
the stretching of C=0 group together with a contribution of vibration deformation of the links CN
and NH, amide Il is due to stretching CN and NH deformation and amide 1l is due to the
vibration of NH bond of amino groups It was observed that samples of film with NE1 control and
show very similar spectra, this indicates that there is no interaction between the functional
groups of the extracts and gelatin used. The film with NE2 sample compared to the control

showed a slight change in the wavenumber. Similar results agree with Gallego and others [279].
1.1.1.1.2. Mechanical properties

Mechanical propertires of films are showed inTable 20. The thickness of the films was 15.2um.
The extract of Noni has no effect on film thickness [449].
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The Elongation at Break (EAB) and Tensile Strength (TS) of the samples was determined. NE
concentration used in the films affected the TS and EAB with increasing the concentration of NE
it was observed a slight decrease in the TS value and increased EAB value. The up most TS
value was found in the film incorporated with NE2 (2.4 %) and the lowest value was found in the

control film.

Table 20. The effects of Noni extract at different concentrations on Tensile Strength (TS) and

Elongation at Break (EAB) of gelatin films.

WVP (10-
Sample TS (Mpa) EAB (%) 8g.mm/h.cm2.Pa)
CTR 8551 + 4,8 119.68 + 374 18la + 01
NE1 83,31 + 27,33 672,67 + 34,58 131b + 02
NE2 80,58 + 20,09 846,99 + 3121 196 ¢c + 0.2

Different lowercase letters (a-e) in the same column indicate significant differences (p < 0.05)
between samples.

Lim and others [419] indicated low values of TS to increase the concentration of seed extract
agar incorporated into film grape, which could be due to loss of interactions between molecules
agar. Similarly, Vichasilp et al. [449] obtained lower TS when the quantity of longan seed extract
incorporated into film increased. Different studies have reported that the natural additive
incorporated into films acts as plasticizer [279]. Bodini et al. [250] indicated that the addition of
propolis extract reduced the value of TS and incrment6 the value of EAB, because acted as a
plasticizer. NUfiez-Flores et al. [450] found that increasing the concentration of lignin in the film

a plasticizing effect occurs, reducing the TS and increased EAB

1.1.1.1.3. Water Vapor Permeability (WVP)

WVP of films are showed in Table 23. The concentration added of NE in films influenced values
of WVP. of NE (p<0.05). The highest WVP (1.96 10°g.mm/h.cm®Pa) was obtained by
incorporating 1 % of NE and the lower WVP (1.31 10'Bg.mm/h.cm2.Pa) in the film incorporated
with 2.4 % of NE.

The inclusion of natural extract in the gelatin film can decrease the WVP. Giménez et al. [406]
observed that adding green tea extract in the gelatin films agar WVP values decreased. Is said
to various factors such as, the chemical nature, morphology and characteristics of the structure
of the polymer matrix and the nature of the additives incorporated can affect the barrier
properties [420]. Vichasilp et al. [449] observed a lower WVP values when the concentration of
seed extract of longan was higher (500 ppm). Wu et al. [407] informed that the values of WVP
decreased with the addition of green tea extract. Polyphenols can fit in a gelatin matrix and
establish crosslinks by hydrogen bonds or hydrophobic interactions with reactive groups of the

gelatin matrix
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4.7.2.2.1. Scanning Electron Microscopy (SEM)

The results of SEM image shown in Figure 45. Control film has homogeneous and compact
surface without observing pores in the structure less homogeneous when NE was incorporated
especially when the concentration of the plant is greater. However, the surface was fairly
compact and uniform, even in the film with the greatest concentration of NE. In the film surface

with EN2, large spheres were observed, possibly due to the concentration of the extract.

Wu et al. [407] said that the structure can be more compact, when increased the interaction
between protein and polyphenols is give. Nagarajan et al. [451] mentioned that the presence of
voids in the polymer matrix is related to the less interaction between the protein molecules. Jridi
et al. [452] reportedthat the structure of the film depends on the distribution of molecules within
the network of the film. In this sense it relates to the molecular weight of the gelatin chain and

with the interactions in the polymer matrix.

Fig. 45. Scanning electron microscopy of gelatin films with different concentrations of Noni
extracts (1500x)
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11.1.14. Color properties and Light absorption

Table 21 showed the effects of the concentration of Noni on the color parameters: L, a*, and
b*of coating. Concentration of NE added in the film influenced in the color. The addition of NE
had a considerable effect. Was observed that adding NE 2.4%, the values of lightness (L) in
films were lower. The control sample has the highest values of L. The redness (a*) values
increased with the concentration of plant extract. The yellowness (b*) of the film was higher
when was incorporated NE extract. Similarly results are reported by Vichasilp et al. [449] who
studied films with addition of longan seed extract. Gallego et al. [279] reported that the addition
of extract of C. decapetala caused an increment in b* values and a declinein a* values
compared to the control sample. Similar results were obtained in the film with NE1.The
transparency in film with NE was in the range of 91.15 % to 98.61 %. The lower transparency
was observed in the control film, increased with the addition of plant extract. The opacity
parameter is important in films particularly if they are used in food products [453]. The
incorporation of natural extracts in the films can improve the barrier against light, which has

been the subject of various studies [407].

Table 21. Color parameters and transparency of gelatin films: Control, NE (1%) and NE (2.4%).

L a* b* % Transparency
Control 73.20 + 0.5a 09 + 0.7a 51 + 0.6a 98.61 + 0.2a
NE1 (1%) 72.89 + 14ab -1.8 + 03b 945 + 15b 96.23 + 0.1b

NE2 (2.4%) 71.50 + 0.5b -15 £+ 0.5b 1013 + 1.1b 9115 + 0.lc

Different lowercase letters in the same column indicate significant differences (p < 0.05)

between samples.

4.7.2.3. Evaluation of antioxidant activity in food by TBARS assay

The lipid oxidation is measured by the TBARS assay mainly. At the end of the experiment (day
9) the control sample presented higher values of TBARS compared to the samples packaged
with the film with NE. The results are shown in Figure 46. In this sense, the TBARS values of
the burgersamples packaged with film with added NE at 1 % and 2.4 % increased from 0.15mg
Malondialdehyde (MDA)/kg meat to 0.90 and 0.86mgMDA/kg meat, respectively. Furthermore,
there were no significant differences between the film with NE 2.4% and the positive control
(commercial synthetic antioxidant). The samples coated with the film turned out to be better
than the samples mixed with dry plant directly,—which at the end of the study reached
1.10mgMDA/kg meat.

Different authors confirm the inhibiting lipid in meat products using plant extracts in films. Kim et
al. [454] reported that the samples packaged with incorporated green tea extract film showed
lower TBARS values. It is well known that polyphenolic compounds present in tea have a high

antiradical activity [455]. Nisa et al. [246] also reported that the green tea extract incorporated
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into a film based on potato starch, produces a protective effect against lipid oxidation. Ojagh et
al. [456] described that the trout fillets with chitosan-cinnamon film had significantly lower
TBARS value. the mechanism by which MDA is blocked is related to the antiradical capacity
possess polyphenolic compounds. The hydroxyl group present in the aromatic ring of these
compounds is able to give electrons and neutralize free radicals [457]. Polyphenolic compounds
are found primarily in plants. Among these we can mention: catechins, ellagic acid and
resveratrol which have two aromatic rings and favonoles have three rings. One feature that

makes them effective is the number of -OH groups on the aromatic ring [458].

=
o1
)

[=)
1

TBARS value
(mg malo@ialdehyde/kqﬁample)

0,0 -
0 1 2 3 4 5 6 7 8 9
Time of storage (days)
—— Control eeeF-+ NE 2.4% ——S —a— NL NE 1%

Fig. 46. Effects of films with NE at 1% and 2.4% on TBARS value (mg MDA equivalent/kg
sample) of raw beef patties during refrigerated storage at 4°C.

The natural antioxidants are derived from plants and include alpha tocopherol (vitamin E; which
each have one aromatic ring), catechins, ellagic acid and resveretrol (which each have two
aromatic rings), and flavonols (which have three aromatic rings) have three aromatic rings). In
general, the effectiveness of these natural antioxidants is proportional to the number of —OH

groups present on the aromatic rings [458].
4.7.3. Conclusion

Gelatin film incorporated with extract of Noni exhibited good antioxidant properties on the fat
oxidation in a concentration of 2.4 %. Films with incorporation of Noni extract mecancias
improved film properties, the water vapor permeability and opacity. Adding Noni extract 2.4 % in
films, it optimizes overall film properties and provides antioxidant activity in meat products.
Active packaging materials based on natural antioxidants opens the door for materials research

that will increase the quality of foodstuffs naturally and are environmentally friendly.
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5. DISCUSION GLOBAL DE LOS RESULTADOS

En este capitulo se discuten en forma general los resultados obtenidos en los distintos estudios
con las especies vegetales: romero, tomillo, lavanda, C.decapetala, Tara y Noni, considerando
un analisis de los polifenoles totales, actividad antiradicalaria, actividad antioxidante en
emulsiones y productos cérnicos y envasado activo con extractos de plantas. Esta seccion se

divide en los siguientes segmentos:

5.1.Analisis de Polifenoles Totales e identificacion de los diferentes
compuestos polifendlicos

Antes de efectuar la extraccién polifendlica de las diversas plantas a estudiar (romero, tomillo,
lavanda, C. decapetala, Tara y Noni), se realizd una extraccion con diferentes concentraciones
del disolvente etanol:agua, para determinar la concentracion mas efectiva. El método escogido
para estimar la concentracion adecuada fue el ensayo Folin-Ciocalteu. Ello permitié determinar
el rango de concentraciones que representan una mejor recuperacion de polifenoles totales. De
los posibles (entre 35-60 % de etanol no habia diferencias significativas) se escogié EtOH:H,O
50% v/v por ser la mas efectiva en trabajos previos del grupo de investigacion y estudios

previos consultados en la bibliografia [459].

Las plantas estudiadas presentaron diferencias significativas en los polifenoles totales
(expresados, como Equivalente de Acido Galico (GAE), empleando el mencionado extracto
etandlico al 50 % v/v). En las plantas arométicas romero, tomillo y lavanda (Tabla 5, pagina 66),
los extractos fueron significativamente diferentes (p< 0,05) incluso entre los distintos 6rganos
de una misma especie. El extracto de las hojas del tomillo presenté el mayor contenido en
polifenoles totales (334 + 18,4 mg de GAE/g peso liofilizado). La lavanda es la planta que
presenté menor contenido de polifenoles totales, en especial sus flores (52 + 2,1 mg de GAE/g
peso liofilizado). Los polifenoles totales de los diferentes 6rganos del romero se mantuvieron
entre 198 £ 14,5y 219 + 6,1 mg GAE/ g peso liofilizado.

Teniendo en cuenta estos resultados, se puede decir que T. vulgaris es una fuente rica de
polifenoles, especialmente sus hojas, mediante extraccion etandlica. Estudios como los de
Gramza-Michalowska et al. [297] presentaron resultados similares, obteniendo valores de 334 +
18,4 mg GAE/ g extracto liofilizado en las hojas y 288 + 10,1 mg GAE/ g peso liofilizado en
flores. Ademas, los valores fueron superiores a los obtenidos para otras especies, como el T.

argaeus con un contenido de 83,31 + 0,59 mg GAE/ g peso liofilizado [141].

El contenido polifendlico de las hojas del R. Officinalis fue superior a sus flores y raices, con un

valor de 219 + 6,1 mg GAE/ g extracto liofilizado. Estudios previos, como los de Hinneburg et
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al. [380] describieron un contenido similar en hojas de romero (185 mg GAE/g peso liofilizado),

mediante extraccion realizada Unicamente con agua.

Por su parte, la lavanda mostré valores inferiores al tomillo y romero. Considerando los
resultados obtenidos en el extracto etandlico liofilizado, los valores fueron superiores a estudios
publicados por otros autores [163]. Los polifenoles determinados en extractos de esta especie
con otros solventes (como acetona al 70 %) fueron muy inferiores (74 mg/ g extracto) [298]. Asi
mismo, autores como Miliuauskas et al. [178] publicaron, en el extracto metandlico de esta

planta, un contenido minimo de 5,4 £ 0,2 mg GAE/ g peso liofilizado.

El elevado contenido de polifenoles en los extractos de las plantas aromaticas se confirmé por
HPLC-UV. Los extractos presentaron elevadas cantidades de RA y CA; los valores de RA
fueron de 396,2 mg/kg peso liofilizado (hojas del tomillo), 102,2 mg/kg peso liofilizado (flor del
tomillo), 85,2 mg/kg peso liofilizado (raiz del romero) y 81,6 mg/kg peso liofilizado (hojas de
lavanda). A su vez, los valores de CA estuvieron en rangos de 71,6 mg/kg (hojas de tomillo),
169.2 mg/kg (raiz del tomillo) y 114.1 mg/kg (raiz de lavanda). Estos compuestos fueron los
constituyentes principales de las plantas de la familia Lamiaceae. Los resultados estan en
concordancia con la bibliografia consultada. Por ejemplo, Janicsak et al. [303] encontraron que
el contenido de RA y de CA en plantas de la familia Lamiaceae, variaba en rangos de 0,01 a
9,30 mg/g (RA) y de 0 a 0,62 mg/g DW (CA) [303].

En el caso de la C. decapetala y la Tara también se demostrd que tienen un gran contenido de
polifenoles totales, con valores en el rango de 31,58-63,83 mg GAE/g DW para C. decapetala y
de 336,36 + 4,5 mg GAE/g DW para la Tara. Estos resultados fueron superiores a los
encontrados en la bilbliografia para el género Caesalpinia. Veloz-Garcia [368] encontraron
valores de 483 % referido al peso seco de C. cacalaco. El andlisis de los componentes de la
C. decapetala mostr6 que contiene C, quercentina, GA, acido 4-hidroxibenzoico y éacido p-
cumarico. Por su parte, en la Tara se encontraron cantidades destacables de GA y acidos
taninos [194].

La cantidad polifendlica obtenida en las hojas del Noni resultd ser bastante elevada al
compararla con su fruto. En las hojas se obtuvo una concentracion de 4,73 mgGAE/g peso
seco muy superior a un 0,48 mg/g peso fresco encontrado en el zumo de Noni [210]. Estos
resultados van en el mismo rango, teniendo en cuenta que el 90% de la planta es agua. Se
identificaron muchos compuestos. Caben destacar rutina, GA, acido vanillico, vanillina y acido
ferdlico, con concentracién de rutina (0,31 mg/g DW) relativamente superior a las anteriores. La
rutina es un glucdsido de flavonoide con elevado potencial antioxidante [460]. También se
encontraron otros compuestos como escopoletina, 6-metoxi-7-hidroxicumarina [461]; este
Ultimo posee actividad anti-inflamatoria y antioxidante [437] y es capaz de capturar el radical

superoxido [436].
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5.2.Evaluacién de la capacidad antiradicalaria

Los antioxidantes pueden actuar por uno o varios mecanismos como por ejemplo secuestro de
radicales libres, donacién de hidrégeno, quelacién de iones metalicos o transferencia de
electrones [410]. La actividad antiradicalaria de los extractos etandlicos del romero, tomillo,
lavanda (hojas, flores y raices) y las hojas de C. decapetala y Noni, se analizo por los métodos
TEAC, DPPH, FRAP y ORAC.

Para los cuatro ensayos realizados los extractos de las hojas y flores del tomillo y hojas de la
lavanda tuvieron la mas alta capacidad antiradicalaria, con pequefias diferencias entre los
distintos ensayos. En general, los valores se encontraron en un rango de 0,7-3,1; 0,4-2,3; 0,6-
2,3 mmol TE de Trolox/g peso seco para las hojas del tomillo, las flores del tomillo y las hojas
de la lavanda, respectivamente. Esto se corresponde con el elevado contenido polifendlico en
las muestras. Entre estas plantas existe una excelente correlacion entre los polifenoles totales
y los métodos ORAC (r°=0,983), TEAC (r°=0,821) y FRAP (r*=0,980). Las flores de la lavanda y

las raices de tomillo presentaron la menor capacidad antirradicalaria.

La C. decapetala presenté una actividad antiradicalaria inferior a las plantas aromaticas
estudiadas. Los valores obtenidos por los diferentes métodos fueron: 0,7+0,03 (ORAC),
0,4+0,02 (TEAC), 0,3+0,02 (DPPH) y 0,2+0,01 (FRAP) expresado en mmol TE/g peso seco.
Cabe resaltar que estos resultados fueron superiores a estudios realizados con plantas
comunmente consumidas y conocidas por su alta capacidad antioxidante como, por ejemplo, la

albahaca, mejorana, orégano, jengibre, tomillo y el té negro [48].

Se estudié ampliamente la relacién entre la estructura quimica y la actividad antioxidante de los
flavonoides [462,463]. De manera general, los aspectos que determinan la potencia
antioxidante son: (1) una estructura catecol en el anillo B, (2) un doble enlace entre las
posiciones 2 y 3 conjugado con el grupo 4-oxo o un 3-OH en el anillo C, y (3) la presencia de
grupos hidroxilo en las posiciones 3", 4" y 5°en el anillo B (ver Fig. 2, pagina 7). La presencia
del grupo catecol esta relacionada con la capacidad de donar un hidrégeno o electrén para
estabilizar la especie radical. Es el caso de la quercetina (presente en la C. decapetala) y

luteolina (presente en el tomillo).

Los acidos fendlicos y sus derivados también son compuestos con alta capacidad
antiradicalaria [299]. Los acidos cinamicos (ver Fig. 1, pagina 6) muestran mayor actividad que
los &cidos benzéicos, lo cual puede deberse a la presencia de dobles enlaces que favorecen
esta actividad. Dentro del grupo de los &cidos cindmicos, los derivados del CA son mas
antiradicalarios, en general, que los derivados del fertlico y estos a su vez mas que los p-
cumaricos, lo cual indica que la presencia de hidroxilos libres en posicién meta en el anillo
aromatico es importante para que se produzca una elevada actividad antirradicalaria. Esto
explica la elevada actividad antirradicalaria del tomillo frente a la C. decapetala, por su gran

contenido de CA; la C. decapetala es, sin embargo, mas rica en p-cumarico.
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Las hojas del Noni presentaron igualmente actividad antirradicalaria frente a los diferentes
radicales libres analizados. Segun los resultados obtenidos, el ensayo ORAC mostré un valor
de 0,017+0,001 mmol TE/g DW. Dussossoy et al. [210] obtuvieron en el zumo de la fruta un
valor de 0,0095 mmol Trolox/g peso fresco y los analisis con el radical DPPH fueron de 0,0032
mmol TE/g peso fresco. Es importante detacar que los resultados obtenidos con el extracto de
las hojas, fueron superiores a frutas como el tomate, la fruta de la pasién y el fruto de la planta
Physalis peruviana [464]. Los ensayos de FRAP y TEAC obtuvieron valores de 0,06 mmol
Trolox/g peso seco y 0,09 mmol TE/g peso seco, respectivamente. Es de mencionar que en las
hojas de esta planta se identificaron compuestos flavonoides y acidos fendlicos que poseen
alto poder antioxidante, entre ellos la rutina, debido a la presencia del doble enlace entre las

posiciones 2 y 3 conjugado con el grupo 4-oxo en el anillo C.

5.3.Proteccion de los extractos frente a la oxidacién en Model Food

Systems

La oxidacién en sistemas lipidicos es de gran interés para la industria alimentaria. Un niamero
elevado de alimentos esta constituido por lipidos en proporcién variable. Los &cidos grasos
insaturados, si son afectados por factores adversos, producen los hidroperéxidos. Este es el
punto de inicio para la formacion de numerosos compuestos de alteracion en los productos
grasos. Los hidroperoxidos pueden transformarse progresivamente en compuestos como
aldehidos y cetonas, ocasionando cambios indeseables en las grasas [465]. Un sistema lipidico
tipico susceptible de experimentar esta alteracion es el de las emulsiones de “aceite-en-agua”.
Estas forman parte de un sinfin de alimentos como leches, natas, mayonesas y salsas, entre
otros; de ahi la importancia de su andlisis. Se evaluaron diversos extractos etandélicos en este

sistema alimentario, de romero, tomillo, lavanda, C.decapetala y Tara.

Todos los extractos estudiados, a las concentraciones analizadas, demostraron eficacia en la
inhibicién de la oxidacién lipidica de las emulsiones a lo largo del tiempo de estudio, con
resultados similares o incluso mejores que los que presentaba el control positivo (Trolox® y/o
BHA) y con un porcentaje de inhibicion de la oxidacion del doble o triple al presentado por el
control (emulsion idéntica sin agente antioxidante). Respecto a las plantas aromaticas, su
actividad protectora frente a productos de oxidacion primaria sigue el siguiente orden:
lavanda<tomillo<romero. El romero y el tomillo (100 ppm) fueron los que mejor protegieron a la
emulsidn de la oxidacion, siendo las hojas el 6rgano mas eficaz, donde a partir de los 24 dias
empiezan a llegar a un PV=10 meq hidroperéxido/kg emulsion, mientras que el Trolox (250

ppm) lo alcanza a los 10 dias

En cuanto al género Caesalpinia, las dos plantas analizadas ejercieron un efecto protector.
C. decapetala se estudié a 0,002 %, 0,02 %, 0,2 % y 0,5 %; la concentracion méas efectiva fue
la del 0,2%, donde pasados 31 dias no se alcanzarén los 10 meq hidroperdxido/kg emulsion.

Sin embargo, un 0,5% ejercié un efecto pro-oxidante alcanzando dicho valor en un periodo de

170



DISCUSION GLOBAL DE LOS RESULTADOS

18 dias. En cambio, la Tara a una concentracion de 0,5 % ejercié6 un gran poder protector
superando los 20 dias sin haber alcanzado los 10 meq hidroperoxido/kg emulsion. De todas las
estudiadas cabe destacar que la Tara es la que logra mejores resultados en la inhibicién

lipidica, con una concentracion de 0,5 %.

Se analizé la variacién de los compuestos polifendlicos en las emulsiones con las plantas del
género Caesalpinia con LC-MS. Se observd el comportamiento de los principales polifenoles a
través del tiempo, tanto en infusidn como en la propia emulsién. Los antioxidantes actuaron
como capturadores de radicales libres en la interfase agua-aceite por lo que crearon una
barrera protectora, bloqueando la entrada de especies capaces de acelerar la oxidacion de los
lipidos [247].

En las emulsiones se produjo una disminucién significativa del GA en el caso de la C.
decapetala y un aumento en la Tara. También se observé un aumento del contenido del acido
mono-galoil quinico como consecuencia de su liberacién debido a la degradacion térmica del
GA. Los taninos encontrados fueron precisamente derivados del GA. El ECG present6 un
descenso a lo largo del tiempo, seguramente por experimentar epimerizacion; el compuesto
resultante fue el CG. Wang et al. [466] obtuvieron resultados similares en el estudio de la
cinética de degradacion y epimerizacion del EGCG, estudiado en un sistema acuoso sometido
a diferentes intervalos de temperatura. Por otra parte, el compuesto p-cumérico disminuyé en la
etapa final (del tiempo que durd el estudio) lo que seguramente hizo generar acido p-
hidroxibenzoico. Ademas, se observd un notable aumento del compuesto quercetina en las
muestras. La quercetina presenta las 3 caracteristicas estructurales principales para desarrollar
buena actividad antioxidante: presencia en el anillo B de la estructura catecol, presencia de un

doble enlace en posicién 2-3 y la presencia de grupos hidroxilo en las posiciones 3y 5 [467].

Los productos cérnicos son alimentos muy sensibles a la oxidacién lipidica, una de las
principales razones del deterioro de su calidad durante su almacenamiento, lo que ocasiona
cambios indeseables tanto a nivel sensorial como nutricional. Inicialmente la oxidacion
desarrolla un sabor a cartén y progresa con el desarrollo de un color marrén y sabor a rancio y
oxidado [468].

La actividad antioxidante de C. decapetala y Noni se evalu6 en un sistema céarnico, formado por
hamburguesas de carne de ternera. C. decapetala se evalué en dos concentraciones (0,1 % y
0,5 %, peso seco) y el Noni a 0.5 % peso seco. Ambas poseen gran efecto protector en los
productos carnicos, en particular a la mayor concentracion analizada, 0.5 %. Al cabo de 11
dias de almacenamiento en refrigeracion a 4 °C alcanzar6n valores de 1,7 y 0,86 mg
malondialdehido/kg muestra, respectivamente. Estos valores fueron inferiores al antioxidante
sintético BHT (0,01%), donde las muestras alcanzaron los 2,66 mg malondialdehido/kg muestra
en el mismo periodo de tiempo. Sin embargo, fueron superiores a una mezcla comercial de
antioxidantes sintéticos usados en la industria carnica, que se afadi6 al 05 %
(dextrina,dextrosa, 5,7 % SO,, E301, E331),.
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Los antioxidantes naturales provenientes de plantas son efectivos en el control de la oxidaciéon
lipidica y incremento del tiempo de vida util de productos carnicos [469,470]. La oxidacion tiene
influencia en el color que presenta la carne. Con el tiempo se observd una decoloraciéon de
color rojo a marrén, como resultado de la oxidacién de OxyMb a MetMb [385]. C.decapetala al
0,5 % logré obtener un %MetMb (66,57 % + 0,3 %) inferior al control (73,48 % + 0,2 %) y muy
comparable con el obtenido para BHT al 0,01 % (65,09 % + 1 %). Estas plantas se pueden
considerar posibles ingredientes para controlar la oxidacion de hamburguesas de carne de

ternera.
5.4.Envases activos con extractos de plantas

La proteccion de alimentos con envases activos que presentan propiedades antioxidantes es
una tecnologia prometedora para incrementar la durabilidad de los alimentos [471]. Se han
desarrollado y evaluado materiales de envasado que proveen al alimento de una proteccion
frente a la oxidacion, a través de la transferencia de los antioxidantes naturales del material de
envase al alimento. En el estudio se analizaron dos tipos de film con gran potencial para ser
usado en la industria alimentaria: un film elaborado con acido polilactico y un film comestible a

base de una solucién de gelatina y glicerol (como plastificante).

En los films desarrollados con acido polilactico se incorporaron las hojas de romero y tomillo
por su eficaz capacidad antioxidante. Tanto las plantas en estado seco como sus extractos
etandlicos (50 % v/v) liofilizados se probaron en los films a una concentracién del 3 % (m/m).
Los films se caracterizaron y se estudiaron sobre emulsiones de “aceite-en-agua”. Se evalué la
oxidacién primaria durante 35 dias. Los films con el extracto liofilizado de tomillo y romero
presentaron un comportamiento muy similar hasta los 18 dias de almacenamiento. Los films
con adicion de las plantas liofilizadas mostraron resultados mas eficaces respecto a los films
con las plantas secas. El film de PLA con el extracto de romero liofilizado fue el que tuvo un
mejor comportamiento ya que Unicamente alcanzé un valor de 33,10 meq hidroperéxidos/kg
emulsion al cabo de 35 dias, frente al control (PLA puro) que obtuvo un valor de 65,59 meq
hidroperoxidos/kg emulsion. El tiempo en alcanzar los 10 miliequivalentes O,/kg aceite fue de
18 dias, mientras que la muestra control lo alcanz6 en 4 dias. Evidentemente, el efecto
protector del film (con los extractos liofilizados de las plantas) en la emulsién es una
consecuencia de la presencia de compuestos polifenolicos en los dichos extractos. El de
romero se asocia a la presencia de varios polifenoles como &cido carnésico, carnosol,
rosmanol, etc. El acido carnésico es un antioxidante lipofilico que captura los radicales peroxilo
e hidroxilo previniendo la peroxidacion lipidica [313]. En este sentido, el ensayo LDI-MS
demostré la presencia de compuestos de bajo peso molecular en los extractos liofilizados.
Ciertos compuestos como los flavonoides con gran actividad antioxidante son de bajo peso
molecular [472]. Igualmente, las plantas mejoran la estabilidad termo-oxidativa del PLA [334].
El extracto liofilizado de tomillo aumenté la temperatura de inicio de degradacion 20°C mas que
el PLA puro (313 °C).

172



DISCUSION GLOBAL DE LOS RESULTADOS

Por otro lado, se desarroll6 un envase activo comestible, donde se incorporaron los extractos
de las plantas C. decapetala, Tara y Noni. Los films se fabricaron con una mezcla de gelatina y

glicerol en la que se incorporé el extracto etandlico 50 % de estas muestras.

Los films de gelatina con el extracto de C. decapetala y Tara se fabricaron a distintas
concentraciones: 0,3, 0,7 y 1 % (m/m) para C. decapetala y 0,07, 0,1 y 0,2 % (m/m) para Tara.
Cuando los films se disolvieron en un simulante alimentario (etanol) se obtuvo un contenido
polifendlico elevado® en el rango de 178-515 mgGAE/g film para la Tara y 61-191 mgGAE/g film
para C. decapetala. Estos resultados mostraron mayor potencial que otras plantas de gran
poder antioxidante. Por ejemplo, extractos acuosos de té verde (20 % m/v) obtuvieron un
contenido polifendlico sobre 33 mg GAE/g film [411]. La actividad antioxidante de los films es
directamente proporcional a la concentracion de polifenoles en los extractos. Particularmente el
film con Tara presenté un gran potencial antioxidante. Esta planta se considera
tradicionalmente el segundo material con mayor contenido en taninos después de Schinospsis
balansae [196].

La incorporacion de C. decapetala y la Tara en los films mejor6é sus propiedades mecanicas,
reduciendo la resistencia a la traccién. Ademas, el extracto de Tara redujo la permeabilidad al
vapor de agua en relacion al control. Los films con los extractos de plantas a concentraciones
1 % (C.decapetala) y 0,2 % (Tara) se evaluaron también en hamburguesas de carne de
ternera. El film con Tara redujo el ndmero de valor de sustancias reactivas al TBA,
seguramente por la migracién de las moléculas antioxidantes del film de envasado a la carne.
Los valores de TBARS fueron notablemente inferiores al control (muestra de carne Unicamente
con sal y sin film especifico). En el experimento que se trabajé con carne de ternera protegida
con film que incorporaba CS (0,2 %), evaluado durante 12 dias, se obtuvo unos valores de
0,29+0,02 mg MDA/kg, muy comparable con la carne con film de té verde (1 %) 0,27+0.04 mg
MDA/kg (el antioxidante natural de los mas potentes conocidos) y mucho més efectivo que la
carne protegida con el antioxidante sintético BHA (0,001) (0,98+0,05 mg MDA/kg). La muestra
control al cabo de 12 dias present6 valores de 1,27+0,1 mg MDA/kg de carne. Los resultados
obtenidos en las hamburguesas con los films con extractos de plantas no alcanzarén valores
de 1,5 mg MDA/kg al final del tiempo de estudio (12 dias). Existen estudios que indican que un
indice de 1,5 mg MDA/kg esta estrechamente relacionado con olores desagradables que son

facilmente perceptibles e inaceptables en la carne [473].

El film de gelatina-glicerol con extracto afiadido de Noni se fabricé a una concentraciéon de 1 %
y 2,4 % m/m. Ambos films fueron caracterizados y evaluados en hamburguesas de ternera. La
incorporacion del extracto de Noni al film proporcioné una reduccién de la oxidacion lipidica en

las muestras de carne. Una vez finalizado el estudio (9 dias), las muestras con film al 1 % y

! Los films fabricados con el extracto de tara al 0,3% obtuvieron un contenido polifendlico de 178
mgGAE/g film y con Caesalpinia decapetala al 0,07 de 61 mgGAE/g film.

173



DISCUSION GLOBAL DE LOS RESULTADOS

2,4 % no tuvieron diferencias significaticas, con valores de oxidacién secundaria de 0.86+0.05 y
0,9+0,01 mg MDA/kg de carne, respectivamente. Estos films mostraron una reduccion del
grado de oxidacién con respecto al control entre 29-32 %. También se evidencio la eficacia de
esta planta al compararse con un control positivo (mezcla comercial de antioxidantes sintéticos:
dextrina,dextrosa, 5,7 %S0,, E301, E331), donde la muestra con film al 2,4 % no tuvo
diferencia significativa respecto a ésta. La presencia de una capa protectora en la superficie del
producto provoca la absorcién de humedad y oxigeno, por lo que la cantidad que llega al
producto es inferior, disminuyendo la velocidad de oxidacion [474]. Ademas, la adicion de
extracto de Noni rico en polifenoles que migran del film al producto, protege la carne frente a la

oxidacion.

La incorporacién del extracto de Noni aumento la eficacia de la permeabilidad al vapor de agua,
barrera de luz y las propiedades mecanicas de la pelicula de gelatina. La concentracion del
extracto de Noni incorporado en el film mejoré la resistencia a la traccion (tensile strength, TS)
y el alargamiento a la rotura (elongation at break, EAB). Los valores de TS tendieron a
disminuir y los valores de EAB a aumentar cuando la concentracion del extracto de Noni fue
mayor, obteniendo valores de TS mas altos en el film con Noni al 2,4 % y mas bajos en el film

control.
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6. CONCLUSIONES

En este capitulo se plantean las conclusiones pertinentes en base a los resultados obtenidos, y
se divide en las siguientes secciones: actividad antiradicalaria de los extractos de las especies
vegetales, composicién quimica en las plantas estudiadas, actividad antioxidante en Model

Food System y actividad antioxidante en un sistema de envasado activo.

6.1.Actividad antirradicalaria de los extractos de las plantas romero,

tomillo, lavanda, C.decapetala, Tara y Nonil

. El contenido en polifenoles totales en las plantas estudiadas fue de 336,36 mg GAE/ g
peso seco para la Tara, el mayor de todos los analizados, seguida de C. Decapetala (63,83 mg
GAE/ g peso seco) y las hojas del tomillo (54,39 mg GAE/ g peso seco). Las que presentaron
menor concentracion de polifenoles fueron las hojas de Noni (4,46 mg GAE/ g peso seco) y las
flores de lavanda (17 mg GAE/ g peso seco). Los extractos etandlicos estudiados demostraron
actividad antiradicalaria frente a los radicales de los métodos estudiados (TEAC, DPPH y
ORAC). De las plantas aromaticas, el extracto proveniente de las hojas del tomillo presenté el
mayor poder antioxidante, en un rango que va de 0,7a 3,1 mmoles TE/g peso seco. La Tara
presenté una capacidad antirradicalaria en el rango de 2,0-8,5 mmoles TE/g peso seco. El
extracto del Noni present6 valores comparables a las plantas aromaticas (0,017-0,9 mmoles
TE/ g peso seco). La actividad antiradicalaria medida por el ensayo ORAC, fue de 4,6 mmoles
TE/g peso liofilizado para las hojas del tomillo, 0,7 mmoles TE/g peso seco y para las hojas de

la C. Decapetala y 0,017 mmoles TE/g peso seco para el Noni.
6.2.Composiciéon quimica en las plantas estudiadas

o En las plantas aromaticas estudiadas se identificaron 4cido cafeico y &cido rosmarinico.
El contenido mayor de acido rosmarinico se encontré en hojas del tomillo (396,2 mg/kg),
seguido de flores del tomillo (102,2 mg/kg), raices del romero (85,2 mg/kg) y hojas de la
lavanda (81,6 mg/kg). De igual manera, el contenido en acido cafeico fue superior en hojas del
tomillo (71,6 mg/kg), seguido de raices del tomillo (169,2 mg/kg) y raices de la lavanda (114,1
mag/kg).

. En la muestra de Tara se identificaron principalmente taninos hidrolizables y
quercetina. Sin embargo, en C. decapetala se encontraron acidos fendlicos (acido p-cumarico y
acido p-hidroxi benzodico), ademas de catequina, apigenina, glucurénido de apigenina y el

compuesto vitexina.
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6.3.Actividad antioxidante en Model Food System

. Las hojas de romero (R. officinalis) y las hojas de tomillo (T. vulgaris), fueron las que
protegieron con mayor eficacia la emulsion frente a la oxidacién, no existiendo diferencias
significativas entre ambas, y con una formacién de 82 y 85 meq hidroperéxidos/kg de emulsién,
respectivamente, al cabo de los 42 dias de estudio.

. La C. decapetala y la Tara presentaron una gran capacidad de proteger las emulsiones
frente a la oxidacion. La C. decapetala al 0,2 % m/v permitié reducir en un 97,36 % la formacion
de hidroperoxidos, obteniendo 2,13 meq hidroperoxidos/kg de emulsion al transcurrir 31 dias.
La Tara, a una concentracion de 0,5 % m/v, presentd una formacién de 6,73 meq
hidroperoxidos/ kg de emulsion, al cabo de 20 dias de estudio, lo que significé que redujo la
formacién de hidroperoxidos en un 96,18 %.

. En un sistema cérnico, la C. decapetala y el Noni al 0,5 % protegieron de manera
similar las hamburguesas. Al final de los 11 dias de almacenamiento, en refrigeracion a 4°C, C.
decapetala logré una reduccion de 69,87 % y el Noni de un 69,99 %. La efectividad en la
proteccion frente a la oxidacion fue inferior a una mezcla de antioxidantes sintéticos (87,45 %)
al 0,5 %, pero evité los efectos indeseables en el producto y fue altamente efectiva para ser un

producto de origen natural
6.4.Actividad antioxidante en un sistema de envase activo de alimentos

. Se han obtenido films de PLA con antioxidantes naturales provenientes de plantas
aromaticas, las cuales han proporcionado una alta proteccion frente a la degradacion oxidativa
en emulsiones aceite-en-agua. La mejor protecciéon fue dada por el extracto de romero
liofilizado (este film logra una inhibicion lipidica 30 veces superior al film control).

o Las propiedades térmicas de los film de PLA revelaron que la incorporacion de
extractos naturales de C. decapetala y Tara como agentes antioxidantes mejoraron la
estabilidad térmica del polimero.

. Se desarrollaron satisfactoriamente films de mezcla de gelatina-glicerol utilizando el
extracto de hojas de C. decapetala, Tara y Noni como agentes activos para el retardo de la
oxidacién lipidica en hamburguesas de carne de ternera. El film con extracto de Tara (0,2 %)
desarrollé6 una elevada proteccidon de las muestras de carne, logrando una reduccion de un
77,17 % frente al control, muy comparable con el film de té verde al 1% m/m (control positivo)
(78,71 %). Por su parte, el Noni (2,4 % m/m) logré reducir en un 34,49 % la oxidacion lipidica,
lo que indica una proteccién inferior a la obtenida por la Tara.

. El estudio de propiedades mecanicas de los films de gelatina-glicerol apunt6 a que los
extractos de C. decapetala y Tara mejoraron dichas propiedades, reduciendo la resistencia a la

traccion. A su vez la Tara redujo la permeabilidad al vapor de agua.
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Abstract: Arfemiziz et 5 cumently the ooly commencial source of the sesquiterpens
latome artemisinin. Altheugh arfepsmin iz a major bioadtive component pressnt in
this Chinese herb, leaf flwonoids hawve shewn a vamety of biclogical actvides The
pobyphenolic profile of extract fom lemes of A armur was assessed & a somce of il
As5ays were 1sad to measume the antiossdant capacity of the plant extract. The measurement
of scavensing capacity against the 2 2'-asme-his-3-etnyThermothiamaline-&-salphoric acid
(ABTY) radical cation, the oxygen mdical absorbance capadity (OFAC) and the fermic
reducme anfionidart power (FEAP] were 31490 pM Trolon equivalents (TE)Vz TW.
73525 uM TEE OW and 21218 uM TEE DW. respectvely. 4 awmg eximacts also
showed good antowidant properties im 107 smflower of-in-water enmlsions dunng
prolenzed storage (45 days) at 32 °C. Aremisia exmact at 2 gL owas as effectve as
xylated opdroagantsale (BHA) af (.02 gL m slowing down the formation of oydropemades
s measured by peronide value and thicharbinmc acd mactve substances. The results of
this shady indicate that exmact of 4 anmur may be suitable for use in the food mamx as

Eeywords: dremisia v, antioxidants; od-in-water enmisions; lipid oxadation
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1. Imtroduction

Lipid erddation is of great concem to the consmmer because o causes physical and chemical
detenomfion of food quality, such a3 undssirable changzes I faste, texfore, appeamnce amd
development of mncidity, losses of inportamt roimtional vahies and formation of potentialty harmiful
conponents inchuding fes radicals and reactive aldehydes [1.2]. Espectally, this process is vared in
ol-in-water ammilsions because of the lage contact soface between the omdimble lipad
hydroperaddes in ermilsion droplets and water-sofuble promodants resultng in the propagaton of
oxidation reactions [3]. To avoid this problem, synthetic anfioeadants are commeonty used, much as
utylated hydroegyieboens and hutylated Inpdrowyanisole [4]). However, m recent years there has been
i inoeasing mierest in the use of mnnlly eocommng substances for the preservation of food
Aromatic plants have been the subject of study, particulardy Ty the chemical, pharmacentical and food
inchistries, becamse of their potential nse in food for fwo principal reasons: (1) safefy considerations
resarding the potentially hammfil effects of the chronic consamiion of synihetic compounds in food
and beverzes; and (if) “naroml” additdwes are perceived as benefidal for both qulity and safety
aspects amd alse possible beneficial effects on buman health [5].

Artemizia amia (drferacens Bty conmonly knowm as “anmual wormmeood” 1= 3 plant used for
mamy cenhrees in Chinsse folk medicine for the meatment of malana and fever. Its health-promotng
gifiacts have been mainty atiribated to its confent of amemizsinin, a sesquiterpene [actone used as the
raw material for producton of artemisinm-bazed condbmaton therapy, wsed agairet doag-recistant
Plamodiem frlcinarm in aeas wheme malara is endeic 4. @ is also a rich source of anfiosddant
flavoncids that are thouzht to play . important mole in potentiating the =fects of arfemizpin dnigs
against cancer and parasitc diseases [6]. Moreover, 4 arnnag leaves have a high content of essenmal
oil (ECY contaming cmepls, e-pinens, canphene, carnphor and amsmisia ketons [7]. The essential odl
of 4 g i referenced as having anfifingal and antimicrobéal actvity [8] 4 o also shows
ang-inflanmaiery, anpyretc [], antioxidans [10], anticancer [11.12] and cyrotonic [13] actvides.
Althongh not yet reporad m the [Seanre, 4 @wur edmces, being a nch seurce of varioes phenolic
compoumds could therefiore be moarporated in meds] eomilzions a3 a source of mehal antoxidant w
Prolons quality and stabdiry.

The aim of this paper & o report a stady of the anfiedant propesties of driemitio aww exdacts
in model emmalsions stored for long persods, which can be representagive of real food systems and their
expected shelf Life. Lipid oxidatdon was determined by following the formation of peroside vahes
[P as the primary oxidation products and thiobarbshunic acid reactive substances (TBARS) as the
secondary prodocts.

1. Experimental Section
2.1 Marariais

Artermizia gnua was gown in a greechouss (Balxzoer, Spain). Leaves of 4 o were collagted,
driad and Fround fo a bomogenous powdsr o collaharation with the conpany Pamiss Horticoles.
Fefined amflower oil was purchased in a Jocal market. All reazentz and chenvicals were of anabytical
grade supplied by Sigma-Aldrich Conpany Lid (Gillmgham, UK) ar Paneac (Barcelona, Spain)
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2.2, Exiracrion

Air-dried and finely ground drmemisio g was weighed (2 g) and extracted with 50 ml of
ethanol-water mivgurs at 30050 (ww). The mixnre was stmed continoously for 24 h at 4 =0, After that.
all samples were centmifiged (Sizma SE10, Osterode am Harz, Germany’). Par of the supermatant was
used fo determine the antiradical capacity. The volme of the remaining supermatant was measured and
the solufion was evaporated, frozen at —80 °C for 24 b and Iyophilized for 3 days. Samples wers
then weighed and kept protected from Lsht in a desiccator uofil used to prepars ap oil-in-water
enmulsion system.

2.3, Total Phenol and Flavenaid Conteni

Total pobyphenol contemt (TPC) of ewmacts was determimed by colormetry following the
Felin-Ciocalien methed [14]. The abserbance was measnmed at 725 om using a UV—wis specropheiomster
(Fluestrar Omega, Perkin-Elmer, Paris, France) and the results were expressed m gallic acid
equivalents, GAE, using a gallic acid standard curve (10-70 pM).

Total favonosd confent (TFC) of exiracts was measured according to the methed of Zhishen o al. [15].
The absorbance at 510 om was measured using spectrophotometsr UV-220020 (Zuzi, Auxilab,
SL.. MNavama., Spam). Values were determined from a calibration curve prepared with catechin
(rnging from § to 60 mel) and expressed as mg of catechin equivalent per pram of dry weight of
plaot (CE'g DW).

24, Antigidans Capacity Determination

Three differsnt methods were used for the evalaton of the antiosadant acowvity of the extracts:
2.2 azing-bis-(3-athylbensthiszolina}-§-sulphonic acid (ABTS" ) aszay [16]. Cuyezen Radical Absarbance
Capacity (OFAC) aszay [17] and Famic Feducing Antecgidant Power (FFLAF) method [12]. Remlts
were pxpressed as pM of Trolox equivalent (TE) per pram of dry weight of plant (DWW

2.5, Liguid Chromarography-lass Specromertry

LC-MS apalyses of the 4. ommugo extacts were carmed out using LC-QTOF-MS instnument.
acguired from Aglent (Wilmingion, DE, USA). The LC was an Agilent 1200 Series, cansisting of a
wacmm degasser unit, an autosampler, two isocratic hish pressure mixing puntps and a chromateraphic
oven. The QTOF mass specmometer was an Agilent 6320 model, furmished with a Dual-Spray ESI
source. The mobile phase was composed of 0.1%% formic acid (ww) io water (elusnt A) and 0.5%
formic acid (viv) o acefoniimle (eluent B). Separations were performed on a reversed-phaze Zorbax
Eclipse XDB-C18 cohman (100 mm = 3.1 mm 35 pm) acguired from Agilent and connscted to a C18
(4 mm = 2 mm) guard carmidge supplied by Phenomensy, (Tormance, CA, USA). The temperanme of
the column was maintained at 30 *C, the mobile phase flow was 0.2 ml min, and the following
gradient was used: (—10min, 3% B; 10-25mim 100% B; 27-38mm_ 3% B. The injection vohime for
samples was 10 pl. Mitrazen (99 989%3), used as nebulizing (33 psi) and drying zas (330 *C. 10 *C/'min)
in the dual ESI source, was provided by a high purity generator (EmeChae ol Livemo, Ialy). Nimogen
(%9 20055, for colliston-induced dissociation expenments (M5%MS measmements), was purchased
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from Carbures Metalicos (A Corufia, Spain). The QTOF instrument was operated in the 1 GHz
(Extended Dynamic Fange, mass resolution from 4500, ar sz 100, to 11,000, at mz 200) mede and
compounds were ionized in positive ESL applving capillary and frapmentor voltages of 3500 and
160V, respectively. A refersnce calibration solution (Agilent calibration solution A) was contimsously
spraved m the source of the QTOF system. through a second nebulizer. The Mazs Hunter Workstation
software was used to contrel all the acquisition parameters of the LC-ESI-QTOF-M5S system and also
to process the obfained data. Full scan M5 specta were acguired in the mnge fom 100 to 1700 ms
umifs, during the whole chromatopraphic mn, copsidering an acquisition rate of 1.4 spectma’s. The
identification {caffeir acid, apipenin and nitn) was bazed on the acourate masses, isotopic aundances
and spacing of sigrals in their (M + H] ') cluster of iens, obtained in the MS mode, as well a5, on their
MS5/MS frarmentation parterns and the exact mass of products ions.

2.8, Qui-in- Waser Emuision System
14.1. Bemeval of Tocopberels fom Sunflower odl

Tocopherols wers removed from sunflower od by column chromatosraphy wsing actvated abmaina,
as described by Yoshida of ai. [19]. The oil was stored at —80 *C prsor to emulsion prepamtion (op e

2,52, Preparation of Emolsions and Storage Conditions

Cril-in-water emmalsions were prepared with 1% of Tween 20 as emalzifier and 10% of sunflower oil
(2.7.1). Enmlzions wers prepared by dropwise addition of ofl to the water phase, with sonication nsing
a UP2005 nimasonic (Hiskcher Uhmasonics GubH, Teltow, Germany)) while cooling in an ice barth for
10 min. Tt was necessary o repeat somicatson 7 times (7 = 10 min) te bave enongh vohme of epmlsion.
Freeze-dried pownder of the 4. awne exmact was redissolved in ethamal 50% {v'w) and added divectly
to the emmlsion and homogenized, obtaining final concentrations of 0.20, 055 and 2 gL (C1, C2 and
C3, respectively). For the pepative cootrol oo extract was added, and the positive coomols wens
prepared with Trolox (0,02 g'L) and BHA (.02 gL} disselved in ethanal.

Al epmlsions were stored in trplicate in 30 ml amber bottles n the dark, with constant =lliptical
movement and allowed to oxidize at 32 =1 °C for 45 days.

1.6.3. Measursment of Primary Cxidation by Peroxide Vahe (PV) apd pH

Perowide value (V) was measured periodically (every 2 ar 3 days during the time of storage) using
aliguats of Q007001 g of sach sample and determimed by the femic thiccyanate method [20]. after
calibrating the procedure with a senies of oxidized odl samples analyzed by the AQCS Official Method
Cd 8-53 [21].

The pH of the samples was measured (pH-meter GLP21, Crston Instruments, Barcelona, Spam) as
2 paramefsr i investigate its comelaton wii PV

215



ANEXOS

216

Antmeeidanes 2014, 3 1M

1454 Measurement of Secondary Oxidation by TBAF s Method

The thiobarbiraric acid reactive substances (TBAES) aszay was performed as described by Magseod
md Benjakul [23] with some modificattons. Omne mililiter of oil-in-water epmlsion sampls was mixed
with a TBAF: solution contaming 0.375% thiobharbiporic acid and 15% michloreacetic acid in 025 W
H{] soluten (5 ml). The samples were placed immediaely m an ulmasonic bath (Prolabe brand
eguipment, Lofterworth, UK) for 5 mim and then beated m a water bath (95 °C) for 10 min The
mmixture was cenirifuged (Sigma 3E30, Sizma Laborzentifuzen GmbH, Osterode am Harz, Germarmy)
at room temperatore at 4000 rpm for 10 min. The absorbance of the sopermatnts was measared at 332
om (Specrophotomier UW-220120, Zuzi Navarma, Spain). The TBAR: values were expressed as
mg of malopdialdebyds (MDIA) per kg of emuolsion caloulated uwsing 1,13 3-femasthoxypropans
(Sigma-Aldrich, 5t. Louds, MO, TU5A) as the standard.

2.7 Sratishcal Analysis

TBEC, TEC, ABTS, ORAC and FRAP measurements wers performed in iriplicate oo triplicate
samples. PV and TBAFR:s measurements were performed once on mplicate samples,

Mean walues for different parameters wers calcolated and compared by amalyzis of vanancs
(ome-way ANOVA) wsing commercial soffware (Minitab 16). Moreower, stostcal diferences
berwesn mean vahes were identified ar the 93% of confidence level (p < 0.05). Person’s comelation
mnalysis was performed using the same statistical package.

3. Remulis and Discussion
i1, Phenpiic Confent and in-Vimo dAngoodant dcirvity of Extract

The total polyphenols (TPC) and flavoncids (TFC) in exmacts of 4. amng leaves obained with
50% ethanol are showno in Table 1. The 4. mmug exoact contained 23 36 = 0.9 mp gallic acid
[GAEVE dry weight (OW) and 268 = 007 mg catechin/g OW (TPC and TFC. respectively).

Tahle 1. Pobphenol and favonoid content and antioxidant activity of 4. annug exmacts.

Aethed Amount dececied *
Total polyphenol contunt {mg GAEg DW) 1336092
Total flsvoncid conteat (mg CE’g DW) T
ABTE (uM TE/g DW) Jl489 =770
ORAC (uM TE'g DW) T36.26 = 17.55
FEAP (uM TE!g W) 212.1E=6.02

* Rasults are expreased as meem = stznderd daviation (= =3).

A recent paper on the analysis of exiracts of 4. aumua [23] found a TPC vahes (3841 = 6.7 1o
5212 = 5.4 mz GAENN g DW) for methane] and acsfone exmacton, respectively, moch lower than
what we report here for ethanolic exmact. However, stodies impolving hexans and methanol extraction
of A awnug leaves have reported higher values than those obmined in the pressnt snady, in the @ngs of
00.12-134.30 mz GAE'z DW [24]. In additen the same awthars foumd higher TFC waloe (6.14 mz
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epicatechin’z D) m the methanelic exmact. Consequently, the exraction methed and the salvent used
play a key role in the exraction of polyphenols and flavonoids from plant material

Amnrierddant actviry of the exmacts Tom 4. anneg was assessed by thoee different methods: ABTS,
OFAC and FRAP. The use of several methods provides more comprehensive information about the
mnfioxidant properdes of the onginal product becanse there are substambal differences in sample
preparation, exmaciion of antiomidants (solvent, temperaturs, ¢ic), selection of end-points and expression
of resulis [3]. For the ABTS assay the value obtained was 31400 = 7.70 pM TE/g W, a valoe 2 times
lowrer than that found in the OFAC assay which was 73526 £17.55 uM TE'z DW. It is quite usoal fo
obiain higher valoes in the OFAC test, dus i differences in the sensitivity of these methods. Fimally,
for the FELAP aszay the valoe found was 212.18 = §.02 pM TE/g D'W. Gouweia and Castillo [23] found
ihe ABTS value of 477.0-2197.3 pM TE100 g D'W in 4. gorug leaves using exiracton with methanal
mnd acetons, respeciively, which is much lower than that we found in the current smady. Alse Zheng
and Wang [25] foumd the ORAC valee (1568 = 0.57 pM TE'g fresh weight) in the phosphate boffer
extract much lower than what we repert here for the alcobolic extract. Vinda-Martos [5] described the
fermic reducing capacity and metal chelating abilify of the 4. anrur, finding smong reducing power and
effectivity in metal chelating (§2.25%:-08.03%) of essenfial oils from 4. amug. They alse reporied
defermination of oxidative stabiliy of fat (Fancimat assay), finding that 3-50 gL 4. ammug eszencial
oils showed pro-oeddant activity.

A few recent reports indicated that 4 anmig was ane of the four medicinal plants with the kizhest
OFAC level, the ORAC valoe of 4. ganug leaves and inflorescences eximacts was reporied as 1125 and
1232 pM TE g, respecovely, which is half o teo thirds of the OFAC of cregano exmacts [§].

LC-M5 amalysis of the plani exmact of 4 anmwg showed the presence of several phenolic
compounds quantifisd in the follewing increasing order: caffeic acid, mutin and apigenin (Tabls 2). The
concenimations of caffeic acid (1.3352 pz'e DWW, muin (0,765 pz'e DW) and apigenin (0,135 pg'z W)
in A.anmug extract were lower than those reported in the lieranme. Canvalho e al. [26)] reported that
the 4. qnnua leaves contzined 20 pgz of W of catechins, 2 pe'g of W of avonols, 75 pup'z of DW
of bydmxycinnamic acids and 430 pe's of OW of hydroxybenzoic acids. Carbonara ef ail [217])
found m water exiracts of 4 gmug 311 = 0002—210 £ 0.06 mgg DW of caffeic acid. Morowver,
Dranescu ef ai. [28] reported that 4. anmue bad 1.124 mz/100 g DW of apigemn.

Table I. Liguid chromatopraphy-mass specimometny (LE-M35) parameters and amount of
salected anfiowidant componnds 4. gunEg eXTACT.

. Limear regression Limear RIS (mT) Comtent

Componds B lmis) rquatisn N mpppm M-H  aeDw
Futin 533 F=IE M 21848 0.5%E 0i-1 1] 0.TE
Cafsic acad 541 ¥=38803c+ 19838 Al L1-1.3 17a 1353
Apiganin TE3 = 1026 4 + INIES 0591 0L1-0.5 260 0133

3.2, Antiecidans dcmvity of Exmracts m Mode! Emuizion System

In thiz study, to accelerie the oxidative damage, emulsions were stored at 32 = 1 °C. Cmidative
stabdlity was assessed by persodic analysis of proimary and secondary oxidation products (meazmed by
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the peroxide and the thicbarbitumic ackd reactive substances valuss, respeciively). In addition the
chanze in pH was monitared, since pH tends to fall during oxidation.

Perowide valoes io the oil emulsions mereased sipnificandy faster in the sample withouoi amy
mntioxidant addition (Figure 1), reaching 10 meg bydroperoxidesky of emulsion (this valoe iz the
allowed limi for prodocts confamming edible fafs) after four days. The next samples to reach this level
of deterioration were Trolox at 0.02 g/L (after 10 days). Art_C1 at 0.20 gL (afeer 16 days) and Art_C2
at 0.65 gL (after 28 days). Other samples: At C3 and BHA were stable untll the end of the
experiment (after 45 days, PV was <10 megkg) 4 owmeg eximacts added fo oil-m-waer emuolsions
were very affective in stablilzing the emwmizion with 2 g/l 4. onmug exiract being similar to BHA
(0002 L) in activity during 45 days of storags at 32 °C. Eiokias ¢f al. [19] reported peroxide valoss
between 4580 and 51.15 meqke after fwo months in 109 sunflower oil-in-water emulsions with 2 gL
of different carotenoids inclding f-carotene, lycopene, paprika, botein and bixin, Famful er al. [30]
found that Eweemig poilicma leaf exmact af a concenmation of 0.02% was also efective in showing
down hydroperowide formation m sovbean ofl emmulsion during 13 days of storage at 40 °C
Pipedip-Penman ot gl [31] reporied that tea exmacts added to sonflower oil-n-water smalsion wers
very effective in ifs stabilizatton. the tea exmact (0.03%) being similar to BHT (0.02%) and taking
4 darys of storage at 30 °C to reach a PV of 30 meg'kg.

Figore 1. Evalnaton of primary oxidation (peroxide valug) in 3 mode] food system (O0W
emnlzion 10% of oil) with differ=nt concentrations of 4. aameg (C1: 020 gL; C2: 045 gL

and C3:2 gL}
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PH can affect oxidative reactions by influencing proowidant (e g, iron sobibility increases with
derreazing pH) and antiesidant (the pH can alter the charge of andeidants, which can affect sokbility
and chelation capacity) activity. The pH of oxidation models should therefore be similar to the food of
imferest [31]. In addifion, since it is known that many antiossdant molecules are less effeciive when the
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pH iz low [33], this paramster was also measured as a potenrial indirator of oil-in-water emulksions
oxidation. From an imitial awerage valoe of 5.5, the samples without any anoxidant addition and with
Trolox tended to stabilize themr pH at 1.60 and 2.74, respectively, after 43 days (Figure I). In the
Ant CL, An 2, Are €3 and BHA samples the pH slowly decreased duning storage, but in Ari_C1 and
Ant C1 it decreased rapidly after 23 and 33 days. reaching the value of 2.90 and 3 24, respectively.
Obzerving this relationship confirmed that the pH fell az PV mcreased Galleso of ol [18) and
Serensen of al. [34] repoeried that lipid exidation mereazed when pH was decreased from §t0 3 ma
107 pil-in-water eomalsion.

Figmure 1. Evahmtion of pH in a modsl food system (OVW emuolsien 10% of oil) with
different concentrations of 4. gamuea (C1: 030 gL; C2: 0065 2L and C3: 2 gL).
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s Art_ 3

e TrOlOK
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Secondary exidation products in the emmlsions were monitorsd by measurement of the TBARS
(Figure 3). After & weeks, TBAFs valies m epmlsions copfining 4. anmug exmacts and BHA wers
lower than that those in the conmel (4.27 mz MDA%E) and the Trelew-confining sample (350 mz
MDAke). BHA was the mast effective antioxidan followed by 4. annua exmact An (O3, An C2 and
Arnt_Cl. Garcia-Ifigues e al. [35] reported that a kvophilized agueous extract of Melissa oficinaiiz
(lemson balm) at 6205 ppm was as eficient as BHA at 200 ppm in ceatrolling the TBAR: formation in
oil-in-water emalsions made with a mixmore of alzae and linessed ails upon sterage duning 15 days art
20 *C. Dimaken and Orsopoalon [36] found that pelar (paprika, margeld. bixin} and hydrophobic
{f~carotzne, lycopens) carotenoids exented antioxidant efect measured by TBAR: test dumng thermally
accelerated autooradation (50 *C) of sunflower oil-in-water emmalsions stabilized by Tween 20

In the present study positive comeladon between PV and TBARs (BF = 0.9200) lewels in
oil-in-water epmlsions was found.

The activity of phepolic compounds as anfbowidant: m food systems (soch as odl-in-water
enmilsions) depends not ooty on the struchare (e, mumber and posiion of hydroxyl zreups boand o
the aromatic mng) and chemical reactivity of the phenolics but also on other factors such as their
plrysical bocation, interactions with other food componsenis, and environmental conditions, for exampls
PH [1.34.37]. Nanaral plant antiexidants can protect food components from oxidation imder the stress
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of heatinz and storage The most effective antioxidants are those that intermopt the free radical chain
reaction. Uspally confaining aromatic or phenolic rings, these antiowidants domate H fo the fres
radical: formed during oxidaton becoming radicals themselves, These radical intermediabes ars
stabilized by the resomance delocalization of the eleciron within the aromatic nng and formation of
guinens siruchmres. In addition, n mamy of the phenalics positions suitable for molecnlar oxygen attack
are oot available Boih synibetc (BHA and BHT) and patoral plami anfewidants cootain phenelic
(Havonoid) funciions. Plant exiracts with anfioxidant activity geoerally quench free radical oxygen
with phenolic compounds as well [4]. However, the addition of polyphenols to lipid dispersions has
besn shown to result not anly o antioxidant effects [38], but also in pre-oxidant activity [39].

Figmre 1. Evaluation of secondary oxidaton (TEAPR:) in a model food system (00T
emmizion 10% of odl) with different concentration of 4. ammua (C1- 020 g1 C2- 0.65 gL

and C3:2 gL).
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Phenaolic compounds soch as caffeic acid, miin and apigenin have received meoreasing mnferest dus
to their potenrial antioxidant activity. Caffeic acid has a single aromaric ring with e —0OH zroups that
are capable of donating H'. In addition it is a polar compound with a strong ability for chelating
metals [4]. Buatin is a compound that comtains an g-diphenol proup m their melecular strocturs
[o-diphenol Froaps are able to chelare metal ions such as irom) [34].

The antioxidant capacity of natmal extracts in food emulsions bas been ascribed to a pumber of
infioential factors, nchiding the different polarities and antitadical activities of mixed phenalics. The
presence of water in the emulsion results in the partiien of antewidants between polar and apalar
phaszes, a fact infloencing the amboxidant activity. According to the “pelar paradox”™, bydrophilic
mtioxidants ars more effective in noopolar media, whereas lipophilic compounds are better
mntioxidants in polar media. However, several suthors have reported that some compounds de not
comply with the pelar paradox and imterpreted the behavier of phenolic compounds in epmlsified
systems using a different approach known as the “ooteff theary™ [40,41]. Sorensen ar ai. [34] reporied
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that caffeic acid and rotin inhibited the development of PV dunng the entire storage period in
Citrem-stabilized emulsions at pH &, Furthermare, the moest water-soluble compound, caffeic acid,
showed different effects depending on pH and emulsifier type. Thus, it was a strong pro-oxidant at
pH 3 (with or witheut fon), at at pH & its efect dependad on the emvalsifier type and on the presence of
iron In addition Medina ¢ /. [37] reported that af pH &, caffsic acid was able to reduce the amount of
peroxides formead in emmlsions containing Tween bur inoeased the formaten of valatiles. Conde e al. [2]
foond that caffeic acid (5 mmelks epmlsion) chowed pood apfoxidant properties inm 30%
sunflowernil-in-water emnlsions af pH 5.4 donng serage at 50 *C. The same author [40] reported thar
higher concentrations of mutin and apigenin in the rafined ewiracts produced fom chestout burs
retarded the formation of hydroperonides in ed-in-water enmlsions.

The abiliry of a compound o mhibit lipid owidation conld be mfluenced by its interactons with
other andowidants [42]. Synergy berween antertidants bas besn reporfed in a range of different media,
inchoding oils, emulsions, lippsomes. microemulsions, fish and meat muscles In some repors, the
effects of antioxidants used in a combination could enly be described as additive, bat the tem synergy
shoald be restricted to siuatens where the mixnre of antioxidants has a greater impact than the sum
of their separafte affects. Synergy befween antioxidants may vary both with the mediom and the naturs
of the lipids. Caffsic acid was efective In protecting a-tecopherol in refarding lipid oxidation in the
fish mmscle [43,44]. w-Tocopherol showed a sirong synergistic effect with guerstm in the methyl oleate
in water epmlsion, but the effect was reduced in phospolipd lipeseme: and the combination of
c-tocopherol and guercetin had a sherer induction time than quercetin alone, when the ceidative
stability was assessed m oil by the Bancimat test [45).

4. Conclusions

This smudy showed that the exract of drremizia annug provides protection against the eedative
deferioration of oil-m-water emulsion. In addition, food epmlsions appear to be useful vectrs in
supplying the daily dosage of 4. gnnug extract in consumers, which may positively affect their health.
Mor=over, considering consumer”s preference for antiosidants Tom nataral seurces, these results could
offer the basis for their more systematic use by food industry. Further ressarch info the eprichment of
food products wiih bisactive substances extracted from 4. anng should be conducted becanse we sl
have no suffirient knowledze abeur their activity during food processing, or about their interactions
with ather food components.
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Absiract: In this smdy, the aticxtdnt activity of the Comvolvulus arveees Lins (CA)
etionel axirect bas besn svabmited bry differeat ways. The axtioxidant actvity of the st
magssad by 2, Y -aring-bis- F-stirplbenrothiznlime-f-miphonic acid (ABTS) mdical cation,
the oygen radical stworbancs capacity (CF.AC) and the fearic mdncing antioxidant powrer
{FRAPF) was 1.62 peool Trolex egenalents {TElz W, 1.7]1 zmool TE'g DWW amd
2.11 mmal TE g DWW, espactivaly. CA sthanol soract exhibied scavanging acthvity agaim
the msgthowy rdical inifiated by the Fanton reaction and measered by Electron Parsmgnetic
Emonmnee (EPR). The mtoxwident affecn of byophilised CA meammed m beef pactios
contaming 1% and 0.5% (ww) CA sored i peodified atmosphese packaging (MAT) (80%
O and 207 C0y) was demmmined A prulimimery smdy of gelatine based film comtimimg
CA showed 2 strong anfioxtdant effect in preventing the degadation of Epdd in rmscle food.
Tz, the present resuln indicars that CA axiract can b nsed a5 3 namml food amsooidamt.
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1. Intredmction

Free medicals prodeced in the humam body mesnlt fom natura] bicchamical mactions and, together
with extenal attacks dus to siress, mmoke and mmbalinced diots, 2momg other factors, could camse an
imbalance betwean oxidants 2nd anticxidant. For this rason, it & mecsssary o sepplamant the dist with
antiomidant based food. This excess of radicals is assocized with aging and mamy diveases snch as heart
problens, dizhems, neocdepsmertive divorder and camcers. Proviom smdies imdicai that the
consemption of phint foods rich in axtioxidants is b dcal for bealth and halps to prevent degunsrative
Procees wiich contibete o many dissasss [1-3]. Do to the inoreasing swarenss of the banefin of
consening bealthry food, mamy food companies are using anficxidants a: an alematiee approach, instead
of wxing synthetic preservatives which at kigh doses may kawe toxic effects on the commmer.

MNammal anteoridants are compounds, gensrally fops plants, tat are nsed a food additives with the
aim of mhitdting coddation of the product [4]. Tims, &% wee of ram @l anficxidants 2 preservatives o
maintin qeality and metriticoal traits i mosasingly widespread, painky in food that contaieg high lnels
of bpids, mch as meat products. Tharsfors, the incorporaticn of zaral anticoridents snch as barbs coeld
b 2m economical strategy to devalop bealthiar meat products. Momeowar, they can tmprevs technological
propartias, a5 well as Increase the soo-afficiency [¥] in the food indnsiry. Besides formmlation of food
with a natmmal antoxidant sy, active packaging is also gaining imterest for its potential to provids
fiooed quality and safety banefit. The conzbination of namml presaratives and biodegradablo plastic imto
mn& food packaging formmalation is 2 promising approach o sxtending prodect shelf 15 [§].

Flaxts rich in polyphenol comstiteents possess anticxidant actvity by fes mdical scavemging. For
prevent degenemative dissases. If incorporated Info an edibls film, i coeld belp to maintain the quality
of food prodocs [7].

Comvodmiler arvensty Linm (CA) is a0 2zl {or sometiones parsonial climbar), commonby found 2
2 weed throughout Farope and Asia. This plant & being wsed for maony parposss. The root and the resin
e cholagoges, dmretic, hxaitrre and pergative [B]. The Sower & laxative, used as a tea infision and
alwo in eatment of wounds and fover, whemeas the leaf can be helpfil dering the messtreal period [9].
Meamhile, Mezg of @f showed that the ubiquitons CA wrract could be conzidersd & 2 promising
anti-camcar agent, with ower 50% inhibdtion of tomer growth activity at non-toxic deoses [L0]. CA ako
provided an mermmnostrmelant effect when feted on abhits and toned ot to her oyiotexic effects oo
Imen camcarors calls [11,12). In 2 prlinszary sdy, Thrakal e af reporied & anfioxidmt actvity of
CA exract wsing the DPPFH method minc omde svemging activity and &e meducing power
waxy [13]. Festhermors, the CA extract showed almndast traces of phemolic compomds mchnding
p-ivdrobenmic acid, syrmgic acid, wamilling benzoic acid and femlic acd [14]. This kigh content of
phanclic compounds may allowr it to serve a5 an antoodidant sourcs for the food industry. Howevar, the
antioxident acthvity of the CA srtact towands 1ipdd oxidaticn has not besn fally determeined yet. Ths,
our goals were (1) to evelmin the antomidant activity of CA using m wire msays inceding FRAP,
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TEAC. ORAC and FPE. scavanging activity and () to demonsirs the abdlity of CA cxmact to inhibit
lipid deterioration i beef meat, by addmg the dry exiract dizectly in the patty comporition or in the
formmiation with acthre packaging. One of the componants in CA is an alkalaid, which i 2 copspoemd
that exidhits ant-cancer activiny but may display toxic ofects in the bost ot high dowes. Themdfom., tho
sxtraction of CA has besn camried out according to the method described by Mang oral [L0] to mdace
the presenca of alkalnid in & exact bafors addng & byophdlized wxtract dimecthr fnhe tha head.

I Experimenial Section
21 Plan Marerial

Comomercial doied CA ws kindly sepplied by Pazges Heorticoles (Balagner, Spaix), a megstemed
harbal company. All mageots and sobreots nsed were of anzbtical geds and chiaized fom Paoreac
22 Evrraerion of CA Sxrae

Drried rocts of CA wwre Snely ground nsing a standesd kitchon food processor. Gromnd CA was
axtracted in three different warys: (1) with 50-30 (o) ethanalwater; (7) with 75:17 (vir) sthanolweater
and (3] wiith #0:10 (wie) ethemol-water, 2lways in the oo 130 (&), The cractions wers parformed
a4 C=1"C for 24 b, in the dark with constemt simng. The extract solifiezs of CA wem momsared
Ty filration muing Whatman Fiter paper, 047 pm (Whatmes GE halthcars, Wammaiesa, WL UEA).
Part of the suparmatant was aken for seteegeant wie to debarming the antadical capacity. The volums
of the repaining sepemannt was measiured and the sxoess of ethanel ams reowred nnder vaomms using
2 motary evaporator (Buchi Belll, Switzerind) and kept foren 2t —80 °C for 22 b All extracts wem
dried m a Eaze dryer (Unicoye MCIL 50 *C, Germany) under vaomms a —60 “C for does days o
memowe moistere. Finally, byophilised CA won weighed to determins the soluble solids coocentabon
(2L} as describad by Zeang er afl. [17]

23 Dewrmiradon of the Todn! Pherolc Coment (TPC)

Tha Folin-Ciocaben method was used to detrming the totzl phamclic comtent (TPC) as meported by
Samts o al [16].

24 Dewrmiraton of Free Radical Scavengmg Acovin Assans
241 im-Fitro Antioxidant Capacity Duetermminaiion

Thres different methods wwre wied for the evalmbtion of the atoxidad acthiaty of the extrecis:
2,2 -azner-bin-{3wtinTbanrthizroling-G-walphonic 2cd TEAC assay [17], Cxygen Eadical Absorbance
Capacity (ORAC) smusay [1E] and Famric Bodncing Antioxidant Powar (FEAF) mathed [19]. Eamlt: wem
aprased 25 M of Trolox equivalent (TE) par gram of dry waight of plant (DW).
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242, Electron Paranagnetic Kesonance (FPR) Spectroscopy Eadical Scanvenging Sy

EFE. mdical scovemping actvity was measursd following & owthod desoibed by
Arpom o ol [20]. The ermaction was execoed in MeOH in 1010 (@) mto and &= solohla
ooceniratton of CA wn determized according o the procedurs abewe. The spin-tepping macton
mixters consivted of 100 pl. of DMEPC (35 mAd); 50 plof HyO; (10 mbd); 50 pl CA cxtact ar diffare
concemtrations or 30 pl of femlic acid nsed 2s mbfarmace (020 gL or 5 pl of pure BoOH used a5 a
coniol; and, fmalby, 50 pl of FeSiQs (2 mbf), added = this order The fmal solofices
{125 pL) weme passed through a mamow (meide diameder = 2 mos) qurtz tube and itoduced into the
cavity of the EFR spectomsier. The specium was recooded 10 min aftar the additiem of the FeS04
sohution, when the radical addnet sigral i sreatst.

X-bend EPR. specia were recorded with 2 Bruker EME-Pius 10412 spectomsster under the following
conditions: microwave Eequency, #8752 FHr; micowree power, 30.27 oW, center Seld, 3522.7 &
moeep width, 100 & meceiver gain, 5.02 = 1Y, modelation freqmemcy, 100 kHr; modnlaton amgplitnds,
1.BS & timw comstand, £0.86 ms: comvemsion time, 203.0 ms.

28 Dewerminaton of Annoridan Acoviry v Foaod biaded!
2.3.1. Pregarztion of Beef Pattns

The meat consizied of flank of beaf prowided by “Embutide: La Masia”, Barceloma. It was collecmd
sevan days after slanghter to allowr it to matere and was kept at approxizmately =200 "C for forthar
treatment. The extraction of CA was camied out 2cconding to the method used by Mamg efal to memove
alimloid componnds [14]. Fat and joint tissues wem tmmed off kan meat (2000 g) and the mwat weas
minced through § me indesinal plais. Then, the rxinced meat was divided inte Sour batches and mixed
with 1.5 of MaCl and wither {3} comirol (oo addites), (i) 0.1% BHT, (i) 0.1% hophilisd CA, (i<)
{.3% hyophilised CA All batchos wars mized wigorously for 2 min to atxin an oven distribetion of
additiees throughout the meat. Each sampls was moulded mie smaller perticos (zbout 20 g sach), smifed
and packed with polystymene B5-37 (Aarpack) Ty and phiced i BEAL bags (Cryovac) of low g
parmashility (812 cm® oo per 24 B). The air in the packaged trays was flushed with B30 (viv) 02000
by EAP2]) mixtere {Carburos Metalicon, Barceloza)). Samples were siored in the dark a4 "C =2 *C for
10 darys and the wrples wars mmalyied for oxidation by thioharbiteric acid reactive sohetmeas (TBARS)
method, % meamyoglobin, colomr, pH and micobial gmbity. Every measwement was mmied cut @
traplicas sach day for 190 dags (exoept for micvhiclogical analysis which was doze every thres days)).

2.5.2. TBARS Away

Tha TEARS mwthod was used fo measurs the extent of lipid cxidation ower the shorage period &
described by Gran e @f [21]. Samples (1 5} were weighed in a tobe and mixed with 3 5T ameoes
EDTA Thez &e sample was mmediately mewed with § ml of thiobarhituric acid magsot nsing a=
Ulim-Tomas (TEA, Gumeny); at 32,000 pe speed, for 2 min Al procedures were camed ot iz the
dack and all sample: wure kept in ice. The mixime was incohated at 97 = 1 "C in bot watar for
1{) min 2nd staken fior 1 min doring the process to firm 2 bomogeneons mixtem. The liqeid sample was
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mecoversd try filiraton (Whatmam Filter papar, 045 pm), mnd them it wes cooled for 10 mom. The
shsorhance valne of sach wmaegple wan mewceed 2t 531 nm using a2 specoophotomster. The
TEARS iale was calonlsied from a malopaldeinde (MDA) sended coree propaed with
1,13 F-emasthomypropane and amalysed by lmear mgression All mewls wee mpored o mg
malmmaldehryde par kg of sample (mg MDD ALy sanple).

2.5.3. Coloer Musrorames

Ohjectve meanmamants of colonr wans: performed mimg a CR 400 colorimeter (Mdimolta, Cwmaka,
Japan)). Each patty was cut and the coloer of the slices wes measemed thres Smes at sach point. A porable
colonimetar with e wettings: pulwed xemom arc lamm, O viewizg angle geomety and apartame wize B
Tom, ws ewed to measme meat colour in the CIFLAR space (Lighmoss, 1%, mdnew:, a*; yellownew:, b®
[CIE, 1578). Befre sach samus of meanmamen s, the insromesd wes calftraisd nring 2 whits caramic tile.

2.5.4. Parcaztzge of Moomyoglohin

The metrmyonglohin metod was based on that developed by 3w er g [22]. Frve gramss of beaf patties
ware homogenived with 5 mL of ice-cold 0.4 M phosplat mifer (pH 6.8) for 15 & nxing a
bomogenizar (Ulre-Tumax, K4, Gemmasy), which was wet 2t speed setting 2 (18000 rpm). The
homogemised patty was alloaed to sond at 4 “C for 1 band cenfrifnged at 4500 g for 20 min at 4 “C
using a high-spead frearing cantrifege (GI-20C, Anke, Shanghai China). The absorhance of the filered
spemmatent was read at 572, 365, 547, and 527 nm with 2 specromster (Fleostar Cmega, BM G Labsech,
Garmamy). The percantage of metrmyoglobin was detemeined nsing the foremla- Meddb (e = [-2.514
[ASTLIATLT) + 0TTT (ASE5ATLT) + 08 (AS4TAS2 ) + 1.088] = 100

2.5.5. Dewulopment of Galatia-Film with Antoxident Coating

The Sabmicaticn of gelatin based Slpe with anticxidant coating was adapted and characierized from
Bodini v ad [23]. Whils the filmogenic wohifion was cooled after the sobsbilization of sorhitol, 6.75%
{w'w) of CA extract  gelim and §.1% (ww) BHT gelain were addad.
24 Seansncal Anafysis

A ooe-way amabyds of verance (ANCVA) was performed wiing biniab 16 soffesrs program
{Minitab Pry Lad., Sydnery, Awstralia) (@ =005 The resolt ware prevented a: mean vahes (= 3)

3. Reznles and Dizcmssion

1§ Amalysis af Total Podvphemols and Free Badical Acmdny Assaps

On average, a highar weight of solehle solids was exirecied from CA with 307 etanol than with
75% and 8% of ethancl The nse of ethano] & extaction sobsat i3 e to the St tot the sobrmt &
recogzized as a GRAS (Gezerally Recopnized ax Safo)) comgponezt which can be safuly nsed Sor
spplication: in the focd mdustry [M4]. Edoamel abio tomed ot to be effecthe I the extracton of
flavenoids and thedr ghycosides, catechols and tnniss from o plant paiseials. Gezarally, CA extracted
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with 50% efancl dhowed highor phanclic content and anticoidant acteeity valaes i OFAC, FEAP and
TEAC. Chr rwsults showsd that the total phemolic content comelated with &he anSomidant activity
determingd by the assays. Meverthaless, the valne: obtained = the OFAC assay wers highar than the
ongs In the FRAP and TEAC auuzys, which alte thoared the ermact scrvanging acthity against panoxy
radicals {028 geosrated In the asszy. Tokl phanolic content reperted for the plant cxmact with ednyd
acette tumed cet b be higher than our precent rwults wis 124 mg GAEg DW [24]. The pressace of
componnd: with antioxidant potential in the ethano] extract (Table 1) was rovealod in the messorument
of total antontidant capacity in this study. In previous studiss, the antoxidast acthdty of CA has beea
mnalyzed using the DFPH method, nitnic oxide scavenging actrwity and redacing power assay apphed o
both eethano] and eyl acetate solvent extracts [13.25). To the best of owr knowledze, this is the Hr
report of the antiomidant activity of CA axtracts assessed wuing the TEAC, ORAC and FRAP methods.

Table 1. Solubla solid: concentration, fotal phanelic confunt {TPC) amd antioridast activiny
of Convedviries arvensts Lo (CA) extract

Eilrad Soalveal
50:5F EclHH:H AY T5:25 ExtfH-H ¢} ¥ 10 ExiFH-H,(F

Aetiviey Coaredrulnz grvemecs

Eeluble comronteatan (g1.) I3. 72003 13.61 =002 11830005
Tetal phenalic catant (g GAEY DW) 1302005 121 =003 29=002
FRAF {minal of TEY D9 162 +002 131 =D& D9 = 0u0l
TEAL jmmal of TE DW) L7100 L& =Dl 141 =0uld
DAL [mmal of TEY D) 211 005 208 = S LN =003

® hican valoo n = 3. The senderd devistion for cech woy @ lean thas 3% Galec Acid Eqevaliont {(AE),
Torolees Epesvadend (TE, Doy 'Wiengahd TV

12 FPR Somengiey Radool Assay

Tha EFE radical scavenging mathed has bocn developed by Axvon ot ad o evalnats the conceniration
of free methoxy adicals (CH»0") gunsrated o the Fenbom maction with the CA wrmac [20]. Figomrs 1
showrs the decreaning signal of EPR with the mcrease of CA exiract concenraticn The fres radical
wnenging activity of CA extract: was imeestigated against matheary (CH:O7) radical by a compatitive
method in the precance of DMPO a: spin mp, wiing EPR spectroscopy. CHAO" was genarated according
o the Funton procedurs with a relatively short balf-lifs that was ideatified by EPE. becawss of its abiliny
o forms a stable adtroride adduet weith DR, DAPO-0CE: (nperfme splitting constmts, a4 = 13.9 &
and a0 =B.3 ). This stable DMPO-0CTD compound can be detected by the double imtegraticn valne of
the wgnal fop EFR. The pressace of CA extract at differsat concentaticns may compets wit the spin
tap = the scavenzing of methory radicals. Thus, the afect reduces the ameunt of radical adducts and,
accordingly, reduces the mbensity of the EPR signal. The best Stting with intunsity of EPR signal was
showa a5 an sapozentil functicn (Figew 1) &at, if concsnintion vahes are = gL, comespoads fo
Erqeatiom (1)

y=4EE g M 1 =953 1)

The graph mdicaies that the expenential value of e simzal of the wpectum deczeassd : the amsouxt
of CA mcreased. This siudy confimeed that the scavemging activiny of e Comnvodlie arveess carmact
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tentaming polypbancl comtiments could be meanmed by the decrsase of &e intnsity of the spectral
hands of the addwct DAFPC-0CH: in the FPR spectrum with the amoumt of antio dant.

T

60 *
30
40
30 ¥ = 45,856 i
0

ArtEirmry Uit

10

0
L S} 1200 15 000 2150

Concemtration {mg'T)

Figure 1. Anticxidant actiiity detarmmingd by the Electron paramagnetic resczance (EPE)
spectrm of the radical adduct DRPO-0CT: gensraed from a solvtion of HxD: (2 mM) and
FaS0h {004 mAf) with DMPO {14 o) s spin trap in MeDH as sohent The FPR. wgnal
decreases with the bigher anticxidant actvity.

13 Amnoxidanr Acoviry o Mode! Food
3.3.1. Coloer and %s Matmryoglohin

Mfgat colour is one of the most important traits that redlect the meat feddmess and qulity for
consemars. The colour panmstar: mpmesenting lighmass (L) redeess (2%), and welloamess (B%) 2
shoom in Tahle 2. Generally, the walne of colowr (L*, a* and b¥) decrwased as the stomge tme mcreased.
Izitial mean Yghtnoss (CIE L*) was 36.68 = 087, and comtrol sample showsed the lowest vabee of L* at
the end of 10 days stomage. There ame margizally diffeences in L* with all samples throughout storage
timegs. Tha slight chamgs of L* valng in meat storzge was addressed by e authom [25.27]. The demsase
of L* valng indicates that s damicaning developed, widch many ke dne to the Madllard reaction or the affoct
of mcdsture content, which inflnences lightsess values [25.29].
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Tahle 2, Effect of CA extract and BHT on instrumental colour value (L*, 2%, b*) of beef pathies duning 10 days of refrigerated storage at 4 °C.
{Mean = SE).
Drays of Storages

Assay Sample
0 2 4 [ 8 10

L* Control geg =087 3268 =150 3780=p32" 37.00=1230 3623 =0.45 35612224
0.1% BHT e =087 3006 =1.085 3825 =007 3g43=108" 3700=110"" 3618 =046

0.1%: CA L EE =087 3860 =105 3026=146% g3 =055 3711=1.02" 3706122

03 % CA 3568 =087 30.04=0.71 B¢ 30 70=123% 3825=140% IBO1=147% 3884=113%

a* Control 7.49 = 0. 777=020 6.54=033% 6.27 =0.16 5 471 =002 208=001%
0.1% BHT 749 =02 B.18=04252 928 =0285% 705031 6360374 287=001%

01% CA 761 =033 557=026% 625=019% 6.60 =033 33l=002%
0.3%CA 764=021" 7.20 =047 7.50=020" 761 =037 408=001"

b* Control 742=0324 4.86=001"% 768 =036% g55=010% 005=021% 6.77=0.02
0.1% BHT 742 =032 .68 =0.165 840 =027 £30=037% 838 =024 610=001%

0.1%: CA 742 =032 8.00 =037 8.10=033"5 517=013% 7.49 =007 435=0.00%

03 % CA 742 =032 714=040 7.50=020% 7.01=021% 7.00 =027 325=001%

Conmol 1.5% salt (wiw): 0.1% BHT: 1.5% salt with 0.1% BHT (w/w); 0.1% CA: 1.5% salt with 0.1% CA (ww) 0.3% CA- 1.5% salv with 0.3% CA (w/w). ** Means
within a row with differant lesters are significantly different (¢ < 0.05). ' For each anribute, means within a column with different number are sipnificantly different
(= 0.05). Mean value m = § and the standard deviadon for each assay is less than 59,
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A reduction of the a* walne was cxparienced by all mmples in 10 drys” storegs: {p < 0.07), mdicating
that & decreass in redness oocurmed o the mwat. Tha . 1% BET displayed dw: highest value of a* during
thres days” storege and declized madually afterwards (p < 0.07). This Exding was sxpected doe to the
mole of BHT 25 2 synthetic anfowident which is wed to retain coloor and delry 1ipid cxtdation in the
meat [3]. The rednass af 0 3% CA wea misteined arcund a vales of 7 dening the cight dan befoms the
coboer faded rapddhy m 10 doys” storags (p = 0.05). At the end of storge, 0.3% CA showsd the kighest
x* valne Sollowsed by 0.1% CA (p = 0.07) and 0.1% BHT and control exhibited a lowr vabes with mo
significant diffarence betaesm both samples (p = 005 Many featmmes confributed o the red coloer in
the meat mch as the inflence of salt and wrygen compositon that enhanced the med colowr of beaf
pattiss [31,32]. The samples bad an initia] yellowness (b*) wahe of 742 ion that enhanced the md i
both samples {sight deys bafore p = 00%). In el no significant &ifferencs (p = 00%) was obeerved
in &* vanes in all samples throughout storags. The prosent fndings weem to be consistent with othar
mesearch which found that wellowssss in meat patties is not nflnenced by siomge fme and packaging
conditinns [26,33).

The affect of CA axtracts 2nd BHT oo malatres Metfhb parceatzge in beef pattic: are presented @
Tabls 3. A pignificant comalaticn betwean Matidb (V) and the nstroments] colour featumes was reported
pravicushy [22]. The Methdb parcentage increased as the stomips time mcreased thromghont the 10 danys”
mefigeration, wharsas e conirol showed the highest Methfb comypared to all samplos. The treated
grorges of CA extract and BHT bad lowrar (p <= 0.07) proporticns of Maethil compared to the comtrod at
thi snd of storage. The accelaration of colowr detericration and bpid coddaticn depended on many camses,
inchiding storags timw, type of packaging and test syvism Free mdicals produced by lipid oxidation i
meat are sesceptible to ndhiating S acticn of oxidizmg copamyoslobin (red colour)) fo metmyoglobm
{browm colowr) which results in the discolowmation of meat during storage. Prewiows messarch has
indicated a relatomship between pid oxidation and pryoglobin cxidaton or discolommation n meat
prodects [X134]. A sefficient amount of antcaddant in the sample an delay the forzmtion of
memryoglobin. The wcavemging ability of samples treated with antioxidant can rednee the: cxidation of
metmynglobin acting as scavengars of Indroay] mdicals prodeced from cabdation of oxymypoglobin. Thae
0.3% of CA axtract displayed the lowsst mwtnsyoglobin parcantaps compamed fo all saples. and the
chamgs of %o owinryoglohin was Dvemsaly proportional to the vahle of redness (2*].

3.3.2. TRARS Aralysic in Beef Pattie

In genzral, the levels of Gpid exidaton i beaf patties Inmreased over time and the valne: followsd
the ordar: 0.3% CA = 0.1% BHT = 0.1% CA = Conmol (Figure I). The presence of a comirolled
anosphere with high oxypsa packaging (MAF) resulted in higher TSARS values and incexsed the
oxidation mte i muscle food [32,35]. He statistical diffcronce aas obtearved betosen 0.1% BET and
0.1% CA oo any of the siorage days Howewer, the THARS wvaluwe of both samples showed significant
differancas conparsd to those of the contral samples (= 0U0F). Froms sevn days oowards, the contral
meached the ighest THBARS values of all samples, with valwes greater than 1.2 myg malomaldahnydeks
szxple. The levels of Epdd oxidation were the lowest i 0 3% CA n beef patiies throughout stomage and
igmificanthy lower than for all other sarsples. The coddation rat of meat patties was mom rednced for a
higher concentration of CA axiract, as showsn by conparisen of the mtes for 0.1% and 0.3% additen.
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The 0.1% BHT was added for comparison with the mamral antioxidant bearing in mind the FDA
guidelings for ming BHT & =20 ppa i meat prodacts. The afect of CA erimact oo Byid cxidaticn in
meat hes never bean reported. The actve properties of CA reporied by Hegel and Ghargib [14] kv
bexn atiributed to variows phemolic acids mch as farnlic acid, cinnaswic acid and p-coumaric acid. The
antioxidant activity of phemolic compounds is closaly relzted to the hydnoayl groen Bnlred to the aromatic
ring which it capable of domating Inrdrogen atopw with elecoons ad nentralizing fros radicals. This
mechamises blocks fother degradstion by oxidation to form MDA which can be measumed by the
TEBARS pwthod [35]. This study confirmed the poeotial of CA sximact to inkdbit lipid degradation in
beaf pattes.

3.3.3. TBAFS Azalysi in Meat nndar Active Packaging

The TEARS indax (Figeru 3) revealed that the coating of beaf patties with edible films soriched with
antioxidants lowemed e oxidation rés during 17 dayn” stomags. By comsgarniscn, the gelytin Sl withos
any added anSoxidants did not display any protecttve effect. Lipid coodation writh mspect to THARS
valoes of conirol, peeat patties sampls and those wrapped with CA axnd BHT incorporated film showed
2 significantty different TRARS vales {p <= 0.05) thon the comtrol sampls. This reselt mepecid that Epid
oxidation iz meat samples coeld be miniesized by the nse of a gelatin Sl containing CA peobably dus
1o the anticondant activity of the CA sxiract. Homever, BHT and CA coated in gelatin filny &id not show
any significant differemce betamen the vales for the differeat pariods of storags.

Cmthig or o damwenstrated the presencs of phemolic acids mveasumed wiing LO-ME m chickun pattiss
mixed wit veguiztlk porovdan inchiding faralic acid, p-Epdrobezznic acid, p-coumaric acd, cafsic acid
and| cinmaomic acid [37). In mviewring e lieratare, CA containgd a great amount of phanolic comsporemds
that may be responsible for it sirong antinwidant activity in meny assavs. The comstiments nchded
p-hydroxybenmoic acid, syringic acid, vamillin, benzoic acd femulic acid foend by Elmawsly amd
Tawmiz [25]. HFLC anaiysis doos by Hegat and (Sarsdb showed traces of wight pheockic constiments
inchiding pyogalic acd, prowcaschmic acid, resorcinol, chologemic acd, caffeic acid, salicylic acid,
prooumarnic acid and cimmeesic scid [14]. Thess compoend: lead to mawy pharmacological banefits to
Inmam health. Bansoic acid amd it desteatives showsd antinvicrobial pokatial [38)] whils gallic acid and
catfeic acid showed 507 inhibdiory affects on cencer call prolfemtion [39]. p-ooemanc. femlic scid and
cnmamic acid and their deriatves tring meny phemeacological bemefits o lmmess mcleding,
anticancar and mnboxident effect [40.41]. Moreoer, camy constvments detected in the CA exizact
cormelated significanthy with anficoddant acthdity measmmed by ORAC and TEAC assays and haes played
an imaporant rols in the detoxification of endogemcres consporends n mmams [42].
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Table 3. Effects of CA extract and BHT on metmyoglobin changes in beef patties during 10 days of refrizerated storage at 4 °C. (Mean = SE).

Assay Samgle Diay of Storages
[] ] 4 § ]
Coatrol 2333=046" 2019=0711 3756=1311 4784=121" 530=116"
% Metmyoglobin 0.1%BHT 2333046 : 2569+ 1.04 : 29.98 = 0.51 l 375+ 185 ‘I 457+153 t ST6=124 :
N 01%CA  1338=044 27.96+033 3348=070 H4E1=129 487+ 167 1=118
03%CA  2333=046' 2801=081"  3071=020' 3337=004* 401=153* $0.78=156"

Control: 1.5% salt (wiw): 0.1% BHT: 1.5% salt with 0.1% BHT (w/w); 0.1% CA: 1.5% salt with 0.1% CA (wiw) 0.3% CA- 1.5% salt with 0.3% CA (w/w). All samples
values are significantly different througheut the storage time (p < 0.05) '~ Means within 2 column with different oumbers are significantly diffarent (p < 0.05). Mean value
n = fand the sandard deviation for sach aszay is less than 5%.

13
i TN TR
S T AEAY
== CA

—8—0L1% BHT

THARS value
(g malondinbdehydekg sample)

ra

4 f £ i} 12

e of stueage {ilays)

Figure . Changes in TBARS values (mg malondialdehyde'kz sample) of conirol and sample contammmg different concentrations {0.1% and
0.3% w/w) of CA exiract m MAP aimosphere during 10 days storage at 4 = 1 *C without light. Each sample was measured m triplicate and the
average standard deviation for each sample was less than 3%,
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Fipure 3. Changes i THARS valmos {pxp ealendtaldeinydeke marpls) of coxmel and
sample containimg BHT and CA extract in MAP atmecphers duming 17 dans” shorzgs =
4= 1 " without Eght. Fach sample was pwesered in triplicate and the avanage standard
deviaton for cach sazple was lous than 5%,

4, Concluzions

The CA uxiract showeed an axcellant axdioxidant achivity in 307 agecous ethano] measmmed ty FRAR,
TEAC and ORAC aazys. This is also the Orst time that the mdical scavenging activity has bean
saled I 2 CA extract ageimst methoxy mdical genarated in the Fanfon Reaction asessed
by EPR.

The CA axfract alwo shewsd 2 protective affsct agamst liptd degradation in the mmscls food model.
Lyophdlized CA (0.1% and 0.3% ww) can be applied a5 an antioxidant in mwat patties. It showsd
inhibiton of lipid cxidation @ MIAP. 0.3% of CA retaned meat redoess and browning colowr mesaed
by the metmyeglobim zway which wa much bette fan &e coofml (p <= 005 durxng
10 dxyn” storage. A prolievmery smdy of pelats based Slm coated with CA thoaed thare was a
significant dulay @ the lipid degadation in besf (fp = 0.07F). Thasifoms, this stedy confimmed that CA
could b nsed by the food mdnstry 2. a source of antoridamts.
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Abstract: Consunption of avocade {Perea awmericana Mill) by inoeased anerldwide
mecant years. Part of this food (535 and seed) 35 Jost during processing. However, a bogh
proporition of hioacthe sebetemces, such as polypbenols, moain @ this mesides. The
primary ohjective of this @ was o model the extraction of polyplsocls fom the
avocado pits. In addition. a firther chjsctive wes to wse the sxiact obtained to evalmis the
protective power against oxidation in food systanss, aa for imtamcs ofl i waber ermisioes
and meat products. Moreovar, the pousible nynergy betareca the axtracts and sgg albumds
in the emulisions i discnssed. In Responss Surface Muothod (RSM), the variables mued mre:
tamparatore, tme and sthanol concemmation. The revelts are the tor] pohphencls conteat
(TPC) and the antiradical powsr meammmed by Choypem Radical Antioxidast Capacity
(OFAC) In wmmisioms, the proimary cxidation, by Paroxids Vale and & £ meat the
woondary oxdation, by THARS ([Thicharbitunic acid reactive substances), wew anzhyzed.
The BSM model has an & of 94.60 for TPC and 967 for ORAC. In anwalsions, the
inhibitiom of #w oxidation is abomt 30% for pume exfracts and 60% for the combization of
axact: wid ogg albumin In the meat torger oxidation, the fomaten of TEARS i
aveided by B4
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1. Intredmction

Vepstables and froits am essental foods in our dist and alwo bowe mmny compounds that are
beneficial for hbealth dus to miner compoment: These minor compoments mchide phemclic
mbwtznces [1]. Thess am secondary metboliies of plmts. They heve an aromatic ring, with ome or mom
Ipydroacy] groups. Ther conplexity mery ba bigh, as for example quercetin, wrhich is ome flavone with
sevaral aromatic rimgs. The propertes depand on &% arranpensent and or sroctems of the molecule [X].

In mcont tmes, many phint: have o smdied in erder fo chaciorizs tham depanding on the
ammoremt of polyphemols they koo and on thair potmntial usa [3].

Tha polyphezmclk are accciated with the potuntial proveation of diseasss which are dne to the
presence of fee mdicals, such & ardicvascelar eefficency, byperession, inflameatory comditioms,
asthma dizbetes 2nd Alshgimer's [4], thands to their aatimdical pewer. For s reason, they ame very
nsefinl in food produects, wnce they prevent Bpid peroxidation des to the attack of free mdicals [1].
They 2ko promet ageizet oxidation, dimect or mdirect, cazed by metal catioms [6). These catoms
stimmalate e creatton of roactts cxygen spedes (ROE), which are karmS] to the health In wome
tases, pobyphezcls have bean used an preservatrres, protecting against euooorganiams [ 7]

The process of food eapecially for IV amd V' game prodocts, prodoces mamy bryprodects z=d
washe. Thiz fype of wass ks a sigmificant environmental irspact doe bo the coganic charge. It alvo has
maociated kandling. tameport and siorage cost. among othars. Tharsfors. mere and mom alemadve
uses for these residuss are wought au for tmtmnce animl foed and fectlizers, among cibars. = the
Presenf case. it h mferesting to obain, throagh an optindzed extraction process, hemmless mbsances
with high anticaridant poarar. Thes, wiat was 2 wasts becomses a “high valwe-added™ prosdact [B8.9].
Previous exanples almady stadied [10-11] ame the orenge jwice industy, whers a large amemnt of skim
and seeds am produced with & high comtent of polyphenol: and the mdwry of procsssed apple, pear
and peach, with 2 wignificent amoent of skin byproduc:. Them is evidencs that & dion may even ko
2 greater amount of polyphamols than the: fleck [13]. Alo, S waste fom wine 2nd besr prodection
inchudes phomolic compounds [9]. Cther smudios bave Socesed on &e shells of mits, mice and wheat
which hirge amounts of polyphanols are found [14)-

In the avocade imdeery the pulp & msed, while the skin and S weeds e discardod a waate These
mesidmes ae rich in polyphemols with astiowidant and antinvicrobial power [15]. Amomg the
pobyphamols the (+j-ramchin and {—)-spicatechin [16) and chlorogemic and profocatechnic add, am
inchnded [14]. Prenvions stadies on this mridus here bean applied o pozk burgess and e baem shoom
o e afective in preventing exidation and pricrobial groas [15].

Given tha above, it cam be conchided that pelyphancls obitaingd fros thess indeutmial wastes can ba
pokat axticxdants and, = some cases, they ame betier than syzthetic antomidants mch 2z BEHA or
BETT which in high doses tan become toxic [17].

In ordar to optizize the sxiracton process, mepanse surface methodology (BEM) has bean msed
Phemalic compounds extracton optinszaticn from sirarbermies [18)], apple pulp [¥] 2nd mesidues of
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chestmuts [19], are sxamples of this. This method esiablishes a pwlirarnbls eathematic modsl to
obtin the relatomchip batwean respomues and mdspeandent varisbles [20,21] with the use of 3 mizimal
mmmher of capariments.

This papsr comsists of foo main objectves. Fimt, a marhamrartical modal was chizined to predict the
best conditicms of extaction of polyphezcls from dried avocads seed. Secomd, an exact wiing thess
conditions was obtained and the afect of hyophileed powdar = the dilay oxidation = oil-in-water
[0 apzeluions and heaf meat burgers anahyzed.

I, Experimemtal Sectiom
2§ Maserials

LY-Aswc-his{l-apsidimopropans) dibydrochlonids (AAPH), was meed 25 paroxyl madical sourca
Trelox (f-Eoydroxy-2, 5, B-tetametinddchromman-2 carboayvlic acid), ethomel, fuersecain, AAPH, EHA
acid (glacial] amd 32-focbarhiteric acd wars purchosed from Sigea-Aldrich Compamy Lad
{Gillingham UE). Folm-Ciocalivn magent, sodimm carbomete md 1, S-disminchermne wers wapplied
by Marck (Dametadt Germeamy’). Trichlorcacstc acid, bydmochlons acid a=nd Twean® 20 {Fazmaac
Craimica 51U, Barcelona, Spadn) were acqeired from Panreac Quemmica 51T (Barcelona, Spain).
Faofined sunflowsr il with no added anfooidants:, was purchased from a Jocal il cuder AR
rompoonds were of eagent Frads

212 Avovads Preparancr

The mvocade (FPersca ewennesea) weas obiained in the local merket; the seeds were sepamied from
other edible parts. This waste was homegenized and Srosem at =80 "C for byophilizarion. Then the
seads wwre mound o 3 powdes by nsxing 3 Moalingx p2l] (A 50 52EF, Meoalingx, Lyon, Francs). The
particle sizo ws smandardived with » mmmber #) mech wieve. Fmalty, the pooeder vas siomed in & daric
bottls m a2 desdncaior wotil use.

21 Exvracvion Prooeduns

Exiraction was camied cut in dark bottles: hyophilived ampls powder (025 g) was blanded with
15 ml. of sobmmt of concentration specified by the sxparimendal] desizn (Table 1) This mmixtire wes
placed i= 2 bath by stioring at the requined teosperatere amd tme specifiod by the weparimentl dasign
{Tahla 1). At the end, it was cooled in a refrigerater at 3 *C. cantrifnged {Orte Alresa, hiadid, Epain)
af 2500 rpm for 10 min, veome filemed and the bowt sohent was meplaced The exiract was siored 2t
=20 "C muntt] weed for analysis.

24 Toial Phemodic Comenm [TPC)
TPC was deterzmingd specoophotomettically following the Fel-Ciocalten colorimesric methed [22].

A sanple difuted 1:4 with milli-{) waier wes stimed I odplices. The final concentration o the wall
{56 wells plate was nsed) was: 7.7% w'v sample, 4% v Folin-Cipmlion's maged, 4% satoatod
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sodine: carbonate solution and B4.3% of milli-{} wamr, all poixed . The soletion was allowsd to react
for | b in the dark and the absortance was measzod at 765 nm nsing & Fleostr Cmoega (EMG

Labtech, Osmnberg, Gorpmany). The totz] phenclic content wan exprecsed az mg Gallic Acid
Equivaloats (GAE) g dry wight

Table 1. Exparimental dasien and respomnes for axtraction.

Temperalure Ethssl Time TR CKRAL
L] Canceniration (%) jmia) (g GAEY dw) [mig TEF dw)
] 60 D I5.00 4100 £ 057 104,16 =2.13
B ) 5363 I5.00 1510034 11E 1T =103
B B0 LoD 45T 059 1533.17=3H4
1636 60D I5.00 40 TRE007 T34 =05T
6. 60D 5,00 4112057 1. 10 = 2400
40,00 e [ 45,00 4314 £0Th 104.01 =235
L] el L] 45,00 4543 2049 144094 =2 B4
B S [ 45.00 453T£139 130,08 = 265
B EIELE LoD 4370 £ D&H 150,03 =1.73
6. ) 60D I5.00 4050 =047 104.2E = 103
6. 60D 33,22 42ET0T0 13772133
40,00 e [ 0D 4115055 =17z LEl
] 60 D LTT 5113 135,84 =271
5364 60D I5.00 495 2009 12623 2335
6. ) 1635 5,00 4133 2000 15 TE=3H
40,00 el L] 45.00 A5 =045 17T =337
41, () B0 200 3548 =035 91.01 =331

(GAE: (hlic Acid Fquivelionis; TE- Trlex Equivalests; TPC: Total Fhenolie Content; ORAC: Oxppen
Fadical Antiozideni Capacity

25 QORAC Ansay

Anticridamt artivities of avocade seeds axtach wure detarmined by the JRAC assay, s reperted
by Cassttan er ail [I3]. The assay was camied out wung a Fluestar Cowga equipped with a
‘mmparatuns-toatelled menbation chamber. The mcubaior Sepaate was set o 37 0. The axrtact
samples wars difeed 120 with oilE-0) wakr. The ausay was parformed 2 folloars: 20% of saxple
was mxived with Flucrescadn .01 mbf, and 2z iitial reading was tzken with axciaton wawleass,
4E5 nr and emizion wrmlegth, 520 nom Then, AAPH (03 M) v added, measuremant: wars
coatimned for 2 b every § min. This methed includes the tow and decrease of fuomescence. The ansa
under the cove (ALUD) was caloalaid A calibmton corve wes m2des sach tme with &e stzndard
Trelox (504, 4040, 250, 200, 100, 30 mM). The blank wes 0.01 M phosphate bufered saline {pH 7.4
CRAC values wars sxpressed 2: mg Trolox Equivalents (TE) g of dry weight.

26 Stowtencal Anafysis

BEM was used fo deterroing the cptinal conditions of poiyphenol sxtaction. A cental conposite
desimm (CCD) wes weed o estmam the affecs of twes independent vamables with two levels
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{wclvent concantmton, axiracticn hopentoe, and exractien time) with the dopandeet wamables [TPC,
OBAC actvity). CCD usss the method of least-squares regmssion to £t the data to a qudretic modal

The adequacy of the modal was detwrmined by sialating the lwk of fit, cocfficcms of
detarminatico {.'-'!"'j obtaimgd fom the azalyw: of vertance (ANOVA) that was geoeraed by the
soffoare.  Stafistical sigmificance of the modal and modal variables were detarmined at the
3% protabiliny level {2 = 0.05). The soffwars wees the quadratic model eqmtion shewn above to budd
msponse surfaces. Three-dimansiomal respomss surface plot and comtoer plot: wee generamd by
kooping one mesponse varisble at it optimal level and ploting that against teo factors (indepandem
variahle) Respomse murface plots wer datarmined for each responss variabls. The coded vaes of the
axparimanta] facors and factor kvels nsed in the msponss serface amalbysis s shown in Table 1. The
graphics and the RS0 anatysis ware mads by sofraare Matlab version B2013b (The MatWiocks Inc
Manck, A UsA 2013} All responses were detarmined in triplicat and am axpressed as Fmmags =
standard devistion. The anmwars bave a percantage deviation Jess tham 107

27 Waer-hl Emwlraons

Oil-izrwater enmelsicns (202 g) weme prepared by dssclving Tareem-30 (1%) in aceide buffer
(0.1 M. pH 5.4), wither with or without protein, namely egg altmmin (0 2% w'w) and avocado seeds
axtmact (45% ww 022F% wiw, 0.1125% w'w). The enmlsion was prepared by the dropoise
addition of il {senflower oil) io the waier phass, cooling it I an ice bath with confirmims somdcation
with a Vitramll sonicarer (Somics and himerials, Mewtowm, CT, UEA) for 4 min. All ermlsicm: wem
shored in triplicase in $0 ml. glas boskers in the dark (inside an oven) at 30 “C in an mcubator. Two
diqnots of sach epmivion (R005-0.1 g depending on the et of cmidation) wom romomeed
pariodically for Setermination of paroxide vakee (P

28 Peromde Falue (PP

PV was detrmeined by the faaric thiocyanate meteod [24] (afier calibrating the procedens with a
swerigs of cxidized odl sareples anabymed wuing the AQCS Offcial Metied Cd B-33). Dam from the PV

28 AMeow Preparamion

Fresh beaf meat was perchasd from a bocal processor %6 h postmoriem. ATl sebonfmeos: 2md
inter-cmscular 2t and widble commecttve Hisne weme removed Som the fesh beef cmscls. Lean meat
was gromnd throngh @-2 pem plan msing 2 moat grinder (Phi-70, hisincy, Barcelons, Spain). The
groend meat was devided imdn six portioms for sach experiment pricr to the addition of the sodim
chicmide or different concentretion of powder (freeme-dried eximact of powdar of avocade). The
byophilimd mrocado and the powdar of divect svoceds were mived with the salt final concentraton of
1.5% (w'w). Each portion of beof meat was mixed memmaThy with sach solid Each mized sample wes
divided imo nine smaller portions (aboat 10 g sach) and allocated oobo s, The: meat was packed
mnder MAFP (20%: C0: and 80% Ou) in polystmene FVOH polyethylens tays, beat sealed with
leminated barriar film and stored at 4= | *C for & days. Patties ware evalaated for lipid oxidation.
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210 Meobarb e Boaceve Subsramces

Fat meat oxidation was determined Ty the concentmation of thicharbituric acid-reactive wtetances
[TBARE) ming the methed duscrited by Domemech Asensi (2013) [27] with sorw modifications.
In the dark, | g of burger patty was dispezsed in tubes and | ml of EDTA was added. The: samples
ware hopwgenized for 5 min sin an Ulre-Turax (Tka®-Werke, Strefun, Germany) with 5 ml of
TBARS macttoe {Trchlorcacetic acd, 9.2%: Hydrochlonic acid, 2%; Thiobarhitenic acid, 0.22%, all
ww fnal). During bompgenization, the tobes were placsd in an ice bath to minirdizs the developmant
of oxidaivre macticns. The sazple tubes were beated 21 50 "C in 2 boiling water bath for 20 min amd
then badt to coel Two millilien of shery was centrifnged (10,000 rpm for 10 oin). The absorbance
was mexzmed at 53] om in 2 Spechophotometer Zus modal 4201700 (AURILAE, 5L, Mavera,
Spain). The rewelt s axpressed in g of MDAk sampla.

3. Resules and Dizcussion
1. Foorecvion (fpmsEadon

Exporimenta]l design wen camied oot to see the effects of woperturs, solvent comcemtration
{ethanol) and tme i both TPC and mdical scavenging {measured by ORAC). Sewml anthors nsed
sttanclratr au sohwent to sxtact differest o matenal polyphenols, mch & weeds, graps mamc,
fruits, amomg othams [26-30]. Ettanol concentratiom with the highest poiyphenols yield = i the
rangw of 10%:—60%. Ethomnl, imstead of methanol, is wwed when it is necessary to reducs e toakcity of
sxtracts [18)]. The tme afect wa measursd betwsen 5 and 47 min, becanse some mwsarch reported
that it is enpcugh b achiswe & maximue: amount of pohphencls [31,32]. Tenpeamrs bounds wem
‘taien betwean 40 and 80 T, to ackievs the maximrem temperaturs that docs not bne a2 negatve efect
on S polyphenols stabdlity [33] ALl these parameters are collected i Table | which shows the
sxparimantal design for the wariables temperatms (T, ethamc] concentation (*e EoDEH) ad time {r),
with mapomsss of TPC and antradical actvity measmmed by OEAL.

Figure 1 shows the melationdhip betwea the vastables T, % Ef0H and ¢ in polyphesc] extraction.
T proceas s favered by kigh emperahires and low concantations of stiancl {in the smdied renge).
This behavicor cam be atrbusd to the mtem of te polyphencl: present in the sapsple, pminky
chicqogenic acid and protocatechmic acid [34] bof highly soluble = wekr. The sohweat phys an
important rols in mass transfer of the compounds: not all polyphencl: show identical bahandor i the
sxiraction process. and the kss polar polyphenols ae Srrored by the highost concemdration of
sttanod [#].

The efect of tamparature oo the exacbon iz msocited with the woluhilty of &% compomants
present @ the avocado pit. This vamable, T, bas a morked influemce oo the diffecvity of the
substances [30]. Solubility ncreases with emperature. Tioe ks ne infleencs = the eximcton proces.
Thais ez that fom & beginning, the extraction is govemed by the solubility and diffecion, and
both 2e akmost complete after § omn.

Figure I sthows the offect of the paramgton on the anfiowidant power measmmed by ORAC. The
ORAC moeases with temperatms. In the investigated moge, the ORAC & inceased shout
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44%; (Table 1). Furthermzore, 24 stated abowe, it is in accordance with the higher polyphenols solubility
2t kgh teroperature. This means that these kinds of polyphsncls are thermo-resistame [20].

The effoct chsarved for the percemtage of sthanmel is simuler to that descmibed m &e TPC.
Ax increass In the cthanol concentation causes 2 decrease In antoxidant actaty. It 1 not 2 new face,
becauie simular resalts were descnbed m other studics and were justified by &6 polanty of the
compounds of Se extract [18].

Figure 1. Rasponie sarface model plot- the vamable is the total phanolic consat (TPC) of
ths extract. *: EtOH with tamperaturs; temperatare with tme: %o EtOH with ome

TC g GAEg dw

T img GAZ/g dw)

TR (g U AR ¢y

Cun TPC the vaniable t kas no infhsence, while on ORAC wmall changs: waro obzerved, but all of
themn with smailer Sxal vakues. One possible explanation i3 that there are antioxidant componnds with
slow sclubilization and, tharefors, the time promotes an incTeae o total extraction [35].

Table 2 shows the “p values” of the mathematical model for &6 coefficieats, with the decodsd
variables. It starts with the complete model, taking @S¢ variables that have loss imfiuence, te, wmith
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p = 0.05. For TPC all those that e with %s E:OH and ¢ are imvohved This means that the mome
impertant vanable is T. Howsvar, on the ORAC, the variables that have more influence are %: ExOH, ¢,
and $es6 quadnatic term:. From the data, different itsraticns ware made and loss infiusntial tarms were
stminated; afier which the values were recalculand With those dany the reduced modal was cbtained
and provided 2 betwr St In ORAC the predicted A° becomes 77.88 which is within the range of a good
wt [36].

Figure 1. Rosponse suwrface modal plot: the vamable is the Oxygen Radical AnsSoxidamt
Capadty (ORAC) of the extract. Tamperaturs with tme: % E:OH with soperatae; %
E:OH with time.

CRA g TEg dm

CHAC mg TEg dw)

TEA ¢

CRACIg T

Tene (mem) Exhanal concentratson ()

Tharsfors, with the excepticn of T « % EtOH for the TPC, all of the crossed terms disappear in the
reduced mvodsl (whick is nsed to adyast and to detsrmine the optimal extraction conditions).
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Additiomally, the quudertic varshle: % EelE « % ErOH and r = r, a5 well a5 the Exsar variahlo
are alirsivamd for the TPC. The quadratic trm § = T i elimizated from the model which determing
the sonvenging actreity. This is sermmarived in Tabls 2.

Tahla 3 Lists the compleed model and the reduced mode] squations. The mdeced pwedal hes 2
higher & prediced which meam: that it i mors relistls in sstmating 2 response.

Then the fiimg was conzidered good anongh, the cxpermant wes parformed in the Iaboratory o
obiin the mal valne Tables 4 commimg those valne for the TPC and for the ORAC. The TPC is fted
with luss than 2 4% sy (fw predicod vales i 435 mg GAF'g dw, compamd © 2n exparimenml
vaiee of 43.01 myg GAF'g dw). This ndicamms that the mital bypothesds wes comect, and demoms e
that T is the vanahle with the greaiest infence o the mexmm TPC sximction.

Table 2. p~Valoes for sach of the constanrs in the squation of the mathorancal modal

-Value
Teri R
TP ORAL
Cominplete Madel
i 0201 0 6
Temperaiens {“17) 0¥z 0 03
Ethgiwel (%) 0291 00322
Time (min) kT 0 241
Teimjperatuis {707 = Temperaiuns {“17) L4 0132
Ehismal %) = Filssl () 0 &2F 0 036
Tene () = Tims (min) i 0 E L]
Temiperatess M) = Ethanal () [0z 0186
Temperatess O} = Tuns (min) 0is 0.7
Ethamal %] = Tims {min) L&D 0432
Redatrd Mo
i 000 0 000
Temjperaiens {“17) 000 HEE L]
Ethanel (%) 000l 0031
Times (min) - L]
Temperaurs ("1 = Temjraturs {7L0) 00z -
Ehismal %) = Filssl () - 0 033
Temie (i) = Tiss (mia) - HEE L]
Temperatwes M) = Ethanal (%) 0004 -

TPC (mg O Ely dwl;, ORAL {myg TRy dwl; (MAE: (hallic Ace] Foeivalent; TE: ke coprivaleni

Howevar, the valess which mawimive waenging activiry (0FEAC) havs a greater dendatiom. Tha
valee predicied by the rednced model wes 200066 mg TE'g dw, conspared fo am eoparimen ] wahe of
154.3 mg TE'g dw, which represents a deviaton of 23.1%.

The best-fHiting wrparimental conditions wee than applied, Le.. 23 min extracton with 36% Et0H
and &3 "C. This extract was Iyophilfized and used in subeequent sapariments.
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Tahle 3. Mathomoatical equations from Bespoms Serfuce Mathod (RSA) for cach of the
rnr_pumn-a,'n'jﬂlﬂuirmpﬁ:l:irnnhm-:-fﬁ; l:l:dh""-jn'm:h.m-ﬂ.

N E Walue
Ries prsmcia Equatinn = = Frod
o ismplete Madid
— F-z:-:'-'—-lur-::zj|'.-=.J-F-1.1.r--|-:-|:~r'-n-mlla'.|"—-|r-3r"--|:-:-r. sue| e
T %] — 00O 7o r— 003 [ = ¢
! T T — - - -+ LT P -
geac | 18I+ 103 F- 0841 [N] - 0193 00000 7+ 0023 [Nf+0T P+ o | o0
L1 T [ — 00053 7o r— 003 ) = ¢
Rieifuiieil Bkl
TR E0.7 — 0053 T'— 0035 [ + 0003 7° — 00,006 T= [%] 257 | sET
OEAC 345,74 101 7= 03,52 %] - 02201 ¢ + 007 M +0T3r FEL| TTEE

-,

T Tesgperstiee ("C); [%]: Fikanol concentration (34, &2 Tore {men); Pred: sesporme preciciedd by model
TFC mn myg (RAFSg dhw e CRLAT 0 myg TR cw

Tahle 4. Cptirml comditions fior the somictions for TPC and ORAC, givan by RS

A iallivins Bt pinise
Bl sl Fredictel
Temipiorature 0 Erhased (%) T (miin) | Prediced B8 Experisscnial
TRiC &3 56 23 5175 436 43500
NRALC 3.6 347 T 1ikh BT Tl 6 1543

TP e g (HAFL cher; DAL in myg TEf dow
12 Eweet Opiissieed Effeer i Ol Farer Evalaons (@ H)

Figure 3 shows the svolstion of paromide vaiee over tme In thiz cess, the possthks synerzy
beimreen the sortact (with differunt concenirations) and egg albumn was detarmined Fimthy, it should
b noted that hoth albumin and varions comcenirtions of e eximct of awoode prodocs sgnificant
profection xgainst cmdafion For coampls, within the 400 h of the operiment the amomi of
hydroparowides prodeced is 9% higher m the confrol thon i =y of the samples (20 mg
Iypdroparoxides kg of emulvon bydropemosidas v 38 mglig for the somlsion contmol). Notahly, them
ware oo sigmficant differences (p = 00F) for the thee teekd mwocado concemtations (1.1125%,
0.225% and 0:45% wiw), 2 wull as egg alemin (0.2% w'w). This fact could be axplained by the
solubility of the hophilired ermact in watkr and the abiliy to coat the oil drop gemeraed in the
aralzion and provent cxidation thereof The necessary comcenimtion that allows this protecton b
almgady achisved with 0.1125% and the reeelts de mot ivpmove if inreased. Similar bokavior kas bean
publizked elsearhers [37-30].

In fart purting together mro diffarsmt compounds (avocade pit crmact and egy protem) allemrs
Ereater profection aganst comdation and further differestiates the two concenations of the feated
sxtract For exampls, the time requited to reach 15 mg nydroperorides kg evmlsion goss fom 160 hof
the conmtrol groep o to 480 b for the sample conmining 0.47% extract + 0.2 egg prowin. This is 2=
increase of 260% weparor dombiity. [n the inkowedizt arcas three avocado sxmact concemtration:
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ware teated, a5 well as the profein (an merease in the dumability between 150% and 160%4) and one that
contaims 0 22%% of avocado and 02%: protuin, with am improvessmt of the durbdlity of 2207
Almajans and Bomdlo-Carbognin almady publithed sinsdlar rembts of symargy [40,41]. As 2 mumpsary,
it cam e said that increasing the comcentration of & extract does not oprove the dumabiity. Howemr,
the mcorporatoa of wmall amcexts of prowin allows wmiScant dffereaces to be found betwsan. the
sammpiles containing protain and those that do not contadn it

Figmre 3. Paroxdds values ve tiow in the somelricns.
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Avocade pits comtain polyplsnclic compounds (mch as profocatechedc acid, chlorogesdc acd
wyringic acid and metin), which am wery strong antiexidants [34]. Inm 2010, Sasaki [42] smdied the
antioocidamt power of chlorogeadc 2cid in oil-weter ammulcons. The efect discoversd are mumaskable.
Tha: authors anabymed the pressnce of other comopounds, which in that case were also polyphemclic
compoends. Additicoally, they demonstraied that the presence of wwemal differsat compoumds
provided batter rewmle: than the added indhvidual effects.

As it was sizted befors, 1% of serfactmt (Twese-20] was added 5o the amulsion prepared in the
present work. This cases the dissolution of the pohphenolic compounds, thes incresing the
antipridym? activity in the exmlsion.

55 Effect of the Extracr i Barger Mea

The TEARS method is widely mued to detemsine the oxidaticn of fas and ails = foods [43—23).
Iz Fignm 4, the evohiticn of TEAR: w. tme for sach of the sudied bef burger meat patties i collacted.
Samples conmining 0.1% Lyophilired sxtract and 0.5% dimct seed powdsr bave no significest
differences compared with the BELA (0005%%), bt show a big difference companed with the cominal
Tha lowwr concanimation (0001%: and 005G hyophilired extract powder direct seed) presseied
inturmediate behavier, & axpected. The duraticn of the wxpeciment was B days and it wes obuareed
that the burger meat with 0.2 seed powder and 0.1% of lyophilized extact bad no signiSicant
omidation, or the promcton is highor fon 0% These meult am dmilar o thoe repored by
Wiss er @l [45] for pork burgess. That sudy exanvined protecting fat cxidation alvo with excellet
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msuln [46]. Additional muit along the same lings here avocado of added divectly o @ pork
turgars. This showms a posithe effect on the consermation of the burger [47].

It is not the fint tme Fmcedo pits ke been med In mead prodocts. Rodrngnes-Carpema er af
{11} [15]. prepared pork meat pies and inseried the grindad avocado pifs to protect the mear agatm
liptd exidatiom. The authers indicated that ome of the fctom peight be the formation of chalats with
the copper and Ton catoms. Those catons, W Ser See jomic state, could comse the creation of
fres radicals.

Figure 4. Ths THARS {Thiobarhirezic actd mactive mbsznces) vakses for the meat eomlsiom:.
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4, Comcluzion:

EEM was nsed oo idoedify the bast comditions for the extraction of compounds with an anticoridne
activity from an orgamic residne: the avocado pit. The redeced model obitamed provides parmemrs
that Gt with thows of the TPC (witha 3.15% amor when comparsd to the experimantal wahe).

Tha hyophilized extract was wsed 25 protection fom the exidation of ails (oil-n-water aembsions)
and fat (beaf burpem) with excellent results, espacially i meat, n which the dursbdity of the burger
meat iz wignificanthy incuased relathve to cadation.

These wmdies shomld encowrage forther eplomton in this ama of smdy in order o ob@in a
Tryprosdnct of the nateral anticwidnis fat aomntty a5 weste ae worthloss.
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