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Resumen

En los dltimos afios, el consumo de citricos ha @fo aumento
propiciado por su elevado contenido en vitamina Gtrgs componentes
bioactivos. Por ello, la prioridad del mercado essadrollar nuevas
tecnologias poscosecha respetuosas con el medirdaenlgue permitan
alargar la vida util de los citricos, manteniendochlidad fisicoquimica,
sensorial y nutricional de los mismos hasta lleg@onsumidor.

En esta tesis se estudio el efecto de: (1) comioines de cuarentena
por frio con atmdsferas insecticidas (Al) e irrathaes (Rayos X) en la
calidad nutricional de mandarinas ‘Clemenules’, f2)aplicadas a altas
temperaturas en la calidad fisicoquimica, sensgrialtricional de naranjas
‘Valencia’, (3) la aplicacién de recubrimientos aestibles de quitosano a
distinto contenido en soélidos (CS) en la calidaicfiquimica, sensorial y
nutricional de mandarinas ‘Oronules’ y naranjas léviaia’ y (4) la
aplicacion de recubrimientos comestibles compuestos base de
hidroxipropilmetil celulosa (HPMC)-lipido con disto CS y proporcion de
cera de abeja:goma laca en la calidad fisicoquinsieasorial y nutricional
de mandarinas ‘Oronules’ y naranjas ‘Valencia'.

La combinacion del tratamiento cuarentenario pior (ft,5 °C durante 6,
9 y 12 dias) con Al (95% Ca 20 0 25 °C) o irradiaciones ionizantes (0O,
30, 54 y 164 Gy) no afect6 negativamente a la ¢dpd@ntioxidante total,
ni al contenido de &cido ascorbico total (AAT) das Imandarinas
‘Clemenules’. Sin embargo, los contenidos de ghdoss de flavanona
(FGs) y fenoles totales fueron ligeramente modifisa

En las combinaciones de cuarentena por frio (1h@nde 8, 16 y 24
dias) con Al a altas temperaturas (95%,@Q@3, 28 6 33 °C), la Al a 28 °C
redujo la pérdida de peso y firmeza frente a lat$ control. El contenido
en etanol aumentd en los frutos expuestos a Atagdis a 28 6 33 °C, sin
llegar a afectar a la calidad sensorial. La contiimade Al con periodos de
cuarentena de 8 6 16 dias no afectd el contenidAd@nde las naranjas, sin
embargo, al aumentar el periodo de cuarentena dig&tel contenido en
AAT fue menor que en los frutos control.

La aplicacion de un recubrimiento de quitosanodistinto CS (0,6, 1,2
0 1,8%) redujo el intercambio gaseoso, modificaladatmaodsfera interna de
las mandarinas ‘Oronules’ y naranjas ‘Valencia’ atenadas durante 4 y 16
semanas a 5 °C, respectivamente, seguido de 1 aeleaimacenamiento a



Resumen

20 °C. Al aumentar el CS del recubrimiento se olis@in aumento en el
contenido en etanol de los citricos. Sin embargaalidad sensorial de la
fruta no se vio afectada por este comportamiengoigDal manera el CS del
recubrimiento no afecto a la calidad nutricionalla® naranjas ‘Valencia’,
ni de las mandarinas ‘Oronules’.

La efectividad de los recubrimientos comestiblasmoestos de HPMC-
lipido controlando la pérdida de peso de naranfadehcia’ fue limitada,
mientras que en mandarinas ‘Oronules’ el recubritoienas efectivo fue el
de mayor CS y goma laca. Aunque los recubrimiertomestibles
resultaron efectivos manteniendo la firmeza delofrimo se observo una
relacion entre el CS y el ratio cera de abeja:glate con este parametro de
calidad. Por otro lado, estos factores si que affecta la atmdosfera interna
y al contenido en etanol durante el almacenami&itaumentar el CS y de
goma laca aumento el contenido en etanol de lasast Mientras que la
calidad sensorial de las naranjas ‘Valencia’ novee afectada por la
aplicacion de los recubrimientos, la aplicacionréeubrimiento al 8% CS a
mandarinas ‘Oronules’ dio lugar a malos saborescdl@mad nutricional de
los citricos no se vio afectada de manera sigtifagpor la aplicacion de
los recubrimientos.



Resum

En els dltims anys, el consum de citrics ha anaugment propiciat pel
seu elevat contingut en vitamina C i altres comptséioactius. Per aixo,
la prioritat del mercat és desenvolupar noves fegies postcollita
respectuoses amb el medi ambient que permetemyalld vida atil dels
citrics, mantenint la qualitat fisicoquimica, semaoi nutricional dels
mateixos fins a arribar al consumidor.

En esta tesi es va estudiar I'efecte de: (1) caamemns de quarantena
per fred amb atmosferes insecticides (Al) i irrathas (Raigs X) en la
qualitat nutricional de mandarines ‘Clemenules), A2 aplicades a altes
temperatures en la qualitat fisicoquimica, senkonatricional de taronges
‘Valencia’, (3) I'aplicacio de recobriments combls de quitosan a distint
contingut en solids (CS) en la qualitat fisicoqudajisensorial i nutricional
de mandarines ‘Oronules’ i taronges ‘Valencia’ i) (Maplicacié de
recobriments comestibles compostos a base de impdop¥metil cel-lulosa
(HPMC)-lipid amb distint CS i proporcié de cerabdla:goma laca en la
qualitat fisicoquimica, sensorial i nutricional dendarines ‘Oronules’ i
taronges ‘Valéncia'.

La combinacio del tractament quarentenari per (iedl °C durant 6, 9 i
12 dies) amb Al (95% C{a 20 o 25 °C) o irradiacions ionitzants (0, 30, 54

I 164 Gy) no va afectar negativament la capacitaioridant total, ni el
contingut d'acid ascorbic total (AAT) de les mamuzs ‘Clemenules’. No
obstant aixo, els continguts de glucosids de flaman(FGs) i fenols totals
van ser lleugerament modificats.

En les combinacions de quarantena per fred (1 &nt8, 16 i 24 dies)
amb Al a altes temperatures (95% L&23, 28 o 33 °C), I'Al a 28 °C va

reduir la pérdua de pes i fermesa en comparacié eimbyuits control. El
contingut en etanol va augmentar en els fruits satsoa Al aplicades a 28 o
33 °C, sense arribar a afectar la qualitat seisdaacombinacio d'Al amb
periodes de quarantena de 8 0 16 dies no va atdatantingut en AAT de
les taronges, no obstant aixo, a l'augmentar ébgerde quarantena a 24
dies el contingut en AAT va ser menor que en elgsficontrol.

L'aplicacié d'un recobriment de quitosan amb dis@s (0,6, 1,2 o
1,8%) va reduir lintercanvi gasés, modificantntiasfera interna de les
mandarines ‘Oronules’ i taronges ‘Valencia' emnmagatdes durant 4 i 16
setmanes a 5 °C, respectivament, seguit d'1 setdamanagatzemament a
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20 °C. A l'augmentar el CS del recobriment es \s&entar un augment en el
contingut en etanol dels citrics. No obstant aladqualitat sensorial de la
fruita no es va veure afectada per este comportameria mateixa manera
el CS del recobriment no va afectar la qualitatioainal de les taronges
‘Valéencia’, ni de les mandarines ‘Oronules’.

L'efectivitat dels recobriments comestibles compeste HPMC-lipid en
el control de la péerdua de pes de taronges ‘Vaén@ ser limitada,
mentres que en mandarines ‘Oronules’ el recobrimmést efectiu va ser el
de major CS i goma laca. Encara que els recobrsneninestibles van
resultar efectius per a mantenir la fermesa ddf, fno es va observar una
relacié entre el CS i el ratio cera d'abella:goatalamb este parametre de
qualitat. D'altra banda, estos factors si que \faotar I'atmosfera interna i
al contingut en etanol durant 'emmagatzemameraugmentar el CS i la
goma laca va augmentar el contingut en etanol aigiss. Mentres que la
qualitat sensorial de les taronges ‘Valéncia’ novasveure afectada per
I'aplicacié dels recobriments, l'aplicacié del feoment al 8% CS a
mandarines ‘Oronules’ va donar lloc a mals sablomsqualitat nutricional
dels citrics no es va veure afectada de maner#isaiva per l'aplicacié
dels recobriments.



Summary

Citrus are the most widely produced fruits and rthearket has
increased in recent years favoured by their hightest in vitamin C and
other bioactive compounds, such as polyphenolic ppamds, with high
antioxidant properties. Nowadays new innovativeiremvnentally friendly
postharvest technologies are been studied to coaomtize citrus fruit.
These technologies should maintain the maximum ipbgsemical,
sensory, and nutritional quality until the fruia the consumer.

This thesis studies the effect of: (1) two innowvati quarantine
treatments, such as insecticidal atmospheres (&) law doses X-ray
irradiation in combination with short periods ofl¢@uarantine storage on
the nutritional quality of mandarins 'Clemenulé), the combination of 1A
applied at high temperatures with cold-quarantin®rage in the
physicochemical, sensory, and nutritional qualityMalencia’ oranges, (3)
the application of a chitosan edible coating ded#nt solid content (SC) on
the physicochemical, sensory, and nutritional qua@®ronules’ mandarins
and 'Valencia' oranges and (4) the applicationdithle composite coatings
based on hydroxypropyl methylcellulose (HPMC)-lipadth different SC
and beeswax:shellac ratio on the physicochemiealsary, and nutritional
quality 'Oronules’ mandarins and 'Valencia' oranges

Cold-quarantine treatment (1.5 °C for 6, 9 andlags) combined with
IA (95% CQ at 20 or 25 °C) or X-ray radiation (0, 30, 54 dtd Gy) did
not affect negatively the total antioxidant capaehd total ascorbic acid
(TAA) content of the 'Clemenules’ mandarins. Howewbe flavanone
glycosides (FGs) and total phenolic content waghtl modified.

Combinations of cold quarantine (1 °C for 8, 16 @iAddays) and IA at
high temperatures (95% GQ@o 23, 28 or 33 °C) did not affect negatively
the quality of ‘Valencia’ orange. The exposure mdrges to the 1A at 28 °C
reduced the weight and firmness loss compared turaofruits. The
ethanol content increased in fruit exposed to lAli@d at 28 or 33 °C, but
sensory quality not adversely affected. CombinatibhA and 8 or 16 days
of cold storage did not affect the TAA content oarmges; however when
cold quarantine period increased to 24 days, weatét had lower TAA
content than control fruit.

Chitosan coating application with different SC (052 or 1.8%)
reduced gas exchange, modifying internal atmosphafre'Oronules’
mandarins and 'Valencia' oranges stored 4 and #&snat 5 °C plus 1 week



Summary

at 20 ° C, respectively. Increasing the SC of tbating increased the
ethanol content in juice. However, sensory qualigs not affected.
Similarly, the SC of coating did not affect of ritibmal quality of 'Valencia'
oranges and 'Oronules' mandarins

The effectiveness of composites edible coatinggedasn HPMC-lipid
controlling weight loss of 'Valencia' orange wanmited; while in ‘Oronules’
mandarins the coating with the highest SC and atelbntent was effective
controlling weight loss. Although edible coatingere effective maintaining
fruit firmness, no relationship was observed betwe&C and
beeswax:shellac ratio with this quality paramet®n the other hand,
increasing SC and shellac content affected intermmhosphere and
increased the ethanol content of the fruit duritoyegye. Sensory quality of
'Valencia' orange was not affected by coating appbbn. However, HPMC-
lipid coatings with 8% SC induced off-flavor in @rules' mandarins. The
nutritional quality of citrus fruit was not sigrefntly affected by coating
application.
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ABREVIATURAS / ABBREVIATIONS

acido L-ascorbico / L-ascorbic acid
acido ascorbico total
atmosfera controlada
atmosfera insecticida
atmoésfera modificada

acidez total

beeswax

controlled atmosphere

cera comercial

chitosan
carboximetilcelulosa
contenido en solidos

control

commercial wax
L-dehydroascorbic acid
didimina / didymin

dimethyl sulfoxide
2,2-diphenyl-1-picrylhydrazyl
DPPHradical-scavenging capacity
1,4-dithio-DL-threitol
folin-ciocalteu

glucosidos de flavanonas / flavanone glycosides

gallic acid equivalents
generally regarded as safe
gray

hesperidina / hesperidin

high performance liquid chromatography
hidroxipropil metilcelulosa / hydroxypropyl

methylcellulose
humedad relativa
insecticidal atmosphere
indice de madurez
metilcelulosa

methanol

maturity index

acidometafosforico/ metaphosphoric acid

molecular weight



ABREVIATURAS / ABBREVIATIONS

NAT narirutina / narirutin

Q guitosano

RH relative humidity

SC solid content

SERB steam end rind breakdown
Sh shellac

SSC soluble solids content
SST solidos solubles totales
TA total acidity

TAA total ascorbic acid

TAC total antioxidant capacity

TPC total phenolic content
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Justificacion e interés del estudio

Gran parte de la produccion de citricos en Espafiaestina para
consumo en fresco y para su comercializacion sgaapltratamientos
postcosecha con el fin de preservar la calidad fddb. Entre los
tratamientos poscosecha mas utilizados en la induske citricos se
encuentran la desverdizacion para adelantar la ai@npomercial de la
fruta, la frigoconservacion, la aplicacion de cer@smerciales y los
tratamientos cuarentenarios por frio cuando sogidps por los paises
importadores. Otras tecnologias novedosas incl@yaemso de atmdésferas
insecticidas con alto contenido en £Qa aplicacion de radiaciones
ionizantes, el desarrollo de recubrimientos nasral otros tratamientos
térmicos, quimicos y biolégicos.

Tradicionalmente, la evaluacion de la calidad psscba se ha dirigido
a evaluar la calidad fisicoquimica de las frutdsa@és de parametros como
la pérdida de peso, firmeza, color, indice de mezmjupH y acidez, entre
otros. Poco a poco, la evaluacion sensorial deflass se ha ido
incorporando en los trabajos para estudiar y el@siralteraciones en las
propiedades organolépticas durante la manipulagpioscosecha. En la
actualidad, la calidad nutricional ha pasado artgnen interés siendo un
componente de la calidad global muy valorado porcehsumidor.
Numerosos ensayos clinicos y estudios epidemialégian evidenciado
que el consumo de frutas y verduras es beneficmma la salud y
contribuye a la prevencion de los procesos degevesapreviniendo
accidentes cerebrovasculares y cardiovascularedajando la tasa de
incidencia y mortalidad de cancer.

En particular, los citricos constituyen una impotgafuente nutricional
de vitaminas, caracterizandose por su alto contemidvitamina C, que es
el mayor responsable de la capacidad antioxidamtieglcitricos. Ademas,
los citricos son una fuente de compuestos polifeo®lcon propiedades
antioxidantes, como por ejemplo los flavonoidesvadedad y abundancia
de compuestos antioxidantes en los citricos pdsibla aparicion de
sinergias entre estos compuestos contribuyendccapiacidad antioxidante
total de estas frutas.

Es evidente que para conseguir extender la vidaadsicosecha de los
citricos no es suficiente la frigoconservacion, nde necesario la
combinacion con otras tecnologias. En la actualided importante
desarrollar tecnologias poscosecha efectivas cauguan y mejoren los
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tiempos de almacenamiento, que sean respetuosasl coedio ambiente,
sin olvidar que deben mantener también la calidgadarial y funcional de
los frutos hasta que éstos lleguen al consumidor.t&nto, la principal
motivacion de esta tesis ha sido profundizar enefestos que producen
tratamientos poscosecha novedosos, potencialmeniealdes, sobre la
calidad fisicoquimica, sensorial y nutricional d&icos. En concreto, esta
tesis doctoral estudia el efecto de tratamientomocson las atmosferas
insecticidas y radiaciones ionizantes por rayosyX.,el desarrollo y
aplicacion de recubrimientos comestibles en contodma con la
frigoconservaciéon en la calidad poscosecha de jsmratValencia' y
mandarinas ‘Oronules’ y ‘Clemenules’.
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Introduccién

La produccion de citricos lidera el primer lugareémundo en relacion
a otras frutas. Durante el periodo 2006-2007, gistré una produccion de
aproximadamente 120 millones de toneladas (FAO7RAMms citricos se
cultivan comercialmente en mas de 50 paises. Ldriboaion de la
industria citricola a la economia mundial se eséimanas de 10 billones de
dolares anualmente (Ladaniya, 2007).

A nivel mundial, Espafia es el quinto pais produder citricos
(6.540.814 Tm en 2008/2009) después de Brasil, & ltistados Unidos y
México (FAO, 2009). Ademas, es el principal expdotade citricos frescos
(3.352.6 Tm), correspondiendo el mayor porcentajeadarinas (60-80%),
seguido por naranjas (40-60%) y limones (40-70%ARM, 2007). Dentro
del ambito nacional, la comunidad Valenciana espiacipal zona
productora de citricos, con 59,28% de la produccéguida de Andalucia
con un 26,79% vy la region de Murcia con un 9,59%\W, 2008).

La tendencia en la produccion indica que las nasaopnstituyen cerca
del 60% del total de citricos producidos, seguidial@s mandarinas con un
20%, limones y limas con un 11-12%, y pomelos con5t6%. De esta
produccion, cerca a 68 millones de Tm se destih@aorssumo en fresco y
unos 27 millones de Tm como productos procesadd®©(FR2006). El
incremento de la poblacion mundial, proyectada@illones de personas
a mediados de siglo (Ladaniya, 2007), y la tendemtiservada en los
ultimos afios de un aumento del consumo de fruteaiiresca, indican la
importancia de aumentar la produccion y consearalidad natural de la
fruta para consumo en fresco durante el periodogseeha, tanto para su
comercializacion en mercado interno como para porgxcion.

1.1. Problematica de los citricos en poscosecha

Un aspecto fundamental a tener en cuenta en eljsnposcosecha de
frutas es que éstas contindan activas fisiologicéneln después de
cosechadas. De manera que la fruta cosechada wntespirando,
madurando e iniciando procesos de senescencia,ldodaal implica una
serie de cambios estructurales y bioquimicos qumeespecificos de cada
fruta. Asimismo, el producto cosechado esta cotestaente expuesto a la
pérdida de agua debido a la transpiracion y a é&rm@menos fisioldgicos.

Los frutos citricos, en particular, presentan uedesde problemas tras
su recolecciéon derivados de la falta de aportedudr de nutrientes desde

7
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la planta, quedando asi a expensas de su propabatismo. Esto da lugar
a una pérdida gradual de calidad de la fruta en carscteristicas
organolépticas de textura, sabor y aroma a medidaaganza su estado de
senescencia, determinando finalmente la muerteldgica. Este tipo de
metabolismo limitado a sus propias reservas caoesnas al fruto en una
situacion de debilidad frente a la deshidratacioltasy agresiones fisicas
externas tales como: friccion, golpes o heridasambién frente a las
infecciones, especialmente de tipo fungico. Pototason normalmente las
alteraciones fisiologicas y patolégicas las que ehadnviable su
comercializacibn mucho antes de que cese su aativichetabdlica
(Cuquerella, 1990). El conocimiento de la fisiobbglel fruto durante la
etapa poscosecha es importante para entenderoglsprde deterioro de la
calidad.

1.1.1. Fisiologia poscosecha
Respiracion

La respiraciéon es un indicador de la actividad in@iea y juega un
papel significativo en la fisiologia poscosechanyekdeterioro de la calidad
de los alimentos. Es un proceso que implica laatkgion oxidativa de los
productos mas complejos, normalmente presente ®rdlas, como el
almidon, los azucares y los acidos organicos, &cntds mas simples como
el didxido de carbono y el agua, con la consigeidiiiteracion de energia
(Day, 1993; Kader, 2002).

La respiracion, por tanto, involucra reacciones mems que en
condiciones normales requiere de la presencia,deaf@ la degradacion de
los compuestos (respiracion aerdbica). Sin embamgando los niveles de
oxigeno son muy bajos, la respiracion se desplazi lta ruta anaerébica
(Hagenmaier, 2000), generandose compuestos velatieomo el
acetaldehido y etanol, que pueden dar origen asmsdbores (Ahmed y
Khan, 1987; Cohen et al., 1990; Ke y Kader, 1990).

Durante la respiracion, la pérdida de reservasedliitias almacenadas
en el producto significa el aceleramiento de laeseencia conforme las
reservas que proporcionan energia para mantenestaus viviente del
producto se agotan (Kader, 2002). Por tanto, lacighd de deterioro de las
frutas generalmente es proporcional a su velocidad respiracion.
Adicionalmente, basados en sus patrones de regmirgcproduccion de
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etileno (GH,) durante la maduracion organoléptica, los frumglasifican
en climatéricos y no climatéricos (Biale, 1960).sLfsutos climatéricos
muestran un pico respiratorio durante la maduraoi@anoléptica con un
incremento en la produccion de €Pde GH,, mientras que los frutos no
climatéricos no muestran cambios en sus velociddegsoduccion de GO
y de GH, y estas son generalmente bajas.

Los citricos estan considerados como frutos con umansidad
respiratoria baja. Pero al igual que en todos fto®$, la manipulacion y
temperatura estimulan la intensidad respiratorilslenismos (Parker et al.,
1984). Asi por ejemplo, la intensidad respirataigalos citricos a 5 °C esta
entre 5-10 mg C@Kg h a 5 °C, aumentando a valores entre 10-20 mg
COJ/Kg h a 10 °C y 40-80 mg GKg h a 20 °C. Ademas, su
comportamiento basado en su patrén de respiracigmoduccion de ¢H,
los clasifica como frutos no climatéricos, con pnaduccion de €H, baja
(<0,10uL/Kg h en naranjas a 20 °C) (Kader, 1985).

Transpiracion

La transpiracion es la principal causa de la pérdiel agua de las frutas
y vegetales ocasionando pérdidas de peso, detedorda apariencia
(marchitamientos y arrugamientos), disminuciénidedza (ablandamiento,
pérdida de turgencia), cambios en la calidad riatrad, ademas de una
mayor susceptibilidad a determinadas alteracioae® tfisiolégicas como
patolégicas (Mishra y Gamage, 2007).

La transpiracion es un proceso por el cual losldsjivegetales pierden
agua en forma de vapor desde las células delanteaicia la atmésfera que
los rodea. Las diferentes formaciones epidérmicaslas que regulan el
flujo de vapor de agua hacia el exterior de loglpetos. El vapor de agua
sale hacia el exterior desde los espacios intdereki existentes entre las
células del parénquima poroso, pasa a través daenast lenticelas, o
microheridas, y atraviesa la epidermis y la cu#icuLas aperturas
epidérmicas representan la principal via de pérdedagua, mientras que la
transpiracion a través de la cuticula represemededior del 5-10 % de la
pérdida total (Taiz y Zeiger, 1998). Ben-Yehoshual e(1985) propusieron
gue la difusion de vapor de agua en citricos sézeetanto a través de las
aperturas epidérmicas como a través de una fasesadiquida en la
cuticula, contrariamente a los gases,Q® y C;H,4 cuya difusiéon se realiza
esencialmente a traves de los estomas.
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La intensidad de la pérdida de agua depende deréacintrinsecos del
fruto y de factores ambientales. Entre las vargabi¢rinsecas al fruto, las
mas relevantes son la relacion superficie/volumangestructura de la
epidermis y el grosor y composicion de la cerawgalar. Las pérdidas de
agua son directamente proporcionales a la relaugerficie/volumen, por
lo que los frutos de mayor volumen y mas esférgms los que presentan
menor pérdida de agua.

Los factores ambientales que mas influyen en laidegacion son la
temperatura, la humedad relativa (HR) y la velatida circulacién del aire
que rodea al fruto. En el almacenamiento a bajapdeaturas y altas HR se
reduce el gradiente de presién del vapor de agwe elnfruto y la atmésfera
de almacenamiento, con lo que disminuye la velacia pérdida de agua
por transpiracion (Martinez-Javega, 1999). Adereal almacenamiento y
transporte, es importante una adecuada ventilagioelocidad del aire,
puesto que incide sobre la capa de aire himedoogiga al fruto (Waks et
al., 1985; Thompson, 2002). Por tanto, las frutagegetales suelen ser
almacenados en un ambiente himedo (90-98% HR)ciabpente a bajas
temperaturas y con una velocidad del aire adecyada minimizar la
pérdida de agua (Woods, 1990).

En los citricos, la transpiracion es la principalsa de deterioro durante
la poscosecha (Ben-Yehoshua, 1969). Distintos estuichdican que se
pueden alcanzar mermas de peso superiores a un Wéntel la
comercializacion, un 7% en la conservacion frigoaify un 16% en la
frigoconservacion durante periodos de tres mesegi@éz-Cuesta et al.,
1983).

1.1.2. Alteraciones fisioldgicas

Las alteraciones fisiolégicas pueden tener su orige deficiencias
nutricionales o condiciones climaticas adversasrm@as durante el periodo
precosecha y/o en una incorrecta manipulacién excgsecha, como por
ejemplo el almacenamiento a temperaturas y HR necuadias,
conservacion en atmdsferas no adecuadas, etc{@rjet986, 2002; Kader,
1986).

Este tipo de alteraciones produce cambios indeseal la piel de los
citricos y por lo tanto una pérdida del valor corredr(Agusti et al., 1997).
Dentro de los desdrdenes mas comunes en las fitriaas se encuentran la
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necrosis peripeduncular o SERB (Steam end rindkdoeen) y los dafios
por frio.

El SERB es producido por una desecacion de losloejisituados
alrededor del peddnculo. En su fase inicial quedanillo de 2 a 5 mm sin
dafar, y al ir avanzando, el area afectada se hycdenbia de color hacia
tonos marrones. La alteracion puede estar provopadain desequilibrio
nutricional, que involucra al nitrégeno y fésforp,se desarrolla en el
almacenamiento cuando hay condiciones propiciaa [@adeshidratacion
(Martinez- Javega y del Rio, 1998).

Los citricos, al igual que otros frutos tropicalesubtropicales, son
sensibles a los dafos por frio (chilling injurypodo se almacenan a bajas
temperaturas, aunque superiores al punto de can@ela_os dafios por
utilizacion de bajas temperaturas en el almacemdmiee citricos se
manifiestan externamente con picados, ennegredimiele glandulas
oleiferas, bronceado y peteca. Asimismo la frigeeovacion puede
producir dafios internos como descomposicién acuyosaembranosis
(Martinez-Javega y del Rio, 1998). El picado (mi}i aparece como
depresiones mas o menos redondeadas en la pikfjecndecoloracion, las
cuales se oscurecen a medida que avanza el almaeeta hacia
tonalidades marrones. Los citricos mas susceptiblesta alteracion son
pomelos y limones, mientras que las naranjas soqua presentan menor
susceptibilidad. Entre las mandarinas, los culésdNova’ y ‘Fortune’ son
los mas susceptibles. La peteca también forma siepes en la corteza,
pero tienen formas mas circulares que las del pigags mas frecuente en
limones (Martinez-Javega y del Rio, 1998; Roge88).9

1.1.3. Alteraciones patoldgicas

Una de las principales causas de las pérdidas etoa® durante la
poscosecha, son las alteraciones patologicas outani la vida util de las
frutas y hortalizas frescas. El porcentaje de &utéiricos afectados por
podredumbres durante una campafa normal oscila eht8 y el 6% del
total manipulado, pudiendo alcanzar valores may(@e2%) en aflos con
climatologia anormal (Tuset, 1987).

En los citricos, las alteraciones son provocadasesalusivamente por
hongos y, principalmente, por los patdégenos dedasgyi como son
Penicillium digitatum causante de la podredumbre verdeR.yitalicum
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causante de la podredumbre azul. Otros hongosItgraralos citricos son
Alternaria citri, A. alternata Botrytis cinerea Colletotrichum

gloesporioides Geotrichum candidum Rhizopus stolonifer Rhizopus
oryzae Phytophthore citrophthor@Tuset, 1999).

El ataque por patdgenos generalmente sigue alfiEifio o al deterioro
fisiolégico. En raras ocasiones, los patdégenos guethfectar tejidos
aparentemente sanos y ser la causa primaria deiatet En concreto para
que la podredumbre se produzca en los frutos, deébelarse las siguientes
condiciones: a) nivel de indculo suficiente enrabg&nte; b) contacto entre
el indculo y la superficie de los frutos; c) entatk la espora en el fruto a
través de una herida (incluso no perceptible alsimigta); d) condiciones
favorables para que la espora se desarrolle deigrola herida; e)
susceptibilidad del fruto a la alteracién. Por dnto, la incidencia de las
podredumbres depende de las caracteristicas etessdel fruto, de las
condiciones ambientales, del manejo durante lalgeciédn y posterior
manipulacion poscosecha (Kader, 1992).

La refrigeracion se utiliza como método que ayudaeducir la
incidencia de las alteraciones patoldgicas en udafrya que las bajas
temperaturas reducen la germinacion de las espoelscrecimiento de
patdgenos y, ademas, al retrasar la senescencfeuttel este mantiene un
mayor contenido de los compuestos antifungicos. (Egalexinas) que
mejoran la resistencia fisiologica al ataque fuogitel fruto (Martinez-
Javega, 1995).

En el caso de los citricos la principal estratelgiacontrol de hongos es
la aplicacion de fungicidas de sintesis, como eritfenato sodico,
tiabendazol, imazalil o guazantina (Ben-Yehoshu&agrat, 2005). Sin
embargo, el uso continuado de los fungicidas desi presentan varias
limitaciones importantes, como la aparicibn de sepasistentes, las
restricciones regulatorias sobre la aceptacion esduwos en paises
importadores de citricos y el posible efecto pacjatde estos compuestos
sobre la salud y el medio ambiente (Artés, 2000jeBnmek et al., 2006).

En la actualidad se estan estudiando nuevas egsasfgara el control de
enfermedades poscosecha, que incluyen tratamidisioss, quimicos y
bioldgicos. Asi por ejemplo, se ha estudiado lacapion de aire caliente y
bafios en agua caliente (Lurie, 1998; Paull y CB8AD), la aplicacién de
luz ultravioleta (254 nm) (Rodov et al., 1992),usb de agentes quimicos
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naturales de baja toxicidad, como las sales inazganparabenos (Palou et
al., 2001) y el desarrollo de agentes de controldgico (Wilson y
Wisniewski, 1989).

1.2. Tratamientos poscosecha en citricos: Efectosn da
calidad fisicoquimica, sensorial y nutricional

Kader (2002) define la calidad como ‘una combinaci@e
caracteristicas, atributos o propiedades que daoraaucto el valor de
alimento para el consumo humano’. Este conjunto fatdores esta
relacionado tanto con la aceptacion organoléptitatgcional, como con su
aspecto externo.

La evolucion poscosecha de los citricos tras lecapbn de distintos
tratamientos puede alterar significativamente ladad de los mismos
(Echeverria e Ismail, 1987). En general, la califiadl de los frutos se
puede mantener mediante el empleo de distintasltegias poscosecha,
pero en todo caso siempre vendra condicionadagpaalidad inicial del
fruto, siendo el grado de madurez en el momentia decoleccion, uno de
los factores que influye de manera decisiva eraligad y conservacion de
la fruta (Brezmes et al., 1999). Los tratamientoscpsecha mas utilizados
en la industria de citricos son la frigoconservacia aplicaciéon de ceras
comerciales, la desverdizacion y aplicacion deatn@éntos cuarentenarios
por frio cuando estos son exigidos por los paisgsoitadores. Otras
tecnologias mas novedosas en estudio incluyen @l des atmdsferas
insecticidas con alto contenido en £Qa aplicacion de radiaciones
ionizantes, el desarrollo de recubrimientos na#sral otros tratamientos
térmicos, quimicos y biolégicos.

Tradicionalmente la evaluacion de la calidad poscios de los citricos
se ha dirigido a evaluar la calidad fisicoquimields frutas a través de
parametros como la pérdida de peso, firmeza, cidice de madurez, pH
y acidez, entre otros. Poco a poco, la evalua@asaial de las frutas cobro
importancia con el objetivo de estudiar y evitar dderacion de las
caracteristicas organolépticas del fruto durantedaipulacién poscosecha.
En la actualidad, la calidad nutricional ha pasadener gran interés, siendo
un componente de la calidad global muy valorado g@loconsumidor.
Numerosos ensayos clinicos y estudios epidemialégi@an evidenciado
que el consumo de frutas y verduras es beneficmma la salud y
contribuye a la prevencion de los procesos degiwvasa previniendo
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accidentes cerebrovasculares y cardiovascularesajgndo la tasa de
incidencia y mortalidad de cancer.

En particular, los citricos constituyen una impotgafuente nutricional
de vitaminas, caracterizandose por su alto comterid vitamina C. La
vitamina C es el mayor responsable de la capacaidxidante de los
citricos. Ademas, los citricos son una fuente depmeestos polifendlicos
con propiedades antioxidantes, como por ejemplfldesnoides (Sanchez-
Moreno et al.,, 2003). La variedad y abundancia denprestos
antioxidantes en los citricos posibilita la ap#&micde sinergias entre estos
compuestos contribuyendo a la capacidad antioxedaidl de estas frutas.

Por tanto, la aplicacion de las distintas tecna@lsgioscosecha deben
mantener la calidad fisicoquimica, sensorial yioignal de los frutos hasta
que estos llegan al consumidor.

1.2.1. Frigoconservacion

Teniendo en cuenta que la temperatura es el fa@dsrimportante en la
vida poscosecha de los productos hortofruticolealneacenamiento en frio
es la tecnologia poscosecha mas extendida enukos fritricos. El objetivo
es prolongar el periodo de comercializacion debfyumantener su calidad
durante el transporte a mercados distantes de dasszproductoras.
Adicionalmente, la refrigeracion también se aplicamo tratamiento
cuarentenario para el control de insectos, prihtipate la mosca de la fruta
del mediterranecCGeratitis capitatd.

Sin embargo, los citricos son frutos subtropicglper tanto sensibles al
frio, por lo que es necesario optimizar la tempeeatie almacenamiento
para evitar la aparicion de dafios por frio. Cad@edad y cultivar tiene
unas condiciones 6ptimas diferentes para el alnaacemto dependiendo
de su tolerancia a las bajas temperaturas, a dahainedad, a la baja
concentracion de oxigeno, a la alta concentrac&ulidxido de carbono,
etileno y a los dafios mecanicos (Burdon, 1997).

La Tabla 1 muestra las temperaturas de almacensnmecomendadas
en el almacenamiento de algunos citricos. Las jeg@on menos sensibles
al frio que el resto de los citricos. Entre las daaimas, ‘Fortune’ y ‘Nova’
son las que presentan mayor susceptibilidad, y jmsnydimones presentan
la méxima sensibilidad al frio (del Rio y Martinkavega, 1997; Roger,
1988). En general, se recomiendan temperaturag enty 10 °C, una
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humedad relativa cercana al 90% y concentracioeegilgno menores de 1
ppm y de didxido de carbono inferiores al 0,25%adte el almacenamiento
(Liu, 1992; Roger, 1988). Arpaia y Kader (2000)améendan temperaturas
Optimas de 3-8 °C para conservar naranjas duramiesgs, dependiendo del
cultivar, estado de madurez a la cosecha y arpeodeccion.

Tabla 1. Temperatura y tiempo de vida util de aknamiento en la
frigoconservacion de citricos

Especie/cultivar Temperatura Vida atil almacenamiento
(°C) (meses)
Pomelo 12-13 2-3
Limas 9-10 1.5-2.5
Limones
Fino 11-12 34
Verna 13-14 4-5
Naranjas
Navelina 2-3 2.5-35
Washington Navel 2-3 2.0-2.5
Navelate 3-4 2-3
Lanelate 2-3 2.5-3.5
Blanca comun 2-3 2.5-3.5
Salustiana 2-3 3-4
Valencia Late 2-3 3-4
Mandarinas
Satsuma 2-3 1.0-1.5
Clementina 4-5 1.5-25
Hibridos
Mandarina Fortune 9-10 1.0-15
Mandarina Nova 9-10 0.5-1.0
Tangelo Minneola 9-10 0.5-1.5
Tangor Ellendale 5-6 2.0-2.5
Tangor Ortanique 5-6 2.5-3.0

Fuente: Martinez-Javega et al., 1999

Los beneficios de la refrigeracion reduciendo étidero poscosecha en
citricos han sido extensamente estudiados. Pozzah €993) indicaron
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que la calidad de las naranjas ‘Navelina’ puede &ntenida en

condiciones de frio presentando poca variacibnaepérdida de peso e
indice de madurez. Abad et al. (2003) reportaranbé@s minimos de la
calidad del sabor durante la frigoconservacion deamjas ‘Delta’ y

‘Midknight’. Meier et al. (2004) al estudiar diferes temperaturas de
almacenamiento (2-5 °C) para mandarinas ‘Murcottiayanjas ‘Valencia
Late’ encontraron que la menor temperatura de an@uiento en frio

determiné los menores niveles de acetaldehidogyat®l en el zumo.

Teniendo en cuenta que la refrigeracion constitlge base de
conservacion de los citricos y su alta suscepdmlia manifestar dafios por
frio, se han realizado numerosos estudios en las s combina la
refrigeracion con otras tecnologias con el objetil reducir los dafios
fisiologicos y extender la vida util de los mism@&zquez y Martinez-
Javega, 1999).

A nivel nutricional, muchos trabajos en la literatumuestran que el
contenido de acido ascorbico de las frutas y veslutisminuye con la
aplicacion de altas temperaturas y el almacenamiprdlongado (Lee y
Kader, 2000; Thompson, 2004). Sin embargo, el adm@amiento a bajas
temperaturas también puede acelerar la pérdidaitdminma C en frutas
sensibles al frio, incluso antes de que los dafwsfriio sean evidentes
(Miller y Heilman, 1952). Por ejemplo, Ito et all9/4) observo que en
mandarinas ‘Satsuma’ almacenadas en atmosferasolemiats (AC) con
bajo contenido de Dy altas concentraciones de £® 1-4 °C redujo el
contenido de acido ascérbico gradualmente, miempuasel contenido de
acido dehidroascorbico aumentd. Sin embargo, Padtnal. (2005) no
observaron cambios en el acido ascérbico total,emila capacidad
antioxidante total de mandarinas ‘Fortune’ despuies 90 dias de
almacenamiento a 5 °C.

1.2.2. Tratamientos quimicos

Entre los tratamientos quimicos estudiados en gest@a para prolongar
la vida atil de citricos se incluyen los regulagodel crecimiento (e.g.
acido giberélico) (Wills et al., 1984), las poliaras que tienen actividad
antioxidante (Kramer et al.,, 1991; Ponappa et E93) y los metil-
jasmonatos que se utilizan para prevenir los dgtwsfrio (Meir et al.,
1996). Con el objetivo de controlar podredumbresaulie poscosecha se
utilizan fungicidas de sintesis, como el ortofamtto sbdico, el
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tiabendazol, el imazalil o0 mezclas de estas matertdivas. Con el mismo
objetivo, a nivel experimental se estan estudiardentes quimicos
naturales de baja toxicidad, como las sales inacgan parabenos, etc
(Palou et al., 2001) y agentes de control biolodMtlson y Wisniewski,
1989).

1.2.3. Pretratamientos térmicos

En combinaciéon con la frigoconservacién se hanca@b con éxito
pretratamientos térmicos con el fin de protegesdrutas de posibles dafios
por frio y/o reducir alteraciones patoldgicas, comlo acondicionado
(Cuquerella et al., 1988), el curado, calentamimitermitentes y los bafos
en agua caliente (Schirra y Mulas, 1995; SchiftaHallewin, 1997).

El curado es un tratamiento previo a la refrigénacy consiste en
someter al fruto a altas temperaturas (35 °C, #ashadurante un corto
periodo de tiempo para inducir la produccion degimas de resistencia a
las bajas temperaturas (Heat shock proteins, HISR)ri¢ y Klein, 1991;
Laurie et al., 1993; Whitaker, 1993). Los calenams intermitentes se
basan en el caracter reversible de algunos dafiogripoen la fase de
latencia de la alteracion. Consiste en sometemrwb fa calentamientos
intermitentes en el curso de la conservacion fiiigar convencional. La
eficacia de los calentamientos intermitentes s a una serie de
respuestas fisiologicas del fruto durante los mssngoe incluyen: la
restauracion de las membranas celulares dafiadas fvaw, la eliminacion
de metabolitos toxicos acumulados a bajas tempamty la sintesis de
metabolitos indispensables para el correcto furcroanto celular
(Marcelin 'y Ulrich, 1983; Artés, 1995). Se ha detreaxdo que los
calentamientos intermitentes restablecen la raspianormal de citricos,
melocotones y tomates dafiados por frio, y la emisié etileno y el
equilibrio de la actividad pectinesterasa y pohgalronasa en melocotones
que también presentaban dafos por frio (Marceliirigh, 1983; Artés et
al., 1996). En cultivares de citricos sensible$rial se ha observado una
reduccion de los dafios mediante distintos trataimsecon calor (Schirra y
Mulas, 1995; Schirra y D’Hallewin, 1997). Wild y Ho (1989) reportaron
la reduccion de los dafios por frio de naranjas€éMah’ almacenadas 15
semanas a 1 °C mediante bafios con agua caliente.
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1.2.4. Almacenamiento en atmosferas modificadas (AMy
controladas (AC)

Las AC y AM son técnicas en las que se altera haposicion del aire
que rodea al fruto con el fin de retrasar su dater{Kader, 1992). La
diferencia entre ambos métodos, estd en el gradaodérol de las
concentraciones gaseosas. En general, la atméséeraodifica con un
incremento en la concentracion de £ una disminucion de O Sin
embargo, también se han realizados estudios cas alincentraciones de
O, (superatmoésferas) y con altas concentraciones @ (Choques
gaseosos). En el caso de que se fijen y controkerdlores de composicion
de los gases durante el almacenamiento se hablaCdemientras que
cuando la atmosfera de almacenamiento evolucionaektempo se habla
de AM. En este Ultimo caso la atmésfera se ve adecpor la actividad
metabolica del fruto y, en el caso de frutos em@sa recubiertos, por la
permeabilidad de los envases o coberturas que leewua fruto.

Algunas ventajas de las AC y AM son la reduccion ldetasa
respiratoria, la disminucion de los efectos ddeet en la senescencia, la
retencion de firmeza y la reduccion del desarrddohongos (Wills et al.,
1998). Sin embargo, las frutas presentan diferantesancias al @y CO,
segun la especie y cultivar, de acuerdo con su taspiratoria y
permeabilidad de la piel (Balwin, 1994). En citacbajas concentraciones
de Q y/o altas concentraciones de £fueden dar lugar a la acumulacién
de etanol y acetaldehido y el desarrollo de matdmres (Ke y Kader,
1990). La tolerancia minima, sin embargo, puedasevenodificados en
funcidon de la combinacion de gases (e.g. los rsvdke tolerancia al GO
disminuyen si se reduce e} @ a la inversa), del tiempo de exposicidon y la
temperatura de almacenamiento (Beaudry, 1999).

Aunque la conservacion en AC o AM en los citricospmoporciona en
general beneficios importantes por la baja toleeagqoe presentan al GO
(inferior al 3% en naranjas y mandarinas y al 5%pemelos y limones)
(Artés, 2000), la aplicacion de atmosferas insetae (Al) han resultado
efectivas como tratamiento cuarentenario contrmdaca del mediterrdneo
(Ceratitis capitata y otras plagas (Alonso et al., 2005a; Follett gvih,
2006; Neven y Rehfield-Ray, 2006; Palou et al.,800as Al son un caso
particular de las AC en las que se aplican altesles de CQ(superiores al
50%) y muy bajos de Q(inferiores al 1%) (Mitchell y Kader, 1992). La
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efectividad de las mismas depende de la temperdaunamedad relativa, la
duracién de la exposicion y de la fase de vidargecto.

Diferentes trabajos han investigado el uso de A¢sao después de la
exposicion al frio de los citricos, con el fin deducir la duracién del
tratamiento estandar de cuarentena en frio c@treapitatay reducir asi
los problemas de dafios por frio (Alonso et al. 520®; Palou et al., 2008).
Asi pues, en mandarinas ‘Clementinas’ almacenadimsem a 1,5 °C
durante 3 dias, y después tratados con AL(&®5%) a 25 °C se consiguid
la mortalidad total deC. capitatasin efectos negativos sobre la calidad
fisicoquimica y sensorial de la fruta tras un alemaeniento posterior 7 dias
a 20 °C (Palou et al., 2008). De manera similagxf@osicion de mandarinas
‘Fortune’ a altos niveles de G@5%) a 22 °C durante 20 h tampoco afecto
negativamente la calidad de la fruta, indicando Gueseleccion de las
condiciones oOptimas de aplicacion (temperaturampio de exposicion) son
de vital importancia para mantener la calidad dérdga (Alonso et al.,
2005a).

A nivel nutricional, la aplicacion a frutas y hdizas de AC se ha visto
gue tiene un efecto retardando la pérdida de leofillm, la biosintesis de
carotenoides y antocianinas, y la biosintesis ydawidn de compuestos
fendlicos. También, se ha visto que promueven tanogdn del &cido
ascorbico y otras vitaminas con lo que se mejoraaladad nutricional,
incluyendo la actividad antioxidante de frutas ythalizas (Kader, 2003;
Artés, 2006). Asi por ejemplo, Delaporte et al. (9@bservaron que la
pérdida de acido ascoOrbico en manzanas se puedeirradediante el
almacenamiento en una atmosfera con bajo nivel deSid embargo, la
aplicaciéon de oxigeno ultra bajo dio lugar a unsmilucion del acido
ascorbico en diferentes cultivares de manzana empa&@cion al
almacenamiento en aire normal (Haffner et al.,, 19%%br otro lado,
incrementar la concentracion de £&r encima de un determinado umbral
parece tener un efecto negativo sobre el contedelovitamina C en
manzanas y grosellas rojas (Bangerth, 1977), fresasras (Agar et al.,
1997), pimiento (Wang, 1977), peras (Veltman et H99) y un efecto
moderado en grosellas negras, rojas y frambuesge @& al, 1997). Wang
(1983) estudi6 el efecto de la reduccion de la eotrtacion de @en la
atmosfera de almacenamiento en presencia de alton@Dteniendo el
contenido en &cido ascoOrbico de col china, obseéasdlo un efecto
beneficioso de las bajas concentraciones gfleo@ concentraciones de €0
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inferiores al 10%. En el caso de citricos existapasos trabajos que
estudien el efecto de AC y AM durante el almaceeatn, asi como la
aplicacion de Al por un periodo mas corto. Ito lef{#74) informd que en
mandarinas 'Satsuma’, la aplicacion de AC con tajbenido de @y altas
concentraciones de G@ 1-4 °C redujo el contenido de acido ascérbico
gradualmente, mientras que el contenido de acidbidamscorbico
aumento.

1.2.5. Irradiacion

La irradiaciéon de alimentos es un método fisicocdaservacion que
consiste en exponer el producto a la accién deddmciones ionizantes
(radiacion capaz de transformar moléculas y atosrmosones, quitando
electrones) durante un tiempo determinado, propoatia la cantidad de
energia que deseamos que el alimento absorba. Iketniz se utilizan
cuatro fuentes de energia ionizante: rayos gammapientes de Cobalto o
Cesio radioactivo, rayos X y electrones acelerados.

La aplicacién de irradiaciones en poscosecha tipoe objeto la
desinfeccion de plagas mediante la destruccion atgas y huevos
(Hallman, 1999), la inactivacion de organismos gatds (Gladon et al.,
1997) y la reduccion del metabolismo del frutoydisuyendo la actividad
respiratoria, la sintesis de etileno y la pérdida agua (Dharkar y
Sreenivasan, 1971; Lu et al., 1991).

Algunos trabajos muestran la aptitud de esta tacpara mejorar y
alargar la conservacion de ciertas frutas y hadali(EI-Samahy et al.,
2000; Martinez-Solano et al., 2001). Otros muestrarefecto negativo de
las radiaciones ionizantes en algunos cultivarefsedas y arandanos que se
manifiesta con una reduccion de firmeza (Yu et H96; Gladon et al.,
1997). Los efectos de la radiacién en las frutgsedde de la especie y
cultivar (Miller et al., 2000). Por otra parte, lvatamientos de irradiacion
han demostrado que el aumento o disminucion deknao antioxidante
de los vegetales frescos depende de la dosis adrada, tiempo de
exposicion, y materia prima utilizada. El aumente th capacidad
antioxidante en productos vegetales después dealdiacion se atribuye
principalmente al aumento de la actividad enzimaafie.g. fenilalanina
amonio liasa y peroxidasa) (Tomas-Barberan y Espd1; Bhat et al.,
2007; Gonzalez-Aguilar et al., 2007 a, b).
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En citricos, la irradiacion se ha estudiado cofinetle eliminar insectos
como Ceratitis capitata(mosca del mediterrdneo). La tolerancia de los
citricos a la irradiacion depende del cultivar.|&filet al. (2000) encontraron
que determinadas dosis (450 Gy) de irradiacion peatamientos de
cuarentena de larvas de la mosca de la fruta pudafear a algunos citricos.
La aplicacién de irradiacion gamma en mandarindsnm@nules’ (Mahrouz
et al., 2002) y en naranjas ‘Navel’ (600-850 Gy)M@&hony et al., 1985) ha
dado buenos resultados.

Entre las diferentes fuentes de radiacion ionizagiteso de rayos X ha
sido aprobado por la US Food and Drug Administrapara la irradiacion
de alimentos (US FDA, 2004). En un principio, unaid minima absorbida
de 225 Gy para fines de cuarentena coGtreapitatafue establecida por el
USDA y una nueva norma establece un tratamient@rgende dosis de
100 Gy contra la mosca de la fruta (USDA, 2002, 620Bollett y
Armstrong, 2004). En mandarinas ‘Clemenules’, lecagion de rayos X a
dosis bajas (195 y 395 Gy) reduce el periodo deeotena en frio
suficiente para lograr la mortalidad total @& capitata sin efectos
perjudiciales sobre la calidad de la fruta (Alomesal., 2007; Palou et al.,
2007b). La completa mortalidad de insectos, sictefenegativos sobre la
calidad del fruto después de 7 dias a 20 °C comodmede vida Util, se
obtuvo en mandarinas primeramente irradiadas cgrsr® (30-164 Gy) y
posteriormente expuestas a 1 °C durante 2 diags &snhbinacion de
tratamientos, reduce considerablemente el tiempocuhlgentena si se
compara con los tratamientos estandar de cuareeterfao (1,1-2,2 °C
durante 14-18 dias) y por lo tanto promete serratarniento comercial
potencial para las exportaciones espafolas deast(Palou et al., 2007a).

A nivel nutricional, la irradiacion de ‘Clementinason dosis de 300 y
500 Gy combinados con un tratamiento de agua taligralmacenadas
durante 3 semanas a 17 °C contenian niveles noésdat acido ascoérbico
total (AAT) que las muestras control (Abdellaouakt 1995). Sin embargo,
en pomelos una dosis de 1.500 Gy disminuyé el oafdede AAT,
mientras que una dosis de 250 Gy no afectd el omutedel AAT
(Moshonas y Shaw, 1984). Girennavar et al. (208gpnt6 en pomelos que
una dosis de 1.000 Gy no afectd el contenido en ARAiEntras que una
dosis de 2.500 Gy redujo significativamente el enitto del mismo. Patil et
al. (2004) indic6 que la irradiacion de pomelospd@cipio de temporada
con una dosis de 700 Gy y almacenadas 35 dias % 1o afecto el
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contenido de AAT, mientras que en frutas de estaiEtdia una irradiacion
mayor o igual a 200 Gy caus6 una marcada reduaioal contenido de
AAT. Estos autores sugirieron que en frutas de tgaga temprana, el
mecanismo de defensa principal de la fruta contr&s&rés oxidativo
inducido por la irradiaciéon con rayos gamma no tafet acido ascorbico,
mientras que en los frutos de fin de temporadas&k® inducido por la
irradiacion junto con el estrés por bajas tempeaatafectan el contenido de
AAT. Por lo tanto, la susceptibilidad a modificdrcentenido de AAT en
los citricos podria evitarse mediante la selecd@ma fruta en un estado de
madurez 6ptimo.

La irradiacion aumenta significativamente el comtende flavonoides
de mandarinas ‘Clementinas’ (Oufedjikh et al., 198800). Vanamala et al.
(2005) report6é que dosis bajas (300 Gy) de irradiiaen pomelos aumento
los niveles de naringina y narirutina. Patil et @004) encontré que la
concentracion total de flavonoides se increment#nda los pomelos de
principios de temporada fueron expuesta a bajais desirradiacion (70 y
200 Gy) seguido de 4 semanas de almacenamient@@ ffas 1 semana a
20 °C, mientras que los niveles de naringina éeldihoide mas abundantes
en pomelo) y de narirutina disminuyeron a medida gea incrementé la
dosis de irradiacion por encima de 200 Gy.

1.2.6. Aplicacion de recubrimientos: ceras cometem Yy
recubrimientos comestibles

La aplicacion de recubrimientosemceradoes una practica habitual en
la industria citricola para reponer las ceras eladas durante las etapas de
lavado y manipulacion de los frutos. Su aplicagi@mite alargar la vida
atil durante el almacenamiento al reducir la pé&adid humedad y ralentizar
la maduracion de los frutos, ya que actian comeetzaral intercambio
gaseoso. Ademas, otro objetivo de la aplicacibhodemnismos es aportar
brillo al fruto, confiriéndole un aspecto mas apitie en el punto de venta.

En el caso de los citricos, la aplicacion de rdouientos también
reduce la susceptibilidad de los mismos a dafosfrmro ‘pitting’ y la
incidencia de SERB (Chace, 1969; Davis y Hofmanf73b; Ben-
Yehoshua, 1987; Ben-Yehoshua et al., 1981). Latieféad del encerado
de frutos citricos reduciendo la incidencia de SERBa visto directamente
relacionado con un menor grado de deshidratacibfride (Cuquerella et
al., 1988). De igual manera, la menor susceptdolicl picado se cree
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relacionado con la capacidad de reduccion de pedkdagua de los tejidos,
ya que inhibe el colapso de las células de la epidgWang, 2000).

Teniendo en cuenta que la aplicacion de recubrioserafecta al
intercambio gaseoso entre el fruto y la atmésfeialq rodea, si la barrera
al intercambio gaseoso es muy alta se puede induwr respiracion
anaerobica, con el consecuente incremento de leslattomo etanol y
acetaldehido, responsables de la aparicion de nedbsres. Asi por
ejemplo, Davis y Hofmann (1973a) determinaron gueantidad de cera no
debe de exceder de 0,2-0,3 mgfqara evitar la respiracion anaerébica.

Ceras comerciales

Las primeras referencias del uso del enceradoasmjas y limones, se
remontan a los siglos XII =XIII en China (Hardendput967). Las primeras
patentes de formulaciones de ceras mencionanlissiao de parafina como
material céreo y, junto a ella, diversas mezclasto®s componentes como:
carnauba, candelilla y otras ceras, goma lacatesceggetales o minerales u
otras grasas y emulsificantes y surfactantes (PyoBaker, 2005).

Dado que los primeros recubrimientos de citricdabes compuestos
por ceras (ésteres de acidos carboxilicos y aleshgrasos de cadena
lineal), este término genérico se ha venido utililta durante afios para
designar a los recubrimientos que se aplican aula,fa pesar de que en
muchas de las formulaciones existentes en el mereadla actualidad
contienen poca proporcion o nada de ceras (Hal1)19

Actualmente el tipo de recubrimientos comercialegppleados en la
industria  citricola son ‘ceras al agua’ que comsist en
disoluciones/dispersiones de una o mas resinascefas emulsionadas
(Hall, 1981). Estas ceras han ido desplazando &éasas solventes’ que
utilizan solventes organicos, por el peligro y laontaminacion
medioambiental que conllevan. Las formulaciones ‘ek¥as al agua’
requieren generalmente medios alcalinos para eomalsila cera y la
disolucién de la resina (generalmente goma la@a)|gque esta extendido
el uso de alcalis como el hidroxido potasico, ebaiaco o morfolina en su
formulacion. Las ceras mayoritariamente empleadascsras sintéticas del
tipo polietileno oxidado, empleandose en mucha memedida las ceras
vegetales del tipo carnauba y practicamente testahes el uso de ceras de
origen animal, como la cera de abeja. Para forenari¢croemulsion también
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se afiade emulsificantes como el &cido esteéaricmitpzo, oleico o

acetilglicéridos (ésteres de acidos grasos coerglic(Baldwin et al., 1997;
Hagenmaier, 1998). Asimismo, las ceras comercialesmuchos casos
incorporan fungicidas sintéticos, como imazalipbg#ndazol u ortofenil
fenato sodico, para controlar la podredumbre verdezul, que son las
principales enfermedades poscosecha de los citricos

Los componentes permitidos varian de unos paisetsoa, debido a
diferencias en la legislacion y a las exigenciasatta mercado (Llovera et
al., 2002), asi por ejemplo la legislacion en Essadnidos autoriza el uso
de morfolina (CFR 172.235) y la colofonia modifieadon anhidrido
maleico y esterificada con pentaeritritol (CFR 21D), mientras que la
legislacion Europea (Directiva europea 95/2/CE gt@or modificacion
98/72/CE) no permite su uso y la morfolina es rdargula por amoniaco
(Llovera et al., 2002).

En funcion de la finalidad de su uso, se puedemidafos tipos de
encerado: los de conservacion y los de comerc@fimaque se diferencian
por el contenido en sélidos en la aplicacion. Eleeado de conservacion se
utiliza antes del almacenamiento en las camamggrificas y su objetivo es
mantener el peso, la firmeza y las propiedadesnoi@pticas, no siendo
necesario, en general, que mejore la apariencidrate. El encerado de
comercializacion se aplica a la fruta antes de rsuioeal mercado de
consumo, con la finalidad de mejorar el aspecteragty mantener el peso.
Por tanto, el contenido de sélidos en el caso detrado de conservacion
no supera al 10-12%, mientras que en el caso deesrcatizacion el
contenido de solidos no supera el 18% (Cuquerclh,e2004).

Recubrimientos comestibles

El creciente interés de los consumidores hacia ystod sanos y
naturales ha orientado las investigaciones ennepoale los recubrimientos
hacia el desarrollo de nuevos recubrimientos foachog a partir de
compuestos naturales, seguros desde el punto da wismentario,
apareciendo lo que se denominan ‘recubrimientos estibles’. La
expansion de los recubrimientos comestibles eitastiva precedida de un
aumento de su aplicacién en otros frutos que ssucoen con piel. Sin
embargo, el futuro desarrollo de recubrimientos estibles que eviten el
uso de ceras sintéticas como el polietileno, cselde amoniaco, resulta un
aspecto muy importante frente a las nuevas tenatedel mercado.
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Los principales componentes utilizados en la pepan de estos
recubrimientos naturales son proteinas, polisagandlipidos. Ademas de
estos componentes basicos, se afiaden otros ad#ivosntarios, como
plastificantes, emulsificantes, surfactantes, coasdes, antioxidantes...,
que ayudan a mejorar la integridad mecanica, lala@l aroma y valor
nutricional de los alimentos.

Los Polisacaridos son los hidrocoloides mas utilizados como
recubrimientos de frutas y hortalizas (Kester yrieena, 1986; Krochta y
De-Mulder Johnston, 1997) y forman parte de la mayade las
formulaciones que actualmente existen en el mercho® polisacaridos
presentan buenas propiedades barrera a los ggaesdgn adherirse a las
superficies de frutas y hortalizas troceados, gercaracter hidréfilo hace
gue presenten una baja barrera a la humedad.

Los polisacaridos utilizados habitualmente en lecubrimientos
comestibles son derivados de celulosa, alginatasagenatos, pectinas,
almidon, pullulan, quitosanos y gomas (Han y Geinsa@005).

Entre los polisacaridos de uso mas extendido eforfaulacion de
recubrimientos comestibles se encuentran los dig/de la celulosa (poli-
B-(1—4)-D-glucopiranosa). Debido a la disposicion de Igsupos
hidroximetil en la cadena polimérica, la celulogaspnta una estructura
cristalina compacta que impide su solubilidad estesias acuosos. Sin
embargo, su solubilidad puede ser aumentada medlaninclusién de
grupos funcionales en la cadena a través de remscide esterificacion,
interfiriendo la formacion de la estructura cristal Cuando se trata la
celulosa con alcali, seguido de acido cloroacétitiuro de metilo u 6xido
de propileno se obtiene carboximetilcelulosa (CM@gtilcelulosa (MC) e
hidroxipropil metilcelulosa (HPMC), respectivamerftéester y Fennema,
1986). El aumento de la solubilidad de estos costpgeha impulsado el
desarrollo de recubrimientos comestibles a baseslenismos (Wu et al.,
2002).

El quitosano (polimero dB-1,4-glucosamina) es un componente de la
pared celular de los crustaceos, capaz de forni@ufzes semipermeables y
que se encuentra entre los polisacéaridos utilizambyeo recubrimientos
comestibles. Su aplicacion como recubrimiento t@p@rcionado buenos
resultados en cuanto a reduccion de pérdida deypesgjora de la calidad
en diferentes frutas y hortalizas. En concretoaglicacion en citricos ha
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mostrado resultados positivos sobre parametros cpérdida de peso,
firmeza y control de podredumbres (Salvador et 2003; Galed et al.,
2004; Chien et al., 2007). Asimismo, existen estsidorevios que han
puesto de manifiesto el efecto antifingico delapaho y derivados en otros
frutos, como fresa, mango, melocoton (Bautista-Bagtoal., 2006; Vargas
et al., 2006).

La efectividad de los recubrimientos de quitosaeoha visto que
depende, entre otros factores, del peso moleculadely grado de
desacetilacion (Gonzalez-Aguilar et al., 2005; BaatBafios et al., 2006).

Las Proteinas al igual que los polisacaridos, presentan buenas
propiedades barrera a los gases, a baja HR, yraateapolimérico hace
gue presenten buenas propiedades mecanicas, siargenlsu caracter
hidrofilo hace que presenten una baja barreratautaedad. Las proteinas
utilizadas en la formulacién de recubrimientos cstildes pueden ser de
origen animal (caseinas y proteinas del suerodaaiede origen vegetal
(zeina de maiz, gluten de trigo, y proteinas da, spiincipalmente) y
dependiendo de este origen muestran una ampliadearide caracteristicas
moleculares. Asi, las proteinas varian en su pesecular, conformacion,
carga (dependiendo del pH), flexibilidad y estalaitl térmica y las
diferencias en estas caracteristicas molecularesngdearan su habilidad
para formar recubrimientos asi como las caradeagt de los
recubrimientos formados.

Los lipidos por su naturaleza hidrofébica, ejercen una buanata a la
humedad; sin embargo, su caracter no polimérice bae presenten peores
propiedades mecéanicas que los hidrocolides formaedabrimientos mas
quebradizos (Krochta, 1997). Los lipidos utilizadoslas formulaciones de
recubrimientos incluyen ceras naturales (cera @gaabera de candelilla y
cera de carnauba), acilgliceroles y acidos graBms.ocasiones, en las
formulaciones para frutos que se consumen sin Eieho los citricos, se
afade goma laca, que es una resina natural que temo principal
objetivo aportar brillo.

Teniendo en cuenta las propiedades de los distgntgms, la tendencia
en el desarrollo de recubrimientos comestibles frartas y verduras es
combinar hidrocoloides y lipidos y asi aproveclzer Ventajas que ambos
ofrecen, formando lo que se conoce comszubrimientos comestibles
compuestos’ De esta manera, los lipidos aportan resistericia@or de
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agua y los hidrocoloides, la permeabilidad selecal Q y CO,, y una
buena cohesion estructural o integridad.

En la bibliografia existen numerosos trabajos cgtadean la habilidad
de los distintos compuestos para formar peliculagegubrimientos
comestibles, estudiando los factores que afectapriapiedades mecanicas
y barrera en peliculas aisladas. En el caso decutedi comestibles
compuestas de hidrocoloide-lipido, el lipido puedeontrase laminando el
hidrocoloide en forma de doble capa o ‘bicapa’jsperso en la matriz de
hidrocoloide en forma de ‘emulsion’. La formacidm peliculas compuestas
‘bicapa’ y ‘emulsionadas’ presentan importantestaj@s y limitaciones que
dependen de la naturaleza de los compuestos guaridas peliculas y de
la morfologia de la misma. En general, las pelguldcapa’ son mas
efectivas reduciendo la transferencia al vapor gigaague las peliculas
‘emulsionadas’. Sin embargo, la obtencion de egigculas mediante
laminacién requiere de dos etapas de laminadoadsea@asi como el uso de
solventes organicos y/o altas temperaturas, que Bacobtencibn mas
costosa y menos segura que en el caso de laslaslfemulsionadas’. Las
peliculas comestibles ‘emulsionadas’ requieren o spaso en su
formacion , lo que las hace mas adecuadas desplentd de vista de su
desarrollo a nivel industrial. Sin embargo, las ppedades barrera y
mecanicas de las peliculas compuestas de hidrdeelipido se ven
afectadas por numerosas variables de composicipo (e lipido e
hidrocoloide, contenido de lipido, ...), técnicapteparacion (condiciones
de secado, homogeneizacion, ...) y estructuraZR&ago y Krochta, 2005).

Cuando el recubrimiento se encuentra aplicado &dry hortalizas,
aparte de la composicion del recubrimiento, existens factores a tener en
cuenta que afectan la efectividad de los recubnitog como son el tipo de
fruta y cultivar, el grosor del recubrimiento (qae ve modificado por
cambios en el contenido en sélidos y viscosidadaddormulaciones), la
adhesion del recubrimiento a la superficie delofr(que depende de la
naturaleza de la superficie y de las caractergstiehrecubrimiento) y de las
condiciones de almacenamiento (temperatura y HR).

En la bibliografia se encuentran numerosos trabagsbre
recubrimientos comestibles compuestos aplicadamitast En citricos, la
aplicacion de HPMC-lipido resulté efectiva redudena pérdida de peso y
manteniendo la firmeza de mandarinas ‘Fortune’B&ago et al., 2002),
‘Clemenules’ (Navarro-Tarazaga y Pérez-Gago, 20§6)Ortanique’
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(Navarro-Tarazaga et al., 2008). En estos trabdgo®fectividad de los
recubrimientos dependié de la composicion del néguénto y de las

condiciones de almacenamiento. Entre los factseslmdos, el contenido
y tipo de lipido, asi como el contenido en solidies las formulaciones
fueron los mas importantes determinando la califisidoquimica de la

fruta, con un efecto importante en la calidad sealsal crear en algunos
casos una barrera excesiva a gases. Baldwin €it9815) mostraron que la
aplicacién de un recubrimiento comercial a baseelalosa en naranjas
‘Valencias’ incrementé en menor medida el contendk compuestos
volatiles que la aplicacion de una cera comerciddase de goma laca,
aungue el recubrimiento no fue efectivo controlatadpérdida de peso de
las naranjas.

Chen y Nussinovitch (2001) compararon en mandafivaga’ el efecto
de la aplicacion de recubrimientos compuestos & lasceras y gomas
(xantana, goma de garrofin o guar) con el de sus/&gntes formulados
Gnicamente a base de ceras sobre la atmosferaantda calidad sensorial
de las frutas. Los frutos recubiertos con estasidtaciones presentaron
buen sabor debido a que la incorporacion de lasaggarturbo la estructura
ordenada de las ceras produciendo un menor obigtnude los estomas y
una mayor permeabilidad a gases.

Rojas-Argudo et al. (2009) desarrollaron recubritoe comestibles
compuestos a base de goma de garrofin y lipidosaputeolaron la pérdida
de peso y mejoraron el brillo de mandarinas ‘Fatupero que produjeron
un mayor aumento de los niveles de etanol que llaagfn de una cera
comercial. Con la disminucion del contenido endsadide la formulacion a
la mitad o el aumento del plastificante se redljooatenido en etanol de
los frutos recubiertos, pero Unicamente el aumetdola cantidad de
plastificante consiguié conjuntamente controlactfamente la pérdida de
peso, reducir los niveles de etanol y mejorar élobde las mandarinas
‘Fortune’.

El efecto de los recubrimientos comestibles eralalad nutricional de
citricos ha sido poco estudiado. Togrul y Arsla@0@), reportaron que la
pérdida de acido ascorbico después del almacenemsendetuvo cuando
las mandarinas se recubrieron con CMC. Este relsuka explicé por la
barrera a los gases que ejercen los recubrimieciteando una AM, lo que
disminuy6 el potencial de auto-oxidacion del aadoorbico.
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Objetivos

2.1. Objetivo general

El objetivo general de esta tesis doctoral es estatiefecto de distintos
tratamientos poscosecha novedosos en la calidaddigsmica, sensorial y
nutricional de citricos. En este sentido, se pkmties siguientes objetivos
especificos.

2.2. Objetivos especificos

. Estudio del efecto de una atmdsfera insecticid&(€3%) aplicada
a 20 6 25 °C tras un tratamiento cuarentenarioier{X,5 °C durante
6, 9y 12 dias) en la calidad nutricional de maindar‘Clemenules’.

. Estudio del efecto de radiaciones ionizantes (0530y 164 Gy) en
combinacion con tratamiento cuarentenario en ftj6 {C durante 6,
9y 12 dias) en la calidad nutricional de mandari@éemenules’.

. Estudio del efecto de una atmésfera insecticideaqgd a diferentes
temperaturas (95% G@ 23, 28 ¢ 33 °C), combinado con diferentes
tiempos de almacenamiento en frio (1 °C durante68y 24 dias)
como tratamiento cuarentenario, en la calidad digigimica,
sensorial y nutricional de naranjas ‘Valencia'.

. Estudio del efecto de un recubrimiento de quitosapbcado a
distintos contenidos en sélidos (CS) (0,6, 1,28%d),en la calidad
fisico-quimica, sensorial y nutricional de naranjgslencia’ y
mandarinas ‘Oronules’.

. Estudio del efecto de recubrimientos comestiblesbase de
hidroxipropilmetil celulosa (HPMC)-lipido con distb CS (4 y 8%)
y proporcion de cera de abeja-goma laca (1:3 y &nl)a calidad
fisico-quimica, sensorial y nutricional de naranj¥alencia’ y
mandarinas ‘Oronules’.
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Abstract

Citrus fruits are a rich source of vitamins andypbknolic compounds
with antioxidant capacity, that need to be mairgdirduring postharvest
storage. The aim of this study was to determineeffext of two innovative
quarantine treatments, such as insecticidal atnewsph(IA) (95% C@and
balance air) applied at 20 or 25 °C for 20 h avd dlmses X-ray irradiation
(0, 30, 54 and 164 Gy), in combination with shatipds of cold-quarantine
storage on the nutritional quality of ‘Clemenulesandarins. Mandarins
were stored at 1.5 °C for 6, 9, or 12 d beforeaihyication of IA treatments
or for O, 6, or 12 d after the X-ray radiation. Ntibnal quality of mandarins
was determined after the corresponding combinatfaquarantine treatment
(IA or X-ray) with cold quarantine followed by aedhlife period of 7 d at
20 °C to simulate shelf life conditions. Cold quunae treatment combined
with 1A or with X-ray radiation did not affect negeely total antioxidant
capacity and total ascorbic acid content of ‘Cleatesi mandarins.
However, flavanone glycosides (FGs) and total phemacontent were
slightly modified. Application of the IA at 20 °@duced a greater inhibition
of the FGs than application at 25 °C. When X-ragdiation was applied
without a previous quarantine period the syntheéithe FGs increased as
irradiation dose increased.

Keywords: Citrus, cold quarantine, GOatmosphere, X-ray irradiation,
nutritional quality

Introduction

Spain is the world’s largest exporter of freshustifruit. Among the
Spanish cultivars, ‘Clemenules’ (syns.: ‘Clementdea Nules’, ‘Nules’) is
the leading clementine mandarirCitfus reticulata Blanco) produced
around the world. Clementines are characterized high sensory quality,
seedless, and very easy to peel, which has cotgdlto an increase in the
export shipments to overseas markets such as thedd® Japan (Palou et
al 2008).

Many countries maintain strict quarantine measuegminst the
mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae). The most widely used postharvesintistation treatment of
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citrus against this fruit fly involves exposure tbie fruit to near-freezing
temperatures. In the case of the USA, the U.S. eeat of Agriculture

(USDA) established a minimum exposure during owasgeansit of 14 or
18 d below 1.1 or 2.2 °C, respectively (USDA 200Extensive research is
currently focused on the development of alternatbirecomplementary
quarantine treatments for reducing cold quarardtoeage specially for cold
sensitive commaodities such as citrus (Alonso e204l5; Follett & Neven

2006; Palou et al 2008).

Insecticidal atmospheres (l1A), with high gQoncentrations, and
irradiation treatments are known to be effectivaiasf fruit flies and other
pests (Hallman 1999; Follett & Neven 2006). Diffarestudies have
investigated the use of complementary,@®@atments previous or after cold
exposure of citrus fruit, in order to reduce theadion of the standard cold
disinfestation quarantine treatment agai@stcapitataand thus alleviate
chilling injury problems (Alonso et al 2005; Paleti al 2008). Complete
insect mortality ofC. capitatawith no negative effects on physicochemical
and sensory quality of clementine mandarins aftdraf 20 °C of shelf life
was obtained on fruit first exposed to 1.5 °C fat 8nd second treated with
95 % CQ balanced with air at 25 °C (Palou et al 2008).

Among the different ionizing radiation sources, tme of X-ray has
been approved by the US Food and Drug Adminismétio food irradiation
(US FDA 2004). A generic treatment dose of 100 @y heen established
for quarantine purposes against fruit flies (USDI02b). Palou et al (2007)
reported complete insect mortality with no negatects on fruit quality
after 7 d at 20°C of shelf life on clementinestiyrs<-ray irradiated at 30-
164 Gy and subsequently exposed to 1°C for 2 ds Thmbination of
treatments considerably reduced quarantine timepmpared to standard
cold quarantine treatments (1.1-2.2°C for 14-18ad)l therefore showed
promise as a potential commercial treatment fon&becitrus exports.

Traditionally, postharvest quality assessment hasnbconducted by
evaluating physico-chemical quality parameters,hsas weight loss,
firmness, colour, acidity, and maturity index, amoothers. Nowadays,
nutritional and functional quality has gained greaterest, being a
component of the overall quality that is very muaiued by consumers.
Citrus fruits are an important source of vitamina€ well as bioactive
compounds such as polyphenolic compounds, maialofioids, with high
antioxidant properties (Sanchez-Moreno et al 200Bostharvest
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technologies should maintain both nutritional amactional quality of fruits
until they reach the consumer. Lee & Kader (20@darked the effects of
storage temperature and time on vitamin C contefruds and vegetables.
The application of new quarantine treatments migldo affect the
physiology of the fruit altering their biochemicabmponents. Recent
studies show that irradiation of citrus fruit reddcsignificantly the total
ascorbic acid (TAA) content when radiation dosesewaigh (Patil et al
2004; Vanamala et al 2005; Girennavar et al 2088yvever, information is
still scarce on the effect of new quarantine treatts on nutritional quality
of many citrus cultivars. Therefore, the aim ofsthwork was to study the
effect of two innovative quarantine treatments, hsas IA (95% CQ
balanced with air) applied at 20 or 25 °C and lmseb X-ray irradiation (O,
30, 54 and 164 Gy), in combination with short pesiaf cold-quarantine
storage on the nutritional quality of ‘Clemenulegndarins.

Material and methods

Fruit

Clementine mandarins (Citrus reticulata Blanco) ‘Gkemenules’ were
hand-harvested at commercial maturity (MI=7.45) arahsferred to the
IVIA postharvest facilities where they were selécteandomized, washed
with tap water, and dipped in a mixed solutionmézalil (2,500 mg/L) and
guazatine (800 mg/L) for 1.5 min. Fruit were all@zhinto homogeneous
groups to apply, subsequently, each one of the mwdbquarantine
treatments.

Materials

Reagents 2,2-diphenyl-1-picrylhydrazyl (DPPHe),gssium dihydrogen
phosphate (KkEPQO,), metaphosphoric acid (MPA), phosphoric acid
(HsPQOy), folin-ciocalteu’s phenol reagent, sodium carlienéNaCQO;),
gallic acid and standard L-ascorbic acid (AA) wprtechased from Sigma
(Sigma-Aldrich Chemie, Steinhein, Germany). Ace#cid glacial and
dimethyl sulfoxide (DMSQO) were from Scharlau (Seebat, Spain).
Methanol was from BDH Prolabo (Poole, UK). 1,4-thtDL-threitol
(DTT) and hesperidin (hesperitin-7-0-rutinoside, $JEvere obtained from
Fluka (Sigma Co., Barcelona, Spain). Narirutin i{mgenin-7-rutinoside,
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NAT) and didymin (isosakuranetin-7-rutinoside, Di®gre purchased from
Extrasynthese (Genay, France). All solvents usee wé HPLC-grade and
ultrapure water (Milli-Q) was used for the analysis

Cold and IA guarantine treatments

The mandarins were exposed to the standard coliduairze
temperature of 1.5 °C for 6, 9, or 12 d in a 40°nsold room. Cold-
treated fruit were allowed to warm in an air-atnoesie at room temperature
(202 °C) for 22—24 h before IA exposure. For eegld quarantine time,
three groups of 150 fruit were exposed for 20 hthe following IA
treatments: (T1) air-atmosphere atx20°C (control), (T2) atmosphere
containing 95% C@at 2&1 °C and (T3) atmosphere containing 95%,CO
at 25t1 °C. In all cases, relative humidity (RH) wastB%. IA exposure
chambers consisted of hermetic Perspex cabineteni82 62 cm x 87 cm),
fitted with inlet and outlet ports through which €@lphagaz, N38, Air
Liquide S.A., Madrid, Spain) passed at a rate dadgisto yield a
concentration of 95 %v(v) inside the cabinet and balanced with air. Gas
was allowed to escape from the outlet port throaghbubble tube to
maintain the proper gas mixture in the chamber. Tesired gas
concentrations were regularly reached after 25-B0ahclosing the door of
the cabinets. Levels of GOO,, temperature, and RH were continuously
monitored by means of the system Control*Té€ecnidex S.A., Paterna,
Valencia, Spain). Cabinets were installed insid#0 a1t storage room that
was also set to each experimental temperature (2B50°C). Once IA
treatments were accomplished, mandarins were coaittda 10% total
solids water wax containing polyethylene, shelland 0.5% of the
fungicide thiabendazole (Brillag@a Brillocera S.A., Beniparrell, Valencia,
Spain). Coated mandarins were stored 7 d at 20 dCsitulate
commercialization conditions.

X-ray irradiation and cold quarantine treatments

The mandarins were transported in a conditionecktta the irradiation
plant (Beta Gamma Service, BGM, Bruchsal, Germaniuring
transportation, the fruit were kept at¥30°C. About 36 h later, the fruit
were exposed to X-ray irradiation from a sourcehviieam energy of 0.8
MeV and a conveyor speed of 5 m fifThe following theoretical doses
were selected: 0 (control), 25, 50 and 150 Gy. Alatioses were determined
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by placing 2 crh radiochromatic dosimetry films (GafchrorfiiddD-810,
International specialty products, Wayne, NJ, UStAtheee different heights
within three different boxes. Readings (nine pesegjowere made with a
spectrophotometer at 560 nm and mean and standeod \&@lues were
30t1, 541, and 1644 Gy for the respective theoretical doses. Coritrot
were not irradiated; they were kept at 20 °C uhtl application of the cold
quarantine treatments.

Irradiated and non irradiated fruit were exposeddiol-quarantine at 1.5
°C for 0 (control), 6 and 12 d followed by 7 d beff life at 20 °C.

Determination of bioactive compounds of citrus

Nutritional quality of mandarins was determined hatrvest (initial
guality) and after the corresponding combinationgafrantine treatment
(IA or X-ray) with cold quarantine followed by aedhlife period of 7 d at
20 °C to simulate prompt fruit commercializatiort.tAe end of this period
the juice from 3 replicates of 10 fruit each peratment was obtained,
transferred to vials with crimp-top caps and THiSne septum seals and
kept at —80 °C until the time of analysis.

Total antioxidant capacity (TAC)

The TAC was evaluated by the DPRidsay. Two mL of mandarin juice
and 4 mL of methanol HPLC grade were mixed andrifeged at 12,000 G
for 15 min at 5 °C. Five methanolic dilutions frahe supernatant (0.075
mL) were mixed with 2.925 mL of DPPKR4 mg L-1) and kept in darkness
for 40 min at 2%1 °C. Afterwards, the change in absorbance was
determined at 515 nm with a spectrophotometer (fberElectron
Corporation, Auchtermuchty Fife, UK). The DPPH radi scavenging
activity was expressed as effective concentratie®;(), that is the amount
of juice necessary to decrease the initial DPBbhcentration by 50% (L
juice/kg of DPPH); thus, lower EG values mean higher antioxidant
capacity (Sanchez-Moreno et al 2003).

Total ascorbic acid (TAA)

TAA was determined by the sum of ascorbic acid (A#lus L-
dehydroascorbic acid (DHA), by reducing DHA to AAtkvDTT. One mL
mandarin juice was homogenized with 9 mL of MPAS¢4a.w/v). Two mL
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aliquot was mixed with 0.4 mL of DTT (20 mg mL-Inchallowed to react
for 2 h in the dark at room temperature. Afterwaistmples were filtered
through a 0.45um membrane filter and used for TAA determination by
HPLC.

The HPLC system (Lachrom Elite, Merck Hitachi, Datadt, Germany)
was equipped with an autosampler (Model L-2200)ateunary pump
(Model L-2130), column oven (Model L-2300) and deodrray detector
(Model L-2450). A reversed-phase C18 LiChros@E0 column (250 x 4
mm, 5um-particle, Merck, Darmstadt, Germany) preceded lpyecolumn
(4 x 4 mm) was used. Injection volume wasp20and oven temperature 25
°C. The mobile phase was 2% solution of REy, adjusted to pH 2.3 with
HsPO,. The flow rate was fixed at 1 mL min-1 and the welangth of
measurement was 243 nm. AA was identified and dgfigshby comparison
of peak areas with external standard and resulte erpressed as mg of
TAA /100 mL of juice. Analysis was made by tripliea

Flavanone glycosides (FGs)

The main FGs identified in citrus fruit, HES, NAThéh DID were
determined by HPLC. Two mL of juice were homogedizgth 2 mL of
DMSO:methanol (1:1 v/v) and centrifuged for 30 nah,12,000 G and 4 °C.
The supernatant was filtered through one QuAbnylon filter and analyzed
by HPLC-DAD using the HPLC equipment described @&band the
chromatographic system conditions described by Geatnal (2008). The
main FGs were identified by matching their resp@ctpectra and retention
times with those of commercially obtained standaMi&T, HES and DID
contents were calculated by comparing the intedrgiak areas of each
individual compounds to that of its pure standaRissults were expressed
as mg/100 mL.

Total phenolics content (TPC)

The TPC was determined using the Folin-Ciocaltethot (Singleton
& Rossi 1965). 0.3 mL of mandarin juice was diluteith 1.7 mL of 80%
agueous methanol. Appropriately diluted juice (¥) was mixed with 2
mL of Folin-Ciocalteu reagent (1:10, v/v dilutedthvivater) and incubated
for 1 min before 1.6 mL sodium carbonate (7.5%,)wias added. The
mixture was incubated for 1 h at room temperatef®ie absorption was
measured at 765 nm with a spectrophotometer (Theihectron
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Corporation, Auchtermuchty Fife, UK). TPC was exgz@&d as mg gallic
acid equivalents per 100 mL (mg GAE/100 mL). Altraxts were analyzed
in triplicate.

Statistical Analysis

A complete randomised design was used to perfoerattalysis of the
samples. Statistical analysis of the data was pedd using
STATGRAPHICS Plus 2.1 (Manugistics, Inc., Rockvilidaryland, USA).
Specific differences between means were determipgdthe Fisher's
protected least significant difference test (LSEX0405) applied after an
analysis of ANOVA.

3. Results and discussion

Cold and IA gquarantine treatments
Total antioxidant capacity

Table 1 shows the Eg values of treated mandarins. As mentioned
earlier, the DPPHradical decreases by reacting with antioxidanésemt in
the sample; therefore, a higher g@alue indicates a lower TAC of the
sample. In general, the TAC of the mandarins weoé significantly
affected by storage time or by the application lod tlifferent IA. Artés-
Hernandez et al (2007) found that the TAC in fregh-Lisbon’ lemon
products stored at different temperatures (0, 2pr510 °C) remained
constant during 12 d.

Total ascorbic acid

TAA content was not affected by the exposure t@ GCthe increase in
the cold quarantine period, except on mandarinesegbto the IA at 20 °C
after 9 d of cold storage that had more TAA thaa tést of the samples
(Table 1). However, this difference although staiadly significant was not
observed for the rest of the storage periods anttidme due to the intrinsic
variability among samples

Many studies in the literature show that AA conteft fruits and
vegetables decreases as the, @Oncentration in the storage atmosphere
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increases and these losses are usually acceletayedusing high
temperatures and long storage (Lee & Kader 200@mison 2004).
Storage at low temperature can also accelerats$leof vitamin C in cold
sensitive fruit, even before chilling injury is éeint. For example, Ito et al
(1974) reported that in ‘Satsuma’ mandarins, cdlerlioatmosphere with
low-O, and high-CQ@ concentrations at 1-4 °C reduced the AA level
gradually, while the DHA content increased. In cstudy, mandarin
exposure to 95% COwas performed over a short period of time which
could justify that the IA used did not affect TAAordent and TAC.
Although chilling injury can accelerate the lossToAA in cold sensitive
fruit, Palma et al (2005) did not observe changesTAA and TAC of
‘Fortune’ mandarins after 90 d of storage at 5 S@nilarly in our work,
storage at the cold quarantine temperature of C.Xi#l not affect the
content of TAA and the TAC of the mandarins (Table

Flavanone glycosides

Table 1 shows the content of the main flavonoids‘@&menules’
mandarins after standard cold-quarantine periodsexiposed to air or IA.
The most abundant flavonoid was HES followed by Nadd DID. In
general, HES content increased as cold storage itioteased, being this
increase less pronounced when the 1A was appli&D &C. After 12 d of
quarantine period, no differences were found in HE&fBitent between
mandarins exposed to air-atmosphere and IA at 25a@ples treated with
95% CQ at 20 °C after 9 and 12 d of storage had lower E@dent that
control samples, which could indicate a slight Ioiton in the synthesis of
FGs by this treatment. Palma et al (2005) did mat Hifferences in HES,
NAT and DID in ‘Fortune’ mandarin juice during 9Qféistorage at 5 °C.

Total phenolic content

Table 1 shows the effect of cold quarantine peras IA treatments on
TPC of ‘Clemenules’ mandarins. TPC of ‘Clemenulesinaarins ranged
from 49.6 to 59.4 mg GAE/100 mL juice, which wasaocordance with
those reported in others studies for mandarin {iMang et al 2007). TPC
of the mandarins increased as cold quarantinegaarereased. This result
contrast with that reported by Palma et al (2008t tdid not find
differences in TPC of ‘Fortune’ mandarins during®0f cold storage at 5
°C. In strawberry, an increase on the total phedoteng storage time was
observed although the fruits exposed to air + 28 €@ contained lower
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content of some specific phenolic compounds contpréhose exposed to
air, indicating that phenolic degradation may iase after exposition to
CO.-enriched atmospheres (Holcroft et al 1998). Inwark, total phenols
of ‘Clemenules’ mandarins increased slightly in thet kept in high CQ
and exposed to cold quarantine temperature du@nd 1
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Table 1. Total antioxidant capacity and bioactieenpounds of ‘Clemenules’ mandarins exposed to qoltantine at 1.5
°C for 6, 9, or 12 d followed by 20-h exposure iteatimosphere at 20 °C (control) or insecticidah@spheres (1A, 95 %
CO,) at 20 or 25 °C.

Cold FGs
quarantine TAC (ECso) TAA TPC (mg / 100 mL juice)
period IA treatment (L juice/kg DPPH) (mg/100 mL juice) (Mg GAE/
(days) 100 mL juice) NAT HES DID
(at I}:]::\?Lst) 3915+41.1 32.73 £ 3.00 49.58 + 1.37 2.52+0.19 20.15+0.76 0.33£0.02
Control (air-20 °C) 331.0+26.5 aA 29.03+2.70 aA 54,01 +1.27 aA 248 +£0.19 aA 20.31+1.16 ab A 0.30+£0.01 aA
6 95% CO,-20 °C 355.8+40.1 aA 29.74+4.09 aA 55.45+1.56 aA 253+0.27 aA 19.68+1.06 aA 0.29+0.03 aA
95% CO,-25 °C 3955+59.9 aA 29.75+253 aA 59.06 +0.86 b B 289+0.18 bB 21.09+0.65 bAB 0.30+0.01 aB
Control (air-20°C) 388.9+18.0 aA 29.35+259 aA 56.42+0.14 aB 272+0.15 bA 22.19+041 b B 0.31+0.01 bA
9 95% CO,-20 °C 376.8+66.5 aA 35.98+1.79 bA 56.98+1.90 aAB 2.38+0.16 aA 21.19+0.99 bB 0.25+0.02 aA
95% CO»-25 °C 408.5+28.6 aA 30.04+0.58 aA 54.75+1.25 aA 2.52+0.10 aA 19.97+£091 aA 0.26 £0.01 aA
Control (air-20°C) 377.8+25.0 aA 28.72+1.60 aA 56.68 + 0.27 aB 265+0.12 bA 22.77+1.05 bB 0.31+0.01 cA
12 95% CO,-20 °C 433.9+229 aA 29.60+4.05 aA 59.31+0.69 b B 247 +£0.08 aA 21.56 +0.49 aB 0.27+£0.00 a A
95% CO»2-25 °C 381.3+46.8 aA 32.22+2.00 aA 59.35+0.57 bB 2.64 +0.03 b AB 22.74+1.14 bB 0.30+0.01 bB

TAC=total antioxidant capacity, TAA=total ascorlaicid, TPC=total phenolic content, FGs=flavanonegjdes, NAT=narirutin,

HES=hesperidin, DID=didymin

Previous to TAC, TAA, TPC and FGs determinationsatied fruit was kept at 20 °C for 7 d to simukdtelf life conditions.
Results present meatistandard deviation (n=3). For each cold quararger@d, mean values followed by different lowesedetter indicate

statistical differences among IA treatments acewydo Fisher’s protected LSD test{[®.05). For each IA treatment, means with diffeicapgital
letter indicate statistical differences among défe quarantine periods according to Fisher’s pitete LSD test (i 0.05)
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X-ray irradiation and cold quarantine treatments
Total antioxidant capacity

Table 2 shows the changes in the TAC of irradiadéed control
‘Clemenules’ mandarins at harvest and after thdemiht quarantine
periods. The E§ values observed during the different storage periwere
lower than the initial value measured at harvedticlv indicates that the
TAC of irradiated and non irradiated clementine dems increased after 7
d of storage at 20 °C. The increase in the TAC mighdue to an increase
of the compounds of citrus fruit with high antioait properties such as
TAA and polyphenols. However, this increase was foand in the same
samples that were exposed to cold quarantine, welllo by the IA
treatments, and 7 d storage at 20 °C (Table 1ol works, control
samples (non-irradiated and air-treated fruit) esgabto similar quarantine
conditions and 7 d of storage at 20 °C behaveereéffitly. Differences in
the behavior of the fruit could be due to differemén the handling of the
fruit that had to be transported to the irradiatmant in Germany, which
implied 4 additional d at 28 °C. However, this should be confirmed with
further studies. During storage, however, the TA@ressed as Bgwas
not significantly affected by storage time at 14y the dose of irradiation
(30, 50 and 164 Gy).

Total ascorbic acid

TAA content of clementine mandarins ranged from6313.52 to
38.82+1.23 mg AA/100 mL juice (Table 2). These fesare within the
range of those reported in mandarins and otheuscifiuit (Lee & Kader
2000; Cano et al 2008).

Application of low doses of X-ray irradiation comied with low-
temperature quarantine storage did not affect netjatthe TAA content of
‘Clemenules’ mandarins. Rather, an increase in TWAs observed in
irradiated samples compared to control samples ifilsrease was higher in
irradiated mandarins (30 or 54 Gy) stored direat)20 °C. Other authors
have reported some increases in TAA of ‘Clemenulesindarins after
storage at 20 °C (Rojas-Argudo et al 2007) or gammadiation
(Abdellaoui et al 1995). However, irradiation effean TAA seems to
depend on irradiation dose, fruit cultivar and migustage. Clementine
fruits irradiated at 300 and 500 Gy doses along Wwdt water treatment and
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stored for 3 weeks at 17 °C contained higher TAxele than control
samples (Abdellaoui et al 1995). However, in greygeh dose of 1,500 Gy
decreased TAA content, whereas a dose of 250 Gyaligffect the TAA
content (Moshonas & Shaw 1984). Girennavar et 8082 reported in
grapefruit that a dose of 1,000 Gy did not affeet TAA content, whereas a
dose of 2,500 Gy significantly reduced the TAA @it Patil et al (2004)
reported that early season grapefruit irradiatagpab 700 Gy and stored 35
d did not affect TAA content, whereas in late seafwoit an irradiation
greater than or equal to 200 Gy caused a markedttied in TAA content.
These authors suggested that in earlier harvest Wtamin C may not be
the primary defence mechanism of fruit againstakieative stress induced
by gamma-irradiation, whereas in late season ctbhesstress induced by
irradiation coupled with low temperature stres®efhg the TAA content.
Therefore, the susceptibility to modify the TAA ¢ent on citrus fruit might
be avoided through selection of fruit in a optimomaturity stage.

Flavanone glycosides

In general, FGs content was affected by storage &tnl °C and by the
irradiation dose applied (Table 2). X-ray irradéht®andarins stored 6 and
12 d at 1 °C showed a decreased in FGs as théaifmaddose and storage
time increased. When mandarins were not exposedol quarantine
period, the FGs content increased as irradiatiae docreased. Vanamala et
al (2005) reported in grapefruits that low irrathat dose (300 Gy)
increased naringin and NAT contents. Patil et al0@Q0in early-season
grapefruit, found that the total FGs concentratimreased as the fruit was
exposed to low doses of irradiation (70 and 200 {G§dwed by storage at
10 °C for 4 weeks followed by 1 week at 20 °C, whsrnaringin (the more
abundant FGs in grapefruit) and NAT levels decréas® the irradiation
dose increased (above 200 Gy). The increase in €édbhsent at low
irradiation doses was attributed to an increasehenylalanine ammonia
lyase (PAL) activity during low temperature storaiyy¢hereas, the decline
in FGs content of grapefruit at high doses of ilmddn was related to their
role in counteracting the oxidative stress inducgdhe gamma irradiation.
Therefore, variations in the FGs content at difieoses of irradiation may
be a result of an equilibrium between gamma irtamhainduced oxidative
stress andiovosynthesis of flavonoids by increased PAL actiyiatil et al
2004).
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In the group of non-irradiated mandarins (contrdES content
increased as quarantine storage increased. Pall (@004) also reported
higher flavanoid content after cold storage ofustfruit associated to an
increase in the PAL activity during low temperataterage.

Total phenolics content

The TPC of ‘Clemenules’ mandarin juice is showTable 2. The TPC
ranged from 50 to 60 mg GAE/100 mL juice, which wasaccordance with
those reported in others studies for mandarin ffiang et al 2007). In
general, our results show that low doses of X-nagdiation did not
significantly affect the TPC of ‘Clemenules’ mandar except for the
second cold quarantine period (6 d at 1 °C) whersesdifferences were
found among treatments, being 54 and 164 Gy irtadianandarins the
treatments with the highest TPC. In general, TPCreimsed as cold
quarantine period increased with values from 50G@#d=/100 mL juice at
harvest to 58-60 mg GAE/100 mL juice after 12 dL&C followed by 1
week at 20 °C.

Different stresses (irradiation, wounding, nutrideficiencies, herbicide
treatment, and viral, fungi, and insect attacks)ehlaeen shown to enhance
either PAL synthesis or activity in different plantPAL has been an
indicative of rate-controlling enzyme in phenohmthesis and wounding of
citrus (Patil et al 2004). Many works have showat tiradiation influences
phenolic biosynthesis as a response of plant tissuabiotic stress and
irradiation (Dubery 1992). Oufedjikh et al (200@uhd that the TPC
remained higher in irradiated fruits during 49 d3a4 °C and this content
was related to PAL activity, which also reached aximum at 21 d of
storage at 3-4 °C. However, there were not alwaigkeace of accumulation
of phenolic compounds after the peak of PAL adtivilones 1984;
McDonald et al 2000).
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Table 2. Total antioxidant capacity and bioactisenpounds of ‘Clemenules’ mandarins irradiated Wthays at 0, 30, 54,
or 164 Gy and exposed to cold quarantine at 1f6°Q, 6, or 12 d.

Cold FGs
guarantine X-Ray TAC (ECs0) TAA TPC (mg / 100 mL juice)
period treatment (L juice/kg DPPH)  (mg/100 mL juice)  (mg GAE/100 mL juice)
(days) NAT HES DID
Initial (at 391.5+41.1 32.73 +3.00 49.58 + 1.37 2.52 +0.19 20.15+0.76 0.33+0.02
harvest) T . . - ' - ' - . - ' -
0 Control 233.6+16.2aA 3441+188aA 5348+0.33 aA 246+0.19 abA  20.84+092 aA 0.32+0.01 abA
30 Gy 227.2+20.3aA 37.60+1.37aA 52.73+0.75 aA 2.42+0.02 aA 20.71+0.63 aA 0.31+0.01 aA
54 Gy 240.2+51.1aA 3882+123aB 5387+112 aA 2.73+0.07 bcA 2233+054 bA  0.34+0.01 bcA
164 Gy 272.9+33.3aA 35.92+3.15aA 54.84+219 aA 3.01+0.47 cB 2458+127 cA 0.36+0.03 cB
6 Control 259.5+16.8aA 33.40+1.72aA 5437+1.00 aA 2.72+0.17 aA 2287+1.69 aB  0.31+0.03 aA
30 Gy 2445+ 159aA 31.67+352aA 56.42+0.74 abB 3.13+0.36 bC 26.67+2.76 bB  0.38+0.06 bB
54 Gy 275.2+19.6aA 32.67+2.03aA 58.00+0.59 bcB 2.72+0.19 aA 24.46+094 aB  0.35+0.01 abB
164 Gy 273.2+539aA 3564+196aA 5898+1.73 cA 2.84+0.06 aB 2435+064 aA 0.34+001 aB
12 Control 2712+ 7.8aA 3255+155aA 57.43+0.37 aB 265+0.26 abA 2492+040 bC  0.33+0.03 bA
30 Gy 2785+ 358aA 35.23+3.12aA 59.89+142 aC 2.81+0.20 bB 2483+053 bB  0.35+0.02 cB
54 Gy 288.7+123aA 32.20+098aA 57.60+1.32 aB 2.81+0.09 bA 2426+093 bB  0.34+0.01 bcA
164 Gy 258.4+31.0aA 33.44+240aA 56.71+4.27 aA 2.43+0.23 aA 23.15+1.25 a A 0.29+0.02 aA

TAC=total antioxidant capacity, TAA=total ascorlaicid, TPC=total phenolic content, FGs=flavanonea$ydes, NAT=narirutin, HES=hesperidin,

DID=didymin

Previous to TAC, TAA, TPC and FGs determinationsit fvas kept at 20 °C for 7 d to simulate shé¥f ionditions.
Results present meatistandard deviation (n=3). For each cold quararger@d, mean values followed by different lowesedetter indicate

statistical differences among X-ray treatments ediog to Fisher’s protected LSD test[®.05). For each X-ray treatment, means with daffier
capital letter indicate statistical differences agdlifferent quarantine periods according to Fishgrotected LSD test (p 0.05).
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4. Conclusion

Results indicate that innovative quarantine treatsyesuch as 1A (95%
CO,, balanced with air) and X-ray irradiation at lowsés (30, 54 and 164
Gy) in combination with short periods of cold-quatrae storage (6 to 12 d
at 1.5 °C) did not affect negatively the nutritibgaality of ‘Clemenules’
mandarins. The TAC and TAA of mandarins was noec#fd by these
treatments; whereas FGs synthesis was slighthypitetai by application of
the IA and increased as X-ray irradiation dosedased.
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Abstract

The combination of insecticidal atmosphere (IA) hwishort cold
exposure periods have been effective in controllivegMediterranean fruit
fly, Ceratitis capitata (Wiedemann). In the pressntk, ‘Valencia’ orange
quality was assessed on fruit exposed to inseaticdimospheres (95%
CQO,) at 23, 28 or 33 °C for 20 h, next stored at ¥KC8, 16 or 24 d, and
then kept at 20 °C for 7 d to simulate shelf |Fdysicochemical, sensory
and nutritional quality parameters were analyzedreated and control (air-
exposed) fruit. No significant negative effectsfant quality were observed
in IA-treated ‘Valencia’ oranges. In addition, tle&posure of oranges to
CO; at 28 °C reduced the weight and firmness loss eoeapto fruit kept in
air. Ethanol content increased in the fruits exdogeCQ at 28 or 33 °C,
but sensory quality was not adversely affected.

Additional index words: Ceratitis capitata, controlled atmosphere, flavor,
vitamin C, phenolics

Introduction

Many countries maintain strict quarantine protoc@gainst the
Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae), which is one of the most damagingt foests worldwide and
may be a major pest of citrus (White and Elson,4200he most widely
used postharvest disinfestation treatment of citagainst this fruit fly
involves exposure of the fruit to near-freezing penatures. In the case of
the USA, the U.S. Department of Agriculture essti®d a minimum
exposure during overseas transit of 14-18 dayslaf.? °C (USDA, 2002).
Nowadays, extensive research is currently focusedhe development of
alternative or complementary quarantine treatmeesgpecially for cold
sensitive commodities such as citrus (Jacas e2@03).

Controlled atmosphere (CA) treatments are knownbéo effective
against fruit flies and other pests (Follett and/éie 2006; Mitcham et al.,
2003). Different works have investigated the usasécticidal atmospheres
(IA) consisting on high C&shocks previous or after cold exposure of citrus
fruit, in order to reduce the duration of the st&adcold disinfestation
quarantine treatment againSt capitataand thus alleviate chilling injury
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problems (Alonso et al., 2005a, b; Palou et alQ8&). In general, the
effects of insecticidal treatments on treated pcedgonsiderably differ
depending on species and cultivar (Follet and Ne2606). Therefore, the
optimum combination of atmosphere gas composittemperature, and
length of application should be pursued for eachkt-pest system. For
example, IA treatments consisting of exposure & @0, at 20 °C for 20 h
(Alonso et al., 2005a), 98% G@t 22 °C for up to 24 h (Alonso et al.,
2005a), and 95% Cfat 25 °C for 20 h (Palou et al., 2008a) achieved
complete insect mortality on ‘Fortune’ mandaringalencia’ oranges, and
‘Clemenules’ mandarins, respectively, without atffeg negatively fruit
external appearance or organoleptic properties.

Nowadays, IA at curing temperature of 33 °C onusitare also been
studied to control postharvest green mold of mandafPalou et al.,
2008b). These new physical methods combining hegtgas shocks could
be interesting to control established pathogenfections and/or induce
fruit resistance to postharvest diseases. Howelttle information is
available for the effects of high GQitrus exposure at high temperature,
followed by cold-quarantine storage on overalltfquality.

Conventionally, post-harvest quality assessmentbies conducted to
evaluate the physico-chemical quality of the fthitough parameters such
as weight loss, firmness, maturity index and agjdiamong others.
Gradually, the sensory evaluation of fruit has bieeonrporated to study and
prevent alterations in the organoleptic propertigsring postharvest
handling. At present, nutritional quality is gaigininterest, being a
component of the overall quality very much valugdtbe consumer. In
particular, citrus fruits are an important nutniad source of vitamin C and
polyphenolic compounds with antioxidant propertisach as flavonoids
(Sanchez-Moreno et al., 2003). The necessity ofguung the health
properties of citrus recommends that post-harveshrologies would
maintain both functional and nutritional quality tiinthese reach the
consumer. Lee and Kader (2000) reviewed the factffesting postharvest
content of vitamin C and concluded that temperaitbe factor with more
weight. In general, losses are accelerated by usigly temperatures and
long storage. However, low temperature storageatsm accelerate the loss
of vitamin C in cold sensitive fruit, even beforbiltng injury is evident
(Miller and Heilman, 1952). Therefore, the exposafeitrus fruit to high
CO, concentrations at different temperatures and thebawation with
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different periods of cold storage might affect thieysiology of the fruit,
altering the biochemical components of citrus. €hae, the aim of this
work was to study the effect of IA (95% @Capplied at 23, 28 and 33 °C
combined with short cold quarantine storage on igbgbemical, sensory
and nutritional quality of ‘Valencia’ oranges.

Materials and methods

Fruit

‘Valencia’ oranges (Citrus sinensis) were hand-bst@d with an
average maturity index of 10.1 from a local gronévialencia (Spain) and
transferred to the IVIA postharvest facilities whethey were selected,
randomized, washed with tap water, and dipped mixed solution of
imazalil (1000 ppm) for 1 min. Subsequently, fravere put into 12
homogeneous groups of 80 fruit each, which wereegnlain separate
unlidded commercial cardboard boxes (40x29x27 cm).

IA treatments

For each period of time, four groups of 80 fruitrevexposed for 20 h to
the following IA treatments: (1) air atmosphere2at1 °C (control), (2) 1A
containing 95% C@at 231 °C, (3) IA containing 95% Cfat 281 °C,
and (4) IA containing 95% Cfat 331 °C. In all cases, RH was£&5%0. IA
exposure chambers consisted of hermetic Persperetal{82x62x87 cm),
fitted with inlet and outlet ports through which €lphagaz, N38, Air
Liguid S.A., Madrid, Spain) passed at a rate adpisto yield a
concentration of 95%v(v) inside the cabinet and balance air. Gas was
allowed to escape from the outlet port through labieitube to maintain the
proper gas mixture in the chamber. Levels oD, temperature, and RH
were continuously monitored by means of the systdnControl-Tec®
(Tecnidex S.A., Paterna, Valencia, Spain). Cabinetee installed inside a
40 nT storage room that was also set to each experifrtentperature (23,
28 or 33 °C). Once |A treatments were accomplisfred,were coated with
a 10% total solids water wax containing polyethgleshellac, and 0.5% of
the fungicide thiabendazole (Brillaqua Brillocera S.A., Beniparrell,
Valencia, Spain).
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After waxing, the fruits were exposed to the staddeold-quarantine
temperature of 1+0.5 °C for 8, 16 or 24 d follovsd7 d of shelf life at 20
°C to simulate prompt fruit commercialization. Ab&0d additional oranges
were used to determine fruit quality at harvesiti@h quality). Quality
attributes were determined as follow.

Materials

Reagents 2,2-diphenyl-1-picrylhydrazyl (DPHbotassium dihydrogen
phosphate (KEPQO,), metaphosphoric acid (MPA), phosphoric acid
(HsPQOy), folin-ciocalteu’s phenolreagents, sodium cartbenéNaCO;),
gallic acid and standard L-ascorbic acid (AA) wprtechased from Sigma
(Sigma-Aldrich Chemie, Steinhein, Germany). Ace#cid glacial and
dimethyl sulfoxide (DMSO) were from Scharlau (Seetrat, Spain). 1,4-
dithio-DL-threitol (DTT) and hesperidin (hesper#ra0-rutinoside, HES)
were obtained from Fluka (Sigma Co., Barcelona, ir§paNarirutin
(naringenin-7-rutinoside, NAT) and didymin (isosedkuetin-7-rutinoside,
DID) were purchased from Extrasynthese (Genay, d&anAll solvents
used were of HPLC-grade and ultrapure water (M))iwas used.

Physicochemical quality
Weight Loss

Lots of 30 fruits per treatment were used to measwgight loss. The
same fruit was weighed at the beginning of the erpnt and at the end of
each storage period. The results were express#te ggercentage of initial
weight loss.

Firmness

Firmness of 20 oranges per treatment was deternaindte end of each
storage time using an Instron Universal Testing ez (Model 3343,
Instron Corp., Canton, MA, USA). Each fruit was quessed between two
flat surfaces closing together at the rate of 5 mim'. The instrument gave
the deformation after application of a load of 1@d\the equatorial region
of the fruit. Results were expressed as perceradbgeformation related to
initial diameter.
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Ethanol and acetaldehyde contents

Ethanol and acetaldehyde contents (EC and AC) icejuvere
determined by head-space gas chromatography. Tats feach in 3
replicates per treatment were analyzed. Five mlLngeajuice were
transferred to 10 mL vials with crimp-top caps arfeE/silicone septum
seals and frozen until analysis. EC and AC werelyaed in a gas
chromatograph (Thermo Fisher Scientific, Inc., \Wath, MA, USA)
equipped with an autosampler, a flame ionizatioleaer and fitted with a
Poropak QS 80/100 column (1.2 m x 0.32 cm). TempeFa of the oven,
injector, and detector were 150, 175, and 200 é8pectively. Helium was
used as the carrier gas at a flow rate of 28 mL’'m@ne mL sample of the
head-space was withdrawn from each vial previoesjyilibrated in the
autosampler incubation chamber for 10 min at 40 BT and AC
concentrations were calculated using peak aredseofamples relative to
the peak areas of standard solutions. Results égrneessed as mg/100 mL
juice.

External disorders

Eighty fruit per treatment were inspected for exaétrphysiological
disorders at the end of each storage period. Tiffereht degrees of
disorders were rated as O=none, 1=light, 2=modeatk 3=severe. Light
was considered when less than 10% of fruit surfea® affected and severe
when more than 20% of fruit surface was affectegsuRs were converted
to an average index.

Internal quality parameters

Soluble solids content (SSC) was measured withgaatiirefractometer
(Atago, Model PR1) and titratable acidity (TA) wastermined by titration
with 0.1 N NaOH and phenolphthalein indicator ardressed as g of citric
acid per 100 ml of orange juice. The maturity ind¥) was calculated as
SSCI/TA ratio. The juice from three replicates offilit each was used to
determine the above parameters.

Sensory Analysis

Sensory evaluation was conducted by 10 trainedesidBanelists rated
flavor on a 9-point scale, where 1 to 3 represeatehge of non-acceptable
quality with the presence of off-flavor, 4 to 6 repented a range of
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acceptable quality, and 7 to 9 represented a rahggcellent quality. Off-
flavor presence was evaluated using a 6 point sdaége O=absence of off-
flavor and 5=high presence of off-flavor.

One sample consisted of whole segments taken ftmute8 individual
fruits. Samples were presented to panelist in tlapeled with 3-digit
random codes and served at room temperatueel (25). The judges had to
taste several segments of each treatment in oodeorhpensate, as far as
possible, for biological variation of material. Miral spring water was
provided for rinsing between samples.

Nutritional quality
DPPHe radical-scavenging capacity (DPPHe RSC)

The total antioxidant capacity (TAC) was evaluaigdhe DPPHassay.
0.4 ml of orange juice diluted with 0.8 mL of metiohwas centrifuged at
12000 rpm and 4 °C for 20 min. Six methanolic dios from the
supernatant (0.075 mL) were mixed with 0.2925 mIDefPH (24 mg L)
and kept in darkness for 40 min. Afterwards, thange in absorbance at
515 nm was measured in a Multiskan spectrum miatepleader (Thermo
Labsystem, USA).

For each dilution, the percentage of remaining DPREls determined
on the basis of the DPPHtandard curve. The amount of juice in each
dilution was plotted against the amount of DPP&tlical remaining. Using
the curve obtained, the Bg£value was calculated. This result expressed the
amount of orange juice (L) needed to reduce 1 kBRPPH by 50%; thus,
lower values mean higher antioxidant activity.

Total ascorbic acid (TAA)

TAA was determined by the sum of L-ascorbic acidA)Aplus L-
dehydroascorbic acid (DHA), by using the reducingraddTT (Sanchez-
Mata et al., 2000). One mL of orange juice wastdduo 10 mL with 2.5%
(w/v) MPA. Two mL of this solution were mixed with OML of DTT (20
mg mLY) for 2 h in darkness. Afterwards, the extractsenfidtered through
a 0.45 pm Millipore filter before being HPLC anadylz
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The HPLC analyses were performed on a Lachrom HR&C (Merck
Hitachi, Germany) equipped with a L-2200 autosampleé?2130 quaternary
pump, L-2300 column oven and L-2450 diode arrayedet. System
conditions were: injection volume 20 pL, oven 25 8@tector wavelength
243 nm, flow rate 1 mL mifh column Lichospher 100 RP-18 of 25x0.4 cm
preceded by a precolumn (4x4 mm) 5 um particle @kerck, Darmstadt,
Germany). The mobile phase was 2% RB), adjusted to pH 2.3 with
H3POy. Results were expressed as milligrams of AA p@ bl of juice.

Flavanone Glycosides (FGSs)

HES, NAT and DID (mg/100 mL) were determined by tmethod
described by Cano et al. (2008) slightly modifi€édo mL of orange juice
were homogenized with 2 mL de DMSO:Methanol (") and centrifuged
for 30 min, at 12000 rpm and 4 °C. The supernatastfiltered through one
0.45 pym nylon filter and analyzed by HPLC-DAD using thePILC
equipment described above. System conditions wejection volume 10
uL, oven 25 °C, detector wavelength 280 nm, flove raimL mir', column
Lichospher 100 RP-18 of 25x0.4 cm preceded by egtwenn (4x4 mm) 5
um particle size (Merck, Darmstadt, Germany). Thebieophase was
acetonitrile (A):0.6% acetic acid (B) with initiabndition of 10% A for 2
min, reaching 75% A in the following 28 min, theack to the initial
condition in 1 min and held for 5 min prior to thext sample injection.
The main FGs were identified by matching their eztpve spectra and
retention times with those of commercially obtairstdndards. NAT, HES
and DID contents were calculated by comparing ibegrated peak areas of
each individual compounds to that of its pure ssads. Results were
expressed as mg/100 mL.

Total phenolic content (TPC)

The orange juices were analyzed for total phenoligsthe Folin-
Ciocalteu colorimetric method. 0.3 mL of orangeg@iwas diluted with 1.7
mL of 80% aqueous methanol. Appropriately dilutetract (0.4 mL) was
mixed with 2 mL of folin ciocalteau commercial reag (previously diluted
with water 1:10,v/V) and incubated for 1 min before 1.6 mL sodium
carbonate (7.5%u/v) was added. The mixture was incubated for 1 lo@mr
temperature. The absorbance of the resulting bdhgtiesn was measured
spectrophotometrically at 765 nm (Thermo UV1, Thernklectron
Corporation, UK) and the concentration of total plecs was expressed as
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gallic acid equivalents per 100 mL (mg GAE/100 mA)l extracts were
analyzed in triplicate.

Statistical Analysis.

Statistical analysis was performed using STATGRAPSIIPlus 4.1
(Manugistics, Inc., Rockville, Maryland, U.S.A.).ig8ificance between
means was determined by least significant diffeegh&D) at g0.05.

Results and discussion
Physico-chemical quality

The use of high temperatures is known to lead terdrancement of the
insecticidal activity of quarantine treatments (&ént et al., 2003), but it
also might increase fruit weight loss in the samay what conventional
curing of citrus increases fruit weight loss (Plataal, 2003; Porat et al.,
2000). Figure 1 shows the weight loss of ‘Valenaeinges exposed to the
IA-treatments (95% C¢) at 23, 28 or 33 °C, followed by cold quarantine
storage at 1 °C for 8, 16 or 24 d and a shelfdéaod at 20 °C for 7 d. The
exposure of ‘Valencia’ oranges to the IA at differéemperatures did not
increase the weight loss compared to the contrdkréstingly, oranges
exposed to IA at 28 °C had the lowest weight ligs.known that exposure
to moderate temperatures and high relative humiddyces wound healing
by biosynthesis of lignin and other phenolic comasi(Mulas and Schirra,
2007; Nunes et al., 2007). Therefore, this mildtheeatment probably
induced positive changes in the rind of the mamdatihat helped reducing
orange weight loss.
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@ Control [] [A-23°C @ 1A-28°C @ IA-33°C

Weight loss (%0)

days at 1°C + 7 days at 20°C

Figure 1. Weight loss of ‘Valencia’ oranges exposedir (control) or an

insecticidal atmosphere (l1A, 95% @Cat 23, 28 or 33 °C for 20 h followed
by a cold-quarantine storage at 1 °C for 8, 164od 2nd a shelf life of 7 d
at 20 °C. Bars indicate SD value aD@5.

Fruit firmness significantly decreased after 24f dtorage at 1 °C (Table
1). Although no relevant differences were obselvetiveen IA-treated fruit
and control fruit, fruit exposed to the IA at 28 28 °C maintained higher
firmness values than control fruit after 8 or 24 ofl cold storage,
respectively, which is in accordance with the lowmezight loss of these
treatments under those storage conditions (Figyrelrl general, the
treatments had no harmful effect on fruit firmnemsd the maximal
percentage of deformation remained below the 5%stiold established for
firmness in citrus fruit (Martinez-Javega et aB98&). Similar results have
been reported on mandarin and oranges exposedibimed cold and CA
guarantine treatments (Alonso et al., 2005a, puPat al., 2008a).
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Table 1. Firmness of ‘Valencia’ oranges exposedaito(control) or an
insecticidal atmospheres (1A, 95% @@t 23, 28 or 33 °C for 20 h followed
by a cold-quarantine storage at 1 °C for 8, 164od 2nd a shelf life of 7 d
at 20 °C.

Cold-quarantine period Firmness

(days) IA treatment (% deformation)

Initial

(at harvest) 2.24+0.41

8 Control (air at 23 °C) 2.28+0.36 b
IA-23°C 2.24 £0.30 ab
IA-28°C 2.08+£0.20 a
IA—-33°C 2.36+£0.27b

16 Control (air at 23 °C) 2.27+0.36a
IA—-23°C 205+0.41a
IA—-28°C 2.21+0.38a
IA-33°C 2.20+0.36 a

24 Control (air at 23 °C) 3.13+0.38b
IA—-23°C 275+0.44 a
IA—-28°C 2.93+0.49 ab
IA-33°C 3.14+0.43b

Previous to firmness measurement, fruit was ke@0afC for 7 d to simulate shelf life
conditions.

Values give means SD (n=3). For each cold quarantine period, meatisthe same letter
are not different at g 0.05.

Figure 2 shows the EC and AC of ‘Valencia’ orangegposed to
combined IA and cold quarantine treatments. TheaB€AC of CQ-teated
oranges remained fairly constant as cold quararstinege time increased.
‘Valencia’' oranges exposed to high €&ad more EC and AC than those
exposed to air. EC and AC were lower in fruit exgubso the IA at 23 °C
than in those exposed at 28 and 33 °C. Under thege temperature
conditions, EC exceeded slightly the limit, setai®00 mg/100 mL juice,
considered by some authors as the level of offefldwild-up risk (Ke and
Kader, 1990; Hagenmaier, 2002).
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E Control g IA-23°C @ [A-28°C [g [A-33°C
300

250 +
200
150

100

Ethanol (mg/100ml juice)

50

Acetaldehyde (mg/100mL juice

days at 1°C + 7 days at 20°C

Figure 2. Ethanol and acetaldehyde contents ofeéMah’ oranges exposed
to air (control) or an insecticidal atmospheres @8% CO2) at 23, 28 or 33
°C for 20 h followed by a cold-quarantine storagd &C for 8, 16 or 24 d
and a shelf life of 7 d at 20 °C. Bars indicate\&lue (n=3).
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An increase in the concentration of these fermemtatvolatile
compounds due to exposure to high CO2 and/or lowatdibspheres has
also been described in other citrus cultivars (Atet al., 2005a; Ke and
Kader, 1990; Pesis and Avissar, 1989). Althoughle¢kels of volatile built-
up as a consequence of CA exposure depends oncéitikar, treatment
conditions and duration, these works report simialatile built-up to the
results found in our work when IA treatments weppleed at temperatures
below 25 °C. In general, the level of ethanol, aldethyde, and other
internal volatiles associated to anaerobic conaktiancreased as the
temperature of application of the IA treatment @ased.

The exposure of ‘Valencia’ oranges to the IA did naused any rind
damage. These results are in agreement with Alatsal. (2005b) and
Palou et al. (2008a) in ‘Fortune’ and ‘Clemenulesindarins, respectively.
However, Ke and Kader (1990) described that loreggrositions to high
CO, atmospheres (9-14 d) induced severe rind injumesValencia’
oranges.

Application of IA-treatments did not affect TA, SS& MI (data not
shown). Similarly, Alonso et al. (2005a) and Pagébwl. (2008a) showed no
effect of high CQ exposure for short storage periods on internait fru
qguality parameters of ‘Fortune’ and ‘Clemenules’naiarins, respectively.
However, Pesis and Avissar (1989) showed that xpesure of oranges to
high CQ atmospheres for 20-40 h decreased TA and incrédked

Sensory Analysis

Overall flavor and off-flavors were not affected the IA-treatment or
the length of the cold quarantine period. Judgeduated the oranges as
acceptable at the end of storage, and having ashgyt off-flavor (Table
2). Similarly, no negative influence on fruit sensguality was found on
Valencia’ oranges or ‘Fortune’ mandarins exposedAt@atmospheres for
short periods (Alonso et al., 2005a, b). HoweVes, ftavor of ‘Clemenules’
mandarins decreased after short term exposuregto G atmospheres
(Palou et al., 2008a). These differences are duthdofact that several
factors such as ethanol content, acidity, SSC aitd/ar can influence the
perception of off-flavors (Ke and Kader, 1990, Kale, 1991).
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Table 2. Sensory analysis of ‘Valencia’ orangesosgg to air (control) or
an insecticidal atmospheres (IA, 95% @t 23, 28 or 33°C for 20 h
followed by a cold-quarantine storage at 1 °C fol@® or 24 d and a shelf
life of 7 d at 20 °C.

Cold-quarantine period IA treatment Off-flavor Flavor

(days) (0-5) (1-9)

Initial

(at harvest) 0.00 £ 0.00 7.12+0.71

8 Control (air at 23 °C) 0.67+1.30a 6.33+1.44a
IA—23°C 125+x142a 558+156a
IA—28°C 1.08+124a 533+161la
IA—33°C 1.08+144a 5.00+1.86a

16 Control (air at 23 °C) 0.82+0.98 a 5,36 £1.80a
IA—23°C 100+x126a 5.09+1.64a
IA—28°C 136+150a 491+176a
IA—33°C 155+121a 5.00+2.05a

24 Control (air at 23 °C) 0.46 +0.78 a 6.62+1.19a
IA—23°C 138+145a 554+15l1a
IA—28°C 123+136a 5.46 +1.66 a
IA—33°C 092+1.26a 592+161la

Previous to sensory evaluation, fruit was kept @t°2 for 7 d to simulate shelf life
conditions.

Values give means SD (n=3). For each cold quarantine period, medtisthe same letter
are not different at g 0.05.

Nutritional quality

Table 3 shows the DPPHe RSC of ‘Valencia’ orangeated with IA at
high temperature combined with short cold-quaranperiods. The DPPHe
RSC of the oranges was not affected by the expdsu@Q, or when the
cold-quarantine period increased, except 1A-33r&@ted oranges. In this
treatment, EGp values increased (i.e. DPPHe RSC decreased) anthef
the cold quarantine storage<(p05). A high correlation between phenolic
compounds and TAC in different fruit and vegetabhes been widely
reported (Kevers et al., 2007). In citrus fruit, A’ addition to phenolic
content might contribute from 33% to 95% of the TA&lI-Izquierdo et al.,
2002; Palma et al., 2005; Sanchez-Moreno et ab3R0dn our work, nor
TAA neither total phenolics decreased in the IAZ3treated oranges,
therefore, other phytochemicals, such as carotepeiduld be involved in
the observed DPPHe RSC decrease.
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TAA content of ‘Valencia’ oranges ranged from 344® mg/100 mL of
juice (Table 3). The TAA content of ‘Valencia’ oiges was not affected by
CO, exposure in fruits exposed to cold quarantine exatpre for 8 or 16 d.
However, after 24 d cold-quarantine storage, TAé&r@ased in control fruit
but no increase was observed in the rest of treasnén accordance with
our results, Rapisarda et al. (2008) reported arease in the TAA content
of ‘Valencia’ oranges during storage at 6 °C. Tfaree exposure to CO
could diminish the capacity for the AA synthesisidg fruit storage.

The FGs contents of ‘Valencia’ oranges exposed Aoahd cold
quarantine were in the range of those reportedciious fruit (Table 3)
(Dhuique-Mayer et al., 2005; Nogata et al., 2006 HES, NAT and DID
contents of ‘Valencia’ oranges were not affectedh®yincrease in the cold
guarantine period (g 0.05). Palma et al. (2005) did not find signifitan
differences in HES, NAT and DID in ‘Fortune’ mangtaduring 3 months
of storage at 5 °C. In general the FGs content® wet affected by the
exposure to Cg) except on oranges exposed to the IA at 33 °C aftel of
cold quarantine storage that had more HES tharesiteof the samples.
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Table 3. DPPH?e radical-scavenging capacity (DPPBE€Rand bioactive compounds of ‘Valencia’ oranggsosed to air
(control) or an insecticidal atmospheres (1A, 95@,Cat 23, 28 or 33 °C for 20 h followed by a coldagantine storage at

1° C for 8, 16 or 24 d and a shelf life of 7 d @re.

Cold FGs

quarantin DPPH RSC (EGy) TAA TPC -

e period IA treatment (L juice/Kg DPPH) (mg/100 mL juice)  (mg GAE/100 mL juice) (Mg/100 mL juice)

(days) NAT HES DID

Initial

(at harves) 233.0+14.2 34.71+£1.40 93.20 +4.82 2.86+0.24 21.75x1.21 0.97 £0.08

8 é?r”i'%g o) 2243+10.8 aA 39.15+1.47 aA 91.23+4.47 aA  3.26+013 aA 27.83+0.31 aA 1.02+0.08 aA
A — 23 ¢ 2295+ 7.1 aA 37.57 £1.23 a AB 90.21+2.02 aA 2.85+0.05 aA 27.47+0.86 aA 0.96+0.00 aA
A — 28 o 238.6+19.5 aA 39.30+1.18 aA 93.54+1.64 aA  3.02+053 aA 26.36+1.36 aA 0.90+£0.11 aA
A 33 %G 2063+ 3.6 aA 36.21+1.17 aA 98.70+3.85 aA  2.95+0.28 aA 26.88+1.61 aA 0.87 £0.05 aA

16 C‘.’”"%'s oc 2208+ 7.6 aA 38.72+1.10aA 9410+ 0.38 aA 3.05+0.20 aA 2497+1.09 aA 0.94+0.08 aA
&\\w 300 ) 228.7+14.8 aA 3550 £ 1.53a A 99.74+ 721 aA 284+021 aA 2508+1.23 aA 0.84+0.07 aA
IA_28 oG 2195+35.6 aA 35.85+1.29aA 99.10+ 528 aA 2.86+022 aA 2527+0.28 aA 0.79+0.07 aA
A _ 33 0 1949+11.7 aA 36.21+2.60aA 107.19+11.20 aA 2.97+023 aA 2751+1.01 bA 0.80+0.03 aA

24 gl’r”;rt% o) 2161+ 21 aA  4231+165 bB 105.86+4.99 aB  2.88+0.18 aA 27.67+0.61 aA  0.85+0.07 aA
A — 23 5C 2270+ 57 aA 38.84+0.49 aB 100.66 +4.19 aA  2.94+011 aA 26.66+1.27 aA 0.88+0.01 aA
A _ 28 00 2416 +17.2 aA 36.94+2.22 aA 103.55+9.38 aA 320011 aA 25.88+0.64 aA 0.94+0.06 aA
A — 33 00 2348+ 2.8 aB 38.01+£0.36 aA 107.80+2.46 aA 3.16+0.17 aA 26.11+0.56 aA 0.90£0.09 aA

DPPHe RSC=DPPH- radical-scavenging capacity, TAAsltoascorbic acid, TPC=total phenolic content, Hsmanone glycosides,

NAT=narirutin, HES=hesperidin, DID=didymin.

Previous to DPPHe RSC and bioactive compounds mhatation, fruit was kept at 20 °C for 7 d to simalahelf life conditions.

Values give means SD (n=3). For each cold quarantine period, difietecatments with the same lower case letter atalifferent at p< 0.05.
For each treatment and different quarantine perimgsans with the same capital letter are not diffeat p< 0.05
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TPC of ‘Valencia’ oranges ranged from 90.21+ 2.02107.80+2.46
mg/100 mL juice (GAE) (Table 3). Gil-lzquierdo dt §002) found that
TPC of orange juice and pulp following domestic andmmercial
squeezing were 87.8 and 71.7 mg/100 mL, respegtiveardner et al.
(2000) also found that total polyphenols rangeadnfi®0.4+1.0 to 75.5+1.8
mg/100 ml (GAE) in three commercial orange juices.

In general there was an increase in the TPC ofeah’ oranges when
the cold quarantine period increased. This resudiccordance with Patil et
al. (2004) which reported higher flavanoid contefier cold storage of
citrus fruit associated to an increase in the PAltivay during low
temperature storage. In contrast, other works Isévesvn that cold storage
did not influence or decreased the citrus TPC. &@mple, Palma et al.
(2005) did not find differences in the TPC of ‘Rore’ mandarins after 90 d
of storage at 5 °C and Rapisarda et al. (2008)dcardecrease of total
phenolics in ‘Valencia’ oranges after 40 days ofage at 6 °C attributed to
senescence phenomena during storage.

Conclusion

It can be concluded from these results that theosxe of ‘Valencia’
oranges to 95% Cfat 23, 28 or 33 °C combined with short cold-quianan
periods did not induce any harmful effect on physiemical, sensory or
nutritional citrus quality. Exposure of ‘Valenciatanges to 95% of CQat
28 °C for 20 h was beneficial to maintain the fiquality, reducing weight
and firmness loss. Combination of the IA and cal@rgqntine periods of 8
or 16 d did not affect the TAA content of the fejitvhereas when cold
guarantine period increased to 24 d, fruit expdsdaigh CQ atmospheres
had lower TAA content than control fruit. Thereforinese high C®
atmospheres could be applied as insecticidal teyatsnor, when combined
with curing temperatures, for the control of citrasulds without negatively
affecting the quality of ‘Valencia’ orange.
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ABSTRACT

In the present study a commercial solution of d@towas applied on
mandarins ‘Oronules’ at different solid content §SG.6, 1.2 and 1.8%).
Additionally, one group of mandarins was coatechvatcommercial wax,
and another group remained uncoated. Mandarins stered at 5 °C up to
28 days followed by 7 days at 20 °C simulatingiretanditions. One group
of mandarins was stored at 20 °C for 9 days sinmgatlirect retail
conditions. All coatings applied restricted gas hatme and modified
internal atmosphere of the fruits compared to utezbanandarins, with a
greater effect at higher chitosan concentrationtaSan-coated mandarins
at the highest SC retained firmness after coldagrin general, the internal
guality and the health-related properties of mandawere not affected by
coating application. Chitosan application did netmkase effectively weight
loss of mandarins during storage, whereas the coomahavax decreased
weight loss of mandarins compared to control.

PRACTICAL APPLICATIONS

Edible coatings like commercial waxes are usefumigintaining citrus
postharvest quality. Although it is well-known thabatings induced
important changes in the fruit internal atmosphere,information can be
found about their effect on health-related compeurad clementine
mandarins. This work shows that the internal quadibhd the functional
properties of mandarins were not affected by cgatipplication. Bioactive
compounds were maintained during postharvest stotagrder to improve
the water barrier properties of the chitosan cgatinwould be necessary to
add hydrophobic components to the formulation.

Keywords: citrus, wax, ethanol, weight loss, vitamin C

INTRODUCTION

Spain is the main exporter of clementine citrus daaims, including in
this group Oronules ‘clementine’. This clementinaltigar is highly
appreciated by its excellent organoleptic qualidytiz et al. 1998). Citrus
fruit are coated in the citrus packinghouses torawe their appearance and
extend their shelf life (Petracedt al. 1999). In general, commercial waxes
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used by the citrus industry enhance shine, reduaterwoss and act as a
vehicle for fungicides. However, it has also begeported by many authors
that waxing of citrus can adversely affect fruavibr (Ke and Kader, 1990;
Hagenmaier and Baker, 1993; Baldweh al. 1995; Hagenmaier, 2002;
Hagenmaier and Shaw, 2002; Paeatal. 2005), due to the overproduction
of volatiles associated with anaerobic conditiomemw coatings offer a high
barrier to gases.

Most of commercial waxes are microemulsions or vgaspensions
containing natural waxes such as carnauba, petmebmased waxes such as
polyethylene wax, acetoglycerides, and oleic agidiesins such as shellac
to improve citrus shine or gloss (Baldweh al. 1997). In recent years there
has been an increased interest in “edible coatidgVvelopment and
application. The replacement of synthetic companheisied in commercial
waxes, like polyethylene, by natural substancesduasantages concerning
to environmental protection and food safety.

Edible coatings incorporate proteins, polysacclegridand lipids
(Baldwin, 1994). Polysaccharides have been widsdubecause of their
ability to form films and their selective permedims to Q and CQ
(Nisperos-Carriedo, 1994). Among polysaccharidesitosan (poly (-
(1-4)N-acetyl-D-glucosamine) has been used as coafisgme fruits and
vegetables, due to its antimicrobial and biostimulactivities, as well as
film forming properties. In citrus fruit, significé reduction of postharvest
penicilium decay and delay of fruit senescenceinduiong-term cold
storage of different citrus species and cultivaagenbeen observed after the
application of certain chitosan formulations (Ela®hthet al. 2000; Galed
et al.2004; Forneegt al. 2005; Chien and Chou, 2006; Chieral. 2007).

Fruits and vegetables, especially citrus fruit, stitate an important
nutritional source of health related compounds nigaiitamin C, as well as
polyphenolic compounds such as flavonoids. Theetsa@and abundance of
antioxidant compounds in the fruit makes synergytwben these
compounds possible, contributing to the total amtiant capacity of the
fruits (Sanchez-Morenet al. 2003). The necessity of preserving the health
properties of citrus recommends that post-harveshrologies would
maintain both functional and nutritional quality tilinthese reach the
consumer. Despite this interest for maintaining likalth-related quality of
fruit, scarce works have studied the influence dfus postharvest
treatments and conditions on their bioactive compisu(Rapisardat al.
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2001; Del Carcet al. 2004; Patilet al. 2004; Perezt al. 2005; Biolattoet
al. 2005; Vanamalagt al. 2005, 2007; Girennavat al. 2008; Rapisardat
al. 2008) and there is a necessity for determiningiptes effects of usual
postharvest practices applied on citrus fruit sashvaxing, especially when
the coating formulation includes bioactive substsndike chitosan.
Although it is well-known that coatings induced ionfant changes in the
fruit internal atmosphere, no information can benfd about their effect on
health-related compounds of clementine mandarins.

The success of edible coatings for citrus main|yetels on the selection
of appropriate formulations that not only reducedtfweight and firmness
loss, but also give a desirable internal gas cortipns For a specific
coating formulation, gas barrier can be affectegdlid content (SC) of the
formulation (Cisneros-Zevallos and Krochta 2003)eiefore, the objective
of this work was to study the effect of a commdrciatosan formulation
applied at SC on the physiology, sensory, and lhealated quality of
mandarins cv. ‘Oronules’ and compare its effechvaittommercial coating.

MATERIALS AND METHODS

Materials

Crab-shell chitosan, Biorend®, was supplied by idelS.L. This
product is manufactured as a water solution (pH=éf8chitosan at 1.8
g/100 mL in acetic acid. Polysorbate 80 (Tween @@s from Panreac
Quimica, S.A. (Barcelona, Spain). 2,2-diphenyl-¢rghydrazyl (DPPH),
potassium dihydrogen phosphate @R¥,), metaphosphoric acid (MPA),
phosphoric acid (KPQy), folin-ciocalteu’s phenol reagent, sodium
carbonate (N#&Q;), gallic acid and standard L-ascorbic acid (AA)reve
purchased from Sigma (Sigma-Aldrich Chemie, Stamhéermany).
Acetic acid glacial and dimethyl sulfoxide (DMSO)re from Scharlau
(Sentmenat, Spain). Methanol was from BDH ProlaBoo(e, UK). 1,4-
dithio-DL-threitol (DTT) and hesperidin (hesperifrO-rutinoside) were
obtained from Fluka (Sigma Co., Barcelona, SpaW@rirutin (naringenin-
7-rutinoside) and didymin (isosakuranetin-7-rutide$ were purchased
from Extrasynthese (Genay, France). All solvenedusere of HPLC-grade
and ultrapure water (Milli-Q) was used for the gsa.
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Sample preparation and coating application

Mandarins cv. ‘Oronules’ were harvested from algcave in Valencia
(Spain) and transported the same day to the réséavoratory. Fruit were
selected for size, color and absence of physicalag@, and then dipped 1
min in 500 ppm imazalil solution as antifungal aigéollowing air drying.

Mandarins were coated on chitosan solutions con@i SC: 0.6%,
1.2% or 1.8% (0.6% Ch, 1.2% Ch and 1.8% Ch). Theosan solutions
contained 0.02% of Tween 80 to improve wettinghaf toating to the citrus
surface. Tween 80 was mixed in the chitosan saiutip using a rotatory
paddle mixer (Model RW16B; IKA-Werke GmbH & Co., aBfen,
Germany). Fruit were dip-coated by immersion in ¢hgéosan solutions for
20 sec, drained of excess coating and dried imaeluat 55 °C for 2 min.
With the aim of comparing these chitosan coatingth veommercial
procedures, a commercial wax coating (CW) was eggy spraying with
nozzles in the citrus processing line placed ata, followed by drying
in a tunnel at the same conditions used with théosan coatings. CW
consisted on a polyethylene/shellac mixture atlt&®@ of 10%. After
coating, fruit were stored for 28 days at 5 °C 88#5% RH, followed by 6
days at 20 °C simulating retail handling conditiohdditionally, 1 group of
fruit from each treatment was stored directly italeconditions at 20 °C
and 75% RH for 8 days.

Weight loss

Three lots of 30 fruit per treatment were used &asure weight loss.
The same fruit were weighted at the beginning ef@ékperiment and at the
end of each storage period. The results were esguesas the percentage
loss of initial weight.

Fruit firmness

Firmness of twenty fruit per treatment was deteadiat the end of each
storage period using an Instron Universal TestingciMne (Model 4301,
Instron Corp., Canton, MA). Each fruit was compees®etween two flat
surfaces closing together at the rate of 5 mm/Results were expressed as
the percentage of equatorial deformation, relabehitial diameter, when a
10 N load was applied.
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Internal gas composition

Ten fruit per treatment were used to calculate riatle gas
concentrations. Internal GQGand Q concentrations of each sample were
obtained by withdrawing 1 mL internal gas samplenfrthe mandarin
central cavity with a syringe while the fruit wasmersed under water. The
gas sample was then injected into a gas chromatiogf@hermo Fisher
Scientific, Inc., Waltham, MA) fitted with a Pordp®&®$S 80/100 (1.2 m X
0.32 cm) column, followed by a molecular sieve 5860 (1.2 m x 0.32
cm) column. Temperatures were 35, 125 and 180 &spectively, for the
oven, injector and thermal conductivity detectoelitin was used as carrier
gas at 22 ml min flow rate. Peak areas obtained from standard getsiras
were determined before and after analysis of sanpled results were
expressed as percentage.

Ethanol and acetaldehyde content

Ethanol and acetaldehyde concentration in juiceewsstermined by
head-space gas chromatography according to theochd#scribed by Davis
and Chace (1969). The juice from three replicate4Qofruit each were
analyzed. Five milliliters of juice were transfafréo 10 mL vials with
crimp-top caps and TFE/silicone septa seal. Vasatilere analyzed using a
gas chromatograph (Thermo Fisher Scientific, IM¢altham, MA) with a
flame ionization detector and a 1.2 m x 0.32 cmaPack QS 80/100
column. Temperatures of the oven, injector, andaet were 150, 175, and
200 °C, respectively. Helium was used as the cagas at a flow rate of 28
mL-mir’. A 1 mL sample of the headspace was withdrawn feach vial
previously equilibrated in the autosampler incutraithamber for 10 min at
40 °C. Ethanol and acetaldehyde were identifieddoyiparison of retention
times with standards. Results were expressed dsmujce.

Sensory evaluation

The effect of coatings on sensory quality of thengles, initially and
after each storage period, was assessed by 10 jadygs with several
year’s experience tasting citrus products. Pasetetied flavor on a 9-point
scale, where 1 to 3 represented a range of nomptide quality with the
presence of off-flavor, 4 to 5 represented a rasfgacceptable quality, and
7 to 9 represented a range of excellent quality-fle¥ors presence was
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evaluated using a intensity scale, where 0 reptedeabsence of off-flavor
and 5 high presence of off-flavor.

One sample consisted of segments taken from abodividual fruits.
Samples were presented to panelists in trays ldbeith 3-digit random
codes and served at room temperaturee12%C). The judges had to taste
several segments of each sample in order to coraperes far as possible,
for biological variation of the material. Spring t@a was provided for
rinsing between samples.

Fruit internal quality

Soluble solids content (SSC) was measured withgaatlirefractometer
(Atago, Model PR1) and titratable acidity (TA) wastermined by titration
with 0.1 N NaOH to pH 8.1 and expressed as g citcicl per L of juice.
The maturity index (MI) was calculated as SSC/TAotaThe juice from
three replicates of 10 fruit each was used to deter the above parameters.

Bioactive compounds

The total antioxidant capacity was analyzed byDR®H assay (Brand-
Williams et al. 1995). The DPPHradical has a deep violet color due to its
impaired electron, therefore radical scavenging lmarfiollowed by the loss
of absorbance at 515 nm as the pale yellow norcadorm is produced.
One-ml of juice diluted with 2 mL of methanol wasntrifuged at 14,000
rpm and 4 °C for 5 min. Five methanolic dilutionsm the supernatant (7.5
ul) were mixed with 392.%1 of DPPH (24 mg/L) and kept in darkness for
30 min. Afterwards, the change in absorbance atBi%vas measured in a
Multiskan spectrum microplate reader (Thermo Latesys USA). For each
dilution, the percentage of remaining DPR#tas determined on the basis of
the DPPH standard curve. The amount of juice in each difutvas plotted
against the amount of DPPlIradical remaining. Using this curve, the dgC
value was calculated, which expresses the amoumiaotiarin juice needed
to reduce 1 kg of DPPHyy 50% (L juice/Kg of DPPH; thus, lower EGy
values mean higher antioxidant capacity.

Total ascorbic acid (TAA) was determined by the seinascorbic acid
(AA) plus dehydroascorbic acid (DHA), by using tteglucing agent DTT
(Dhuique-Mayetet al. 2005). One-mL of sample was diluted to 10 mL with
2.5% (w/v) meta-phosphoric. Two-ml of this solutivere mixed with 0.4
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mL of DTT (0.02 g de DTT in 1 mL ultrapure wateorf2 h in darkness.
Afterwards, the extracts were filtered through4b60nm Millipore filter and
analyzed by HPLC. The HPLC analyses were perforomed Lachrom Elite
HPLC (Merck Hitachi, Germany) equipped with a L-R28utosampler, L-
2130 quaternary pump, L-2300 column oven and L-24ktde array
detector. System conditions were: injection voluB@epuL, oven 25 °C,
detector wavelength 245 nm, flow rate 1 mL/min,uooh Lichospher 100
RP-18 of 25 x 0.4 cm with pm patrticle size (Merck, Darmstadt, Germany).
The mobile phase was 2% KIPIO4 adjusted to pH 2.3 withsFO,. Results
were expressed as milligrams of AA per L of juice.

Flavanone glycosides, hesperidin, narirutin and/mid (mg L) were
determined by the method described by Ceainal (2008) slightly modified.
Two-mL of juice were homogenized with 2 mL of DM3@OH (1:1 v/v)
and centrifuged for 30 min at 12000 rpm and 4 °@e Bupernatant was
filtered through a 0.4mm nylon filter and analysed by HPLC-DAD using
the HPLC equipment described above. System conditwere: injection
volume 10pL, oven 25 °C, detector wavelength 280 nm, flowe rat
mL/min, column Lichospher 100 RP-18 of 25 x 0.4 pmeceded by a
precolumn (4 x 4 mm) with Sum particle size (Merck, Darmstadt,
Germany). The mobile phase was acetonitrile (pl#gs@.6% acetic acid
(phase B) with initial condition of 10% A for 2 mireaching 75% A in the
following 28 min, then back to the initial condition 1 min and held for 5
min prior to the next sample injection. The masv#inone glycosides were
identified by matching their respective spectra aaténtion times with
those of commercially obtained standards. Narijutiesperidin and
didymin contents were calculated by comparing titegrated peak areas of
each individual compound to that of its pure stadsla

Mandarin juice was analyzed for total phenolic @nication by the
Folin-Ciocalteu (FC) colorimetric method (Singletand Rossi, 1965). 0.3
mL of mandarin juice was diluted with 1.7 mL of 8G8Gueous methanol.
Appropriately diluted extract (0.4 mL) was mixedtiwi2 mL of FC
commercial reagent (previously diluted with watetQl v:v) and incubated
for 1 min before 1.6 mL sodium carbonate (7.5% w#tgs added. The
mixture was incubated for 1 h at room temperatliree absorbance of the
resulting blue solution was measured spectrophdracally at 765 nm
(Thermo UV1, Thermo Electron Corporation, UK) ahé toncentration of
total phenolics was expressed as gallic equivalemgsL™).
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Antioxidant capacity, total vitamin C, flavononeygbsides and total
phenolics were determined in juice from three gtés of 10 fruit each.

Statistical Analysis

Three replicates were used per treatment. Staistinalysis of the
results was performed was performed by one-wayyaisalof variance
(ANOVA) using STATGRAPHICS Plus 2.1 (Manugisticecl, Rockuville,
Maryland, U.S.A.). Significant differences betwaapans were determined
by least significant difference (LSD) at@05.

RESULTS AND DISCUSSION

Weight loss

Figure 1 shows weight loss of coated and uncoa®®donules’
mandarins. As expected, weight loss increased aag& time increased,
reaching values around 10%. For all storage peritiass commercial wax
was the most effective treatment reducing weigiss lof the mandarins;
whereas, chitosan only reduced weight loss compgethe control in
mandarins coated with 1.2 and 1.8% Ch after 9 gtafage at 20 °C, and
mandarins coated with 1.2% Ch after 1 week of g 5 °C plus 1 week
at 20 °C. Commercial waxes used by the citrus iimdase made of natural
or synthetic waxes (beeswax, carnauba, polyethylgndatty acids, oils,
shellac, emulsifier, plasticizers, anti-foam agentand surfactants
(Hagenmaier and Baker, 1994; Hagenmaier, 1998).hdeophobic nature
of these ingredients contributes to significandguce weight loss of coated
fruit. Hydrophilic components, such as chitosan, m offer the high
moisture barrier that lipid coatings do, requirthg addition of hydrophobic
components to reduce fruit weight loss. Nevertlgle®me works have
shown an effect of chitosan reducing weight lossittis fruit (Salvadoet
al. 2003; Galecet al. 2004; Chieret al 2007), pepper and cucumbers (El
Ghaouthet al 1991), and strawberries (Hernandez-Mui@zal 2006).
Differences with our results might be due to deferes in the fruit type and
cultivar, storage conditions and the chitosan matbrevious works reported
that similar hydroxypropyl methylcellulose-lipid ibte coatings were
effective reducing weight loss of ‘Ortanique’ marids, whereas they did
not reduce weight loss of coated ‘Valencia’ oran@)éslencia-Chamorro,
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2009; Valencia-Chamorret al 2009). Many works have also shown that
effectiveness of chitosan applied as coating depesmtiong others factors,
on the molecular weight (Mw) and the degree of dbdation (Bautista-
Bafioset al 2006, Chienet al 2007). For instance, coating ‘Murcott’
mandarins with low Mw chitosan (15 kDa) was effeetcontrolling fruit
weight loss, whereas no differences were found éetwmandarins coated
with high Mw chitosan (357 kDa) and control samglékienet al 2007).

14 1 O Control BCW @0 0.6% Ch B1.2% Ch @ 1.8% Ch

12 A c
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Weight loss (%)
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9d.at20°C 1 2 3 4

weeks at5°C + 1 week at 20°C

Figure 1. Weight loss (%) of coated and uncoatewri@les’ mandarins
during storage.
Means within each storage time with the same ledier not different

(p<0.05).
CW = commercial wax; Ch = chitosan coating

Fruit firmness

Firmness of uncoated mandarins after storage weer lthan firmness at
harvest, as can be seen by the higher percentdgendd¢ion of the fruit,
whereas mandarins coated with the commercial waxtenaed mandarin
firmness during cold storage followed by 1 weekage at 20 °C (Figure 2).
After cold storage at 5 °C followed by one weeR@®C, mandarins coated
with 1.8% Ch were firmer (lower deformation) thancoated mandarins.
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However, after 9 days of storage at 20 °C firmnals4.8% Ch coated

mandarins did not differ from control samples, amtly 1.2% Ch showed a
slight effect maintaining firmness.

12
O Control BCW 0 0.6% Ch B1.2% Ch B 1.8% Ch

d

]

7

Firmness (% deformation)

I

9d. at20°C 1 2 4

weeks at 5°C + 1 week at 20°C

Figure 2. Firmness (% of deformation) of coated andoated '‘Oronules’
mandarins during storage.

Means within each storage time with the same ledi@r not different
(p<0.05).

CW = commercial wax; Ch = chitosan coating

Firmness at harvest was 6.7 % deformation

Rodov et al (2000) reported that firmness of citrus fruit degs
primarily on turgidity and weight loss rate. Howevether authors have
observed that not always there is a correlationvéen weight loss and
firmness of citrus fruit (Hagenmaier, 2000; PeremG et al. 2002,
Navarro-Tarazagat al. 2008). In this work, the lower weight loss observe
on mandarins coated with the commercial wax camslavith a higher
firmness of these mandarins. However, such a @tioel between firmness
and weight loss was not observed on mandarins @oaith chitosan.
Navarro-Tarazagat al. (2008) concluded that for the coatings to affeait f
firmness significantly, they should induce a cleffect in fruit weight loss.
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Apparently, factors such as coating type, storagelition, or fruit cultivar
significantly influence the fruit firmness of codtsamples.

The slight positive effect of the 1.8% Ch coatihgrsng down firmness
loss of mandarins could be due to the biostimulggiroperties of chitosan,
through an improvement of the rind of ‘Oronules’ndarins. This cultivar,
although very appreciated by its excellent flavaaelgy, shows a tendency
to puffing after storage. Puffing is a physiologidasorder characterized by
the separation of the pulp from the rind that tlaies in a dramatic firmness
loss (Burdoret al. 2007). Even though this defect did not becomeblgsn
this experiment, early stages of puffing could daede firmness loss of
mandarins during storage. The beneficial effedhefhigh chitosan content
(1.8% Ch) or commercial coating reducing firmnesssl of ‘Oronules’
mandarins could help to slow down or minimize thpearance of puffing.

Internal gas composition

Figure 3 shows the internal G@nd Q content of coated and uncoated
‘Oronules’ mandarins. The application of the coggimodified the internal
atmosphere in the fruit, increasing the Lével and reducing the Qevel
compared to the control. Mandarins coated with 066 presented the
lowest internal C@and the highest £values among coated samples. As SC
of the chitosan coating was increased, internah @G®el of mandarins
increased and the,(Qevel decreased. Many works have described atdirec
relation between the internal gas modification oéted fruit and coating
thickness, which depends on SC, viscosity, and iems$ the coating
formulation (Bankset al. 1993; Parket al. 1994; Cisneros-Zevallos and
Krochta, 2003; Navarro-Tarazaga al. 2006). In our case, as SC of the
chitosan coating increased the internal,@0Ontent increased by nearly a
30%, reaching values similar to mandarins coated thie commercial wax.
Similarly, Salvadoret al (2003) also found no differences in the internal
CO, content of ‘Fortune’ mandarins coated with a comuna¢ wax and with
a chitosan coating at 1.25% SC.
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Figure 3. Internal C®and Q contents of coated and uncoated ‘Oronules’

mandarins during storage.

Means within each storage time with the same ledier not different

(p<0.05).

commercial wax; Ch = chitosan coating
At harvest, internal CO2 and O2 were 2.83 and kB&, respectively

CW
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Among the different ingredients incorporated to toaa formulations,
shellac has been known to reduce gas exchangegmeader extend than
waxes, creating in many cases an anaerobic/fertnentnvironment in the
fruit (Baldwin et al. 1995; Hagenmaier, 2000; Hagenmaier and Baker,
1994). The commercial coating tested in this wornsisted on a
polyethylene-shellac mixture. At the end of thedcstorage period the
concentration of internal GCand Q levels on mandarins coated with the
commercial coating reached values around 6% and, 18%pectively. In
general, these levels of internay €ould be considered not low enough to
create anaerobic conditions inside the fruit (Batdet al. 1997).

Ethanol and acetaldehyde content

Fruit coating application induces an increase m @mount of internal
volatiles associated with anaerobic conditions uhne gas barrier offered
by coatings. In this work, mandarins coated witb%.Ch showed no
differences on volatile content with uncoated maimda As SC of the
chitosan coating increased, ethanol and acetaléebgdtent of mandarins
increased, which confirmed the creation of a medifatmosphere within
the fruit. At the end of the storage period, thaaamtrations of ethanol and
acetaldehyde of mandarins coated with 1.8% Ch la@dmmercial coating
were the highest. These results correlate with ammg the internal gas
composition (Figure 3).

In general, the concentration of ethanol in theguwf coated mandarins
after 4 weeks of storage at 5 °C followed by 1 waeR0 °C was in the
range of 100-700 mg't Different works have reported higher amount of
ethanol content on coated citrus fruit after prgkesh cold storage, with
values that depended on citrus cultivar, coatipg,tyand storage conditions
(Baldwin et al. 1995; Hagenmaier and Baker, 1993; Hagenmaier, ;2002
Hagenmaier and Shaw, 2002; Navarro-Taraziga. 2008; Rojas-Argudo
et al. 2009). The concentration of internal £€&nd Q levels reached in this
work could be considered not low enough to creat@eeobic conditions
inside the fruit, which translated in not very higblatile content (Baldwin
et al. 1997).
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Figure 4. Acetaldehyde and ethanol contents of ecband uncoated

‘Oronules’ mandarins during storage.

Means within each storage time with the same letier not different
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respectively.
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Sensory evaluation

Sensory quality of mandarins was evaluated withne tange of
acceptability after 4 weeks of storage at 5 °C fdluseek at 20 °C, with
values from 5.3 to 5.9 and no differences amongtrirents were found
(data not shown). Several works showed that théribomtion to off-flavor
of volatile content depends on citrus cultivar. Kked Kader (1990)
established the minimum ethanol content associatgd off-flavor in
‘Valencia’ oranges to be 2000 mg'Lwhereas, Perez-Gaga al (2002)
found flavor degradation in ‘Fortune’ mandarin atethanol content above
3000 mg [* and Navarro-Tarazaga and Perez-Gago (2006) fohat t
ethanol content of 1000 mg'Lreduced flavor quality of ‘Clemenules’
mandarins. In our work, the highest ethanol conteathed for ‘Oronules’
mandarins was 710 mg'lafter 4 weeks of storage at 5 °C (Figure 4), which
was not enough to induce flavor degradation in¢hrsis cultivar.

Fruit quality

Coating application did not affect TA, SSC, or Mf ®ronules’
mandarins (data not shown). The effect of coatipglieation on internal
quality parameters has been shown to depend omgdgpe, fruit cultivar
and storage conditions. Some authors have foundifferences in these
parameters after coating application on differemmtis cultivars (Baldwiret
al. 1995; Obenlanckt al. 2008); whereas others have found a decrease in
SSC and TA losses compared to uncoated fruits,hwhigs always related
to a decrease in weight loss and respiration fedgr(l and Arslan, 2004).
Chienet al (2007) observed that a low molecular weight &@to coating
beneficially influenced internal quality of ‘Murdbtmandarins and coated
fruit had higher acidity and lower SSC than uncddteit; whereas, a high
molecular weight chitosan coating did not influetitese parameters.

Bioactive compounds

Table 1 shows the content of the bioactive compsuadalyzed of
coated and uncoated ‘Oronules’ mandarins. The TAmandarins was not
affected by coating application or the storage tlengogrul and Arslan
(2004), however, reported that ascorbic acid Id&s storage was delayed
when mandarins citrus were coated with carboxyneti®jlulose. This
result was explained by the gas barrier of theiegatwhich decreased the
potential autoxidation of ascorbic acid in the preg of oxygen. In our
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work, although commercial and chitosan coatingsuced the level of
internal Q (Figure 3), these levels could be not low enouglaffect the
TAA of the mandarin.

Hesperidin was the more abundant flavanoid in mansldOronules’
followed by narirutin and didymin (Table 1). Thentents of the different
flavonoids were not affected by storage length. daneral coating
application had not an important effect on the llegé the different
flavonoids, although some significant differencerev found among
treatments. Uncoated mandarins stored at 20 °Q étays contained higher
content of hesperidine, narirutin and didymin tleaated mandarins, which
could be related to the higher weight loss of uteanandarins under this
storage condition.

In addition to flavanones, citrus fruit also contadther phenolic
compounds, such as flavones and hydroxycinnamidsagepresented by
ferulic, caffeic, synapic, ang-coumaric acids) that, although present in a
lower concentration, contribute to the total phenotoncentration
(Rapisardaet al. 1999; Gil-lzquierdoet al. 2002). Several authors have
reported that chitosan act as an exogenous elicitpfant tissue inducing
different responses, such as the de novo biosysthet phenolic
compounds (Benhamoet al. 1994; Lafontaine and Benhamou, 1996;
Bautista-Bafiogt al. 2006, Menget al. 2008). In this work, some significant
differences were found among treatments dependirgfarage time, which
makes difficult to withdraw any conclusion regaglithe effect of coating
composition (Table 1). Interestingly, at the end tbé storage period
studied, total phenolic content increased as SGhef chitosan coating
increased, which could be an indication of the adah activity as an
exogenous elicitor of plant tissue; however, thissuit should be
corroborated for other storage periods.
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Table 1. Total phenolics, flavonoids, ascorbic aca@htents and antioxidant activity of coated andoated
‘Oronules’ mandarins after storage

TAA Hesperidin Narirutin Dydimin Total phenolics ECso
(mg LY (mg L-1) (mg L-1) (mg LY (mg LY (L juice/Kg DPPH)
At harvest 583.6 £24.7 220.1+14.6 16.6 £1.8 8180.1 640.4+ 17.6 187.83 +11.32
Control 626.1+31.2a 255.7+ 6.9b 20.2+1.0c 45+03b 655.0+ 12.2 a 18796+ 5.32a
CwW 602.0+21.7a 1935+142a 16.9+1.7b 34+x03a 662.6+24.0 a 179.98 +12.14 a
9d20C 0.6% Ch 580.3+55.9 a 193.3+122a 16.1+1.0ab 33+02a 647.3t31.8a 19391+ 6.51a
1.2% Ch 598.6 +12.3a 2012+ 26a 144+18a 31+0.1la 655.2+ 10.5 a 179.17 + 6.78 a
1.8% Ch 597.7+ 43 a 188.5+159a 140+06a 34+03a 630.1+ 22.0a 179.37+ 2.76 a
1 wk 5°C+ Control 561.9+353a 2046+ 74 a 164+19a 40+0.2c 653.5+ 0.8b -
+1 wk 20°C cw 528.8+52.6 a 2149+194 a 16.7+12a 3.7+0.2bc 626.7 + 8.0 ab
0.6% Ch 586.2+52.2a 2112+121a 135+1.7a 3.4+01ab 652.7+38.5b
1.2% Ch 602.6 +55.3 a 202.5+16.9 a 139+27a 33+02a 656.7 +38.1 b
1.8% Ch 527.1+36.6a 206.6 £ 5.7a 16.2+18a 34+0.1ab 5865+ 1.1a
2 wk 5°C+ Control 622.3+459a 179.6 +11.2a 122+15a 3.1+03a 659.4+29.1a -
+1 wk 20°C cw 6234+121a 206.1+ 6.8b 144+06a 34+0.1la 669.2 +45.2 a
0.6% Ch 5855+11.3a 1746 +109 a 128+13a 31+x02a 641.6+23.1a
1.2% Ch 629.2+88.0a 188.4+10.0a 126+12a 32+04a 6743 +135a
1.8% Ch 555.8+439a 189.9+4.2 ab 13.0+04a 32+x0.1la 686.2+155a
3 wk 5°C+ Control 566.9+71.3a 205.8+ 8.0a 148+10b 36+0.1b 643.0+229a 185.37+3.16 b
+1 wk 20°C cw 543.3+15.1a 2034+ 9.1a 13.5+0.4 ab 31+0.1la 613.6 +11.6 a 189.79 +1.89 bc
0.6% Ch 5725+53.7a 1933+ 94 a 12.3+08a 3.0+x0.1a 615.9+26.5a 159.33+7.89 a
1.2% Ch 565.8+ 6.4a 2144+ 3.7a 147+10b 33+00a 616.7 +35.4 a 155.15+6.38 a
1.8% Ch 5482 +37.4a 2252 +223a 153+15b 3.2+x02a 630.1+30.3a 196.39 +6.79 c
4 wk 5°C+ Control 649.9+67.8a 2213+ 21a 16.7+1.2a 33+0.1la 6545+ 6.4b 158.12 + 15.60 a
+1 wk 20°C cw 593.8+19.4a 236.5+26.2a 18.3+23a 3.1+03a 682.8+ 9.2 bc 178.92+ 3.29b
0.6% Ch 580.6 £+ 61.7 a 203.3+110a 139+12a 28+0.2a 584.3+278a 218.72+ 7.84c
1.2% Ch 529.7+15.1a 214.2+213a 146+21la 29+02a 653.2+23.2b 206.18 + 4.63 C
1.8% Ch 643.6 £+63.0a 225.7+154a 15.2+23a 3.0+x04a 719.2+413c 180.20 + 8.94 b

Means within each storage time with the same lettemot different (§0.05).

TAA = total ascorbic acid; CW = commercial wax; €lchitosan coating.
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The antioxidant capacity was expressed asoE® juice quantity

necessary to reduce by 50% the DPRkUs the lower the value the higher
the antioxidant capacity of the citrus fruit. Taldleshows the antioxidant
capacity of the mandarins stored 9 days at 20 #Cstored 3 or 4 wk at 5 °C
plus 1 week at 20 °C. Coating application did rifech the total antioxidant
capacity of samples stored 9 days at 20 °C. Aftdd storage, some
significant differences were found among treatmelggending on storage
time, which makes difficult to withdraw any condlus regarding the effect
of coating composition. After 4 weeks of cold sgegaplus 1 week at 20 °C,
mandarins coated with 0.6% Ch and 1.2% Ch presettted lowest
antioxidant capacity (i.e. highest kfC These results could be related to the
lowest total phenolic content of 0.6% Ch-coated daaims (x0.05) or
slightly lower TAA content of 1.2% Ch-coated mandar (p=0.08).
Previous works have found correlations betweemuitaC and antioxidant
capacity (Preteét al. 2006) or phenolic content and antioxidant capawity
citrus (Rapisardat al. 1999).

CONCLUSION

Commercial wax decreased weight and firmness Idssnandarins
compared to uncoated samples, whereas chitosamg®alid not decrease
effectively weight loss of mandarins during storagkerefore, in order to
improve the water barrier properties of the chitogsaating it would be
necessary to add hydrophobic components to theulatian. Although the
coatings applied restricted gas exchange and neddifiternal atmosphere
of the fruits compared to uncoated mandarins, witjteater effect at higher
chitosan concentration, sensory quality was natcédd. Chitosan-coated
mandarins at the highest SC retained firmness adter storage. In general,
the internal quality and the health-related prapsrof mandarins were not
affected by coating application.
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RESUMEN

El objetivo de este trabajo fue evaluar el efe@bglitosano aplicado
como recubrimiento comestible a distinto contergtosdlidos (CS) (0,6,
1,2 0 1,8%) sobre la fisiologia y calidad de naaryalencia’. Un grupo de
naranjas se recubrié con una cera comercial (CQotietileno/goma laca
al 10% de CS y otro grupo de naranjas se mantuweo ccontrol, sin
recubrir. Las naranjas se almacenaron a 5 °C héstemanas seguido de 1
semana a 20 °C, simulando un periodo de comemiabz. Durante la
frigoconservacion se evalu6 su calidad fisicoquamicsensorial y
nutricional. La aplicacién de la CC disminuyé lagida de peso a partir de
periodos de frigoconservacion superiores a 5 sesndreaformulacion de
quitosano al 0,6% de CS mostrg cierta eficacia agietido la pérdida de
peso respecto de las naranjas sin recubrir, aufugumenos eficaz que la
CC; sin embargo, esta formulacién modific6 mencattadsfera interna que
la CC manteniendo los niveles de £00, internos proximos a los de las
naranjas sin recubrir. Las formulaciones de quitosa 1,2 o 1,8% de CS
modificaron la atmosfera interna de las naranjearalando niveles de GO
y O, similares a los de las naranjas recubiertas c&@daNo obstante, la
evaluacion sensorial de las frutas no mostré uerided en el sabor de las
naranjas recubiertas con los recubrimientos mdsatégs al intercambio
gaseoso. En general, el contenido en vitamina £capacidad no se alterd
debido a la aplicacién de los recubrimientos o lahaaenamiento. El
contenido de los flavonoides mayoritarios analizadament6 durante el
almacenamiento sin detectar un efecto importanmeocoonsecuencia de la
aplicacion de los recubrimientos.

Palabras clave: postcosecha, citricos, almacenamiento, calidad
fisicoquimica, calidad nutricional, calidad senabri

INTRODUCCION

El quitosano (polimero dp-1,4-glucosamina) es un componente de la
pared celular de los crustaceos, capaz de forni@ufses semipermeables a
gases, que ha recibido un gran interés en los agtiafios por su potencial
como recubrimiento comestible. Su aplicacion comeoubrimiento ha
proporcionado buenos resultados en cuanto a remudei pérdida de peso y
mejora de la calidad en diferentes frutas y hadali En concreto, su
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aplicacion en citricos ha mostrado resultados ipositsobre parametros
como pérdida de peso y firmeza (Salvador et aD32@Galed et al., 2004;
Chien et al., 2007). Asimismo, existen estudiowipgeque han puesto de
manifiesto el efecto antifingico del quitosano yiwos en otros frutos,
como fresa, mango y melocoton (Li y Yu, 2001; S et al., 2002;
Bautista-Bafos et al., 2006; Vargas et al., 2006).

En la actualidad, existe un interés creciente egstldio del efecto de
los tratamientos poscosecha sobre los componamehales de frutas y
hortalizas (Cano et al., 2003). A los citricos es htribuye mudltiples
propiedades beneficiosas, asociadas sobre todo altsucontenido en
vitamina C y otros compuestos funcionales comoofiandes. El efecto de
los recubrimientos de quitosano en la calidad dgigmica de distintas
frutas y hortalizas se ha visto que depende, aitoes factores, del peso
molecular y del grado de desacetilacion (GonzalgaHar et al., 2005;
Bautista-Bafios et al., 2006). Ademas, en generddatrera a la humedad y
a los gases que ejercen los recubrimientos conesstidbepende del
contenido en solidos (CS) y de la viscosidad dédasulaciones (Cisneros-
Zevallos y Krochta, 2003).

Dado que existen distintos factores que puedenfioadia calidad de
un fruto recubierto, es necesario ampliar las igasiones para establecer
el efecto global que tiene el quitosano sobre lidad de los citricos, sobre
todo en lo relacionado con parametros de calidad ga han sido
tradicionalmente objeto de estudio, como son lapipdades sensoriales y
las nutricionales. En este sentido, el objetivadamental de este trabajo es
determinar el efecto de un quitosano comerciatagb a distinto CS sobre
la fisiologia, calidad nutricional y sensorial deganjas ‘Valencia’'.

MATERIAL Y METODOS

Material vegetal

El material vegetal utilizado fue naranjas ‘Valenaiecolectadas con
madurez comercial. Tras una seleccion de fruto®ssase formaron 5
grupos homogéneos de 80 frutos para cada uno tiafamientos.
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Preparacion y aplicacion del recubrimiento

Los recubrimientos se prepararon a partir de caoscomercial (peso
molecular intermedio) al 1,88% de CS en acido ecdBiorend®, Idebio,
S.L., Salamanca). Para facilitar la adhesion delbemiento se afiadio
0,1% de Tween 80. Se prepararon tres formulacideeguitosano al 0,6,
1,2y 1,88% de CS (tratamientos 0,6% Q, 1,2% (B961Q). La aplicacion
de cada formulacion de quitosano se realizé poersin durante 15 seg.
En otro lote de frutas se aplicoO una cera come(€lal) de polietileno al
10% de CS. Un grupo de frutos sin recubrir conglitel tratamiento
control. Todos los tratamientos fueron almacenad®$C durante 3, 5, 7, 9
y 16 semanas, seguido de 1 semana a 20 °C simutamdercializacion
directa. Al término de cada periodo de almacenamise realizaron los
correspondientes ensayos fisicoquimicos, senssiyataitricionales.

Calidad fisicoquimica

La pérdida de peso se realizé en 30 frutos paartrignto. El resultado
se expres6 como porcentaje de pérdida de pesatesieeso inicial.

La firmeza se determiné mediante un ensayo de asidpr en el que se
aplicé una fuerza de 1 Kg sobre la zona ecuatdehfruto. La medida se
realizé en 20 frutos por tratamiento con un textetho Instron Universal
Machine (Modelo 3343; Instron Corp., Canton, MA,.88.) utilizando
una placa de 35 mm de didmetro y una velocidad ahepresion de 5
mm/min. El resultado se expresé como porcentajgefi@macion relativo
al didmetro inicial del fruto.

El contenido de C®Qy O, interno se determindé por cromatografia
gaseosa, analizandose 10 frutos por tratamientta Bdo se tomaron
muestras de 1 mL extraido de la cavidad interndaslenaranjas con una
jeringuilla Hamilton 1001. La toma de muestras & tbajo agua para
evitar la contaminacion de la misma con aire extefdicha muestra fue
posteriormente inyectada en un cromatégrafo desg@$eermo mod. Trace,
Thermo Fisher Inc., Waltham, MA, EE.UU.) equipadm wn detector de
TCD y columnas Poropak QS 80/100 (1,2 m x 0,32 gmamiz molecular,
5 A 45/60 (1,2 m x 0,32 cm). Las temperaturas deinatdgrafo fueron
125, 35 y 180 °C para inyector, horno y detectespectivamente y el
caudal del gas portador (He) fue 22 mL/min. El iteslo se expresd en
porcentaje de COy O, interno.
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Las concentraciones de etanol y acetaldehido em,zsendeterminaron
por cromatografia gaseosa de espacio de cabezap8emron 3 lotes de 10
frutos por tratamiento de los que se obtuvieromBas. Muestras de 5 mL
de zumo se colocaron en viales de 10 mL, debidarssitados con tapdn
de TFE/silicona, y se almacenaron a -18 °C hassmalisis. Previo analisis,
las muestras se descongelaron a 20 °C y los saleacubaron a 30 °C
durante 12 minutos. Tras la incubacion se inyectdlL1de gas del espacio
de cabeza del vial en un cromatdgrafo de gases.(WMade; Thermo Fisher
Scientific, Inc., Waltham, MA, EE.UU.) equipado comuestreador
automético (Modelo HS 2000), detector de ionizaditenllama (FID) y
columna Poropak QS 80/100 (1,2 m x 0,32 cm). leasperaturas de
trabajo del cromatégrafo fueron 175, 150 y 200 &Eapnyector, horno y
detector respectivamente y el caudal de gas por{ats) fue 28 mL/min.
Los analisis se realizaron por triplicado. El etanel acetaldehido de las
muestras se identificO por comparaciéon de tiempesra&tencion con
soluciones patron. Los resultados se expresaroormgnde etanol y
acetaldehido por 100 mL de zumo.

Para las determinaciones de sélidos solubles $o(8I8T) y acidez total
(AT), se separaron 3 lotes de 10 frutos por tragatoi de los que se
obtuvieron 3 zumos. El contenido en SST se midid ao refractometro
digital (Atago, Modelo PR1), siendo expresados @&mix° Para la
determinacion de la AT, 5 mL de cada zumo se vaedaraon NaOH 0,1 N
hasta pH 8,1. La AT se expreso6 en g de acido @igic100 mL de zumo. El
indice de madurez (IM) se calculé como el coci&G8a/AT.

Calidad sensorial

La evaluaciéon organoléptica de los frutos la réalin panel entrenado
de 10-12 jueces en una sala de andlisis sensagatumple la norma UNE
87004 (AENOR, 1997). Para la preparacion de lassimage se tomaron de
cada tratamiento 10 frutos al azar que se pelardirigieron en gajos. Se
escogieron 2 gajos procedentes de cada tratamyesgopresentaron a los
jueces en recipientes desechables identificados@digos de tres digitos al
azar. Los jueces se enjuagaron la boca con agusrahantes y después de
evaluar cada muestra. Para la evaluacion de ldachblfato-gustativa se
utilizé una escala del 1 a 9, donde se agrupamrdtores en tres grados de
calidad (1-3 = calidad no aceptable, 4-6 = calidegptable y 7-9 = calidad
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excelente). La evaluacion de los malos saboresakzd mediante una
escala de 0 a 5, donde 0 es ausencia de malogsat®presencia acusada.

Calidad nutricional

La capacidad antioxidante total (kCse evalué mediante el método de
captura de radicales libres del 2,2-difenil-1-piedracilo (DPPH) descrito
por Brand-Williams et al. (1995). El método mide reduccion de la
absorbancia a 515 nm de soluciones de DPRBH reaccionar con
antioxidantes. Para el analisis se tomaron 2 miudeo y 4 mL de metanol
grado HPLC (Merck, Alemania) y se centrifugé a 120pm durante 15
min a 5 °C. A partir del sobrenadante obtenidoes¢izaron diluciones del
mismo con metanol con el fin de poder relacionadiEminucién en la
absorbancia del DPPHon la concentracién de la muestra. Para ello, se
mezclé en cubetas desechables 0,075 mL de cadaleumas diluciones
metandlicas de las muestras con 2,925 mL de unziéol metandlica de
DPPH (24 ppm) (Sigma-Aldrich, Alemania) y se dej6 reanar durante 40
min en oscuridad a 23,5 °C + 1 °C. Finalmente, skonfa absorbancia a
515 nm con un espectrofotometro (Thermo Electrorp@ation, UK). La
capacidad antioxidante se expresé comgyEglie es la cantidad de muestra
necesaria para reducir al 50% los radicales lillesl Kg de DPPH(I
zumo/Kg de DPPH (Sanchez-Moreno et al., 2003).

Los analisis y cuantificacion del acido ascorbiamalt (AAT) y
glucosidos de flavanonas mayoritarios (narirutimesperidina y didimina)
se realizaron mediante cromatografia liquida da edsolucion (HPLC)
(Modelo Alliance 2996; Waters, USA) equipado con oodulo de
separacion (Modelo 2695) y un detector de fotodiofModelo 2996). Se
utilizé una columna de fase inversa C18 Tracer Exgem (250 mm x 4
mm) (Teknokroma, Barcelona, Espafia), precedidandetecolumna (4 x 4
mm) con diametro de particulaBn (Merck, Alemania), alojadas en el
horno de columnas a 25 °C.

El AAT se determindé como la suma del acido ascoérl@s el acido
dehidroascorbico, mediante reduccion de 1 mL deozoom 200uL de 1,4-
dithio-DL-threitol (200 mg/mL) (Fluka, Barcelonal.as muestras se
filtraron a través de un filtro de 0,46n y se analizaron por HPLC. Un
volumen de 2QuL se inyectd en el equipo, utilizando una fase méni
condiciones isocraticas de metanol: 0,6% acidaac€ds5:5) a un flujo de
1 mL/min. EIl pico de acido ascorbico se detectia longitud de onda de
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253 nm y la cuantificacion del AAT se realiz6 atpale concentraciones
conocidas de acido ascorbico (Sigma Aldrich, Barta).

Para el andlisis de los glucésidos de flavanonasiL1lde zumo se
homogeneiz6 con 5 mL de dimetil sulfoxido:metandll) (Scharlau,
Sentmenat, Espafia) y se centrifugo a 12000 rpmrmidut® min a 4 °C. Las
muestras se filtraron a través de un filtro de uAby se analizaron por
HPLC. El volumen de inyeccién fue 0. La fase movil utilizada fue
acetonitrilo (A):0.6% de acido acético (B) con landicion inicial de un
10% de A durante 2 min, alcanzando un 50% de Avesiguientes 18 min,
se mantuvieron estas condiciones durante 5 mirsiepormente se regreso
a la condicién inicial en 5 min. El flujo se mantua 1 mL/min. Los
glucosidos de flavanonas se identificaron y cuigatibn a partir de
estandares comerciales de narirutina (Extrasynth€nay, France),
hesperidina (Sigma Co., Barcelona, Spain) y didan{idhromaDex (Irvine,
CA, USA). La cuantificacion se realizdé a 280 nm.

El analisis de los compuestos fendlicos totaleseakzd por el método
colorimétrico que utiliza el reactivo Folin-Cioaalt (Singlenton and Rossi,
1965). Para ello, se homogenizaron 0,3 mL de zuenoaganja con 1,7 mL
de metanol acuoso al 80%. A continuacion, 0,4 mL laedilucion
metandlica se mezclaron con 2 mL de Folin-Ciocalpeaviamente diluido
con agua 1:10 v/v) y se dejé reposar 1 min. Pamaltse afiadio 1,6 mL de
NaCO; al 7,5%. La mezcla se dejo reposar durante 1 ademperatura
ambiente y se midi6 la absorbancia en un espetbrafgtro (Thermo UV1,
Thermo Electron Corporation, UK) a 765 nm. Los leglos se expresaron
en base a una recta patron de acido galico (mgHlO@e zumo) (Sigma-
Aldrich Chemie, Alemania).

Las determinaciones de compuestos bioactivos sézamm por
triplicado en 3 zumos obtenidos de 10 frutos patatniento cada uno que
se mantuvieron a -80 °C hasta su analisis.

Analisis estadistico

El analisis estadistico se realiz6 mediante asaldg la varianza
(ANOVA) utilizando el paquete estadistico Statgiephplus 4.1. Las
diferencias significativas entre las medias se bésteeron a través de
intervalos MDS (Minima diferencia significativa)rcan nivel de confianza
del 95%.
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RESULTADOS Y DISCUSION

Calidad fisicoquimica

La pérdida de agua es una de las principales cdesdsterioro, no sélo
en los citricos sino en la mayoria de los produbto$ofruticolas. La figura
1 muestra la pérdida de peso de las naranjas ‘™alerecubiertas con
guitosano a diferente CS, la CC y el control. Amaatar el tiempo de
almacenamiento aumento la pérdida de peso de flasjas ‘Valencia’ hasta
valores entorno al 6%. Tras 3 semanas de almacenamen frio mas el
periodo de comercializacion (1 semana a 20 °Clpsiwrecubrimientos de
quitosano, ni la CC fueron efectivos controlandgpéadida de peso de la
fruta respecto al control. A partir de 5 semanasldecenamiento en frio,
la CC fue efectiva controlando la pérdida de pesdad naranjas, mientras
que entre las formulaciones de quitosano Unicaméme efectiva la
formulacién 0,6% Q después de 5y 7 semanas decalramiento a 5 °C
mas 1 semana a 20 °C. Contreras et al. (2010) éandliservaron que la
aplicacion de quitosano como recubrimiento a difexg CS no fue efectivo
reduciendo la perdida de peso de mandarinas ‘Oeshuburante
frigoconservacion.

B Control 0 CC @ 0.6% Qm 1.2% Q@ 1.8% Q

Pérdida de peso (%

3 5 7 9 16
semanas a5°C + 1 semana a 20°C

Fig. 1. Pérdida de peso (%) de naranjas ‘Valemei@biertas y control. Las
barras indican desviacion estandar (n=30).
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En general, los recubrimientos comestibles forrndac base de
polisacaridos presentan una barrera a la humeday bajga como
consecuencia de su naturaleza hidrofilica. Por estetivo, los
recubrimientos destinados a frutas incorporan digpiddando lugar a
recubrimientos comestibles compuestos capaces rdeolar la pérdida de
peso de la fruta. En algunos trabajos, sin embasgoha visto que
recubrimientos con quitosano, sin incorporar lipidedujeron la perdida de
peso de frutos citricos (Galed et al., 2004; Chaeml., 2007). Nuestros
resultados, junto con los resultados observadosopos autores, podrian
indicar que la efectividad de estos recubrimiectogrolando la pérdida de
peso de naranjas ‘Valencia’ depende del contenideddidos, y/o de la
naturaleza del quitosano aplicado. Algunos trabajdican que las
propiedades del quitosano dependen del peso maiecdél grado de
desacetilacion y de la cristanilidad (Rege y BIdt%99). Blair et al. (1987)
probaron que la permeabilidad al vapor de agusetieytas de quitosano se
reduce significativamente cuando disminuye el grdeodesacetilacion.
Santos et al. (2006) confirmaron este resultaddicamdo ademas que el
peso molecular tenia el mismo efecto.

La figura 2 muestra los valores de textura expm@satbmo % de
deformacion de las muestras recubiertas y conftesito los recubrimientos
de quitosano como la CC ofrecieron un efecto lidutaeduciendo la
pérdida de firmeza de las naranjas ‘Valencia’ digr@halmacenamiento. La
aplicacién de la CC tan solo resulté efectiva adatrdo la pérdida de
firmeza en fruta almacenada 9 semanas a 5 °C nsmsnana a 20 °C,
mientras que la aplicacién de los recubrimientogjuieosano no redujo la
pérdida de firmeza de las naranjas ‘Valencia’ repeal control,
observandose una mayor deformacién de los frumsbrertos con 1,2% Q
al finalizar el almacenamiento (16 semanas a 5 86 Insemana a 20 °C).
Rodov et al. (2000) reportaron que la firmeza defiotos citricos depende
fundamentalmente de la turgencia y de la pérdidped®. Otros trabajos,
sin embargo, no encontraron relacion entre amb@Eros (Hagenmaier,
2000; Pérez-Gago et al., 2002; Navarro-Tarazagal. e2008). Navarro-
Tarazaga et al. (2008) concluyeron que para afentgificativamente la
firmeza del fruto, los recubrimientos deben induair claro efecto en la
pérdida de peso de los frutos. En este trabajacdkmla CC resulté efectiva
controlando la pérdida de peso de las naranjaeiéa’ durante todo el
periodo de almacenamiento, aunque no resulté efeaiduciendo la
firmeza del fruto recubierto. Aparentemente, faztolcomo el tipo de
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recubrimiento, condiciones de almacenamiento, cudivar influyen de
manera significativa en la firmeza de las frutasibgertas.

B Control@CC@0.6%Qm1.2% Q@ 1.8% Q

Textura (% deformacién).

Initial 3 5 7 9 16
semanas a 5°C + 1semanaa 20°C

Fig. 2. Firmeza (% de deformacién) de naranjaséeWaia’ recubiertas y
control. Las barras indican desviacion estanda2@h=

Los recubrimientos aplicados en la superficie deflotos aportaron una
barrera adicional al intercambio de los gases, @D, a través de la
cuticula. La figura 3 muestra el contenido en,GOO, interno de las
naranjas ‘Valencia’ recubiertas y control. La aplion de los
recubrimientos modifico la atmdésfera en el frutamantando los niveles de
CO, y disminuyendo los niveles de, (Al aumentar el CS del quitosano se
observé un aumento en el nivel de Cidterno de las naranjas y una
reduccion en el nivel de Qnterno. Previamente a este estudio, se observo
un comportamiento similar en mandarinas ‘Oronulefirante su
frigoconservacion (Contreras et al., 2010). El auwmeen el CS de la
formulacién pudo aumentar el grosor del recubritagisneros-Zevallos
y Krochta, 2003) y, por tanto, la distancia quedases C@y O, tienen que
recorrer para su difusién, lo que aumento la barderlos recubrimientos a
ambos gases. La fruta tratada con 0,6% Q dio wldeeCQ muy bajos,
gue en algunos periodos de almacenamiento no fusgoificativamente
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diferentes del control. Salvador et al. (2003) eandarinas ‘Fortune’ no
encontraron diferencias significativas en el coidierde CQ interno entre
la fruta recubierta con una CC y la tratada cortogano con un CS de
1,2%. En nuestro trabajo, al aumentar el CS a & ke alcanzaron valores
de Q y CQO;, similares a las naranjas recubiertas con la CC.

B Control mCC @0.6%Qm1.2% Q@ 1.8% Q

CO2 (%)
N

02 (%)

Inicial 3 5 7 9 16
semanas a5°C + 1 semanaa 20°C

Fig. 3. CQy Oz interno de naranjas ‘Valencia’' recubiertas y control. Las
barras indican desviacion estandar (n=3)

La aplicacion de recubrimientos comestibles a §ritduce un aumento
en el contenido de compuestos volatiles como coeseta de la barrera a
los gases que los mismos ofrecen. En este trabajybservo un incremento
del contenido en etanol y acetaldehido al aumemefartiempo de
almacenamiento (Figura 4). En general, tambiérnbsergé un aumento del
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recubrimientos de quitosano, siendo el recubririeiet1,8% Q y la CC los
que dieron lugar a los niveles mas altos de etahfihal del periodo de

contenido en estos compuestos volatiles al aumeettaCS de los
frigoconservacion. Estos resultados se correlaniama los cambios en el

0O, y CO; interno de las naranjas recubiertas (Figura 3nti€ms et al.

(2010) también observaron que los niveles de lospeestos volatiles e