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Resumen

El estilo moderno de vida y el interés de los caridores por su
salud, unido al aumento del poder adquisitivo, harementado la
demanda de fruta y verdura minimamente procesad#h mercado. Sin
embargo, los cambios en el metabolismo de produmtiado requieren
el uso de distintas tecnologias para mantenerlidaday extender su
vida util.

El objetivo de este trabajo ha sido el desarroforecubrimientos
comestibles a base de proteina de soja con adiaddoxidante y la
evaluacion de su efecto combinado con un envasad@atmosfera
modificada (AM) para alargar la vida u(til de proths altamente
susceptibles al pardeamiento enzimatico como lachlifa ‘Blanca de
Tudela’, berenjena ‘Telma’ y caqui ‘Rojo Brillantehinimamente
procesados almacenados a 5 °C.

En primer lugar, se estudi6 la efectividad de difées
concentraciones de &acido ascoérbico (AA), acidoiccit{CA), acido
peracético (PA), cloruro célcico (Cal;l ciclodextrina (CD), cisteina
(Cys), hexametafosfato (HMF), 4-hexilresorcinol ¢ a diferentes
concentraciones para controlar el pardeamientorgiizio en extractos y
precipitados (estudiosn vitro). Seguidamente, se seleccionaron los
antioxidantes a su concentracion mas efectiva paraplicaciéon en
alcachofa, berenjena y caqui minimamente procesaldoscenados a 5
°C (estudiosn vivo).

Entre los diferentes antioxidantes aplicados, lss Qye la mas
efectiva controlando el pardeamiento enzimatico atoachofas y
berenjenas frescas cortadas. La vida util alcanziéximo de 4 y 9 dias
de almacenamiento a 5 °C para alcachofa y beregjgrado se aplicd
0,5% y 1% Cys, respectivamente. La aplicacion d&%, de AA y
0,21% de CA extendi6 la vida util del caqui ‘RojailBnte’ cortado
hasta 5-7 dias de almacenamiento a 5 °C; mieelr&aC} contribuyd a
alargar su vida atil en menor medida.

Los recubrimientos comestibles a base de protetnaaja (SPI)
fueron preparados en combinacion con los agentésx@lantes mas
efectivos en los estudios vivo para la reduccion del pardeamiento
enzimético y extender la vida util de los producseteccionados. En
alcachofa minimamente procesada, la optimizacidnreibrimiento
comestible SPIl.cera de abeja (BW) se realizé ee basontenido de



Resumen

BW y Cys. El incremento en BW del 20 al 40% (basea}y permitid
reducir la concentracion de Cys en las formulaai@h 0,5 al 0,3%,
contribuyendo asi a la disminucion del color arfertb proporcionado
por la aplicacion de Cys al tejido de alcachofate B®cubrimiento
también resultd efectivo controlando el pardeamieaarizimatico de la
alcachofa ‘Blanca de Tudela’ minimamente procestdaual alcanzo
una vida util de 4 dias a 5 °C sin inducir la apén de malos olores. La
aplicacion de la Cys, sola o incorporada en elbmguento, ayudd a
controlar el pardeamiento enzimatico y alargaritka Vitil comercial de
la berenjena cortada en fresco. La evaluacion Vidaalas muestras
recubiertas con SPI-BW-1% Cys presentaron menakepariento que el
resto de tratamientos y alcanzaron un maximo dea8 de vida util
comercial a 5 °C. Para el caqui ‘Rojo Brillante’nimiamente procesado
se incorpor6 un 1% CA 'y 0,3% CaGll recubrimiento comestible a base
de SPI. La aplicacion de este recubrimiento no tuvefecto negativo en
el sabor global del producto, resultando asi utarmmeento efectivo para
extender la vida util del caqui ‘Rojo Brillanteeco cortado.

Finalmente, se evalué la combinacién de los remibritos
comestibles seleccionados y el envasado en AM ealidad y vida util
de los productos cortados. Las condiciones del sama en AM,
incluyendo una AM activa (5 kPa,3 15 kPa C@, una AM pasiva y
una AM alta en @ (>50 kPa), fueron comparadas con un control que
mantuvo condiciones atmosféricas durante el alnzam@mto. El
envasado en AM activa o pasiva con baja concedtrabe Q y alta en
CO,, dafo el tejido de las berenjenas y las alcachmigadas, mientras
que la AM con alta concentracion de (>30-50 kPa) no fue efectiva
para el almacenamiento del caqui fresco cortadadmbinacion de los
recubrimientos comestibles optimizados y las dizsirAMs no extendio
la vida util de la alcachofa, pero ayudé a mantelaercapacidad
antioxidante del producto cuando se compara canehasado en aire.
Igualmente, el recubrimiento SPI-Cys envasado ea @&@sulto ser el
mejor y el mas econdémico tratamiento para extefaleida util de las
berenjenas cortadas hasta 9 dias de almacenanfamtto contrario, la
combinacion del recubrimiento a base de SPI-CA-£€gCGtombinado
con el envasado en AM activa (5 kPa+#15 kPa C@ mostré un efecto
sinérgico en el control del pardeamiento enzimatieo caqui ‘Rojo



Resumen

Brillante’, manteniendo la calidad visual por enaindel limite de
comercializacion durante 8-10 dias de almacenamibt°C.






Resum

L’estil modern de vida i I'interes dels consumidpesr la seua salut,
unit a 'augment del poder adquisitiu, ha increraéid demanada de
fruita i verdura minimament processada en el mekmabbstant aixo, els
canvis en el metabolisme del producte tallat regjudiis de distintes
tecnologies per a mantenir la qualitat i estenanada (til.

L'objectiu d'aquest treball ha sigut el desenvolupat de
recobriments comestibles a base de proteina de auia activitat
antioxidant i I'avaluacio del seu efecte combinatbaun envasat en
atmosfera modificada (AM) per allargar la vida utle productes
altament susceptibles al pardetjament enzimatic keooarxofa ‘Blanca
de Tudela’, alberginia ‘Telma’ i caqui ‘Rojo Brilitee’ minimament
processat i emmagatzemats a 5 °C.

En primer lloc, es va estudiar I'efectivitat deedldnts concentracions
d’acid ascorbic (AA), acid citric (CA), acid perdc&PA), clorur calcic
(CaCb), ciclodextrina (CD), cisteina (Cys), hexametabsfHMF), 4-
hexilresorcinol (Hexyl) a diferents concentraciopsr a controlar el
pardetjament enzimatic en extractes i precipitastudis in vitro).
Seguidament, es van seleccionar els antioxidatdssaua concentracio
meés efectiva per a la seua aplicacid en carxofeerginia i caqui
minimament processat i emmagatzemat a 5 °C (estudigo).

Entre els diferents antioxidants aplicats, las @yser la més efectiva
controlant el pardetjament enzimatic en carxofabeérginies tallades en
fresc. La vida uatil va aconseguir un maxim de 4 i dies
d’emmagatzemament a 5 °C per a carxofa i albergua es va aplicar
0,5% i 1% Cys, respectivament. L'aplicacio de 1,1@80AA i 0,21% de
CA va allargar la vida util del caqui ‘Rojo Brillgei tallat fins a 5-7 dies
d’emmagatzemament a 5 °C; mentre que el £a@lcontribuir allargant
la vida atil en menor mesura.

Els recobriments comestibles a base de proteisaidgSPI) van ser
preparats en combinacié amb els agents antioxigaéssefectius en els
estudisin vivo, que van reduir el pardetjament enzimatic i vdargar la
vida util dels productes seleccionats. En carxaf@immament processada,
I'optimitzacié del recobriment comestible SPI.cefabella (BW) es va
realitzar en base al contingut de BW i Cys. L'iment en BW del 20 al
40% (base seca) va permetre reduir la concentragidCys en les
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formulacions del 0,5 al 0,3%, contribuint aixi adi@minucié del color
groguenc proporcionat per I'aplicacio de Cys atitale carxofa. Aquest
recobriment també va ser efectiu al control detipg@ament enzimatic de
la carxofa ‘Blanca de Tudela’ minimament processddaqual va
aconseguir una vida util de 4 dies a 5 °C sengdritidparicio de mals
olors. L'aplicacié de la Cys, sola o incorporadabaeh recobriment, va
ajudar a controlar el pardetjament enzimatic i largar la vida (util
comercial de l'alberginia tallada en fresc. L'awalid visual de les
mostres recobertes amb SPI-BW-1% Cys presentaremysme
pardetjament que la resta de tractaments i acomeagun maxim de 9
dies de vida util comercial a 5 °C. Per al caquojtR Brillante’
minimament processat es va incorporar un 1% CA3%0CaC} al
recobriment comestible a base de SPI. L'aplicatgukst recobriment
no va tenir un efecte negatiu en el sabor globhpdeducte, resultant
aixi un tractament efectiu per allargar la vidal @kl caqui ‘Rojo
Brillante’ tallat en fresc.

Finalment, es va avaluar la combinaci6 dels recndmis comestibles
seleccionats i el envasat en AM en la qualitatvidia Util dels productes
tallats. Les condicions del envasat en AM, inclaegrd AM activa (5 kPa
O, + 15 kPa C@), una AM passiva i una AM alta en, @50 kPa), van
ser comparades amb un control que va mantindréctexlicions
atmosferiques durant I'emmagatzemament. L'envasafAM activa o
passiva amb baixa concentracié dey@lta en CQva danyar el teixit de
alberginies i carxofes tallades, mentre que la A alta concentracio
d’O, (>30-50 kPa) no va ser efectiva per al emmagataentade caqui
fresc tallat. La combinacié dels recobriments cdibkes optimitzats i
les distintes AMs no va allargar la vida atil dedarxofa, pero si va
ajudar a mantenir la capacitat antioxidant del potel quan es compara
amb I'envasat en aire. Igualment, el recobrimert@R envasat en aire
va resultar ser el millor i el més economic traaatrper allargar la vida
atil de les alberginies tallades fins a 9 dies afexgatzemament. Per el
contrari, la combinaci6 del recobriment a base d&-CA-CaCh i
combinat amb I'envasat en AM activa (5 kPa © 15 kPa C@ va
mostrar un efecte sinérgic en el control del pgdetnt enzimatic de
caqui ‘Rojo Brillante’, mantenint la qualitat viduaer damunt del limit
de comercialitzacié durant 8-10 dies d’emmagatzeeminma 5 °C.



Summary

The market demand for fresh-cut fruits and vegetbhas
experienced a rapid expansion due to the increlasalth consciousness
of consumers, busy lifestyles, and purchase pottewever, the shelf
life of fresh-cut products is greatly reduced beeawf the rapid
metabolism of the wound tissue, requiring the ude ddferent
technologies to maintain their quality and extdmel ghelf life.

The objective of the present work was to develgpyprotein-based
edible coating with antioxidant activity and to ke the combined
effect of selected edible coatings and modified csjphere packaging
(MAP) conditions on the quality and shelf life ae$h-cut ‘Blanca de
Tudela’ artichoke, ‘Telma’ eggplant, and ‘Rojo Baiite’ persimmon
during storage at 5 °C, which are characterized latively short shelf
life due to a rapid onset of enzymatic browning.

Firstly, the effect of ascorbic acid (AA), citricid (CA), peracetic
acid (PA), calcium chloride (Cag}} cyclodextrin (CD), cysteine (Cys),
hexametaphosphate (HMP), and 4-hexylresorcinol yhleat different
concentrations was studied as a pre-screeningrdtotlong enzymatic
browning in extracts and precipitataa yitro studies). Then, the most
effective antioxidants type and concentration weslected to be tested in
fresh-cut tissue of artichoke, eggplant and peromstored at 5 °Gr(
vivo studies).

Among the different antioxidants tested, Cys wasrttost effective
to control enzymatic browning of fresh-cut articeskand eggplants. The
maximum commercial shelf-life was 4 and 9 daystofege at 5 °C for
fresh-cut artichokes and eggplants when Cys waslieappat
concentrations of 0.5% and 1%, respectively. InsHreut ‘Rojo
Brillante’ persimmon, application of 1.12% AA an®0% CA extended
the limit of marketability in the range of 5-7 dags storage at 5 °C;
whereas, CaGlcontributed in a lower extend.

Soy protein isolate (SPI)-based edible coatingsewsepared with
the most effective antioxidant agents fram vivo studies to reduce
enzymatic browning and extend shelf of selectedlyees. In fresh-cut
artichokes, the optimization of the SPI:Beeswax (Bdible coating was
based on BW and Cys content. An increase in thecBuent from 20 to
40% (dry basis) allowed to reduce Cys concentrdtiom 0.5% to 0.3%,



Summary

diminishing the yellow color provided by Cys apglion to artichoke
tissue. This coating contributed to the controéotymatic browning and
improved the quality of fresh-cut ‘Blanca de Tudaldichokes, reaching
4 days of commercial shelf life at 5 °C without-offors. The application
of Cys, either alone or incorporated to the SPI-B@ating, helped at
controlling enzymatic browning and extending thenomercial shelf life
of fresh-cut eggplants. The visual assessment atemluthe samples
coated with the SPI-BW-1% Cys coating as signifilyaless brown than
the rest of the treatments, reaching the maximumneercial shelf life of
9 days at 5 °C. For fresh-cut persimmon, the foatedl SPI edible
coating contained 1% CA and 0.3% CaCThe application of this
coating did not affect negatively the overall semsquality of the
product, which makes this coating a potential tresit to extend the
commercial shelf life of minimally processed ‘Roj®rillante’
persimmon.

Finally, the combination of selected SPI-based leddmatings with
antioxidant capacity and MAP were evaluated onhfi@#t ‘Blanca de
Tudela’ artichoke, ‘Telma’ eggplant, and ‘Rojo Baiite’ persimmon.
MAP conditions included active conventional MAPKBa Q + 15 kPa
CQO,), passive MAP, and high OMAP (>50 kPa) and they were
compared to atmospheric conditions as control.figéleggplants and
‘Blanca de Tudela’ artichokes were susceptibleigsue damage when
packaged under active or passive MAP with lowa®d high CQlevels,
whereas high ®MAP (>30-50 kPa) resulted detrimental for the sty
of fresh-cut ‘Rojo Brillante’ persimmons. The comdaiion of the
optimized coating with the different MAP did notterd the shelf life of
artichoke slices, but helped maintain the antioxideapacity of the
product as compared to control packaging conditi&msilarly, the SPI-
Cys coating in atmospheric conditions packaging/ipled the best and
cheapest approach for extending the shelf lifeedH-cut eggplants up to
9 days of storage. On the contrary, the combinatibthe SPI-based
coating with the active MAP packaging (5 kPa O2 5 KPa CO2)
showed a synergic effect in controlling tissue bmow of fresh-cut
‘Rojo Brillante’ persimmon, maintaining the visuglality above the
limit of marketability up to 8-10 days of storaget & °C.
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Introduction

1.1 Introduction

Before dealing with coatings, this chapter firstdm$ses the basic
physiology and quality issues of fresh-cut fruilaregetables, the better
to appreciate the coatings devised to improve tyalithese products.

First available to restaurants, hospitals and ofieed service
operators, minimally processed fruits and vegetbdso known as
fresh-cut fruit and vegetables, are now readilyilalsée in supermarkets
and sold in numerous package sizes, including iddal (i.e., single
serving) portions. In the United Stase, the freghhedustry is the fastest
growing sector in the fresh produce business (Rreetial., 2007)

Minimal processing is defined to include all opgmas such as
washing, sorting, trimming, peeling, slicing, diginchopping, and
shredding, that would not extensively affect theskr-like quality of the
produce (Shewfelt, 1987). The product remains bicklly and
physiologically active, in that the tissues arenijvand respiring, with a
shifting of cellular processes and interactiongdasponse to the tissue
damage inflicted by the operations. Therefore, mali processing
increases the degree of perishability of the presgsmaterials, thus
challenging their marketability (Gorny et al., 1999

Quality of fresh-cut items is determined by a cetgsit and fresh
appearance, acceptable texture, characteristiorfland sufficient shelf-
life to survive the distribution system. Those cuderistics can be
preserved to a certain extent by understandingptisiology of the
fresh-cut fruit or vegetable and applying differelechniques. Such
techniques would be to choose the proper cultinar rifpeness stage, to
use adequate sanitation procedures and processciniques, to
maintain low temperature from harvest to retaildachain), and to apply
physical and chemical treatments such as modifiéhosphere
packaging (MAP) or dips and edible coatings.

1.2 Physiology of minimally processed fruit and vesgjables

Fresh-cut products are wounded tissues that ara@epro rapid
deterioration; therefore, their physiology différem that of intact fruits
and vegetables (Brecht, 1995; Toivonen and Brumn2€l08). Within
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seconds after removal of the protective skin (@epk or cutting the
product into pieces, wound signals of differentunas (i.e., electrical,
chemical, and hormonal) are sent through the tssane initiate defense
responses that promote wound healing, guard adaacstrial attack, and
generally protect cells from further stress. Admally, as a result of
peeling and cutting, the subcellular compartmezrasibn at the cut
surface is disrupted, mixing substrates and enzyramsl initiates
reactions that do not normally occur in the infagit or vegetable. These
physiological changes cause increased respiratitth and synthesis of
wound—induced ethylene as well as increased iokatgg loss of
components, alteration in flux potential, and lasfs turgor. These
changes are also accompanied by loss of firmnes$ favor,
discoloration of cut surfaces, possible decreasatamins, and increase
in water activity (@) at the cut surface which accelerates water loss
(Beaulieu and Gorny, 2004; Gonzalez-Aguilar et2007b). In addition,
cut fruit surfaces provide a favorable environmientmicrobial growth,
due to increased moisture, sugars and analytemtgftlbm open cells.

1.2.1 Ethylene production as a response to stress

One of the most common responses to wounding int gissue is an
increase in both respiration rate and ethylene ymiah (Saltveit, 1997;
Escalona et al., 2003). Wound-induced ethylene assed by the
increased formation of l-aminocyclopropane-1-cayboxacid (ACC)
and the subsequent conversion of ACC to ethylemdldBand Kende,
1980, Yu and Yang, 1980). An increased rate of wlemduced ethylene
may cause physiological disorders and consequaiffidgcts the quality
attributes of the product. Physiological changeduaed by elevated
ethylene concentration include increased cell pahigy, loss of
compartmentation, increased senescence and respirattivity, and
increased activity of enzymes (Hyodo et al., 1983bme specific
examples include accumulation of phenolic compouidscarrots,
sprouting in potatoes, lignification in asparagbsown spot (russet
spotting) in lettuce, and general softening (R&8892).

The increased rate of ethylene production, in nespdo cutting,
have been shown in kiwifruit (Watada et al., 198@ar et al., 1999),
apple (Hu et al., 2007b), papaya (Paull and Ch&37), strawberry
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(Rosen and Kader, 1989), endive (Salman et al.92G0mato (Lee et
al., 1970; Mencarelli et al., 1989; Abeles et B992; Brecht, 1995; Artés
et al., 1999), and squash (Abeles et al., 1992et-al., 2007a). However,
Gorny et al. (2000) reported no change in ethyj@meluction following
the slicing of pears. Also, preparation of fresh4tiango cubes, resulted
in ethylene production rates 1.5 times lower tHaat bf the whole fruit
(Chatanawarangoon, 2000). In fact, it was found tha peel was the
major contributor to ethylene production for mango.

When ethylene is induced by wounding, the increas¢el varies
depending on the type of commodity, cultivar, ripesm stage, and storage
temperature. The rate of ethylene production stwea by stress
typically occurs with an initial short lag periodpllowed by a
progressive increase, reaching a peak before sobgid a stable level.
Hyodo et al. (1983) reported that cut winter squstsbwed an increased
rate of ethylene production after a 3-hour lag, #mel rate reached its
peak in 30 hours, followed by a decline to a lowele 40 hours after
incubation at 24 °C. Although the rate increasesisally in the range of
5-20-fold, more than 100-fold increase in respdoseounding has been
reported in some cases (Hyodo and Nishino, 198%ntm and Yang,
1982; Hyodo et al., 1983). Moreover, the wound oese is usually
greater in fruit at the preclimacteric and climaictestages than in
postclimacteric fruit (Toivonen and DeEll, 2002).

Storage temperature has a significant effect onndenduced
ethylene production as well. It has been showngtahge of cantaloupe
pieces at 0 to 2.5 °C will almost completely suppr&vound-induced
ethylene as compared to higher storage temperafii@sonen and
DeEll, 2002). Artés-Hernandez et al. (2007) obs#rvim fresh-cut
lemons, that the production rate of ethylene & @as four times higher
than that of whole fruit, while at 10 °C, the protian was up to 10 times
higher.

1.2.2 Increased respiration as a response to stress

The effects of processing on tissue metabolism lwarobserved very
rapidly, often within minutes to a few hours afteitting (Toivonen and
Brummell, 2008). The initiation of respiration iesponse to wounding is
delayed compared to that found for wound-inducdd/lenhe (Brecht,
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1995). In general, high respiration rates, measbyethe CQ produced
in fresh-cut products, are directly associated wittapid increase in the
tissue metabolism and consequently with accelerdtdsd of acids,
sugars, and other components that determine flgurality and nutritive
value (Cantwell and Suslow, 2002). Biochemical geantriggered by
cellular response include stimulation of degradatad carbohydrates,
activation of glycolysis and the pentose phosppatéway, activation in
mitochondrial activity, and increase in the synibesf proteins and
enzyme activities (Uritani and Asahi, 1980). Thessivations and
accelerations in cellular processes serve to peogitergy and precursors
for the biosynthesis of secondary metabolites anatimportant to wound
healing. Wound-induced respiration has been agsaciaith enhanced
synthesis of enzymes involved in the respiratorfhway and to a
transitory increase in aerobic respiration in freghcarrots (Surjadinata
and Cisneros-Zevallos, 2003).

Increase of respiration has been observed in maegh-cut
products including banana (Palmer and McGlassor§9)l9tomato
(MacLeod et al., 1976), cantaloupe (McGlasson aradt,P1964), celery
(Gomez and Artés, 2005), salad mixture (lettucéerge carrot, radish,
onion, endive) (Priepke et al.,, 1976), pear andvwdierry (Rosen and
Kader, 1989) and lettuce (Cantwell and Suslow, 20B2these studies,
the typical increase in respiration is in the ran§&-10-fold. However,
Watada et al. (1996) reported that, for some fieghproducts, such as
zucchini, muskmelons, honeydews and crenshawsreb@ration rate
was found similar or lower than that of the intpobduct at 0, 5 and 10
°C, but dramatically higher at 20 °C, probably tueapid physiological
deterioration and microbial growth.

1.2.3 Enzyme activity

Mechanical injury from cutting of a fruit or vegbta destroys the
integrity of cell tissues and the compartmentatioh endogenous
enzymes and substrates. Some of these enzymezemtathanges are
well known: enzymatic browning and cell wall degaadn due to
enzymatic hydrolysis of the cell wall pectin sulbstas.

The amount of phenolic compounds is increased gtromound-
induction of phenylalanine ammonia lyase (PAL), toenmitted enzyme
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in phenolic biosynthesis; these phenolics can bdized by polyphenol
oxidase (PPO) and peroxidase (POD) to quinones hwhitmately

polymerize to produce the browning appearance camtoowounded
lettuce (Degl'lnnocenti et al., 2005). Such incee@s enzymatic activity
as a result of the fresh-cutting process has beparted for fresh-cut
potato strips (Cantos et al., 2002), broccoli fiergGong and Mattheis,
2003), jicama cylinders (Aquino-Bolafos et al., @)Garrots (Goldberg
et al., 1985), and lettuce segments (Hisaminath. €2001; Mutara et al.,
2004).

Generally, the activity of lipolytic enzymes, inding
phospholipase and lipoxygenase (LOX), increasesnglusenescence,
and have been implicated as one of the major cafdessue breakdown
in a number of vegetables (Wardale and Galliard,7i%alliard et al.,
1976). The phospholipase activity releases undatlifatty acids from
the membrane that can serve as substrates for L@Xesponse to
physical wounding, LOX may act positively, througls role in the
production of defense related signaling molecutesiegatively, through
participation in autocatalytic peroxidation reansqKarakurt and Huber,
2003). LOX hydroperoxides can contribute to tisslaanage through
inactivation of protein synthesis and deterioratidrcellular membranes
(Karakurt and Huber, 2003). LOX catalyzes formatioh fatty acid
radicals which can react with cell components, ilegdto further
breakdown. Bleaching of plant pigments, loss [Btarotene and
chlorophyll a, has been shown to occur during LOdmated reactions
(Schieberle et al., 1981; Klein et al., 1984).

In addition to the above examples, numerous lesiblgi reactions
occur unnoticed, but can cause drastic changdsetflavor, texture and
palatability of the product. Enzyme reactions atgi and catalyze
biological pathways which may otherwise be inactivgenerating
undesirable products. These reactions frequentiglyze and activate
further enzyme reactions, resulting in a cascadevehts (Schwimmer,
1983).

Stress due to wounding or infection often inducanpltissues to
accumulate unusual metabolites, such as glycoaflalon damaged
potato tubers, and polyphenolic compounds in imjusgeet potatoes
(Haard and Cody, 1978; Grisebach, 1987). Moreast@grogenic acid,
isochlorogenic acid, caffeic acid, and methyl caiffe are among the
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common products formed via the phenylpropanoid ywagh Increased
production of polyphenols due to wounding was asoompanied by
lignin synthesis. Moreover, suberization, commoninjured tomato,
potato and bean pod, involves the synthesis of rBubgolymers
consisting ofw-hydroxy and dicarboxylic acids of long chain fa#gids
and alcohols as major components (Dean and Kolatyk 1976;
Sukumaran et al., 1990).

1.2.4 Nutritional and flavor changes

The initial nutritional value of a fresh-cut prodwan only be as good as
its whole counter-part. Thus, any preharvest orthawsest event that
affects the quality of the whole fruit or vegetabsn jeopardize the final
flavor and nutritional value of the fresh-cut protu

Antioxidants, such as ascorbic acid (AA), lycopegbearotene and
phenolics, are of great interest regarding theitiartal content of fruit
and vegetables. If included in the diet, these aamgds are known to
prevent oxidation caused by reactive oxygen spehgslead to damage
the cells and DNA, and cause some degenerativassisgHu and Jiang,
2007).

The compound AA is a key marker for determining éx¢ent of
oxidation in fresh-cut fruits and vegetables andasily oxidized during
fresh-cut processing. Changes in AA content inhfrest produce are a
result of both biosynthesis and degradation reastoturing storage (Hu
and Jiang, 2007). Increased ascorbate contenttiwithwas observed for
fresh-cut slices of mangoes kept at 5 and 13 °€n akiough the levels
never reached that of whole fruit (Tovar et al.020 Gil et al. (2006)
reported an increase in AA content in fresh-cutesdi and whole
strawberries stored at 5 °C, while a loss of AA whserved in pineapple
pieces, kiwi fruit slices and in cantaloupe cudasreases in AA were
attributed to de-novo synthesis from monosaccharigeg. D-glucose)
(Liao and Seib, 1988; Loewus and Loewus, 1987; @mlland Ward,
1982). One study demonstrated initiation of AA-éydis enzymes upon
potato tuber injury, suggesting that the same noditaprocess may also
occur in other wounded tissue (Oba et al., 1994)rthErmore,
considering that the AA concentration is often mégd on a fresh weight
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basis, an increase in AA may be a result of wates lduring storage
rather than an actual increase in AA (Nunes etl8bg).

Carotenoid degradation is accelerated with exposuoafavorable
conditions such as low pH, oxygen or light expoqiveight and Kader,
1997a), conditions created during fresh-cut prangss Ethylene
production induced by wounding hastens tissue senes, including
fatty acid oxidation by LOX, which in turn contritas to carotenoid co-
oxidation (Wright and Kader, 1997a, 1997b; Brechtak, 2004). A
reduction of 25% of the initial total carotenoidntent of fresh-cut
mango was observed 9 days after slicing and staaage°C (Gil et al.,
2006). Odriozola-Serrano et al. (2008) reported finar of six cultivars
of fresh-cut tomatoes retained their initial lycopecontent for a period
of 21 days at 4 °C. For the remaining two cultivanse kept the initial
lycopene content for up to 14 days to then decréaséhe rest of the
storage period, while the other had its lycopengertt depleted slightly
and continuously throughout storage.

Reyes et al. (2007) demonstrated that the increms@tioxidant
capacity after wounding depends on the type ot fiuivegetable tissue.
They measured changes in antioxidant capacityl, solable phenolics,
AA, total carotenoids and total anthocyanins afteunding in zucchini,
white and red cabbage, iceberg lettuce, celeryrotaparsnips, red
radish, sweet potato, and potato. The phenolicgdmnanged from 26%
decrease to an increase up to 191%, while antiokidapacity changes
ranged from a 51% decrease to an increase up t&0.44&2duced
ascorbic acid decreased up to 82%, whereas thgekam anthocyanins
and carotenoids were less evident (Reyes et &7)20

Nevertheless, even if some nutritional loss is etgue during the
shelf-life of a fresh-cut product, it has been shdhat for several fresh-
cut fruits (i.e., strawberry, persimmon, peach, gyap mango,
strawberry, pineapple, kiwi fruit, cantaloupe, amatermelon), the visual
quality was appreciably reduced before any sigaificutrient decrease
has occurred (Wright and Kader, 1997a, 1997 b; kama and Richard,
2002; Rivera-Lopez et al., 2005; Gil et al., 2006).

Cut fruit products rapidly lose their typical flayoeven when
stored under refrigerated conditions. It is welblm that they can
develop staleness or loss of freshness within aotlegfrigerated storage
(Lamikanra and Richard, 2002). Moreover, physitass that inevitably
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occurs during fresh-cut processing results in emsycoming in contact
with substrates, and contributes to changes iroflaBuch changes are
mainly due to the loss of the principal flavor-teth volatiles and the
synthesis of stress related off-flavor volatilestsas ethanol (Lamikanra
et al., 2002; Hodges and Toivonen, 2008).

During storage of fresh-cut cantaloupe, the breakdof esters is
an early and important reaction step that, by pliog precursors for the
synthesis of secondary aroma volatile compoundadsleto loss of
freshness (Lamikanra et al., 2002; Lamikanra andh&d, 2002;
Beaulieu, 2005). Sothornvit and Rodsamran (2008wsk that longer
storage time and higher temperature significantyndged fresh-cut
mango flavor by favoring the development of offvita associated with
fermentative metabolites such as ethanol and aettgdle, which
sensory panelists identified as the main attrilaffiecting flavor.

In general, biochemical parameters associated wiuthars and
acids, such as pH, titratable acidity, solubledsokkontent, and organic
and amino acids are important indicators of theaVéavor of fruit and
vegetables. However, for fresh-cuts, these parametare not
recommended to be used as quality indicators sihey are not
significantly affected by storage (Lamikanra ancci@rd, 2002). For
example, the pH, titratable acidity, Brix, orgaaids, sugars and amino
acids measured in cut cantaloupe after 2 weeksocdge at 4 °C were
not significantly different from the amounts presam the freshly cut
fruit (Lamikanra, et al., 2000). Similar observasohave also been
reported for fresh-cut mango (Ngarmsak et al., 20Bb et al., 2006;
Donadon et al., 2004; Tovar et al., 2001), and lesn@rtés-Hernandez
et al., 2007).

Taste aroma quality are important attributes fonstmners and
therefore should be carefully evaluated when deateng the shelf life of
fresh-cut products, because an acceptable posguisual appraisal
does not necessarily imply that a product hasfaatmy flavor quality
(Beaulieu and Gorny, 2004). It is difficult to dstiah overall shelf-life
limits for fresh-cut fruit, taking flavor qualitynto consideration, because
of the effects of initial fruit variability, the tlerent post-cutting
treatments and effect of packaging (Beaulieu andnyo2004).
Moreover, the optimum visual appearance of fredhfroits accepted by
the retailers and the consumers is often timeshatlavhen the fruit are
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processed immature or unripe, thus compromisinge tamd aroma
(Beaulieu and Gorny, 2004).

1.2.5 Color changes/browning

The visual quality of fresh-cut fruits and vegetasbtan be assessed using
several attributes, including overall appearanbseace of defects, shape
and size, glossiness, and most importantly, cétofact, appearance is a
primary quality attribute that greatly influencdse tconsumer purchase
decision. From initial maturity to wound-relatedeets and microbial
colonization, many factors have major effects anappearance of fresh-
cut products (Beaulieu and Gorny, 2004; Toivonesh Brummell, 2008).

Enzymatic browning is one of the most limiting farxst on the
shelf-life of fresh-cut products and consequendemnaymatic browning
are not restricted to discoloration; undesirabdedls and nutrients loss
may result. Enzymatic browning is a complex procHsst can be
subdivided in two parts. The first part is medidbyd®PO resulting in the
formation ofo-quinones (slightly colored), which through non-anatic
reactions, lead to the formation of complex browgmnpents.o-Quinones
are highly reactive and can rapidly undergo oxatati and
polymerization. Usually brown pigments are formiedt, reddish-brown,
blue-gray and even black discolorations can behggmted (Garcia and
Barrett, 2002).

In green vegetables, the senescence process useadly to a
yellow coloration of the tissues, normally consetkerthe major
consequence of chlorophyll degradation (Toivonesh Birummell, 2008).
Also, in some minimally processed green vegetaliles,synthesis of
pheophytin, an olive-colored pigment, appears whksn chlorophyll
loses its bond with the magnesium atom and subsditit with a
hydrogen atom (Artés et al., 2007). The maintenanfea low
temperature and a high relative humidity, combiméth atmospheres
lowered in Q@ and moderately rich in GQare shown to be the main
advisable techniques to delay this disorder (Aetés., 2007).

Carrots may develop “white blush”, also known asite bloom”,

a discoloration defect that results in the formatad a white layer of
material on the surface of peeled carrots, givingrpppearance to the
product (Garcia and Barrett, 2002). This supefffigiaitish layer has
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been associated with the synthesis of lignin (Uae¢lal., 2006), natural
healing of the tissue, although it has also betate® to dehydration of
cells that are damaged or removed from the tissatsgmi et al., 1993;
Avena-Bustillos et al., 1994).

Besides, browning on the leaf edge of non-photdstit tissues
has been associated with €@jury when present in concentrations
higher than 2 kPa during cold storage (Artés et28l07). The “russet
spotting” characterized by the presence of pinlbriown stains in the
mid-rib of the leaf is quite frequent and has bedated to an ethylene
concentration levels higher to 0.1 ppm during cstlotage (Artés et al.,
2007). Onions, garlic and leeks can develop pia#d, green, blue-green
or blue discolorations as a consequence of callipli®n (Toivonen and
Brummell, 2008).

1.2.6 Texture and softening

Wounding hastens senescence and induces tissueniagft which is

considered a major shelf-life limitation for fresht produce (Soliva-
Fortuny and Martin-Belloso, 2003; Beaulieu and Go2004). Many of

the textural changes occurring on fresh-cut fregt @ continuation of the
normal ripening events that lead to softening (daen and Brummell,
2008). In whole fruit, cell walls undergo a natutsgradation during
fruit ripening, reducing cell wall firmness and entellular adhesion.
Softening is attributed to changes in turgor pressund in the structure
and composition of cell walls, such as disassermblje pectin matrix,

mediated at least in part, by the sequential actbrpectin methyl

esterase (PME) and polygalacturonase (PG) enzymeaulieu and

Gorny, 2004; Pinheiro and Almeida, 2008). In addhifisoftening may be
attributable to the accumulation of osmotic soluteghe intercellular

space and partly to postharvest water loss froeniyg fruit (Toivonen

and Brummell, 2008). In climacteric fruit, wounddirced ethylene
would have the same effect as treating tissue @xtbgenous ethylene,
causing a hastening of ripening and softening.

Compared with fruit, vegetables generally have achmgreater
proportion of cells with thickened secondary waligl consequently are
much firmer and less susceptible to softening. [dks of textural quality
is related to aging processes and senescence, hsgereduced turgor
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and wounding effects, including the leakage of asmmsolutes. Wilting
is the major cause of loss of visual appearancetexttire in delicate
leafy produce such as lettuce and spinach.

Flesh translucency, characterized by the alteratioflesh texture
to become dark and glassy, and an overripe appssgrarriously limit
the use of fruit by the fresh-cut fruit industrilsana et al., 2006).
Translucency is caused by the filling of celluleee space with liquid,
giving to the tissue a transparent appearancehfexgiscucumber melon,
papaya, pears, tomatoes, and watermelon are sildedptthis disorder
(Artés et al., 2007).

1.2.7 Surface microbial flora

Fresh-cut produce are very susceptible to micradpallage due to their
high water activity (@), the presence of nutrients at the cut surface, an
the absence of preservative processes known toy dedaesirable
biological and biochemical changes, such as blegchireezing or
sterilization.

Raw fruit and vegetables have a naturally occummgyoflora that
is affected by several external factors, namelypdpct origin,
agricultural production practices, harvesting amdcpssing techniques,
initial quality and maturity, transportation modgtprage temperature,
and the use of controlled (CA) and modified (MA)masphere
(Ngarmsak et al., 2006). The microbial load carthierr be enhanced by
the different processing methods, such as handtating, shredding,
slicing and grating (Abadias et al., 2008). In &éiddi, during distribution
and storage, temperature fluctuations and the highidity present in
packages provide a favorable environment and irtcubatime for
proliferation of spoilage organisms and microorgars of public health
significance (Heard, 2002; Fan and Song, 2008).

The major microbial concerns related to fresh-cuddpce are
mesophilic and psychrotrophic microorganisms aifgcoroduct shelf-
life, and human pathogens. Most microbes on frasitsfand vegetables
are bacteria, and 80 to 90% of bacteria are Gragathne rods,
predominantlyPseudomonasEnterobacteror Erwinia species (Zhang,
2007). Lactic acid bacteria such &guconostocmesenteroidesand
Lactobacilus spp., and several species of yeast and molds lace a
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commonly found (Brackett, 1987, Fan and Song, 200Bj)ose
microorganisms may degrade the sensory quality tigctang the
appearance, cause off-odor/off-flavor, and to adegxtend, may cause
texture loss.

The detection of off-odors or obvious visual defech fresh-cut
vegetables is often accompanied by a bacterial tcexoeeding 8 log
cfu/g or a yeast count exceeding 5 log cfu/g (Regeteal., 2007). For
instance, unacceptable changes of appearance dwiogge of
minimally processed artichoke at 4 °C appearedagt Xb, when the
psychrotrophic microbial count reached 8.8 log gf(Giménez et al.,
2003). Li et al. (2001) also found that the visgahklity of minimally
processed iceberg lettuce became unacceptabley dtddduring storage
at 5 °C, which corresponded to aerobic psychrotoophd yeast counts
of 8.8 and 6.4 log cfu/g, respectively.

Although there has been a number of reports abatrbhbiological
contamination involving whole fresh produce andslireut vegetables
(Abadias et al., 2008), there is still little infioation about microbial
contamination of fresh-cut fruits. For most frtje to their low pH, the
natural microflora is restricted to acid-toleranicraorganisms, such as
fungi and lactic acid bacteria. Fruits may alsoabeehicle for non acid-
tolerant microorganisms, although these may noivdigrackett, 1987).
Beaulieu and Gorny (2004) indicated that aerobédeptount, total plate
count and, more significantly, yeast and mold cocmtrelated closely
with the shelf-life of fresh-cut fruits.

In fresh-cut fruit products, microorganism minimudetection
levels based on visual observation of spoilage waay depending on the
microorganism and type of product. For example,mango cubes,
mesophilic and psychrotrophic aerobic and lactictdr@al counts
detection level was reached at 2.4 log CFU/g, wlide yeast the
detection level was 3 log CFU/g (Poubol and Izua@iQ5a, 2005b). For
fresh-cut melon, spoilage became detectable byumoess when yeast
counts reached a level above 5 log CFU/g and aenpsychrophilic
counts reached 8 log (CFU/g) (Oms-Oliu et al., 2008 melon cubes,
the cause of off-odor was associated with yeastnaold counts above 7
log CFU/g (Bai et al., 2003).

The incidence of food-borne outbreaks caused byacanated
fresh fruit and vegetables has increased in regeats. The pathogens
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most frequently associated with produce-relatedbreaks include
bacteria $almonella Escherichiacoli), viruses (Norwalk-like, hepatitis
A), and parasitegJryotosporidium, Cyclospojawith SalmonellaandE.
coli O157:H7 being the leading causes of produtsed outbreaks in
the United States (Abadias et al., 20Q8%teria monocytogends also
considered a potential vehicle of foodborne outkseesaused by the
consumption of contaminated minimally processedshreregetables
(Ryser and Marth, 1991). Previous works have shakat Listeria
monocytogene€an grow or survive at refrigeration temperatures on
many raw or processed vegetables, such as cabbatjestaedded
cabbage (Beuchat et al., 1986; Kallander et al91),9iceberg lettuce
(Steinbruegge et al., 1988; Beuchat and BrackédfO0), asparagus,
broccoli and cauliflower (Berrang et al., 1989).

Moreover, while the acidic pH of most fruits pretenthe
development of most pathogens, they are not totalithout risk
(Brackett, 1987). Human pathogens may gain entryrid products
when animal fertilizers or contaminated irrigatiwater or water used for
rinsing come into contact with fruits during protioa and processing
(Brackett, 1987; Bordini et al., 2007).

1.3 Techniques and approach to increase shelf-lifef
minimally processed products

Cultural practices, harvest maturity, postharvestdting, ripeness stage,
storage conditions (i.e., temperature, humiditynagphere), and storage
duration are all factors affecting the wound resggom fresh-cut tissue
(Portela and Cantwell, 2001; Cantwell and Suslo®)2 Beaulieu and
Gorny, 2004), and therefore affect the shelf-litelity of the minimally
processed product. This section will review theimsic and external
factors and techniques that affect the overall pcoduality and can help
optimizing its shelf-life.

1.3.1 Quality of the raw product
The choice of the cultivar (genotype) is of primgbrtance to assure the

optimal quality of a fresh-cut product. Cultivardtem differ in
organoleptic, compositional and nutritional quabtiand consequently
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behave differently when processed into fresh-catpcts. For example,
it was shown that the shelf-life of 14 cultivarspgfaches and 8 cultivars
of nectarines varied between 2 and 12 days at &f@,their positive

response to CA and to an antibrowning treatmenedagreatly (Gorny

et al.,, 1999). Similarly, Beaulieu (2005) noticedfatences in the

volatile and quality attributes in six cantaloupdtivars, and a range of
quality attributes for different cultivars of freshit mango cubes was
reported by Rattanapanone et al. (2001), and Paarmbllzumi (2005 a,

2005b).

It is well known that fruit physiological and metdiz activities
change with the ripeness stage (Allong et al., 2001 general, when
selecting less mature fruit for processing, a lorgfeelf-life is expected
due to better firmness retention and decreasedgelsam appearance
compared with processed ripe fruit. However, whgingiunripe fruit for
processing, the amount and composition of volaflleessent or released
by the end product, and consequently the flavoll, vat be satisfactory
and the final fresh-cut product will lack good saysquality (Gorny et
al, 2000; Beaulieu and Lea, 2003; Beaulieu and Bd@004). A mature
fruit on the other hand will have superior eatinglity but shorter shelf-
life (Watada and Qi, 1999). Because some vegetablbgh are the
actual “fruit” of the plant (squash, bell peppaicaember) do not usually
ripen once harvested, and that other vegetablashwlmprise non-fruit
parts of the plant such as roots, stems and floWeosato, carrot,
asparagus, broccoli) are better tasting when hsagesnmature, an
optimal harvest maturity must be carefully targefimdeach commodity.
Thus, determining the optimal ripeness stage amdeb maturity that
combines acceptable shelf-life and eating quaditihe key to successful
commercialization of fresh-cut fruits and vegetable

Biotechnology can help change the characteristicdresh-cut
fruits and vegetables in order to improve theirlfsiife quality (Zhang,
2007). For example, changes in flavor, starch,mittaand anthocyanin
contents, enzymatic activity, or simply charactass for superior
processing or improved visual quality could be aegred. The Flavr
Savr tomato developed in the early 1990s by Calgdne., a
biotechnology company with headquarters in Davajf@nia, is a good
example of genetically modified product that maydfé the fresh-cut
industry. This tomato has a gene that slows therabsoftening process
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that accompanies ripening, thus the biotechnoldgicanodified
tomatoes can remain on the vine longer and softane siowly, resulting
in more flavor and color.

1.3.2 Sanitation treatments prior processing

Sanitizers are commonly used in fresh-cut procgssiperations to
prevent contamination of food products by maintagniow levels of
microorganisms in the environment. The utilizatmindecontamination
methods to prolong the shelf-life of fresh-cut prod should reduce the
risk of food-borne infections and intoxications,cosase the microbial
spoilage, preserve the fresh attributes and thetional quality and
leave the product free of unacceptable toxic ressdar by-products
(Gomez-Lopez et al.,, 2009). Sustainable sanitatiechniques for
keeping quality and safety of fresh-cut productyehdeen recently
reviewed by Artés et al. (2009).

Washing with chlorinated water is a widely employshitation
procedure accomplished by immersing the product swiutions
containing between 50 and 2@Q/L free chlorine (HOCI) during less
than 5 min (Ngarmsak et al., 2006; Rico et al.,J0&ven though the
application of chlorine is not considered very efifee in reducing
microbial levels in contaminated tissue, chlorieduces microbial loads
in the water and prevents cross-contaminationdtfiteon, chlorine rinse
acts directly on the tissue by inhibiting brownirgactions while it also
helps remove cellular contents present on the wdaeces of fruits and
vegetables that may promote browning (Brecht et1£93). However,
there is some controversy about using chlorinenaaréimicrobial agent
due to the possible formation of carcinogenic ahkted compounds in
the rinsing water, namely chloramines and trihalitvaees (Rico et al.,
2007). Chlorine dioxide (Clg), a strong oxidizing and sanitizing agent,
has a broad and high biocidal effectiveness amdsis less affected than
chlorine by pH and organic matter (Zhang, 2007)dddgen peroxide
(H20y), acidified sodium chloride, peroxyacetic aciddarganic acids
have also been used to sanitize fresh-cut fruits\agetables (Brecht et
al., 2004; Narciso and Plotto, 2005; Ngarmsak £t24l06; Rico et al.,
2007). Peroxyacetic acid (PAA) is currently the mosmmonly used
sanitizer in commercial fresh-cut processing faesi
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1.3.3 Processing practices

The sharpness of the cutting blade used for prowggseatly affects the
quality attributes of fresh-cut products (Hodgesl dmivonen, 2008).

That is, as a consequence of membrane ruptureina blade will cause
accumulation of liquid in the intercellular spaceghich can in turn

reduce gas diffusion and induce anaerobic respiratiroducing off odor

due to ethanol synthesis, whereas a sharp bladeninés tissue damage
and associated wound stress responses such aaseatnespiration and
ethylene production (Portela and Cantwell, 2001nZatez-Aguilar et

al., 2007a; Oms-Oliu et al, 2008a).

The cutting shape may also influence the metabotiinesh-cut
tissue. For example, when stored at 5 °C or 10sfi€gs from fresh-cut
papaya had better soluble solid content retentewer weight loss, and
better overall quality index than cubes from thensapapaya fruit
(Riviera-Lopez et al., 2005). Shredded root of shdhad a higher
respiration rate and lower content of soluble sobehd AA than sliced
radishes (Aguila et al., 2006). Moreover, trapeabmits were shown to
extend melon shelf life compared to slices or dgdincuts (Aguyao et
al., 2004). The surface area of the cut tissudtendhe reason for such
differences.

Washing after cutting may improve firmness retamtd fresh-cut
fruit by removing from the cut surfaces solutes astdess-related
signaling compounds such as acetaldehyde and pbeiidébivonen and
Brummell, 2008). Moreover, washing increases thwities of catalase,
peroxidase and superoxide dismutase enzymes, vargehnvolved in
scavenging oxygen free radicals that contribut@éonbrane injury.

1.3.4 Post-processing treatments

1.3.4.1 Temperature

Storage temperature has received the widest atteatnong the various
postharvest environmental factors as it plays apomant role in the
postharvest physiology and quality of horticultucabps. In addition to
providing effective action against fruit decay, ldemperature reduces
the RR (Qg) which provides the energy to drive the reactioosurring
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during ripening (Kays, 1991; Mohammed and BrecB2). In addition,

low temperature slows down the quantitative andili®e changes in
the normal complement of enzymes that bring abbetdharacteristic
synthetic and degradative changes associated wp#ning, such as
softening, color changes, and flavor and compaosiiacchanges, thus
increasing fruit postharvest life (Kays, 1991; Rode Ledn et al., 1997).

Proper temperature management during postharvestllihg,
processing and distribution is the most importaxtemmal factor that
must be controlled to preserve the quality andtgadé fresh-cut fruits
and vegetables (Zhang, 2007). Temperature ha®et dalationship with
the shelf-life of fresh-cut products. That is, thever the temperature, the
longer the shelf life of the fresh-cut fruit or \etgble. For instance, the
marketable period of fresh-cut mango cubes was33days at 10 °C, but
could be extended 5 to 8 days at 5 °C (Rattanaymaed al., 2001).
Moreover, temperature was the main factor affecpogtcutting life of
fresh-cut pineapple, which ranged from 4 days €@ over 14 days at
2.2 and 0 °C (Marrero and Kader, 2006).

Because fresh-cut products are stored or displa#te retail store
for only a short period of time, and because theyeatremely perishable
compared with the whole fruits or vegetables, exp®do a temperature
that causes a slight amount of chilling injury (@) preferred over a
temperature that causes more rapid deterioratian tduripening and
senescence (Watada and Qi, 1999). A significantbmunof fresh-cut
fruits do not seem to be as chilling sensitivelas dorresponding intact
fruit. Furthermore, Cl symptoms are often only niestied when fruit are
transferred to nonchilling temperatures and mayen&ecome visible if
the product is maintained exclusively at chillirgmiperatures. In fact,
some authors have suggested that fresh-cut prochagtde subject to ClI
despite little visual manifestation of injury. Faxample, higher
respiration rates of fresh-cut products compareith Wie corresponding
whole fruit may in some cases, and to some extergrbindicator of ClI
(Brecht et al., 2004). Moreover, poor flavor retent in fresh-cut
products, especially fruits, due to the inhibitimh aroma volatile
production, is a widely recognized problem and rbaycaused by CI
(Beaulieu and Gorny, 2004).
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1.3.4.2 Chemical treatments

Several chemical and physical treatments may bkeapip synergy with

proper temperature management and handling practweextend the
shelf-life and maintain the product quality. Foaeple, dips in organic
acids solutions (e.g. lactic acid, citric acid, tecacid, tartaric acid) have
been described as having a strong antimicrobiaiomctagainst

psychrophilic and mesophilic microorganisms in lresit fruits and

vegetables (Rico et al., 2007). The powerful ardiobial action of

organic acids is attributed to their capacity tduee external pH, disrupt
membrane transport or permeability, cause anioruragation, and

reduce the internal cellular pH by dissociatiorhgpdirogen ions from the
acid fraction (Rico et al., 2007).

Reducing agents, most commonly AA or its isomethampic acid,
isoascorbate or sodium erythorbate, are some ahtis# commonly used
agents to reduce or eliminate cut surface discbtorawhich is mainly
attributed to enzymatic browning (Brecht et al.,020 Beaulieu and
Gorny, 2004). The use of isoascorbic acid has ls&envn to be more
effective than AA orN-acetyli-cysteine, another reducing agent, in
preventing tissue softening, surface browning, deday on fresh-cut
pineapple slices, extending shelf-life to 14 dagmpared to a shelf-life
of 9 days for the non-treated slices (Gonzalez-kagwt al., 2004).

Calcium and its salts have been used to decressestsoftening of
a great variety of fresh-cut fruits (Soliva-Fortuapd Martin-Belloso,
2003; Toivonen and Brummell, 2008; Aguayo et alD0&. These
compounds help maintain cell wall integrity by iateting with pectin to
form calcium pectate, and help reduce tissue sofjeby cross-linking
with cell wall and middle lamella pectins (Luna-Guem et al., 1999;
Rico et al., 2007). A combination of calcium chitaj AA, and citric acid
significantly reduced color deterioration and ladsfirmness, without
affecting sensory characteristics, of fresh-cut goms stored at 5 °C
(Gonzalez-Aguilar et al., 2007a).

The use of 1-MCP was proven effective to slow tlanges
associated with loss of quality and extend the fdtiel of fresh-cut
product (Vilas-Boas and Kader, 200The action of 1-MCP is mediated
through the inhibition of ethylene perception ofaml tissues by
interacting with the receptor and competing withyktne for binding
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sites (Watkins, 2006). Therefore, the effectivenessinhibition of
ripening and/or senescence faiit and vegetables is a function of the
concentration of 1-MCP applied, up to saturationtted binding sites
(Watkins, 2006). Response of fresh-cut productd-tdCP treatment
depends on the dose applied, the type of cropnttarity or the ripeness
stage, the exposure time, and the temperature K&teship and Dole,
2003). 1-MCP can be applied as a pre- or postagutteatment.

Slices made from 1-MCP-treated papayas had dobblstielf-life
compared to slices made with untreated papayasuiiEeg al., 2006).
Arias et al. (2009) reported that slices made fraAMCP-treated
‘Blanquilla’ pears (treated just after harvest) #efirmer and had
improved color compared to nontreated fruit. Ineaipple, fresh-cut
slices made from 1-MCP-treated fruit, had lowerpnegion rates,
browning and hydrolysis of ascorbic acid compamchan-treated fruit
(Budu and Joyce, 2003). Exposure of fresh-cut applees to 1-MCP
(after processing) decreased ethylene productespination, softening,
color change and synthesis of aroma compounds réPeteal., 2003;
Calderdn-Lépez et al., 2005).

1.3.4.3 Physical treatments

Along with good temperature management, the usezohe, radiation,
ultraviolet (UV) light, heat treatment, and moddfieatmosphere
packaging (MAP), are physical treatments that Gaaplied to fresh-cut
products in order to extend their shelf-life.

Ozone (Q) is a strong antimicrobial agent with high reaityiand
penetrability, and spontaneously decomposes;tim @ir, or to Q + H,O
in water (Rico et al., 2007). A low dose of gammadiation is also very
effective in reducing bacterial, parasitic, andtproan pathogens in raw
food (Rico et al., 2007). A maximum irradiation é\of 1.0 kGy was
approved by the U.S. FDA for use on fruits and v&gles and could be
used without damage to the cut product (Fan an@@gk2008). Another
effective antimicrobial agent is UV light, referréal as UV-A, UV-B or
UV-C according to the wavelength from shortestotagest, respectively.
UV light damages the DNA of microorganisms as wa#l acting
indirectly against spoilage pathogens due to tldeigtion of resistance
mechanisms in different fruits and vegetables (Bayn2004). UV-C
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irradiation was reported to improve the total axiiant capacity of
fresh-cut mango (Gonzalez-Aguilar et al., 2007a)d amprove the
phenolic profile of honey pineapple, banana andrgyalothman et al.,
2009).

Mild heat treatments have been shown to potentiadigefit the
texture of fresh-cut fruit and vegetables. Thettremt strengthens the
cell wall due to the activation of the enzymes Piiiich promotes de-
esterification of the pectin molecule, thus incnegsthe number of
calcium binding sites. For example, in minimallyopessed celery,
treatment by immersion in hot water allowed a betezention of the
original color and the total chlorophyll contentif® et al., 2007). In
fresh-cut peach, heating the fruit at 50 °C fomdi@utes, 4 hours before
cutting, effectively controlled browning and retagh firmness during
storage (Koukounaras et al., 2008). A hot air inegit (48 °C for 3
hours), applied to fresh-cut broccoli, was sucadssh delaying
yellowing, maintaining chlorophyll content and tietag tissue integrity
compared to controls (Lemoine et al., 2009). Simiksults have been
observed for fresh-cut apples (Kim et al., 1993rr&acos et al., 2003).
However, low heat (38 °C for 12 or 24 hours) of Vehanangoes
accelerated softening of fresh-cut slices (Plottoak, 2003). Such
treatments are difficult to take into commerciaplégations because of
the multiple combinations of treatment time andgerature that need to
be adjusted for each commodity, cultivar and rigsrstage.

A low O, or elevated C@ atmosphere, plus saturated or near-
saturated humidity environments generated in MAPvehaeen
successfully used to extend fresh-cut produce dielfIn fact, MAP
systems in association with low temperature areeresttely used
commercially to extend shelf-life of fresh-cut puots by reducing
respiration rate, cell wall degradation, water Jogkenolic oxidation,
microbial growth, and ethylene biosynthesis andoac{Gorny 2003).
Due to the active metabolism of fresh-cut fruits AR alters the
atmosphere composition surrounding the product,ectffg the
concentrations of § CQO,, water vapor, and other volatiles compounds
that impact the physiology and overall quality bé tproduct (Forney,
2007).

MAP systems are designed to maintain a respirirogglymst in a
favorable atmosphere, usually incorporating redu@gdand elevated
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CO.. The MA is created and maintained through therjiigy of product
respiration and gas permeation through the pacRégm and Lee, 1995;
Mir and Beaudry, 2004). It can be created eithespaly or actively.

A passive MAP system is generated by allowing tlesiréd
atmosphere to develop naturally because of theugtoespiration and
the diffusion of gases through the selected filnperforations (Moleyar
and Narasiam 1994; Yam and Lee, 1995). In passii® gystems, the
development of a desirable atmosphere compositicay rake a
considerable amount of time (up to several dayspedding on the
product respiration rate and the void volume witthia package (Rodov
et al., 2007). A similar situation can occur withatngs although with
much less control. On the other hand, in an adiM& system, the
atmosphere is created rapidly by flushing the heacks of the package
with a desired gas mixture, usually consisting efnNxed with Q and
CO, concentrations that are near the anticipated ibquin
concentrations of those gases. In both cases,tbeddA is established,
the dynamic equilibrium of respiration and perm@atimaintain the
appropriate atmosphere. Bai et al. (2003) reportiedt fresh-cut
honeydew cubes packed in active MAP (5 kPa+36 kPa CQ) had
better color retention, reduced respiration raté @mmcrobial population
and a longer shelf-life than those stored in pas$dAP (Bai et al.,
2003).

The tolerance to and physiological effects of diedaCQ are
highly variable and depend on the commodity, matuni ripeness stage,
and storage temperature. In addition, elevated 168y alter the response
of the product to reduced,@oncentrations, since with an increase in
CO, concentration, the tolerance limits to reducedl€crease (Watkins,
2000; Kader, 2002; Kader and Saltveit, 2003). Imsaases, elevated
CO, may cause discoloration and softening, and indeceentative
metabolism (Mir and Beaudry, 2004). Nevertheleslevaged CQ
concentration (> 8 to 10 kPa) may inhibit ethylemetion and can
effectively inhibit microorganism growth.

Holding fresh-cut mango slices in 10 kPa &hd CQ at 5 °C
retarded browning and softening (Limbanyen et H98). MAP led to
lower microbial infection, less translucency andtdrecolor retention in
fresh-cut cantaloupe cubes stored in active MARR4 Q plus 10 kPa
C0O,) (Bai et al.,, 2001). Moreover, MAP-treated fresh-dohlrabi,
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stored in 6 kPa ©plus 13 kPa C@and 13 kPa ©plus 8 to 9 kPa C£)
had reduced microbial population growth and bettdor retention than
air stored material (Escalona et al., 2003).

One hazard that may occur with the use of a nomabtiMAP
system for a given fresh-cut commodity is the gati@n of anaerobic
conditions or accumulation of high G@vels in the package. This can
be caused by the utilization of inappropriate filon gas flushing
protocols, variation in respiration rates from eiffnt cultivars or
varieties, seasonal variation, and storage duratidhe product prior to
processing (Kim et al., 2005a, b; Hodges and Tawpr2008). Such
conditions can cause the product to pass from aenab anaerobic
respiration, which causes the production of ethaarad acetaldehyde
leading to off-flavors and odors (Beaulieu, 200&it\&it, 2003).

1.4 Edible coatings for minimally processed product

Edible coatings improve the quality and extend fshié@ of lightly
processed fruit and vegetables by acting as adbdaiwater loss and gas
exchange, creating a micromodified atmosphere ardba product. In
addition, edible coatings can serve as carriers dtirer generally
recognized as safe (GRAS) compounds, such as patises and other
functional ingredients from natural sources (Baluwt al., 1995; Olivas
and Barbosa-Canovas, 2005; Vargas et al., 2008).ekample, the
addition of a texture enhancer, such as calciuroricld, in an edible
coating formulation may enhance fruit quality darirstorage by
maintaining firmness (Olivas and Barbosa-Canov@85® Furthermore,
calcium in the form of calcium ascorbate providedual function of
cross-linking (from Ca++) and preventing cut suefdcom browning
(from ascorbate) (Wong et al., 1994). The incorpora of natural
antioxidants, such as AA, citric acid, cysteinej antimicrobials such as
lactic acid, peracetic acid, can help reducing eraic browning and
controlling microbial growth of fresh-cut productsurthermore, edible
coatings contribute to the reduction of synthetickaging waste (Vargas
et al., 2008).

Due to the particular physical and chemical praperof fresh-cut
produce, edible coatings must be designed and fatadito suit their
specific physiology. Some coatings may not adheedl v fresh-cut
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surface, while others may offer good adherencartay be a poor barrier
to moisture or not resist water vapor diffusion (& and Barret, 2002).
On a general basis, edible coatings used with fteslproducts must be
transparent, tasteless and odorless, in additionotdaining safe and
food-grade substances. They must have an adequater wapor
permeability (WVP), solute permeability and seleetpermeability to
gases and volatile compounds. Further, the costaifnology and raw
materials from which coatings are made has to lagively low (Vargas
et al., 2008).

The following sections will describe the nature émel properties of
the main components found in edible coatings fesHrcut fruit (i.e.
proteins, polysaccharides, lipids, and resins), lama their combination
can improve the shelf-life of minimally processedits and vegetables.
Table 1 summarizes the use of coating materialsagdiives for fresh-
cut fruits and vegetables, with corresponding efees. More
information on edible coatings for minimally prosed fruits and
vegetables can be found in the following reviewald®in et al., 1995;
Olivas and Barbosa-Cénovas, 2005; Lin and Zhao,72@durtoom,
2008; Vargas et al., 2008; Rojas-Grau et al., 2009.
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Table 1.Edible coatings and minimally processed fruits.

Commaodity Coating material Additives and plasticize References
Apple Alginate, apple puree N-acetylcysteine,Ga@legano, Rojas-Gral et al., 2007
lemongrass, vanillin, Gly
Alginate, gellan, N-acetylcysteine, Cagl Rojas-Gral et al., 2008
sunflower oll
Alginate N-acetylcysteine, glutathione, cinnamon,Raybaudi-Massilia et al., 2008b

clove, lemongrass, citral,
cynnamaldehyde, eugenol, calcium
lactate; malic acid, Gly

A_p|>ple puree, BW, vegetal AA, citric acid, Gly McHugh and Senesi, 2000

oils

Alginate, AMG, linoleic CaC}, Olivas et al., 2007

acid

Carragennan, CMC, WPC CaCl2, Gly, PEG Lee et @032

CMC, CC, WPI CaGl Gly Le Tien et al., 2001

Nature Sedl", CMC, AA, PS, SB, soy oil, CaClI2, Gly, PEG Baldwin et 4996

SPC

SWP, SPI, CC Sorbitol Shon and Haque, 2007

WPI, BW Gly Pérez-Gago et al., 2003

\C/:VPI; WPC, HPMC, BW, Gly Pérez-Gago et al., 2005a
wW
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Banana

Carrot

Celery
Eggplant
Grapefruit
Lettuce
Lichi

WPC; BW
Candellilla wax
Candellilla wax
Carragennan
Candellilla wax
Alginate
Chitosan, yam starch
Chitosan, yam starch
Chitosan, MC, oleic acid
Xantam gum
Cellulose-based
Pectin, CMC, CC, WPI
HPMC, sucrose ester
CC, WPI
SWP, SPI, CC

CC, AMG

SPI, BW

Wax microemulsion
Alginate
Chtitosan

AA, Cys, Gly

Aloe vera juice, ellagic acid, galhcid

Aloe vera juice, ellagidda@allic acid

AA, Cys, CaGly, PEG

Aloe vera juice, ellagic acid, gakhcid

Citric acid, Cagl
Gly
Gly

Gluconal cal, Vit. E

Cynnamaldehyde, Gly

Gly
Sorbitol

AA, Cys, Gly

CaGl

Introduction

Pérez-Gago et al., 2006
Saucedo et al., 2007
Saucedo et al., 2007
Bico et al., 2009
Saucedo et al., 2007
Amanatidou et al., 2000
Durango et al., 2006
Simdes et al., 2009
Vargas et al., 2009
Mei et al., 2002
Peiyin and Barth, 1998
Cailletlet2006
Villalobos-Carvajal et al., 2009
Lafortune et al., 2005
Shon and Haque, 2007
Avena-Bustillos et al., 1997
Ghidelli et al., 2010
Baker and Hagenmaier, 1997
Tay et al., 2004
Dong et al., 2003
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Commodity Coating material Additives and plasticize References
Mango Chitosan — Chien et al., 2007
CMC, chitosan, dextrin,  AA, citric acid, calcium lactate Ducamp-Collin ét,2009
stearic acid
CMC, maltodextrin Calcium ascorbate, N-acetylcysei Plotto et al., 2004
Melon Alginate, gellan, pectin, CaC}, Gly, Oms-Oliu et al., 2008a
sunflower oll
Alginate Cinnamon, palmarosa, lemongrass, Raybaudi-Massilia et al., 2008a
eugenol, geraniol, citral, malic acid,
calcium lactate, Gly
SPI malic acid, lactic acid, Gly Eswaranandam gt24106
Mushroom Chitosan — Eissa, 2007
Onion SWP, SPI, CC Sorbitol Shon and Haque, 2007
Papaya Alginate, gellan AA, CaBly Tapia et al., 2007
Pear Alginate, gellan, pectin N-acetylcysteinetaghione, Cagl Gly Oms-Oliu et al., 2008b
MC, stearic acid AA, PS, CaLlly, PEG Olivas et al., 2003
Persimmon WPI, BW Sodium ascorbate, Gly Pérez-Gagd, 2005b
SPI citric acid, CaCl2, Gly Ghidelli et al., 2010a
Potato Nature Sedl, CMC, AA, PS, SB, soy oil, CaCl2, Gly, PEG Baldwin et 4996

SPC
CMC, CC, WP

CaG| Gly

Le Tien et al., 2001
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SWP, SPI, CC Sorbitol Shon and Haque, 2007
Strawberry Chitosan — Campaniello et al., 2008
Water Chtitosan — Pen and Jiang, 2003

chestnut

BW = beeswax, AMG = acetylated monoglyceride, CMCarboxymethyl cellulose, WPC = whey protein
concetrate, CC = calcium caseinate, SPC = soyiprotacentrate, SWP = sour whey powder, WPI = whey
protein isolate, HPMC = Hydroxypropyl methylcellaly CW = carnauba wax, MC = methylcellulose, SPI
= soy protein isolate, CaCl2 = calcium chloridey &l glycerol, AA = ascorbic acid, PEG = polyethyen
glycol, Cys = cystein, PS = potassium sorbate, SBdium benzoate.
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1.4.1 Films versus emulsion coatings

Minimally processed products can be coated witmds&one films
preformed by casting or extrusion processes, dobyation of the film
layer directly on the surface of the product bypiing or spraying the
coating solution. Stand-alone edible films are ligused to cover, wrap
or separate food components from each other amad tine environment.
Many of the films studied are actually dry filmslajered structures, and
most films are not suitable for foods with high fage water activity
because they swell, dissolve and/or disintegrateartact with water
(Guilbert, 1986). However, adding a hydrophobictioor may contribute
to decreasing water permeability. In this senseHdyh et al. (1996)
developed stand-alone edible films from fruit arejetable purees that
presented good mechanical and barrier propertiesetaised to wrap
fresh-cut fruits. A film made from apple puree, ®&ax, pectin, glycerol,
ascorbic acid and citric acid was effective at oedg moisture loss and
browning in fresh-cut apples (McHugh and Senesd020Another film
made from pure mango puree reduced weight losshotesmango fruit
and extended shelf-life of fresh-cut mango slicgs 2 to 3 days
(Sothornvit and Rodsamran, 2008).

Coating formulations applied directly to food pretiiusually, but
not necessarily, consist of emulsions that contamiscible components
with one component dispersed as fine droplets édsgul phase) in the
other (continuous phase). This way, gas exchandbgerance, and
moisture barrier properties of the composite cgatire improved, with
results very beneficial to fresh-cut fruits and etedples (Baldwin et al.,
1995). Emulsion coatings require the consideratibatability, which is
related to a balance between attractive and reqguterces-including van
der Waals, electrostatic, steric, and hydrationdsr

1.4.2 Polysaccharides

Polysaccharides (chitosan, alginate, carageendunlose, starch, pectin,
gums) are widely used as edible coatings for fiegHruits (Krochta and
de Mulder-Johnston, 1997). These coatings presemtrglly good gas-
mostly oxygen-barriers due to their hydrogen-bondetivork structure
(McHugh et al., 1994), and adhere well to the hgtiiic cut surfaces of
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fruits and vegetables. However, they are poor waderiers (Baldwin et
al., 1995), which may increase product desiccadimhweight loss.

1.4.2.1 Chitosan

Chitosan [2-amino-2 deoxy —D-Glucan] is a cationic polymer obtained
from the deacetylation of chitin originating frorhet exoskeleton of
crustaceans (crab, shrimp and crayfishes), and ftben cell wall
constituents of fungi and insects (Andrady and ¥@97; Hirano, 1999).
Chitosans are described in terms of degree of tigatten and average
molecular weight. Extraction methods make the diffiees in the degree
of deacetylation, the distribution of acetyl groufise chain length and
the conformational structure of chitin and the aé@n molecule (Tsai et
al.,, 2002). Chitosans have been widely studied usmscaof their
antimicrobial properties as well as their catiotlh@racter and their film-
forming properties (Muzzarelli, 1996; Geraldineakt 2008). They are
also used by the food industry as clarifying ageatdioxidants, and as
enzymatic browning inhibitors (Devlieghere et &Q04). The amino
groups in the chitosan molecule provide positivargas which make
possible modifications to the molecule by covalemnding with anions,
such as those from fatty acids and other proteimden the right pH
(Janjarasskul and Krochta, 2010). It is also beliethat the cationic
property of chitosan is partially responsible fds iantimicrobial
properties, by binding to the negatively chargedcrabial cell
membranes (Papineau et al., 1991; Young et al.2)198he positive
charges of the chitosan molecule also provide santi@xidant activity,
as well as the ability to carry and slow-releasecfional ingredients
(Coma et al., 2002).

Chitosan edible coatings were shown to effectiveyntain quality
and extend the shelf-life of many fresh-cut produstich as carrot
(Vargas et al., 2009), Chinese water chestnut épdnJiang, 2003), litchi
(Dong et al., 2004), mango (Chien et al., 2007; dae-Collin et al.,
2009), mushrooms (Eissa, 2007), and strawberriasnf@aniello, et al.,
2008). Combination of chitosan with other polysaraes has also
shown to improve its functional properties. Forrapée, an edible yam
starch and chitosan coating was successful in aliingg the microbial
growth, preventing surface whitening and maintagrtime sensory quality
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of minimally processed carrots (Durango et al., 08imdes et al.,
2009). In another study, chitosan and celluloseeweade into a stand-
alone film, with polyethylene glycol added as a spitazer, which

controlled microbial growth on fresh cut melon aptheapple as
compared to uncoated fruit, or fruit wrapped iroanmercial stretch film

(Sangsuwan et al., 2008).

1.4.2.2 Alginates

Alginates are the salts of alginic acid, a lineapaymer of D-
mannuronic and L-guluronic acid monomers, extrachemn brown
seaweeds of th®haeophycea&lass (Cha and Chinnan, 2004; Sime,
1990; Vargas et al., 2008). Alginates form filmsgets by reacting with
divalent and trivalent cations (e.g. calcium, mayma, and ferric ions)
which are added as texturing and gelling agentsa(@hd Chinnan,
2004). Using calcium as the gelling agent with radges has shown to
provide additional properties, such as maintairfirgness of fresh-cut
apples (Rojas-Grau et al., 2007, 2008; RaybaudisMast al., 2008b;
Olivas et al., 2007), carrots (Amanatidou et abQ@), lettuce (Tay and
Perera, 2004), melon (Raybaudi-Massilia et al.,820@ms-Oliu et al.,
2008a), papaya (Tapia et al., 2008), and pears {Olmset al., 2008b).
Alginates produce uniform, transparent and watdulde films,
which give the fruit a bright, translucent, andsfidike appearance
(Olivas et al., 2007). These films are also effextjas barriers and were
shown to decrease the respiration rate and thdeetnyproduction by
creating a modified atmosphere around the cut pieoé apple
(Raybaudi- Massilia et al., 2008b; Rojas-Grau et a007), melon
(Raybaudi- Massilia et al., 2008a), and pears (@ins-et al., 2008b).
Like other hydrophilic polysaccharides, alginateatongs require
the addition of plasticizers to increase coatirexibility and decrease
brittleness by reducing the internal hydrogen bdmetsveen the polymer
chains and increasing molecular spaces. In additaue to their
hydrophilic nature, the incorporation of a lipidiabstance to the alginate
coating mix may be necessary to improve water vaporer properties.
Tapia et al. (2008) studied the effect of the addibf glycerol, ascorbic
acid and sunflower oil to alginate-based coatingslider to improve
their moisture barrier on fresh-cut papaya. Thetioga improved the
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firmness of the fresh-cut product during the persiddied, and the
addition of 0.025% (w/w) sunflower oil resultedaril6% increase in the
water vapor resistance of the coated samples.

Several studies (Rojas-Gral et al., 2007, 2008p&ayi-Massilia
et al., 2008a, b; Oms-Oliu et al., 2008b; Tapialgt2008) successfully
used alginate edible coatings with anti-browningrdg, such as ascorbic
acid, N-acetyli+-cysteine and glutathione, to control enzymatioAmng
and extend shelf-life of fresh-cut commodities. lomgrass and
cinnamon (0.7%), citral (0.5%) or cinnamaldehyd&%) essential oils
added to an alginate-based coating (alginate, nadid, N-acetyl+-
cysteine, glutathione and calcium lactate) effedyiv prevented
microbiological growth on fresh-cut apples (Raylkaddssilia et al.,
2008b). The addition of palmarosa oil (0.3%) tarailar alginate based
coating inhibited the native flora and reduc8dimonella enteritidis
population while maintaining the fresh-cut melonality parameters
(Raybaudi-Massilia et al., 2008a).

1.4.2.3 Gellan

Gellan is a polysaccharide of microbial origin aisdsecreted by the
bacteriumSphingomonas elode@dormerly referred to a®seudomonas
elodeq. Like alginate, gellan coatings are made by agladialcium ions
(calcium chloride) to cross-link the carbohydratdymer (Oms-Oliu et
al., 2008Db).

In a comparative work between gellan and algirtht gellan films
showed better vapor barrier properties than algistnd-alone films and
water solubility values found for gellan films & 2C were significantly
lower (0.47 to 0.59 g soluble solids/g total sdlittean the values found
for the alginate film (0.74 to 0.79) (Tapia et &007). This implies that
gellan films, which are more difficult to dissolue water, present a
slightly higher hydrophobicity that could be debisfor their use on
fresh-cut fruits. Also in this study, fresh-cut &spand papaya cylinders
were successfully coated with these films and tiditmn of sunflower
oil (0.025 mL/ 100mL film forming solution) to thegellan coating
applied to fresh-cut apples improved its water ibarproperty, thus
reduced moisture loss and maintained texture.
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Gellan-based edible films and coatings are goodietar for
antioxidant agents such as glutathioNeacetyl+-cysteine, ascorbic and
citric acids (Rojas-Grau et al., 2008). For exampieorporation ofN-
acetylt-cysteine and glutathione to a gellan-based coatiifigctively
controlled enzymatic browning, reduced ethylene dpobion, and
maintained the desirable quality characteristics frelsh-cut apples
(Rojas-Grau et al., 2008) and pears (Oms-Oliu .e2808b). Moreover,
this coating maintained the vitamin C content amigbaidant potential in
pears (Oms-Oliu et al., 2008b) and in fresh-cutomglOms-Oliu et al.,
2008a).

1.4.2.4 Carrageenan

Extracted from several red seaweeds, maidiiondrus crispus,
carrageenan is a complex mixture of at least fifferént water soluble
galactose polymers (Karbowiak et al.,, 2007; Vargasal., 2008).
Carrageenans form gels in presence of monovalewmivatent cations
during moderate drying, leading to a three-dimamaismmetwork formed
by polysaccharide double helices which becomes lal $bm after
solvent evaporation (Karbowiak et al., 2007). Amahg different types
of polymers k, /1, and A carrageenan)/-carrageenan is preferred for
coatings as it makes clear and elastic gels (Kaddoet al., 2007)
Application of carrageenan edible coatings with aamibrowning
agent was a good method to prevent weight and &smriosses, to
reduce respiration rate, to maintain eating qualaggd to maintain
microbial growth within acceptable limits duringosige of fresh-cut
banana (Bico et al., 2009), and fresh-cut apples €t al., 2003).

1.4.2.5 Xanthan gum

Xanthan gum is the product of glucose fermentatipthe Xanthomonas

campestribacterium. It is an anionic polymer with cellulo$ackbone

substituted on alternate glucose residues withsactharide side chain
(Mei et al., 2002). A xanthan gum coating was usedarrier of calcium
and vitamin E on fresh-cut baby carrots (Mei et &2002). These
formulations were efficient at delaying the whiteface discoloration of
carrots, probably by acting as surface moisturiaed, they did not affect
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the aroma, flavor, sweetness, crispness, and cardéeels of the baby
carrots.

1.4.2.6 Cellulose and cellulose derivatives

Cellulose, the structural material of plant celllaas composed of linear
chains of (1->4)3-D-glucopyranosyl units (Nisperos, 1994). Becaus® it
naturally insoluble in water, chemical modificatiasf cellulose by
etherification is necessary to make it usable. Watduble cellulose
derivatives are methylcellulose (MC), hydroxypra@Htulose (HPC),
hydroxypropylmethylcellulose (HPMC) and ionic
carboxymethylicellulose (or sodium carboxymethyldeke CMC).
These cellulose derivatives tend to have exceflentforming property,
and films are generally odorless, tasteless, tamesp, flexible and of
moderate strength. Regarding their physical progsert cellulose
derivative films provide some barrier to oil andsfand have moderate
barrier properties to moisture and oxygen (Krocnd Mulder-Johnson,
1997; Gennnadios et al., 1997; Turhan and Sahl@294; 2Maftoonazad
and Ramaswamy, 2005). MC is the most hydrophobithefcellulose
derivatives (Kester and Fennema, 1986), even thahgh WVP of
cellulose stand-alone films is still relatively higMC-based coatings
were used on fresh-cut apples (Vargas et al., 2@08) pear wedges
(Olivas et al.,, 2003). In both studies, the appicca of MC edible
coating did not reduced weight loss, probably duehe high relative
humidity conditions. However, the incorporation stéaric acid, a fatty
acid (hydrophobic molecule), to MC coatings reduttezl weight loss of
pear wedges compared to MC alone.

Scarce reports of application of HPMC-based coatiiogfresh-cut
fruit are available. Villalobos-Carvajal et al. () studied the barrier
properties of HPMC edible coatings containing sttefat mixtures
prepared in agueous or hydroalcoholic solution,liagpto fresh-cut
carrots. HPMC edible coating prepared in a hydaadic solution
provided greater resistance to water vapor mignaian those prepared
in an aqueous solution. In addition, coatings preghan an alcoholic
media induced lesser color changes (whitening) thase prepared in an
agueous solvent, probably because the film formeas vthinner
(Villalobos-Carvajal et al., 2009). In fresh cutpégs coated with HPMC
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containing beeswax or carnauba wax formulationgrethwas no
significant reduction in either weight loss or bromng (Pérez-Gago et al.,
2005b).

CMC, or cellulose gum, is available for food apations in a
variety of types based on degree of substituti@mige size, viscosity
and hydration characteristics (Nisperos-Carried@4). On fresh-cut
fruit, the use of CMC-based edible coatings withaamioxidant agent
such asN-acetyli-cysteine, ascorbic and/or citric acid, gave pwsiti
results in controlling enzymatic browning, improginisual appearance
and maintaining fruit aroma and flavor in fresh-coéngoes (Plotto et
al., 2004; Ducamp et al.,, 2009). Combinations of CMith other
hydrocolloids, such as whey or milk protein, showgedd synergy, and
was useful in reducing respiration rate, delayingwming, maintaining
firmness and increasing the antioxidative powercobated fresh-cut
apples (Lee et al.,, 2003), and potatoes (Le Tieal.et2001). It was
hypothesized that the carboxyl groups in CMC maleatively trap
peroxide radicals (Le Tien et al., 2001). Simildfeetiveness was
demonstrated by Baldwin et al. (1996) with minimglrocessed potato
and apple, where the antibrowning activity of CM&séd edible coating
with ascorbic acid was more effective than an dscoacid aqueous
solution alone. The latter results suggest thatrbgc acid undergoes less
degradation within the cellulose matrix, thus erdnag its antibrowning
activity. Moreover, application of CMC retarded esatloss and the
addition of potassium sorbate and citric acid slbaesynergistic effect
for microbial control (Baldwin et al., 1996). Fihal two commercial
cellulose based edible coatings of varying pH @éhd 4.6) significantly
retarded surface whitening, preserved carotene engntretarded
peroxidase activity and maintained fresh appearahtightly-processed
carrots (Li and Barth, 1998).

1.4.2.7 Pectin

Pectin is a soluble plant fiber derived from pleeli walls, and the major
commercial source for food applications is fronmrust peel and apple
pomace. Pectin is divided into types according e tegree of
esterification (DE) that is an indication of thentent and branching of
methyl esters on the polymer chain composed of 4(ie>D-
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galactopyranosyluronic acid units. The DE impartulsility and
gellation properties. Pectins with a DE of 50% @ireded into low- and
high-methoxyl pectins. Low-methoxyl pectin can forgels under a
narrow pH range and with the presence of solublelssowhile high-
methoxy pectin can form gels in the presence dfigal ion (Nisperos-
Carriedo, 1994). Pectin-based edible coatings waitdied sunflower oil
contributed to reduced moisture and firmness las&l inhibition of
ethylene synthesis in fresh-cut melon and pearssfOiiu et al., 2008a,
b). Further addition of N-acetylt-cysteine and glutathione as
antioxidants to pectin was effective in avoidingpwning in fresh-cut
pears. The addition of these antioxidants preseniégimin C and
phenolic content in fresh-cut pears, which washatted to a reduction of
O diffusion. Also, fresh-cut melon coated with pacthaintained their
quality attributes better compared to samples coatgh gellan or
alginate after one week storage, without affectiver taste (Oms-Oliu et
al., 2008a,b).

1.4.2.8 Starch and starch derivatives

Starch is a polymeric carbohydrate composed of @umalgyucose units
[(1->4)-a-D-glucopyranosyl monomers]. Most starches contam tiypes
of glucose polymers: a linear chain molecule termaetyloseand a
branched polymer of glucose termadylopectin(Nisperos-Carriedo,
1994). Starch edible coatings exhibit different gedies than other
polysaccharides, which is attributed to the amylosatent (Lawton,
1996).

Among the polysaccharides available commercialtygimduction
of edible coatings, starch is the natural biopolymest commonly used
because it is abundant, relatively low cost and haside range of
functionalities (Mali et al., 2002). Mali et al. @2) showed that yam
(Dioscoreasp) starch, with about 30% amylase, presented gowod fil
forming properties; therefore, it was a good sodeocehe production of
edible coatings. Yam starch was used on minimalbc@ssed carrots
(Durango et al.,, 2006). When combined with chitosineffectively
controlled microbiological growth and enhanced alswuality and
phenolic content of carrot sticks (Simdes et &09).
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Dextrin, derived from starch with smaller molecusaze, could be
used in edible coating providing a better waterovapesistance than
starch coatings (Lin and Zhao, 2007). Ducamp ef28l09) reported the
effectiveness of dextrin potato starch with calcilactate and ascorbic
acid to reduce respiration rate in fresh cut masgddeanwhile,
combination of maltodextrin with CMC did not impwnango flavor or
texture in minimally processed mangoes (Plottd.e2804).

1.4.3 Proteins

Proteins used in edible coating destined for fragh-fruits and
vegetables are usually whey protein and caseiraee from milk, or
soy proteins (Baldwin and Baker, 2002). Due tortlohiemical nature,
proteins can impart a range of physical and chdmicaperties to
coatings. The type, sequence and amount of amiiis adll determine
their molecular size, shape (globular, random @ohelix conformation),
and charges depending on the pH. Therefore, ceating films made
with proteins will vary in their flexibility (rigidversus flexible), thermal
stability, and barrier properties (Vargas et al00&. Proteins, like
polysaccharides, are highly polar polymers, andcagable of forming
strong films, with low permeability to £and CQ, but poor water barrier
properties (Kester and Fennema, 1986; McHugh anocl<a, 1994,
Baldwin and Baker, 2002). Plasticizers can imprdwe flexibility and
strength of those films (Brault et al., 1997; Sotltth and Krochta,
2001), however their application implies a decreasiim and coating
moisture barrier. In spite of the inherent hydrdiphy of proteins,
protein-based coatings made with high levels ofrbgtobic amino
acids, like those found in soy protein and caggiesent greater moisture
barrier properties than proteins with less hydrdptoamino acids,
especially if they are combined with lipids.

1.4.3.1 Whey protein and casein

Milk proteins include approximately 80% of caseimda20% of whey
protein (Gennadios et al., 1994) and are attractiee coating

manufacturers due to their numerous functional @rigs (Chen, 2002;
Krochta, 1997, 2002; Vargas et al., 2008). Durirenafacturing, casein
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is separated from whey protein by adjusting milkhe isoelectric pH of
casein, then centrifugating the casein precipii@ennadios et al., 1994).
The acid casein can be converted to soluble cassinghrough

neutralization with an alkali, obtaining sodium,latam, magnesium,

potassium, and ammonium caseinates (Chen, 2003gir3ahave low
levels of cystein, and as a result, have an opedora coil shape
(Gennadios et al., 1994). Because of that natlesy tan easily form
films from aqueous solutions without further treatth Casein-based
edible coatings are transparent, flavorless, flexitand have high
nutritional qualities, excellent sensory and gasi®aproperties (Lin and
Zhao, 2007; Vargas et al., 2008). Different caggoducts may result in
films of different permeabilities and mechanicabperties, for example
films made with calcium caseinate were stronger rade flexible and

presented lower WVP than films made with sodiunecssde (Brault et
al., 1997).

Liquid whey is a by-product of cheese processingl as
commercially purified to produce whey protein camtcate (WPC) with
25% to 80% protein content, or whey protein iso(@#°l) with protein
content above 80%, prepared from WPC by addingafexchange step
(Gennadios et al., 1994; Krochta, 2002). Unlikeetas whey proteins
require heat denaturation for film formation (Gedioa et al., 1994;
McHugh et al., 1994). Whey protein produces trareamaflavorless, and
flexible water based edible coatings.

Casein and WPI coatings efficiently delayed browgron apple and
potato slices by acting as oxygen barriers. Moreabey were shown to
have a high antioxidant activity due to the preseotamino acids and
the simple sugar lactose known for its free radgqenching effect (Le
Tien et al., 2001).

The same effectiveness in controlling enzymaticwimiog was
reported in the application of both WPI and WPChedicoatings with
the addition of lipid compounds (beeswax or cariaawbx) on fresh-cut
apples. This was attributed to a possible antioxigdfect of cysteine,
presented in high levels in whey proteins, or tkggen barrier provided
by the coatings (Pérez-Gago et al., 2003, 2005=.atldition of lipids to
these whey protein coatings did not significantdguce moisture loss.
However, combination of casein-coating with a hydirabic compound
that acted as a plasticizer (acetylated monogigegricontributed to
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significantly increase water vapor resistance, tledisicing moisture loss,
and respiration rate of celery sticks (Avena-Biwgilet al., 1997).
Browning of fresh-cut apples and persimmon washértetarded when
whey protein coating was combined with anti-browgnagents (Pérez-
Gago et al., 2005b, 2006). Ascorbic acid (PérezeGetgal., 2006) or
cysteine (Pérez-Gago et al., 2005b) reduced enayrbedwning more

effectively when incorporated into the whey proteoatings than when
applied alone. The polymer coating might offer atective effect to
degradation of the antioxidants, such as obsenatiee in a CMC

coating (Baldwin et al., 1996).

Application of WPI and casein edible coating witliadiation
treatment (1 kGy), and packed under air was usegrevent the
whitening of baby carrots, maintaining firmness auo@lity during a 21-
day storage period (Lafortune et al., 2005; Cadtadl., 2006).

1.4.3.2 Soy protein

Soy protein (SP) is the major plant origin protsitndied as coating
material for minimally processed products. SP cagggtican be prepared
from soy protein isolates (SPI) or concentratesQ)GRontaining about
70% and 90% protein, respectively, with a plaséicizypically glycerol
or sorbitol, to improve flexibility (Gennadios et.,al1994). Like with
other carbohydrate and protein coatings, SP caatieghibit poor
moisture resistance and water vapor barrier prigsedue to the inherent
hydrophilicity of protein and plasticizers added(iR et al., 2000).

Few studies reported the application of soy protinfresh-cut
fruits and vegetables. SPI coatings effectiveneas shown to control
browning in potato slices, and reduce moisture Inssarrots and apple
slices (Shon and Haque, 2007). A SPI-cysteine-beddie coating was
successful at maintaining the quality of fresh-ceggplants and
minimally processed persimmon (Ghidelli et al., @8b). The
incorporation of cysteine as an antibrowning adenther delayed the
enzymatic browning and prevented softening of frasheggplant tissue
(Ghidelli et al., 2010Db).

In addition, SPI coating combined with low, @nd high CQ
modified atmosphere showed a positive synergiccefiie controlling
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tissue browning and maintained the general viswality of fresh-cut
persimmon up to 8-10 d at 5 °C (Ghidelli et al.1@4).

The influence of the SPI application alone or vatiditives (malic
or lactic acid) on the sensory quality of fresh-cahtaloupe was studies
by Eswaranandam et al. (2006). SPI alone or withidaacid improved
the sweetness of fresh-cut cantaloupe, but dichaee any added effect
on the taste, overall appearance, enzymatic bragvommoisture loss
compared to controls.

1.4.4 Lipids

Lipids used in edible coatings for fresh-cut fruitkclude beeswax,
candelilla and carnauba wax, tryglicerides, ac&tglanonoglycerides,
fatty acids, fatty alcohols and surfactants suclswasose esters. Lipids
have long been used to protect horticultural crops dehydration, to
slow down senescence, and to improve surface agpearKester and
Fennema, 1986; Hagenmaier and Baker, 1994; Hermanti@94,
Morillon et al., 2002). However, because of thegidtophobic properties,
lipids tend to form thicker and brittle coatingsdathey do not adhere
well to the moist surface of fresh-cut tissue. Gopeently, for fresh-cut
produce, the best use of lipids in a coating isémbine them with
hydrophilic film forming agents such as polysacathes or proteins.

In stand-alone films, many studies describe thecefdf lipid type
on WVP, showing an effect of lipid polarity creatieg chemical groups
(e.g. carboxylic, alcohol), aliphatic chain lengttnd degree of
unsaturation (Morillon et al., 2002). The study MgHugh and Senesi
(2000), where different types of lipids were addedan apple puree-
based edible film, is a good example of propertyifrwation due to the
lipidic phase. Waxes, high molecular weight fattgida and fatty
alcohols showed good adhesion to the casting surfdegetable oil
significantly reduced WVP and the puree film witbgetable oil did not
need additional plasticizers. Among the fatty atedted, oleic acid
exhibited the best water barrier properties. Moegpvincreasing
concentrations of lipids resulted in significantcase in WVP for
coatings with oleic acid, palmitic acid and bees\{deHugh and Senesi,
2000). These apple-based wraps significantly rediunaeisture loss and
browning in fresh-cut apples and color was preskfoe12 days at 5°C.
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The use of candelilla wax by itself improved thel§thife of fresh-
cut avocados, bananas and apples (Saucedo-Pomgd., e2007).
Moreover, the addition oAloe verajuice or ellagic acid, an antioxidant
compound, reduced weight loss, retarded brownimgratained firmness
of fresh-cut fruits (Saucedo-Pompa et al., 2007).

The addition of lipids to protein or polysaccharwatings helped
improve coating moisture barrier. Stearic acid adtee a MC coating
significantly reduced fresh-cut pear weight losdiy& et al., 2003).
However, incorporation of beeswax and carnauba waxcoatings
composed of whey or soy proteins, or HPMC did mgnificantly reduce
moisture loss of fresh-cut apples and eggplanteegP@ago et al., 2003,
2005a; Ghidelli et al.,, 2010b). Nevertheless, thesmmbinations
improved visual appearance by reducing enzymaiievbing of these
fresh-cut produces.

Due to their hydrophobic nature, lipid compoundsrad adhere
well to the high moisture surface of fresh-cut prad. Since wax
coatings can withstand high, avith little loss of integrity, Baker and
Hagenmaier (1997) developed wax microemulsion ngatito inhibit
fluid leakage from grapefruit segments. Generallgx microemulsion
coatings provided an acceptable mean which to abfiiiid leakage
from grapefruit segments; coatings made with eigfwdyethylene wax or
carnauba wax with C12-C18 fatty acids the mostcéffe coatings,
without compromising appearance or general accepyab

Acetylated monoglyceride is a vegetable oil denxatwhich is
solid at room temperature. Therefore, its applwcatas a coating for
fruits or vegetables requires an emulsifier suchcalsium or sodium
caseinate. Optimization of caseinate-acetylated aglyneride coating
produced a 75% reduction in moisture loss and maach wound
response in celery sticks by reducing respiratiéwvefia-Bustillos et al.,
1997).

1.4.5 Composite and bilayer coatings

As reviewed in the preceding section, each coatiaterial has its own
physico-chemical properties: hydrocolloids (proseand carbohydrates)
tend to form hydrophilic networks with good barsieio oxygen and
carbon dioxide, but poor water permeability; whilpids form
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hydrophobic coatings with good water barrier prtipsrbut that do not
adhere well to fresh cut tissue. Thus, when conmbiie proper
proportions, they complement each other and formcessful edible
coatings for fresh-cut fruits.

An edible composite coatings can be formed asaydnlor as an
emulsion. In bilayer edible coatings, the polysacite or protein
solution is applied on the fruit surface and attgring of the coating, a
second layer with the lipid is applied. In emulsioamposite edible
coatings, the lipid is dispersed and entrappech@ hydrophilic phase
forming a homogeneous emulsion, which is direcfpli&d on the fruit
surface (Krochta, 1997). Therefore, emulsion contposoatings are
more convenient to apply than bilayer coatings bseathey only
required one application and drying step. They diswe a better
adherence to a larger number of surfaces due trbgence of both
polar and nonpolar components, and exhibit goodhar@cal resistance
provided by the continuous polymer matrix (Quez&ddio et al., 2000;
Pérez-Gago and Krochta, 2001). Therefore, only f@mystudies can be
found in the literature where fresh-cut fruits arefetables are coated
with a bilayer composite coating. Wong et al. (19&ported a reduction
of water loss and of internal oxygen concentratidnfresh-cut apple
cylinders coated with a bilayer coating composedaofirst layer of
polysaccharides (pectin, carrageenan, alginate, mmciocrystalline
cellulose), followed by a layer containing acetgthtmonoglyceride.
Recently, application of composite emulsion coaingn fresh-cut
products have been reported by several authorswend discussed in
previous sections (Avena-Bustillos et al., 1997kd8aand Hagenmaier,
1997; Olivas et al., 2003; Pérez-Gago et al., 2@0B5a, 2005b, 2006;
Villalobos-Carvajal et al., 2009; Ghidelli et &2010b).

1.4.6 Coating optimization

The success of an edible coating is based on tisiquthemical and
barrier properties of its components (proteinsygatcharides, lipids).
Thus, determining the proper composition and priogos of the
components is of prime importance in order to extdre shelf-life and
enhance the quality of fresh-cut fruit and vegetabConsiderable work
can be found in the literature regarding the effettthe different
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components on the barrier and mechanical propestiesand-alone films
(Guilbert, 1986; Kester and Fennema, 1986; Kroard De Mulder-
Johnston, 1997). For example, the ratio of polytoeplasticizer have
phenomenal effects on stand-alone film strengthedasticity. Brault et
al. (1997) showed that glycerol had a double famctby acting as a
plasticizer in a calcium caseinate film, therebypioving film
viscoelasticity, and also enhanced formation ofss#inks within the
caseinate chains resulting in a stronger film.

Similarly, many factors, such as coating compositiand
formulation solid content, proven to affect the fpenance of edible
coatings on the postharvest life of whole fruitydanot been studied in
details on fresh-cut products. The investigatiorthafse factors prior to
the incorporation of additives such as antioxidamtd/or antimicrobials
is very important to optimize the coating performanon fresh-cut
produces. In this sense, Pérez-Gago et al. (2008)df that the solid
content of the formulation and lipid content of \Ai®leswax edible
coatings without incorporation of antioxidants alsad an effect in the
degree of browning of fresh-cut apples. As beesamat solid content
increased the browning index of cut apples dectegBgure la, 2a).
However, high beeswax or solid content impartedh@tish appearance
to the coated apples that were considered as ystabde by the sensory
panel. The optimum solid content of the emulsiod beeswax content
in order to reduce browning were 16% and 20% (@&sid), respectively
(Figure 1b, 2b).
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Figure 1. Effects of solid content in whey protein isolaeebwax
coating on (A) browning index and (B) visual qualit = poor quality, 9
= excellent) of fresh-cut apples during storageés &C. (Adapted from
Pérez-Gago et al., 2003).
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Figure 2.Effects of beeswax content in whey isolate-beesvaating on
(A) browning index and (B) visual quality (1 = poquality, 9 =
excellent) of fresh-cut apples during storage &C5 (Adapted from
Pérez-Gago et al., 2003).

In a more recent study, Pérez-Gago et al. (200b@ayed that the
selection of the hydrophilic component is importemthe formulation of
coatings for fresh-cut products. Results showedt ity protein-based
coatings without incorporation of antioxidants wenere effective in
reducing enzymatic browning of ‘Golden Deliciougpdes than HPMC-
based coatings, probably due to the antioxidargcefbf some amino
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acids such as cysteine, or the higher oxygen Ipathiat the protein
exerts. However, no differences on visual appeaanere found
between the uses of WPI having 98% protein or WG 85% protein
content. When different lipids (carnauba wax or dvesex) were
incorporated into the formulations, results indechthat beeswax was
more effective at reducing browning as measureti wie colorimeter,
but visual differences between waxes were lesseevidt the end of the
storage time by the sensory panel (Figure 3a, b).
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Figure 3.(A) Browning index and (B) visual quality (1 = poguality, 9
= excellent) of fresh-cut apples coated with wheytqin isolate (WPI),
whey protein concentrate (WPC), hydroxypropyl mbtéhulose
(HPMC), beeswax (BW), or carnauba wax (CarW), dystorage at 5
°C. (Adapted from Pérez-Gago et al., 2005a).

49



Introduction

1.4.7 Future needs and trends of minimally procesddruits and
vegetables

It is widely known that edible coatings provide rsfgcant benefits in
extending shelf-life and enhancing quality and olal safety of fresh-
cut fruits and vegetables. Nevertheless, the useddfle coatings on a
wide range of fresh-cut products and on a commlesuale is still
limited by several factors. Many available edibeating formulations
are characterized by high hydrophilicity, which dgoeot provide a
satisfactory moisture barrier to the fresh-cut picidvith their high water
activity. Higher moisture on the cut side of thesfi, or presence of
natural hydrophobic waxy layer on the peel sidethaf fruit can also
create problems with coating adhesion and durgbiliherefore, more
studies are required to develop new formulationth wWigher moisture
barrier and surface adhesion, as well as to uratetsthe functionality
and interactions among the different components.

It is important to investigate sensory quality @atng materials
and coated products, including appearance, colemna taste, and
texture, since they are important factors thatumfice commercial
success of fresh-cut products. Application of eslibbatings, alone or
with additives such as as antibrowning or antinbéb agents, could
give the product an unattractive surface appearamce develop
exogenous flavors affecting consumer repeat puechas

The development of new technologies that allow nuwetrol of
coating properties and functionalities are beingestigated. Among
them, a new technique, called micro- and nanoemtajzn — as
opposed to macroencapsulation, consists in incatimgy functional
ingredients and antimicrobial compounds into edibteatings. This
technology could pack solid, liquid or gaseous grres in miniature
(micro or nanoscale) sealed capsules that canseeld#®eir content at
controlled rates under specific conditions (e.g.anges of pH,
temperature, irradiation, osmotic shock). This tmibgy shows the
important advantage to protect encapsulated ingnéslifrom moisture,
heat or other extreme storage conditions, as theyery perishables to
oxygen, light or lipid oxidation. Most of the reseh so far has focused
on nanoencapsulation of silver or zinc particlesnacrobial control on
fruit surfaces (An et al., 2008; Fayaz et al., 2Q00 et al., 2008; Rhim et
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al., 2006). In addition to increased functionalitycorporation of

nanoparticles from clay derivatives advantageoumsbdified physical

properties (tensile strength and WVP) of a chitesased film (Rhim et
al.,, 2006). One aspect that will need to be ad@cswith the

development of nanotechnology in foods is theiula®ry status. There
is currently no regulation concerning nanoparticlasd it has been
speculated that some harmless ingredients in taural (i.e. “macro”)

form may become harmful under nanoparticle formzé€and Kokini,

2008).

Finally but not lastly, another trend in the deystent of new
coatings is incorporation of healthful additivesicluding probiotics
(Rojas-Grau et al., 2009). Whether adding simpianvins — ascorbic
acid (Tapia et al., 2008), calcium or vitamin E (Hzt al., 2004; Mei et
al., 2002), or live probiotics, Bifidobacterium tec(Tapia et al., 2007),
the possibilities are immense and each food deeelogn exert his/her
creativity.
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Introduction

Abstract

Processing of fruits and vegetables generatesqibgstal stresses in the
still living cut tissue, leading to quality deteradion and shorter shelf-life
as compared with fresh intact produces. Severategfies can be
implemented with the aim to reduce the rate of ritet&tion of fresh-cut
commodities. Such strategies include low tempeeato@intenance from
harvest to retail and the application of physigad @ahemical treatments
such as modified atmosphere packaging (MAP) with @, and high
CO, levels and antioxidant dips. Other technologieshsas edible
coatings with natural additives, new generation cofatings using
nanotechnological solutions such as nanoparticl@soencapsulation,
and multilayered systems, and non-conventional spimeres such as the
use of pressurized inert/noble gases and highdese), have gained a
lot of interest as a possibility to extend the BH#& of minimally
processed fruits and vegetables. However, the pgishability of these
products challenges in many cases their marketaliyi not achieving
sufficient shelf life to survive the distributionystem, requiring the
combination of treatments to assure safety anditgudlhis review
reports the recent advances in the use of MAP |edibatings, and the
combined effect of both technologies to extenddsinelf life of fresh-cut
fruits and vegetables.

Keywords: Edible coating, minimally processed fruits andyetables,
modified atmosphere packaging.

Introduction

Minimally processed or fresh-cut produces are rdaedat or ready-to-
use fresh fruits and vegetables that have been aedasthopped and
packaged in sealed polymeric films or trays. Thisdihg form was
developed in the 1980s to respond to the emergingumer demand for
convenient, high quality and preservative-free potsl that maintain
fresh appearance, while being less severely predesan canned or
frozen products. The demand for fresh-cut fruit arefetables has
continuously increased during the last years, behgy convenience
factor the main reason for the growth, although ribes healthy eating
trend is helping to make this sector even stronger.
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Contrary to other food processing techniques ssatirgng, freezing
or canning, fresh-cut processing does not exteedstielf-life of the
produce. In fact, processing and packaging of feeghfruits and
vegetables generates physiological stresses istihdiving cut tissues
leading to quality deterioration and a shorter fshifel as compared with
intact fruits and vegetables (Gil et al., 2006; &ef>rau et al., 2009a).
The greatest hurdle to the commercial marketinfyesih-cut produces is
related to their higher susceptibility to enzymabcowning, tissue
softening, increasing of respiration, microbialwgtio, and environmental
factors. Among them, temperature, humidity, atmesighcomposition
and ethylene concentration directly influence tl¢edoration process.
Mechanical damages caused by harvesting, handkbgrage and
transportation before processing are also resplensibthe shelf-life of
the fresh-cut produces (Al Ati and Hotchkiss, 2002)

There is no single technology that limits the ollerguality
deterioration. Several strategies can be implendemigh the aim to
reduce the rate of deterioration of fresh-cut comitnes. These include
the use of high quality raw produces at the optimharvest maturity,
sanitation during handling and processing, goodcgssing practices
reducing mechanical damage, and postprocessingniass such as low
temperature and low oxygen atmosphere packagingdiace respiration
rate and ethylene production. Other technologie$ si$ edible coatings
with natural additives and non-conventional atmeses have gained a
lot of interest as a possibility to extend the EH#& of minimally
processed fruits and vegetables.

Successful applications of modified atmosphere agicky (MAP)
with low O, and high CQ for minimally processed fruits and vegetables
have been extensively reported in the literaturegliu et al., 2009a;
Rojas-Grau et al., 2009a; Sandhya, 2010). Theteffelow O, and high
CO, MAP to reduce quality deterioration of fresh-cubguces during
storage is related to a reduction in produce raspir rate, ethylene
biosynthesis and action, water loss, phenolic dioda and aerobic
microbial count (Toivonen and DeEll, 2002). Howevdre beneficial
quality effects of MAP on the packaged fresh-cuitér and vegetables
depend upon a number of uncontrollable factorsh sag the species,
cultivar, cultural practices, stage of developmemstharvest handling,
as well as controllable factors, including packggimaterial gas

78



Introduction

permeability, respiration rate, and storage coodgi (Zhuang et al.,
2014). Exposure of fresh-cut produces to too loma@d excessive GO
levels may lead to anaerobic respiration and fetatem with the
production of undesirable metabolites and otherspygical disorders
(Soliva-Fortuny and Martin-Belloso, 2003). Therefothe range of ©
and CQ in the package must be defined for each product and
handling/processing characteristic (e.g. proce$sed, package format,
storage conditions, etc.).

Innovative MAP such as the use of pressurized/ma&te gases and
high levels of @ have also been reported as effective in extensliaif
life of minimally processed fruits and vegetabl&se main benefits of
superatmospheric 0Oand noble gases atmospheres are related to the
prevention of microbiological spoilage and anaerol@rmentation, as
observed in fresh-cut melon, cabbage, baby spirlaekes, green
peppers, broccoli, and lettuce (Jamie and Sah@iR2 Allende et al.,
2004; Oms-Oliu et al., 2008a; Lee et al.,, 2011; ¥le al., 2012).
Moreover, inert gases and high @&mospheres have been found to be
particularly effective at inhibiting enzymatic réans and maintaining
firmness of fresh-cut products as reported in iogbettuce, mushrooms,
potatoes, apples, green pepper, and melons (Ardanagt al., 2000;
Day, 2001; Jacxsens et al., 2001; Jamie and SaR@d2; Limbo and
Piergiovanni, 2006; Oms-Oliu et al., 2008a; Meng at, 2012).
Nevertheless, the effect of innovative MAP is dejsrt on similar
factors as with conventional MAP (i.e. type of cootty, temperature,
storage duration, etc.) (Kader and Ben-YehoshuaQR0

Another approach to extend the shelf life of fresh-fruits and
vegetables that has gained a lot of attentioneridkt decade is the use of
edible coatings alone or combined with MAP. Edildeatings can
provide a semipermeable barrier to gases and wagsr, which might
translate in a reduction in respiration rate, eretyerbrowning and water
loss (Pérez-Gago et al., 2005), and their protedtimction may be also
enhanced with the addition of ingredients such aioddants,
antimicrobials, flavors, etc. Several reviews pneégbe beneficial effect
of edible coatings to maintain the quality propestiof fresh-cut fruits
and vegetables (Gonzéalez-Aguilar et al., 2010; Btal., 2012; Dhall,
2013). Considering the importance of these teclgiesoin horticultural
products, this paper provides a critical review wbthe most recent
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works in the literature regarding MAP and edibleatony application,
alone or in combination, to extend the shelf lifefresh-cut fruits and
vegetables. The most recent studies on these tedwe® are
summarized in Table 1.

Modified atmosphere packaging

MAP of fresh-cut produces consists of enclosing toenmodity in
polymeric films in which the gas composition is nifeai from normal
air to provide an atmosphere for increasing sliielfdnd maintaining the
quality. Because of the respiration process, theshficut product
consumes © and produces Cf therefore the © and the CQ
concentration within the package is reduced anteased, respectively.
The steady state of equilibrium is reached when daheunt of Q
consumed and COproduced inside the package equals thea@ CQ
amount permeating through the film. Therefore, theecific gas
composition at equilibrium is determined by the duect weight and
physiology (e.g. respiration rate, maturity stagtc), environmental
conditions (e.g. temperature, relative humidity)d goroperties of the
packaging material (e.g. film thickness, permesphiperforation density
and surface area) (Al Ati and Hotchkiss, 2002; $gad2010; Caleb et
al., 2013). The modified atmospheres (MA) can bdeeaed passively or
actively. The passive MAP relies on the naturalcpss of produce
respiration and film permeability. While, active NRAis achieved by
displacing the air within the package with a knomixture of gases to
create an initial atmosphere that evolves duriogagie according to the
produce’s respiration rate, the storage conditiangd film permeability
(Al Ati and Hotchkiss, 2002).
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Table 1. Modified atmosphere packaging (MAP) aneftible coating application, alone or in combinatio
for fresh-cut fruits and vegetable.

Commodity Atmosphere Coating material Additives and plasticizer Benefits References
conditions
Apple 0-10 kPa @+ — AA, CA, CaCl} Reduce respiration rates Gunes et al., 2001
0-30 kPa C®@ Reduce ethylene production
Control browning
Preserve visual appearance
Passive — CaAsc Control browning Aguayo et al., 2010

Alginate, apple puree

Alginate, gellan,
sunflower oil, fatty
acids

Alginate, gellan,
sunflower oil

Alginate

Carragennan, WPC

Preserve visual appearance
Maintain antioxidants and vit C

content
N-acetylcysteine, GaCl Inhibit psychrotrophic bacteria,
oregano, lemongrass, vanillin, yeasts and molds growth
Gly Reduce C@production

Reduce ethylene production
Control browning
Maintain texture

N-acetylcysteine, glutathione,  Maintain texture
CaCl, Gly Reduce water loss

N-acetylcysteine, CagGly Inhibit browning
Maintain texture

N-acetylcysteine, glutathione, Prevent microbiological growth
cinnamon, clove, lemongrass, Reduce C@production

citral, cynnamaldehyde, eugenol,Inhibit browning

calcium lactate, malic acid, Gly

CA, OA Reduce {Boduction
Inhibit browning
Reduce water loss

Rojas-Gral et al., 2007a

Rojas-Gral et al., 2007b
Rojas-Grall et al., 2008
Raybaudi-Massilia et al.,

2008a

Lee et al., 2003

81



Introduction

Commodity Atmosphere Coating material Additives and plasticizer Benefits References
conditions
Apple — Alginate, gellan, N-acetylcysteine, AA, CA, Gly Reduce weight loss pikeet al., 2007
sunflower oil
— Chitosan — Inhibition PPO activity Qietal, 2011
Inhibit browning
— WPC, BW AA, Cys, 4-HR, Gly Inhibit browning Pér&ago et al., 2006
Artichoke Passive — — Reduce weight loss Gil Izquierdo et al., 2002
Maintain vit C and phenolic
compounds content
80 kPa @ — Lemon juice Inhibit browning Gomez di Marco et 2011
— Alginate CA, Cadl Inhibit browning Del Nobile et al., 2009
Banana 2-4 kPa O — AA, Cys, CaC] Control browning Vilas-Boas et al., 2006
5-10 kPa CQ
— Carragennan AA, Cys, CaCGly, PEG Inhibit browning Bico et al., 2009
Reduce water loss
Broccoli — Chitosan — Reduce total mesophilic and Moreira et al., 2011
psychrotrophic bacteria growth
Inhibition of total coliform
growth
Decrease oE.coli growth
— Chitosan Propolis, resveratrol, tea tree  Inhibit mesophilic and Alvarez et al., 2012
essential oil phsychrotrophic bateria growth
ControlE. coliandL
monocytogenegrowth
Cabbage 70 kPa & — — Inhibit microbial growth Lee et al,, 2011
15 kPa CQ@ Inhibit E. coliandS. aureus
growth
Carrot 50 kPa o+ Alginate CA, CaGl Inhibit browning Amanatidou et al., 2000
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Eggplant

Galega kale

Kiwi

Kohlrabi
Lettuce

30 kPa CQ

60 kPa Q+
30 kPa CQ

60 kPa @+
30 kPa CQ

2-5 kPa O+
2-5kPa CQ

1-2 kPa,3
15-20 kPa C®

10 kPa Q +
10 kPa CQ

Passive

4.6-6.2 kPa O
2.1-4.3 kPa C®

70-80 kPa @+
10-20 kPa C®

80 kPa @

Chitosan, yam starch

Chitosan, yam starch

Chitosan

CcC

CC, WPI

Alginate

Gly

Gly

Cynnamaldehyde, Gly

Gly

Hydro-alcoholic solution,
grape seed extract

Inhibit Enterobacteriaceapp,
Pseudomonadactic acid
bacteria grrowth

Reduce firmness loss

Control microbial growth
Prevent surface whitening
Maintain sensory quality

Control microbial growth
Prevent surface whitening
Maintain sensory quality

Reduce weight loss
Preserve phenolic content

Inhildit innocuagrowth

Reduce microbial growth
Retard whitening

Control browning
Preserve visual appearance

Control browning
Preserve visual appearance

Control dehydration
Reduce respiration rate
Maintain sensory quality

Maintain sensory quality

Inhibit microbial growth
Retard thd.. monocytogenes
growth

Reduce respiration rate

Prevent anaerobic fermentation

Reduce firmness loss
Maintain vit C content

Introduction

Durango et al., 2006

Simdes et al., 2009

Pushkala et al., 2012
Caillet et al., 2006

Lafortune et al., 2005
Catalano et al., 2007

Fonseca et al., 2005

Mastromatteo et al., 2011

Escalona et al. 2007
Carrasco et al., 2008

Escalona et al., 2006

Day, 2001
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Commodity Atmosphere Coating material Additives and plasticizer Benefits References
conditions
Litchi — Chitosan — Inhibition PPO activity Dong et al., 2003
Reduce weigh loss
Maintain vit C content
Mango Passive — AA, 4-HR, PS Inhibit browning Gonzalez-Aguilar et al., 2000
Maintain sensory quality
60 kPa @ — — Inhibit Rhodotorula Poubol and Izumi, 2005
mucilaginosayeast growth
Reduce respiration rate
10 kPa @+ Mango film — Reduce off flavor Sothornvit and Rodsamran.,
0 kPa CQ 2010
— Chitosan — Inhibition PPO activity Djioua et al., 2010
— Alginate, sunflower  AA, CA, CaCl,Gly Inhibit browning Robles-Sanchez et al., 2013
oil
Melon 2.5 kPa @+ — AA, CaCb Control browning Oms-Oliu et al., 2007a
7 kPa CQ Preserve visual appearance
25kPa@+ — CaCl Inhibit ethylene syntesis Oms-Oliu et al., 2008a
7 kPa CQ Decrease COemission
70 kPa @ — CaClh Reduce psychrotrophic growth
Inhibit Rhodotorula
mucilaginosayeast growth
Reduce C@production
Prevent anaerobic fermentation
Inhibit browning
Reduce firmness loss
70 kPa @ — CaCl Reduce C@production Oms-Oliu et al., 2008d

Alginate

Cinnamon, palmarosa,

Prevent anaerobic fermentation
Reduce firmness loss

Inhibit microbial growth Raybaudi-Massilia et al.,
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Mixed salad

Mushroom

Papaya

Pear

95 kPa O

< 0.1 kPa O
15 kPa CQ

95 kPa @

5 kPaOr
10 CO

0.25-0.5 kPa ;&>
5-10-20 kPa C®

2.5kPa@+
7 kPa CQ

2.5kPa @+
7 kPa CQ

Chitosan, MC

Chitosan

Alginate, gellan,
sunflower oil

Alginate, gellan,
sunflower oil

Chitosan

lemongrass, eugenol, geraniol,
citral, malic acid, calcium
lactate, Gly

Vanillin, PEG

CA, CaC}

N-acetylcysteine, AA, CA, Gly

AA, Gly

AA, Cys, calcium lactate

N-acetylcysteine, glutathione

Inhibition native flora growth
ReduceS. enteritidisggrowth

Control microbial grdwt

Inhibit lactic acid bacteria,
Enterobacteriaceaspp growth

Inhibition of microbial growth

Inhibit browning

Inhibit PPO activity
Maintain texture

Reduce microbial growth
Control browning
Maintain texture

Reduce water loss

Reduce weight loss

Inhibit microbial growth

Control browning

Inhibit microbiabgith
Inhibit ethylene syntesis
Decrease C@production
Control browning
Preserve visual appearance

Inhibit ethylene syntesis
Decrease C©Oproduction
Control browning

Preserve visual appearance

Introduction

2008b

Sangsuwan et al., 2008

Allende et al., 2002
Simon et al., 2005

Jacxsen et al., 2001

Eissa, 2007

Whaghmare and Annapure,
2013

idagt al., 2007
Tapia et al., 2008

Gonzalez-Aguilar et aD@
Gornyaét 2002

Oms Oliu et al., 2008c

Oms-Oliu et al., 2009b
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Commodity Atmosphere Coating material Additives and plasticizer Benefits References
conditions
Pear 2.5 kPa Or — AA, CaCb Inhibit ethylene syntesis Soliva-Fortuny et al., 2007
7 kPa CQ Decrease C@Qemission
Control browning
Preserve visual appearance
70 kPa @ — N-acetylcysteine, glutathione Reduce psychrotoghdbwth Oms Oliu et al., 2008c
Inhibit Rhodotorula
mucilaginosayeast growth
80 kPa Q@ — — Increase production of phenolicsLi et al., 2012b
compounds and anthocyanin
— Alginate, gellan, N-acetylcysteine, glutathione, Reduce C@production Oms-Oliu et al., 2008f
pectin CaCl, Gly Inhibit browning
— MC, stearic acid AA, PS, CaLGly, PEG Inhibit browning Olivas et al., 2003
Reduce weigh loss
Pepper 50-80 kPa, &> — — Control mesophilic and Conesa et al., 2007
15 kPa CQ psychrotrophic bacteria,
Enterobacteriaceaspp. growth
Pineapple <8 kPat> — — Control browning Marrero and Kader, 2006
10 kPa CQ@ Preserve visual appearance
— Chitosan, MC Vanillin, PEG Control microbial grdwt Sangsuwan et al., 2008
— Alginate, sunflower ~ Lemongrass, Gly Reduce microbial growth Azarakhsil.e2014
oil
— Alginate, sunflower  AA, CA, CaCl, Gly Reduce juice leakage Montero-Caldéron e2ai08
oil
Pomelo 3 kPa ©+ — — Inhibit microbial growth Lietal, 2012a
5 kPa CQ
75 kPa @ — — Inhibit Rhodotorula

mucilaginosayeast growth
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Potato

Red Chard
Spinach

Strawberry

Tomato

55-100 kPaO

> 85 kPa,0

Passive

Passive

100 kPa @

80 kPa O
20 kPa CQ

5kPaQ+
30 kPa CQ

2.5 kPa O+
5 kPa CQ

Chitosan

Chitosan

AA, CA

Introduction

Prevent anaerobic fermentation Limbo aner§iovanni,
2006

Inhibit psychrotrophic growth Témas Calleja ef 2D11

Reduction of aerobic mesophilic Allende et al., 2004
bacteria growth

Reduce psychrotrophic bacteria Tudela et al., 2013
growth, and®’seudomonas

growth

Control browning

Preserve visual appearance

Reduce mesophilic bacteria Allende et al., 2004
growth

Inhibit mesophilic and
psychrotropic bacteria, yeast
growth

Campaniello et al., 2008

Inhibit mesophilic and
psychrotropic bacteria, yeast
growth

Maintain color

Maintain vit C Odriozola-Serrano et al., 2009
Increase production of phenolics

compounds, flavonoids and

carotenoids

AA = ascorbic acid, CA = citric acid, CaGi calcium chloride, CaAsc = calcium ascorbate, iylycerol,

WPC = whey protein concetrate, OA = oxalic acidiR-

hexylresorcinol, PPO = polyphenol oxidase,

BW = beeswax, Cys = cystein, PEG = polyethylenealyCC = calcium caseinate, WPI = whey protein

isolate, PS = potassium sorbate, MC = methylcedlello
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Passive modified atmosphere for fresh-cut fruits eegetables

There is scarce information in literature aboutéffect of passive MAP
on fresh-cut products compared to active MAP. Gidierdo et al.
(2002) and Gimeénez et al. (2003) studied the efieptackaging films of
different permeability (polyvinylchloride (PVC), o density
polyethylene (LDPE) and polypropylene (PP)) on thality (weight
losses, color, texture and sensory acceptability) enicrobial growth
(mesophiles, psychrotrophs, anaerobic micro-orgasissporeformers,
faecal coliforms, Salmonella and Escherichia col of minimally
processed artichoke. In these works, the films wille highest
permeability reached equilibrium rapidly and thehast atmosphere
modification was detected with the PP film. The Mdéached in the
package affected the vitamin C and phenolic cor(@iklzquierdo et al.,
2002) and the microbial quality (Giménez et al.020of minimally
processed artichokes. Microbial counts in thosecHzst where the
equilibrium atmosphere was anaerobic were below ldgal limit,
whereas some batches with an acceptable sensdrty dusd microbial
counts higher than those allowed by the legislation

Escalona et al. (2007) studied the effect of pasSMP on quality
attributes and shelf life of kohlrabi sticks duribhig days of storage at O
°C. Two commercial films were tested (oriented pobpylene (OPP)
and amide-polyethylene (amide-PE)) and comparethitsoperforated
OPP film as control. On day 14 only sticks storedVIAP conditions
scored above the limit of marketability; meanwhiepoor appearance
and slight tissue dehydration in control sticksrotheir shelf life. The
use of MAP helped maintaining firmness and indueedood fresh
quality of sticks, especially when those were plaoe amide-PE bags.
Sticks packed in this polymeric material reached eguilibrium
atmosphere of 7 kPa@nd 9 kPa C@after 6 days of storage and under
these conditions the product presented an accepsaeblsorial quality for
14 days.

Allende et al. (2004) studied the effect of polydéthe film bags with
two different Q permeabilities on plant metabolism, sensory qualitd
microbial growth of minimally processed baby spimacSpinaches
packed in the higher barrier film exhibited a maapid accumulation of
CO; than those in the permeable film, with a Q@vel of 16.2 in the
barrier film package, versus 6.1 kPa in the perneeflim package at the
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end of 12 days of storage at 5 ¥esh-cut spinach packed with the
barrier film exhibited a significant reduction ihet growth of aerobic
mesophilic bacteria compared to control conditidng,induced a strong
off-odor and loss of tissue integrity due to thenbination of extremely
low O, and high CQ@ concentrations inside the packaging.

The application of antibrowning agents such as hesgrcinol,
potassium sorbate, and ascorbic acid in combinatitim passive MAP
obtained with Cryovac LDX-5406 film reduced enzyimdirowning and
maintained the sensory quality of fresh-cut mangesed 14 days at 10
°C (Gonzalez-Aguilar et al., 2000). The in-packagmosphere (®and
CO,) changes of fresh-cut mango were affected by tiféerent
treatments. The different pattern in the atmosgheaiianges was
associated with the variation in tissue deterioratiHowever, because
the ripening process had already been induced dedticing, the in-
package modified atmosphere created in most of dahaoxidant
combinations tested did not affect senescence atetidration of tissue
to any meaningful extent. In any of the antioxideatments the £and
CO, concentrations reached at the end of the 14 dhgsocage were
below 5 kPa or higher than 10 kPa, respectively. i other hand,
Beltran et al. (2005) reported that the respirattivity of the potato
strips packaged in LDPE in response to differemitizers (traditional
and non-traditional sanitizers) was similar fortetlatments. After 5 days
of storage, the steady state within packages veaheel with @Qand CQ
levels of about 0.3-1.4 and 6.3-8.3 kPa, respdygtide atmospheres
created in the packages were in the range reconedefud fresh-cut
potatoes with @and CQ levels 1-3 and 6-9 kPa, respectively (Gorny,
2003). In this work, the MAP was compared to vactpankaging. The
sanitizing treatments in vacuum packaging increabedlag phase of
mesophilic bacteria up to 11 days and were the fisskaging method to
preserve the sensory quality of fresh-cut ‘Monalisatatoes up to 14
days at 4 °C.

Packaging fresh-cut cantaloupe in passive MAP Islirgg with
Cryovac LDX-5406 film maintained a commercial shigd of 9 days at
5 °C, whereas in perforated films shelf life wasydnto 7 days, mainly
due to tissue translucency and/or off-odor develaminiBai et al., 2001).
Similar results were found in fresh-cut honeydewamérarvested in two
different seasons and packed in a similar packagygiem. Passive
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MAP extended the shelf life of honeydew melon bg-3.7 days,
depending on storage temperature (the higher thperature the shorter
the period), compared to those packaged in peddréims. Although
quality attributes differed between cubes of fauhilable in winter and
summer, the shelf-life was similar for both winemd summer cubes
stored under passive MAP (Bai et al., 2003).

Low oxygen atmosphere-active MAP for fresh-cutigrand vegetables
(LOA)
MAs requirements and recommendations for fresh-fruits and
vegetables report low O(1-5 kPa) andor elevated ¢@-10 kPa)
levels to maintain quality and consequently extshdlf life of many
produces (Gorny, 2003). In some cases, displadiegair within the
package with a known mixture of gases close to rdmmmended
atmospheres helps to extend the shelf life of thgooduct compared to
the use of passive MAP by reducing the metaboldsaying browning
reactions, and inhibiting microbial growth as s@mnthe product is cut.
Thus for example, fresh-cut honeydew and cantalpag&aged in active
MAP with 5 kPa @ + 5 kPa CQ@ and 4 kPa @ + 10 kPa CQ
respectively, had better color retention, reducespiration rate and
microbial population, and longer shelf-life tharogke in passive MAP
(Bai et al., 2002; 2003). In fresh-cut pears andomepackaging under
2.5 kPa @ + 7 kPa CQ inhibited ethylene synthesis (Soliva-Fortuny et
al., 2007; Oms-Oliu et al., 2008a,c; 2009b). Howe®@ consumption
and CQ production rates of just-packaged fresh-cut pearse
stimulated more significantly under 2.5 kPa @nd 7 kPa C®
atmospheres than under initial 21 kPa. Qhis phenomenon was
attributed to a possible effect of the vacuum e@an packages before
flushing the gas mixture, promoting changes inghar tissue structure,
as well as a dramatic modification of the interathosphere. On the
contrary, packages of fresh-cut pears stored uBdekPa Q did not
suffer such stress due to vacuum. This effect wég @bserved at early
storage and decreased with storage. This atmospdisce reduced
enzymatic browning of fresh-cut pears and melons.

Effectiveness of LOA active MAP controlling enzyneabrowning,
preserving visual appearance and extending thé kleehas also been
reported in other fresh-cut products such as eggpléCatalano et al.,
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2007), Galega kale (Fonseca et al., 2005), pineapphrrero and Kader,
2005), papaya (Waghmare and Annapure, 2013), amaotmgrs.
However, in products rich in antioxidant compousdsh as artichokes,
pears, banana, persimmons, mangos, papaya, etontheise of LOA
may be insufficient to prevent browning and provadsficient shelf life
to the cut product. Therefore, most of the workghe literature report
the combine effect of antioxidants such as citna ascorbic acid,
cystene, hexylresorcinol and MAP to control enzymarowning and
extend the shelf life of various fresh-cut produassmango (Gonzélez-
Aguilar et al., 2000), pear (Gorny et al., 2002)] danana (Vilas-Boas et
al., 2006). In a recent work with fresh-cut papaybereas LOA passive
MAP alone (5 kPa ©+ 10 kPa CQ or the antioxidant dip (Caghnd
citric acid) were not effective in preserving qaglithe combination
improved color, maintained firmness and reducedrabial count,
extending the shelf life up to 25 days at 5 °C (Wagre and Annapure,
2013). In this work, the combination of antioxidar@nd passive MAP
showed a significantly lower decrease inddncentration in the package
and correspondingly lower increase in £QOavoiding off-flavor
development.

Excessive low @ concentrations surrounding the fresh-cut product
obtained by either passive or active MAP may acasdethe decay and
the accumulation of fermentative metabolites legdim off-flavor and
odors. Tudela et al. (2013) described severe af-ddvelopment caused
by ammonia accumulation in baby spinach after Iy dda 7 °C when
exposed to low @and high CQ (stabilizing near 1 kPaCand 11 kPa
CO,). Nevertheless, senescence of baby spinach odconoee rapidly in
samples stored under highes (Btabilizing near 10 kPa ;& 9 kPa CQ)
concentrations. Soliva-Fortuny et al. (2007) obsdrthat storage of
fresh-cut pears under low ,0and high CQ@ concentrations was
detrimental to flavor perception and even harmbulhte fruit tissue after
3 weeks at 5 °C. Increase of tissue softening amdentative metabolites
related to excessively low,@nd high C@ and ethanol accumulation in
packages has also been observed in fresh-cut gednmelon (Oms-Oliu
et al., 2008c,d). However, Gunes et al. (2001) ntepahat elevated GO
might provide a mechanism to reduce accumulationfeofnentation
products in fresh-cut apples stored under lowa@nospheres, resulting
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in about a 50% reduction in acetaldehyde, ethamol ethyl acetate
concentrations.

The effect of low @ and high C®@ concentrations on the growth of
Gram negative bacteria, moulds, and aerobic miga@sms, as
Pseudomonass well known. For example, packaging under acane
passive LOA significantly inhibited the growth of palage
microorganism in fresh-cut pears, melon, honey pomshredded
lettuce, and mushroom slices, among others (Sirhah,&2005; Carrasco
et al., 2008; Oms-Oliu, 2008c; Oliveira et al., @0Li et al., 2012a) and
reduced the development of aerobic psycrhrotropbécteria and
Pseudomonam leaf spinaches (Tudela et al., 2013). Howenestrictive
O, atmospheres have also been shown to stimulatdeelopment of
yeasts, Gram-positive bacteria lasctobacillusor facultative anaerobes
pathogens ak. coli, Listeria monocytogeneandClostridium botulinum
(Farber et al., 2003). The extend of the MAP attidepends on the type
and concentration of the microorganism, as wellttess G and CQ
concentrations, pH and ripeness stage of the contynatl processing,
and the storage temperature (Al Ati and Hotchkeg$)2). Oms-Oliu et
al. (2009b) observed that active MAP (2.5 kRatQ kPa CQ) inhibited
bacterial growth, yeast and mould proliferationnrature-green pears,
but did not control microbial growth in partiallype and ripe pears.

Postharvest losses in nutritional quality, partciyl vitamin C
content, can be substantial and might be enhanggihysical damage,
extended storage duration, high temperatures, &ative humidity, and
chilling injury of chilling-sensitive commoditied.¢e and Kader, 2000).
Although the influences of processing and storagette nutritional
content of fresh-cut fruits seemed to depend onctitemodity, storage
under MAP might reduce the rate of nutritional Es$Gil et al., 2006).
In general, the range of ;Qavailability is the main factor affecting
antioxidant properties of fresh-cut products, wherehigh CQ
concentrations appear to have a significant effattascorbic acid,
phenolic compounds and carotenoids. Fonseca ef2@05) reported
higher ascorbic acid degradation of shredded Gakaga in air than
under 1-3 kPa £atmospheres. Packaging under 2.5 kPa,adr@ 5 kPa
of CO, reduced the formation of carotenoids and also tamed vitamin
C in fresh-cut tomatoes (Odriozola-Serrano et20(09). Aguayo et al.
(2010) reported that passive MAP significantly reetl the loss of
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antioxidant activity and ascorbic acid concentradiof fresh-cut apples
during storage at 4 °C, specially when apple sliwese treated with
calcium ascorbate. Others authors have reportéciia concentrations
of CO, (more than 5 kPa) had a negative effect on ascoabid
maintenance of apple slices (Cocci et al., 2008)fegsh-cut pear (Oms-
Oliu et al., 2007b), especially when hypoxic comdis were reached in
the packages. According to Tudela et al. (2002phhCQ levels
increased ascorbic acid loss of fresh-cut potatbgsaccelerating
ascorbate peroxidase-catalysed oxidation processesgreement with
the latter result, an important increase in peraséactivity was shown
during storage of fresh-cut melon packed underkP& Q and 7 kPa
CO, MA conditions (Oms-Oliu et al., 2008b).

High oxygen atmosphere for fresh-cut fruits andetalgles (HOA)

The application of @concentrations higher than 70 kPa has been found
to be particularly effective at controlling aerobiand anaerobic
microorganisms, preventing anaerobic fermentatiord aontrolling
enzymatic browning (Kader and Ben-Yehoshua, 206@wever, the
effect greatly depends on the commodity, cultiy#ysiological stage,
and storage conditions, as well as the type ancesdration of the
antimicrobial compound. The effect of high €oncentrations reducing
microbial growth has been related to the accunanatif reactive oxygen
species that damage vital cell components, affgatedlular antioxidant
protection systems of cell metabolism (Kader and-Behoshua, 2000).

In vitro tests proved that the exposure to highl&yels (>70 kPa)
causes a delay in aerobic and anaerobic microboalty and foodborne
pathogenic microorganisms associated with refrigerafresh-cut
vegetables such & enteritidis S. typhymuriumL. monocytogenesnd
E. coli (Amanatidou et al., 1999; Jacxsens et al., 2001)agreement
with this findings, G-enriched MAP reduced the growth of
psychrotrophic microorganisms in fresh-cut Red @hstiored up to 8
days at 5 °C with 100 kPa,@dTomas-Calleja et al., 2011) and fresh-cut
pear and melon packed under 70 kRPadOring storage at 4 °C (Oms-
Oliu et al., 2008a,c). Allende et al. (2004) alsparted a reduced growth
of mesophilic aerobeim fresh-cut baby spinach packed in 80-100 kRa O
for 12 days at 5 °C. However, reports on the effetthigh G
concentrations on the growth of the aerobic miatzbion fresh-cut
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mixed salads were inconclusive (Allende et al., 2J00actic acid
bacteria andEnterobacteriaceaspp. appeared to be inhibited under high
O, concentrations but, on the other hand, the groefthyeasts and
Aeromonas caviaewas stimulated under high ,Oevels, whereas
psychrotrophic bacteria and. monocytogenesvere not affected. An
inhibitory effect on some spoilage microorganismeshsasRhodotorula
mucilaginosayeast has been observiedfresh-cut pears, ‘Piel de Sapo’
melons, mango cubes and honey pomelo when expasdigh Q
concentrations (Poubol and Izumi, 2005; Oms-Oliwalet 2008a; Li et
al., 2012a). Wherea;andida parapsilosisurvived on inoculated cut
pears stored under 70 kPa @ms-Oliu et al., 2008c). In strawberries,
80-100 kPa @ atmospheres inhibited the growth Bbtrytis cinerea
(Wszelaki and Mitcham, 2000) and an initial atmasehof 70 kPa ©
retarded the growth of molds and yeasts on stravéiseand raspberries
(Van der Steen et al., 2002).

The inhibitory effect on bacterial growth has bewsticed to be
greater when the high,Gs combined with high COconcentrations (10
to 20 kPa) rather than when the individual gassesdualone (Amanatidou
et al., 1999). Lee et al. (2011) suggested thdt Gigcombined with CQ
could give a bacteriostatic and bactericidal efftacbugh suppression of
aerobes by high COand anaerobes by high,.OParticularly, the
antibacterial effect was evidently shown Bncoli andS. aureusamong
other inoculated strains P( fluorescence, S. Typhimurioum, L.
monocytogengsin fresh-cut cabbage. Amanatidou et al. (200@)p al
reported that packaging carrots slices under 50@fand 30 kPa CO
significantly inhibited the growth of Enterobacteriacea spp,
Pseudomonasnd lactic acid bacteria. In fresh-cut bell peppdiAP
with 50 or 80 kPa @ and 15 kPa C@ controlled the growth of
mesophilic, psycrhrotrophic bacteria aRdterobacteriaceaspp. up to
8-9 days at 5°C; however, high, @lone did not prevent microbial
growth (Conesa et al., 2007). Zhang et al. (20%¥8)uated on honeydew
melon agar at 7 °C the effect of modified atmospbevith high @ and
high CQ concentrations on the growth and volatile organigtabolite
production of Candida sake Leuconostoc mesenteroidesand
Leuconostoc gelidumwhich had all been previously isolated from
spoiled commercial fresh-cut honeydew melon. Thesmospheres
greatly retarded the growth, G@nd volatile metabolite production Gf
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sake especially MAs consisting of 50 kPa ® 50 CQ and 70 kPa ©+
30 kPa CQ, and had minor effect on the rest of microorgasisdwverall,
fresh-cut honeydew melon cubes packaged in MA d{F® Q + 50 kPa
CO; had appreciably lower populations of yeasts anticlacid bacteria,
and lower quantities of volatile organic compourafter 5 days of
storage at 7 °C.

Beside the effect on microbial growth control, thpplication of
superatmospheric Omay stimulate, have no effect, or lower the
respiration rateof fresh-cut produces, depending on the commodity,
cultivar, physiological stage, storage conditioa;. (Kader and Ben-
Yehoshua, 2000)Pouboul and Izumi (2005) studied the physiological
behavior of two fresh-cut mango cultivars held ighhO, atmospheres
(60 kPa) for 42 h at 5 °C. The authors observed ttia 60 kPa ©
atmosphere reduced the respiration rate of ‘Cafab@ngo cubes
slightly during storage at 5 °C. Nevertheless, ta@me high @
concentrations did not affect the respiration rafe‘Nam Dokmai’
mango cubes, which affected the shelf life and al/equality of this
mango cultivar.Escalona et al. (2006) observétht the application of
70-80 kPa @ concentrations combined with 10-20 kPa ,&0ccessfully
reduced respiration rate and prevented anaerohicefgation of fresh-
cut butter lettuce. In fresh-cut melon, active MARh initial low O,
levels reduced in-package ethylene concentrationhereas
superatmospheric Qevels (70 kPa) avoided anaerobic metabolism by
reducing CQ production rate and preventing ethanol produationing 3
weeks of storaggOms-Oliu et al.,, 2008a,d)Similarly, Limbo and
Piergiovanni (2006) observed that high oxygen phgressures (55 and
100 kPa) had an inhibitory effect on the anaereblatiles production in
potato slices. However, other works have shown radidtory results
regarding the effect of highQevels on volatile production. In fresh-cut
pear, superatmospheri¢ @id not prevent the production of acetaldehyde
and ethanol during storage due to a stress respeteded at the same
time with the highly oxidative environment and #grecumulation of C®
within the package (Oms-Oliu et al., 2008c).

The application of high @atmospheres has also been suggested as an
alternative to low @ and moderate CQOconcentrations to inhibit
enzymatic browning. It has been hypothesized tigh ©, levels may
cause substrate inhibition of the enzyme polyphenxidlase (PPO), or
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alternatively, that high levels of colorless quiaenformed in the
oxidation reaction may cause a feedback inhibitdrthe PPO (Day,
2001). In sliced mushrooms and fresh-cut melon,h higxygen
atmospheres (70-95 kPay)Owere particularly effective at inhibiting
enzymatic browning as compared with low-oxygen aphere MAP
(Jacxsens et al., 2001; Oms-Oliu et al., 2008alenéle et al. (2004)
reported lower tissue damage of spinach leavesgim @, packages (80
and 100 kPa) stored during 12 days at 5I1AGome commodities, high
O, concentrations alone cannot effectively preveotning of fresh-cut
produce. Limbo and Piergiovanni (2006) showed tbsitive effect of
high-oxygen partial pressures combined with dippmgcid solutions to
control enzymatic browning of fresh-cut potato fod days at 5 °C.
Gbémez di Marco et al(2011) reported that the best combination to
reduce artichoke heads browning was the applicaifo80 kPa @ and
lemon juice as antioxidant. However, Poubol andniz(R005) reported
that the application of superatmospherig €@ncentrations (60 kPa) to
fresh-cut mango showed a similar or higher degfdeawvning than the
use of ambient air conditions at 5 °C. Similarlyor@ et al. (2002)
reported that high £(40, 60, 80 kPa) did not effectively prevent scefa
browning of fresh-cut pears.

The use of high oxygen concentrations has been rsiioweduce
firmness loss in several fresh-cut products such sksed carrot
(Amanatidou et al., 2000), shredded iceberg letiiay et al., 2001),
and fresh-cut melon (Oms-Oliu et al., 2008a,d). ¢kding to
Amanatidou et al. (2000), the effect of high &@mospheres on firmness
may be related to an inhibition on the proliferati@f pectolytic
PseudomonasWhereas, Deng et al. (2005) suggested that fissine
retention in high @levels could be related with the lower activityoel
wall hydrolytic enzymes as observed in table grapes

Few works has been published on the effect of Gighoncentrations
on the nutritional content of fresh-cut fruits avehetables. Day (2001)
described that high Oatmospheres had a beneficial effect on ascorbic
acid retention on prepared lettuce. However, vita@icontent of fresh-
cut pears stored under 70 kPa Was rapidly lost in comparison with
those stored in low Oatmosphere (Oms-Oliu et al., 2007b). Similarly,
ascorbic acid content and antioxidant capacity mmelet a significant
depletion in ready-to-eat honey pomelo slices packreder high @
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atmosphere in comparison with lowg @ctive and passive MAP (Li et al.,
2012a). Li et al. (2012b) also reported the highlestrease in vitamin C
in fresh-cut pears stored in 80 kPagackaging with more than 50% loss
in vitamin C content after 12 days of storage & 4Whereas, phenolics
and anthocyanin contents of the samples packed® kP& Q were 2.5
and 12 times higher, respectively, than those énpiissive package, and
3 and 2 times higher than those in lowgackage. Higher production of
phenolic compounds was also observed by OdriozeteaS80 et al.
(2009) in tomato slices packed under highabd passive atmosphere.
According to these authors, the increase on phenolnpounds in fresh-
cut products under both passive MAP and highc@nhcentrations could
be directly associated with a physiological respotwsstress conditions.
The fresh-cut tomatoes stored under 80 kPa gfatthospheres also
scored higher on flavonols, lycoperfecarotene, chlorogenic acid, and
total antioxidant capacity than those packaged wunsver O
concentrationsThese results indicate that the effect of highdd the
nutritional content of fresh-cut products may valgpending on the
commodity, Q concentration, storage time and temperature.

Noble gasesor fresh-cut fruits and vegetables

The use of noble gases such as Helium (He), Ardah @nd Xenon
(Xe) to replace Blas the balancing gas in MAP is considered onéef t
major advances to preserve and extend the shelf dif fresh and
minimally processed fruits and vegetablete, Ar and Xe have been
successfully applied in MAP and controlled atmosplstorage to reduce
microbial growth and maintain the quality of frgsfoducts Jamie and
Saltveit, 2002; Meng et al., 2012; Wu et al., 2@18. The beneficial
effect of noble gases Ar and He have been relate¢letr solubility and
diffusivity characteristics(Day 2001; Jamie and Salveit 2012)he
similar atomic size to molecular,@nd higher solubility in water tham,N
and Q make probably inner gasesore effective at displacing@rom
cellular sites and enzymatic,Qeceptors with the consequence that
oxidative deterioration reactions are likely to ibpdibited (Day et al.,
2001). Furthermore, eplacing the N with He/Ar may modify the
diffusion of G, CO,, and GH,4 in fresh commodities. Burg and Burg
(1965) showed that replacing, Nvith He enhanced gas diffusion and
reduced the concentration gradient gft@tween the inside and outside
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of a commodity. These changes allow fresh comnexlithat experience
internal low Q deficiencies at lower Ostorage to tolerate the low,O
environment better than they could tolerate in presence of N
atmosphereslamie and Saltveit, 2002).

Various studies have investigated the effect ofriblele gases on the
quality of fresh-cut produces. Ar used as major ponent in MAP has
been reported to reduce microbial growth and imerake quality
retention of fresh products like broccoli, lettuaed sliced mushroom
(Day 2001; Jamie and Salveit 2002). Jamie and 84&@02) reported
that the content af-quinones in fresh-cut crisphead lettuce was higher
tissue stored in 2 kPa controlled atmosphere mpde Ar than in that in
He or N, whereas no differences were observed in gredreltaces. In
both cultivars, theo-quinone content was reduced by controlled
atmosphere storage compared to storage in air.ifftibition of the
activity of apple and mushroom PPO was also observéow O, MAP
enriched with argon (O’bernie et al., 2002). Rokocet al. (2005) also
reported that the use of 90 kPa Ar on fresh-cutfkint was significantly
effective at maintaining firmness values and slgvdown respiration,
but not at controlling color browning. Better rasulvere obtained by
packaging of kiwifruits under 90 kP&@, limiting the firmness loss and
maintaining color values during 12 days at 4 °C.

Tomas-Callejas et al. (2011) investigated the antwbial and
quality effect of 100 kPa O2-, He-,»N or NbO-enriched active MAP
compared to a passive MAP on fresh-cut red chaby beaves at 5 °C
during 8 days of storage. No differences in micablgyrowth were
observed between He-,»\ and NO-enriched MAPs and the passive
MAP. The active MAP helped to retain better theawiin C content
compared with the passive MAP control; whereag| fgtenolics content
drastically increase during storage in samples ude He-, and N
enriched MA package®smong the treatments tested in active MAP, He
preserved the total chlorophyll content throughtitvet shelf life. In fresh
broccoli, however, atmospheres containing 90 kPamd 2 kPa @did
not delay the loss of chlorophyll (Jamie and Sah\z602).

Under appropriate temperature and pressure consdlitioner gases
can form ice-like crystals called clathrate hydsate which molecules
are trapped within cage-like structure of watereuales, lowering water
activity in fresh and fresh-cut produce, therebyung the leaching of
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organic material from fresh-cuts and movement afrafies into deeper
tissues in comparison to other pretreatments (Gatlelh, 2013). Meng et
al. (2012) reported that the application of preigear Ar (2, 4 and 6
MPa) on fresh-cut green pepper packed with 5 kPar@d 8 kPa C®
were able to maintain the cell integrity of the gwoe by inhibiting the
production of malondialdehyde, as well as the & of catalase and
peroxidase. The treatments were also reporteddiecesthe proliferation
of spoilage microorganisms such as coliforms, yaast moulds. Wu et
al. (2012a) studied the effect of high pressure (60 MPa) on
preserving fresh-cut apples at 4 °C. The presdire reduced the
respiration rate and ethylene production of freshapples. However, it
caused some negative effects on color and firmnedsch were
overwhelmed by combining the pressurized Ar andioamant
treatments with calcium chloride, citric and astoorkacid. This
combination reduced color change and firmness dnssmaintained the
sensory quality of fresh-cut apples for 12 dayg &C. Similarly, fresh-
cut pineapple treated with pressurized Ar (1.8 Mpejectively
maintained the quality and delayed the microbiamgh of the product,
reaching 6 days of shelf life at 4 °C (Wu et ab12b).

The use of noble gas mixtures has also been studiemtder to
preserve foods. Under such treatments, the mesabodif fruits and
vegetables is restrained, which might result ireeded shelf life (Zhan
et al., 2005; Zhang et al., 20082aymond et al. (2013) studied the
changes in some physicahd biochemical properties of fresh-cut green
peppers undera compressed mixed noble gas (Ar and Krypton)
compared to compressed Ar treatment alone at 50f(15 days. Both
treatments allowed maintenance of better qualitynmared to the
untreated cut peppers. The noble gases reducecspeation rate and
vitamin C loss of fresh-cut peppers compared touthigeated samples,
but did not inhibit the PPO activity. Mixed Argormapton samples
presented lower mass loss and cell membrane peilihe#ian the Ar
treatment alone.

Wu et al. (2013) studied the effects of high presswgon and xenon
(HP Ar + Xe) mixed treatment on wound healing andrabial growth
in fresh-cut apples and pineapples inoculated wih coli and
Saccharomyces cerevisiaad stored at 4 °C. Samples under HP Ar + Xe
mixed treatment exhibited a positive wound healiggponse due
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probably to the increase in,8, production and the accumulation of
phenolics and lignin during storage. The enhancednd healing ability
provided by the HP Ar + Xe mixed treatment was afsand to
contribute at the inhibition of the growth & coli or S. cerevisiagn
tested apple and pineapple samples.

Although noble gases applied as mixed or alonénreat have been
proven to ensure safety, maintain the overall ¢gpaind extend the shelf
life of several fresh-cut products, the high cdss@me noble gases may
limit their application.

Edible coatings for fresh-cut fruits and vegetables

Traditionally, edible coatings have been used asch to reduce the

deleterious effects of processing on fruit and tagle tissues. An edible
coating is a thin layer of edible material formedtbe surface of a fruit
and vegetable that provides a semipermeable bawiggases, water
vapor, and volatile compounds between the prododtthe surrounding

atmosphere (Gonzélez-Aguilar et al., 2010; Oms-@iual., 2009a).

Therefore, edible coatings can contribute to extiedshelf life of fresh-

cut fruits and vegetables by reducing respirataie as they create a MA
within the produce, enzymatic browning, and watess| (Pérez-Gago et
al., 2009.

The effectiveness of edible coatings to presereeqtmlity of fresh-
cut products may vary depending on the composémhthickness of the
coating, the type of commodity, variety and magrithe degree of
surface coverage, and the storage conditions (Gem2guilar et al.,
2010).

Compounds most commonly used to form edible cosatinglude
polysaccharides as chitosan, alginate, cellulosgrageenan, pectin,
starch; proteins as whey, casein, soy protein; lgnds as carnauba,
beeswax and fatty acids (Dea et al., 2012).

Several works have described the beneficial effdégolysaccharide
and protein-based edible coatings on reducing éspiration rate of
fresh-cut produces, which has been attributed ®r tbood oxygen
barrier (Olivas and Barbosa-Canovas, 2005). Wongalet (1994)
observed a lower C{production rate in apple pieces coated with pectin
alginate or microcrystalline cellulose-lipid bilayedible coatings. Lower
CO, production has also been observed in fresh-cueapmelons, and
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pears coated with an alginate-based edible (Rojag-@t al., 2007a,;
Oms-Oliu et al., 2008e,f; Raybaudi-Massilia et 2008a,b). Lee et al.
(2003) showed that the respiration rate of apptesicould be decreased
by 20% by applying a whey protein-based coating.

The hydrophilic nature of proteins and polysacaesi usually
requires the addition of lipids to improve the ntaie barrier of the
edible coatings in the fresh-cut products. Lipidglsas sunflower oil
added to alginate, gellan or pectin-based coatiagd stearic acid
incorporated to methyl cellulose-based edible ogatihave been proven
to significantly reduce weight loss of fresh-cupkgp papaya and pear
(Tapia et al., 2007, 2008; Olivas et al., 2003)wdwer, some works
have also reported that edible coating based dargahd carragennan
with no lipid incorporated reduced water loss @fsfi-cut apples, papaya
and banana (Lee et al., 2003; Tapia et al., 20&6 & al., 2009).

The use of edible coatings with antimicrobial pnbigs has been
considered a potential tool to improve the safdtyresh-cut produces.
Chitosan edible coatings have been widely useddshfcut fruits and
vegetables for their antimicrobial properties. Giaz-Aguilar et al.
(2009) reported that dipping fresh-cut papaya indiom@ molecular
weight edible chitosan resulted in antimicrobiakiaty suppressing
mesophilic plate count, and the growth of molds amhst. The
antimicrobial effects of chitosan on the native moflora and on the
survival of E. coli O157:H7 inoculated in fresh-cut broccoli were
evaluated by Moreira et al. (2011). The authoroonepl a significant
reduction in total mesophilic and psychrotrophicctbaa counts.
Moreover, chitosan coating inhibited the growthtofal coliform and
significantly decreasef. coli counts throughout the storage.

In fresh-cut products such as litchi, mushroomsngoaand apples,
chitosan coatings have been effective to inhibé thcrease of PPO
activity and avoid the color change during storéeng et al., 2004;
Eissa et al., 2007; Djioua et al., 2010; Qi et abll). Moreover,
application of chitosan was beneficial in retardimgight loss and
maintaining ascorbic acid content in fresh-cuthiittbong et al., 2004),
delaying texture changes in fresh-cut mushroomssgeet al., 2007), and
reducing weight loss and preserving total phenobatent in carrots
shreds (Pushkala et al., 2012).
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Combination of chitosan with other polysacchariias also shown
to improve its functional properties. For exampale, edible yam starch-
chitosan coating was successful at controlling mherobial growth,
preventing surface whitening and maintaining theseey quality of
minimally processed carrots (Durango et al., 20 0es et al., 2009).
Similarly, a chitosan-methyl cellulose film applieas food wrapper
inhibited the growth of inoculateB. coliandS. cerevisia®n fresh-cut
melon and pineapple as compared to un-wrapped ouifruit wrapped
in a commercial stretch film (Sangsuwan et al.,800

The functional properties of edible coatings canechbanced by the
incorporation of active ingredients such as antlart, flavors, texture
enhancer, nutrients, and antimicrobials to reduteymatic browning,
texture loss, the risk of pathogen growth on foodfaxes and/or to
improve nutritional and sensory quality (Olivas aBdrbosa-Canovas,
2005). Incorporating antimicrobial compounds intdibée films and
coatings provides a novel way to enhance the safadyextend the shelf
life of ready-to eat products (Cagri et al., 20@gveral compounds have
been investigated for incorporation into edible tows, including
organic acids (acetic, benzoic, lactic, propiosiarbic), fatty acid esters
(glyceryl monolaurate), polypeptides (lysozyme,opédtase, lactoferrin,
nisin) and plant essential oil (cinnamon, oregdemongrass) (Franssen
et al., 2004). Raybaudi-Massilia et al. (2008a)rtgal that lemongrass
and cinnamon (0.7%), citral (0.5%) or cinnamaldehyd.5%) essential
oils added to an alginate-based coating (algimatdic acid,N-acetyl+-
cysteine, glutathione and calcium lactate) -effedyiv prevented
microbiological growth on fresh-cut apples. Combimra of lemongrass
at 0.3 and 0.5% with an alginate-based edible wgasodium alginate
and sunflower oil) reduced significantly yeast, dsoland total plate
counts in fresh-cut pineapple (Azarakhsh et all420In other study, the
addition of palmarosa oil (0.3%) to a similar alferbased coating
inhibited the native flora and reduc&l enteritidispopulation while
maintaining the fresh-cut melon quality paramei@aybaudi-Massilia
et al., 2008b).

Alvarez et al. (2012) studied the effect of chitosdone or enriched
with bioactive compounds and essential oil (prapakesveratrol and tea
tree essential oil) in the microbiological load fsésh-cut broccoli.
Chitosan alone or combined with essential oils ioattive compounds
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significantly inhibited the growth of mesophilic danpsychrotrophic
bacteria, and also controlled. coli and L. monocytogenesurvival,
avoiding deleterious effects on the sensory attebuof fresh-cut
broccoli.

Calcium chloride is generally used as firming agdtdr example,
adding calcium as a gelling agent to alginate,agethnd pectin-based
edible coatings showed to be effective at maimgrfirmness in several
fresh-cut products (Dea et al., 2012). Montero-€aid et al. (2008)
reported that the use of an alginate coating saamfly improved shelf
life of cut pineapple, by reducing juice leakage.alginate or gellan-
based coatings, the use of Caglhowed a beneficial effect on firmness
retention of apple wedges during the storage (RGjadi et al., 2007b;
2008).

Enzymatic browning of fresh-cut produces can aksodouced by the
use of antioxidant compounds incorporated into #uible coating.
Fresh-cut pears were preserved from surface brgaoyncoating with a
methyl cellulose coating containing ascorbic aciias et al., 2003)
and alginate and gellan coatings containing N-#oetteine and
glutathione (Oms-Oliu et al., 2008f).

Browning of fresh-cut apples has been controlledreduced by
dipping in carrageenan and whey protein edible iogat containing
ascorbic, citric and oxalic acid (Lee et al., 2008hey protein-beeswax
edible coatings containing ascorbic acid and cystéiPérez-Gago et al.,
2006); alginate and gellan coatings containing Biydcysteine (Rojas-
Gral et al., 2008; Raybaudi-Massilia et al., 200&#jtosan edible
coating containing ascorbic acid (Qi et al., 20Bfowning of banana
slices was reduced by a carrageenan edible coatingaining ascorbic
acid and cysteine (Bico et al., 2009); in carrated, artichoke heads and
fresh-cut mangoes alginate coatings with ascorbtt @tric acid were
also effective to control browning (Amanatidou &t 2000; Del Nobile
et al., 2009; Robles-Sanchez et al., 2013).

A new generation of edible coatings is under dgwalent, which
aims to incorporate and/or control release of acttempounds using
nanotechnological solutions such as nanopartigi@soencapsulation,
and multilayered systems (Dhall, 2013). By usingiaszience, new
forms of nanocomposites dispersed with nanopastiat@nofibers, or
nanoemulsions can be developed to improve the oreidtarrier and
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mechanical properties of the edible films and capi(Avena-Bustillos
and McHugh, 2012). The most commonly used metal rapthl oxide
nanomaterials used in edible films and coatingssdver (Ag) and zinc
oxide (ZnO), which are known by their antimicrobpabperties (Kim et
al., 2007; Lok et al., 2007; Jin et al., 2009).

Although nanoparticles have been successfully pm@ted to edible
coating such as chitosan, alginate, carrageenangeltah to improve
mechanical and barrier propertiésyw works can been found about the
use of edible coatings containing nanoparticlesfiesh-cut fruits and
vegetablegfChaudhry and Castle, 2011; Chen and Yada, 2014taGCxi
al., 2012) Costa et al. (2012) studied the effects of an actiginate
based-coating loaded with silver-montmorillonite gMMMT) on the
shelf life and microbiological quality of fresh-cutcarrots.
Enterobacteriaceaespp. and mesophilic bacteria in the active-coat
sample were found below 4@nd 5x10 CFU/g, respectively, that were
set as the threshold for these microbial groupguBRed cell loads by one
or two log cycles of psychrotrophic bacterRseudomonaspp. and
yeasts were also observed in fresh-cut carrotsgggek with the active
coating. This coating also resulted effective attauling dehydration
and extended the shelf life of the carrots packe®PP films to more
than 45 days.

Meng et al. (2014¢valuated the efficacy of ultrasound treatment and
nano-zinc oxide (ZnO) incorporated to a chitosasebaedible coating in
preserving the quality of fresh-cut kiwifruit stdrat 4 °C. At the end of
storage, the combined application of ultrasound @aao-ZnO coating
slowed down ethylene and carbon dioxide productieduced the water
loss and softening, delayed the senescence anfficgigtly extend the
storage life of fresh-cut kiwifruit.

Luo et al. (2013) studied the effect of chitosaatow, alone or in
combination with nano-chitosan (40-50 nm) on browni and
lignification of fresh-cuiZizania latifoliastored at 1 °C for 12 days. The
results showed thahano-chitosan coating was more effective than
chitosan to retard browning and lignification oésh-cutZ. latifolia by
inhibiting browning and lignification-related enzgmactivity.

Micro- and nano-encapsulation consists in the ipo@tion of active
compounds into edible coatings with the aim to wuntheir release
under specific conditions (e.g., changes of pH,pemature, irradiation,
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osmotic shock). This technology protects the endapsd active
compounds from moisture, heat or other extreme itond and
enhances their stability and viability (Dea et &Q12). Among the
different biopolymers, alginate is the most widelged material for
encapsulation. Enzymes, probiotic, prebiotic, essleand marine oils
are among the most active compounds to be encagdif@hall, 2013).

In some cases, the dipping of fresh-cut fruits aegetables into an
edible coating is limited by the difficult adhesido the hydrophilic
surface of the cut product. The multilayer coatteghnique has been
used as a good alternative to overcome these pnsbl€he preparation
of multilayer structures consists of consecutiygdig of the cut product
into two or more coating solutions containing opfedg charged
polyelectrolytes. Between each dipping step, it tb@ynecessary to have
a drying step to remove the excess of coating isol@ttached to the cut
surface (McClements et al., 2009). Coatings manufad with this
technique have been applied in fresh-cut produsegapaya (Brasil et
al., 2012), pear (Medeiros et al., 2012), pineagplantilla, 2013), and
watermelon (Sipahi et al., 2013). Brasil et al.1@0studied the effect of
a microencapsulated beta-cyclodextrin and transaciraldehyde
complex incorporated into a multilayered edibletcmamade of chitosan
and pectin on the microbiological and physicochadguality of fresh-
cut papaya. The multilayered edible coating wasy veifective at
inhibiting aerobic and psychrotrophic bacteria, sge@nd mold growth.
Application of the edible coating helped to extehe shelf life of fresh-
cut papaya up to 15 days at 4 °C and maintainethéss, color, vitamin
¢ and b-carotene content. In addition, encapsulates-cinnamaldehyde
had no negative impact on flavor of coated papbgag more accepted
by the panelists than control samples. Similarhg tpplication of a
multilayered edible coating composed of 2% tramsx@maldehyde, 2%
chitosan and 1% pectin helped extend the shelf difefresh-cut
cantaloupe up to 9 days at 4 °C (Martifion et al142.

Similar systems have been prepared with sodiumnatgifor fresh-
cut watermelon (Sipahi et al., 2013) and pineafdiantilla et al., 2013).
The multiplayer edible coatings were prepared byeraby layer
deposition of sodium alginate coating with pectind acalcium ion
(calcium chloride or calcium lactate). The ordeswhosen based on the
polyetrolyte interaction among opposite charge®htain a stable and
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uniform coatings and consisted of five steps (Cahcantimicrobial
coating -Calcium-Pectin-Calcium). The multilayemredible coating with
microencapsulated beta-cyclodextrin and trans-civatdehyde extended
the shelf-life of fresh-cut pineapple and watermedtored at 4 °C for 15
days (Mantilla et al., 2013; Sipahi et al., 201d)crobiological analyses
demonstrated the effect of the coating reducingvtiraf psychrotrophic
bacteria, yeasts and molds. The alginate and pkasad multilayered
antimicrobial coating also helped to maintain cplpH, °Brix and
firmness values without affecting odor and flavtiributes. Medeiros et
al. (2013) also optimized nanolayered coatings dasecarrageenan and
lysozyme. The coating was successfully applieaddsh-cut ‘Rocha’ pear
and controlled weight loss and maintained high kvd values of the
total soluble solids and the tritable acidity, mespvely, after 7 days of
storage at 4 °C.

Combination MAP and edible coating for fresh-cut fruits and
vegetables

The use of MAP or edible coatings in associatiothwow temperature
maintenance represent two of the main approachgseserve the quality
of minimally processed fruits and vegetables. Havewvthe high
perishability of these products challenges in macgses their
marketability by not achieving sufficient shelf difto survive the
distribution system. An approach to extend the fshie of fresh-cut
fruits and vegetables is the combination of thesérologies (i.e. edible
coatings and MAP).

Relatively few works can be found in the literatuhat study the
synergic effect of MAP and edible coatings on freah fruits and
vegetables shelf life. Mastromatteo et al. (20%lylied the effect of a
sodium alginate edible coating enriched with actempounds (a hydro-
alcoholic solution and grape seed extract) and MAP conditions
(passive and LOA with 10 kPa,&+ 10 kPa CQ on the quality of
minimally processed kiwifruits. The combination aétive compounds
with alginate-based coating was more effectiveeddiying the microbial
growth than the active compounds alone. In padigd viability loss of
the mesophilic and psychrotrophic bacteria of aldbilng cycle for the
coated samples with respect to control and dip@edptes was found.
Moreover, the combination of the active edible twptdelayed the
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presence of visible moulds and reduced weight &b respiration rate
of the product. Overall, the alginate-based coaiticgeased the shelf life
of the samples up to 14 and 12 days when packé®m and passive
MAP, respectively, compared to 8 days for the cadrgamples.

Sothornvit and Rodsamran (2010) studied #ffect of a mango-
based film to wrap fresh-cut mango in combinatiothwOA packaging
(10 kPa Q). The MAP, with or without the mango film wrap,terded
the shelf life of fresh-cut mango to 6 days wherexd at 5 °C. Whereas,
at room conditions the combination of the LOA ahé tdible mango
wrap significantly reduced off-flavor and extendkd shelf life from 2-3
days to 4 days.

Campaniello et al. (2008) studied the possibleafisshitosan coating
to improve the safety and quality on fresh-cutwghrarries packaged in
high (80 kPa) or low (5 kPa) oxygen MAP at diffearéemperature (4, 8,
12, 15 °C) of storage. Chitosan showed a high aotahial activity at
inhibiting the growth of psychrotrophic and mesdighbacteria, yeast
and molds, and extending the lag phase, partigularlthe highest
temperatures (12 and 15 °C) tested. The use of M#&Becond hurdle
technology resulted in a sensible benefit on theahiological quality of
fresh-cut strawberries. Conventional MAP contriloute better control
psychrotrophic bacteria; whereas high oxygen canagons had a
beneficial effect on sensorial characteristics, ocobnd inhibiting
mesophilic bacteria.

The application of gamma irradiation and high-®igh CQ (60 kPa
0O, + 30 kPa C® MAP significantly reduced the growth of aerobic
microorganism on minimally processed carrots. Téralination of these
treatments with a calcium caseinate and whey proi®lated-based
edible coating did not affect the microbial growthh the samples;
however, the coating was necessary to protecttsaagainst dehydration
and whitening. The high oxygen packaging in comiooma with the
coating had a detrimental effect on firmness argkapance of minimally
processed carrots, being the best combination faintaining texture
irradiation at 1 kGy of coated carrots packed urade(Lafortune et al.,
2005). Calillet et al. (2006) also evaluated theatfbf an antimicrobial
edible coating based on calcium caseinate containimans-
cinnamaldehyde, combined with high oxygen (60 kRa G0 kPa CQ
or air and gamma irradiation on peeled carrotsutaied withL innocua.
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The use of HOA contributed to completely inhibitetigrowth ofL.

innocuaand lowered the radiation dose required for thappse. The
antimicrobial edible coating was needed to redhed t innocuagrowth
when minimally processed carrots were packed uaider

Final remarks

This review presents several studies about MAPealiole coatings with
promising results to improve the safety and extiedshelf life of fresh-
cut fruits and vegetables. The higher susceptibdit these products to
enzymatic browning, tissue softening, microbial vgita and loss of
nutrients makes in many cases necessary to contioolking for
alternatives to reach sufficient shelf life for cmrcial distribution of
the product. Depending of the MAP conditions, muebkearch is still
required to avoid or retard fermentative reactiafsflavor and loss of
nutritional compounds. Innovative MAP such as tlse of pressurized
inert/noble gases and high levels ot @ave resulted effective in
extending shelf life of different fresh-cut fruésd vegetables, being the
main benefits the prevention of microbiological iégpge and anaerobic
fermentation. Nevertheless, the effect of innovatAP is dependent on
similar factors as with conventional MAP (i.e. tymé commodity,
temperature, storage duration, packaging mateetal). Some of the
promising area for development to improve quality foesh-cut
commodities could be the use of active MAP abled&tiver active
compounds and new packaging material to bettermth&respiration of
fresh-cut fruits and vegetables.

On the other hand, the application of edible cagtimvith active
compounds and the new trend using nanotechnologid¢ations, such as
nanoparticles, nanoencapsulation, and multilaysgestiems, to improve
the quality of fresh-cut products requires moreagsh to understand the
interactions among active compounds and coatingenadéd to avoid
sensory and physiological disorders in the produce.

New technology combinations of MAP with new edibteatings can
be a feasible way at improving microbial stabibityd quality of fresh-cut
fruits and vegetables, thus extending their shigf-Exploration of these
technologies in highly perishable fruits and vebkts (i.e. high
susceptibility to enzymatic browning, loss of inigg microbial
spoilage) that have received little or no attentisnalso required to
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increase the offer of fresh-cut fruits and vegetapproviding producers
and consumers products with sufficient shelf lifel ahe maximal safety
and quality.
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General objectives

GENERAL OBJECTIVES

To study the effect of new edible coatings withi@atlant activity and
modified atmosphere packaging on the quality aredf dife of fresh-cut
‘Blanca de Tudela’ artichoke, ‘Telma’ eggplant, aiirbjo Brillante’
persimmon, characterized by a relatively shortfslifel due to a rapid
onset of enzymatic browning.

Specific objectives

1. To study the effect of a wide range of antibrownaggnts
with  different mechanisms of action at different
concentrations to control browning in extracts pretipitates
of artichoke, eggplant, and persimmam\{itro studies).

2. To evaluate the effect of the selected antioxida@nts inn
vitro studies on the shelf life of fresh-cut artichokggplant,
and persimmonirg vivo studies).

3. To develop soy protein-based edible coatings anmemdth
antioxidant agents fronm vivo studies to reduce enzymatic
browning and extend shelf life of fresh-cut artikbp
eggplant, and persimmon during storage at 5 °C.

4, To evaluate the combined effect of selected soteprdérased
edible coatings with antioxidant capacity and cantivaal or
high oxygen modified atmosphere packaging on thalitgu
and shelf life of fresh-cut artichoke, eggplanti] @ersimmon
during storage at 5 °C.
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Chapter 1

ABSTRACT

The effect of antioxidants controlling enzymatiowning of artichokes
cv. ‘Blanca de Tudela’ was studied in extracts dresh-cut tissue.
Initially, the effect of ascorbic acid (AA), citriacid (CA), peracetic acid
(PA), calcium chloride (Ca@), cyclodextrin (CD), cysteine (Cys),
hexametaphosphate (HMP), and 4-hexylresorcinol yHleat different
concentrations was studied in extracts and pretqst Absorbance at
450nm of artichoke extract and color of the pelleese measured, as a
preliminary screening of antioxidant effectivenessitrolling browning.
AA at 10 mol/n? was the most effective controlling browning in tbtlhe
extract and the pellet; whereas, Cys and 4-Hexylewedfective at a
higher concentration (50 molfinand CA was only effective in the
extract. Application of PA, Cagl CD, and HMP was not effective
controlling browning in the extracts and precigigt even at a
concentration of 50 mol/f Next, application of AA, CA, Cys, and
Hexyl at different concentrations was studied oeslircut artichokes
during storage at 5°C. Samples treated with Cy%, (0.3, 0.5, 1%)
showed the highest L* and lowest a* values. An ease in Cys
concentration decreased a* and increased b* valwbgh correlated
with a decrease in browning and an increase iroweleéss of the tissue.
Application of CA (1, 2.7, 5.3%), AA (0.5, 1, 1.5%) and Hexyl (0.002,
0.005%) did not inhibit enzymatic browning. Visuavaluation
confirmed these results.

KEYWORDS: Artichoke extracts; fresh-cut artichokes; enzymati
browning; antioxidants.

1. Introduction

Artichoke (Cynara scolymusL.) is a typical vegetable of the
Mediterranean area widely known for its high digthber, and healthy
protective actions as diuretic, hypocholesterolentiepatoprotective,
anti-inflammatory and anti-microbial properties @Bardt, 1997). Due to
the nutritional benefits and gastronomic properagschoke demand is
increasing among consumers. Minimally processingpsstsuch as
washing, removal of external leaves, slicing andkpging can bring
important advantages for artichoke commercialiratreducing transport
costs, storage space, and preparation time fouooers. However, these
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steps induce enzymatic browning, in addition touality deterioration

associated with water loss, softening, microbialtamination, increase
of respiration and ethylene production, that resulh reduced shelf life
(Ahvenainen, 1996). Among all the factors reducshglf-life of fresh-

cut artichoke, enzymatic browning caused by oxafatbf phenolic

compounds by polyphenol oxidase enzyme (PPO) isnidyer problem.

Browning might be prevented by chemical and physicethods,

including reduction of temperature and/or oxygese wf modified

atmosphere (MA) packaging, and application of amtiant agents that
act to inhibit enzyme, remove its substrates orction as preferred
substrate (Garcia & Barret, 2002).

Antioxidant treatments used in several fresh-auitdrand vegetables
include acidulant and reducing agents such asc atnd ascorbic acid
(CA and AA) (Lattanzio, Linsalata, Palmieri, & V&umere, 1989; Son,
Moon, & Lee, 2001), thiol containing compounds sashcysteine (Cys)
(Pérez-Gago, Serra, & del Rio, 2006; Oms-Oliu, Kgé@guayo, &
Martin-Belloso, 2006; Amodio, Cabezas-Serrano,,RBeColelli, 2011),
chelating and complexing agents such as hexametppate (HMP) and
cyclodextrin (CD) (Pilizota & Sapers, 2004), or qoounds that directly
inhibit PPO such as 4-hexylresorcinol (Hexyl) armcmm chloride
(CaCb) (Rosen & Kader, 1989; Monsalve-Gonzalez, Bark©dnevas,
Cavalieri, McEvily, & lyengar, 1993; Luo & Barboszanovas, 1997;
Arias, Gonzalez, Peir0, Oria, & Lopez-Buesa, 2007).

Effectiveness of an antibrowning agent depends anynfactors such
as cultivar, concentration, synergy with other @axitants, pH,
application system, etc. In artichoke, the degreérowning has been
correlated with the nature and amount of its phenocdbmpounds that
may vary according to the genotype @aa, Turan, Erturk, & Oktay,
2005; Cabezas-Serrano, Amodio, Cornacchia, Rin&ldzolelli, 2009;
Todaro, Peluso, Catalano, Mauromicale, & SpagnaQpRArtichoke cv.
Blanca de Tudela is one of the main cultivars gramrSpain. A few
works have studied the effect of packaging and wastisinfection on
spoilage and microbiological quality of minimallyggessed artichokes
‘Blanca de Tudela’ (Gimenez, Olarte, Sanz, Lomaakarri, & Ayala,
2003; Sanz, Gimenez, Olarte, Lomas, & Portu, 2@z, Gimenez, &
Olarte, 2003). However, enzymatic browning is ghi main limitation
for the development as a minimally processed predaad no works
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have been published with the aim of finding an @ff® antibrowning
treatment. Few approaches have been conducteditatibrowning in
fresh-cut artichokes, mainly using CA and AA (Laite et al., 1989;
Giménez et al., 2003). In a recent work, Amodialet(2011) reported
that only Cys had some effect controlling brownion§ fresh-cut
‘Catanese’ artichokes, whereas AA, CA, CaG@ind Hexyl had little or
not effect.

In the bibliography, browning evaluation is based m@flectance
measurement (L*, a*, b*) on fresh-cut surface afitt and vegetables
during storageiff vivo studies). Nevertheless vitro studies, involving
extraction of soluble browning products and measerd of absorbance
at particular wavelengths, can be performed as s@reening to
determine the potential effect of antioxidant ageruntrolling enzymatic
browning of fruit and vegetable tissues (Garcia &rmtt, 2002).
Considering that not all PPO products are watewulde] Amiot,
Tacchini, Aubert, & Nicolas (1992) suggested thhe tdegree of
browning of a tissue can be estimated by measti@gnaximum optical
absorbance of the supernatant and the reflectanteeqoellet (L*, a*
and b* values), obtained after centrifugation dagrine preparation of the
soluble pigment extract, as values of soluble amsbluble brown
pigments, respectively. Therefore, the aim of thigsk was to study the
effectiveness of a wide range of antibrowning ageat different
concentrations controlling browning in extracts aptecipitates of
artichoke Cynara scolymus., cv. Blanca de Tudela)n(vitro studies).
Then the most effective antioxidant agents weralistl on fresh-cut
‘Blanca de Tudela’ artichokes during storage & % vivo studies).

2. Materials and methods

The study was divided in two steps. In the firstt panzymatic
browning was determined in artichoke extracts an@cipitates,
meanwhile the second part was carried out in foeghartichoke cv.
Blanca de Tudela.

2.1. Plant material and antioxidants

Artichoke (Cynara scolymusL., cv. Blanca de Tudela) were
purchased in a local market (Valencia, Spain) aoced at 5 °C for 24
hours until processing. Antibrowning agents testetlided ascorbic acid
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(AA) and citric acid (CA) from Quimivita (Barcelon&pain), peracetic
acid (PA) from Fluka (Sigma Co., Barcelona, Spaagadicium chloride
(CaClb), hexametaphosphate (HMP) , cyclodextrin (CD)tape (Cys),

and 4-hexylresorcinol (Hexyl) from Sigma-Aldrich t(S.ouise, MO;

USA).

2.2. Determination of enzymatic browning in artikhoextracts and
precipitates

Samples were washed to eliminate soil and dirt.eieea bracts,
leaves and stalk were removed and artichoke heads wut in small
sections, frozen with liquid nitrogen and crusheathva blender (Braun,
Model MR350, Kronberg im Taunus, Germany). Grouathgles were
stored at —20 °C till analysis to avoid browningha# tissue.

For the analysis, 3 g of frozen samples were inited in a
centrifuge tube containing 30 ml of the antibrowgniagent. An initial
concentration of 10 mol/fnwas tested for all the antioxidants.
Concentrations were either increased or decreassuending on
absorbance and reflectance measurements obtaineddb antioxidant.
Table 1 shows the antioxidant concentrations tegiegference sample
or ‘blank’ was prepared with 113 molfm\A. This concentration of AA
provided a complete inhibition of soluble and ind& brown pigments.
Water was used as untreated control. Samples veenedenized with a
high-shear probe mixer (PolyTron, Model PT 2100ydfhatica AG Inc.,
Lucerne, Switzerland), left 1 hour at 20 °C andhtkentrifuged for 10
min at 12.000 rpm at 5 °C. Absorbance of extra@s determined at 450
nm with a UV spectrophotometer (Thermo Electron pooation,
Auchtermuchty, Fife, UK). This absorbance corregjgoh to the
maximum difference observed among samples in thger60-500 nm.
The precipitate was poured into a petri dish andlightness), a* (red to
green), and b* (yellow to blue) values were measuwgth a Minolta
(Model CR-300, Ramsey, N.Y., USA) on the bottomtloé dish. A
standard white calibration plate was employed tibicee the equipment.
Data were reported as the total color differenci whe control sample
(c) with no antioxidant as:

AE = ((L*-Le")? + (a*-a*)® + (b*-h*) ) 2

Both extracts and precipitate were evaluated Vvisuml three judges

using an enzymatic browning scale, where: 0 =liotabwned, 1 =
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Table 1. Effect of antioxidant type and concentraton browning of ‘Blanca de Tudela’ artichoke axtr
nd precipitate.

Treatment Concentration Concentration H Extract effectiveness Precipitate effectiveness Global
mol/n?’ g/100 ml P Abs,so Visual” AE* Visual’ effectivenesg
AA 1 0.02 6.08 1.752b 0 1.33a 0 NO
10 0.18 4.53 0.083 a 3 22.93b 3 YES
CA 10 0.21 3.64 0.169 b 3 13.30 a 1 NO
20 0.42 3.12 0.052 a 3 13.60 a 1 NO
50 1.07 2.70 0.049 a 3 15.66 b 2 NO
PA 10 0.08 4.93 1.319¢c 0 3.67a 0 NO
25 0.20 4.60 1.141b 1 5.05b 0 NO
50 0.40 4.35 0.971a 1 5.93c¢c 0 NO
CaCl 10 0.12 4.89 1.245 ab 0 3.86b 0 NO
25 0.31 5.42 1.334c 0 3.12b 0 NO
50 0.62 5.42 0.945 a 1 2.06 a 0 NO
CD 10 1.14 5.65 1579 a 0 5.63 a 0 NO
50 5.69 5.98 1.607 a 0 8.57b 0 NO
Cys 10 0.12 5.49 0.707 b 2 15.27 a 3 NO
20 0.25 5.86 0.750 b 2 1541 a 3 NO
50 0.62 5.73 0.463 a 3 17.81b 3 YES
HMP 10 0.10 5.69 1.759 a 0 217 a 0 NO
50 0.52 6.16 2.607 b 0 7.97 a 0 NO
Hexyl 10 0.20 5.98 2.913b 0 1463 a 0 NO
50 0.99 6.50 1.326 a 3 23.55hb 3 YES
CONTROL 0 5.88 2.187 0 0 NO
Blank 113 2.00 3.20 0.057 3 28.47 3 YES

*AA=Ascorbic acid; CA=Citric acid; PA=Peracetic aridCD=Cyclodextrin; Cys=Cysteine: HMP=Hexametaphagph Hexyl=4-hexylresorcinol;
Blank=reference sample prepared with AA at 113 miblivhich provided complete inhibition of browningéstract and precipitate.

Y Visual evaluation: O=totally browned, 3= no browne

* Color difference with control sampleE = ((L*-L*)? + (a*-a*)? + (b*-b*)?) .

" Treatments were considered effective when visakles of extracts and precipitates were 3.

For each antioxidant, means values with the satter lere not differentp<0.05) according to LSD.
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partially browned, 2 = slightly browned, 3 = no wreed. Treatment was
considered effective when both extracts and priatgiwere visually
scored as 3.

2.3. Determination of enzymatic browning in frest-artichokes

After washing, artichoke external bracts, leavesl atalk were
removed. Artichoke hearts were cut in slices (5nppreximately) using
a sharp stainless-steel knife. Pieces were dippedheé antioxidant
solutions for 3 minutes, drained and dried undéd conditions. In the
first experiment with fresh-cut artichokes, antotedits were AA, CA,
Cys, and Hexyl at concentrations reported in TaBleA second
experiment was conducted with AA (0.5 g/100 g, 10§/ g, and 1.5
g/100 g), Cys (0.1 g/100 g, 0.3 g/100 g, 0.5 g/@gpéand 1 g/100 g) and
Hexyl (0.002 g/100 g, and 0.005 g/100 g) at différeoncentrations
from those studied in experiment 1 to conclude é#fect of the
antioxidants in fresh-cut artichokes. Once driegjetes were placed in
polypropylene trays that were heat-sealed with operforated films (35
pm thickness) (35 PA 200, Amcor Flexibles, Barcalo®pain). To
ensure no modification of the atmosphere in thg &rad study only the
effect of the antibrowning agents, the polypropglefiims were
additionally perforated with a needle. Finally, sd@s were stored 7 days
at 5°C. A maximum of 15 artichokes were processdbleasame time to
minimize their exposure to oxygen and the wholegss was carried out
in a temperature-controlled room at 10+1 °C undetable hygienic
conditions.

Color measurements were made periodically with adita (Model
CR-300, Ramsey, N.Y., USA) on 12 artichoke pieacarstgeatment using
the CIELAB color parameters, L*, a*, and b*. Eacleasurement was
taken randomly at three different locations of eaemple piece. A
standard white calibration plate was employed tibiGee the equipment.
The results were expressed as the means of theed8umed samples per
each sampling day.

During storage, artichoke pieces were also evalugigually by 10
judges. Each treatment was coded, presented iromaradder and the
judges had to rank each sample from lowest to Bigluiegree of
browning. The visual quality in each treatment ldasa general visual
appearance was also determined using a visual,sedlere: 9 =
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excellent, just sliced; 7 = very good, 5 = goonhifiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible @&y, Hess-Pierce, &
Kader, 1999). A color photograph of samples ratdth ¥his scale was
provided to the judges.

Table 2. Effect of antioxidants on color attributdsresh-cut artichokes
‘Blanca de Tudela’ stored up to 4 days at 5 °C.

Concentration  Concentration .

Treatment mol/m? 9/100 m L a* b*
AA 10 0.18 542 e 24Db 27.1df
25 0.44 54.0 de 22b 255d
50 0.88 51.3cd 2.3b 22.8hc
CA 50 1.07 52.0cde 2.8b 25.7 de
125 2.67 50.8 c 5.7 ce24.8 cd
250 5.33 52.7cde 5.4c 25.6 de
Cys 10 0.12 58.3f -1.6a 30.3g
25 0.31 59.9f -1.2a 329h
50 0.62 60.7 f -1.2a 36.0i
Hexyl 10 0.20 385hb 66 2l6a
25 0.49 33.6a 85f 21.7a
50 0.99 35.3a 9.1f 22.3ab
CONTROL 58.1f -0.8a 279f

Values at day O: §* = 68.0; a* = -6.7; py* = 34.8 (n=12).

Data are mean values of the entire storage durgid6).

Within each column, values followed by the samdetetare significantly different
(P<0.05) according to LSD.

2.4. Statistical analysis

Statistical analysis was performed using STATGRAPSIIPlus 4.1
(Manugistic Inc., Rockville, MD, USA). Specific d&rences between
means were determined by least significant diffeee(LSD). Specific
differences for the degree of browning obtainedsbysory evaluation
were determined by Friedman test, which is reconteerwith ranking
(UNE 87 023, 1995). Significance of differences wwatined ap<0.05.

135



Chapter 1

3. Results and discussion

3.1. Effect of antioxidants on color and visual lipyaof artichoke
extracts and precipitates

Table 1 shows the effect of the antibrowning ageattdifferent
concentrations for extracts and precipitates basedbsorbance at 450
nm and color difference compared to the contiit)( respectively. The
global effectiveness in the extract and precipitaés also assessed by
visual evaluation, where the judges evaluated #mpses according to
browning.

The extract and precipitate of the control prestmi® intense brown
color, which translated in high absorbance (Tablarid a* values (data
not shown); whereas, the reference sample or ‘blar@pared with 113
mol/m® AA provided a complete inhibition of soluble andsaluble
brown pigments. In general for all the sampleset&san increase in the
antioxidant concentration showed a decrease inspbgad an increase in
AE. AA at 10 mol/mi was the best treatment controlling enzymatic
browning on artichoke extracts and pellets at toaicentration, showing
no significant differences with the 'blank’ on absance andAE. Cys
was effective controlling enzymatic browning of thextract and
precipitate at a higher concentration of 50 mdl/bower concentrations
of Cys were effective controlling browning of theepipitate as evaluated
by the visual panel; however, the extracts wereestas slightly brown.
The use of Hexyl, although prevented the formatbmrown pigments
in the precipitate and extract, provoked a shamkiph color in the
artichoke precipitate and a translucent appearantiee extract, which
translated in high absorbance values. Neverthedessncentration of 50
mol/m® was considered effective by the judges controllingwning of
the extract and precipitate. CA at 50 molfmrevented browning on the
artichoke extract showing absorbance values sliglttiver than the
‘blank’. However, it was less effective preventitige formation of
insoluble brown pigments as shown by the la® of the precipitate.
This was confirmed in the visual evaluation, whéne extract was
evaluated as not brown and the precipitate astilighown. Application
of lower concentrations<0 mol/n?) of CA had the same effect than 50
mol/m® in the extract, but were less effective in the cipiate.
Application of PA, CaGl CD, and HMP was not effective controlling
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browning in the extracts and precipitates, evea abncentration of 50
mol/m®. Since an increase in the concentration of theiexadants from
10 mol/n? to 50 mol/ni did not show a significant improvement
controlling brown pigments in the extract and ppéate, higher
concentrations were not studied.

The optimum pH range of artichoke PPOs was repdretdieen 4.3
and 5.0 (Espin, Tudela, & Garcia-Canovas, 199%yitr a broader range
between 4.0 and 7.0, that depended on artichok&vau(Todaro et al.,
2010). In the present work, the effect observethe extract by CA at
concentrations above 10 moficould be related to its inhibitory effect by
lowering the pH. However, this effect was not oledr in the
precipitate, which even at low pHs it did not shawomplete inhibition
in the formation of insoluble pigments. The resuttgght suggest a
higher stability of the PPO insoluble fraction (rm&ame-bound PPO)
than the soluble fraction in low pH conditions. WAA, Cys, and Hexyl,
browning inhibition could be attributed to the sffiecmechanisms of
action of each antioxidant. In the case of AA angs,Cheir activity
resides in its reducing character reacting witlguinones to yield
colorless products (Richard-Forget, Goupy, Nicolasombe, & Pavia,
1991); whereas Hexyl has been described as anitmhdd the enzyme
PPO (Monsalve-Gonzalez et al., 1993).

3.2. Color changes on artichoke fresh-cut tissue

Two experiments were conducted on fresh-cut tissmea first
experiment, antioxidant type and concentrationsevsaiected from the
best results obtained in artichoke extracts (10/mioRA, 50 mol/n?
Cys, and 50 mol/fhHexyl). CA was also included in the study duetso i
inhibitory effect in the extract, although it didbthshow a complete
inhibition in the precipitate (i.e. at 50 mofinvisual quality of the
precipitate was evaluated as slightly brown). Thesgcentrations were
either increased or decreased depending on thexaf#nt to values
close to those reported in the bibliography for eothfresh-cut
commodities.

Table 2 shows the effect of antioxidant type anchceatration,
expressed in molar and weight basis, on color Efaad b* values, as
mean values for 4 days of storage at 5 °C. Amorg dliferent
antioxidants, samples treated with Cys showed igjleelst L* and lowest
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a* values, although no differences were found witiireated samples
after 2 days of storage. On the opposite side, Heag the less effective
antioxidant inducing damage in the tissue thatsleted in samples with
the lowest L* and b* and the highest a* values.tiremmore, an increase
in Hexyl concentration translated in a decreaske*iand an increase in
a*, indicating that Hexyl caused damage of the ugssat the
concentrations tested. In the bibliography, Hesylusually applied at
much lower concentrations which a range betweeh @@ 0.02 g/100 g
(Monsalve-Gonzalez et al., 1993; Monsalve-Gonzd&azbosa-Céanovas,
McEvily, & lyengar, 1995; Luo & Barbosa-Canovas 979 Arias et al.,
2007). Therefore, it would be interesting to stutlg effect of lower
concentrations in artichoke tissue.

Samples treated with AA and CA also had lower L# dngher a*
values than control samples. In these treatments,ingrease in
antioxidant concentration increased tissue brownmdjcating that those
concentrations could be also creating some damagée tissue. An
increase in AA showed a decrease in L* and b* va@lumeeanwhile, for
CA a sharp increase in a* was observed as antiokidancentration
increased. In this experiment, the range of CA AAdconcentrations
applied were approximately 1-5 ¢/100 g and 0.2-@400 g,
respectively. Amodio et al. (2011) also observetberease in L* and an
increase in a* values of fresh-cut artichokes cata@iese as CA
concentration increased, presenting the highestahre at 2 g/100 g CA.
In the case of AA, these authors also observedehigh values than in
control samples. This was attributed to a poss#bieulation of PPO
activity or by an induction of important oxidativeamage, as observed
by other authors in Chinese water chestnuts (Jiaeg, & Li, 2004) and
fresh-cut ‘Fuji’ apple (Larrigaudiére, Ubach, SoriRojas-Gral, &
Martin-Belloso, 2008). Palma, D’Aquino, D’Hallewin& Agabbio
(2004) also described an increase in browning tiéheoke heads dipped
in 1 g/100 g AA solution as pH was decreased fra8nt® 2.8, which was
attributed to the minimum PPO activity found inieroke at pH 5.5
(Espin et al., 1997). Todaro et al. (2010) obsertret depending on
artichoke cultivar, PPO activity could be stimuthtat high AA
concentrations.

Considering these results, a second experimentwducted aimed
to test the effect of AA, Cys, and Hexyl at differeoncentration ranges.
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Fig. 1, 2 and 3 show the effect of these antibrogragents on L*, a*,
and b* values of fresh-cut artichokes ‘Blanca dedla’ during 7 days of
storage at 5 °C. Increased enzymatic browningtioheke pieces during
storage was accompanied by an increase in a*, aletr@ase in b* and

L* values.

0 1 2 3 4 5 6 7
Time (days)

Fig. 1. Effect of antioxidant type and amount aghtness (L*) of fresh-
cut artichokes ‘Blanca de Tudela’ stored 7 day$ &C. Vertical bars
represent standard error®{, 0.5 g/100 ml AA;-=—, 1 g/100 ml AA;
—— 1.5 g/100 ml AA;>~ 2 g/100 ml AA;-*--, 0.1 g/100 ml Cys;e--,
0.3 g/100 ml Cys;-*-, 0.5 g/100 ml Cys;=- , 1 g/100 m| Cys==—,
0.002 g/100 ml Hexyt*—, 0.005 g/100 ml Hexyke—, Control).
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a*

0 1 2 3 4 5 6 7

Time (days)

Fig. 2. Effect of antioxidant type and amount on(eed-green) of fresh-
cut artichokes ‘Blanca de Tudela’ stored 7 day$ &C. Vertical bars
represent standard error®{, 0.5 g/100 ml AA;-=—, 1 g/100 ml AA;
—— 1.5 g/100 ml AA;>~ 2 g/100 ml AA;-*-, 0.1 g/100 ml Cys;e--,
0.3 g/100 ml Cys;-*-, 0.5 g/100 ml Cys:=- , 1 g/100 ml Cys=—,
0.002 g/100 ml Hexytk>*—, 0.005 g/100 ml Hexyks—, Control).

L* increased as Cys concentration increased, olmgersignificant
differences during the first 4 days of storage leetwwsamples treated at
concentrations below 0.3 g/100 g and those abdvg/@00 ml whereas,
these differences disappeared at the end of sto&geples treated with
Cys at concentrations above 0.3 g/100 g showedahieg significantly
lower than control samples during storage. Cystrirteats also resulted
in an increase in b* values (yellowness), that eased as Cys
concentration increased. Thiol-containing compousdsh as Cys, have
been described as reducing agents of o-quinonesheéo phenol
precursors producing colorless stable productsdi@a& Barrett, 2002).
However, a direct inhibition of PPO by Cys through formation of
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Fig. 3. Effect of antioxidant type and amount on (y&llow-blue) of
fresh-cut artichokes ‘Blanca de Tudela’ stored ysdat 5°C. Vertical
bars represent standard erro—, 0.5 g/100 ml AA;—=—, 1 g/100 mi
AA; - 1.5 g/100 ml AA;>~ 2 g/100 ml AA;-*-, 0.1 g/100 ml Cys;
--e--, 0.3 g/100 ml Cys;*-, 0.5 g/100 ml Cys:=- , 1 g/100 ml Cys;
——, 0.002 g/100 ml Hexyk*—, 0.005 g/100 ml Hexyke-, Control).

stable complexes with the copper of active PPCs dites also been
proposed (Kahn, 1985). Richard-Forget et al. (199a)ated cysteine-
guinone addition compounds from different phenbé lmost block the
browning reaction, showing high affinity with PPOhzgmes and
subtracting substrates for the further oxidationoeduinone. A Cys-
phenol ratio above 1 was needed to fully degracengls in colorless
addition compounds; whereas when Cys was applied loat

concentration, the appearance of pinkish-red odffreal compounds
have been reported and attributed to phenol reggoerwith deep color
formation (Richard-Forget et al., 1991; Pérez-Gagal., 2006). On the
other hand, Cavallini, De Marco, Dupre, & Rotil®EB) described that
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the addition of excess Cys to an alkaline" Galutionresulted in the
appearance of a yellow compound identified withya-€opper complex.
Considering that artichoke is a vegetable with gnificant copper
content (United States Department of Agricultur@l®), the addition of
high Cys concentrations could be inducing the faiomaof these yellow
compounds. Amodio et al. (2011) also confirmed déffectiveness of
Cys controlling enzymatic browning of ‘Catania’ $kecut artichokes.
Similarly to our results, an increase in yellowness observed as Cys
content increased, indicating the formation of saol®r compounds at
high Cys concentration that would be interestingeliecidate in future
research. Amodio el al. (2011) also observed th&tyis-treated samples
an increase in pH from the natural value of 2.3 toduced a better color
retention of the artichoke quarters. This waslaitad to the fact that at
higher pH values, the nucleophilic attack of quie®iy cysteine is more
effective due to the pKa of thiol group (Richardfret et al., 1991).
Application of AA in a concentration range of 0.5¢£100 ml
increased browning as antioxidant concentratiorressed, as it was
reflected by a decrease in L* and an increase jrc@tifirming the results
observed in the previous experiment at lower AAcemrrations (Table
2). An increase in a* was also observed in fredhcyi apples dipped in
1 g/100 g AA, indicating tissue browning (Rojas-Gr&oliva-Fortuny,
& Martin-Belloso, 2008). Larrigaudiere et al. (20Ghowed that AA
may cause important oxidative damage in fresh-Eufi” apples at the
concentrations used in commercial applicationgéwgnt browning.
Application of Hexyl at lower concentrations thdimse tested in the
previous experiment was not effective reducing hbrog. Several
researchers have studied its use individually anlwoed with other
antibrowning agents in fresh-cut products. Amodiale(2011) reported
that fresh-cut artichokes treated with 0.01 g/108exyl had the lowest
L* value and scored worse than the control. Simitesults were
observed by Pérez-Gago et al. (2006), where apioiicaf Hexyl at
0.005 and 0.02 g/100 g was less effective than AA &ys reducing
browning of fresh-cut apples. However, Son et24Q1 reported that 0.1
g/100 g Hexyl was the most effective antioxidargventing browning of
‘Liberty’ apple slices. Rojas-Gral, Sobrino-LOp€kapia, & Martin-
Belloso (2006) reported that increasing the coma#ioh of Hexyl up to
0.5 g/100 g lead to a decrease of a* in fresh-ppies. Nevertheless,
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higher concentration than 0.5 g/100 g provokednarease in a*. On the
other hand, several authors suggested that thetieéfieess of Hexyl
controlling browning is improved by the combinatiomith other
antioxidant agents (Monsalve-Gonzalez et al., 1998) & Barbosa-
Canovas,1997; Arias et al., 2007). Monsalve-Gorzzae al. (1995)
observed that combination of 0.025 g/100 g Hexy ar25 g/100 g AA
was an effective anti-browning agent in fresh-qutla during 32 days of
storage at 25 °C. Arias et al. (2007) also desdrébsynergic effect in the
combination of 0.01 g/100 g Hexyl and 2 g/100 g v#h a reduction in
PPO activity of fresh-cut pears.

The results in fresh-cut artichokes contrast witbse found in the
extract, where AA, and Hexyl were effective redgcisoluble and
insoluble browning products at different concembrag. Application of
antioxidants has an effect not only in browningctees, but also in the
metabolic activity and cell wall changes during wdtinduced reactions.
Bolwell, Butt, Davies, & Zimmerlin (1995) indicatetthat Cys and AA
may influence wound-induced cell wall structuradges by stimulating
H,0, production. Application of CA, AA and L-Cys to &le-cut potatoes
increased their metabolic activity and influendeelit sugar composition,
especially after treatment with L-Cys (Rocculi &t 2007) and AA
induced oxidative damage in fresh-cut apples (batrdiére et al., 2008).

3.3. Visual quality on artichoke tissues

Degree of browning of fresh-cut artichokes treavath different
antioxidants was also assessed by a sensory patielthve aim of
determining whether the color differences obsefmsttumentally could
be observed visually. Samples treated with Cys vesiaduated as the
best during storage (Fig. 4). After 1 day of steragntrol and samples
dipped in AA and Hexyl were judged as inedible orthe limit of
usability; whereas samples dipped in Cys were etetliabove the limit
of marketability. During storage, quality evaluatioof fresh-cut
artichokes dipped in Cys decreased, reaching the &f marketability
after 4 days of storage at 5 °C with concentrataiy®ve 0.5 g/100 g Cys.
Although this period is not enough for product coenomlization,
application of Cys significantly prolonged the dghkfe of fresh-cut
artichoke compared to control samples and opengdssibility for
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Visual quality

Time (days)

Fig. 4. Effect of antioxidant type and amount osual appearance of
fresh-cut artichokes ‘Blanca de Tudela’ stored Wsdat 5°C. Visual
appearance was based on a visual scale (9 = excglist sliced; 7 =
very good, 5 = good, limit of marketability; 3 =irfalimit of usability;
and 1 = poor, inedible). Vertical bars represeandard error.#—, 0.5
g9/100 ml AA;—=—, 1 g/100 ml AA;——, 1.5 g/100 ml AA>~ 2 g/100
ml AA; --*--, 0.1 g/100 ml Cys;e-, 0.3 g/100 ml Cys;*--, 0.5 g/100
ml Cys; -=- | 1 g/100 ml Cys==—, 0.002 g/100 ml Hexyl>*—, 0.005
g/100 ml Hexyl;—s—, Control).

future studies in combination with other technoésgisuch as modified
atmosphere, edible coatings, etc.

The visual ranking confirmed the results obtainestrumentally in
the color analysis. Samples dipped in 0.5 and @@YHLCys were ranked
as the less browned during the entire storage ghe¥Mhereas, AA and
Hexyl showed no significant differences comparedcomtrol samples
during storage.
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4 Conclusion

The use of antioxidants had a limited action cdhti enzymatic
browning of fresh-cut artichokes. In extracts amdcpitates, AA, Cys
and Hexyl were the most effective antioxidants prging browning.
However, in fresh-cut tissue only Cys at conceiunagt above 0.5 g/100
g significantly extended shelf life till 4 days storage at 5 °C. However,
it provided an increase of yellowness on the cuiase of the artichokes.
Application of AA in a concentration range of 0.54/200 g and Hexyl at
0.002 and 0.005 g/100 g induced browning, probdbly to an increase
in metabolic activity or induced oxidative damage.

Future work will require a study of the effect oy<Con the sensory
quality of artichokes and its combination with atbechnologies, such as
modified atmosphere packaging and edible coatimgsyder to further
extend the produce shelf life.

Acknowledgements

This work was funded by the Instituto Nacional deestigacion y
Tecnologia Agraria y Alimentaria through the praj&TA2006-00114-
00-00 and the European Union (FEDER Program). GanisGhidelli’s
doctorate program is supported by the IVIA.

References

Ahvenainen, R. (1996). New approaches in improuimg shelf life of
minimally processed fruit and vegetabl&sends in Food Science &
Technology, 7/179-187.

Amiot, M.J., Tacchini, M., Aubert, S., & Nicolas, (1992). Phenolic
composition and browning susceptibility of variagple cultivars at
maturity.Journal of Food Science, &%), 958-962.

Amodio, M.L., Cabezas-Serrano, A.B., Peri, G., &ldllg G. (2011).
Post-cutting quality changes of fresh-cut articlsokesated with
different anti-browning agents as evaluated by enapalysis.
Postharvest Biology and Technologd2, 213-220.

Arias, E., Gonzalez, J., Peiro, J.M., Oria, R., 8pkz-Buesa, P. (2007).
Browning prevention by ascorbic acid and 4-hexyremol:
different mechanisms of action on polyphenol oxédasthe presence
and in the absence of substratdsurnal of Food Science]2(9),
C464-C470.

145



Chapter 1

Bolwell, G., Butt, V., Davies, D., & Zimmerlin, A1995). The origin of
the oxidative burst in plantsree Radical Research, 2817-532.

Cabezas-Serrano, A.B., Amodio, M.L., Cornacchig, Rnaldi, R., &
Colelli, G. (2009). Screening quality and brownisgceptibility of
five artichoke cultivars for fresh-cut processidgurnal of Science
and Food Agriculture, 892588-2594.

Cavallini, D., De Marco, C., Dupre, S., & Rotilio. GL969). The copper
catalyzed oxidation of cysteine to cystidechives of Biochemistry
and Biophysics, 13(54-361.

Dogan, S., Turan, Y., Ertirk H., & Arslan, O. (200®)haracterization
and purification of polyphenol oxidase from artigko (Cynara
scolymusL.). Journal of Agricultural and Food Chemistry, 53876-
785.

Espin, J.C., Tudela, J., & Garcia-Canovas, F. (L99bnophenolase
activity of polyphenol oxidase from artichoke hea@Synara
scolymusL.). Lebensmittel-Wissenschaft und-Technologie, &(®-
825.

Garcia, E.L., & Barrett, D.M. (2002). Preservativeatments for fresh-
cut fruits and vegetables. In: O. Lamikanra (Eaesh-cut Fruits and
Vegetables: Science, Technology, and Mafkgt 267-303). CRC
Press.

Gebhardt, R. (1997). Antioxidative and protectiveperties of extracts
from leaves of the artichokeCynara scolymusL.) against
hydroperoxide-induced oxidative stress in culturatl hepatocytes.
Toxicology and Applied Pharmacology, 1249-286.

Giménez, M., Olarte, C., Sanz, S., Lomas, C., Eahg\W.F., & Ayala,
F. (2003). Relation between spoilage and microlgickd quality in
minimally processed artichoke packaged with difiérelms. Food
Microbiology, 2@2), 231-242.

Gorny, J.R., Hess-Pierce, B., & Kader, A.A. (199)ality changes in
fresh-cut peach and nectarine slices as affectedultivar, storage
atmosphere and chemical treatmegdurnal of Food Scienced4,
429-432.

Jiang, Y., Pen, L., & Li,J. (2004). Use of citric acid for shelf life and
quality maintenance of fresh-cut Chinese water tclesJournal of
Food Engineering, 63), 325-328.

146



Chapter 1

Kahn, V. (1985). Effect of proteins, protein hydisdtes and amino acids
on o-dihydroxyphenolase activity of polyphenol @gé of
mushroom, avocado, and banadaurnal of Food Scienc&0, 111-
115.

Larrigaudiére, C., Ubach, D., Soria, Y., Rojas-Gr&liA., & Martin-
Belloso, O. (2008). Oxidative behaviour of fresh-Chuji’ apples
treated with stabilising substancekurnal of Science and Food
Agriculture, 88 1170-1776.

Lattanzio, V., Linsalata, V., Palmieri, S., & Vanr8ere C.F. (1989). The
beneficial effect of citric and ascorbic acid oe fhenolic browning
reaction in stored artichokeCynara scolymusL.) heads.Food
Chemistry 33, 93-106.

Luo, Y., & Barbosa-Canovas, G.V. (1997). Enzyméatiowning and its
inhibition in new apple cultivars slices using 4xhleesorcinol in
combination with ascorbic acidinternational Journal of Food
Science and Technology, 35-201.

Monsalve-Gonzalez, A., Barbosa-Canovas, G.V., Gawval R.P.,
McEvily, A.J., & lyengar, R. (1993). Control of hwming during
storage of apple slices preserved by combined rdsthal-
hexylresorcinol as anti-browning agerournal of Food Science
58(4), 797-800.

Monsalve-Gonzalez, A., Barbosa-Canovas, G.V., MgEVA.J., &
lyengar, R. (1995). Inhibition of enzymatic browginn apple
products by 4-hexylresorcindtood Technology, 49), 110-118.

Oms-Oliu, G., Aguilé-Aguayo, 1., & Martin-BellosoO. (2006).
Inhibition of browning on fresh-cut pear wedges Ioatural
compoundsJournal of Food Scienc&]l, S216-S224.

Palma, A, D’Aquino, S., D’'Hallewin, G., & AgabbioM. (2004).
Evaluation of browning reaction in minimally prosed artichoke
heads ‘Spinoso Sarddtalus Hortus, 1{1), 108-111.

Pérez-Gago, M.B., Serra, M., & del Rio, M.A. (2006plor changes of
fresh-cut apples coated with whey protein concésipased edible
coatingsPostharvest Biology and Technolo8$, 84-92.

Pilizota, V. & Sapers, G.M. (2004). Novel browningphibitor
formulation for fresh-cut appleslournal of Food Scien¢ces9(4),
140-143.

147



Chapter 1

Richard-Forget, F.C., Goupy, P.M., Nicolas, J.Jacambe, J.M., &
Pavia, A.A. (1991). Cysteine as an inhibitor of ynatic browning.
1. Isolation and characterization of addition coomus formed
during oxidation of phenolics by apple polyphengidase.Journal
of Agricultural and Food Chemistry, 3841-847.

Rocculi P., Gomez Galindo, F., Mendoza, F., Wadsp,Romani, S.,
Dalla Rosa, M., & Sjoholm, I. (2007). Effects ofetlapplication of
anti-browning substances on the metabolic activayd sugar
composition of fresh-cut potatoesPostharvest Biology and
Technology43, 151-157.

Rojas-Gral, M.A., Sobrino-Lépez, A., Tapia, M.S.Martin-Belloso, O.
(2006). Browning inhibition in fresh-cut ‘Fuji’ ajg slices by natural
antibrowning agentslournal of Food Scienc&1(1), S59-S65.

Rojas-Gral, M.A., Soliva-Fortuny, R., & Martin-Batlo, O. (2008).
Effect of natural antibrowning agents on color agldted enzymes in
fresh-cut Fuji apples as an alternative to the afsascorbic acid.
Journal of Food Scienc&3(6), S267-S272.

Rosen, J.C., & Kader, A.A. (1989). Postharvest mhygy and quality
maintenance of sliced pear and strawberry fruitairnal of Food
Science, 5@), 656-659.

Sanz, S., Giménez, M., Olarte, C., Lomas, C., &tirod. (2002).
Effectiveness of chlorine washing disinfection agiflects on the
appearance of artichoke and boragdournal of Applied
Microbiology, 936), 986-993.

Sanz, S., Giménez, M., & Olarte, C. (2003). Survigad growth of
Listeria monocytogenes and enterohemorrhagic Emthier coli
0157:H7 in minimally processed artichokedournal of Food
Protection, 6612), 2203-2209.

Son, S.M., Moon, K.D., & Lee, C.Y. (2001). Inhikiyoeffects of various
antibrowning agents on apple slicEsod Chemistry73, 23-30.

Todaro, A., Peluso, O., Catalano, A.E., Mauromic@e & Spagna, G.
(2010). Polyphenol oxidase activity from three lg@a artichoke
[Cynara cardunculus L. Var. scolymus L. (Fiori)]ltotars: studies
and technological application on minimally procesg®oduction.
Journal of Agricultural and Food Chemistry, 58714-1718.

148



Chapter 1

UNE 87 023. (1995). Ensayo de clasificaciébn poreagtion. In:
AENOR (Ed.).Andlisis Sensorial. Tomo 1, Alimentaci¢pp. 151—
166).

United States Department of Agriculture (USDA). 12D National
Nutrient Database for Standard Reference Release 24
<http://ndb.nal.usda.gov/ndb/foods/list> (acces&é@.2011).

149






Chapter 2

Effect of antioxidants on enzymatic browning of egplant
extract and fresh-cut tissue

CHRISTIAN GHIDELLI*, MILAGROS MATEOS?, CRISTINA
ROJAS-ARGUDO' AND MARIA B. PEREZ-GAGO"®",

! Centro de Tecnologia Poscosecha, Instituto Vaieacile
Investigaciones Agrarias (IVIA), 46113 Moncada, &adia, Spain.
2 PASAPTA. Universidad CEU-Cardenal Herrera. 4611ghbada
(Valencia), Spain.
% IVIA - Fundacién AGROALIMED, 46113 Moncada, ValéacSpain.

Reference:Journal of Food Processing and Preservatia@l3,
doi:10.1111/jfpp.12109.






Chapter 2

ABSTRACT

The effect of antioxidants controlling enzymatiowning of eggplants
was studied in extract and fresh-cut tissue. lihtithe effect of ascorbic
acid (AA), citric acid (CA), peracetic acid (PA)alcium chloride
(CaCl), ciclodextrin (CD), cysteine (Cys), hexametaplzdp (HMP),
and 4-hexylresorcinol (Hexyl) at different concatittns was studied in
extracts and precipitates of eggplant. Cys and Herye effective at 10
mM in both the extract and pellet. Higher concerires were needed to
have an effective control of enzymatic browningsamples treated with
AA (20 mM), CA (50 mM), and PA (50 mM). Next, th@m@lication of
AA, CA, PA, Cys, and Hexyl at different concentosts was studied on
fresh-cut eggplant tissues during storage at 5G Was effective as
antioxidant, extending the shelf-life till 9 day$ storage at 5C when
applied ata concentration of 1%. Tissue browning increased/Aasand
Hexyl concentrations increased.

PRACTICAL APPLICATION

Commercialization of eggplants as a fresh-cut pcods limited by its
relatively short shelf life due to a rapid onsetakzymatic browning. The
main approach to reduce enzymatic browning is the aof antioxidant
solutions. However, little information can be foumdbout effective
technologies to control browning of fresh-cut egagwé. This work
studies the effect of a wide range of antibrownaggnts at different
concentrations, combininip vitro (in extracts and precipitates) with
vivo (in tissue) studies and provides relevant inforomatfor further
development of minimally processed eggplants dustngage at 5C.

Keywords: extract; precipitate; fresh-cut eggplant; enzymbtowning;
antibrowning agent.

INTRODUCTION

Eggplants $olanum melongehaare ranked amongst the top ten
vegetables in terms of antioxidant capacity due it® phenolic
components, which makes this vegetable to be vepreziated by
consumers (Caet al 1996). Commercialization of this vegetable as a
fresh-cut product is limited by its relatively shehelf life due to a rapid
onset of enzymatic browning, tissue softening aatewloss. Among all
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the factors reducing shelf life of fresh-cut eggipda surface browning is
one of the main cause of quality loss due to tlaetren of polyphenol
oxidase (PPO) with phenolic compounds that brimgthé formation of
o-quinones and subsequent brown pigments (Mishah 2012).

Most of the works found in the literature relateml énzymatic
browning of eggplants are focused on the studyefeffect of substrate
specificity, temperature, pH, and antioxidants dwe tPPO activity
obtained from eggplant§Almeida and Nogueira 1999)ogan et al
2002 Cheriot et al 2006; Todaroet al 2011). However, little
information can be found about effective technadsgito control
browning of fresh-cut tissue. The application dfagtol vapors or the use
of a sharp blade followed by immediate dipping iatev have been
effective in reducing enzymatic browning of minimgalprocessed
eggplants (Caet al 1996; Huet al 2010). Common technologies used
to prevent browning include reduction of temperatwse of modified
atmosphere (MA) packaging, and application of conmuis that act to
inhibit enzyme, remove its substrates or functisnpeeferred substrate
(Garcia and Barrett 2002). The antioxidants useftash-cut fruits and
vegetables include acidulants, such as citric, rhgtoand peracetic acid
(CA, AA, and PA) (Lattanzioet al 1989; Sapers and Miller 1992;
Castafieet al 1996; Donget al 2000; Soret al 2001; Oms-Oliet al
2006; Pérez-Gaget al 2006; Amodicet al 2011), reducing agents such
as cysteine (Cys) and AA, chelating and complexaggnts such as
hexametaphosphate (HMP) and ciclodextrin (CD) (8apeal 1989;
Pilizota and Sapers 2004), and enzymatic inhibitstch as 4-
hexylresorcinol (Hexyl) (Monsalve-Gonzalegt al 1993; Luo and
Barbosa-Canovas 1997; Ariast al 2007a). Effectiveness of these
antibrowning agents depends on many factors, suclcanmodity,
cultivar, concentration and synergy with other axitants, pH,
application system, etc.

In the bibliography, browning evaluation is genlrabased on
reflectance measurement (L*, a*, b*) on fresh-cutface of fruits and
vegetables during storagm (ivo studies). Nevertheless vitro studies,
involving extraction of soluble browning productsdameasurement of
absorbance at particular wavelengths, can be peeidras pre-screening
to determine the potential effect of antioxidantertg controlling
enzymatic browning of fruit and vegetable tissu€artia and Barrett
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2002). Considering that not all PPO products areemsoluble, Amioet

al. (1992) suggested that the degree of browning ¢dssue can be
estimated by measuring the maximum optical absasbaaf the
supernatant and the reflectance of the pellet &*and b* values) as a
value of soluble and insoluble brown pigments, eefipely. Therefore,
the aim of this work was to study the effect of adevrange of
antibrowning agents at different concentrations extracts and
precipitates of eggplantdn( vitro studies) and to evaluate the most
effective antioxidant agents on fresh-cut eggplahisng storage at 5C
(in vivo studies).

MATERIALS AND METHODS

The study was divided in two steps. In the firstt gamzymatic browning
was determined in eggplant extracts and precigitateeanwhile the
second part was carried out in fresh-cut eggplants.

Plant material and antioxidants

Eggplants $olanum melongena, cv. Telma) were purchased in a local
market (Valencia, Spain) and stored at 5C for 2#htil processing. The
antibrowning agents tested included AA and CA frd@uimivita
(Barcelona, Spain), PA from Fluka (Sigma Co., Blca, Spain),
calcium chloride (CaG), HMP, CD, Cys, and Hexyl from Sigma-
Aldrich (St. Louise, MO, USA).

Determination of enzymatic browning in eggplant extacts and
precipitates (in vitro studies)

Samples were washed, peeled, cut into rectangigaeq frozen with
liquid nitrogen, and crushed with a blender (Bratipdel MR350,
Kronberg im Taunus, Germany). Ground samples wered at -20C till
analysis to avoid browning of the tissue.

For the analysis, 3 g of frozen samples were inited in a centrifuge
tube containing 30 mL of the antibrowning agent. Anitial
concentration of 10 mM was tested for all the aqdants.
Concentrations were either increased or decreassguending on
absorbance and reflectance measurements obtaineddb antioxidant.
Table 1 shows the antioxidant concentrations testgdessed in mM and
%. A reference sample or ‘blank’ was prepared Witl3 mM AA. This
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concentration of AA provided a complete inhibitimi soluble and
insoluble brown pigments. Water was used as uritdeaintrol. Samples
were homogenized with a high-shear probe mixery{Roh, Model PT
2100, Kinematica AG Inc., Lucerne, Switzerland)f e h at 20C and
then centrifuged at 17,390gxand 5C for 10 min. The absorbance of the
extracts was determined at 450 nm with a UV sppbotometer
(Thermo Electron Corporation, Auchtermuchty, Fif&lK). This
absorbance corresponds to the maximum differencereéd among
samples in the range 360-500 nm. The precipitatepeared into a petri
dish and L* (lightness), a* (red to green), and(¥&llow to blue) values
were measured with a Minolta chromameter (Model 30R; Ramsey,
N.Y., USA) on the bottom of the dish. A standardteltalibration plate.
was employed to calibrate the equipment. Data wnegerted as the total
color difference with the control sample (c) as:
AE = (L*-L) 2 + (@*-a*) % + (b*-b*)?) 12

Extracts and precipitates were also evaluated Mshwy three judges
using an enzymatic browning scale: 0 = totally kbmed;, 1 = partially
browned, 2 = slightly browned, 3 = no presence odwming. A
treatment was considered effective when both extaac precipitate
were visually scored as 3.
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Table 1. Effect of antioxidant type and concentrations amaming of eggplant extract and precipitate.

Concentration Concentration Extract Precipitate
Antioxidant® mM (%) pH effectiveness effectiveness Global effectiveness
0 Absyso Visual” AE* Visual*
AA 10 0.17 478 0.144a 3 5.67b 2 NO
20 0.35 3.90 0.153 a 3 22.03c 3 YES
CA 10 0.21 3.77 0.288 ¢ 2 14.42 b 1 NO
20 0.42 3.11 0.228 b 3 14.71b 2 NO
50 1.07 2.57 0.095a 3 20.87 ¢ 3 YES
PA 10 0.08 5.13 0.487c 1 11.26 b 0 NO
25 0.20 448 0.408b 2 7.64a 0 NO
50 0.40 4.23 0.217 a 3 13.69 c 3 YES
CaCh 10 0.12 5.74 0.317 a 1 471 a 0 NO
20 0.24 4.64 0.341 a 2 6.21b 0 NO
50 0.62 444 0.425b 1 6.27 b 0 NO
CD 10 1.14 6.14 0.826a 0 3.74a 0 NO
50 5.69 5.58 0.826a 0 17.56 b 0 NO
Cys 1 0.01 552 0.296b 2 6.41b 2 NO
10 0.12 5.85 0.182 a 3 22.46 c 3 YES
HMP 10 0.10 6.19 0.830a 0 2.36a 1 NO
50 0.52 6.00 0.804 a 0 3.39a 2 NO
Hexyl 1 0.02 555 0.840b 0 4.98 a 0 NO
10 0.20 6.36 0.702 a 3 2291b 3 YES
CONTROL 0 5.72 0.641 0 - 0 NO
BLANK 113 1.9 3.18 0.095 3 25.28 3 YES

*AA=Ascorbic acid; CA=Citric acid; PA=Peracetic acidCD=Ciclodextrin; Cys=Cysteine: HMP=Hexametapha@ph Hexyl=4-hexylresorcinol;
Blank=reference sample prepared with AA at 113 M%), which provided complete inhibition of browgiin extract and precipitate.

Y Visual evaluation: O=totally browned, 3= not pmse of browning.

* Color difference with control samplE = ((L*-L¢*)? + (a*-a*)% + (b*-b*)?) *

For each antioxidant, means values with the satter lre not differentR<0.05).
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Determination of enzymatic browning in fresh-cut egplant (in vivo
studies)

After washing, eggplants were peeled and cut iettangular pieces
(approximately 5 cm x 3.5 cm x 1.5 cm) using a ghstainless-steel
knife. Pieces were dipped in the antioxidant sohgifor 3 min, drained
and dried under cold conditions. In a first expenn with fresh-cut
tissue, the antioxidants tested were AA, CA, PAs,Cand Hexyl. A
second experiment was conducted in fresh-cut eggpilssue with AA
and Cys to corroborate the effect of these antanisl Antioxidant
concentrations for both experiments are reportetainle 2. Once dried,
4 cut pieces were placed in polypropylene trays aede heat-sealed
with microperforated films (35 um thickness) (35 P80, Amcor
Flexibles, Barcelona, Spain). To ensure no modibca of the
atmosphere in the tray and to study only the eftédhe antibrowning
agents, the polypropylene film was additionallyfpeated with a needle.
Finally, samples were stored 7 and 9 days at 5Ghfirst and second
experiments, respectively. A maximum of 15 eggantre processed at
the same time to minimize their exposure to oxyged the whole
process was carried out in a temperature-controtiech at 10+1C under
suitable hygienic conditions.

Table 2. Antioxidant type and concentrations tested in éggpissue.

Antioxidant Concentration (%)
Experiment 1 Experiment 2
AA 0.35,0.88,1.75 0.35, 0.88, 1.75, 3.50
CA 0.40, 1.00, 2.00 -
PA 0.40, 1.00, 2.00 -
Cys 0.01, 0.03, 0.06 0.10, 0.50, 1.00
Hexyl 0.20, 0.50, 1.00 -

Color measurements were made periodically with andiia
chromameter (Model CR-300, Ramsey, N.Y., USA) on eéfgjplant
pieces per treatment using the CIELAB color paranset_*, a*, and b*.
Each measurement was taken randomly at three dfitfdocations of
each sample piece. A standard white calibratiotepheas employed to

158



Chapter 2

calibrate the equipment. The results were expreasdtie means of the
12 measured samples per each sampling day.

During storage, eggplant pieces were also evaluatdlly by 10
judges. Each treatment was coded, presented iromaradder and the
judges had to rank each sample from lowest to Bigluegree of
browning. The visual quality in each treatment blasa general visual
appearance was also determined using a visual,sedlere: 9 =
excellent, just sliced; 7 = very good, 5 = goonhifiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible @&yet al 1999). A color
photograph of samples rated with this scale wasiged to the judges.
Results for ranking based on color and visual tyatierformed by the
same panel members, were expressed as an avethgesobres.

Statistical analysis

Statistical analysis was performed using STATGRAPSIIPlus 4.1
(Manugistic Inc., Rockville, MD, USA). Specific ddrences between
means were determined by least significant diffeee(LSD). Specific
differences for color obtained by sensory evalumti@re determined by
Friedman test, which is recommended with rankinhl|8B7 023 1995).
Significant difference was defined R£0.05.

RESULTS AND DISCUSSIONS

Effect of antioxidants on color and visual qualityof eggplant extracts
and precipitates (in vitro studies)

Enzymatic browning of eggplant extracts contairtimg soluble pigments
was determined at 450 nm; whereas, insoluble brpigments were
determined by L* a*, and b* values of the pellaibtained after
centrifugation. Table 1 shows the effect of theiadants at different
concentrations for the extracts and precipitatesetbaon absorbance at
450 nm and color difference compared to the corfix&l), respectively.
The global effectiveness in the extract and préaipiwas also assessed
by visual evaluation, where the judges evaluatedstimples according
to browning.

The extract and precipitate of the control preskmi® intense brown
color, which translated in high absorbance and alues (data not
shown); whereas, the reference sample or ‘blardpared with 113 mM
AA provided a complete inhibition of soluble andsatuble brown
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pigments. Generally, a decrease in Absnd an increase INE were
observed as antioxidant concentrations increaséd. best treatments
controlling enzymatic browning in eggplant extraesd precipitates
were Cys and Hexyl, which inhibited soluble andoloble brown
pigments at 10 mM. No significant differences irs@atance were found
between samples treated with 10 mM Cys and thekblEme application
of lower concentration of Cys (1mM) also reduced #bsorbance and
AE of the extract and precipitate, being evaluatgdthe judges as
slightly browned which indicates the potential diist antioxidant to
control browning of eggplants. The application dd@ InM Hexyl,
however, provoked a translucent appearance inxinact, that translated
in high absorbance values; nevertheless, the judgasiated the extract
and precipitate of these samples as not brownedp1i1965) reported
the competitive inhibition of eggplant PPO by reswol using
chlorogenic acid as substrate. The presence otieoplgobic substituent
in the 4-position (4-Hexylresorcinol) increased thieibitory potential of
the PPO using tert-Butylcatechol as substrate fP@ikabert and Garcia
Carmona 2000). However, Cheriet al (2006) observed a small effect
of Hexyl (pH 5) and Cys (0.25 M, pH 2) on eggpl®RO activity using
4-methylcatechol as substrate.

pH is a key factor affecting enzyme activity. Thaimum pH values
for PPO activity varies depending on the commodigr example,
optimum pH values reported in the literature arg far strawberries
(Wesche-Ebeling and Montogomery 1990), 7 for ‘Anaaswpples
(Oktay et al. 1995) and 6 for wild pear (Yerlittrlet al. 2008). In
eggplants, PPO activity has been found in a bradddgmnge between 4
and 9 (Pérez-Gilabert and Garcia Carmona 2000)eimkpg on the
cultivar and substrate, the pH optimum for PPO végtihas been
narrowed to a range of 4.8@Goncellonet al. 2004) or to a value of 6 or
7 (Dogéanet al 2002; Todarcet al 2011). Therefore, a reduction of pH
may help reducing browning in the eggplant extemtl precipitate. In
our work, high concentrations of CA and PA (50 miMBre required to
control browning of the extract and precipitatethna pH of the solutions
below 4. Application of AA offered a complete inhibn of soluble and
insoluble brown pigments at a concentration of 2M;nwhereas a
concentration of 10 mM was only effective in thearagt but not in the
precipitate. Todar@t al (2011) studied the inhibition of eggplant PPO
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by several organic acids with catechol as substitining a strong
inhibition of PPO activity by CA (about 70% redwstiat 0.11 M and
95% at 0.42 M) and a lower inhibition by tartaritdaacetic acid (about
40% and 20% at 0.11 M, respectively). Almeida amadeira(1995)
studied the interaction between the wuse of AA, CA,
ethylenediaminetetraacetic acid (EDTA), sodium mistdphite and a
heat treatment (70C for 2 min) in the control ofCP&ctivity of several
fruits and vegetables, showing that eggplant PP® tiva most resistant
to the different combinations tested. Only the coration of AA, CA,
sodium metabisulphite and heat reached a 98.2%nenzphibition,
while, the best alternative to the use of,S@s the combination of AA,
CA and heat treatment, resulting in 84.3% inhilitiof eggplant PPO
activity.

Application of CD, CaGl and HMP did not inhibit browning either
in the extract, or in the precipitate, even at acemtration of 50 mM.
Since an increase in the concentration of thedexagiénts from 10 mM
to 50 mM did not show a significant improvementcontrolling brown
pigments, higher concentrations were not studiadthe case of CD,
higher concentrations could not be tested becaude dimited solubility
of this compound (Sapees al. 1989).

Color changes on eggplant fresh-cut tissue (in vivgtudies)

Two experiments were conducted on fresh-cut eggpissue. In a first
experiment, antioxidant type and concentrationsevsaiected from the
best results obtained in eggplant extracts for 28 11iM), CA (50 mM),
PA (50 mM), and Hexyl (10 mM); whereas the lowencentration was
selected for Cys (1 mM), which was evaluated wiighs browning.
These concentrations were increased to values thod®se reported in
the bibliography for other fresh-cut commoditiesable 2 shows the
concentrations studied in %.

Fig. 1 shows the effect of antioxidant type and anten L* and a*
values of fresh-cut eggplants during storage at B&@wning was
accompanied by a decrease in L* and an increag® i@ys was the most
effective antioxidant controlling browning of fresht eggplants with
lower a* and higher L* values than control samplegen though this
antioxidant was tested at the lowest concentrati@®®91-0.06%).
Eggplant pieces dipped in 0.35 and 0.88% AA sholgder L* and
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Fig. 1. Effect of antioxidant type and concentrations dnand a* of
fresh-cut eggplants stored at 5C. LSDs at the 5%l.le
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lower a* values than the untreated samples. Wher@asncrease in
tissue browning was observed when AA concentraiimreased to
1.75%. A similar behavior has been described ishieut artichokes
when AA concentration was increased, which migklicdate a possible
stimulation of PPO activity (Amodio et al. 2011;i@&lli et al. 2013). An
oxidative damage of the tissue with cell disruptiand subsequent
decompartmentalization of enzymes was also repdayatie application
of high concentrations of AA in Chinese water cha& (Jiang et al.
2004), fresh-cut ‘Fuji’ apples (Larrigaudiere et @008), and pears
(Oms-Oliu et al. 2006).

Among all the antibrowning agents tested, Hexyl tasantioxidant
that caused the highest degree of browning in ggplants, showing the
lowest L* and the highest a* values. Rojas-Gedial (2006) reported
that increasing the concentration of Hexyl up t&?6.lead to a decrease
of a* in fresh-cut apples, but higher concentragipnovoked an increase
in a*. Sonet al (2001) observed that the application of 0.1% Hexas
one of the most effective antioxidant tested prémgnbrowning of
‘Liberty’ apple slices. In the bibliography, Hexylas been applied
successfully at much lower concentrations, in aeabetween 0.01 and
0.02% (Monsalve-Gonzalezt al. 1993, 1995t uo and Barbosa-Céanovas
1997; Donget al 2000; Ariaset al 2007b). Therefore, the concentrations
used in the present experiment might be harmfubf@mgplant tissue. On
the other hand, several authors have suggestedhihaffectiveness of
Hexyl controlling browning is improved by the coméation with other
antioxidant agents (Monsalve-Gonzakdzal. 1993; Ariaset al 2007a).
Monsalve-Gonzalezt al (1995) observed that combination of 0.02%
Hexyl and 0.25% AA was an effective anti-brownirgeat for fresh-cut
apples during 32 days of storage at 25C. Amdsal (2007a) also
described a synergic effect by combining 0.01% Hexd 0.2% AA
with a reduction in PPO activity of fresh-cut pears

Todaroet al (2011) found a strong inhibition of eggplant PBYOCA
at low concentration. Other organic acids, suchasdic acid and tartaric
acids also showed some enzyme inhibition, althougth a lower
effectiveness, suggesting that CA could be usefuh¢rease the quality
and shelf life of minimally processed eggplants. dar work, the
concentrations tested for CA and PA increased birmyviof fresh-cut
eggplants, showing lower L* and higher a* valueantltontrol samples.
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As observed with AA, dipping eggplants pieces iw IpH solutions
could be harmful for the tissue, inducing an oxidatdamage or a
possible stimulation of PPO activity (Jiaegal 2004; Larrigaudieret
al. 2008).

Considering the above results, a second experimastcarried out
on fresh-cut eggplants with AA and Cys. The experitnwas designed
to corroborate the behavior observed with AA (tissue browning is
increased when AA concentration increased) anthfiyave the effect of
Cys concentration controlling enzymatic browningresh-cut eggplants
(Table 2). Fig. 2 shows the effect of AA and CyslLérand a* values of
fresh-cut eggplants stored 9 days at 5C. As inptieeious experiment,
Cys was more effective than AA controlling enzyrmoalirowning of
fresh-cut eggplants. Fresh-cut eggplants treated ®o Cys had the
highest L* values during storage, whereas, litleno differences were
observed in L* values between 0.1 and 0.5 % Cysvéder, eggplants
dipped in 0.1% Cys showed higher a* values thaseltpped in 0.5 and
1% Cys. Therefore, these results confirm that arease in Cys content
reduces enzymatic browning of fresh-cut eggplafé&eral works have
reported that the application of Cys at low concidns to apples or
pears slices induced the appearance of pinkish-offdcolored
compounds due to phenol regeneration with deepr ctwanation
(Richard- Forgekt al 1991; Pérez-Gaget al 2006). In our study, this
effect was not observed even at concentrationsvas$ the one studied
in the first experiment (0.01-0.06%). In the caté&\A, the results also
confirmed the trend observed in the first experitn&ggplants treated
with 0.35% AA had the lowest L* and the highest\atlues, and the
application of higher concentrations of AA only ibited browning after
1 day of storage.

Comparing the results in cut tissue with those iobthin extract and
precipitate, only Cys resulted effective contradlibrowningin vitro and
in vivo, whereas, Hexyl was only effective vitro, inducing browning in
fresh-cut tissue. Similarly, the application of ABA, and PA at the
concentrations tested also resulted in an incrieesgsue browning. The
differences found betwean vitro andin vivo studies indicate that the
application of antioxidants has an effect not omythe browning
reactions, but also in the metabolic activity aetl wall damage during
wound-induced reactions.
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Visual quality of fresh-cut eggplants

Fig. 3 shows the visual quality of fresh-cut samapliipped in the
different antioxidants tested in the first expenrnduring storage at 5C.
All the samples, except those treated with Cysgvesaluated below the
limit of marketabilityeven after 1 day of storage. Eggplant pieces tleate
with Cys reached the limit of marketabiliiiter 4 days of storage, with
no differences among concentrations (0.01-0.06%6)gdneral, samples
treated with 0.88% AA were evaluated with highesual quality than
samples treated with 1.75% AA throughout storagkickv correlated
with the color instrumental analysis (Fig. 1).

The browning rank of the samples followed the sarmeed observed in
color measurements. The judges ranked the samplged with Cys as
the less brown and the samples treated with Hexytha most brown
(Table 3). Eggplant pieces treated with CA and R&enevaluated with
higher browning than the control; whereas, thosatéd with AA were
evaluated as the control.

LSD=0.94
9 -

——0.35% AA
—&— 0.88% AA
—Aa— 1.75% AA
—>—0.4% CA
—%— 1% CA
—e—2%CA

% 5 —-¢--0.01% Cys
=3 —.®.-0.03% Cys
Tg — - & -—0.06% Cys
@
>

- - =X--- 0.2% Hexyl
---@--- 0.5% Hexyl
---@--- 1% Hexyl
—e—0.4% PA
—aA— 1% PA
—o—2% PA
=+ CONTROL

0 1 2 3 4 5 6 7
Time (days)

Fig. 3. Effect of antioxidant type antbncentrations on visual quality
of fresh-cut eggplants stored at 5C. LSDs at thdebf4.
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Table 3. Effect of antioxidant type ancbncentrations on browning ranking of fresh-cutpggts stored at
5C.

Time (days)
1 4 7

Lowest browning 0.06% Cys a 0.01% Cys a 0.01% Cys a
0.01% Cys ab 0.03% Cys a 0.06% Cys a
0.03% Cys ab 0.88% AA ab 0.88% AA a
0.88% AA abc  0.06% Cys ab 0.03% Cys a
CONTROL abc CONTROL abc 0.35% AA a
2% CA abc  0.35% AA abc CONTROL ab
1.75% AA abc  1.75% AA abc 1.75% AA ab
0.35% AA abc 0.4% CA abc 2% CA ab
1% CA abc 1% CA abc 1% CA ab
0.4% CA abc 2% PA abc 2% PA ab
0.4% PA abc 1% PA abc 0.4% CA ab
2% PA bc 0.4% PA abc 0.2% Hexyl ab
1% PA bc 2% CA abc 0.4% PA ab
0.2% Hexyl c 0.2% Hexyl bc 1% PA ab
0.5% Hexyl c 0.5% Hexyl bc 0.5% Hexyl ab

Highest browning 1% Hexyl c 1% Hexyl c 1% Hexyl b

Judges ranked eggplants from the lowest brownirthediighest browning and were allowed to grougé¢hiveatments that were
considered similar. Means with the same lettematesignificantly different<0.05).
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In the second experiment, the limit of marketapildf fresh-cut
eggplants increased as Cys concentration incre@Sgd 4). Samples
dipped in 0.1% Cys were evaluated above the lifnmharketabilityup to
5 days of storage at 5C, and those treated with (% were still
evaluated as very good after 9 days of storag€abbring the first 2
days of storage, samples dipped in 1.75 and 3.5%wA¥e evaluated as
bad, whereas samples dipped in lower AA conceptiativere evaluated
close to the limit of marketability. This was dwetissue damage at high
AA concentrations. On increasing the storage tirtiey differences
among AA-treated samples were reduced due to @aease in browning.
When comparing AA with Cys treatments, eggplardesidipped in Cys
were ranked with the lowest degree of browning, g those dipped in
AA at 1.75 and 3.5% were evaluated with the higleestvning (Table
4).

LSD=0.80

9 _

8 |

7 A e 035%AA
> 6 - —B——0.88%AA
= — A 175%AA
S 54
o — e 35%AA
T 4
2 — .4 -—0.%Cys
> 3 — B - —05%Cys

2 — - & - —-%Cys

1 ————CONTROL

0 T T T T T T T T 1

0 1 2 3 4 5 6 7 8 9

Time (days)

Fig. 4. Effect of antioxidant type ancbncentrations on visual quality of
fresh-cut eggplants stored at 5C. LSDs at the #l.le
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Table 4. Effect of antioxidant type ancbncentrations on browning ranking of fresh-cutpggts stored at
5C.

Time (days)
1 5 9
Lowest browning 1% Cys a 1% Cys a 1% Cys a

0.5% Cys a 0.5% Cys ab 0.5% Cys ab
0.1% Cys ab 0.1%Cys abc 0.1%Cys abc
0.88% AA abc 0.88% AA abcd CONTROL abcd
0.35% AA abc CONTROL bcd 0.35% AA bcd
CONTROL  abc 1.75% AA cd 0.88% AA bcd
1.75% AA bc 0.35% AA cd 1.75% AA cd

Highest browning 3.5% AA c 3.5% AA d 3.5% AA d

Judges ranked eggplants from the lowest brownirthedighest browning and were allowed to grousé¢hiveatments that were
considered similar. Means with the same lettematesignificantly different<0.05).
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CONCLUSION

This study demonstrates the potential of Cys, etdaw concentrations,
to retard browning of the fresh-cut eggplantsiniwitro studies, Cys and
Hexyl were the most effective antioxidants coningjl browning of
eggplant extracts and precipitates. In fresh-csgue i vivo studies),
only Cys was effective as antioxidant, extending shelf-life till 9 days
of storage at 5C when appliedaatoncentration of 1%. Future work will
require a study of the effect of this antioxidanttbe sensory quality of
eggplants and the possible combination with otBehrnologies, such as
modified atmosphere packaging and edible coatings.
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Abstract

‘Rojo Brillante’ is an important variety of persimm¢hat after removal
of the astringency with high levels of @@aintains the firmness and
sweetness, which makes possible its commerciaizats a fresh-cut
commodity. However, the commercial success of ttoelyrct is limited
mainly by enzymatic browning. This work presents #ifect of a wide
range of antioxidants on enzymatic browning of ®&oBrillante’
persimmon combiningn vitro (extracts and precipitates) amadvivo (cut
tissue) studies. Preliminary screening of the aidents, determined by
absorbance and color measurements of persimmoacextand pellets,
showed that 4-hexylresorcinol (Hexyl), citric adf@A) and calcium
chloride (CaCl) were effective at controlling browning at 10 mM;
whereas, ascorbic acid (AA) required a higher cotragon (25 mM).
Peracetic acid, cyclodextrin, cysteine, and hexapteisphate were not
effective at controlling browning, even at a cortcation of 50 mM. In
in vivo studies, AA (1.12%) and CA (0.21%) were the md&tctive
treatments to control enzymatic browning of fresh-d&Rojo Brillante’
persimmon, reaching the limit of marketability im %-7 days; whereas,
Hexyl and CaGCl did not reach 1 day of storage. The results shawad
optimum concentrations in cut tissue did not alweayselate with then
vitro studies, indicating that antioxidants have an ceffieot only in
browning reactions, but also in the metabolic astivand cell wall
changes during wound-induced reactions. The reguligside relevant
information for further development of minimally quessed ‘Rojo
Brillante’ persimmon during storage at 5 °C.

Keywords: persimmon extract; fresh-cut; enzymatic browning;
antioxidants.

1. Introduction
‘Rojo Brillante’ is an important persimmon cultivan the zone

Ribera Xuquer (Valencia, Spain). In the last decatdeproduction has
significantly increased and the fruit is now comesell as an important
alternative to other crops, with an important pnegein European
markets. At harvest, this cultivar has excellenbhssey quality and
firmness; however, the presence of high concentratof soluble tannins
makes the fruit inedible for its astringency. Exjpa@sto high levels of
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carbon dioxide (95 % for 24 h at 20 °C) has proterbe the most
effective way to remove astringency while maintagnifruit firmness
(Arnal and del Rio, 2003). The effectiveness ofs tkechnology to
remove astringency makes possible the commerdiaizaof ‘Rojo

Brillante’ persimmon as fresh-cut fruit. Howevehet high phenolic
content of persimmons increases the susceptilafitgxidation by the
enzyme polyphenol oxidase (PPO) in the presenda,ofeading to the
formation of brown pigments in the cut surface.

Common technologies used to prevent browning irechadiuction of
temperature, use of modified atmosphere (MA) paicipg and
application of antioxidants (Garcia and Barrett020 In persimmon,
very few studies have been carried out to controivning and extend
the quality of the fresh-cut fruit. Wright and Kad&997) described that
controlled atmosphere storage with 12% of,&ghtly increased the
shelf life of sliced persimmon fruit, delaying tla@pearance of black
areas on the surface. The application of honeytisoldips extended the
shelf life of fresh-cut persimmon fruit by delayingff-aroma
development, firmness loss and jelling (Ergun andgjuk, 2010);
whereas, persimmon cubes subjected to vacuum imatieg with
sucrose did not avoid browning, suggesting the nafedntioxidants
(Igual et al., 2008).

The antioxidants used in fresh-cut fruits and valgles include
acidulants such as citric, ascorbic, and peraegit (CA, AA, and PA),
reducing agents such as cysteine (Cys) and AA, athgl and
complexing agents such as hexametaphosphate (HMPgalodextrin
(CD), or enzymatic inhibitors such as 4-hexylreswkt (Hexyl) and
calcium chloride (CaG) (Garcia and Barrett, 2002). In general, the
effect of these antioxidants controlling enzymétiowning of fresh-cut
fruits depends on many factors such as commodityltivar,
concentration, synergy with other antioxidants, jgigplication system,
etc. In persimmon, the effect of some antioxiddrds been studied as
natural inhibitors of PPO enzyme purified from tiit (Nafez-
Delicado et al., 2003; Ozen et al., 2004) and miekary work from our
group showed some improvement delaying browninfesfh-cut tissue
(Pérez-Gago et al., 2009).

In the literature, browning evaluation is generalbased on
reflectance measurement (L*, a*, b*) on fresh—auface of fruits and
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vegetables during storagm {ivo studies). Nevertheless vitro studies,
involving extraction of soluble browning productsdameasurement of
absorbance at particular wavelengths, have alsn beggested as pre-
screening to determine the potential effect of ctiant agents
controlling enzymatic browning of fruits and ved#&s tissues, such as
apples and pears (Eissa et al., 2006; Arias e2@08; Chiabrando and
Giacalone, 2012). Because not all PPO productwater soluble, Amiot
et al. (1992) suggested that to estimate the stibdiy of apple to
browning, the absorbance at 400 nm of the superhatal lightness (L*)
of the pellets obtained after centrifugation shduddmeasured as a value
of soluble and insoluble browns pigments, respebtivTherefore, the
aim of this work was to study the potential to cohtenzymatic
browning of a wide range of antioxidant agents atfeeknt
concentrations in the extracts and precipitates‘Rijo Brillante’
persimmon i vitro studies). Then the most effective antioxidantsewer
studied on fresh-cut ‘Rojo Brillante’ persimmon ihgr storage at 5 °C
(in vivo studies).

2. Material and methods

The study was divided in two parts. In the firstrtpa@nzymatic
browning was determined in persimmon extract anecipitate,
meanwhile the second part was carried out in foeglpersimmon.

2.1. Plant material and antioxidants

‘Rojo Brillante’ persimmons were provided by the dperative
‘Nuestra Sefiora de Oreto’ (I'Alcudia, Valencia, BpaAstringency was
removed by maintaining the fruit at 20 °C in closedtainers with 95%
CO; for 24 hours. After removal from the containeh® fruit was stored
in air at 15 °C for 1 day until processing. Theilaotvning agents tested
included ascorbic acid (AA) and citric acid (CA)ofn Quimivita
(Barcelona, Spain), peracetic acid (PA) from Flui&igma Co.,
Barcelona, Spain), calcium chloride (CaChexametaphosphate (HMP),
cyclodextrin (CD), cysteine (Cys), and 4-hexylresool (Hexyl) from
Sigma-Aldrich (St. Louise, MO, USA).
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2.2. Determination of enzymatic browning in personmextract and
precipitate (in vitro studies)

Persimmons were cleaned, peeled, cut into smatepjerozen with
liquid nitrogen, and crushed with a blender (Bratipdel MR350,
Kronberg im Taunus, Germany). The ground samplee wt®red at -20
°C till analysis, that was done within 2 weeksatmid browning of the
tissue.

For the analysis, 3 g of frozen samples were inited in a
centrifuge tube that contained 30 ml of the antlart solution. An
initial concentration of 10 mM was tested for dibetantioxidants and
concentrations were increased or decreased degeodiabsorbance and
reflectance measurements. The study was concluddgkn wa
concentration provided the complete inhibition ofuble and insoluble
brown pigments or when an increase in the condémiraof the
antioxidant did not show a significant improvemenmtcontrol browning.
Table 1 shows the antioxidant concentrations testgqatessed as mM
and % (w/v). A reference sample or ‘blank’ was jarel with AA at 113
mM. This concentration provided a complete inhdstiof soluble and
insoluble brown pigments. Water was used as uritdeaintrol. Samples
were homogenized with a high-shear probe mixery{Roh, Model PT
2100, Kinematica AG Inc., Lucerne, Switzerland)t te hour at 20 °C
and then centrifuged for 10 min at 12.000 rpm &.%Rbsorbance of
extracts was determined at 450 nm with a UV sppbotometer
(Thermo Electron Corporation, Auchtermuchty, Fif&lK). This
absorbance corresponded to the maximum differebsereed among
samples in the range 360-500 nm. The graphicalradtsshows the
spectrum of the reference sample o ‘blank’ anduthieeated control (no
antioxidant). The precipitate was poured into aripdish and L*
(lightness), a* (red to green), and b* (yellow ttud) values were
measured with a Minolta chromameter (Model CR-3R@msey, NY,
USA) on the bottom of the dish. A standard whitebcation plate was
employed to calibrate the equipment. Data were rtedoas the total
color difference with the control sample (c) trehteith no antioxidant
as:

AE = ((L*L¢9)® + (a*-a*)* + (b*-b¥) %) ™

Both extract and precipitate were evaluated viguayl three trained

judges using the next interval scale for enzymitmwnning: 0 = totally
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browned, 1 = partially browned, 2 = slightly browin@ = no presence of
browning (ISO 4121:2003; ISO 6658:2005). A treattngas considered
effective when both extract and precipitate wesaiaily scored as 3.

2.3. Determination of enzymatic browning in fresti-persimmons (in
vivo studies)

After washing, persimmons were peeled and cut netctangular
pieces (approximately 5 cn3.5 cmx 1.5 cm) using a sharp stainless-
steel knife. The pieces were dipped in the antiaxidolutions for 3 min
and allowed to drain and dry under cold conditiofihe tested
antioxidants were AA, CA, Cagl and Hexyl at the concentrations
reported in Table 2. Once dried, 4 pieces wereeplam polypropylene
trays that were heat-sealed with microperforatiedsfi(35 um thickness)
(35 PA 200, Amcor Flexibles, Barcelona, Spain).ehsure that the gas
composition within the package remained near ambtemcentration
and study only the effect of the antibrowning agettie polypropylene
film was additionally perforated with a needle (@rfprations of 1 mm
diameter). During storage, the gas compositiornegackage headspace
was monitored with an £ICO, analyzer (CheckMate 3, PBI Dansensor
Inc., Denamark). Finally, samples were stored 7sday 5 °C. A
maximum of 15 persimmons were processed at the dame to
minimize their exposure to oxygen and the wholegss was carried out
in a temperature-controlled room at 10+1 °C undetable hygienic
conditions. A total of 3 trays were prepared peatment and storage
time.

Color measurements were taken periodically with andiia
chromameter (Model CR-300, Ramsey, N.Y., USA) onp&Psimmon
pieces per treatment using the CIE L* a* b* colgrase. Each
measurement was taken randomly at three differecations of each
sample piece. A standard white calibration plates veamployed to
calibrate the equipment. The data were reportelduasangle calculated
as tan' (b*/a*) and the color differencé\E*) between L* a* b* values
at the time of analysis and those measured just @itocessing. The
results were expressed as the means of the 12 radasamples per each
sampling day.
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Table 1. Effect of antioxidant type and concentragi on browning of ‘Rojo Brillante’ persimmon exdita
and precipitate.

Extract Precipitate

Treatmenf Concentracion % pH effectiveness effectiveness Global
mM (wiv) - - effectiveness
Abs;so VisuaP AE* VisuaF

AA 10 0.18 4.56 0.223 b 1 3.94a 2 NO

25 0.45 3.97 0.126 a 3 8.64 b 3 YES

CA 2 0.04 4.83 0.322b 0 474 a 3 NO

10 0.21 3.77 0.121 a 3 6.01 a 3 YES

PA 10 0.08 4.90 0.234 b 1 219a 0 NO

25 0.20 4.57 0.203 b 1 3.28a 0 NO

50 0.62 4.32 0.146 a 2 7.02b 2 NO

CaChb 2 0.02 5.92 0.175 b 3 2.88a 2 NO

10 0.12 5.74 0.080 a 3 8.06 b 3 YES

CD 10 1.14 5.68 0.351b 0 3.74a 2 NO

25 2.84 5.95 0.205 a 1 422 a 2 NO

50 5.69 6.02 0.264 a 1 9.55b 3 NO

Cys 10 0.12 5.50 0.317 a 0 3.59 ab 0 NO

25 0.31 5.92 0.300 a 0 5.47b 2 NO

50 0.62 5.74 0.286 a 0 456 b 2 NO

75 0.92 541 0.281 a 0 2.06 a 2 NO

HMP 10 0.10 6.27 0.403 a 0 295a 1 NO

25 0.26 6.19 0.437 a 0 535b 2 NO

50 0.52 5.88 0.491b 0 4.09 ab 2 NO

Hexyl 2 0.04 5.87 0.172b 3 7.11a 2 NO

10 0.20 5.97 0.048 a 3 13.54b 3 YES

CONTROL 0 0 5.88 0.300 0 0 NO

BLANK 113 2.00 3.20 0.117 3 8.23 3 YES

#AA: Ascorbic acid; CA: Citric acid; PA=PeraceticidcCaC}: Calcium chloride CD: Cyclodextrin; Cys: Cysteit#ivIP: Hexametaphosphate; Hexyl: 4-hexylresorcinol;
Blank: reference sample prepared with AA at 113 mMich provided complete inhibition of browningémtract and precipitate.

P visual evaluation: 0 = totally browned, 3 = noegence of browning.

¢ Color difference with control sampleE = ((L*L&*)? + (a*a*) 2 + (b*-b*))

For each antioxidant, means values with the sattex lere not differentp<0.05).
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Table 2. Antioxidant type and concentrations tested
‘Rojo Brillante’persimmon tissue.

Antioxidant Concentration (%, w/v)
AA 0.45-1.12-2.25
CA 0.21-0.52 -1.05

CaCl 0.12-0.30-0.60
Hexyl 0.01-0.02 -0.05

AA: Ascorbic acid; CA: Citric acid; Cagl Calcium chloride; Hexyl: 4-
hexylresorcinol.

During storage, persimmon pieces were also evaluaseially by 10
judges. Each treatment was coded, presented iromaradder and the
judges had to rank each sample from lowest to Bigluegree of
browning. The visual quality in each treatment blasa general visual
appearance was also determined using a visual,sodlere: 9 =
excellent, just sliced; 7 = very good, 5 = goodhifiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible (@y et al., 1999). A
color photograph of the samples rated with thisesaas provided to the
judges. The results for ranking based on color amsdial quality,
performed by the same panel members, were thege/efdhe scores.

2.4. Statistical analysis

Statistical analysis was performed using STATGRAPSIIPlus 4.1
(Manugistic Inc., Rockville, MD, USA). Specific ddrences between
means were determined by least significant diffeee(LSD). Specific
differences for color obtained by sensory evalumati@re determined by
Friedman test, which is recommended with rankin 887 023, 1995).
Significant differences were definedmt0.05.
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3. Results and discussion
3.1. Effect of antioxidants on color and visual ifyaof persimmon
extract and precipitate (in vitro studies)

Table 1 shows the effect of the antioxidant ageattsdifferent
concentrations for extract and precipitate of ‘RBjallante’ persimmon
based on absorbance at 450 nm and color differeaogared to the
control (AE), respectively. The global effectiveness in thx¢razt and
precipitate was also assessed by visual evaluatitrere the judges
evaluated the samples according to browning.

The extract and precipitate of the control (wapggsented an intense
brown color, which translated in high absorbancab{é 1) and low L*
value (data not shown); whereas, the reference Isamp ‘blank’
prepared with 113 mM AA provided a complete inhditof soluble and
insoluble brown pigments. The best treatment totrobnenzymatic
browning in persimmon extract and precipitate wasxyl at 10 mM
showing the lowest and highest Aksand AE values, respectively. At
the same concentration, CaGlnd CA were also effective to control
soluble and insoluble brown pigment formation. he textract and
precipitate, both treatments showed absorbanceevatimilar to the
blank, whereas in the precipitate, 10 mM Ga®@&s more effective in
preventing the formation of insoluble brown pignsefhigherAE) than
CA at the same concentration. Nevertheless, bothtrtrents were
evaluated by the judges as not brown. A higher eomation of AA (25
mM) was required to control browning in the extractd precipitate;
whereas Cys, PA, CD, and HMP were not effective newat
concentrations of 50-75 mM. Since an increase enabncentration of
these antioxidants from 10 mM to 50 mM did not shavgignificant
improvement at controlling brown pigments in thetragt and
precipitate, higher concentrations were not studiadsimilar studies
carried out in artichoke cv. Blanca de Tudela agdgp&ant cv. Telma,
Cys was one of the most effective treatments tdrobbrowning in the
extract and precipitate, even at very low concéiotna (Ghidelli et al.,
2013a,b).

The pH optimum for persimmon PPOs activity has begorted to
be dependent on the substrate. The enzyme was actia narrow pH
range in 4-methylcatecol and 3-(3,4-dihydroxyphjsrgpionic acid
substrates, having pH optimum of 7.5 and 5.5, wspay. In cathecol
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and |-3,4-dihydroxyphenylalanine, the enzyme catadythe oxidation
over a wider pH range of 6.5-8.5 with a pH optimom7.5 for each
substrate (Ozen et al., 2004). In the case of tdsteylcatechol (TBC)
and in absence of sodium dodecyl sulfate (SDShthiwity increased at
acidic pH; however the presence of SDS increasedftimum pH to
5.5 (Nufiez-Delicado et al., 2003). In the presemtkwa reduction of pH
below 4 could be the reason for the complete itibibiof soluble and
insoluble brown pigments at 10 mM CA and at 25 mi @able 1).
Nevertheless, AA usually acts reducing the inigiainone to the original
diphenol before it undergoes the secondary reaxtitrat lead to
browning, rather than as an enzyme inhibitor by domg the pH
(Whitaker, 1972). AA has also been an effectivakitbr of persimmon
PPO activity when added in a final concentrationlomM (Nulfez-
Delicado et al., 2003) and 0.1 mM (Ozen et al., 4200

Contrary to our findings, other works reported tttadl containing
compounds such as Cys and metabisulfite were eféetd inhibit the
PPO activity of persimmon, suggesting an additeeaction taking place
with the quinones to form stable colorless prodwtd/or a binding to
the active center of the enzyme in the case of biitite (NUfez-
Delicado et al., 2003; Ozen et al., 2004). HoweMgifiez-Delicado et al.
(2003) found that the activity of thiol compoundasaonly significant in
the presence of 1mM SDS, indicating that these comgs are more
effective in the SDS-activated form of the enzymethat work, CD also
decreased persimmon PPO activity. Its effect depéndn the
concentrations of CD and the substrate used (TBO).is a group of
naturally occurring cyclic oligosaccharides withviti@s that form
inclusion complexes with a wide range of organiegjumolecules,
including (poly)phenols, thereby preventing thexidation to quinones
and subsequent polymerization to brown pigments @taal., 1990).
Because TBC is a diphenolic compound with a hydobphgroup, the
persimmon PPO activity was reduced with increaseatentration of CD
and decreased concentration of TBC. In our work, didnot result an
effective inhibitor of enzymatic browning either ihe extract, or in the
precipitate, probably because a higher concentratas required.

Hexyl and CaGlat 10 mM showed pH values close to the optimum
of persimmon PPOs activity. In this case, brownieduction can be
attributed to the specific inhibition of the PPOzgme by these
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antioxidants. Hexyl is considered an inhibitor bé tbrowning reaction
acting as a competitive inhibition of PPO due tadural resemblance to
phenolic substrates (Monsalve-Gonzalez et al., J9G&C} is mainly
used for tissue firming, however it has been dermatexl that the
chloride ion could act as an inhibitor of the PRQ@yne (McEvily et al.,
1992).

3.2. Color changes on persimmon fresh-cut tissugijo studies)

Antioxidant type and concentrations tested in freshtissue were
selected from the best results obtained in theaetdrand precipitates (25
mM AA, 10 mM CA, and 10 mM Cag@). Considering the differences
between the nature of the samples in in vitro andivo studies (i.e.
ground versus fresh-cut tissue), two higher comaénohs were also
tested in which corresponded to 2.5 and 5 timesetlmncentrations. In
the case of Hexyl, the concentrations selected waraller from the
optimum (10 mM Hexyl), since bibliography works leareported tissue
damage in fresh-cut artichoke and eggplant at 10 kyl (0.2%
Hexyl), recommending smaller concentrations (Ghidglal., 2013a,b).
Table 2 shows the concentrations studied in %.

Increased enzymatic browning in persimmon piecasngustorage
was accompanied by an increase in a* values areti@ase in lightness
(L*) and b* (data not shown), which translated idexrease in hue angle
and an increase IAE* between L* a* b* values at the time of analysis
and those measured just after processing (Fig). A& CA and CaCl
were the most effective antioxidants to reduce Ioiog, showing higher
hue values and the loweAE* than control samples for all the
concentrations tested. The results confirmed thex#feness of AA, as
observed previously im vitro studies, in reducing the quinone products
to their original polyphenol compounds and, themfan preventing
browning. However, although AA concentration did affect negatively
hue values, the increase in AA concentration tcb%.2significantly
increased\E* due to a decrease in L*, suggesting that high AA

186



Chapter 3

90
88
86
84

82

Hue angle (°)
Hue angle ()

80

78

76

744

Time (days) Time (days)
— - —0.45% AA — B - 1.12% AA - & — 2.25% AA —O—Cumrol‘

‘——r)(—r—OZl%CA ---A-- 0.52% CA  ---@-- 1.05% CA ——— Control

920

88

86

84

Hue angle ()

82

Hue angle (%)

80

78

76

74 4

Time (days)

Time (days)

—-#--0.12% CaCl2 —-®--0.30% CaCl2 —-&-—0.60% CaCl2 —><—C°""°“ ‘ —->--0.01% Hexyl —-#---0.02% Hexyl —-m---0.05% Hexyl —o—Con(ro\‘

Fig. 1. Effect of antioxidant type and amount ore langle of fresh-cut
persimmon ‘Rojo Brillante’ stored at 5 °C. Data whoare mean +

standard error. AA: Ascorbic acid; CA: Citric aci@aCh: Calcium
chloride; Hexyl: 4-hexylresorcinol.

concentrations might negatively affect persimmasue. An oxidative
damage of the tissue with cell disruption and sgbeet
decompartmentalization of enzymes has been repbytékde application
of high concentrations of AA in Chinese water chatt (Jiang et al.,

2004), fresh-cut ‘Fuji’ apples (Larrigaudiere et, &008), and pears
(Oms-Oliu et al., 2006).
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Fig. 2. Effect of antioxidant type and amount ofocalifference AE*)
with the initial values of fresh-cut persimmon ‘Bdgrillante’ stored at 5
°C. Data shown are mean + standard error. AA: Ascacid; CA: Citric
acid; CaC4: Calcium chloride; Hexyl: 4-hexylresorcinol.

Samples treated with CA presented hue values gignify higher
than control samples during all the storage penN@tereas, foAE* the
differences with the control samples decreasedyatdbeing 0.21% the
most effective concentration. In the literatures tise of acidic browning
inhibitors, at similar concentration that those duse our work, finds
widespread application in other fresh-cut fruitgpphcation of 1% and
2% AA significantly reduced surface browning andeexled the shelf
life of fresh-cut apple (Gil et al., 1998; Chiabdanand Giacalone, 2012)
and pear (Gorny et al., 2002). Pérez-Gago et @0gRreported a higher
effectiveness of 0.5% and 1% AA compared to Cys ldaglyl in apple
slices. Moreover, Rocha et al. (1998) observed tthatonly application

188



Chapter 3

of 0.75% AA was more effective in controlling browwg of fresh-cut
apple than when AA was mixed with CA and CacCl

CaClh also reduced enzymatic browning of fresh-cut pemson
showing higher hue and low&E* than the control samples, but its
effectiveness was lower than AA and CA, with lowee values. During
the first 2 days of storage, the higher concemmasipplied (0.62%) was
the most effective in reducing browning, but thiedences at the end of
storage among Cagtoncentrations disappeared. Calcium treatments are
generally used as firming agents, however, it céso act as an
antibrowning agent due to the presence of the icldaon (McEvily et
al.,, 1992; Garcia and Barrett, 2002). Although,ista weak PPO
inhibitor, Rosen and Kader (1989) reported that C#Cb was more
effective at inhibiting browning of fresh-cut pahan AA and CA during
7 days of storage.

Hexyl was the least effective antioxidant for fresh persimmon. Its
application induced damage of the tissue whichstedad in samples
with the highesfE* and the lowest hue values. Moreover, an incr@ase
Hexyl concentration resulted in an increas@dlit and a decrease in hue,
which become more evident after 2 days of storeggylting in higher
browning than the control. Those results contragh ihe behavior
observed in the extract and precipitate of ‘Rojal&rte’ persimmon,
where a concentration of 10 mM (0.20%) Hexyl coltedb enzymatic
browning, resulting the best antioxidant among dhes testedh vitro.
Differences betweem vitro (i.e. effect of antioxidants in the extract) and
in vivo (i.e. effect of antioxidants in cut tissue) stdieere also
observed in artichokes and eggplants (Ghidelli bt 2013 a,b),
indicating that application of antioxidants has effiect not only in
browning reactions, but also in the metabolic aigtivand cell wall
changes during wound-induced reactions. In theidghbdphy, few
studies have been carried out to show the effe¢texdyl in controlling
enzymatic browning of fresh-cut fruits and vegetaband results vary
depending on the produce, concentrations, and dhgination or not
with other antioxidants. Gonzéalez-Aguilar et alO0@R) reported that
dipping mango slices in 1mM Hexyl did not reduce tirowning and
decay. Higher concentrations of Hexyl (0.5, 1, %) did not preserve
pear wedges from browning. Moreover, samples dipp&®o Hexyl led
to darkening even more rapidly than control (Oma+Q@it al., 2006).
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Similar results were observed in fresh-cut artiéhoknd eggplant
(Ghidelli et al., 2013 a,b). On the other hand, ylehas been applied
successfully in a concentration range between Ar@dll 0.02% in fresh-
cut apple and pear (Monsalve-Gonzéalez et al., 19985; Luo and
Barbosa-Canovas, 1997; Arias et al., 2007b). Mareaseveral authors
have suggested that the effectiveness of Hexybmirolling browning is

improved by the combination with other antioxidagents, such as AA
(Monsalve-Gonzélez et al., 1993; Dong et al., 2@0{3s et al., 2007a).

3.3. Visual quality on persimmon tissue

Browning of fresh-cut persimmons treated with théaxidants was
also assessed by a sensory panel with the objeofivdetermining
whether the color differences observed instrumbntaluld be observed
visually. Figure 3 presents the time of fresh-caetspnmon to reach the
limit of marketability for the different antioxidartreatments. Control
samples and persimmon slices treated with ¢a®id Hexyl were
evaluated below the limit of marketabilitgven by day 1 of storage,
except 0.01% Hexyl and 0.6% Ca@hat reached the limit at day 1 and
2, respectively. Whereas, samples treated with AN &£A were
evaluated as very good during the first 2 storagygsdSamples treated
with 2.25% AA were reached the limit of marketalilafter 5 days of
storage, whereas at 1.12% AA the samples reacllags/of storage at 5
°C. Application of 0.21% CA also maintained the kesability during 7
days of storage. In general, higher concentratmngA and CA had
lower shelf life than lower concentrations. Thessuits correlated with
color parameters that showed AA and CA as the nefiictive
treatments in controlling browning (Figs. 1 and 2).

190



Chapter 3

Treatments
0.05% Hexyl - L->D=082
0.02% Hexyl 1
0.01% Hexyl 1T ]
0.60% CaClz2 A
0.30% CaCl2
0.12% CaCl2

1.05% CA |

0.52% CA |

0.21% CA |

2.25% AA |

1.12% AA |

0.45% AA |

Control

T T T T T T T

0 1 2 3 4 5 6 7
Time (days)

Fig. 3. Time of storage at 5 °C of fresh-cut person ‘Rojo Brillante’ to
reach the limit of marketability for the differeantioxidant treatments.
LSD value at g0.05. AA: Ascorbic acid; CA: Citric acid; Cagl
Calcium chloride; Hexyl: 4-hexylresorcinol.

The visual ranking confirmed the result obtainedh® color analysis
(data not shown). The control and the sampleseeaith Hexyl were
evaluated with the highest degree of browning; wagy samples treated
with AA and CA were ranked with the lowest degrédmwning during
the storage period.

4. Conclusion

The effectiveness of an antioxidant depends on nfaciprs, as it
can be the application system, the pH, the sulesto&tapplication,
storage condition etc. Im vitro studies,Hexyl was the best treatment
reducing browning in both the extract and prectpitéddowever,n vivo
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trials with fresh-cut ‘Rojo Brillante’ persimmon,edyl-treated samples
resulted as the most browned, indicating that appbn of antioxidants
has an effect not only in browning reactions, bgban the metabolic
activity and cell wall changes during wound-inducedctions.

AA and CA were the most effective treatments irugaag enzymatic
browning of fresh-cut ‘Rojo Brillante’ persimmorgaching the limit of
marketability in the range of 5-7 days. In partaculconcentration of
1.12% AA and 0.21% CA seemed to be the most effedti controlling
enzymatic browning of fresh-cut ‘Rojo Brillante’ gammon. CaGl also
contributed to extend the shelf life of persimmadecps, however its
effectiveness was lower than AA and CA.

Future work will require a study of the effect bEte antioxidants on
the sensory quality of ‘Rojo Brillante’ persimmondatheir combination
with other technologies, such as modified atmosphmackaging and
edible coatings.
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Chapter 4

Abstract

A soy protein isolate (SPI):Beeswax (BW) edibletowawas optimized
based on BW and cysteine (Cys) content to reduzgnegitic browning
of fresh-cut artichoke. The effect of this optindzeoating combined
with different modified atmospheres (MA) on exterglishelf life of cut
artichokes was studied during storage at 5 °C. Mige obtained by
fluxing two gas mixtures (MA-A: 15 kPa GG 5 kPa @; MA-B: 80 kPa
O,) or by conventional passive MA (MA-P). Atmospherdonditions
were used as control. The use of 0.3% Cys combiidd a SPI-BW
edible coating (40% BW, dry basis) helped contngllienzymatic
browning and improved the quality of fresh-cut @rtkes, which
reached a 4-day commercial shelf life without pdowy off-odors. The
combination of the coating with MAs did not extetige shelf life of
artichoke slices, but helped maintain the antioxideapacity of the
product as compared to control packaging conditions

Keywords: Minimally processed artichokes; soy protein editbating;
superatmospheric oxygen packaging; antioxidantagpa

1. Introduction

Artichoke cv. Blanca de Tudela is one of the maitivars grown in
Spain. The nutritional benefits and healthy gasinoic properties
attributed to artichoke have increased its demaraking it necessary to
find appropriate postharvest technologies that rektés distribution
range without negatively affecting its marketakilito consumers.
Processing operations, such as washing, removirtgrret leaves,
slicing, and packaging, can offer clear advantages artichoke
commercialization. However, these operations in@olwquality
deterioration provoked by factors such as wates, lesftening, microbial
contamination, increase of respiration, and enzymgvity. Among
them, enzymatic browning is the major problem tladrtens the shelf
life of fresh-cut artichoke (Amodio et al., 2011Jhe control of
enzymatic browning can be achieved by the comlmnatf chemical and
physical methods, such as the use of antioxidamintag modified
atmosphere packaging (MAP) and a proper temperaturiol.

For ‘Blanca de Tudela’, artichoke heads were prsphdny removing
the inedible parts (leaves, stalks, and out bradis¢ use of MAP with
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reduced @ (5-10 kPa) and/or elevated €(®-18 kPa) levels had little or
no effect on the visual quality if compared to agw under normal
atmospheric conditions. In all cases, artichokesreweonsidered
acceptable after 8 days (Gil-lzquierdo et al., 2001 10 days of storage
at 4-5 °C (Giménez et al., 2003). However, the dasngtored under the
2.8 kPa Q@ and 26.3 kPa C{xonditions presented a shorter shelf life due
to the presence of necrotic zones caused by awoxiditions (Giménez
et al., 2003). The different types of MAP studidféeted the vitamin C
and phenolic content (Gil-lzquierdo et al., 2002)d athe microbial
quality (Giménez et al., 2003). The food safetylysia showed that the
microbial counts in those batches where the eqiulb atmosphere was
anaerobic were below the legal limit, whereas sdratches with an
acceptable sensory quality were above it, whichcatds the need to
look for alternatives to reach acceptable sensodyraicrobial quality.
Some studies have proposed the use of elevateiizentrations as an
alternative to low @ atmosphere in order to reduce polyphenol oxidase
enzyme (PPO) activity, inhibit anaerobic fermemtaticontrol microbial
growth and maintain the fresh-like quality of sofnesh-cut products.
The effectiveness of superatmospheric @eatment, however, is
dependent on factors such as type of commoditypéeature, storage
duration, etc. (Kader and Ben-Yehoshua, 2000).

The process of cutting the edible part of artichoke wedges and
slices significantly increases browning reactions eompared to
minimally processed artichoke heads, reducing thelf dife of this
product. Recent works have found that, from a wage of compounds,
cysteine (Cys) was the most effective antioxidantffesh-cut ‘Blanca de
Tudela’ (Ghidelli et al., 2013) and ‘Catanese’ (Adim et al., 2011)
artichoke. However, the application of this antdaat did not provide
sufficient shelf life for commercialization.

A recent approach to prolong the shelf life of fresit fruits and
vegetables is the use of edible coatings aloneoortbined with MAP.
Edible coatings can provide a semipermeable bawigases and water
vapor by reducing respiration, enzymatic browningd avater loss
(Pérez-Gago et al., 2005), and their protectivection may also be
enhanced with the addition of ingredients suchrdi®@dants. The basic
ingredients of edible coatings are proteins, pagbarides, and lipids.
Del Nobile et al. (2009) showed that a sodium altgn coating
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containing citric acid had the best performancemaing the shelf life of
artichoke heads, although it was very limited. Amoproteins, soy
protein isolate (SPI) coatings have been able &s@we freshness of
apple slices (Kinzel, 1992), control browning irntato slices, and reduce
moisture loss in carrots and apple slices (Shon Hdadue, 2007).
Therefore, the aim of this work was to: (1) develo®PIl-based edible
coating containing Cys as an antioxidant and (2§stthe combined
effect of this coating with MAP, including superatspheric Q
conditions, on postponing enzymatic browning ofsifreut artichoke
‘Blanca de Tudela’'.

2. Materials and methods
2.1. Materials

Beeswax (BW) (Brillocera, S.A., Valencia, Spain)svgelected as the
lipid component of the soy protein isolate (SPI)uésion film. SPI
(SUPRO 760 IP) was supplied by Solae (leper, Beigiu-ood-grade
glycerol was from Panreac Quimica, S.A. (BarceldBpain). Cys was
from Sigma-Aldrich (Barcelona, Spain).

2.2. Coating formulations

To accomplish the objectives of this work, two expents were
conducted with coating formulations varying in BWdaCys content. In
the first set of coatings, the BW content of thenfolations was 20%
(dry basis, db) and the Cys content was 0.1, 0530{wet basis, wb). In
the second experiment, the coating was 40% (db) &\ 0.3% (wb)
Cys. The formulations were prepared with a totédtlsmontent of 7.5 and
10% (w/v) for the first and second experiment, eetpely. Table 1
shows the composition of the coatings for both erpents.

Table 1. Edible coating formulations based on smygin isolate (SPI),
Beeswax (BW) and Cysteine (Cys).

Ingredients Experiment 1 Experiment 2
BW (%, w/w, dry basis) 20 40
Cys (%, w/v, wet basis) 0,0.1,0.3,05 0.3
Total solid content (%,w/v) 7.5 10

SPI:glycerol ratio 2:1.
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To prepare the coatings, aqueous solutions of 57&mdw/v) SPI for
the first and second experiment respectively, werepared and
denatured for 30 min in a 90 °C water bath. Glylcevas added as
plasticizer at a SPI to glycerol ratio of 2:1 ardstratio was kept
constant throughout the study. The BW was addedhéo hot SPI-
glycerol mixture at the selected concentration. @am were
homogenized with a high-shear probe mixer (PolyTMadel PT 2100,
Kinematica AG Inc., Lucerne, Switzerland) for 4 mah 30,000 rpm.
After homogenization, the emulsions were placedam ice bath to
prevent further denaturation of the protein andcigstallize the lipid
particles. Finally, the antioxidant was incorpodat@to the emulsion
coating by magnetic agitation.

2.3. Preparation of artichokes

Artichokes (Cynara scolymusL., cv. Blanca de Tudela) were
purchased at a local market (Valencia, Spain) amck\stored at 5 °C for
24 h until processing. After washing, artichokeeemail bracts, leaves
and stalk were removed. Artichoke hearts were aub islices
(approximately 5 mm wide) using a sharp stainléssisknife. A
maximum of 15 artichokes were processed at the saneeto minimize
their exposure to oxygen and the whole process e@aised out in a
temperature-controlled room at 10x1 °C under slatahygienic
conditions.

2.4. Application of edible coatings

Artichoke slices were dipped in the coating soluti@r the aqueous
solutions of the antioxidants for 3 min. As a cohtrsamples were
dipped in a water solution under similar conditioAs additional control
was used in the first experiment by dipping sampies SPI:BW coating
without the antioxidant added. After draining andimg under cold
conditions, 4 pieces (&3 g) were placed in polypropylene trays (17.4 x
12.9 x 3.6 cm, llpra Systems, Barcelona, Spain) wece heat-sealed
with microperforated polypropylene film (35 um Rs®ffilm, 35 PA 200,
Amcor Flexibles, Barcelona, Spain). To ensure thatatmosphere in the
tray was not modified and to study only the effecthe treatments, the
polypropylene films were also perforated with adled4 perforations of
1 mm in diameter). Samples were stored for 7 dagsa.
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2.5. Modified atmosphere packaging

Four artichoke slices (&% g), either dipped into the SPI+0.3% Cys
coating selected from the second experiment oratedo(water dipped),
were placed in the polypropylene trays and hededeaith the 35 um P-
Plus polypropylene film (35 PA 200) that had ant@nsmission rate of
1,100 cni m* day*, CO, transmission rate of 30,000 ¢m? day* at 25
°C and 0% RH, and moisture vapor transmissionga®9 g n day*
(Amcor Flexibles, Barcelona, Spain). MA conditionsre obtained by
flushing the trays with two gas mixtures (MA-A: kBa CQ + 5 kPa G;
MA-B: 80 kPa Q, with the balance beingzNor by conventional storage
in atmospheric conditions with the same film toctea passive MA
(MA-P). For the control, the film was perforatedtlwia needle (4
perforations of 1 mm in diameter) to ensure tha gas composition
within the package remained near ambient oxygencemgnation
(Control). Thermosealing was done in an ULMA-Sma@0 packing
machine (Ofati, Spain). All the samples were st@ie8 °C for quality
evaluation.

2.6. Headspace gas analysis

The gas composition in the package headspace dstargge was
determined in a gas chromatograph (GC valve Themnigan, Milan,
Italy) equipped with a thermal conductivity detectnd fitted with a
Poropak QS 80/100 column (1.2 m x 0.32 cm). Thepwratures of the
injector, oven, and detector were 125, 35, and 9@0 respectively.
Helium was used as a carrier gas at a flow rag2afl min*. One ml of
the gas sample from the headspace atmosphereraysger treatment
was measured. Data are expressed in kPa e@0Q.

2.7. Color measurement

Color measurements were made with a Minolta (Modg&-300,
Ramsey, N.Y., USA) on 12 artichoke pieces per tneat and sampling
day using the CIE L*a*b* color space. Each meas@mimvas taken
randomly at three different locations of each sagkce. A standard
white calibration plate was employed to calibréie ¢quipment.
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2.8. Sensorial analysis

During storage, artichoke pieces were evaluatediallis by 10
judges. Each treatment was coded, presented inomanorder and
evaluated based on general visual appearance assegle, where: 9 =
excellent, just sliced; 7 = very good, 5 = goonhitiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible (@y et al, 1999). A
color photograph of the samples rated with thisesaas provided to the
judges.

2.9. Determination of antioxidant capacity

The antioxidant capacity of fresh-cut ‘Blanca ded@la’ artichokes
was studied by the determination of the free rddicavenging effect of
antioxidants on 2,2-diphenyl-1-picrylhydrazyl (DP¥H radical.
Extraction was performed following the method ofe@Ghet al. (2008)
with minor modifications. Briefly, 2 g of frozen sg@le (-80 °C) was
mixed with 30 ml of 80 ml/100 ml methanolic solutido be then
homogenized at 20,000 rpm for 2 min (UltraturrakA] Staufen,
Germany), followed by boiling in a water bath fd &in to inactivate
the PPO. After the extraction of the homogenateh vah ultrasonic
machine for 15 min at room temperature, the homaigenwas
centrifuged at 10,000 rpm for 20 min and at 5 °Qwe Tresultant
supernatant was then filtered and a second exdraetas done. The two
supernatants were used as the extract to analgzmntioxidant capacity.

For the measurement, 1B of extract was pipetted into 228 of
DPPH (24 ppm) to start the reaction and stored in thek cat room
temperature for 20 min. Change in absorbance wasuned at 520 nm
using a multiplate reader (Multiskan Spectrum, TiefFisher Scientific,
Finland). The DPPHradical scavenging activity was expressed as
effective concentration (&g, being the amount of fresh-cut artichoke
required to lower the initial DPPHoncentration by 50% (g/g DPBH
thus lower EG values mean higher antioxidant capacity.

2.10. Statistical analysis

Statistical analysis was performed with STATGRAPHI®lus 4.1
(Manugistic Inc., Rockville, MD, USA). Specific d&rences between
means were determined by the least significanewfice (LSD) applied
after the analysis of variance (ANOVA). Significadifferences were

defined ap<0.05.
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3. Results and discussion
3.1. Effect of SPI:BW:Cys edible coatings on théorcof fresh-cut
artichoke

Two experiments were carried out to optimize thé&l&Red coating
formulation (Table 1). Fig. 1 shows the effect bé tcoatings and the
agueous Cys solutions from experiment 1 on coloarpaters L*, a*,
and b* of artichoke pieces stored for 7 days a5 Phe increase in
enzymatic browning during storage was accompanjedrbincrease in
a* and a decrease in L* and b* values. ApplicatmihCys reduced
enzymatic browning (higher L* and lower a* valuesd also resulted in
higher b* values (yellowness), which increasedh&s@ys concentration
increased. The vyellow color that developed on thefase of cut
artichoke by Cys application has been attributetthégpossible formation
of a Cys-copper complex (Ghidelli et al., 2013).

The artichoke pieces dipped into the SPI:BW coatmighout
antioxidant did not show significant differences @@mpared to the
control samples (water), having the lowest L* ahd highest a* values
among the treatments tested. The application dfeprdoased coatings
has been used in fresh-cut products, mainly becadiséheir low
permeability to @ and CQ (Pérez-Gago et al.,, 2006). However, the
effectiveness of protein coatings depends on thr@aof the cut
vegetable or fruit. A SPI coating has proven mdiecéive than sour
whey protein (SWP) and calcium caseinate coatirigsoatrolling the
browning of potato slices, whereas the SWP coatiag the most
effective for apple slices (Shon and Haque, 20@&imilarly, whey
protein isolate (WPI):BW emulsion coatings withauttioxidants have
also been found to be more effective than hydraxgyyrmethylcellulose
at reducing the browning of fresh-cut apples (R&eago et al., 2005). In
the present work, although the application of tR&EBW coating was not
effective at controlling the browning of cut artoi{tes, the addition of
Cys to this coating improved the quality of minihgalprocessed
artichokes as compared to the application of thgowadant in an
agueous solution. A similar effect has been replomefresh-cut apples
for WPI-based (Pérez-Gago et al.,, 2006) and algiaad gellan-based
coatings (Rojas-Grai et al., 2008) through therpaa@tion of Cys into
the formulation.

205



Chapter 4

L*

—=— SP| +0.1% Cys
—&— SPI +0.3% Cys
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Fig. 1. Effect of Cys alone or incorporated to #$wy protein isolate
(SPI1)-based edible coating on the color paraméteérsa*, b*) of fresh-
cut ‘Blanca de Tudela’ artichokes stored at 5 °€rti¢al bars represent
standard errors. Coating formulations from TabExperiment 1.
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Fig. 2. Effect of Cys alone or incorporated to 8wy protein isolate
(SP1)-based edible coating on the color paraméteérsa*, b*) of fresh-
cut ‘Blanca de Tudela’ artichokes stored at 5 °€rti¢al bars represent
standard errors. Coating formulations from TabExperiment 2.
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The most effective Cys concentrations for redudingwning were
0.3 and 0.5% (wb), with minor or no significant fdiences found
between them in L* and a* values, respectively. idogr, those samples
prepared with the higher Cys concentration presenféodors, which
are characteristic of sulphur compounds. Therefotlee Iower
concentration was selected to optimize the coatfognulation.
Optimization implied an increase in the BW contieaim 20 to 40% (db)
to reduce the yellow color that resulted from thgs Gpplication to
artichoke tissue. This coating (SPI+0.3% Cys) digamtly reduced
enzymatic browning of minimally processed articho&ehieving higher
L* and lower a* values than the control (water cidp and the 0.3%
Cys-treated samples, and also diminished the yeltmlor of the
samples, as reflected by the lower b* values ofctreted sampless.the
Cys-treated samples (Fig. 2).

3.2. Effect of SPI:BW:Cys edible coatings on tlsaiali quality of fresh-
cut artichoke

In the first experiment, the samples treated with%® Cys (in the
coating and aqueous solution) and the control sesnfall bellow the
limit of marketability within 1 day of storage, whithose treated with
0.3% reached 2 days of marketability (Fig. 3). Aligh the addition of
Cys to the SPI:BW coating did not significantly taoute to improve the
visual quality of artichoke slices, the samplespéib into the SPI+0.5%
Cys coating reached the limit of marketability afieday storage at 5 °C.

Similar behavior was observed in the second expmariniFig. 4).
When considering that the coating tested in thigeexent had 0.3%
Cys, the increase of the BW content from 20 to 4@%) in the SPI
emulsion contributed to prolong the shelf life lo¢ tartichoke slices, with
them reaching the limit of marketability within 4yb of storage at 5 °C,
whereas the application of the antioxidant aquesmlistion had a lower
limit of 2-3 days of storage. A similar 4-day shilé was achieved in
‘Blanca de Tudela’ artichoke slices dipped into %9.8Cys aqueous
solutions (Ghidelli et al., 2013). Therefore, th&Pl-based coating
slightly improved as the formulation had a lowers@pncentration, thus
reducing the risk of altering artichoke flavor. Debbile et al. (2009)
reported that minimally processed artichoke heagped into sodium
alginate-based edible coating containing citricdacached 3 days of
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storage, whereas the shelf life of the control eahfjom 1 to 2 days at 5
°C.

—B— SPI+0.1% Cys
—&— SPI +0.3% Cys
—A— SPI+0.5% Cys
—&— SPI

—&— 0.1% Cys
—— 0.3% Cys
—A— 0.5% Cys
—O©— Control

visual qualty

Time (days)

Fig. 3. Effect of Cys alone or incorporated to #wy protein isolate
(SP1)-based edible coating on the visual qualityresh-cut ‘Blanca de
Tudela’ artichokes stored at 5 °C. Visual qualigswased on the visual
scale: 9 = excellent, just sliced; 7 = very goodz 5good, limit of
marketability; 3 = fair, limit of usability; and £ poor, inedible. Vertical
bars represent standard error. Coating formulatibosn Table 1-
Experiment 1.
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Fig. 4. Effect of Cys alone or incorporated to #wy protein isolate
(SPID)-based edible coating on the visual qualityresh-cut ‘Blanca de
Tudela’ artichokes stored at 5 °C. Visual qualigswased on the visual
scale: 9 = excellent, just sliced; 7 = very goods 5good, limit of
marketability; 3 = fair, limit of usability; and £ poor, inedible. Vertical
bars represent standard errors. Coating formukstivom Table 1-
Experiment 2.

3.3. Effect of modified atmosphere packaging anihoped SPI-based
edible coating on the headspace gas composition

Fig. 5 shows the changes in the headspace gas stdimpoof the
coated and uncoated fresh-cut artichokes packeer wtiflerent MAs for
3 days of storage at 5 °C. As expected, a sharpase in @ and
increase in C@ concentration was observed during storage, exioept
those samples which were packed in the perfordtad €ontrol), where
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Fig. 5. Carbon dioxide and oxygen concentrationsthe package
headspace of fresh-cut ‘Blanca de Tudela’ artickokéored under
different modified atmospheres (MA) at 5 °C. Vatidars represent
standard errors. Solid and dashed lines represem¢d (SPI1+0.3% Cys)
and uncoated (water dipped) samples, respectivilyA (15 kPa CQ +
5 kPa Q); MA-B (80 kPa Q); MA-P (21 kPa @ + 0.03 kPa Cg);
Control (atmospheric conditions during storage).
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O, was close to atmospheric values and, @ached equilibrium after 1
day with a value of 480.4 kPa.

The G concentrations rapidly decreased in the samplelsepaunder
MA-A (15 kPa CQ + 5 kPa Q) and MA-P (ambient air) with P-Plus
film, reaching the equilibrium on day 1 with a centration below 1
kPa, whereas the GQoncentration constantly increased during the 3-
day storage to reach a concentration of approxigne8®@ kPa. Gil-
Izquierdo et al. (2002) classified ‘Blanca de Twadehrtichoke as a
cultivar with an extremely high respiration raterearing artichoke
heads by removing inedible parts led to a sharpedse in @ and an
increase in CQ (Gil-lzquierdo et al., 2002; Giménez et al., 200i8)
these experiments, the packages with the highdést piermeability
reached equilibrium rapidly and the highest atmespimodification was
detected with a polypropylene film (P-Plus).

Application of superatmospheric,@ay stimulate, have no effect, or
lower the respiration rate of fresh-cut productsad&r and Ben-
Yehoshua, 2000). In this experiment packaging usdeeratmospheric
O, conditions (MA-B: 80 kPa ¢) decreased the JOconcentration to
27+0.8 kPa and increased the £&bncentration to 38.5 kPa after 3
days of storage at 5 °C, with the highest,@0Oncentration among the
different packing conditions. Nevertheless, excémt the Control
packaging conditions, the final GCconcentrations reached for the
different MAP conditions were between 30 and 34,kRaspectively of
the initial atmosphere inside the trays. The valobsained for the
different packaging conditions suggest a high resjpn rate of the
‘Blanca de Tudela’ artichoke slices.

The headspacez@omposition for the different packaging conditions
were not significantly influenced by coating apption if compared to
the uncoated samples (water-dipped). Likewise atetid of storage, no
differences in the C®Oconcentrations were found between coated and
uncoated artichokes under the Control packagingditons, the
superatmospheric condition (MA-B), and the low catygoncentrations
(MA-A). However the CQ concentrations of the coated artichoke packed
under passive MAP conditions (MA-P) were highemtivathe uncoated
samples, indicating a slightly increased respimatiate due to coating
application. Oms-Oliu et al. (2008a) also descritieat uncoated melon
exhibited a lower modification in internal atmosphe¢han those pieces
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coated with gellan-, pectin- or alginate-based fdations at the end of
storage. Among the different polymer-based coafirggdlan coating

modified the gas concentrations in the packagedpea® atmosphere to
a greater extent, and the changes were attribudethd respiratory

activity of gellan-coated melon rather than to tdwating gas barrier

properties. In our case, the low @oncentration reached under MA-A
and MA-P may also affect the respiratory activifycoated artichoke

pieces by increasing the G@vel in the package headspace.

3.4. Effect of modified atmosphere packaging antihroped SPI-based
edible coating on the color of fresh-cut artichoke

Fig. 6 shows the effect of the SPI-based edibldimpand MAP on
the L*, a*, and b* values of artichoke slices dgrstorage at 5 °C, while
Table 2 reflects the effect of MA and coating apgiion on thd--ratio
values for these parameters. During storage, ftaslartichoke browning
was accompanied by a reduction of L* and an in@edsa* values. The
ANOVA analysis showed that the different MA condits had not
significant effect on the L* and b* values, wherehgy affected the a*
values of the samples (Table 2). However, the uséhe® SPI-based
edible coating helped prolong the shelf life ofshrecut artichoke,
showing significantly higher L* and lower a* valughan uncoated
artichokes (water-dipped). Coated artichokes aksd higher b* values
than uncoated samples due to the effect of Cysriichake tissue, as
previously described.

Among the coated samples, those packed under paasiosphere
(MA-P) and superatmospheric ,QMA-B) conditions presented the
lowest a* values, whereas uncoated samples underosaheric
conditions (Control) presented the highest degfeleravning with the
lowest L* and the highest a* values. Packaging othbcoated and
uncoated fresh-cut artichoke pieces under MA-A wad significantly
improve the quality of minimally processed artichekas compared to
atmospheric conditions (Control). Gomez di Marcale(2011) reported
that the best combination to reduce artichoke héedaning was the
application of high @ concentrations (80 kPa) and lemon juice as
antioxidant. However when no antioxidant was apghlitbe passive MA
was more effective than the high @mosphere. Similarly, potato slices
dipped in citric acid and packed under highpartial pressures also
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Fig. 6. Effect of SPIl-based edible coating and riedi atmosphere
packaging on the color parameters L*, a*, and bfresh-cut ‘Blanca de
Tudela’ artichokes stored at 5 °C. Vertical bapgesent standard errors.
Solid and dashed lines represent coated (SPI+0.9%) &hd uncoated
(water dipped) samples, respectively. MA-A (15 KP& + 5 kPa Q);
MA-B (80 kPa Q); MA-P (21 kPa @ + 0.03 kPa Cg); Control
(atmospheric conditions during storage).
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showed a reduction in PPO activity (Limbo and Hargnni, 2006).
However, Poubol and Izumi (2005) reported that #mplication of
superatmospheric Lconcentrations (60 kPa) to fresh-cut mango showed
a similar or higher degree of browning than the o$eambient air
conditions at 5 °C. Moreover, a decrease of theyadant effect due to
dipping pear wedges in a thiol-containing solutizeis been observed
when samples were packed in 70 kRaoOlow O, atmospheres (2.5 kPa
O, + 7 kPa CQ) with respect to those packed under passive MA4Om
Oliu et al., 2008b, 2008c).

Table 2. Analysis of variance on the color index, (&*, b*), visual
guality and antioxidant capacity (E4F of coated and uncoated fresh-cut
‘Blanca de Tudela’ artichokes.

Fratio

Visual
L* a* b* quality EGo

Treatments

A: Atmosphere conditions 1.32' 6.29%*  (0.98° 4.39%* 12.35%+*
B: Coating application 100.30**%1.16.32*** 166.15*** 87.62*** 0.37¢
Interactions

AB 1.33s 2.245 1.81s 2.10° 6.19%+*
F-ratios are shown for the sources of variations.

** Significant F-ratios ap<0.01.

*** Significant F-ratios atp<0.001.

NS = not significant.

3.5. Effect of modified atmosphere packaging antihroped SPI-based
edible coating on the visual quality of fresh-ctitchoke

The visual quality of fresh-cut artichokes was #igantly influenced
by both the packaging conditions and dipping in 8f-based edible
coating (Table 2). Uncoated samples were evaluatee below the limit
of marketability by day 1 of storage (Fig. 7). T$emples dipped in the
SPI-based edible coating and packed under MA-Ahreddthat limit after
one day of storage. The maximum commercial shiglfdchieved was 3
days of storage with the coated samples packedr wugeratmospheric
O, (MA-B) and atmospheric conditions (Control), wheesehose samples
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Treatments
LSD=0.40

Control-uncoated -

Control-coated

MA-P-uncoated A

MA-P-coated A

MA-B-uncoated A

MA-B-coated T

MA-A-uncoated T

MA-A-coated A |

Time (days)

Fig. 7. Effect of SPI-based edible coating and riediatmosphere (MA)
packaging on the marketable shelf life of ‘Blane@a Tludela’ artichoke
slices stored at 5 °C. Shelf life was define asimaber of days to reach
the limit of marketability (score of 5). MA-A (15Ra CQ + 5 kPa Q);
MA-B (80 kPa Q); MA-P (21 kPa @ + 0.03 kPa Cg); Control
(atmospheric conditions during storage).

in the passive atmosphere (MA-P) reached the Imhitnarketability
within 2 days. Therefore, the combination of thd-B&sed coating and
the different MA conditions did not extend the $H#é of ‘Blanca de
Tudela’ artichoke. These results contrast with ¢bkor analysis, which
showed the passive modified atmosphere (MA-P) asmpdow a* and
high L* values at the end of the storage (Fig.Té)ese differences could
be attributed to the heterogeneous surface ofrtiaakes slices.

3.6. Effect of modified atmosphere packaging anihoped SPI-based
edible coating on the antioxidant capacity of fresth artichoke

The antioxidant capacity of ‘Blanca de Tudela’ @drtke slices was
measured on storage days 1 and 3. Since the réslitiwed the same
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trend for both storage periods, the day 3 dataakepresented in Fig. 8.
The ANOVA analysis showed that antioxidant capagis significantly

affected by packaging conditions, but was not &#@cby coating

application (Table 2). Oms-Oliu et al. (2008d) alsdicated that the use
of alginate, pectin and gellan-based coatings oanti N-acetylcysteine

and glutatione did not seem to substantially cbota to enhancing the
antioxidant capacity of fresh-cut pears, although tise of antioxidants
maintained the antioxidant capacity of coated amzbated pears.

26 7
o1 HER Coated

224 =1 Uncoated
20 -
18 1

s ]

14 - T T
12 1 T
10

EC 50 (g/g DPPH)

6-
4_
2_

At harvest MA-A MA-B MA-P Control

Atmosphere conditions

Fig. 8. Effect of SPIl-based coating and modifiech@phere (MA)
packaging on the antioxidant capacigc{,) of fresh-cut ‘Blanca de
Tudela’ artichokes after 3 days of storage at 5\A&tical bars represent
standard deviations. MA-A (15 kPa €@ 5 kPa Q); MA-B (80 kPa
07); MA-P (21 kPa @+ 0.03 kPa Cg); Control (atmospheric conditions
during storage).
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The antioxidant capacity of fresh artichoke befqeocessing,
expressed as Eg (amount of sample required to reduce the initial
DPPH by 50%) was 15.00+3.01 (g/g DPBH Although some
differences were found among treatments, the adiox capacity of
fresh-cut artichoke was maintained after procesamdstorage for those
samples packed under MA conditions (MA-A, MA-B amdA-P),
whereas packaging under atmospheric conditions t(Glprsignificantly
decreased the antioxidant capacity (highesde(Fig. 8). Gil-lzquierdo
et al. (2002) observed that the content of pheradiopounds in ‘Blanca
de Tudela’ artichokes was much higher in the irgktinan in the external
portions. After storage, internal head portions fmadigher phenolic
content if compared with the value at harvest, whgrexternal portions
had a lower content, which correlated with the use phenolic
compounds as PPO substrates in enzymatic browrStgrage with
different MAP materials increased or maintained tb&al phenolic
content of the internal and external portions, eetigely. In our case,
samples were processed as slices, meaning greafaces exposure to
oxidation, which might explain the lower antioxidacapacity of the
samples stored under atmospheric conditions (Cipntro

Very little information is available about the eaffteof high Q
concentrations on the antioxidant capacity of freshcommodities. Day
(2001) reported that high@tmosphere provoked a decrease of phenolic
compounds in fresh-cut lettuce as compared witloraiow O, MA, due
to the loss of certain water soluble phenolic coumuts. In fresh-cut
pears and melon, samples stored in highMA also presented lower
antioxidant capacity than those under lowand high CQ MA (Oms-
Oliu et al., 2008a, 2008b). However in ‘Salambdiciioke heads, the
combination of antioxidants and high @&mosphere (80 kPa) showed an
increase in total phenols as compared to passivd®nez di Marco et
al., 2011). In our case, despite some differenesgbobserved among
the different MA conditions, probably attributed the biological
variation of samples, no change in antioxidant capavas observed
after 3 days of storage at 5 °C in fresh-cut ‘Béade Tudela’ artichokes
under the different MA conditions.

218



Chapter 4

4. Conclusion

The use of cysteine at a concentration of 0.3%,btoed with a SPI-
BW edible coating, contributed to the control ozgmatic browning and
improved the quality of fresh-cut artichokes, reagh4 days of
commercial shelf life at 5 °C without off-odors. i@bining this coating
with the different MA packaging conditions studiedthis work did not
extend the shelf life of ‘Blanca de Tudela’ artibcslices, but it helped
with maintaining the antioxidant capacity of the@guct. Given the high
degree of perishability of untreated fresh-cut cadke, a 4-day
commercial period could be considered adequatehfordistribution of
sliced produce to local markets. However, addificgbtadies are required
to enhance the quality and appearance of freshrtichokes and further
extend their shelf life.
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Abstract

Commercialization of fresh-cut eggplants is limitegdenzymatic
browning due to the oxidation of the phenolic coopds. The
combination of edible coatings with antioxidant @migehelps to reduce
the respiration rate, weight loss and enzymatievhing of the fresh-cut
tissue. The objective of this work was to studyeffect of a new edible
coating combined with different antioxidant agerits controlling
enzymatic browning of fresh-cut eggplants. Edibleatngs were
prepared with soy protein isolate (SPI) and beegiB&X). Ascorbic acid
(AA) at 1% or cystein (Cys) at 0.5 % or 1% conteete incorporated in
the coating formulations as antioxidants. Freshegdplants were dip-
coated either in the SPI-based coating or in theeags solution of the
antioxidants. As a control, samples were dipped water solution under
similar conditions. Samples were packed under gbhmersc conditions
and stored at 5 °C for 9 days. Changes in coloEl(&Gi*b*), visual
quality, texture and weight loss were evaluatedinduistorage. Cys-
treated samples, either incorporated in the coaimgpplied in aqueous
solution, showed the highest L* and the lowest atues and reduced
tissue softening compared to control samples. Acresse in Cys
concentration reduced enzymatic browning of fresheggplant. 1% AA
was not effective in reducing enzymatic browningresh-cut eggplants.
At the end of the storage, weight loss was belowalfb there were not
significant differences among treatments. The sampbated with the
SPI coating amended with 1% Cys were ranked bysémsory panel as
the less brown and they reached the limit of maitkéty after 9 days of
storage. These results show the potential of theC$&based edible
coating in controlling enzymatic browning of frestt eggplants.

Keyword: fresh-cut eggplant, enzymatic browning, edibleatow,
antioxidant.

INTRODUCTION

Fresh-cut fruit and vegetables have a very shaif-fife due to
tissue disruption and increased metabolism. Tidswevning due to
processing is one of the main causes of qualitg.|d$ie problem is
especially important in fresh produces with higmteat in phenolic
compounds, such as eggplant. The main approacthiioiti browning is
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the use of antibrowning agents. Chemical inhibiter® classified
depending on whether they act on the enzyme pohgilaxidase (PPO),
the substrate or the products of the PPO reactord these can lead to
the formation of dark products. In a very recenthky@érez-Gago et al.
(2009) reported that ascorbic acid (AA) and cys(€lgs) were the most
effective at controlling enzymatic browning of fresut eggplants as
compared with citric acid, peracetic acid or 4-Hesgorcinol. AA is
probably the most widely used antibrowning agestattivity resides in
its reducing character that reduces thenzoquinones back to-
diphenols. However, once the AA has been completeiglized to
dehydroascorbic acid by this reaction, quinones @&gain accumulate
and undergo browning. Similarly, Cys is also a omolg agent that
inhibits enzymatic browning preventing brown pigmdarmation by
reacting with quinone intermediates to form stabtdorless compounds
(Lamikanra, 2002).

Another approach to further increase the shelf difefresh-cut
products is the use of edible coatings (Pérez-Gaga., 2005). Edible
coatings offer the possibility to extend the shigf of fresh-cut products
by providing a semi-permeable barrier to gases waatbr vapour, and
therefore, reducing respiration, enzymatic browniagd water loss
(Baldwin et al., 1995). Their protective functioraynalso be enhanced
with the addition of antimicrobials, antioxidanfigvors, nutrients, etc.

The development of edible films and coatings haanbfecused
upon barriers containing proteins, polysaccharides] lipids, either
alone or in combination. Soy protein coatings o#drigh oxygen barrier
and have been able to preserve freshness of aps &Kinzel, 1992).
However, its hydrophilic nature requires the additof lipid components
to improve the moisture barrier. Beeswax (BW) isnatural wax
classified as Generally Regarded as Safe (GRAS)oand, that has
shown good compatibility with other coating-formintaterials (Greener
and Fennema, 1992). No work has been done withpsotgin-based
coatings to control enzymatic browning of fresh-caggplants.
Therefore, the aim of this work was to study theatfof soy protein-BW
edible coatings amended with antioxidant agentea@ticing enzymatic
browning on minimally processed eggplant.
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MATERIAL AND METHODS

Beeswax (BW) (Brillocera, S.A., Valencia, Spain)sw&elected as
the lipid component of the soy protein isolate (Sethulsion film. SPI
(SUPRO 760 IP) was supplied by Solae (leper, Beigiu-ood-grade
glycerol was from Panreac Quimica, S.A. (Barceld®pain). Ascorbic
acid (AA) was from Quimivita (Barcelona, Spain) a@gsteine (Cys)
from Sigma-Aldrich (St. Louis, MO, USA).

To prepare the SPI-BW emulsion coatings, aqueolgi@as of
5% (w/v) SPI were prepared and denatured for 30imim 90 °C water
bath. The BW was melted in the hot protein solutmd glycerol was
added as plasticizer. The protein plasticizer rat&s of 2 parts SPI to 1
part glycerol (dry basis, db), and this ratio waptkconstant throughout
the study. The BW was added to the SPI-glycerokuméxat 20% content
(w/w, db). Water was added to bring the emulsiory &% total solid
content. Samples were homogenized with a high-sipealbe mixer
(Polytron, Model PT 2100, Kinematical AG Inc, LungeBwitzerland) for
4 min at 30,000 rpm. After homogenization, the esians were placed
in an ice bath to prevent further denaturation e protein and to
crystallize the lipid particles. Finally, AA at 1%w/w, wet basis, wb) or
Cys at 0.5 % or 1% (wb) content were incorporatg¢d the emulsions by
magnetic agitation. Table 1 shows the coating ciipos.

Table 1. Edible coating composition of the soy giotisolate-beeswax
edible coatings containing antioxidant agents (%t, basis).

Components SPI-0.5% Cys SPI-1% Cys SPI- 1% AA
SPI 3.7 3.3 3.3

BW 15 1.5 15
Glycerol 1.8 1.7 1.7

AA 0.0 0.0 1.0

Cys 0.5 1.0 0.0

Water 92.5 92.5 92.5

SPI: soy protein isolate; BW: beeswax; AA: ascodui; Cys: cysteine.
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Eggplants $olanum melongena, cv. Telma) were purchased at
a local market (Valencia, Spain) and were storearimt 10 °C for 1 day
until processing. Eggplants were cleaned, peelat,irto rectangular
pieces (approximately 5 cm x 3.5 cm x 1.5 cm) aipdcdated either in
the SPI-BW-antioxidant coating or in the aqueousutsm of the
antioxidant for 3 minutes. As a control, samplesendipped in water
under similar conditions. After dipping, eggplamigeces were drained
and dried under cold conditions. A maximum of 1§mgnts were
simultaneously processed to avoid an excessivesex@dime to oxygen.
A sharp stainless-steel knife was used throughweifprocess to reduce
mechanical bruising and samples were processed tengperature
controlled room at 1& 1 °C.

Eggplants pieces were then placed in polypropyteags, heat-
sealed with microperforated polypropylene films (8% P-Plus film, 35
PA 200, Amcor Flexibles, Barcelona, Spain) andestdior 9 days at 5
°C. Films were additionally perforated with a needb ensure no
modification of the gas composition in the package.

Color measurements were made periodically with adifa
(Model CR-300, Ramsey, NY, U.S.A) on 12 eggplamtces per
treatment using the CIELAB color parameters, L*,, d&*. Each
measurement was taken at 3 locations for each sgnigate.

Eggplants firmness was determined on 12 piecer@a@ment by
measuring the force required for an 8 mm probeeirefrate the sample
to a depth of 2 mm at a speed of 5 mm/s using atroim Universal
testing machine (Model 3343, Instron Corp., Cantdé, USA). The
results were expressed as force (N).

Eggplant weight loss was determined at the enthe@ftorage period
by weighting 12 pieces per treatment. The resuieevexpressed as the
percentage loss of initial weight.

During storage, eggplant slices were evaluatedallisiby 10
judges. Each treatment was coded, presented inomanorder and
evaluated based on general visual appearance asstgle where: 9 =
excellent, just sliced; 7 = very good; 5 = goodhitiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible (@&y et al., 1999). A
color photograph of the samples rated with thisesaas used by judges.
Additionally, the judges were also asked to rankheaample from
highest to lowest degree of browning.
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Statistical analysis was performed using STATGRAPSII4.1
(Manugistics, Inc., Rockville, Maryland, U.S.A.)p&ific differences
between means were determined by Fisher's protdeted significant
difference (LSD) applied after the analysis of aage (ANOVA) at
P<0.05. Significant differences for visual browningne determined by
the Friedman test, which is recommended for rankiS@® 8587:2006).
Significant differences were definedri0.05.

RESULTS AND DISCUSSION

Figures 1 and 2 show the effect of the coatings &mel
antioxidants on color L* and a* values of fresh-egigplants. Increased
enzymatic browning of eggplant pieces during sterags accompanied
by an increase in a* and a decrease in L*. In ggnsamples treated
with Cys, either in the SPI-based coatings or imeags solutions,
presented higher L* and lower a*values than cordgamhples. Whereas,

LSD=1.66

—=—SPI+1% AA
— & SPI+0.5% Cys
— & SPI+1%Cys
— B —1%AA

— ———05% Cys

— A —1%Cys
—+CT

7 T T T T 1

Time (days)

Fig. 1. Effect of antioxidants alone or incorpocht® the soy protein
isolate-beeswax edible coating on lightness (L*)frafsh-cut ‘Telma’
eggplants stored at 5 °C. LSD value is at the 35#l|
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eggplant slices treated with 1% AA presented apstacrease in L* and
an increase in a* values at day 1 of storage. pmeaious work, 0.35%
and 0.88% AA aqueous solutions were effective atrotling enzymatic

browning of fresh-cut eggplants (Pérez-Gago et2809). However, an
increase in tissue browning was observed when AAceotration

increased to 1.5%. These results contrast withbtgavior of AA in

other cut tissues, such as apples and pears, \ehaggnatic browning
decreases as concentration increases (Gorny eR@Q). A similar

behavior in controlling enzymatic browning has beeported with

protein-based edible coatings containing AA in lirest potatoes,
carrots, mushrooms, and apples (Baldwin et al.518@&rez-Gago et al.,
2006).

LSD=0.89

—8—SPI+ 1% AA
—— SPI+0.5% Cys
—&— SPI+1% Cys
— -8 —-1%AA

— - —0.5% Cys

— —& — 1% Cys

a*

—+—CITL

Time (days)

Fig. 2. Effect of antioxidants alone or incorporhte the soy protein
isolate-beeswax edible coating on a* values ofhia# ‘Telma’
eggplants stored at 5 °C. LSD value is at the 358l |
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When comparing Cys concentration, the enzymatievbiog of
‘Telma’ fresh-cut eggplants was reduced as Cysamed from 0.5% to
1%. However, little differences on L* and a* valugsre observed when
incorporated into the SPI-based edible coating.tkaty, other works
have reported that the incorporation of antioxidatd protein-based
edible coatings resulted more effective in conimgll enzymatic
browning of fresh-cut produces, such as applespansimmons, than the
application of the antioxidants in aqueous solutipérez-Gago et al.,
2005; 2006).

Browning of fresh-cut eggplants was assessed lenhsosy panel
with the objective of comparing if the color difégrces observed
instrumentally could be observed visually. Visuagp@arance of eggplant
slices, based on visual browning and general appear is shown in Fig.
3.

LSD=0.87

—8—SPl+ 1% AA

——SPI+0.5% Cys

> —a—SPI+1%Cys

N — = _1%AA

T

T 4. — - —0.5% Cys

2

R4 _ — 10

S 5 —A— —1% Cys
—+cCn

Time (days)

Fig. 3. Effect of antioxidants alone or incorpotht® the soy protein
isolate-beeswax edible coating on visual qualityfreh-cut ‘Telma’
eggplants stored at 5 °C. LSD value is at the 358l |
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Samples treated with AA and control samples weeatuated below to be
below the limit of marketability by storage day Application of Cys,
either alone or incorporated to the SPI-BW coatimgroved the general
visual quality of eggplant and extended the comrakshelf life to 7-9
days. Eggplant slices coated with the SPI-BW eddadating amended
with 1% Cys were evaluated as less brown thandsieaf the treatments.
These samples reached the maximum commercial lfieelly day 9 of
storage (Fig. 4).

O SPI+ 1% AA
B SPI+0.5% Cys
8 SPI+ 1% Cys
m 1% AA

0.5% Cys

1% Cys

@cIL

Browning rank
N
L

1 5 9
Time (days)

Fig. 4. Effect of antioxidants alone or incorpotht® the soy protein
isolate-beeswax edible coating on the visual broginof fresh-cut

‘Telma’ eggplant stored at 5 °C. Judges rankecktigplant pieces from
7 (more brown) to 1 (less brown) and were allowedgtoup those

treatments that were considered similar. Means thiéhsame letter are
not significantly different (g0.05).

Texture and weight loss of fresh-cut eggplant watsaffected by
coating application (data not shown).
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CONCLUSION

Samples treated with 1% Cys, either incorporatedh® SPI
coating or applied in aqueous solution, preserttedoest result in terms
of color parameters with high L* and low a* valuésh at 1% was not
effective at controlling enzymatic browning compmhreéo control
samples. In the visual assessment, the samplesdceath the SPI-BW
coating amended with 1% Cys were significantly lessvn than the rest
of the treatments and reached a commercial slielbfi9 days at 5 °C.
Overall, SPI-BW edible coatings containing Cys asaxidant could be
a promising treatment to control enzymatic browniofj fresh-cut
‘Telma’ eggplants.
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Abstract

The effect of a soy protein-based edible coatinth veintioxidant
activity, and conventional and superatmospheric ifireatd atmosphere
(MA) packaging, on the quality of fresh-cut ‘Telmaggplants was
evaluated during storage. In a first experimengpént pieces were
dipped in either a coating composed of soy pratatate (SPI) and 0.5%
cysteine (Cys) or water as an uncoated control.pBzswere packeth
trays under atmospheric conditions to reach a ya$dA (MA-P) or two
gas mixtures (MA-A: 15 kPa GO+ 5 kPa @, MA-B: 80 kPa Q) and
were stored at 5 °C. Atmospheric conditions wereduas the control
conditions (Control). The coated samples packedeundA-B and
Control conditions obtained the highest whitenesdex (WI) values
during storage, whereas MA-A did not improve theelsHife of
minimally processed eggplants and presented thedbW!I values. The
MA-B and atmospheric control conditions helped taimain firmness,
whereas the coating helped to maintain the weigks lof fresh-cut
eggplants packed under MA-A and MA-B. The maximuommercial
shelf life was reached on day 6 for the coated $ssnpacked under
atmospheric conditions. In a second experiment,cthramercial shelf
life of fresh-cut eggplants was extended to 8 andt®age days by
increasing the Cys content in the edible coatiognfl0.5% to 1% under
MA-B and Control storage conditions, respectively.

Keywords: Minimally processed eggplants; enzymatic brownisgy
protein edible coating; cysteine, superatmosplexygen packaging.

1. Introduction

Consumers demand fresh, healthy produces which malsst be
convenient and easy to prepare. This scenario dthsol the increased
consumption of minimally processed fruit and vebgkts. Recently,
eggplants $olanum melongepawhich are largely consumed as fresh
and whole products, are attracting more interest msnimally processed
vegetable. However, wounding, slicing or choppimgluices quality
deterioration, which results in water loss, softgni microbial
contamination, increased respiration and enzymieityctAmong these
factors, the main limiting factor that reduces #melf life of fresh-cut
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eggplants is oxidation of phenolic compounds byyploénol oxidase
(PPO) (Barbagallo et al., 2012a).

The main approach to control enzymatic browning &ndxtend the
shelf life of fresh-cut products is the combinatioh chemical and
physical methods, like using antioxidant agents rmodified atmosphere
(MA) packaging. In fresh-cut ‘Birgah’ eggplants, rBagallo et al.
(2012b) reported a significant reduction in PPQatreé activity by
applying 0.5% or 1% L-ascorbic (-21%), benzoic e5citric (-27%),
ferulic (-43%), and L-glutamic (-32%) acids. Thesféects translated in
browning index terms, which demonstrated the efficaf the studied
anti-browning treatments to extend the shelf-lifaronimally processed
eggplants. In a very recent work, we studied tifiecebf a wide range of
antioxidants to inhibit the enzymatic browning ajgelant fresh-cut
tissue. Overall, the best result for reducing eratyenbrowning was
obtained with 1% cysteine (Cys), which extended dbmmercial shelf
life of this produce to 9 storage days at 5 °C (8Hi et al., 2013).
However at this concentration, off-flavor might developed as reported
for thiol-containing compounds such as Cys (Gaaoid Barrett, 2002).

The effect of low @ and high C@ MA packaging to control
enzymatic browning has been reported for seveeshfcut fruit and
vegetables (Rojas-Gral et al., 2009). The basnciple for using low @
and high CQin fresh-cut products is that MAs are theoreticakpected
to control the physiological and quality changestive product by
reducing the respiration rate, ethylene productimoywning, weight loss,
etc. (Toivonen and DeEll, 2002). However, the resgoto different
atmospheres depend largely on the commodity. Ishfcait eggplants,
Catalano et al. (2007) reported that, although Mwproved quality
preservation during storage at 4 °C, an increas&Cnand a decrease in
the @Q concentration inside the package stimulated th@ Betivity of
the product.

Some studies have proposed the use of elevatedri@entrations as
an alternative to low ©atmospheres to maintain the quality and to
extend the storage life of some fresh-cut fruit aadetables. The main
benefits of superatmospheric , Oare related with preventing
microbiological spoilage and anaerobic fermentatiaa observed in
fresh-cut melon, cabbage, and baby spinach le®En(e et al., 2004,
Oms-Oliu et al., 2008a; Lee et al.,, 2011). Morepveigh oxygen
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atmospheres have been found to be particularlyctefée at inhibiting
enzymatic discoloration and at maintaining the fiess of fresh-cut
products, such as iceberg lettuces, mushroomstoestaand melons
(Amanatidou et al., 2000; Day, 2001; Jacxsens.e@0D1; Limbo and
Piergiovanni, 2006; Oms Oliu et al., 2008a). Ndwelgss, the effect of
superatmospheric Otreatment depends on certain factors such as
commodity type, temperature, storage duration, @fader and Ben-
Yehoshua, 2000). Thus storage under high oxygen M#aPnot
recommended for fresh-cut mango and pears as utcesd enzymatic
browning (Poubol and Izumi, 2005; Oms Oliu et 2008b,c).

A recent approach to prolong the shelf life of lfresit fruit and
vegetables is the use of edible coatings eithamealor combined with
MA packaging. Edible coatings can provide a semm@&ble barrier to
gases and water vapor, reducing respiration, enaynbaowning and
water loss (Pérez-Gago et al., 2005), and theiteptive function can
also be enhanced with the addition of ingredientshsas antioxidants.
The basic ingredients of edible coatings are pmstepolysaccharides,
and lipids. Among the proteins, soy protein isold&Pl) coatings
containing Cys have been seen to help control eatignibrowning of
fresh-cut eggplants in a greater extend than Cgseabnd extend the
shelf life up to 9 storage days depending on the &@ntent (Ghidelli et
al., 2010). Other works have also demonstratecetfest of SPI-based
coatings to preserve the freshness of apple sliKewel, 1992), to
control browning in potato slices, and to reducastuoe loss in carrots
and apple slices (Shon and Haque, 2007). Theretfuigeyvork aimed to
study the effect of a soy protein-based edible iogatontaining two
concentrations of Cys (0.5 and 1%, w/v) in comborat with
conventional and superatmospheric MA packaging tmtrol the
enzymatic browning of fresh-cut eggplants.

2. Materials and Methods
2.1. Materials

Beeswax (BW) (Brillocera, S.A., Valencia, Spain)svgelected as the
lipid phase of the soy protein isolate (SPI) enarsfilm. The SPI
(SUPRO 760 IP) was supplied by Solae (leper, Beigiu-ood-grade
glycerol was purchased from Panreac Quimica, BArdelona, Spain).
Cysteine (Cys) was acquired from Sigma-Aldrich (®éwna, Spain).
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2.2. Preparation of the coating formulation

Two experiments were conducted to study the efféa SPI-based
edible coating and MAs packaging on the shelfdféTelma’ fresh-cut
eggplant. The Cys content of the SPI-based coatiag 0.5% and 1%
(wet basis, wb) in the first and the second expenitynrespectively.

To prepare the coatings, aqueous solutions of 5%) (&Pl were
prepared and denatured for 30 min in a water ba®9%C. Glycerol was
added as plasticizer at a SPI.glycerol ratio of arid this ratio was kept
constant. BW was added to the hot SPI-glycerol unétat a
concentration of 20% (dry basis, db). Samples Wweraogenized with a
high-shear probe mixer (PolyTron, Model PT 210(0ydfnatica AG Inc.,
Lucerne, Switzerland) for 4 min at 30,000 rpm. Aft@mogenization,
emulsions were placed in an ice bath to preventhéar protein
denaturation and to crystallize the lipid particlésnally, Cys was
incorporated into the emulsion coating by magnetiitation at the
desired concentration. Both formulations were pregavith a total solid
content of 7.5% (w/v).

2.3. Preparation of eggplants

Eggplants $olanum melongenk., cv. Telma) were purchased in a
local market (Valencia, Spain) and were stored @ %or 24 h until they
were processed. After washing with chlorinate wa(@b0 ppm),
eggplants were peeled and cut into rectangularepi¢approximately 5
cm x 3.5 cm x 1.5 cm) using a sharp stainless-&m@ét. A maximum of
15 eggplants were processed at the same time imimentheir exposure
to oxygen. The whole process was carried out engerature-controlled
room at 10+1 °C under suitable hygienic conditions.

2.4. Application of edible coating and modified agphere packaging
Eggplant pieces were dipped into the coating ovater (uncoated-
control) for 3 min at 5 °C. After draining and drgi under cold
conditions, four pieces (#5 g) were placed in polypropylene trays (17.4
cm x 12.9 cm x 3.6 cm, 470 ml, llpra Systems, Bart® Spain). Trays
were heat-sealed with a 35 pm P-Plus polypropyféme (35 PA 200)
with an Q transmission rate of 1100 &m? day*, a CQ transmission
rate of 30,000 crhm? day" at 25 °C and 0% RH, and with a moisture
vapor transmission rate of 0.9 g°rday* (Amcor Flexibles, Barcelona,
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Spain). In the first experiment, MA conditions wetatained by flushing
the trays with two gas mixtures (MA-A: 15 kPa £605 kPa Q; MA-B:
80 kPa Q) or by conventional storage under atmospheric itiomnd with
the same film to reach a passive MA (MA-P). For toatrol, the film
was perforated with a needle (four perforationsnh in diameter) to
ensure that the gas composition within the packageained near the
ambient oxygen concentration (Control). In the selcexperiment, the
assayed atmospheres were the MA-B and Control tondi Table 1
shows the treatments for both experiments. Theraliogewas done in
an ULMA-Smart 300 packing machine (Ofati, Spainl. the samples
were stored at 5 °C for quality evaluation duringn@l 9 days for the first
and the second experiment, respectively.

Table 1. Soy protein-based coating and modified oaphere (MA)
packaging conditions.

Experiment 1 Experiment 2

Cys (%, wiv, wet 0.5 1.0
basis§

MA-A (15kPaCQ+5 -
MAs packaging kPa Q) MA-B
conditions’ MA-B (80 kPaQ) = -

MA-P (21 kPa @+ 0.03 Control

kPa CQ)

Control (atmospheric

conditions during storage)
@Cysteine (Cys) content in the soy protein isol&RIj-Beeswax (BW) edible coating.
BW content = 20% (dry basis); SPI:glycerol ratio21; total solid content = 7.5%
(Whv).
® Initial gas mixtures in trays (balance)NFilm: 35 pm P-Plus polypropylene film (35
PA 200).

2.5. Headspace gas analysis

The gas composition in the package headspace dstargge was
determined in a gas chromatograph (GC valve Themnagan, Milan,
Italy) equipped with a thermal conductivity detecand fitted with a
Poropak QS 80/100 column (1.2 m x 0.32 cm). Theperatures of the
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injector, oven, and detector were 125 °C, 35 °@ %8, respectively.
Helium was used as carrier gas at a flow rate of2nin’. One ml of

the gas sample from the headspace atmosphereray$der treatment
was measured. Data are expressed in kPa ea@GODQ.

2.6. Color measurements

Color measurements were taken with a Minolta (MoG&-300,
Ramsey, N.Y., USA) on 12 eggplant pieces per treatrand sampling
day. Each measurement was taken randomly at thifeeedt locations
on each sample piece. A standard white calibrgtiate was employed
to calibrate the equipment. The CIE L*a*b* valuesres determined and
the whiteness index (WI) was calculated by theofsihg equation
(Amanatidou et al., 2000):

WI =100 -((100 - LY + (& + b%))°°

2.7. Sensory analysis

During storage, eggplant pieces were evaluatecalyshy 10 judges
at day 1, 3, 6, and 8 of storage. Each treatmestosded, presented in
random order and evaluated based on general vapm@arance using
this scale: 9 = excellent, just sliced; 7 = verpdo5 = good, limit of
marketability; 3 = fair, limit of usability; 1 = mw, inedible (Gorny et al.,
1999). The shelf-life of the samples was definethasnumber of days to
reach the limit of marketability. A minimum of 3ays per treatment was
presented to account for biological variations.ooc photograph of the
samples rated by this scale was provided to thgejsid

2.8. Weight loss determination

Weight loss was measured at the end of the stopmg®d by
weighing 12 eggplants pieces per treatment. Thatsewere expressed
as the percentage loss (%) of the initial weight.

2.9. Firmness determination

Eggplant firmness was determined on 12 pieces peatnhent by
measuring the force required for an 8-mm probeetteprate the eggplant
pieces to a depth of 2 mm and at a speed of 5 mBifg an Instron
Universal Machine (Model 3343; Instron Corp., CantylA, USA). The
results were expressed as force (N).
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2.10. Statistical analysis

Statistical analysis was performed using STATGRAPSIIPlus 4.1
(Manugistic Inc., Rockville, MD, USA). The specifidifferences
between means were determined by least signifidéfdérence (LSD)
applied after the analysis of variance (ANOVA). i8iggance differences
were defined gv<0.05.

3. Results and discussion

3.1 First experiment

3.1.1 Effect of MA packaging and SPI-based edib&ticg on the
headspace gas composition

The consumption of oxygen and carbon dioxide prodnan fresh-
cut products creates a MA in the packaging systehich is directly
related with the respiration of the tissue and plaekaging material
characteristics. In this work, a sharp drop ixdd an increase in the
CO, concentrations were observed in the headspaceayagosition of
both the coated and uncoated fresh-cut eggplaatshiéd been packed
under different MAs during storage at 5 °C. Wher#as samples packed
in the perforated film (Control) maintained, Qevels close to the
atmospheric value and GQevels below 5 kPa (Fig. 1). The samples
packed under MA-A (15 kPa GG 5 kPa Q) and MA-P (initial ambient
conditions) with P-Plus film reached the equililbnion day 3 and day 6,
respectively, with the © concentrations below 2 kPa and £O
concentrations of 15-18 kPa. Under superatmosper{d1A-B: 80 kPa
0,), the @ concentration lowered to %3.70 kPa and the CO
concentration increased to 12 and 16 kPa for thésdoand the uncoated
samples, respectively.

The headspace s&zoncentration was not significantly influenced by
coating application as compared to the uncoateglesnfwater-dipped)
for any packaging condition. However, significanffedences were
found in the CQ concentrations between the coated and uncoated
eggplants stored under low oxygen concentration AJA and
superatmospheric {JMA-B) conditions.
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Fig. 1. Carbon dioxide and oxygen concentrationsthe package
headspace of fresh-cut ‘Telma’ eggplants storedlifferent modified
atmospheres (MA) at 5 °C. Vertical bars represtntdard errors. MA-
A: 15 kPa CQ + 5 kPa @; MA-B: 80 kPa Q; MA-P: 21 kPa @+ 0.03
kPa CQ; Control: atmospheric conditions during storagelids and
dashed lines represent the coated (SPI + 0.5% &ys$)the uncoated
(water-dipped) samples, respectively.
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Several works have described the beneficial etbégiolysaccharide
and protein-based edible coatings on reducing éspiration rate of
fresh-cut produces, which has been attributed t@r tgood oxygen
barrier (Olivas and Barbosa-Canovas, 2005). Wongalet (1995)
observed a lower C{production rate in apple pieces coated with sévera
polysaccharide/lipid bilayer edible coatings. Low&D, production has
also been observed in fresh-cut apples and melaishtd been dipped
in an alginate-based edible coating if comparedittcoated samples
(Rojas-Gradu et al., 2007; Raybaudi-Massilia et2008). Moreover, Lee
et al. (2003) have shown that the application oéyvprotein concentrate
decreased the G(production of apple slices in a greater extench tha
carrageenan coating.

3.1.2. Effect of MA packaging and SPI-based edibkting on the color
of fresh-cut eggplants

Fig. 2 shows the effect of the SPIl-based edibldimpaand MA
packaging conditions on the WI of eggplant pieaasngd) storage at 5 °C.
Table 2 presents theratio values for this parameter as being affetted
MA and coating application. The increase in enzyenatowning during
storage was accompanied by a drop in the WI valliee. ANOVA
analysis showed that applying the edible coatirdythe different storage
conditions had a significant effect on the WI (Teald). In a previous
work, Ghidelli et al. (2010) also observed that t8EI-BW edible
coatings amended with Cys helped control the brogirof fresh-cut
eggplants.

The use of low @and high CQlevels has been effectively proven to
control enzymatic browning, firmness and decay ahynfresh-cut fruit
and vegetables (Rojas-Grau et al. 2009). Howevéhenpresent work,
the samples stored under MA-A (15 kPa CO5 kPa Q) and passive
MA (MA-P) conditions gave a significantly lower Wtan those stored
under atmospheric (Control) and superatmospheriygeax conditions
(MA-B). Catalano et al. (2007) reported that anéase in C@increased
the PPO activity of fresh-cut eggplants. Similadimospheres with high
CO, accelerated tissue browning in fresh-cut pearagpared to the air
control and CQ injury was reported to occur in a dose-responsive
manner (Gorny et al., 2002).
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—&— MA-A
78 —&— MA-B
—v— MA-P
—@— Control

Whiteness index

Time (days)

Fig. 2. Effect of SPI-based edible coating and riediatmosphere (MA)
packaging on the whiteness index (WI) of fresh-d@ima’ eggplants
stored at 5 °C. Vertical bars represent standamrserMA-A: 15 kPa
CO, + 5 kPa @, MA-B: 80 kPa Q; MA-P: 21 kPa @+ 0.03 kPa CQ
Control: atmospheric conditions during storage.i’Sahd dashed lines
represent the coated (SPI+0.5% Cys) and the urtdatater-dipped)
samples, respectively.

At the end of storage, the WI values significamtbcreased in all the
treatments, and the samples stored under surpeploc Q
conditions where those with the highest values. Aatidou et al. (2000)
reported surface browning in fresh-cut carrotsestarnder 1 kPa O+ 10
kPa CQ atmosphere conditions, but not when the storagelitons
were higher than 50% JOfor storage lasting 12 days. Jacxsens et al.
(2001) noted how high oxygen atmosphere packagiiog9b kPa @)
proved particularly effective at inhibiting enzyngabrowning in sliced
mushrooms as compared with low-oxygen atmosphesieagang. Limbo
and Piergiovanni (2006) also showed the positivecefof high-oxygen
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partial pressures combined with dipping in acidusohs to control
enzymatic browning of fresh-cut potato.

Table 2. Analysis of variance on the whitenessxn#€l), visual quality,
weight loss, and firmness of coated and uncoateshfcut eggplants
stored in different modified atmospheres at 5 &Sults of experiment 1.

Fratio
Wi Visual quality Weight loss  Firmness
Treatments
A: Atmosphere conditions ~ 9.21%** 2.45%° 87.52% 11.79%
B: Coating application 5.96* 126.76%*  80.79% 0.54%°
Interactions
AB 1.70' 0.88"° 51.76%* 1.158'%

F-ratios are shown for the sources of variationsA\N®t significant.
* Significant F-ratios ap<0.05.
*** Significant F-ratios atp<0.001.

3.1.3. Effect of MA packaging and SPI-based edib&ing on the visual
quality of fresh-cut eggplant

The application of the SPI-BW coating amended wWitb% Cys
significantly affected the visual quality of fresht eggplants (Table 2).
Uncoated samples were evaluated to be below the dinmarketability
by storage day 1, except for those stored in a iymssodified
atmosphere, which reached this limit by storage #affFig. 3). The
samples coated and stored under atmospheric comslit{Control)
reached the limit of marketability by storage dagt °C in accordance
with the highest WI for this treatment (Fig. 1).

MA packaging did not significantly improve the vauquality of
fresh-cut eggplantspg0.05). Among the different MAs conditions
tested, the coated samples stored under higlat@osphere reached a
commercial shelf life of 4 days, whereas thoseestamder passive and
low oxygen MA were below the limit of marketabilion storage day 3 at
5 °C. The visual quality deferred from the coloalgsis as the coated
and uncoated samples stored under superatmosgediions had the
highest WI values on storage day 6. These diffa®gmedicate that it is
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necessary to perform a visual analysis that corsidet only color, but
also the overall visual quality of samples to elsshlthe product’s shelf
life.

Treatments

LSD=0.60
Control-uncoated

Control-coated -

MA-P-uncoated A

MA-P-coated

MA-B-uncoated 1

MA-B-coated A

MA-A-uncoated

MA-A-coated A |

Time (days)

Fig. 3. Effect of a SPI-based edible coating amdnaigh 0.5% cysteine
and modified atmosphere (MA) packaging on the slifelfof the fresh-
cut ‘Telma’ eggplants stored at 5° C. Shelf-life swdefined as the
number of days to reach the limit of marketabilfMA-A: 15 kPa CQ +
5 kPa Q; MA-B: 80 kPa Q; MA-P: 21 kPa @+ 0.03 kPa Cg Control:
atmospheric conditions during storage.

3.1.4. Effect of MA packaging and SPI-based edddating on the
weight loss and firmness of fresh-cut eggplant

Table 3 shows the effect of the edible coating lei#d on the weight
loss of fresh-cut eggplants on storage days 1 anat & °C. The
application of the SPIl-based edible coating andkg@giag conditions
significantly affected the weight loss of fresh-ceggplants during
storage, and interaction between both factors wesereed (Table 2).
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The uncoated samples stored under superatmopdbDeriMA-B) and

low oxygen concentration (MA-A) conditions presehtthe greatest
weight loss among the different treatments testeth a weight loss of
4% after 8 days of storage. Nonetheless, no diffee were found
between the coated and uncoated samples stored thed€ontrol or
passive MA conditions. Several works have descritiesl beneficial
effect of edible coatings in reducing the weighssloof minimally

processed fruit and vegetables, related to theiridsato moisture
transfer. Thus, an SPIl-based coating has beenteeptw reduce the
moisture loss of carrots and apple slices (ShonHagle, 2007). In our
case, the application of the SPI-based coatingepted the significant
increase in weight loss observed in those samm@ekea under MA-A

and MA-B conditions, probably due to a decreaseespiration rate of
the samples (Fig. 1).

Table 3. Effect of soy protein isolate (SPI)-basstible coating and
modified atmosphere (MA) packaging on the weigh$slq%) and

firmness (N) of the fresh-cut eggplants stored afPCs results of
experiment 1.

Weidbss (%) Firmness (N)
Stgedime Storage time
Treatments 1 day 8 days 1 day 8 days
MA-A-coated 1.7¢+0.3b 2.0+0.7a 9.1+2.3abc 3#1.8a

MA-A-uncoated 2.7409c 4.1+1.0b 9.2+3.1 abc 6.62ab
MA-B-coated 0.9+0.3a 1.0+0.3a 11.0+2.1c .3%+2.1 bcd
MA-B-uncoated 43+1.0d 45+1.2b 10.243.2bc 9.0+2.6d
MA-P-coated 0.6x0.5a 1.0x0.5a 10.9+2.2 bc 6.6+2.9 abc
MA-P-uncoated 0.8+t0.3a 1.1+09a 8.9+2.4 ab 5.0+0.8 a
Control-coated 0.6£0.2a 1.3x09a 8.1+2.0a 7.4+2.7 bcd
Control-uncoated 0.8+0.5a 1.5+0.8 a 8.7+2.4 ab 8.4+3.6 cd
MeantSD (n=12). MA-A: 15 kPa COr 5 kPa @ MA-B: 80 kPa Q; MA-P:
21 kPa Q + 0.03 kPa Cg Control: atmospheric conditions during storage.
SPI-based coating amended with 0.5% cysteine. Essbefore cutting was
11.0t1.5 N.
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The firmness of fresh-cut eggplants diminished wsiibrage and was
significantly affected by the packaging conditidested, but not by the
edible coating application (Table 2). The effect afatings on the
firmness of fresh-cut commodities depends on mawyofs, such as
coating composition, storage conditions, commodityg, Eswaranandam
et al. (2006) reported that soy protein coatedhfi@d apples better
maintained firmness than uncoated samples, whe8fa®; and Haque
(2007) found that similar coatings had no effectlntextural quality of
several cut fruit and vegetables, such as appksots, potatoes and
onions.

At the end of storage, the samples packed in theedional (MA-
A) and passive (MA-P) atmospheres presented lowanéss than those
packed under superatmosphericddd the Control conditions. The effect
of the superatmospheric,@onditions to limit firmness loss has been
reported in other fruit and vegetables, as sliGdots, fresh-cut spinach,
iceberg lettuces, and melons (Amanatidou et alQ02May, 2001;
Allende et al., 2004; Oms Oliu et al., 2008a). Figss retention at high
O levels can be related with the lower activitiescefl wall hydrolitic
enzymes, as observed by Deng et al. (2005) in talees. The effect of
conventional MA packaging, with lowand high CQ on the firmness
of fresh-cut commodities depends on the specitii ir vegetable, and
also on gas composition (Toivonen and DeEll, 200Zhus an
atmosphere containing 0.5 kPa fas been found to prevent cut pears
from softening (Rosen and Kader, 1989), whereas®w<4 kPa) and
higher CQ (5, 10, 20 kPa) concentrations, either alone or in
combination, did not prevent softening in fresh-petars and bananas
(Gorny et al. 2002; Vilas Boas and Kader, 2006).

3.2 Second experiment

After considering the previous results, a secongesment was
designed which aimed to further extend the shdd bf fresh-cut
eggplants by increasing the Cys concentration fodbrto 1% in the SPI-
based edible coating in combination with Controlsaperatmospheric
MA packaging (MA-B) conditions.
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3.2.1. Effect of MA packaging and SPI-based edibtating on
headspace gas composition

Fig. 4 shows the changes in the headspace gas sdimpoof the
coated and uncoated fresh-cut eggplants packedr uaiteospheric
conditions (Control) or superatmospherig €nditions (MA-B) for 9
storage days at 5 °C. At the end of the storage,héadspace GO
concentration for the Control samples reached 1&®a, and the ©
level was maintained near the atmospheric conditiothe samples
packed in MA-B underwent a significant decreas®irand an increase
in the CQ concentrations during storage. Under this packimgdition,
the application of the SPI edible coating signifita lowered the
respiration rate, thus confirming the results fritra first experiment. At
the end of the storage period, the headspacecB@position was 10+1
kPa and 15+1 kPa for the coated and the uncoatedles, respectively.
Furthermore, the headspace €@mposition was 57+1 kPa and 48+1 kPa
for the coated and the uncoated samples, resplgctive

If compared to the first experiment, the increagethe Cys content
in the SPI coating from 0.5 to 1% lowered the negjon rate of the
samples, which resulted in lower g@nd Q concentrations in the
package headspace. Ayranci and Tunc (2003) reptitéechn increase in
ascorbic and citric acid concentrations in a met®Hllulose edible film
improved the oxygen barrier property of the filmoitdover, Oms Oliu et
al. (2008c) observed that the addition of N-acestieine and glutathione
to gellan, pectin, and alginate-based edible cgatireduced the O
exchange of pear wedges to a greater extent thasirfolar coatings
without antibrowning agents.
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Fig. 4. Carbon dioxide and oxygen concentrationsthie package
headspace of fresh-cut ‘Telma’ eggplants storedlifferent modified

atmospheres (MA) at 5 °C. Vertical bars represtartdard errors. MA-
B: 80 kPa @; Control: atmospheric conditions during storagalidsand

dashed lines represent the coated (SPI + 1% Cys)tlam uncoated
(water-dipped) samples, respectively.

252



Chapter 6

3.2.2. Effect of MA packaging and SPI-based edibkting on the color
of fresh-cut eggplants

The coated samples packed under atmospheric comsli{Control)
or at high @ concentrations (MA-B) had higher WI values thae th
uncoated ones (Fig. 5). No significant differenaese observed between
both packaging conditions, except for a sharp dimpthe uncoated
samples packed in MA-B after 9 storage days at.5 °C

When compared to the first experiment, the increas¢he Cys
content in the SPI edible coating reduced the eangnbrowning of
fresh-cut eggplants, which resulted in higher Wiluea at the end of
storage. Similar results have also been reporte@lbgelli et al. (2013)
after increasing the Cys concentration of aquecnlsitisns, which
reduced the enzymatic browning of fresh-cut eggplan

78 7 —4A— MA-B
T —@— Control
76 4 NG
\\

74 \\
5 ~
3 \i
£ 724 §\<§§\
()] —_— T -
& =2 —————e
< AN
L 70 N
<
= N

68 N

N
AN
66 \§
64 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
Time (days)

Fig. 5. Effect of SPI-based edible coating and riediatmosphere (MA)
packaging on the whiteness index (WI) of fresh-G@ima’ eggplants
stored at 5 °C. Vertical bars represent standamiserMA-B: 80 kPa @
Control: atmospheric conditions during storage.idlsahd dashed lines
represent the coated (SPI+1% Cys) and the uncaatater-dipped)
samples, respectively.
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3.2.3. Effect of MA packaging and SPI-based edib&ing on the visual
quality of fresh-cut eggplants

The samples with SPI-edible coating containing 196 @nd stored
under atmospheric (Control) and superatmospheric ocOnditions
achieved a commercial shelf life of 9 and 8 dagspectively. Whereas,
the uncoated samples were evaluated as not makkebgbl day of
storage (data not shown). These results confirnt wha observed in the
color analysis. An increase in the Cys concentnaftiom 0.5 to 1% helps
extend the commercial shelf life of eggplant pieitem 6 to 8-9 storage
days.

3.2.4. Effect of MA packaging and SPI-based edddating on the
weight loss and firmness of fresh-cut eggplants

Table 4 shows the effect of the SPI-based edikd¢irog with 1% Cys
and the packaging conditions on the weight lossfanuhess of fresh-cut
eggplants by storage days 3 and 9 at 5 °C. As wixden the first
experiment, the uncoated samples stored in supepatmric Q
presented the greatest weight loss, and no signifidifferences were
found for the remaining treatments.

Table 4. Effect of SPI-based edible coating and ifreatl atmosphere
packaging on the weight loss (%) and firmness (Nthe fresh-cut
eggplants stored at 5 °C: results of experiment 2.

Weidbss (%) Firmnek§ (
Stgegtime Storaigee
Treatments three days nine days three day nine days
MA-B-coated 0.9+0.6 a 1.4+09 a 8.1+2.3 a 6+x1.9 a

MA-B-uncoated 1.6+0.4Db 25+1.0b 9.8+26a 7.4+29a
Control-coated 0.5+0.2 a 1.1+0.7 a 8.743.0a 8.4+2.3 a
Control-uncoated 1.0+0.9 a 1.7+0.7 a 8.7t3.2 a 8.8+2.3 a

Mean+SD (n=12). MA-B: 80 kPa £ Control: atmospheric conditions
during storage. SPI-based coating amended with yi$teioe. Firmness
before cutting was 2.8 N.
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The firmness of the fresh-cut eggplants diminisiiesin a initial
value of 12.82.8 N to values which came close to 8 N after 9sday
storage, and were similar to those obtained irfiteeexperiment. These
values were not affected by the coating applicaborthe packaging
conditions.

4. CONCLUSION

The obtained results indicate that applying a Sf3kd edible coating
amended with 1% Cys can help control enzymatic hmogy and
maintains the visual quality of ‘Telma’ fresh-ciggplants for up to 8-9
days at 5 °C. Conventional MA packaging conditiflosv O, and high
C0O,) are not recommended for storage of fresh-cut leggp under the
studied conditions, since it induced damage oftibsue. Overall, the
SPI-Cys coating under air atmospheric conditiorwsviged the best and
cheapest approach for extending the shelf lifeedH-cut eggplant.
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Abstract

Persimmon fruit cv. Rojo Brillante can be marketsda fresh-cut
commodity after removal of the astringency by agilon of high levels
of CO,. However, the commercial success of the produdimsed
mainly by enzymatic browning. Therefore, the effetan edible coating
with antioxidant activity and modified atmospherackaging (MA) has
been investigated in this work. Persimmon piecesewdipped in a
coating composed by soy protein isolate, citridasid calcium chloride,
or in water as a control. Fruit samples were thackedin trays under
atmospheric conditions to reach a passive MA (MAeP)two gas
mixtures (MA-A: 15% CQ + 5% Q + 80% N; MA-B: 50% O, + 50%
Ny), sealed with polypropylene films and stored atGfor 10 days.
Atmospheric conditions were used as control coowgi by macro
perforating the polypropylene film. Changes in aspltere composition,
color (CIEL*a*b*), sensory analysis, texture, andtiaxidant capacity
were evaluated during storage. During storage, lbadspace gas
composition of the samples packed in MA-P and MAH®wed a sharp
increase in C@®and a decrease in,ONhile headspace gas composition
under atmospheric control conditions and MA-A wslightly modified
during storage. Coated samples had lower a* vathes uncoated
samples. Browning was further reduced when coatdpkes were
stored under MA-A. At the end of the 10 days ofage, these samples
were evaluated above the limit of marketability. wéwer, the MA-A
reduced the persimmon antioxidant activity. Paakggn the MA-B
damaged the tissue of the fruit, resulting in arelese in L* and an
increase in a* values. Persimmon firmness was ffettad either by
coating application or MA packaging. Coating apgiicn improved
persimmon visual quality without affecting fruit sta. The results
indicate that the combination of the MA-A with tkey protein-based
coating offers a synergic effect in reducing enziyenlarowning of fresh-
cut ‘Rojo Brillante’ persimmon, extending the conmmial shelf life.

Keywords: fresh-cut persimmons, enzymatic browning, soyteno
edible coating, antioxidant capacity, modified aspioere.
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INTRODUCION

Persimmons fruit cv. Rojo brillante is an astringeariety with
high production in the zone Ribera del Xuquer (Yala, Spain).
Application of high levels of C®has been shown to be effective in
removing astringency avoiding softening of thetf{dirnal and del Rio,
2003), which makes possible to market the fruit asfresh-cut
commodity. However, the commercial success is édhiimainly by
enzymatic browning and loss of firmness. The mapreach to inhibit
browning is the use of antibrowning agents, baseaitic or ascorbic
acid, and the use of modified atmosphere (MA) pagitica Recent works
have reported that ascorbic acid, citric acid agstein are effective
antioxidants in controlling enzymatic browning oésh-cut persimmon
cv. ‘Rojo Brillante’ (Pérez-Gago et al., 2009; Gdlid et al., 2013).
Furthermore, the use of calcium salts has beeneprtw preserve fresh-
cut tissue from softening, as well as to reduceymatic browning
especially when pH solution is low (Garcia and B#rr2002; Ghidelli et
al., 2013).

MA packaging with low @ concentrations and high GQevels
have been recommended for many fresh-cut prodsictse they reduce
respiration rate and slow down browning reactioNsvertheless, gas
mixtures consisting of 2 kPa,@nd 12 kPa C@showed little effect on
the shelf life of fresh-cut ‘Fuyu’ persimmons (Wmitgand Kader, 1997).
Some studies have also shown that the use of sopEspheric @
conditions (>40 kPa) may have a beneficial effecfresh-cut produces
by reducing enzymatic browning and preventing amtaierfermentation,
but as in conventional MA packaging their effeaaty depends on the
commodity, cultivar, physiological stage, storagaditions, etc. (Kader
and Ben-Yehoshua, 2000).

Another approach to further increase the shelf difefresh-cut
fruits is the use of edible coatings. Edible caggioffer the possibility to
extend the shelf life of fresh-cut produces by ptmg a semipermeable
barrier to gases and water vapour, and therefedycing respiration,
enzymatic browning, and water loss (Baldwin et d1995). Their
protective function may also be enhanced with traditeon of
antimicrobials, antioxidants, flavors, nutriengg¢c. The development of
edible films and coatings has been focused uponebsrcontaining
proteins, polysaccharides, and lipids. Among prseisoy protein
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coatings present a high oxygen barrier and have be& to preserve
freshness of apple slices (Kinzel, 1992). Howewnerworks have been
published with soy protein-based coatings to cémnaymatic browning
of fresh-cut persimmons. Furthermore, the incorfamaof antioxidants
to soy protein coatings in combination with MA pagkhg may enhance
their protective function. Therefore, the aim astivork was to study the
effect of a soy protein edible coating containimtgic acid and calcium
chloride in combination with MA packaging, includisuperatmospheric
O, conditions, to control enzymatic browning of fresit ‘Rojo
Brillante’ persimmon.

MATERIAL AND METHODS
Materials

Soy protein isolate (SPI) (SUPRO 760 IP) was sepply Solae
(leper, Belgium). Food-grade glycerol was from RarQuimica, S.A.
(Barcelona, Spain). Citric acid was from Quimiv{@arcelona, Spain)
and calcium chloride from Sigma-Aldrich (St. LouQ, USA).

Coating formulation
To prepare the coating, an aqueous solution of %) (soy

protein isolate (SPI) was prepared and denature@@aminutes in a 90
°C water bath. Glycerol was used as plasticizee pitotein plasticizer
ratio was 2 parts SPI to 1 part glycerol (dry bas@itric acid and
calcium chloride were incorporated to the solutatra concentration of
1% and 0.3% (w/w, wet basis), respectively. Wates added to bring
the emulsion to 7.5% (w/v) total solid content.

Preparation of persimmons

‘Rojo Brillante’ persimmons were provided by the dperative
‘Nuestra Sefora de Oreto’ in I'Alcudia (Valencighat). Astringency
was removed by maintaining the fruit at 20 °C ioseld containers with
95% CQ levels for 24 hours. After removal from the con&s) the fruit
was stored in air at 10 °C for 1 day until procegsiThe persimmons
were cleaned, peeled, and cut into rectangulaepiéapproximately 5.5
cm x 3.5 cmx 1.5 cm), using a sharp stainless-steel knife thuce
mechanical bruising. A maximum of 20 persimmonsemagrocessed at
the same time to minimize excessive exposure tgenxyand the whole
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process was carried out in a temperature-contraibexn at 10+1 °C
under suitable hygienic conditions.

Application of the SPl-based edible coating and mafied
atmosphere packaging

Persimmon pieces were dipped in the coating seiuioin water
solution, as a control, for 3 minutes. After dramiand drying under cold
conditions, 4 pieces (115 g) were placed in polypropylene trays and
heat-sealed with the 35 um P-Plus polypropylema {85 PA 200) that
had an @ transmission rate of 1,100 &ém” day*, CO, transmission rate
of 30,000 cl m? day' at 25 °C and 0% RH, and moisture vapor
transmission rate of 0.9 g“hday* (Amcor Flexibles, Barcelona, Spain).
MA conditions were obtained by flushing the trayifviwo gas mixtures
(MA-A: 15 kPa CQ + 5 kPa Q + 80 kPa N, MA-B: 50 kPa Q + 50 kPa
N>) or by storage in atmospheric conditions with shene film to reach a
passive MA (MA-P). For the control, the film wasrfoeated with a
needle (4 perforations of 1 mm in diameter) to emsthat the gas
composition within the package remained near antbierygen
concentration (Control). Thermosealing was doneamnULMA-Smart
300 packing machine (Onati, Spain). All the samplese stored for 10
days at 5 °C for quality evaluation.

Headspace gas analysis

Changes in the headspace gas composition, @@ Q) of the
package were measured with a gas chromatographnidheinnigan GC
2000, Italy) equipped with a thermal conductivitgtector as described
by Ghidelli et al. (2013). An amount of 1 ml froimetpackage headspace
was withdrawn through an adhesive rubber septunasMiements were
made in 5 trays per treatment during storage.

Firmness

Persimmons firmness was determined on 12 piecesgmment
by measuring the force required for an 8 mm prabeénetrate the
sample to a depth of 2 mm at a speed of 5 mm/sgusm Instron
Universal Machine (model 3343, USA).
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Color measurement

Color measurements were made periodically with andita
(Model CR-300, Ramsey, NY, USA.) on 12 persimmoecps per
treatment using the CIE L* a* b* color space. Eaobhasurement was
taken at 3 locations for each sample piece.

Sensory analysis

The sensory analysis of the samples included aavisnd taste
evaluation. For the visual test, each treatment egated, presented in
random order and the judges had to rank them filmnhighest to the
lowest degree of browning. Additionally, the gemernaual appearance
of each treatment was evaluated based on the folipwcale: 9 =
excellent, just sliced; 7 = very good; 5 = goonhitiof marketability; 3 =
fair, limit of usability; and 1 = poor, inedible @y et al., 2002). A
color photograph of sample rated with this scals wsed by judges to
score the samples.

To evaluate the effect of the SPI-based edibleimgand MA
packaging on taste of fresh-cut ‘Rojo Brillante’rgeamons, two tests
were conducted, which included a triangle test anddescriptive
guantitative analysis. The triangle test was pentat to detect if
panelists could be able to differentiate betweeatem and uncoated
samples (ISO 4120:2004). This test was chosen alotvs one to
distinguish between samples without having to dpetlie sensory
characteristics that differ and it is also bettdr detecting small
differences that are intensity ratings (Lawless atelymann, 1998;
Radovich et al., 2004). In each triad, the parelsimpared between
coated and uncoated samples that were packed atmdespheric control
conditions (Control). The triangle test was repeadteice by the judges
to improve the test power. The coated samples werpared one day
before and keep at 5 °C until running the testueng the complete
drying of the coating before each session. Uncoaaehples were
prepared 3 hours before running the test. Undesethgreparation
conditions samples could not be differentiated bloic The sensory
panel consisted of 20 and 17 judges for the finst hhe second session,
respectively. Panelist seated at partitioned boeatbse presented with
three samples simultaneously, one different from ¢thher two. The
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presentation order of treatment comparisons wasteotalanced across
panelists.

In the second sensory test, the panelist evalubhtedffect of coating
application and MA packaging conditions in off-ftag, characteristic
flavor, firmness, and overall quality of fresh-@drsimmons at day 0, 3,
and 6 of storage at 5 °C. Off-flavors and charastterflavor were rated
on a 4 point scale, where 0 = no presence and 3arked presence.
Firmness was rated in a 5 point scale, where 1ryg s@ft and 5 = very
firm. Overall quality was rated on a 9 point scalehere 1 to 3
represented a range of poor quality, 4 to 6 reptedea range of
acceptable quality, and 7 to 9 represented a rahgxcellent quality.
Two persimmon pieces per treatment were preserdefidges in a
random order, labeled with three-digit codes andvesk at room
temperature (20£1 °C). The sensory panel consisfe®0 trained
members (ISO 4121:2003).

In both tests, to avoid discrimination due to tlor, panelists were
provided with glasses made with red and blue traresy paper and the
booths were also illuminated with appropriate Iggtd completely mask
browning. Spring water was used for palate cleanbetween samples
(ISO 6685:2005).

Antioxidant capacity

The antioxidant capacity of fresh-cut ‘Rojo Briltah persimmons
was evaluated by determining the free radical suging effect of the
samples on 2,2-diphenyl-1-picrylhydrazyl (DPPHadical. Extraction
was performed following the method of Chen, et(2008) with minor
modifications. Briefly, 2 g of frozen sample (-80)%as mixed with 30
ml of 80 ml/100 ml methanolic solution to be theantogenized at
20,000 rpm for 2 min (Ultraturrax, IKA, Germanyllbwed by boiling
in a water bath for 20 min to inactivate the PP@eAthe extraction of
the homogenate with an ultrasonic machine for 15 rat room
temperature, the homogenate was centrifuged adQQ@m for 20 min
and at 5 °C. The resultant supernatant was thterefil and a second
extraction was done. The two supernatants were aseithe extract to
analyze the antioxidant capacity.

For the measurement, 48 of extract was added into 224 of
DPPH (24 ppm) to start the reaction and stored in thek it room
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temperature for 20 min. Change in absorbance wasuned at 520 nm
using a multiplate reader (Multiskan Spectrum, TieFisher Scientific,
Finland). The DPPHradical scavenging activity was expressed as
effective concentration (Eg), being the amount of fresh-cut persimmon
required to lower the initial DPPHoncentration by 50% (g/g DPRH
thus lower EGp values mean higher antioxidant capacity.

Statistical analysis

Statistical analysis was performed using STATGRAPSII4.1
(Manugistics, Inc., Rockville, Maryland, U.S.A.)pé&ific differences
between means were determined by least signifidéférence (LSD)
after the analysis of variance (ANOVA). Significadtfferences for
visual browning were determined by the Friedmant, teghich is
recommended with ranking (ISO 8587:2006). The $igpmt effect on
the triangle test sensory test was obtained froenotie tailed binomial
test (ISO 4120:2004). Statistical analysis on sengaste data was
performed using Fizz-Biosystemes software (Couteméinance).
Significant differences were definedt0.05.

RESULTS AND DISCUSSION
Changes in the headspace gas composition

Figure 1 shows the £and CQ concentrations in the package
headspace of fresh-cut ‘Rojo Brillante’ persimmaurinlg storage at 5
°C. For technical reasons, the MA-B (50 kPa gf Was not achieved in
coated samples. The initial headspacec@ncentrations for coated and
uncoated samples packed in MA-B were 30 kPa andPa) respectively.
After 10 days of storage, the @Q@oncentration of cut persimmons
packed under this MA increased to 6 kPa and 8 kithtle Q level
decreased to 20 kPa and 35 kPa for coated and tedcdeesh-cut
persimmons, respectively.

The samples packed in MA-A (15 kPa £@ 5 kPa Q)
maintained the gas composition in the package Ipaadsvery close to
initial values; thus, at the end of the 10 daysagje period the CQ{and
O, concentrations were around 13 kPa and 2 kPa, aesplg. This
result indicates that there was an equilibrium leetw the film
permeability and the ©consumption and CQOproduction of the fresh-
cut persimmons.
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LSD=1.3

60 ~

50 4 T

40

0, (kPa)

MA-A
MA-B
MA-P
Control
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Fig. 1. Carbon dioxide and oxygen concentration tie package
headspace of coated and uncoated fresh-cut ‘Raojlai@e’ persimmon
stored in different modified atmospheres (MA) &G MA-A: 15 kPa
CO, + 5 kPa @, MA-B: 50 kPa Q; MA-P: 21 kPa @ + 0.03 kPa CQ

Control: atmospheric conditions during storage.idsahd dashed lines
represent coated and uncoated samples, respecti&ily values are at

the 95% level.
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The headspace gas composition of the samples paokeer
atmospheric control conditions (Control) was mamgd at 21 kPa ©
and <1 kPa C@during storage, confirming the no modificationtbé
atmosphere in the trays. Whereas, the headspaasgtiere in MA-P
conditions showed a sharp increase in,Cahd a decrease in,0O
concentrations as a consequence of persimmon aéepirand the
permeability characteristics of the polypropylenlenfthat hinder gas
exchange with the outside atmosphere. Under thikgapng condition,
coated samples consumed the & the headspace more rapidly than
uncoated samples, reaching also higher levels of @Bich indicates a
higher respiration rate than uncoated fresh-cusipgnon. Oms-Oliu, et
al. (2008) also described that uncoated melon éekiba lower
modification in internal atmosphere than those gsemoated with gellan-
, pectin- or alginate-based formulations at the @rgtorage.

Color changes on fresh-cut persimmon

Figures 2 and 3 show the effect of the SPI-basatirgpand the
MAs packaging conditions on color a* and L* valudsfresh-cut ‘Rojo
Brillante’ persimmon. Increased enzymatic browniofy persimmon
pieces during storage was accompanied by an irergasa* and a
decrease in L*. All the treatments presented apsdacrease in L* and
an increase in a* after 1 day of storage, whileugalwere maintained
fairly constant afterwards, except for uncoatedsipe@mons stored under
MA-B that showed a progressive decreased in L* ealuring storage.
In general, coated samples had lower a* and higtevalues than
uncoated samples, indicating that the SPI-citried acoating was
effective in controlling enzymatic browning of fresut ‘Rojo Brillante’
persimmon.

The MA-A was the most effective atmosphere in réuyc
enzymatic browning of persimmon slices. Under thi8 packaging
condition, little or no differences were found irf kalues between
coated and uncoated samples, while a* values wererlfor coated than
for uncoated samples. Pérez-Gago et al. (2006)rtexpdhat a whey
protein-based coating containing ascorbic acid wase effective at
reducing enzymatic browning of fresh-cut ‘Rojo Bilte’ persimmons
than the antioxidant aqueous solution.
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LSD=0.88 —a— MA-A —a— MA-B

72 1 —eo— MA-P —X— Control

L*

58

Time (days)

Fig. 2. Effect of a soy protein-based edible caatiind modified
atmosphere (MA) packaging on lightness (L*) of freut ‘Rojo
Brillante’ persimmon during storage at 5 °C. MA¥ kPa CQ + 5 kPa
O, MA-B: 50 kPa Q; MA-P: 21 kPa @ + 0.03 kPa Cg Control:
atmospheric conditions during storage. Solid anshdd lines represent
coated and uncoated samples, respectively. LSDevaluat the 95%
level.

The MA-B was the least effective in controlling gmmatic
browning of fresh-cut persimmons. Browning was icelll in uncoated
samples packed under MA-B compared to atmospheoatrd
conditions, showing the lowest L* and the highest values. The
application of the SPI-based coating increased hd aecreased a*
values of fresh-cut persimmons packed under MA-fs Tould be due
to the effect of the coating to control enzymatiovning and/or to the
lower CQ, and Q concentration reached in the package headspace for
coated samples compared to uncoated ones (Figoh)e works have
reported the positive effect of high,Gtmospheres in controlling
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enzymatic browning of fresh-cut products, such &om (Oms-Oliu et
al., 2008) and lettuce (Escalona et al., 2006). ddmbination of high @
atmospheres and citric acid has also been effetiveduce enzymatic
browning of minimally processed potatoes (Limbo dPi@rgiovanni,
2006). However, in other products, such as peafresh-cut mango,
exposure to high £atmospheres induced browning of the tissue (Gorny
et al., 2002; Poubol and Izumi, 2005).

—a— MA-A —a— MA-B

LSD=0.39
8 - —e— MA-P —x%— Control

Time (days)

Fig. 3. Effect of a soy protein-based edible captend modified
atmosphere (MA) packaging on a* values of fresh‘Bdjo Brillante’
persimmon during storage at 5 °C. MA-A: 15 kPa,G® kPa @, MA-

B: 50 kPa @ MA-P: 21 kPa @ + 0.03 kPa Cg Control atmospheric
conditions during storage. Solid and dashed limgsesent coated and
uncoated samples, respectively. LSD value is a9 level.

Uncoated persimmon pieces packed under passive figtbdi
atmosphere (MA-P) also showed enzymatic brownirth vawer L* and
higher a* values than samples packed in atmospleritrol conditions
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(Control). These results might indicate that fresh-‘Rojo Brillante’
persimmons are damaged by high Q® kPa) and/or low @levels (15
kPa). As observed in samples packed in MA-B, thgliegition of the
coating slightly reduced tissue browning, showinghbr L* and lower
a* values than uncoated samples under similargtoranditions.

Fruit firmness

Firmness o the samples decreased from 25+4.0 NayatOdof
storage to 12+4.2 N at the end of the storage. iButas not affected by
the coating application or the MA packaging cormuaii (data not shown).

The effect of conventional MA packaging with low énd high CQ

in fresh-cut commodities seems to depend on theifgpdruit or
vegetable and the gas composition (Toivonen andllD&B02). For
example, an atmosphere containing 0.5 kBaw@s found to prevent
softening of cut pears (Rosen and Kader, 1989);redw low Q (< 4
kPa) and higher CO(5, 10, 20 kPa) concentrations did not prevent
softening in fresh-cut pear and banana (Gorny 20@P, Vilas Boas and
Kader, 2006). Similarly, the use of high @vels has been reported to
have a positive effect at maintaining firmness lioesl carrot, fresh-cut
spinach, iceberg lettuce and melon (Amanatidou.e2G00; Day 2001,
Allende et al. 2004; Oms Oliu et al., 2008); whereslnowed not effect in
other fresh-cut products, such as mango (Poubolzamai, 2005).

Firmness loss can also be prevented with the useddile
coatings. However, its effectiveness depends onynf@actors, such as
coating composition, storage conditions, commodity, For example,
Eswaranandam et al. (2006) reported that the fissioé fresh-cut apple
coated with a soy protein-base edible coating wgken than uncoated
samples. Whereas, Shon and Haque (2007) founcelimgmary studies
no effect of similar coatings in texture of sevecalt vegetables and
fruits, such as apples, carrots, potatoes, andenio

Sensory quality

Browning of fresh-cut persimmons was also assedsgda
sensory panel with the objective of comparing # ttolor differences
observed instrumentally could be observed visudlhe visual quality of
the persimmon slices, based on color and genepalaapgnce, is shown in
Fig. 4.
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—a— MA-A —a— MA-B
LSD=0.62
9- —e— MA-P —x¥— Control

Visual qualit
()]

Time (days)

Fig. 4. Effect of a soy protein-based edible caatend modified
atmosphere (MA) packaging conditions on visual uadf fresh-cut
‘Rojo Brillante’ persimmon during storage at 5 MA-A: 15 kPa CQ +

5 kPa Q; MA-B: 50 kPa Q; MA-P: 21 kPa @+ 0.03 kPa Cg Control:
atmospheric conditions during storage. Solid anghdd lines represent
coated and uncoated samples, respectively. LSDevaluat the 95%
level.

Independently of the packaging conditions, uncoatadples
were evaluated below the limit of marketability gy 1 of storage;
whereas, all the coated samples were still aboielithit by day 3 of
storage. Coated fresh-cut ‘Rojo Brillante’ persinmaopacked under
MA-A reached the maximum commercial shelf life, lwia limit of
marketability of 8-10 days of storage at 5 °C. Ehessults were
confirmed in the ranking test based on the degréeawvning (Fig. 5). In
general, coated samples were classified with lodegree of browning
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than uncoated samples. After 10 days of storadge®@}, coated samples
packed in MA-A and MA-B were ranked with the lowedtgree of
browning; whereas, uncoated samples packed in M#eR ranked with
the highest degree of browning. These results lewed with the color
data (Figs. 2 and 3).

B MA-A-coated
B MA-A-uncoated
S MA-B-coated

m MA-B-uncoated
B MA-P-coated

B MA-P-uncoated
Control-coated

Browning rank

Control-uncoated

1 6 10
Time (days)

Fig. 5. Effect of a soy protein-based edible caatend modified
atmosphere (MA) packaging conditions on the degreérowning of
fresh-cut ‘Rojo Brillante’ persimmon during storage5 °C. MA-A: 15
kPa CQ + 5 kPa @; MA-B: 50 kPa Q; MA-P: 21 kPa @ + 0.03 kPa
COy; Control: atmospheric conditions during storagedgés ranked the
persimmon pieces from 8 (highest browning) to Wést browning) and
were allowed to group those treatments that weresidered similar.
Means values with the same letter are not sigmiflgalifferent £<0.05).
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To determine if panelists could detect the ediblating a triangle
test was performed between coated and uncoatedlesanie triangle
test was repeated in two sessions to improve tgep(Dacremont and
Sauvageot, 1997). Table 1 shows the number of comesponses
identifying the odd sample in both triangle te3tse results showed that
panelists were able to differentiate between coatetluncoated samples
(p<0.01). This could be because the SPI providedstindtive flavor to
persimmon slices or to the presence of citric acithe formulation. In
this sense, some members of the panel indicatdéeratices in acidity
between samples. Therefore, it may be useful tougeta similar
experiment comparing coated samples versus santybged in the
antioxidant aqueous solution to identify if diffaces were due to the soy
protein flavor or the citric acid.

Table 1. Number of correct responses identifying tidd persimmon
slice sample in the triangle test: Comparison betwsamples dipped in
the soy protein-based edible coating (coated) ardpkes dipped in
water (uncoated).

Comparison Session 1 Session 2

Coated vs. Uncoated 14/20*** 13/17***

*** Indicates that the differences are sigant at 0.1% level.

The sensory quality attributes of ‘Rojo Brillantpersimmons
were evaluated before processing and after 3 amialy§ of storage at 5
°C (Tables 2 and 3). Before processing, fresh pensins were evaluated
as very firm, without off-flavor, with a moderateharacteristic flavor to
persimmon’ and very good overall quality (Table 2).
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Table 2. Sensory evaluation of fresh ‘Rojo Brileimbersimmons before
processing.

Taste attributes Values
Off flavor 0.0+0.0
Characteristic flavor 2.3+0.8
Firmness 3.9+0.4
Overall quality 7.3+0.9

Off-flavors and characteristic flavor rated from(8o presence) to 3
(marked presence). Firmness rated from 1 (very) $of6 (very firm).
Overall quality rated from 1 (very poor) to 9 (ekert).

After processing and storage at 5 °C, the sampéestained their
characteristic flavor as moderate, the firmnessedsed, as well as the
overall quality of the samples. In any case theliegion of the SPI-
based coating or the different packaging conditiadsiced off flavors to
the samples. Although some significant differenaese found among
treatments after 3 days of storage in characterfivor, firmness and

overall quality, differences disappeared after g§sdaf storage at 5 °C
(Table 3).

Table 3. Effect of a SPI-based edible coating amdlifirtd atmosphere
(MA) packaging conditions on sensory quality atitds of fresh-cut
‘Rojo Brillante’ persimmon after 3 and 6 days adrsige at 5 °C.

Off flavor Characteristic Firmness Overall quality
Treatments flavor
3d 6d 3d 6d 3d 6d 3d 6d

MA-A-coated 0.3a 04a 1l1l4c 15a 3.1abc 26a 56¢c 52a
MA-A-uncoated 0l1a 0.l1a 18abc 15a 35a 3.1a 6.3abc 5.7a
MA-B-coated 0.3a 02a 17bc 14a 30bc 25a 6.0bc b5.2a
MA-B-uncoated 0la 02a 2lab 16a 35a 2.7a 6.6ab 55a
MA-P-coated 0.2a 02a 17c 1.8a 28¢ 3.0a 55¢ 5.7a

MA-P-uncoated 0.2a 0.l1a 21l1a 1.8a 35ab 3.2a 6.6ab 6.1a
Control-coated 0.4a 04a 1l6abc 1l.7a 27c 2.8a 56¢c 55a
Control-uncoated 0.1a 0.2a 22ab 21la 34ab 29a 7.0a 6.1a

SPI = soy protein isolate. MA-A (15 kPa ¢€® 5 kPa Q); MA-B (50

kPa Q); MA-P (21 kPa @ + 0.03 kPa Cg); Control (atmospheric
conditions during storage). Off-flavors and chagastic flavor rated
from O (no presence) to 3 (marked presence). Fissireted from 1 (very

soft) to 5 (very firm). Overall quality rated froh (very poor) to 9
(excellent).
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These results indicate that, although the judges akle to detect
the coating (Table 1), these treatments do notciffegatively the
sensory quality of the fresh-cut ‘Rojo Brillantengimmon.

Antioxidant capacity

Fig. 6 shows the total antioxidant capacity of fresit ‘Rojo
Brillante’ persimmon measured at day O (at harvast) 6 of storage at 5
°C. The lowest antioxidant capacity was observedamples packed
under MA-A (low O2 and high CfQlevels), showing a decrease around
50% compared to the initial value. Whereas, peromslices packed in
atmospheric conditions (Control) and passive MA @A maintained
the antioxidant capacity after 6 days of storage t.

There is scarce information related with the antiart capacity
of fresh and minimally processed persimmon. Chenalet (2008)
determined the antioxidant capacity of ‘Mopan’ prrson showing
higher values than those obtained in our work wWRlejo Brillante’
persimmon. De Ancos et al. (2000) also reportechdrigantioxidant
capacity values than those determined in our wark ffesh ‘Rojo
Brillante’ persimmon. Nevertheless, the values ioleih by De Ancos et
al. (2000) corresponded to astringent fruits. Thpliaation of high CQ
concentrations to remove the astringency provakesnsolubilization of
the tannins, which might have caused a decreasehef antioxidant
capacity of the product.

Several works have described that the applicatiohigh CG
concentrations (Testoni, 2002; Wright and Kade©Q7)%nd operations
as peeling and cutting of fruits and vegetables (hed Kader, 2000)
might provoke the degradation of antioxidant compumsu like
polyphenols and vitamin C during the first hourscofd storage. In our
case, the use of active MA packaging with lowand high CQ levels
negatively affected the total antioxidant capacdf the samples;
whereas, passive MA packaging and atmospheric tondiwhere the
best packaging conditions. The application of tRé-Isased coating did
not affect the total antioxidant capacity of thenpées, except for those
packed in MA-A. However, more studies are needednderstand the
effect of edible coatings and MA packaging on théoxidant capacity
of fresh-cut ‘Rojo Brillante’ persimmon.
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300

200+

100+
0

At harvest MA-A MA-B MA-P Control

Atmosphere conditions

Fig. 6. Effect of a soy protein-based coating anstlifred atmosphere
(MA) packaging conditions on the antioxidant capa¢ECs,) of fresh-

cut ‘Rojo Brillante’ persimmon after 6 days of sige at 5 °C. Vertical
bars represent standard deviatidillll,coated;— uncoated. MA-A:

15 kPa CQ+ 5 kPa @; MA-B: 50 kPa Q; MA-P: 21 kPa @+ 0.03 kPa
COy; Control: atmospheric conditions during storage.

CONCLUSION

The combination of the SPI-based coating with ttievea MA-A
packaging (15 kPa GO+ 5 kPa Q) showed a synergic effect in
controlling tissue browning of fresh-cut ‘Rojo Baihte’ persimmon,
maintaining the general visual quality above thatliof marketability up
to 8-10 days of storage at 5 °C. However, this @giclg condition
reduced the total antioxidant capacity of freshqgatsimmons after 6
days of storage at 5 °C. On the contrary, the egipdn of high @
atmospheres (>30-50 kPa) is not recommended fairperons slices,
since it induced tissue browning. Although the sepganel was able to
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discriminate between coated and uncoated sampkespplication of the
SPI-based coating did not affect negatively theral/guality of fresh-
cut persimmon, which makes this coating a potefrttment to extend
the commercial shelf life of minimally processedoj® Brillante’
persimmon.
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General discussion

1. Effect of antioxidants in controlling enzymatic browning of
minimally processed artichoke, eggplant and persimon

The general objective of the present doctoral Ehesis to develop soy
protein-based edible coatings with antioxidant \atgti to control
enzymatic browning of fresh-cut ‘Blanca de Tudedgtichoke, ‘Telma’
eggplant, and ‘Rojo Brillante’ persimmon and todstuhe combined
effect of selected edible coatings and modified csjphere packaging
conditions on the quality and shelf life of theseducts, which are
characterized by a relatively short shelf life dioea rapid onset of
enzymatic browning.

Firstly, a wide range of antioxidant agents witffedent mechanism
of action were studied in extracts and precipitateselected fruit and
vegetables as pre-screening to determine the paltezifect of the
antioxidants to control enzymatic browning of fresh fruits and
vegetablesif vitro studies) (Amiot et al., 1992; Eissa et al., 2086as
et al., 2008; Chiabrando and Giacalone, 2012). diteoxidants tested
included acidulants as citric and peracetic acid,(é@hd PA), reducing
agents as cysteine (Cys) and ascorbic acid (AAklating and
complexing agents as hexametaphosphate (HMP) aradextrin (CD),
or enzymatic inhibitors as 4-hexylresorcinol (Hgxyhnd calcium
chloride (CaGlJ). An initial concentration of 10 mM was tested &rthe
antioxidants and the concentrations were eithereased or decreased
depending on absorbance and reflectance measurerobtdined for
each antioxidant, as a value of soluble and inselbtown pigments.

AA is probably the most widely used antibrowningeag and in
addition to its reducing properties, it also slightwers pH (Garcia and
Barrett, 2002). Inin vitro studies, AA was effective at controlling
enzymatic browning on extracts and pellets of hdike, eggplant, and
persimmon at concentrations of 10, 20, and 25 m&kpectively,
showing the potential of this antioxidant for thesenmodities.

Cys at 10 mM completely inhibited soluble and inbdd brown
pigments of eggplant. The application of a lowencantration (1 mM
Cys) also reduced soluble and insoluble brown prgmef the extract
and precipitate, that were evaluated by the judgeslightly browned,
showing the potential of this antioxidant to cohtsmwning of fresh-cut
eggplants. In artichoke a higher concentration g6 €60 mM) was
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required to control browning of the extract andcppiate; whereas in
persimmon extracts and precipitates, Cys was Hettafe even at the
highest concentrations tested (50-75 mM), sugggstthat this

antioxidant is not appropriated to control enzymdtiowning of ‘Rojo

Brillante’ persimmon. Contrary to this finding, ethworks have shown
that thiol containing compounds such as Cys andalbisilfite were

effective in inhibiting persimmon polyphenol oxi@éagPPO) activity
(NUfiez-Delicado et al., 2003; Ozen et al., 2004)weler, the activity of
thiol compounds was only significant in the pregent 1 mM sodium
dodecyl sulfate (Nufiez-Delicado et al., 2003).

The use of chemicals such as CA and PA to loweptbduct pH of
the product below the optimum for PPO activity lsoaa normal practice
in fresh-cut fruits and vegetables. In this The€i$y at 10 mM was
effective at controlling browning in persimmon exdts and precipitates;
whereas, a higher concentration of CA (50 mM) wesded to prevent
browning on artichoke and eggplant extract andipitate. A reduction
of pH below 4 could be the reason for the complaitéoition of soluble
and insoluble brown pigments of persimmon at 10 @& However,
the results suggested a higher stability of the RRQ@rtichoke and
eggplant, since even at pHs values below the optirfar PPO activity
brown pigments were not completely inhibited by &gplication.

On the other hand, the use of PA was only effectehigh
concentration (50 mM) in the extract and precipitaif eggplant.
Whereas, PA was not effective at controlling bravgnior artichoke and
persimmon at the higher concentrations tested, ¢vengh pHs were
below the optimum PPOs activity. This is supporsdseveral works
that describe variations in the effect of differastds on PPO (Almeida
and Nogueira, 1995; Garcia and Barrett, 2002; Tmdaal., 2011).

4-Hexyl is one of the antioxidants that has beestideed as having
the highest potential for application to fresh-pubduces. In eggplant
and persimmon extracts and precipitates, HexylamnM was effective
to inhibit soluble and insoluble brown pigments.isTtantioxidant,
although prevented the formation of brown pigmeantshe precipitate
and extract of artichoke, provoked a sharp pinkilor in the precipitate
and a translucent appearance in the extract. Nmless, a concentration
of 50 mM was considered effective by the judgesoatrolling browning
of the extract and precipitate.
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Although CaCl is usually used for tissue firming, it has been
demonstrated that the chloride ion can act as lsibitor of PPO activity
(McEvily et al., 1992). In than vitro study, CaCGl at 10 Mm was
effective at preventing the formation of browninggrpents both in
persimmon extracts and precipitates; whereas it maiseffective for
artichoke and eggplant even at the highest coratgrts tested.

The other antioxidants tested (CD and HMP) wereefffgictive even
at concentrations of 50-75 mM. Since an increagbarconcentration of
these antioxidants from 10 mM to 75 mM did not shavsignificant
improvement at controlling brown pigments in thetrast and
precipitate, higher concentrations were not studied

The most effective antioxidant type and concerdretiinin vitro
studies were selected to be tested in fresh-csudisof artichoke,
eggplant and persimmorin(vivo studies). Considering the differences
between the nature of the samplesinnvitro andin vivo studies (i.e.
ground versus fresh-cut tissue), these concemsatiovere -either
increased (2.5 and 5 times those concentrationdg¢aneased, depending
on the antioxidant, to values close to those repoin the bibliography
for other fresh-cut commodities.

Although antioxidants reduced enzymatic browning fiish-cut
‘Blanca de Tudela’ artichokescompared to non-treated samples, shelf
life was still low compared to fresh-cut eggplaatsd persimmons. In
extracts and precipitates, AA, Cys and Hexyl wdre iost effective
antioxidants preventing browning. However, in fresh tissue only Cys
at concentrations above 0.5% significantly extensleelf life till 4 days
of storage at 5 °C. However, Cys treatments alsoltexl in an increase
in b* values (yellowness), that increased as Cygentration increased.
Similarly to our results, yellowness was also obsdrby Amodio et al.
(2011) in fresh-cut ‘Catania’ artichoke as Cys eomt increased,
indicating the formation of some color compounds ragh Cys
concentration. According to Cavallini et al. (1969 addition of excess
Cys to an alkaline Cusolutionresulted in the appearance of a yellow
compound identified with a Cys-copper complex. Gadesng that
artichoke is a vegetable with a significant coppentent (United States
Department of Agriculture, 2011), the addition ofighh Cys
concentrations could be a reason for the formabbrthese yellow
compound.
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Application of AA in a concentration range of 0.%s2and Hexyl at
0.002 and 0.005% induced browning. These resultsfrash-cut
artichokes contrast with those found in the exirattere AA and Hexyl
were effective at reducing soluble and insolublewsring products at
different concentrations. These differences mighdbe to the effect of
the antioxidants not only in browning reactionst &lso in the metabolic
activity and cell wall changes during wound indua&gctions. Our
results in fresh-cut ‘Blanca de Tudela’ artichoke eonfirmed by works
that have also reported higher browning in minignapirocessed
artichokes treated with AA (Palma et al., 2004; Alncet al., 2011) and
Hexyl (Amodio et al., 2011) compared to untreatedmgles.
Furthermore, Todaro et al. (2010) observed thatdéjng on artichoke
cultivar, PPO activity could be stimulated at hA&gh concentrations.

In fresh-cut eggplant only Cys resulted effective at controlling
browningin vitro andin vivo, whereas, Hexyl was only effective vitro
and induced browning in fresh-cut tissue. Similathye application of
AA, CA, and PA at the concentrations tested alsolted in an increase
in tissue browning compared to untreated sampldse Mmhaximum
commercial shelf-life for fresh-cut eggplant wad&ys of storage at 5 °C
when Cys was applied at concentration of 1%. Dipping eggplants in
high concentrations of AA (>0.88%) and other low-pblutions such as
CA and PA is not recommended as it increased bmoyvrA similar
behavior was observed in fresh-cut ‘Blanca de Taid®tichokes, which
has been attributed by other authors to a posskitiative damage of the
tissue with cell disruption and decompartmentailma(Jiang et al. 2004;
Larrigaudiére et al. 2008).

Contrary to the results observed in fresh-cut olkes and eggplants,
AA and CA were the most effective antioxidants educing enzymatic
browning offresh-cut ‘Rojo Brillante’ persimmon, reaching the limit
of marketability in the range of 5-7 days. In pautar, concentrations of
1.12% AA and 0.21% CA seemed to be the most effedti controlling
enzymatic browning. Nevertheless, an increase in AA CA
concentrations to 2.25% or 1.0% slightly decreadigihtness of
persimmon tissue. Cagfhlso contributed to extend the shelf life of
persimmon pieces, however its effectiveness wasrdman AA and CA.

As observed with artichoke and eggplant, Hexyl whse least
effective antioxidant for fresh-cut persimmon atsdapplication induced
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damage of the tissue. Im vitro studies, Hexyl resulted effective in
reducing browning in the extracts and precipitatesll the commodities
tested. However, inn vivo trials with fresh-cut tissues, Hexyl-treated
samples were the most browned, indicating thatajalication of the
antioxidants has an effect not only on browningctieas, but also on
metabolic activity and cell wall changes during wdtinduced reactions.

2. Effect of soy protein isolate (SPIl)-based edibleoatings with
antioxidant activity in controlling enzymatic browning of
minimally processed artichoke, eggplant and persimon

It is widely known that edible coatings can provsignificant benefits in
extending shelf-life and enhancing quality of fresh fruits and
vegetables by providing a semi-permeable barriegases and water
vapor, and by acting as carriers of food ingrediemich as antioxidants,
antimicrobials, flavors, nutrients, etc. (Baldwint eal., 1995).
Nevertheless, the use of edible coatings on a watge of fresh-cut
products and on a commercial scale is still limidgdseveral factors. The
success of an edible coating is based on the piofsenical and barrier
properties of its components (proteins, polysaadear lipids) and the
effect of minor ingredients. Determining the promeEmposition and
proportions of the components is of prime impor&ircorder to extend
the shelf-life and enhance the quality of freshfcuit and vegetables. In
particular, soy protein isolate (SPI) coatings haeen able to preserve
freshness of apple slices (Kinzel, 1992), to cdntrowning in potato
slices, and to reduce moisture loss in carrotsegpde slices (Shon and
Haque, 2007). Nevertheless, its hydrophilic nateguires the addition
of hydrophobic components to improve the moistuegribr of the
coating. Among lipid components, beeswax (BW) hasws good
compatibility with many coating-forming materialsGreener and
Fennema, 1992). Therefore, in this work our obyectivas to develop
SPI-BW edible coatings amended with selected ait#mt agents to
maintain the quality and extend the shelf life oinimally processed
‘Blanca de Tudela’ artichoke, ‘Telma’ eggplant, aiirbjo Brillante’
persimmon.

In fresh-cut ‘Blanca de Tudela’ artichokes the optimization of the
SPI:BW edible coating was based on Cys and BW oortte reduce
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enzymatic browning. Although the application of t881:BW coating

was not effective at controlling the browning oft cartichokes, the
addition of Cys to the SPI-BW based edible coatifogmulated with

20% BW (dry basis, db), improved the quality of mmally processed
artichokes as compared to the application of thexadant in aqueous
solution. The samples dipped into the SPI coatimgraded with 0.5%
Cys (wet basis, wb) reached the limit of marketgbdfter 5 day storage
at 5 °C. Optimization of the coating implied anrewse in the BW
content from 20 to 40% (db) to reduce the yellovocthat resulted from
the Cys application to artichoke tissue. The ingeeaf the BW content in
the SPI emulsion contributed to prolong the shiédf of the artichoke

slices, as a lower Cys content (0.3%) allowed tachethe limit of

marketability within 4 days of storage at 5 °C vda, the application of
the antioxidant aqueous solution had a lower lohi2 days of storage. A
similar 4-day shelf life was achieved in ‘Blanca @ledela’ artichoke

slices dipped into 0.5% Cys aqueous solutions fr@mevious

optimization (Chapter 1). Therefore, this SPIl-basmyxhting slightly

improved as the formulation had a lower Cys comegionh, thus

reducing the risk of altering artichoke flavor afmesh appearance. Del
Nobile et al. (2009) reported that minimally prosed artichoke heads
dipped into sodium alginate-based edible coatingtaining citric acid

reached 3 days of storage, whereas the shelf fitheo control ranged
from 1 to 2 days at 5 °C.

No work has been found in the literature describing effect of
edible coatings on the shelf life filesh-cut eggplants The SPI coating
containing 20% BW (db) was amended with Cys at%.6r 1% (wb), as
selected antioxidant from previous optimization. A& 1% was also
tested, since a concentration of 0.88% in aqueolusien maintained the
limit of marketability around 5 days of storage @at°’C (Chapter 2).
However, the SPI-BW coating containing 1% AA didt noontrol
enzymatic browning and the samples were evaluagsalvbthe limit of
marketability after 1 day of storage, as contrahgkes. The application
of Cys, either alone or incorporated to the SPI-B@éting, helped at
controlling enzymatic browning and extending thenomercial shelf life
of ‘Telma’ fresh-cut eggplants to 7-9 days. Theomporation of the Cys
to the SPI-BW coating resulted in little or no dittnces in color
parameters compared to the application of the xidtmt in aqueous
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solution. Nevertheless, the visual assessment aesmluthe samples
coated with the SPI-BW-1% Cys coating as signifilaless brown than
the rest of the treatments, reaching a commerbef §ife of 9 days at 5
°C. Contrarily, other works have reported that theorporation of
antioxidants to protein-based edible coatings tedummore effective in
controlling enzymatic browning of fresh-cut prodsiceuch as apples and
persimmons, than the application of the antioxidantaqueous solution
(Pérez-Gago et al., 2005; 2006).

For fresh-cut ‘Rojo Brillante’ persimmon, the combination of 1%
CA and 0.3% CaGl was selected, based on previous results, as
antioxidant treatment to be incorporated into thel-lsased coating
(Chapter 3). In a preliminary screening based ait &ppearance, it was
observed that the incorporation of BW to the foratioin gave a slight
whitish appearance to the fresh-cut persimmon dlffeicted the visual
quality (data not presented). Therefore, the setkcbating formulation
to be tested in combination with modified atmosghpackaging was
SPI-CA+CaCl.

3. Combined effect of selected soy protein-basediblg coatings with
antioxidant capacity and modified atmosphere packagg (MAP)
on the quality and shelf life of fresh-cut artichole, eggplant, and
persimmon

Post-processing treatments such as low temperamntiexidant dips and
low oxygen atmosphere packaging are the most comapproaches to
extend the shelf life of minimally processed fruarsd vegetables. Other
technologies such as edible coatings with natudalit@es and non-
conventional atmospheres have gained a lot ofasteas a possibility to
extend the shelf life of these products. Howeues, ligh perishability of
some products challenges in many cases their nadnkgt by not
achieving sufficient shelf life to survive the dibtution system, requiring
the combination of treatments to assure safetyqaadity.

Low O, and high CQ MAP has been widely used to extend fresh-cut
fruits and vegetables shelf life by reducing thepmation rate, ethylene
production, enzymatic browning, weight loss, eimiyonen and DeEll,
2002). As an alternative to low,(some studies have proposed the use of
elevated @ concentrations in order to reduce PPO activityibi
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anaerobic fermentation, control microbial growtld anaintain the fresh-
like quality of some fresh-cut products. Nevertks|ahe effectiveness of
conventional and high OMAP are dependent on factors such as type of
commodity, temperature, storage duration, etc. @aénd Ben-
Yehoshua, 2000). Therefore, the final objectivetto§ Thesis was to
evaluate the combined effect of selected soy prdiased edible
coatings with antioxidant capacity and conventiarahigh oxygen MAP

on the quality and shelf life of fresh-cut ‘Blanda Tudela’ artichoke,
‘Telma’ eggplant, and ‘Rojo Brillante’ persimmonrehg storage at 5 °C.

In fresh-cut ‘Blanca de Tudela’ artichokes the maximum
commercial shelf life achieved was 4 days of steragth the coated
samples (optimized in previous works with 40% BW&)(end 0.3% Cys
(wb)). Combining this coating with the different NPAconditions studied
in this work did not extend the shelf life of ‘Bleande Tudela’ artichoke
slices, but it helped with maintaining the antiaad capacity of the
product. When comparing among MAP conditions, abasamples
packaged under superatmosphericoDatmospheric conditions (control)
maintained a better quality that samples packagexttive conventional
MAP (5 kPa Q + 15 kPa C@) and passive MAP, that reached the limit
of marketability within 1 and 2 days, respectivéBomez di Marco et al.
(2011) reported that the best combination to redaeEhoke heads
browning was the application of high, @oncentrations (80 kPa) and
lemon juice as antioxidant. However when no antlart was applied,
the passive MAP was more effective than the higlat@osphere.

Given the high degree of perishability of untreatédsh-cut
artichoke, a 4-day commercial period could be aereid adequate for
the distribution of sliced produce to local markdt®wever, additional
studies are required to enhance the quality an@appce of fresh-cut
artichokes and further extend their shelf life.

For fresh-cut eggplants two experiments were conducted to study
the effect of SPI-based edible coatings and MARhenquality and shelf
life of the product. In the first experiment, th&I8BW coating was
prepared with 0.5% Cys. The headspacge dOncentration was not
significantly influenced by coating application a®mpared to the
uncoated samples (water-dipped) for any packagamgliion. However,
significant differences were found in the £€ncentrations between the
coated and uncoated eggplants stored under loweoxggncentration
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and superatmospheric ;Oconditions. The results showed that
conventional MAP conditions (low O high CQ) induced damage of
the tissue, not being recommended for storage eshfcut eggplants.
This could be attributed to an increase in the Rtity by high CQ
levels (Catalano et al., 2007) or tissue damag€®yinjury as reported
in fresh-cut pears (Gorny et al., 2002). The ugé & MAP also limited
firmness loss, which could be related with the loaetivity of cell wall
hydrolytic enzymes, as observed by Deng et al.§p00table grapes.

In a second experiment conducted to further exteedshelf life of
fresh-cut eggplants, the Cys concentration waseasgd from 0.5% to
1% in the SPI-based edible coating and coated smmpEre packed
under atmospheric conditions or superatmospherid®MAnditions. If
compared to the first experiment, the increaseithénCys content in the
SPI coating lowered the respiration rate of theamand extended the
commercial shelf life from 6 to 9 days of storageb&@C. Whereas, no
differences were found between atmospheric comditiand high @
MAP in terms of produce shelf life. However, staam a high @
atmosphere increased the weight loss of the samplésough the
coating application helped maintain weight loss amthis packaging
condition. Overall, the SPI-Cys coating under &am@spheric conditions
provided the best and cheapest approach for extgriie shelf life of
fresh-cut eggplant.

The visual quality offresh-cut ‘Rojo Brillante’ persimmon was
maintained above the limit of marketability for tqp8-10 days of storage
at 5 °C when samples were coated in the SPI-bassithg and packaged
under active MAP (5 kPaOr 15 kPa C@. Whereas, the application of
high O, atmospheres (>30-50 kPa) resulted in damage oftisisee,
inducing browning. Although some works have repbrthe positive
effect of high Q atmospheres in controlling enzymatic browning of
fresh-cut products, in other products such as foesgtpear (Gorny et al.,
2002) and mango (Poubol and Izumi, 2005) exposorenigh Q
atmospheres induced tissue browning. Converseahotest antioxidant
capacity was observed in samples packed in theeabtAP, showing a
decrease of around 50% of the initial value. Persam slices packaged
under atmospheric conditions (Control), passive, hath G MAP
maintained the antioxidant capacity after 6 daysstrage at 5 °C.
Nevertheless, more studies are needed to undergtareffect of edible
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coatings and MAP on the antioxidant capacity ofslireut ‘Rojo
Brillante’ persimmon.

Before processing, fresh persimmons were evalubjed sensory
panel as very firm, without off-flavor, with a madée ‘characteristic
flavor to persimmon’ and very good overall qualifter processing and
storage at 5 °C the firmness decreased, as wdlieasverall quality of
the samples, but in any case the application ofSfAkbased coating or
the different packaging conditions induced off-las to the samples.
Although a triangle test showed that panelists vadrie to differentiate
between coated and uncoated sampte®.01), coating application did
not affect negatively the overall quality and adebpity of the samples,
which makes this coating a potential treatmentxtered the commercial
shelf life of minimally processed ‘Rojo Brillantpersimmon.

The results of this work confirm that the effectMAP on fresh-cut
fruits and vegetables depend upon a number of fgctuch as the
species, cultivar, postharvest handling/treatmemtd,storage conditions,
among others (Zhuang et al., 2014). Thereforerdhge of @ and CQ
in the package must be defined for each producthandling/processing
characteristic. For the commodities studied in tfAikesis, active
conventional MAP (5 kPa £+ 15 kPa C@) resulted beneficial for the
storage of fresh-cut ‘Rojo Brillante’ persimmonsheweas ‘Telma’
eggplants and ‘Blanca de Tudela’ artichokes weseeptible to tissue
damage when packaged under active and passive MiHow O, and
high CQ levels.

References

Almeida, M.E.M., Nogueira, J.N. 1995. The contrdl molyphenol
oxidase activity in fruits and vegetables. Planbd< Human Nutr.
47, 245-256.

Amiot, M.J., Tacchini, M., Aubert, S., Nicolas, 1992. Phenolic
composition and browning susceptibility of variaple cultivars at
maturity. J. Food Sci. 57 (4958-962.

Amodio, M.L., Cabezas-Serrano, A.B., Peri, G., @pl&. 2011. Post-
cutting quality changes of fresh-cut artichokesitied with different
anti-browning agents as evaluated by image analyXistharvest
Biol. Technol. 62, 213-220.

294



General discussion

Arias, E., Gonzalez, J., Lopez-Buesa, P., Oria2@38. Optimization of
processing of fresh-cut pear. J. Sci. Food Agi#;.1§55-1763.

Baldwin, E.A., Nisperos-Carriedo, M.O., Baker, R.A995. Use of
edible coatings to preserve quality of lightly (asidjhtly) processed
products. Critical Rev. Food Sci. Nutr. 35, 509-524

Catalano, A.E., Schiliro, A., Todaro, A., PalmieR,, Spagna, G. 2007.
Enzymatic degradations on fresh-cut eggplants reifiidy packaged.
Acta Hort. 746, 469-474.

Cavallini, D., De Marco, C., Dupré, S., Rotilio G969. The copper
catalyzed oxidation of cysteine to cystine. ArcliveBioch.
Bioph.130, 354-361.

Chiabrando, V., Giacalone, G. 2012. Effect of awtiming agents on
color and related enzymes in fresh-cut apples ducold storage. J
Food Proc. Pres. 36, 133-140.

Del Nobile, M. A., Conte, A., Scrocco, C., Laversk, Brescia, I,
Conversa, G., Elia, A. 2009. New packaging stra®edo preserve
fresh-cut artichoke quality during refrigeratedrage. Innov. Food
Sci. Emerg. Technol. 10, 128-133.

Deng, Y., Wu, Y., Li, Y.F. 2005. Effects of high,Qevels on post-
harvest quality and shelf life of table grapes wigiiong-term storage.
Eur. Food Res. Technol. 221, 392-397.

Eissa, H.A., Hoda, H.M., Fadel, G.E., lbrahim, |Mdassan, A,
Elrashid, A.A. 2006. Thiol containing compounds @ntrolling
agents of enzymatic browning in some apple produét®d Res.
Inter. 39, 855-863.

Garcia, E.L., Barrett, D.M. 2002. Preservative timents for fresh-cut
fruits and vegetables. In: Lamikanra O.(Ed.), Fregh Fruits and
Vegetables. Science, Technology, and Market. CRE€s$rBoca
Raton, FL, USA, pp. 267-303.

Gomez di Marco, P., Robles, P., Braun, J., Artémbfledez, F.,
Fernandez, J. A., Artés, F., 2011. Combined teduie$ to inhibit
enzymatic browning and preserve quality of fresh-autichoke
hearts. Acta Hort. 942, 385-390.

Gorny, J.R., Hess-Pierce, B., Cifuentes, R.A., KadeA. 2002. Quality
changes in fresh-cut pear slices as affected biyated atmospheres
and chemical preservatives. Postharvest Biol. Telcl2d4, 271-278.

295



General discussion

Greener, LK., Fennema, O. 1992. Lipid-based edibies and coating.
Lipid Technol. 4, 34-38.

Jiang, Y., Pen, L., LiJ. 2004. Use of citric acid for shelf life and qtyal
maintenance of fresh-cut Chinese water chestnufodd Eng.63,
325-328.

Kader, A.A., Ben-Yehoshua, S. 2000. Effects of sajmeospheric
oxygen levels on postharvest physiology and qualftyresh fruits
and vegetables. Postharvest Biol. Technol. 20,.1-13

Kinzel, B. 1992. Protein rich edible coatings foodl. Agric. Res. 40, 20-
21.

Larrigaudiére, C., Ubach, D., Soria, Y., Rojas-Gral.A., Martin-
Belloso, O. 2008. Oxidative behaviour of fresh-ceuji'apples
treated with stabilising substrates. J. Sci. FogdA 88, 1170-1776.

McEvily, A.J., lyengar, R., Otwell, W.S., 1992. Ibhion of enzymatic
browning in foods and beverages. Crit. Rev. Foad\btr. 32, 253-
273.

Nufiez-Delicado, E., Mar Sojo, M., Garcia-Carmona Janchez-Ferrer,
A. 2003. Partial Purification of latent persimmon fruit pphenol
oxidase. J. Agric. Food Chem. 51, 2058-2063.

Ozen, A., Colak, A., Dincer, B., Giiner, S. 2004.d#ohenolase fro
persimmon fruits Diospyros kakiL., Ebenaceae). Food Chem. 85,
431-437.

Palma, A., D’Aquino, S., D’'Hallewin, G., Agabbio,.N2004. Evaluation
of browning reaction in minimally processed artikbo heads
‘Spinoso Sardo’. Italus Hortukl, 108-111.

Pérez-Gago, M.B., Serra, M., Alonso, M., Mateos, WEl Rio, M.A.
2005. Effect of whey protein- and hydroxypropyl mgtellulose-
based edible composite coatings on color chandeesii-cut apples.
Postharvest Biol. Technol. 36, 77-85.

Pérez-Gago, M.B., Serra, M., del Rio, M.A. 2006laCchange of fresh-
cut apples coated with whey protein concentratedbasdible
coatings. Postharvest Biol. Technol. 39, 84-92.

Todaro, A., Peluso, O., Catalano, A.E., Mauromic&e, Spagna, G.
2010. Polyphenol oxidase activity from three sagili artichoke
[Cynara cardunculus L. Var. scolymus L. (Fiori)]ltotars: studies
and technological application on minimally procesgeoduction. J.
Agric. Food Chem. 58, 1714-1718.

296



General discussion

Todaro, A., Cavallaro, R., Argento, S., Branca, $pagna, G. 2011.

Study and characterization of polyphenol oxidasemfreggplant
(Solanum melongena). J. Agric. Food Chem. 59, 11244-11248.
Toivonen, P.M.A., DeDell, J.R. 2002. Physiologyfiash-cut fruits and

vegetables. In: Lamikanra, O. (Ed.), Fresh-cuttBrand Vegetables.

Science, Technology, and Market. CRC Press, BotanREL, USA,
pp. 91-123.

United States Department of Agriculture (USDA) (21 National
Nutrient Database for Standard Reference Release
<http://ndb.nal.usda.gov/ndb/foods/list> (acces&é@.2011).

Zhuang, H., Barth, M.M., Cisneros-Zevallos, L. 201Modified
atmosphere packaging for fresh fruits and vegetallle Han J.H.

(Ed.), Innovations in food packaging"{2dition). Academic Press.

Waltham, MA, USA. pp. 445-473.

297

24






CONCLUSIONS







Conclusions

GENERAL CONCLUSIONS

1.

The use of antioxidants had a limited actionti@diing enzymatic
browning of fresh-cut artichokes. In extracts amdcppitates, only
ascorbic acid (AA), cysteine (Cys) and 4-hexylreswl (Hexyl) at
10 mM, 50 mM and 50 mM, respectively, were effeetto prevent
browning. Whereas, citric acid (CA), peracetic a¢irlA), CaC},

cyclodextrin (CD), and hexametaphosphate (HMP) weteeffective
even at the highest concentration tested (50 mM).

In fresh-cut ‘Blanca de Tudela’ artichokes, onigys at
concentrations above 0.5% significantly extendeadfdife till 4 days

of storage at 5 °C. Whereas, AA and Hexyl in a eatration range
of 0.5-2% and 0.002-0.005%, respectively, inducewwhing,

probably due to an increase in metabolic activitinduced oxidative
damage of the tissue.

In fresh-cut ‘Telma’ eggplants, only Cys resdlteffective at
controlling browningin vitro (extracts and precipitates) amdvivo;
whereas, Hexyl was only effectiwe vitro and induced browning of
the tissue. Similarly, the application of AA (>0%88 CA (>1%), and
PA (0.4-1%) also resulted in an increase in tidgoe/ning compared
to untreated samples.

The maximum commercial shelf-life for fresh-cleélma’ eggplants
was 9 days of storage at 5 °C when Cys was appied
concentration of 1%.

In in vitro studies in extracts and precipitates of ‘Rojo RBritke’
persimmonsAA at 25 mM and CA, CaG| and Hexyl at 10 mM
were effective antioxidants to control soluble andoluble brown
pigments.

Application of AA and CA at 1% and 0.2%, respesi, reduced
enzymatic browning of fresh-cut ‘Rojo Brillante’ ngémmon,
reaching the limit of marketability in the range® days. CaGlat
0.6% also contributed to extend the shelf life efgfmmon pieces,
but its effectiveness was lower than AA and CA. ldger, important
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differences were observed in Hexyl treatments betvie vitro and
in vivo tests, since it induced browning of the cut tissuethe
concentrations tested.

7. The optimized soy protein isolate (SPI)-bees{BW)-Cys coating
for extending the shelf life of fresh-cut ‘Blanca @udela’ artichokes
contained 40% BW (dry basis, db) and 0.3% Cys (matis, wb).
This coating contributed to the control of enzymdirowning and
improved the quality of fresh-cut ‘Blanca de Tudedatichokes,
reaching 4 days of commercial shelf life at 5 °Ghewuit off-odors.
This formulation also reduced the yellow color deped on the
surface of cut artichoke by Cys application.

8. The application of Cys, either alone or incogted to the SPI-BW
coating, helped at controlling enzymatic brownimgl @&xtending the
commercial shelf life of ‘Telma’ fresh-cut eggplartb 7-9 days at 5
°C. Whereas, AA, alone and combined with the SPI-By¥ting,
induced damage of the tissue and increased browning

9. Although the incorporation of Cys to the SPI-B¥Ating resulted in
little or no differences in color parameters ofshrecut eggplants
compared to the application of the antioxidant queous solution,
the visual assessment evaluated the samples owdkethe SPI-BW-
1% Cys coating as significantly less brown than thst of the
treatments, reaching the maximum commercial skfelfof 9 days at
5°C.

10. The incorporation of 1% CA and 0.3% Ca@ a SPI-based edible
coating was effective at controlling enzymatic bniwg in fresh-cut
‘Rojo Brillante’ persimmons.

11. Although the sensory panel was able to disodtei between coated
and uncoated fresh-cut persimmons, the applicatidhe SPI-based
coating did not affect negatively the overall gtyabf the product,
which makes this coating a potential treatment idersd the
commercial shelf life of minimally processed ‘RojBrillante’
persimmons.
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Conclusions

In fresh-cut ‘Blanca de Tudela’ artichokes, ttmbination of the
optimized SPI-BW-Cys edible coating and the differenodified
atmosphere packaging (MAP) conditions tested i Tiiiesis did not
further extend the shelf life of the product, bbey helped with
maintaining the antioxidant capacity.

When comparing among MAP conditions in fresh-atichokes,

coated samples packaged under superatmospheri@@kPa) or

atmospheric conditions (control) maintained a betjaality that

samples packaged in active conventional MAP (5 ®Pa 15 kPa

CQO,) and passive MAP, suggesting that low &mospheres should
be avoided.

In fresh-cut eggplants, conventional MAP capndg (low Q - high
CO,) induced damage of the tissue, not being recomsateridr
storage of fresh-cut eggplants.

The coating helped to maintain the weight lags minimally
processed eggplants packed under MAP conditionsress, the high
O, atmosphere (80 kPa) and atmospheric control dondihelped to
maintain firmness of the product.

Since no differences were found between atnmesgphonditions and
high G, MAP in terms of produce shelf life, the optimiz8&1-BW-
Cys coating under atmospheric conditions can bsidered the best
and cheapest approach for extending the shelf difefresh-cut
‘Telma’ eggplant, reaching a commercial shelf fe8-9 days at 5
°C.

The combination of the SPI-based coating with active MAP
packaging (15 kPa GO+ 5 kPa Q) showed a synergic effect in
controlling tissue browning of fresh-cut ‘Rojo Baihte’ persimmons,
maintaining the general visual quality above thatliof marketability
up to 8-10 days of storage at 5 °C. Whereas, tpécafion of high
O, atmospheres (>30-50 kPa) resulted in damage oftiseie,
inducing browning.
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18. The range of ©and CQ in the package must be defined for each
product and handling/processing characteristiceWReilt results from
this Thesis show that ‘Telma’ eggplants and ‘Blar= Tudela’
artichokes are susceptible to tissue damage whekagaed under
active or passive MAP with low Land high CQ levels, whereas
high O, MAP (>30-50 kPa) resulted detrimental for the at@r of
fresh-cut ‘Rojo Brillante’ persimmons.
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ENTRADA CAQUI IV GAMA
NOMBRE:
FECHA:
SABOR SABOR GLOBAL
MALOSSARGRES CARACTERISTICO FIRMEZA Flavor (sabor+aroma)
0 Ausencia 0 Ausencia 1 Muy blando 1
5 Mala calidad
; Ligeramente 1 Ligeramente 2 Blando (no satisfactorio)
perceptibles perceptibles 3
2 Perceptibles 2 Perceptibles 3 | Nifirme ni blando 4
. . " 5 Calidad aceptable
3 | Presencia acusada 3 | Presencia acusada 4 Firme
6
5 Muy firme 7
8 Calidad excelente
9
2 MALOS SABOR
CODIGO SABORES CARACTERISTICO FIRMEZA | SABOR GLOBAL OBSERVACIONES

Figure 1. Questionnaire for sensory evaluation of fresh4ojfo Brillante’ persimmon.
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EVALUACION VISUAL (COLOR + ASPECTO GENERAL) ANALISIS SENSORIAL

9 = excelente, recién cortado
7= muy bueno, bastante fresco

5= bueno, limite de comercializacién Nombre: Fecha:
3 =adecuado, limite de consumo Producto:
1=malo . i
CLASIFICACION POR ORDENACION
Tratamiento Puntuacion Observaciones

Ordenar de MENOR A MAYOR (izquierda a derecha) el pardeamiento de las muestras
estudiadas. Si algunas muestras presentan un pardeamiento similar se pueden agrupar
indicando que se trata del mismo grupo

Menos
pardeamiento

Mas
pardeamiento

Colocar un tratamiento por casilla, y agrupar tratamientos con el mismo comportamiento
con un circulo

Figure 2. Questionnaire for sensory evaluation of visual liguaand browning ranking of fresh-cut
produces.
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P il i
[ . &
—— -

o 7 5 3

.

9 = excellent, just sliced

7 = very good

5 = good, limit of marketability
3 = fair, limit of usability

1 = poor, inedible

Photo 1. Reference scale used by judges for the visualuatiah of
fresh-cut artichoke, eggplant and persimmon samples
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Photo 2. Effect of different antioxidants on extract and qipéate of
fresh-cut ‘Blanca de Tudela’ artichokes. AA = asooracid, Cys =
cysteine, Hexyl = 4-hexylresorcinol, CA = citriciéc

-

25 mM Hexyl

Comirol 250 mM CA

e sl

Photo 3. Effect of different antioxidants tested on fresh-tBlanca de
Tudela’ artichokes stored at 5 °C. Cys = cysteirexyl = 4-
hexylresorcinol, Control = water, CA = citric acid.
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Control 0.1% Clys 0.5% Cys 1.0% Cys

Photo 4. Fresh-cut ‘Telma’ eggplants treated with cystei@gs) or AA
(ascorbic acid) and control (dipped in water) sddsedays at 5 °C.

1 day 5 °C

_—

4 ot . e — | W
SPI+ 1% AA| SPI+ 0.5% Cys | SPI+ 1% Cys 19 AA ‘

9 days 5 °C

Photo 5. Effect of antioxidants alone or incorporated te oy protein
(SP1)-based edible coating on fresh-cut ‘Telma’pgats stored 1 and 9
days at 5 °C.
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‘ 1‘ |
v |

i s j )
MA-A-Coated | MA-AUncoated | MAB-Coated | MABUncoated | MAP-Coated | MAP -Uncoated

——  S—

a8 u | ([}

i l
|
4 B
A ‘w‘j4 | ﬂ
2 - g = e D s
MA-P -Coated MA-P -Uncoated | Control-Coated Control-Coated

MA-A-Coated | MA-A-Uncoated MA-B-Coated MA-B-Uncoated

Photo 6. Effect of SPI-based edible coating and MA packggin fresh-
cut ‘Rojo Brillante’ persimmons stored 1 and 10slay5 °C. MA-A (15
kPa CQ + 5 kPa Q); MA-B (50 kPa Q); MA-P (21 kPa @+ 0.03 kPa
CQO,); Control (atmospheric conditions).
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