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ABSTRACT

In the last two decades, persimmon pratdion in Spain has increased
exponentially and the cultivadn area has expanded almost eigbtd. The
OdzZNNBy i LINRPRdAzOGA2Y 2F LISNARAAYY2Y A& Tz
which is appreciated worldwide due to the high quality of the fruit.
Nevetheless, centralized production of this single cultivar implies a major
commercial limitation as its high volume of production is concentrated in a
relative short harvesting period. Furthermore, it also implies a high
phytosanitary risk.

In this contextthis Thesis addresses two main objectives: 1) Optimization of

pre- YR LR aGKFINBSald (SOKyz2f23& Ay 2NRSNH
NAEEfIYGSQ LISNREAYY2Y FFFGESNI O2fR  &ad2N

markets. 2) Evaluation of the behavior of foreigarieties of persimmon under

Mediterranean conditions in order to extend the varietal range.

The first objective of thishesis was tackled through the studies presented in
Chapters to V. The second objective was coveredinapters Vand VII.

Chapte | dealt with the causes of internal browning disorder manifested after
O2f R AKALWSY:d 2F wwz2e? CNREEFYGaSQ L
temperature to which fruit is exposed immediately after Qf@astringency
treatment was identified as the main dtr involved in this alteration. Our

results showed that this disorder can be avoided by implementing an
attemperation period of 24 h after the G@eatment, before transferring fruit

to cold storage.

In Chapter 1) the effectiveness of a recently patext deastringency treatment

was evaluated. This novel treatment is based on applying a new wax
O2y G AYyAy3 SGKIy2f YR g1 a aal 8 SR
persimmons. The use of this new ethabaised wax could be a potential
alternative to the comentional C® deastringency treatment when the fruit

are sent to distant overseas markets at low temperatures. Application of the
new wax before cold storage led to loss of fruit astringency after 30 days at O
°C while preserving fruit firmness and intergaality.



The results ofChapter llldemonstrated that two applications of gibberellic
acid (GA) made it possible to delay the fruit maturity process on the tree more
than with just a single application. The combination of GA and 1
methylciclopropene (AMCP) preserved the fruit quality better than with the
application of IMCP alone during cold storage. Moreover, the fruit treated by
multiple GA applications showed a slightly higher firmness after cold storage.
However, a single GA application was alsdeative in preventing the
manifestation of chilling injury (CI) in fruit.

Chapter IV demonstrated that in parallel to delaying maturity, the GA
treatment also delayed calyx senescence, which meant that the fruit preserved

a good appearance. The calyx ldd@mnescence during fruit ripening was linked

to a decrease in all Chlorophyll Fluorescence Imaging (CFIl) parameters (Fo, Fm,
and Fv/Fm).

Chapter V addressed the optimization of storage conditions for organic
persimmons. According to our results, fruitriiasted with a firmness lower
than 30 N must not be stored. Fruit harvested with a higher level of firmness
could be stored for up to three weeks depending on the storage conditions,
the moment of application of the G@eastringency treatment, and the gja

of fruit maturity. The longest storage period (3 weeks) was achieved when fruit
were harvested with a firmness of around 45 N, submitted to, @&atment

and then stored at 15 °C.

Finally, 14 foreign varieties grown under Mediterranean conditions were
evaluated to identify earlyand lateseason varieties with potential to extend
the harvesting period. This is presentedGhapters Viand VII. In general, all
the evaluated varietiedulfilled the quality criteria to be commercialized in
domestic and BEwpean markets. However, sensitivity to Cl was variety
dependentandresponse to MCP treatment was also observed to depend on
the variety.



RESUMEN

En las ultimas dos décadas, la produccion de caqui en Espafia ha aumentado
exponencialmente y la sup@ie de cultivose ha multiplicado casi por ocho

En la actualidad, la produccién de caqui esta centralizada en el cultivar 'Rojo
Brillante', que es mundialmente apreciado por la elevada calidad de sus frutos.
Sin embago, esta centralizacion suponma importante limitacibn comercial,

ya que la produccién se concentra en un periodo de cosecha relativamente
corto yademasimplica un alto riesgo fitosanitario.

En este contexto, en la presente Tesis se abordan dos objetivos principales: 1)
Optimizacion ded tecnologia pre y postcosecha con el fin de garantizar la
calidad del caqui 'Rojo Brillante' durante la frigoconservacion y el transporte a
mercados internacionales. 2) Evaluacién del comportamibajo condiciones
mediterraneasde variedades introducas de otras regiones productoras con

el fin de ampliar el rango varietal de caqui. El primer objetivo de esta Tesis se
logré a través de los estudios presentados endagitulos lal V. El segndo
objetivo se abordo en loGapitulos Vly VIL.

En elCapitulo | se esclarecieron las causas del pardeamiento interno, que es
una de las principales alteraciones que limita la comercializacion del fruto en
los envios a los mercados internacionales. La temperatura a la que se expone
la fruta inmediatamente tras laplicacién del tratamiento de desastringencia
con altas concentraciones de £Ge identific6 como el principal factor
implicado en esta alteracién. Los resultados obtenidos mostraron que esta
alteracion se puede evitar mediante la implementacion de unioger de
atemperado de 24 h después del tratamiento con,CGiites de transferir la

fruta a bajas temperaturas.

En elCapitulo Il se evalud la eficacia de un tratamiento de desastringencia
recientemente patentado. El tratamiento basado en la aplicacionndenueva

cera que contiene etanol en su formulacién fue ensayado en caquis 'Rojo
Brillante' y "Triumph'. Los resultados mostraron que esta cera podria ser una
alternativa al tratamiento convencional de desastringencia con altas
concentraciones de GQ@uardo la fruta se envia a mercados lejanos a bajas
temperaturas. La aplicacion de la nueva cera antes de conservacion en frio



provoco la pérdida de astringencia de la fruta tras 30 dias a 0 °C, preservando
al mismo tiempo la firmeza de la fruta y la calidatérina.

Los resultados delCapitulo Il demostraron que larealizacion de dos
aplicacones de acido giberélico (AG) en precosecha permite retrasar el
proceso de maduracion de la fruta en el arbol con respecto a una sola
aplicacion. La combinacién de AG pmecosecha y -Inetilciclopropeno (1
MCP) en postcosecheesultd en una mayorcalidad del fruto durante la
frigoconservacion en comparacién con la aplicacién Unicamente-BCR.
Ademas, la fruta tratada con mdultiples aplicaciones de AG mostré una firmeza
ligeramente mayor tras de conservacion a baja temperatura; sin embargo, una
sola aplicacion de AG tambi@nevinola manifestacion de dais por frio en la
fruta.

En elCapitulo IVse demostr6 que, paralelamente al retraso de la maduracion,
el tratamiento on AG también retrasa la senescencia del céliz, incrementando
la calidad externa del fruto. La senescencia del caliz durante la maduracién del
fruto se relacion6 con una disminucién de los parametros de fluorescencia de
clorofila (Fo, Fm y Fv/IFm).

En elCapitulo V se estudiaron las condiciones 6ptimas de almacenamiento del
caqui producido bajo cultivo ecolégico. Segun los resultados obtenidos, no se
deben almacenar los frutos cosechados con firmeza inferior a 30 ¢dlilad

del fruto durante la conservadn dependié de las condiciones de
almacenamiento, momento de aplicacion del tratamiento de deastringencia y
estado de maduremicial Futa cosechada con firmeza alrededor de 45 N y
sometida al tratamiento de desastringencia antes del almacenamiento®g& 15
pudo serconservada con buena calidpdr un periodo de hasta 3 semanas.

Por dltimo, en loLapitulos VI y VIl se abordé la evaluacidbajo condiciones
mediterrdneasde 14 variedades de caquis -astringentesprocedentes de

otros paisesSe identificaro las variedades tempranas y tardias que pueden
ser potencialmente interesantes para ampliar el periodo de cosecha en
nuestra regiénLosestudios postcosecha mostraron que todas las variedades
estudiadas presentan una buena aptitud para ser comercializada los
mercados nacionales y europeos. Sin embargo, la sensibilidad a los dafios por



frio que presentaron algunas de las variedades estudiadas podria limitar su
comercializacion a paises de ultramar. Ademas, se observé que la respuesta al

tratamiento con1-MCP, para el control de los dafios por frio, dependi6 en gran
medida de la variedad.






RESUM

En les Udltimes dues déecades, la produccié de caqui a Espanya ha augmentat
exponencialment i la superficie de cultisha multiplicat quasi @ huit

vegades. En l'actualitat, la produccié de caqui esta centralitzada en el la
Odzft GAGIFN) dwz2e2 . NAEflIyiSQs [[dzS Sa Ydz
dels seus fruits. Malgrat aix0, aquesta centralitzacié suposa d'una banda una
important limitaci6 comercial, ja que la produccié es concentra en un periode

de collita relativament curt i, d'altra banda implica un alt risc fitosanitari.

En aquest context, en la present Tesi s'aborden dos objectius principals: 1)
Optimitzacié de la tecnologia pre bgtcollita amb la finalitat de garantir la
jdzt €t AGF G RSt OF ljdzA WwWw2e2 OoNRfftlFyGaSu
mercats internacionals. 2) Avaluacié del comportament de varietats
introduides d'altres regions productores sota condicions meditees amb la

finalitat d'ampliar el rang varietal de caqui. El primer objectiu d'aquesta Tesi es

va aconseguir a travédels estudis presentats en e@pitols| al V. El segon

objectiu es va abordar en e@&pitols Vi VIL.

En elCapitol lesvanesctda NJ £ S& Ol dzaSa RS f fQSy¥2a
de les principals alteracions que limita la comercialitzacié del fruit en els
enviaments als mercats internacionals. La temperatura a la qual s'exposa la
fruita immediatament després de I'aplicacié deictament de desastringéncia

Yo tidSa O2yOSyidaN)r OA2ya RS /[ hi Sa o
implicat en aquesta alteraci6. Els resultats obtinguts van mostrar que aquesta
alteracio es pot evitar mitjancant la implementacié d'un periode de temaipe

RS Hn K RS&aLINBa RSt GNXOdlIYSyd kYo [/ h
temperatures.

En elCapitol Il es va avaluar l'eficacia d'un tractament de desastringéncia
recentment patentat. El tractament basat en I'aplicacié d'una nova cera que
contéeli  y2t Sy fI aSdza F2N¥dzZ | OAs @I &SI
Triumph'.  Els resultats van mostrar que aquesta cera podria ser una
alternativa al tractament convencional de desastringéncia amb altes
O2y OSYyiNI OA2ya RS / haimertatzliyiyarks la bamxésdzA G |
temperatures. L'aplicacié de la nova cera abans de conservacid en fred va



LINE @2 O NJ f I LJS NR dzt RQIFAGNAYASYOALl RS f
preservant al mateix temps la fermesa de la fruita i la qualitat interna.

Els raultats del Capitol 11l van demostrar que l'aplicacié de dos tractaments
d'acid giberelic (AG) en precollita permet retardar el procés de maduracio de la
fruita en l'arbre respecte a una sola aplicacié. La combinaci6 de AG en
precollita i Xmetilciclopropano (1-MCP) en postcollita va incrementar la
qualitat del fruit durant la frigoconservacié en comparaci6 amb I'aplicacié
Uunicament de IMCP. A més, la fruita tractada amb multiples aplicacions de AG
va mostrar una fermesa lleugerament major després de awas® a baixa
temperatura; no obstant aixo, una sola aplicacié de AG també va ser eficag per
a previndre la manifestacio de daper fred en la fruita. En €hpitol IVes va
demostrar que, paral-lelament al retard de la maduracié, el tractament amb
AG ambé retarda la senescéncia del calze, incrementant la qualitat externa del
fruit. La senescencia del calze durant la maduracié del fruit es va relacionar
amb una disminucio dels parametres fleorescéncia de clorofil-la (Fo, Fm i
Fv/Fm).

En elCapitol Ves van estudiar les condicions optimes d'emmagatzematge del

Ol ljdzA LINP RdzOG ol AE Odz GAdz S$O2t 53A0d 5Ql
d'emmagatzemar els fruits collits amb fermesa inferior a 30 N. La conservacio

del fruit va dependre de les condicis d'emmagatzematge, moment

d'aplicacio del tractament de desastringencia i estat de maduresa de la fruita.

Aixi la fruita collida amb fermesa al voltant de 45 N i sotmesa al tractament de
desastringéncia abans de I'emmagatzematge a 15 °C va poder sénguala

per un periode de fins a 3 setmanes.

Finalment, en elLapitols VIi VIl es va abordar I'avaluacié de 14 varietats de
caquis neastringents. Es van identificar les varietats primerenques i tardanes
gue poden ser potencialment interessants per a &arel periode de collita a

la nostra regié6 mediterrania. D'altra banda, els estudis postcollita van mostrar
gue totes les varietats estudiades presenten una bona aptitud per a ser
comercialitzades en els mercats nacionals i europeus. No obstant aixo, la
sensibilitat als danys per fred que van presentar algunes de les varietats
estudiades podria limitar la seua comercialitzacié a paisos d'ultramar. A més,



es va observar que la resposta al tractament arfdAP, per al control dels
danys per fred, va depenglen gran manera de la varietat.
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INTRODUCTION

I.1. Origin, botany and morpblogy of persimmon

Persimmon trees belong to the family Ebenacea and g&iospyro® Wi KS T N3z
2F GKS 3I2REAQ Ay IyOASy(di DNBS]0U®P ¢KAAZ
native to Asia, and there are records of it being cultivated centuries before

Christ (MartinezCalvo et al., 2012). Most of the commercial fruit production is
derived from Diospyros kakL, which originated inChina with production

records from 3000 yeargja.

Persimmon was introduced into Japan and Korea during the 7th and 14th
centuries, respectively (Yakushiji & Nakatsuka, 2007; Marelzo et al.,
2012). It was then imported into Europe for the first time in 1760 and spread
to the Mediterranean coastPesimmon was introduced into North America in
the mid-1800s and later into dstralia and New Zealand. In South America,
persimmon cultivation started in the late 19th century (Kluge & Tessmer, 2018;
Yesiloglu et al., 2018).

Theintroduction of persimmon in Spain daseto the end of 19th (Climent and
Llacer, 2001), which could berfa strong relationship betweerthe Spanish
kingdom and Oriental countrieduring the colonization periodThey were
usually cultivated assolated trees in rural buildingsor field edyes The small
commercial persimmon orchards began to be establishednid-20th with
astringent native varieties that reflect the influence ofnatural (random
seedlings and bud mutatis) and humarselection (crosdreeding)(Naval et
al.,2010).

Botanically, persimmon fruisiaberry showing wide variation in size, weigin
between 50 and over 500 g, with a shape ranging from that of an acorn to flat,
spherical or square with a skin color from light yeHomange to dark orange

red or blackish purple, depending on the cultivdhe flesh color varies from
yellow-orange, andsometimes reddish, to reddish brown or bronze, and it is
made up of a dense cell structure, which may have large alrsbiaged seeds

in the inner section of the carpels. Persimmon fruit have a relativelyela
green, fourlobed calyx that surrounds theesn-end of the fruit and plays an
important role in gas exchange, as there are no stomata or lenticels on the
fruit surface, which is covered with a thin cuticle (Yonemori et al., 199@zP
Munuera et al.2009a; Woolf & BerArie, 2011). Moreover, from eommercial
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point of view, the state of the calyx is an important quality attribute. Fruit
maturation is accompanied by calyx senescence and its darkening, which is
associated with a loss of commercial qal

An important feature of some persimmon varies is their high soluble tannin
content in the flesh, which is responsible for the sensation of astringency.
Astringency is the dry feeling in the mouth caused when soluble tannins of the
fruit bind to proteins in the saliva, preventing them from lubricag the
mouth. Persimmon cultivars are classified into two general groups depending
on the level of soluble tannins at harvest time: astringent and-astningent
OGKS fFGGESNI | NB | & dwnenidti étfalS R03% &nd&IS i
groups, thereare varieties in which the soluble tannin content of the fruit is
affected by pollination (pollination variant) and varieties whose fruits are not
influenced by pollination (pollination constant). Therefpgersmmon fruits

can be classified into four tegories: 1) the Pollination Constant Non
Astringent (PCNA) group, which is not astringent, with or without seeds, and
the fruit can be eaten at harvest, when they are firm and crisp; 2) the
Pollination Vaant Non-Astringent (PVNA) group, which is notrasjent at
harvest if the persimmons have seeds, and the fruit remain astringent if they
have not been pollinated; 3) the Pollination Constant Astringent (PCA) group,
which is always astringent when the frare firm; 4) the Pollination Variant
Astringent (PVA) group, which is also astringent if pollinated, and is not
astringent around the seed, where the flesh is dark and streé§ketsumura et

al., 2008)Onecultivar belonging teach categorys show in figurel.

O dzt
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Rojo Brillant€PVA) WnhecdPCA)

Fig 1. Qultivars of persimmonfrom different categores.

Courtesy of Instituto Valenciano de Investigaciones Agrarias (IVIA)

The loss of astringency in PCNA varieties seerbe telated to a corhbination

of an early redation of the accumulation of tannins, followed by a later
insolubilization of them that remain in the flesh (Yonemori et al., 2003;
Tessmer et al.,, 2016). However, in the other types, tannin accumulation
continues until the late dgelopment stages of therdit. In PVYNA and PVA,
seeds exude acetaldehyde, which causes the insolubilization of soluble tannins
in the flesh. However, while the seeds of the PVNA group exude so much
acetaldehyde that the fruit become neastringent, those bPVA produce so
little that only the pulp around the seed is not astringent. In the case of PCA
cultivars, their seeds do not produce acetaldehyde, and thus they are always
astringent regardless of the presence of seeds.

The fruit of te PCNA group can beaten with a hard textue snce their
concentration of soluble tannins is low enough not to be sensiatected at
maturity stages in which the fruit flesh is firm. In contrast, fruit from the other
groups have a high soluble tanningtent at harvest wien they are firm. They
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must therefore be submitted to postharvest deastringency treatments before
being marketed, otherwise the fruit must be left on the tree until they over
ripen and are eaten with a soft texture.

I.2. Worldwide produdcion of persimmon

FAO statistical databas¢2018) show worldwide production of persimmon to
be around 4,711,458 tonnes and 951,234 ha of cultivated area, China being the
biggest producer with 3,168,759 tonnes (Table 1).

Table 1 Worldwide persimmonrbiit production

Country Production (Tonnes) Area (ha) Yield (kg/ha)
Worldwide 4,711,458 951,234 4,952
China 3,168,759 857,672 3,695
Spain 492,320 18,601 26,467
Republic of Korea 346,679 27,203 12,744
Japan 208,000 19,100 10,890
Azerbaijan 160,092 10,474 15,285
Brazil 156,935 8,133 19,296
Uzbekistan 71,214 4,262 16,710
Italy 47,615 2,468 19,293
Israel 28,000 1,049 26,692
Iran 22,474 1,523 14,760

Saurce: FAOSTAT (2018)

In Chna, most of the persimmon varieties are PCA with some exceptions, like
Wldz2 ¢AlLY {KAQS HKAOK A& t/b! 6. FYFRE
wSOSyidfes a2YS WIHLI ySaS t¢biAaOd iRk @R NRC
are also becoming populan China. In general, its production is based on a

wide range of persimmon varieties with low yields, which are used for both

fresh consumption and the food industry, especially as a dried fruit.

Over the lastdw years, SpainhasS 02 YS (1 KS dnoklimpoeat 4 SO2y

persimmon producert SNREAYY2y OdzZ GAGFGAZ2Y Aa OdzNN
NAEEFIYydSQ OdzZf GAGIFNI 6t +! 60X LINRRdAZOSR Yl ;

We NR dzY LIKQ Odzf (A @I &dd tainty!in) Andagiek (8oOtkern A & O dzt

Spain). e $anish production is mainly destined for exportation markets

where there is a demand for persimmons as fresh fruit with a firm texture.
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The third and fourth countries in persimmon production are the Repudilic

Korea and Japarwith a production of 34@79 and 208,000 tonnes,
respectively. In the Republic of Korea, the rastringentcultivar¥ C dzé dzQ A &
primary cultivar, which accounts for almost 82% of the total production,
F2ff26SR o0& WWetNR Q0149 (i W tb y:3d thé B\vel® dzQ |
Odzf GAGIFNBR WIANIXGFIYySYyFraKAQ YR W¢2ySys
cultivars. Approximately 57% of the persimmon cultivated area is dedicated to
these cultivars (Kono & Sato., 2016). In these two countties,Republic of

Karea and Japan, mbpersmmon production is consumed as dried fruit and is

used in various types of cuisine and confectionery.

Persimmon production in Azerbaijan, Brazil and Uzbekistan is 160,092 tonnes,
156,935 tonnes and 71,214 tonna®spectively. Aadaijan and Uzbektan

focus on local astringent varieties. In Brazil, the most cultivated varieties of
LISNEAYY2Y FFNB Wwl Yl F2NISQ FyR WDA2YDO
We | dzo F G S QuitidarWCdze dzy R- NB | f a2 QNeuviakl @1 G S K
et al., 2009; Tesneret al., 2014).

Ly Lilrtexs Ffy2ad dm: 2F GKS G24Ff LINE
NBad 2F (GKS QGFINASGASE NBE Wl AyAIt Al
Odzft GA DI NBR f A1 Scultver LKL A & WDivEEE 2003k Y R
Moreo@dSNE GKS AYUNRBRdAzOUAZ2Y 2F Ww222 . NRf
the ltalian persimmon production in recent years (Giordani, 2002; Bellini &
Giordani, 2005).

Nowadays, persimmon production in Israel has reached 28,000 synime
which the cltivar W¢ NRA dzYLIKQ | OO2dzyida F2NJ hr: 27F
YIEN] SGSR dzy RSNJ GKS W{KINRBYQ 2N W{KI NP\

Persimmon production in Iran is about 22,474 tonnes and most of the cultivars
are astringent which are commonly commercialized as owgrened soft fruit

in domestic markets (Shahkoomahally & Ramezanian, 2013; Bagheri et al.,
2015).
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1.3. Persimmon production in Spain

In Spain, persimmon production has increased exponentiaky the last 20

years, and the cultivation area has expandealmost eightfold, from about

2,253 ha in 2008 over 18,000hain 2019(Fig.2). As a result, Spain is now the

second most important persimmon producing country in the world. At present,
cultivation is concentréed in the Valencia and Andalusia regions. In Valencia

Odzf GAGFGAZ2Y A& o6lFaSR 2y Wwwz2a22 . NRAtflyi
G2yySaod LY ! yRIFEfdzAAlIET G6KSNB LINRBRdAzOGAZ2Y
G NASGes (KSwaAZE NP Rueitlychig §a@ fedulted in a
considerable increase in production and the current persimmon production
Oz2yairaida 2F pnZnnn G2yySa 2F WYwz222 . NAf
(Perucho, 2018).

¢ KSojoWWAR t £ I y (S ated Indtiikaly(ifdm 2 pditahdous bud

YdziF GA2y 2F GKS @FNASGe W/ NRaGlFEAYy2Q A\
RS - gljdzSNR NB3IA2Y 2F GKS I tSyOAly [ 2°
Brillante' variety offers a number fogood features like large ridit size,

hardness, restance on the tree, and good organoleptic and morphologic
properties.

Traditionally, the fruit of this variety were consumed with a soft texture after
the natural loss of astringency during the ovayening of the fruit. However,

the introduction of posharvest techniques based on exposing the fruit to high
CQ concentrations to eliminate astringency in the late 1990s made it possible
to obtain a fruit without astringency while preserving a firm textuiée
introduction of this patharvest treatment hakeen one of the main causes of
the expansion of persimmon production in Spain in recent years. This growth
was supported by the creation of (@acil Regulatoiof the Denomination of
hNAIAY o/ vemBRS8T WY§ [ dzS M@ guainteagiiig TuEitods K A
LISNEAYY2Y WYw222 . NAtflIYyadSQ FtyR KlFa oS
cultivar in fruit markets around the world.
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Fig 2. Evolution of Spanish persimmon fruit production in tonnes of f(Atand its
cultivation arean Spain and the Valencian mmunity (B). Source: FAOSTAT (20:
ESYRCE (2019)

The optimization of the postharvest treatment and an important commercial
effort has led to the present situation, in which almost 90% of tbeslt
amount of persimmon prodeed in Spain is destined fexportation, especially

to European Union countries like Germany, France, and United Kingdom
(Perucho, 2018) as well as to overseas countries like the United States and
China. To ensure that theuit delivered to the final defations is of high
quality, it has been necessary to introduce postharvest technologies capable of
preserving fruit quality during transport and subsequent marketing.
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l'f 0 K2dAK GKS @GFNASGe WwWw22m persifindnt | yiSQ
production in Spin, persimmon cultivationannot be based exclusively on a

single variety. This need to diversify is not only due to limitations caused by its

short commercial season (between mittober and December) but also to

the high plytosanitary risk that growinga single variety entails. ®risk

became evident during the seasons 28®.0 when the fungus
MycosphaerelldNawaeled to a significant reduction in persimmon production

RdzS (G2 (GKS KAIK aSyaAiddret@h fodl). FhsisWhy2 22 . N
at present, one of the pmicipal challenges for the persimmon producing sector

is to widen the varietal range, mainly with early and late cultivars that will

allow the persimmon season to be extended and to satisfy the naidmmand

for new products, with the consequent economic hefits. Moreover, the

introduction of nonrastringent varieties that can be commercialized directly

after harvest without any of the complications resulting from handling and the
economic cost of usg deastringency treatment ialso of special interest for

persimmon producers.

ln® / dZNNByid OKFffSyasSa Ay GKS LRadKlINBS

After fruit harvesting, persimmons are sent to packing houses where,
depending on the market destinath, fruit are submitted to diferent

postharvest procedurg The main processes that are carried out in the packing
K2dzaSa INB LRfAaAKAY3IAZ &a2NIAy3IT FyR LI O
submitted to deastringency treatments to remove astringenbgfore
consumption. Moreoverfruit storage is a commonrpctice to be able to

supply markets in line with demands, and different postharvest technologies

are used to preserve fruit quality according to storage duration and
temperature (Besada & Salvad@018).

1.4.1 Treatments to renove astringency

One of thetraditional postharvest methodso remove fruit astringency i

use ethylene (10 ppm at 20 °C) to accelerate the maturation process (Park al.,

2003). This treatment causes rapid ripening and loss of firmness, leading to
postharvest handling limitatons Yy R NB RdzOA y 3  GvestSlife.F NHzA ( Q2

10
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Therefore, fruit tha are overripened are mainly commercialized in local
markets.

There areother methods to eliminate astringency while maintaining the fruit
firmness These methods are based on keeping theitfrunder hypoxia
conditions, whth enhances anaerobic respirati. The two most extensively
tested methods consist in submitting the fruit to ethanol vapor and high CO
concentrations (Besada & Salvador, 2018).

Several reports have shown that the deastdngy rate under anaerobic
conditions is related to acetaldehydeaccumulating in the flesh of the
persimmon fruit (Matsuo & Ito, 1978; Sugiura & Tomana, 1983; Pesis et al.,
1988; Taira et al., 1989) (F®). Acetaldehyde accumulated in the flesh under
anaegobic conditions causes polymzation in soluble tannins andorms
insoluble compounds, whickesult in nhonrastringencyin fruit. (Fig.4) (Matsuo

& Ito, 1982; Taira et al., 1997).

(glycolysis)
v
€O, -—, PEP
v
pyruvate —» gcetaldehyde «+——— ethanol
pyruvate alcohol
. decarboxylase dehydrogenase
oxalacetic
acid malic enzyme

malate

Fig 3. Metabolic pathways for the production of acetaldehyde in persion fruit.
Source: Yamada al. (2002)
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P

soluble proanthocyanidin insolubilized proanthocyanidin

Fig 4. Insolubilzation of proanthocyanidin in persimmon fruits. Source: Tanaka e
(2010)

Among the treatments based on keeping the fruit under anaerobiotic
conditions, the Cextreatment consisting in eclosing persimmons in chamise

with a high concentration of GGstands out for its effectiveness and it has

been commercially adopted to supply fruit with a hard texture (Arnal & Del

WN2S Hnannouvd Ly WYWwz2e2 . NAfflFIyipbgtme GKS 7
acetaldehyde generateduring the CQ treatment has beervisualizedat the
microstructural level as insoluble materials inside the vacuoles of some tannic

cells in the flesh, which were filled with soluble materials prior to the
treatment (Salvadoet al., 2007).

The main faatrs that affect the efficiency ofthe CQ treatment are
temperature, C@concentration, and treatment duration, as well as the fruit

maturity stage (Besada & Salvador, 2011). The proceastofgency removal

by CQ consists 6two phases: an induction piee in which persimmon must

be hell for a minimum duration at high G@oncentration and a series of

reactions take place, and a second phase during which the astringency is
reducedbut the existence of carbon dioxide is naquired (Gazit & Adato,

1972). These two phases depend on tempaiure (Matsuo & Ito, 1977).

Currently, the standard condition to apply the £{@astringency treatment for

Ywz222 . NRAffFyYyiSQ A &98%EQIL2 e2Nbd 9RFRHFK S F N

12
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24 h(Besada & Salvador, 2018). dgn conmercial conditions, howeveitthe

CQ treatment may be applied at room temperature due to lack of
temperature control in the chamber#t the end of the season, the ambient
temperature may be decreased and reach as lowtasC, which is below the
optimum established temperature of @ °C.In these cases, the deastringency
treatment has to be prolonged in order to achieve complete astringency
removal. Howeverit has been reported that if the fruit are ovexposed to
CQ, it may result in internal braning disorders (Besada et al., 28).
Therefore, the recommendation is to apply the Qf@astringency treatment
for the minimum amount of time necessary to ensure astringency removal.

This recommendation is based on the fauat applying the C&deastrirgency
treatment has been shown tinduce oxidative burst in fruit and lead to
changes in their redox state (Novillo et al., 20X@9nsidering that the stress
triggered by Co®treatment could cause alterations in fruit, it i:cessary to
find alternativetreatments for removing astringeryc

As shown in Figure 2, acetaldehyde is generated in situ by decarboxylation of
pyruvic acid and the oxidation of exogenous and endogenous ethanol.
Therefore, the acetaldehyde needed to remaaringency can be achieveg
exposing the fruit to hypoxia anditions or by submitting it to exogenous
ethanol.

In line with this, he combination of high levels of €@nd ethanol has also
been studied to accelerate deastringency treatment and presénvit quality
(Novillo et &, 2015). It has been demonstradethat this combination could be
a good alternative in those cases in which, @@plication has to be prolonged
in order to ensure complete astringency removal.

Moreover, ethanol by itself, & been demonstrated to be aeffective
deastringency reatment. Thus, application o25%35% ethanol vapor has
been widely assagd in different persimmon cultivarsin this case, the
acetaldehyde needed to insolubilize soluble tannins is generated froameth

by the alcohol dehydrogesse enzyme (Taira et al., 1989992a; Yamada et al.,
2002). The cultivar and harvest maturity are the factors that influence the
removal of astringency with application of ethanol. The fastest drop in soluble
tannins contentoccurs in fruit at a lessetage d ripening and with a higher

13
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ethanol concentration. As in younger fruit, ethanol conversion is more active,
astringency removal is accomplished more easily compared to more mature
fruit, and it is taken into fruit duringhe treatment as acetaldehyda the flesh
(Taira et al., 1992b

1.4.2 Cold storage and chilling injury

¢tKS O2fR &ai2N}3S 2F wYwz222 . NAR{flIyiSQ
markets according to demand and prolong the commercial period, espeatal

the end of the seasorMoreowver, cold storage helps to pserve fruit quality

during prolonged transportatiorand fruit shipment to overseas markets is
habitually carried out at low temperatures due to quarantine requirements.

However, different alteations have been associataudith the cold storage of
persimmon fruit and have been addressed in numerous studi@he
alterations which occurredin fruit associated withcold storage are nante
WOKAT £ Ay 3d Ay eStrNdvarietiés canlbe stodddl hio ghonthstat

0 °C withoti anyloss of quality (Testoni, P2), while other varieties are more
sensitive and prone to develop Cl symptoms at low temperatures (Collins &

A

Tisdell, 1995; Arnal & Del Rio, 200@®zf G A O NA A 1S WI I OKAe@l
havelow sensitivity to Cl, whersxultid@ NBA & dzOK | 82 WC kB €z ¥ i

are highly susceptible to this disorder (Collins & Tisdell, 1995; Woolf et al.,
1997; Arnal & Del Rio, 2004; Zhang et al., 2010).

The symptoms of Cl depend on the cultivar; ye$s of firmness is reporteas

the main manifestation of Cini sensitive varieties (Macrae, 1987a; Pérez
Munuera et al.,, 2009b). These disorders are more severe after transferring
fruit from low to shelflife temperatures, although during prolonged stgeg

the symptoms of Cl can emtually manifest duringthe cold storage period
(Arnal & Del Rio, 2004).

Ly Www2e2 . NAftflyidasr GKS YIAy adevyLizva

flesh zones, and internal browning (Arnal & Del Rio, 2004; Salvador et al.,
2005). In this variety, theadelopment of Clsymptomsdepends not only on

the storage temperature and duration but also on the maturity stage at
KFENBSaidGd ¢KS Wwwz2ec2 . NATEIFIyiSQ FNMzA
picked in early stages of maity (Salvador et al., 2005, 026). A

14
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microstructural study shoed that the drastic flesh softening, as a symptom of
Cl, is related to degradation of cell wall material and reduction in intercellular
connection (PéreMunuera et al., 2009b).

Ethylene playsn important role in the mafféstation of Cl, where exogenous
ethylene exposure intensifies Cl (MacRae, 1987b; Park & Lee, 2005; Besada et

al., 2010). Theaespirationrate and ethylene production are higher in chill

injured fruit when they are removed fromold storagethan in sound ruit

(MacRae, 1987a; Kader, 2002). line with this, a postharvest treatment
applying IMCP (an inhibitor of the ethylene action) before cold storage has

been reported to be effective in reducing the symptoms of CI in difteren
persimmon cultivars. The fekct of 1-MCP to alleviate the disders associated

with low temperature has been found in different astringent cultivars Yike 2 2 2

. NX f {Besyda &tal., @0M4W{ I A22Q YR W¢2ySgl 4SQ ¢
WI AN QY 8YHz KA ST (uy BT ingreteab, 2003y, RellW ¢ NJ

as many norastringent cultivars & dzOK +a WYwSYRFA2AQ 6h
Wht GKFYyTe@Qy dwl Way I 2@evshdr@ ¢ab di R4 12008),

Wv Al YRIFI26dzZKSQ 0O dz2 SH mmnlr 012y Rbg B@IgzK dizd Q ¢
2009), among others. The effipa of XMCP depends on the cultivar, the

harvest maturity, and the storage conditions (Huber, 2008; Watkins, 2008).
Moreover, its effectiveness also depends on the concentration, temperature,

and duration of treament (Blankenship & Dole, 2003). The contration of

500 nL t of 1-MCPhas been shown talelay flesh softening in persimmon

Ww2 22y (.SNR fREdENA vy ,3vhich 2siel&ked doiih2 pidsangition of cell

wall integrity, decreasenimembrane permealbtly, and higher firmness of fruit

at shelflife temperature (PéreiMunuera et al., 2009b).

CdINIKSNXY2NB>X Al KIFa 0SSy NBLRNISR K
treated with MCP improves when a preharvest treatment with gibblgrel

acid (GA) is apied (Besada et al., 2008)GA is usually lalLJt A SR F2 NJ
CNREEFYGSQ 6KSYy GKS FTNMzZA G oOoNBF{(1a O02f 2
consequently extend the fruit harvest seasdrhis effect of GA has also been
reported in other mrsimmon cultivars wh as W¢ NA dzY LIK Q 2 Y C dz
Wl A NI (O O(Bes yiieZeKal., 1996; Lee et al., 1997; Agusti et al., 2003).
Besada et al. (2008¢ported the benefits of single application of GA on fruit

15
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maturity delay and qualitypreservation durig storag. However, nowadgs,
GAis beingapplied up to threeitmes in persimmon orchards, but the effect of
multiple applications of GA on cold storage of the fhas been not described

Ly LRaidKFNBSald KFyRfAy3 2 Fmiéendedhat . NAf f |

deastringencytreatment should be carried out aftestoring the fruit at low

temperatures, since it has been reported that a high, @@ncentration,

besides insolubilizing soluble tannins, brings about a degradation of cell

membranes (Salvadast al., 2007) that may agravate fruit softening during

cold dorage. Nevertheles n some marketing scenarios, trdeastringency

treatment is necessarily applied before submitting the fruit to low temperature

storage. This is the case of fruit shippeddistart overseas countes under

cold storage conditionsHowever, in shipments carried out under these

conditions, internal browning has been observed, resulting in a loss of quality.

This disorder cannot be associated with Cl because the fruit areetteeth 1-

MCP. Up to nowthe causes of this disorder and tipotential solutions to

control it are unknown.

l'Yy20KSN) OKFftSyasS GKFdG Ydzad o0S az2f gSR
NAEfElIYydSQ Odz GAGF ISR dzy RSNJ 2 MEdiy AO O2y

recent years. IMCP treatment, which is usually applieth conventional

production, is not allowed for organic production. Therefore, the storage of

organic persimmon is limited by its sensitivity to low temperatures. It is thus

necessary to find ther soltions to prolongstorage while preserving fruit

quality.

I.5. Extendingvarietal rangeunder Mediterranean agroclimatic conditions

As mentioned before, one of the main challenges facing the persimmon
producing sectors is to introduce new vares to lyoaden the variethrange.

The focus is on introducingarly and late, mainly neastringent (PCNA),
varieties in order to extend the persimmon commercialization period and
facilitate postharvest handling.

Consequently, the Instituto Valenciano davestgaciones Agrarias(IVIA,
Valencia) in collaboration witthe Cooperativa Agricola Nuestra Sefiora de

16
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[ QOh NBd® 26D/ ! b{hZ Q! ft OgRAIFI0 GKNRBdzZAK |y
still in force, started a persimmon breeding program to obtain new \Gans

through conventionabnd biotechnological genetic technigs. Besides, within

this program framework, new varieties from other persimmon producer
countries have been introduced into the IVIA germplasm bank. To this end,

IVIA is collaborating with gemtasm pograms hosted in ther countries,

which allows the intnduction of foreign varieties without any phytosanitary

risk.

Evaluations performed in the IVIA breeding prograame focused on
determining the agronomic behavior of the foreign varieties withtential
interest underour agroclimatic conditions. Howevat,is necessary to include

the postharvest behavior as a selection criterion, since the commercial success
of a new variety depends heavily on its postharvest response. The postharvest
behavia of a rew variety mainlydepends on genetic factors but maysalbe
affected by agronomic condition3herefore, posthrvest studies are required

to establish the optimal harvesting moment, evaluate the response to
habitually applied postharvest technolieg suchas 1-MCP, C@ etc.,, and
optimize these technologie§ mecessary.
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OBJETIVES

GENERAL OBJECTIVE

This Thesis addessed two main objectives: 1) Taptimize the pre and
postharves technology so adi 2 3JdzZl NI yGSS GKSTIf dzyfi S
persimmon after cold storage dntransportation to overseas markets. 2) To
evaluate the behavior of foreign persimmon varieties under Mediterranean
conditions in order to extend the varietadmge.

SPECIFIC GRCTIVES

1) To optimize the posthamst technology to guarantee fruit quaklt on
arrival at overseas markets

To study the factors involved in the internal flesh browning that appears during
long shipments at low temperatures and to irapient the technolay to
alleviate this disorder and ttsupreserve fruit quality.

To evaluate amew wax containing ethanol as a method to remove persimmon
astringency during cold storage in shipments to overseas markets.

2) To optimize the preand posthawest technology usd to preserve fruit
guality during ®ld storage

To investigate the effectfanultiple preharvest applications of gibberellic acid
on the evolution of fruit maturation and its influence on fruit quality during
cold storage.

To optimize he postharvest hadling of organic persimmon in ordeo tstore
the fruit while preserving quai.
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OBJETIVES

3) To study the postharvest behavior of neastringent varieties belonging to
the IVIA germplasm bank in order to extend the varietal range in the
Mediterranean production aea

To establish the optimal harvesime for each variety studied and to dvate
their postharvest behavior.
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Abstract

Currently, a major caesofLJ2 & 0 KI NSad f2aa 2F WYwza?2
G NASGe Yl Ayte Odf 6AGFIGSR Ay GKS aSF
ONRGgYAY3AE YIyATFSadldazy FFFGEGSNI ad2N)r 3S
causes remain um@ gy ® Ww2 22 . Nikgenf Ibw terdpratuked |y
sensitive cultivar. Thus fruit is routinely submitted to high, @®atment to

remove astringency, and also toMCP treatment before being stored to

retard flesh gelling and drasti&pftening, the man chilling injury symptoms.

This stuy investigates the influence of temperature during.C@astringency
GNBFGYSYG FyR AYYSRAFGSte FFFAOGSNI AGA |
FEtSAK ONRgYyAY3IQ Ay LIS NEIKOY tHefiysttimeNtdsA G © h
the temperature immeditely after the CQ deastringency treatment was the

main factor implied in this alteration. The fruit transferred directly to cold
storage after the COO NB I G YSy i &K2 6 SRg yWAYYIIOS NI/ S N
storage d at 1 €, while a 24 hour attemperation @riod at 20 T before

storage prevented this disorder from appearing. The main effect of the
attemperation period was the enhanced release ob €Gm fruit after the CQ
treatment, which resulted in lesscetaldehyde (AcHaccumulating after 24 h.
Moreove, the temperature of the C@Qapplication was observed to influence
WAYOGSNYLFt FftSakK oONRgyAydIQ aSOSNowgie | a
in the fruit treated at 20 °C than at 1Z° Our preliminar hypothesis is tht

AcH can act as a precursorreidive oxygen species that would be implied in
GKA&d RAA2NRSNDa RSGSt2LISyGo

Keywords:persimmon, attemperation period, flesh browning, gas exchange,
respiration
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1. Introduction

Currently, one of the mst important caugd 2 F L2 a G Kl NIBSad f 2:
Brit £ I yiSQ FTNHzZAGA Aad GKS YIYyAFSadlaazy 2
whose causes remain unknown. The onset of this browning is located in the

internal fruit area, around the core zone, and ktends to the moreexternal

flesh areas. This dieder has been mainly observed after prolonged cold

storage and long shipping at low temperature, which can initially lead us to
GKAY1l GKIFIG AG A& | OKAfftAYy3a AyedzZNE ae
injury has been vdely studied (Salvador et aR004; PérezMunera et al.,

2009) and the internal browning reported herein has never been described as

a chilling injury symptom, so other factors than storage temperature must be

implied in this disorder mnifestation.

It is worth to note that despitegtchi f Ay3 Aya2dz2NE aSyaiidirgSy
persimmons are usually stored and shéppat temperatures between-Q C as

fruit are previously subjected to treatment with-rhethylcyclopropene (i

MCP) tlat considerably dieys the main chilling injury syptom, a drastic fruit

softening (Besada et al., 2008; PéMuanera et al., 2009).

hy GGKS 20KSNJ KIyRI Waverguinely sNbimittédlto/al S Q LIS
CQ treatment to remove astringency before conercialisation. Th
recommended COtreatment condtiona F2 NJ Ww222 . NAffFyidSc
95 % C@20 °G24 h (Salvador et al., 2007). However, the, @@atment is

guite commonly applied at ambient temperature because treatment chambers

do not always hve temperature catrol. This implies that the GQreatment

temperature can vary between 20 °C to 2ffom the beginning to the end of

the season.

In the case that fruit must be kept at low temperature for long periods,
applying the C® treatment after cold storage ratker than before it is
recommendedto preserve fruit firmness. Nevertheless, this is not possible
when fruit is sent in cold containers overseas as in this case the deastringency
treatment needs to be applied before shipment. In these casase
recommended handling practice is to attempate fruit for a 1224-hour
period immediately after the deastringency treatment, before being
transferred to cold storage. This attemperation period helps the deastringency
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process to be completed, mainlyhen applied at lover temperatures or for
shorter durations than those recommended (Besada et al., 2010). However
due to logistical issues, this practice is not always carried out in packing
houses.

In this context, the CQdeastringency treatment, and thieandling conditiors

to which the fruit is subject after it are most probably the factors implied in

0KS AYGSNYyrt oNRgyAy3a GKIG Www2e2 . NR
storage. Hence this study aimed to investigate the effect of tt&atment
temperature and the #&emperation period between thedeastringency
treatment and the transfer to cold storage on the incidence of persimmon

flesh browning.

2. Materials and Methods

2.1. Plantmaterial and treatments

Persimmon Diospyros kakiLf.) cv. Rojo Blinte fruit were harvested in

f Q! f OdzR A midsgagohJiAfey harveistifruit were taken to the Instituto
Valenciano de Investigaciones Agrarias (IVIA), where they were selected
according to homogenous colour and absence of external damage. One lot of
20 fruit was analsed to determine the fruit mattity stage at harvest [colour
AYRSE 2F codys UNXySaa 2F po b FYyR &2f
remaining fruit were submitted to the-MCP treatment (500 nL!lof 1-MCP

for 24 h at room 9). Then fruit were divided into two homogenous lots. One
lot was submitted to the CfOdeastringency treatment under ahdard
conditions (95 % G£20 G24 h), while the other lot was submitted to tHeQ
treatment at 12 °C (95 % @2 CG24 h). Then the fruit from each treatment
were once again divided into two Eitone vas directly transferred to a 13
storage chamber for up to 41 d; thether was kept for 24 h at 20C°
(attemperation period) before being transferred to the storage chamber at
1°C.

In this way, four different treatments were assayed:
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U 12 CDruit: The deastringecy treatment was applied at 122°and
then fruit were transferred diredy to the storage chamber at L°(HR
85 %).

0 12 CATHruit: After applying the deastringency treatment af IC,
fruit were attemperated for 24 h at 20C before ling transferred to
the storage chamber at IC (HR 85 %).

U 20 CDruit: The deastringecy treatment was applied at 20C°and
then fruit were directly transfeed to the storage chamber at CT(HR
85 %).

U 20 CATfruit: After the deastmgency treatmenapplied at 20 €, fruit
were attemperated for 24 h at 20C’ before being transfeed to the
storage chamber at 1C (HR 85 %).

All the fruit were stored for 41 d at °C, plus &8-day shelfife period at 20 C,
and were periodically evaluated throughioilhe assay period.

According to the diagram shown in Figure 1, 20 fruit of each treatment were
removed from the chambers and evaluated at the following time points:

Day 1t fruit were evaluated immediately after the G@eatment (0 h) and
after 2, 4, 6 ad 24 h. The evaluated parameters were the following: soluble
tannins content, carbon dioxide (@Qethanol (EtOH) and acetaldehyde (AcH)
production of the whole fruit, and the EtOH and AcH concentrations in juice.

Day 2 fruit were re-evaluated 48 h afir completing the C&reatment. At this
time point, thefruit corresponding to the 12 2D and 20 &D treatments had
been kept for 2 d at 1 °C, while the 12A”T and 20CGAT-fruit had been kept
for 1 d at 20 € (attemperation period), plus 1 d at 1C2 The determined
parameters were the same as those mentioned for Day 1.

Day 14 and Day 4lafter 14 and 41 d of storage at LTS fruit were re
evaluated. Moreover after 41 d, one lot 80 fruit was transferred to 20C to
simulate a3-day sheHife period at 20 T. In addition to the parameters
mentioned for Day 1, the incidence of the external and internal disorders was
determined after 14 and 41 d of storage, and the subsequent difelberiod.
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1.MCP co, [ pay10% H STORAGE AT 1C [ suzaaarc |
Room T* || 12°C 1 20°C |["pay 1-attemp (20°C) | STORAGE AT 1°C [ sC3dderc |
oz ] o]

Fruit analysis ——> Day 1 20C)

Oh2h 4h Bh 24h

Fig 1. Diagram of the performed assay.-MCP: appliation of the
methyciclopropene treatment; C£ application of thedeastringency treatment at 1:
°C or 20 C; Attemp:atemperation period (24 h 20 C); SL: shklife period of 3 days
at20 C.

2.2.Analytical determinations
2.2.1. Firmness and ool

The firmness and colour index of the fruit at harvest were determined on 20
fruit following the methodology described by Novillo et al. (2014). Colour was
expressed as IC= 1000a/ Lb, wh&¥® HQand WHQare Hunter parameters.
Firmness was expresseds load in Newton (N) to break flesh at tow
equidistant locations in the equatorial region of each fruit after epicarp
removal.

2.2.2. Soluble tannins, AcH and EtOH in juice

The soluble tannins content (ST), the AcH and EtOH concentrations in juice and
sersoly astringency, were determined on three individual fruit per treatment

at each analysis time. To this end, three fruit were cut into four longitudinal
guarters. Two of the opposite quame were sliced and frozer20Q ) to later
determine ST by the Ko-Denis method, as described by Taira (1996). Soluble
tannin content was expressed as % of fresh weight. One of the remaining
quarters was placed in an electric juice extractor (Moulinex model 753, Spain)
and was filtered through cheesecloth. The obtaln@iice was used to
determine the AcH and EtOH concentrations (three juices per treatment and
analysis time). The AcH and EtOH concentrations were analysed by headspace
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gas chromatography following the conditions described by Besada et al.
(2016). The redts were expressed as mg 100 fL

2.2.3.Sensory evaluation of astringency

The remaining fruit quarter underwent a sensory evaluation of astringency,
which was performed at the Sensory Laboratory of the Postharvest
Department (IVIA) by a panel of experf$ree expert judges with more than 8
years of experience in astringency evaluation rated the astringency of the
persimmon samples following af®int scale, which went from 0 meaning
non-astringent to 4 denoting intensely astringent. The fruit quarter was
peeled, and cut in 1.5 cm thick slices that were placed in glass cups identified
by randomly assigned-@git codes; each judge analyzed individually the three
fruits of each lot. Samples were served at room temperature and panellists
were provided with cackers and a glass of water for palate cleansing, which
they used between samples.

2.2.4. CQ@ AcH and EtOH release

The CQ AcH and EtOH productions of whole fruit were determined from
three other individual fruit from each lot. To this end, fruit wenglividually
sealed in 1litre glass jars. On Day 1, fruit were kept enclosed for 30 min, while
the measurement time was 2 h on Days 2, 14 and 41. As explained above, in
the analyses corresponding to Day) h,the glass jars were kept at 2C o 1

°C, depending on the treatment. In the analysis carried out after 2, 14 and 41 d
of cold storagethe glass jars were kept at C;while fruit were enclosed at 20

°C in the analysis performed after the shigé period. The COAcH and EtOH
productions wereandysed by injecting 1 mL of headspace in a Perkin Elmer
gas chromatograph according to the conditions described by Novillo et al.
(2014). Corelease was expressed as mt! kg while AcH and EtOH release as

uL kg ht.
2.2.5. Browning incidence andvedaty

External and internal brownings were visually evaluated. Browning severity
was determined according to the scale shown in Figure 2.
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D'llmz‘ ns

Fig 2. Scale used to evaluate internal browning severity, in which 0= absence, 1=
browning in less than 38 d the pulp, 2= intense browning in less than 50% of
pulp, 3=intense browning in 500% of the pulp, and 4=intense browning in more th
70% of the pulp.

To evaluate the incidence and severity of the disorder, the following browning
index (BI) wasakulated according to Khademi et al. (2013)

LT 1 «6 0 NER g yof fyliflat éaéhB@vhidlg Severity)E 4 % tgtalh
of fruit

2.2.6. Statistical Analysis

Data were subjected to an analysis of variance. At each evaluation period, the
mean values of the four assayed treatments were comgaby the least
significant difference test (P = 0.05) using the Statgraphics Plus 5.1 software
application (Manugistics Inc., Rockville, MD, USA).

3. Results andidcussion

3.1. ternal and internal disorders and fruit firmness

The visual evaluation ofrdit revealed the absence of external disorders
throughout thestudy period. After 41 d at 1C°plus the shelife period, the
fruit from the four assayed treatments showed a similar external quality to
that noted at harvest.

The fruit internal evaluatio showed that any flesh disorder was manifested in
the fruit that was attempered after the G@reatment for 24 h prior to cold
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storage (12 °@ and 20 GA) (Fig 3). Nevertheless, the fruit transferred
directly to cold chambers (12 -I@ and 20 &D-fruit) showed flesh mwning
symptoms after 41 d at 1C (12 °@ and 20 &D-fruit). The browning index
revealed that the incidence and severity of internal flesh browning were more
marked in those fruit submitted to the G@eatment at 20 € (BI=0.24) thami
those treded at 12 € (BI=0.18) (data not shown). The browning indices
increased in both cases after tt8day sheHife period at 20 € when, once
again, the disorder manifedian was more marked in the 20 -TEfruit
(BI1=0.46) than in 12>D-fruit (BI=0.32).

€0,-12°C 7 €0,-20°C

B o s unie SNER

ATTEMPERATION (24h 20°C)

O
)

-
<
;
Ll
=
‘-.

Fig 3. The insides of the fruits submitted to the €teatment at 12 °C or 20C, and
then transferred directly to cold storage or after an attemptiwa period lasting 24 b
at 20 T. The picttes were taken after 41 d at C? gus 3 d at 20C. Internal browning
was evaluated accding to the scale displayed iigkre 2.
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Regarding fruit firmness, mean value at harvest time was 53 N. Not relevant

changes were detected during cold storage, but fruit from all treatments

suffered sdtening to values close to 30 N during the sH## period.

Statistical analysis of firmness values revealed not significant differences

among treatments after this period. This pattern of firmness loss, in which the

main changes are observed after tréasing fruit treated with TMCP from

f2¢ G2 Y2RSNIGS GSYLISNI Gd2NBsX KIFa 0S¢
NA £ £ | y:NiuBeda etat., 3008 Novillo et al., 2015)

3.2. Soluble tannins and sensory astringency

As shown in Figure 4, the deastringencyatreent lowered soluble tannins

(ST) from 0.6 % at harvest to @25 % once treatment ended (Eh). At this

time point, the ST concentration was slightly lower in thétftreated at 20 °C

than in those treated at 12C. In all cases, the panellists 8D SR G YSRA ¢
FAGNAYy3ISyOeég Ay GKS FNHAG OoORFGE y2i
treatment, a gradual decrease in soluble tannins took place in all the
treatments, and the decline in ST wastéasn the fruit treated at 20 °C than at

12 €. Moreoverin both cases, the tannins insolubilisation process was
accelerated with the attemperation period. Thus 6 h after the deagtncy

treatment ended, the 20GA-fruit had an ST content of 0.02 %, evaluated by

0KS LI ySof aaN®my 84y PR Co-iuik dotdined val8es of

ndnc 22 YR GKS LI ySttAraata RSGSQ@BR & NJ
the fruit treated at 12 € had an ST content of 0.1 % and were evaluated as
GYSRAdzY a0 NRYy3ASyOeéd | Ti 88T values doge | f f
G2 nonw 72 YR ¢ SINSI NGO T g GIBdR ¢ KAS 348/ 241 €
change during the remaining storage time.
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Fig 4. Soluble Tannins. Evolution of the concentration of soluble tannins (% FW) i
persimmon fruit submittedo the CQ deastringency treatment (95% gt 12 € and
20 °C, and then transferredirectly to cold storage at 1 °C (12-BCand 20 GD) or
attemperated for 24 h at 20 °C (12-ACand 20 GA) before leing cold stored for 41 ¢
at 1 T, plus a @lay slelf-life period at 20 €. Vertical bars represent the LSD interv
(p = 0.05).

3.3. Acetaldehyde (AcH) and ethanol (EtOH) concentrations in fruit juice

The CQtreatments applied at both 12 °C and 20 °C resulted in marked AcH
accumulation in fruit, withvalues coming close to zero at harvest and at
around *1.5 mg 100 mk immediately after treatment (DDh), with no
statistical differences among treatments (Fig. 5A). For the next 6 h, gradual
AcH accumulation was observed in all the fruit.

It is notewathy that after 24 h, AcH concentration sharply dropped in the AT
fruit to values below 1 mg 100nL!, while AcH increased in the fruit
transferred directly to cold storage {ftuit). This increase was more marked in
the fruits treated with C@at 20 °C (@ ‘GD) (5 mg 100nL?Y) than in those
treated at 12 °C (122D) (3 mg 100nL?).
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On Day 2, a drop in the AcH concentration took place to values that came
close to 1 mg 100L? for the CGQ-treated fruit at 12 €, with no differences
between the ATfruit and the Dfruit. Nevertheless, the CQreated fruit at

20 °C had increased AcH content, and thdriit obtained higher values
than the AHruit.

As storage advanced, all the fruit obtained values between 2.5 and 5 mg
100 mL?, with no differences betwee the AHruit and Dfruit. Only when

fruit were transferred and stored during the shéife period did the AcH
values become significantly higher in the fruit transferred directly to cold
storage.

Regarding EtOH concentration (Fig. 5B), the-teatment temperature
had a clear effect as the @®eated fruit at 20 € had higher values than
those CQtreated at 12 €, as shown by all the measurements taken until
D2. During the first 6 h, the effect of the attemperation period was not
evident, and it wanly after 24 h when this practice was seen to have a
clear effect on EtOH accumulation. At this point, and similarly to that
observed in AcH, EtOH content was higher in the fruit directly transferred to
cold storage. These differences betweesirlit and A-fruit disappeared at
D-2, but the C@treated fruit at 20 € still had a higher EtOH concentration
than that CQtreated at 12 €. No relevant differences were detected
among treatments for the next 14 storage daytowever,at 41 storage
days, EtOH coant did not change in fruit, but dropped in Afruit. After

the shelflife, the EtOH level of the -Buit CQ-treated at 20°C did not
change, but the other treatments brought about a lower EtOH content, but
no differences among them were observed.
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Fig 5. Acetaldehyde and Ethanol Concentration in Juice. Evolution of the AcH (A
EtOH (B) concentration in fruit juice (mg 10Q?) in the persimmon fruit submitted tc
the CQ deastringency treatment (95 % @@t 12 °C and 20C; and then transferied

directly to cold storage at 1 °C (12-BCand 20 &D) or dtemperated for 24 hours ai
20 °C (12 °@ and 20 GA) before leing cold stored for 41 d at T plus a @layshelf

life period at 20 €. Vertical bars represent the LSD intervals (p = 0.05).
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3.4. CQ AcH and EtOH release

The release of Cdrom the fruit treated at 12 °C and 2@ °is shown in
Figure 6. At harvest, fruit had values of 7.2 mL! kg'. The C®
deastringency treatment applied at both temperatures led to a drastic
increase in COwith values above 120 mL kdn?. These high CQralues
have been associated with the diffusion of the.@aat had accumulated
inside fruit during treatment. That is, once fruit were moved from the CO
application chamber to an air atmosphere environmethe CQ detained

08 FNHzZA G o1 & NBf Sl aS\Bd S¢S MaE @iassS Ri
NI 0 KSNILIIKR Rdz@il h2y Qo

In the fruit treated at 12 C, slight differences between AfLit and Dfruit
were detected immediately after treatment (0 ,hvith CQ values of 190
and 150 mL kgh, respectivelyHowever, in the fruit treated at 20€, CQ
release was clearly more marked in those submitted to an attemparation
period than in those transferred directly to cold storage (230 and 140 mL
kg! h, respectively). During the subsequent periods; @kase gradually
decreased, and the measurements taken until 6 h showed a greater CO
release in Aruit than in those trasferred directly to 1C.

After 24 h, the Ce@level significantly lowered in lahe fruit with values of
about 25mL kgt h. On Day 2, CQelease lowered to similar values to
those recorded at harvest in all the treatments. During the subsequent
storage period, the values remained quite constant, and it was onlynwhe
fruit were transferred to 20 C after 41 d, in order to simulate
commercialisation that a slight increase in@@s observed, with no noted
differences among treatments.
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250 m12°C-D o12°C-A
B20°C-D O20°C-A

CO2 RELEASE (mL/ kg.h)
—
8
1

Fig 6. Evolution of the Corelease (mL k§h) in the persimmon fruit submitted tc
the GO, deastringency treatment (95 % @Gt 12 °C and 20C; and then traferred

directly to cold storage at 1 °C (12DBCGand 20 &D)or attemperated for 24 h at 20 °(
(12 °GA and 20 CGA) before eing cold stored for 41 d at IC; plus &-day sheHife

period at 20 €. Vertical bars represent the LSD intervals (p = 0.05).

As explained for COthe AcH ad EtOH values presented in Figurésand 7B
correspond to the release of the gases that accumulated inside fruit during the
CQ treatment. During thdfirst 4 h in the Cetreated fruit at 20 T, the release

of AcH and EtOH was more marked infAilt than in Dfruit. However, in the
CQ-treated fruit at 12 €, no differences between treatments were observed
until 6 h. All the fruit showed a marked dease after 24 h, with no
differences among treatments. From this day onwards, the level of these two
volatiles dropped in all the fruit.
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Fig 7. Acetaldehyde and Ethanol Release. Evolution of the AcH (A) and EtC
release (UL kg' h?) in the persinmon fruit submitted to the C®deastringency
treatment (95% Cg) at 12 °C and 20C; and then transferred directly to cold storay
at 1 °C (12 >© and 20 GD) or attemperated for 24 h at 20 C (12-ACand 20 GA)

before being cold stored for 41 d &t°C, plus a3-day shelife period at 20 €. Vertical
bars represent the LSD intervals (p = 0.05).
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4. Discussion

In the present study, the browning index results revealed that only the fruit
transferred directly to coldstorage displayed flesh browning ra#té days,

indicating that, the attemperation period is a crucial factor to avoid the
development of this flesh disorder. According to our results Min et al. (2018)
NELR2NISR 0NRoYyAyd AYOARSYOS Ay WbAdzEA Y
CQ treatmentto cold storage chamber while this disorder was not observed in

fruit that have been not submitted to the deastringency treatment before

storage. More recently, Win et al. (2019) reported browning manifestation
FFGSNI O2f R &G 2 NI 3S o previdsly re@R dedACH & A Q LIS
and CQ@ The authors did not describe the conditions between €&atment

and fruit transfer to cold storage, but it is quite possible that fruit were
transferred directly to cold chambers.

It is weltknown that the astingency removal process using £bOnsists in two
phases: 1) an induction phase in which fruit must be maintained for a
minimum period at high Cxoncentrations. During this phase, AcH and EtOH
are accumulated as result of the anaerobic respiration andnitesAcH
reaction leads to a tannins insolubilization process; 2) a second phase in which
astringency keeps gradually disappearing and presence pfsG®t essential
(Gazit &Adato, 1972). These two phases agenperaturedependent (Matsuo

& lto, 1977).

Accordingly, our results showed that the tannins insolubilisation reaction that
took place immediately after C@reatment was faster whenhte process was
performed at 20 °C than at 1Z?Moreover, during the first 24 horas after CO
treatment a clear #ect of the temperature exposure on tannins
insolubilisation was also observed as the decline in soluble tannins was faster
in the fruit kept at 20 °C (20 “€and 12 GA) than in those directly moved to
cold storageZ0 °GD and 12GD).

It is notewothy that the C@treatment to which fruit were subjected led to
not only AcH and EtOH accumulating in fruit flesh, but alsp T ability of

the fruit to continue accumulating or releasing these gases during the hours
that followed the C@treatment wasalso highly depended on the temperature
after treatment. So, miataining fruit for 24 h at 20C after being submitted to
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the deastringency treatment resulted in a faster release of these three gases
out of the fruit compared to fruit transferred directtp coldstorage. This fact,

first described in this study, is explained by the effect of temperature and
pressure in the diffusion coefficient of a gas (Welty et al., 1984). Diffusion
increases with increasing temperature as molecules move more rapidlly, an
decreases with increasing pressure, which packs more molecules in a given
volume and, thus, makes it harder for them to move.

The lower ability to release G@t low temperature led to the anaerobic
respiration lasted longer in the fruit transferred dity to low temperature
(Druit), with the consequent accumulation of AcH, compared with the fruit
maintained at 20C (Afruit). So, this AcH accumulation in fruit flesh during the
first 24 h after C@treatment seems to be the key to browning developmén
the fruit. Moreover, the browning severity was higher in those fruits,-CO
treated at 20°C (D20 °C), in which the highest AcH concentrations were
detected after 24 h.

The link connecting the accumulation of higher AcH levels triggered by anoxia
situation and flesh browning manifestation thadterein was observed in the-D

fruit has been previously suggested for other fruit by different authors. So, a
situation of anoxia in the central fruit region has been associated with the
development of browning dorders in pear (Ho et al., 2010). Moreover, the
greater sensitivity of pear to develop internal browning, has been associated
with the lesser ability tissues to facilitate gas exchange (Verboten et al., 2008)
and as observed herein, e@iffusivity in pea has also been reported to be
strongly influenced by temperature (Ho et al., 2006).

Moreover, the effect of anoxia to cause unrecoverable cell damage and flesh
disorders (Ho et al., 2009) has been related to a smaller amount of
detoxification enzymes agat harmful reactive oxygen species (ROSgyD
1997; Purvis, 2001; Apel Birt, 2004). In such a process, AcH accumulation
when fruit are exposed to high G€@oncentrations seems to play an important
role in tissue browning and cell death (Fan et al.,.®20han et al., 2015) as it
can act a promoter of ROS generation.

In persimmon, a tannins oxidation process by ROS mediated by AcH has been
previously linked to other kind of browning disorders associated with
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mechanical damage (Novillo et al., 2014). fBfare, it is possible that the high

I Ol O2yOSYyiNYiGA2y KSNBAY fAYy1SR (2 GKS

acts as a source of ROS generation. However, cell membranes should prevent
the reaction of ROS and the tannins allocated in the vacuol&éestcalled

Wil yyAya OS tBluaedfeld) DOR11 VoN&nbriCek al.,91997). In this
aSyasSsy GKS YIFIAy aidNHzOGdzNI £ OKIy3aSa
storage have been described as loss of cell wall integrity and low intercellular
adheson (PérezMunera et al., 2009). This would explain why a relatively long
storage period, lasting some 40 d, is necessary for internal flesh browning to
be manifested. Only after cell membranes lose their integrity due to low
temperature conditions can thdROS generated by AcH mediation oxidise
tannins with the subsequent browning manifestation. While high AcH
concentration accumulated in flesh at the beginning of storage seems to be
the primary cause of browning disorder, an EtOH accumulation was detected
during browning manifestation. Similarly, the EtOH concentration has been
suggested as a potential predictor of the flesh browning manifestation risk
during prolonged apple fruit storage as it has been associated with flesh
browning induced by heat stresBaf et al., 2005).

In summary the results obtained in this study revealed for the first time that
temperature at which the fruit is exposed after £tietament is the main
FILOG2NI AYLX ASR Ay WAYOISNYylrt FfSakK
persimmonafter cold storageAn attemperation period at 20C during 24 h
after deastringency treatment facilitates the diffusion of L&t of fruit, which
results in lower AcH accumulation, which seems to play a key role in
preventing browning disorder manifegian. Therefore, in the case that
persimmon have to be cold stored, it is necessary to implement an
attemperation period after the deastringency treatment to avoid internal
browning manifestation.
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Abstract

Nowadays the treatment based on applying high €@ncentrations to fruit is

the main method used in astringent persimmon prior to being commercialized,
but it can cause quality problems for fruit during cotdrage. The aim of this
study was to esluate the effectiveness of a recently patented astringency
removal method based on applying a new wax whose formulation includes
ethanol before commercial packaging. During two seasons, three treatments
were evaluate in cv. Rojo Brillante and Triumph: @3-standard treatment;

2) waxed and packed in plastic film according to the patented method; 3)
packed in plastic film without any treatment. During a third season, the new
YSGK2RQa STTSO0A D Seyicg was evalyatedNBoE@ndustyial | & |
conditions. After treatments fruit was stored at @ for 15, 21 and 30 days
before being transferred at 20C to simulate a-8ays sheHife. All the fruit
treated with the new wax completely lost astringency afterdays at *C, and
commercial firmness as mantained. At the end of the storage, fruit quality
was substantially higher in fruit submitted to the new treatment..@®ated

fruit, manifested internal browning after 30 storage days and slifelf while

this disorder was not detected in waxediifr

Keywords: RS A0 NAy3ISyOes O2fR &ai2N}3Ss 4t
We¢ NA dzY LK Q
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1. Introduction

Persimmon cultivars are divided into two categories, astringent and- non
astringent, depending on their astriagcy level at harvest. Astringent
persimmons are not edible when harvested due to the presence of high
soluble tannin concentrations, which produce a dry puckeringsagon in the

mouth Besada § I £ @ R2NJ HamMy 0 ® WENARdZYLIKQ | yR
cultivars from the Mediterranean regp bath of which are astringent at
harvest.

The most habitual treatment used to remove astringency in persimmon is
based on exposing fruit to 983% C@at 20 °Cand 90% RH for 24 h (Besada &
Salvador 2018). The effiaeness of this method lies in the tathat it triggers
anaerobic respiration in fruit, which gives rise to the accumulation of
acetaldehyde. The reaction between this acetaldehyde and the soluble tannins
responsible for astringency leads tannins to bmeoinsoluble, hence they lose
their astringent characte (Arnal & Del Rio 2003; Salvador et al. 2007).
Although the effectiveness of this deastringency method has been widely
studied, a high CQconcentration affects the parenchyma structure, causing
cell membrane degradation, which can lead lwss of flesh firmness after
treatment. Thus, in the case the fruit has to be cold stored, it is recommended
to remove the astringency after conservation to preserve the fruit firmness.
Nevertheless, it is noteworthyhat in some marketing scenarios, suels
shipments to overseas countries, £tbeatment is necessarily applied before
using refrigerated transport. Under these conditions, the risk of fruit quality
loss during cold storage is high. Indeed, the fruit exaiftig and internal
browning that appeas during prolonged refrigerated transport is one of the
most important problems that is limiting the market to overseas countries.

In this context, interest has been shown in finding alternative deastringency
methodsthat can be applied in cold storage nagenent scenarios to avoid
quality losses associated with the currently employed, @®atment. To
respond to this demand, the present work takes as a starting point two
postharvest technologies used for different rposes that have never been
combined. @ the one hand, it is known that exposing fruit to ethanol has an
effect of removing astringency. Ethanol vapor was one of the first treatments
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to be assayed to remove astringency in the persimmon fruit industrya(Eair
al. 1989). Although this treatmerdtill continues to be used in countries like
Brazil (Tessmer et al. 2018), it is being replaced with tatment as the
latter requires less time to remove astringency and fruit firmness is better
preserved.

On the other hand, edible waxes are used ¢arry some ingredients like
antioxidants, antifungal and antimicrobial agents for different purposes in
different fruits (Nair et al. 2018; Roj&raill et al. 2007). In persimmon no
information on this regard exits, nsome studies have reported the usé o
waxes to reduce softening and weight loss (Blume et al. 2008; Carvalho da Silva
et al. 2011).

In this context, the hypothesis based on producing an edible wax as a carrier
for ethanol was the starting point to reaehsearch collaboration between the
Ingituto Valenciano de Investigaciones Agrarias (IVIA) and the Fomesa Fruitech
S.L.U. Company. The final objective was to find a new deastringency method
based on ethanol that can be easily applied and that does no¢ In@gative
effects on the fruit qualityduring lowtemperature storage and subsequent
shelflife. The studies carried out allowed to develop an ethanolic wax that
could remove fruit astringency during cold storage when combined with fruit
packaging, and ik process has been recently patent&dl(01459).

The objective of this work was to evaluate the effectiveness of this new
method to remove persimmon astringency during cold storage, and to
determine its effect on other important physiadhemical qualityparameters

as color, firmness, total fuble solids, chilling injury and browning incidence.
This study was part of the studies submitted for approval of the patent.

2. Materials and Methods

2.1.Fruit source and treatments

This study was conducted in #® consecutive seasons from 2017 to 20Ih
the first and second season the treatments were tested under lab conditions
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while in the third season the assays were carried out under industrial
conditions.

First season (SI¥w2 22 . NAf f | y (i i%QestedSr\NbVenberdnmaid 6 S NE
commercialmaturity stage from an orchard in Valencia (Spain) before being
AYYSRAFGStE@ GNIXyalLRNISR (2 GKS LzL! Qa
Center. Fruit were carefully selected for their uniform size and external color.

Then they were separated into homogersots of 12fruits andwere placed

on plastic alveoli trays in a cardboard fruit box. Three of these lots were used

to evaluate the physicehemical quality of fruit at harvest.

The remaining lots of fruit were sulgied to the following three treatments
(12 bots per treatment):

1) fruit submitted to the traditional CQreatment with 95% Cgat 20°C for 24
h (CQ);

2) fruit waxed and packed in plastic film according to the patented method
(Wax+Film);

3) fruit pacled in plastic film with no wax applidgah, used as the control
(Film).

After applying treatments, all the fruit were stored at’C with 85%90% RH

for up to 30 days. Periodically after 15, 21 and 30 days, three lots of each
treatment were removed from dd storage for analysis. In additionfter 30

days three other lots of fruit were trafierred to 20 € for 5 days to simulate
the shelflife period, after which they were evaluated.

Second season (SDuring this season, experiments were carried outhie

same way as during the first seasbnt in this case they were performed with
LISNEAYY2Yya WYWw222 . NATEFYydiSQ FyR W¢NRdzYy
harvested in the commercial maturity stage in December from two orchards in
Valencia. During thiseason, a #lay sheHlife at 20°C wa simulated after 15,

21 and 30 days of cold storage periods.

Third season (S3Ppuring this season, the effectiveness of the new method to
NEY2@S aidNARy3ISyOe ¢gta S@FftdzZd G§SR dzyRSI
Brif F yGSQd ¢2 {KAAa t\8eyeRanspbrieditd AromirmeES & G F 1
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packing house (Natural Hand S.L.) where they were carefully selected for their
uniform size and external color. Then fruit were separated into homogenous
lots of 16 fruits and were lpced on plastic alveoli trays in a cowrcial
cardboard fruit box. Four treatments were assayed: 1) fruit submitted to the
traditional CQ treatment with 95% C@at 20 T for 24 h (C£ in industrial
chambers; 2) fruit waxed and packed in plastic bagsrding to the patented
method (Wax+Fil 3) fruit packed in plastic films with no wax application,
used as the control (Film); 4) fruit waxed and boxes stacked on a wooden
pallet, strapped with macroperforated stretch film by a commercial automatic
strapang machine (Wax+Pallet). Here the athjee was to generate a kind of

film package by strapping pallets, whereby a cardboard sheet was placed on
top of the pallet (Wax+ Pallet) and it was fistrapped until almost the whole
pallet surface was covered. tA&f applying treatments, boxes were p&d in

the cold chambers at the Natural Hand Company -t @ with 859®0% RH

for up to 30 days. After 30 days, three lots of each treatment were evaluated.
Three other lots dfruit were transferred to 20C for 5 @dys to simulate the
sheltlife period,after which they were evaluated.

In all cases after harvest the fruit were treated wittMICP under commercial
conditions (500 nL/L of 1-MCP for 24 h at room T). This treatment is
commercially applied to persimmonbefore they are submitted to low
temperature in order to delay chilling injury symptoms (Salvador et al. 2004).

CQ treatment was carried out in closed containers (467 L), which contained
95% Cofor 24 h at 20 € and 90% RH. These conditions were estadd by
passing a stream of air contéiig %% C®through containers.

In the first and second season, in the lab, wax was applied uniformly to the
fruit surface with a sprayer at a rate of 12.5 mL wax per kg of fruit. Wax and
plastic film (Xtend®, StePacA. Ltd) were provided by the FomeSaitech
S.L.U. The application system for the wax in the industry (third season) was
composed of two main parts, the pressurizer pump and the spraying gun. The
main objective of this application system was to creaténe nebulization of

the wax, creatig athin coating of the product on the surface of the fruit. The
pressurizer pump is in charge of using pressured air from a compressor to
pressurize the wax through an 8 mm pipe to the spraying guns. Once the wax is
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pressured, the spraying guns are ableméake a fine nebulization of the wax
on the surface of the fruit. Regardirtbe spraying gun, we used an 8B°
nozzle, which allows us to makediffusion of the wax at an 8@pening angle
and a flow rate of 2.5 dlans per hour.

At harvest, and afterifferent cold storage periods as well as the sthiédf, the
determined physica&chemical and sensory parameters were as follows:
external color, firmness, soluble tannins content (ST), sensory astringency and
off-flavors, acetaldehyde (AcH) and ethanol@B) n juice. After cold storage,

the CQ and EtOH concentrations inside plastic films were measured.

For a better understanding, the treatments and conditions tested in each
season are shown in the table 1.

Table 1. Treatments and conditions testedfdVv@2 . NRAf f | y(iSQ
three season studied

. Cold storaggCs) Sheltlife
Season Treatments Cultivar
v (0°C) (5d at 20°C after CS)
15d  21d 30d 15d 21d 30d
CcQ
S1 Wax+Film Rojo Brillante X X X - - X
Film
cQ .
S2 Wax+Film Rojo Brilante X X X X X X
Film Triumph
CcQ
S3 Wax+Film Rojo Brillante - - X - - X
Film
Wax+Pallet

2.2.Fruit quality assessments

Determinations were made with 12 fruits, three replicates per treatment. After
the lowtemperature storage periods and ¢h subsequent shelffe, the
following were evaluated: external color, flesh firmness, soluble tannin
contents (ST), sensory astringency and-flaffors, internal and external
disorders, AcH and EtOH in juice, EtOH andrC@astic bags.
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Skin color was etermined by a Minolta colorimeter (Mall CR300; Minolta,
wkYaSes b, o0d 1dzyGSNJ LI NI YSGSNB da[ =¢
results were expressed as Color Index = (1000a)/(Lb) (Salvador et al. 2007).
Two measurements were taken on the opposite eguial area of each fruit.

Flesh firmnes was evaluated by a texturometer (model 4301, Instron Corp.,
Canton, Mass., USA) using amBh plunger. The crosshead speed during
firmness testing was set at 10 mm/min. The results were expressed as load in
Newton (N) to break flesh at two equidistaradations in the equatorial region

of each fruit after epicarp removal.

Immediately after taking the firmness measurements, fruits were cut into half
and any internal disorder was evaluated. The incidence of extenubirgernal
disorders was evaluated wually on all the fruit in each lot according to
Khademi et al. (2013). Skin browning severity was evaluated on four scales as:
0, no browning; 1, slight browning; 2, moderate browning; 3, severe browning.
Similarly, esh browning was rated on a-pbint s@le according to the
browning intensity detected in the central fruit part as: 0, no browning; 1,
slight browning (less than 30% of the fruit flesh surface was brown); 2,
moderate browning (more than 30% and less thé@% of the fruit flesh
surface was bran); 3, severe browning (more than 60% of the fruit flesh
surface was brown). The browning index (Bl) was calculated as

LI' HwOoOoNRGgYAYy3d aSOSNRGE0 v oy20 27
no. of fruit.
After disorders evaluation, six fruifger lot were cut to obtain four quarters.
Two opposite quarters were frozen &1 °C until the ST analyses. ST content
was evaluated by the Folberis method described by Arnal Rel Rio (2004).
The results were exessed as a percentage or g/100g FWhe Oof the
remaining quarters was used in the sensory evaluation and the other was
employed to obtain juice for the AcH and EtOH determinations.

The sensory evaluation was performed by 8 trained panelists who werel aske
to evaluate astringency levels andetpresence of offflavors. Sensory sessions

were carried out in a specifically adapted room, where panelists were seated in
individual evaluation booths. Fruits were peeled and sliced (longitudinal slices,
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1.5 cm wid@, and three slices from three differefruits were presented per
sample to compensate for variability. Water was provided to cleanse palates
between samples. Samples were served in random order to the panelists in 50
mL stainless steel soufflé cups, itiéad by a unique threaligit number.Each

fruit was tasted by at least three panelists. Ad&nt scale was used for the
sensory astringency evaluation: 1 = no astringency; 2 = residual astringency; 3
= slight astringency; 4= moderate astringency; 5 tdragency. A value below

1.5 guaranteeghe non-astringency of the fruit, and therefore is considered
commercially acceptable (Besada et al., 2016; Munera et al., 2017/f)a@ifs

were evaluated as Presence/Absence.

In order to determine the AcH and B#Croncentrations, one quarter of thexsi
fruits per lot was placed in an electric juice extractor (model 753, Moulinex,
Spain) and the obtained juice was filtered through cheesecloth. AcH and EtOH
production was measured with three samples per replicat¢uafe samples,
obtained as previouslymentioned and analyzed by headspace gas
chromatography. Five milliliters of the filtered juice were transferred tenilO

vials with crimptop caps, sealed with TFE/silicone septa, and froz2h °Q

until analyzed. & the analysis, samplegere put in awater bath at 20 € for 1

h, followed by heating at 60 °C for 10 min. AnlL headspace sample was
withdrawn from the vials and injected into the gas chromatograph (model
2000, PerkirElmer, Norwalk, Conn., USA), eqed with a flame ionization
detector (AD) aad a 0.32 cm x 1.2 m Poropak QS 80/100 column. The injector
was set at 175 °C. EtOH and AcH were identified by comparing the retention
times with those of a standard solution. The results were expressed as mg/100
mL.

Prior to opening the plastic bagthe EtOH and CfOconcentrations were
determined. For this purpose, a BD Plasticpak syringe was placed inside the
plastic bag and 1 mL of the generated atmosphere was extracted carefully so
as not to damage fruit. Thivolume was injected into the gas chratograph
(model 2000, Perkuilmer, Norwalk, Conn., USA) and the same previously
explained pattern was followed. For EtOH 1 KS NB & dzf Ga ¢ SNB
as % of gas in the atmosphere for,.CO
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2.3.Statistical Analysis

Data were subjected to an analysis of variance, based on two factors
(treatment x storage duration). Multiple comparisons between means were
determined @ G KS fSIadG &A3IYyATFAOFLYyld RATFTFSN
Statgraphics Plus 5.1 software application (Manugistics Inc., Rockville, MD,
USA).

3. Results and discussion

3.1.Soluble tannins (ST) and sensorial astringency evaluation

At harvest, the STcanSy i Ay Ww222 . NRO70% dinhgh & | &
three studied seasons (Fiil > Mo0X MRO® ¢KS {¢ @I f dz
slightly higher at harvestrie, 0.9% (second season) (Fig). These values

were in the same range found by most prevdostudies conducted on both
cultivars, which have been related to high astringency levels in fruit (Besada et

al. 2014; Novillo et al. 2015; Salvador et al. 2007).
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Fig 1. Soluble tannins content (a, b, ¢, d) and sensory astringency evaluation (&) 1
2F LISNBEAYY2Yya WwWww2z2e2z2z . NAfflIyYyiSQ | yRand
after the subsequent flay sheHife period at 20°C in season 1 (S1), season 2 (S2)
aSrazy o o6{o0® =SNIAOI T 0 NB NBtitg@Ehay!
evaluation was from 1 = no astringency to 5 = astringency; a value below
considered commercially acceptablgilm: fruit packed in plastic film without wa:
Wax+Film: fruit waxed and packed in plastic film.2:Cfouit submitted to C®©
treatment. Wax+Pallet: fruit waxed and boxes stacked on a wooden pallet whict
strapped with macroperforated stretch film. DA: 1 day aftes C&tment.
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As expected, the ST content dropped significantly after being treated with a
high CQ concentration (CQ treatment). In all cases after 1 day of the
treatment (DA), the ST concentration lowered to values between 0.01% and
0.03%. The panelists evaluated fruit astringency with scoredl qhon
astringent fruit) (Figle, 1f, 1g, 1h).

In the fruit packed implastic film with no added wax (Film), ST slightly dropped,
over all after 30 cold storage days and the shitdfthat followed the different

cold storage periods. Despite of this decrease, in all cases, the ST values
remained very high, which resultech ifruit having high levels of sensory
astringency (astringency scores ranged between 3.9 and 4.8).

However, the ST in the waxed fruit (Wax+Film) gradually lowered during the
studied storage period. In the first and second seasons, after 15 days at low
temperature, ST drastically decreased, with values close to GQLA86%6 in

both cultivars. The sensory evaluation revealed that this fruit still exhibited a

high astringency level (scores of 4.5). In all cases from 15 days onward, the

ST content continuetb lower and reached values below 0.03% after 30 days,
GKSY GKS FNIZAGQA FadNAy3aISyOe aoO2NBa |
commercial. Similar results were obtained during the third season, when
Faaléa ¢SNBE OF NNA SR 2 dziustrigl canditions. vAe 2 . N.
30 cold storage days, the wax+film fruit and wax+pallet fruit obtained ST
values close to 0.03%. In both cases, fruit was evaluated aastangent.

One point worth mentioning is that in the second season, in which the-shelf

life conditions were simulated after all the cold storage periods, just after 15

and 21 days at low temperature the wax+Film fruit values were 0.01% and
neonw: Ay Wwz2e2 . NATfFyiSQ | yR W¢ NR dzY L]
detect astringency.

In persimmon fruit the threshold of ST leading to astringency perception
depends on the cultivar. ST above 0.1% has been found to confer an astringent
ilradsSs FyR GKS&AS FTNH2AG NS y20 SRAGES
YR W¢ KA Sy 51994) In theRoheRekt st&dy, and frréspectively of the
GNBIFGYSyld G2 gKAOK FTNMHAG 61 & adaoaYAudas
being astringent corresponded to the fruit that had an ST content below
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0.03%. This value agrees with those previouslyJ2eNIli SR F2 NJ
NAEEIFIYGiSQ YR We¢NRdzZYLIKQ 6. S&l RI

3.2.Acetaldehyde (AcH) and ethanol (EtOH)

S

Most methods performed to remove persimmon astringency are based on
maintaining fruit under anaerobic conditions exposing them to products
that induce anaerobic respiration. Under these conditions, soluble tannins,
responsible for astringency, are polymerized by AcH that accumulates in flesh,
hence the deastringency process rate has been positively related to teedev
'Ol GKFG | OOdzydzZ FiSa Ay FNHAG FfSak
NAEElIYyGiSQr GKS | OO0dzydzZ SR ! OI 0Oz2y
treatments has also been closely associated with a drop into the decrease of ST
(Besada e al. 2010). Nevertheless, the AcH level required to insolubilize
tannins in fruit flesh to reach undetectable astringency values has not yet been
established.

In the present study, both cultivars exhibited very low AcH concentrations at
harvest, betwen 0.1 and 0.3 mg/100 mL (Figa, 2b, 2c, 2d). These values are

in the range reportd in previous studies (Arnal Rel Rio 2003; 2004; Besada

et al. 2014). As expected in the £€eated fruit, AcH significantly increased 1
day after treatment (DA), with vaés of around 4.5 mg/100 mL in both
cultivars in the first and second seasons. For the third season, the values
reached after C@treatment were slightly lower, 3.5 mg AcH/100 mL. For all
three seasons, AcH levels linked to@®ated fruit showed no releant
changes throughout the study period.
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Fig 2. Acetaldehyde (a, b, ¢, d) and ethanol (e, f, g, h) (mg/100 mL) of persim
Yw2a22 . NREfFYyGSQ | yR W¢ NR dzY LECndlafier the
subsequent Eay sheliife period at 20°C in season 1 (S1), season 2 (S2) and sea
(S3). VerticalbarsrepieSy i [ {5 AYGSNBI & 606LI X nd
Film: fruit packed in plastic film without wax. Wax+Film: fruit waxed and packe
plastic film. C@ fruit submitted to C®treatment. Wax+Pallet:réit waxed and boxe:
stacked on a wooden pallet, which was strapped with macroperforated stretch
DA: 1 day after CQreatment.
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