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cannot; together we can do great things.ó 
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ABSTRACT 

In the last two decades, persimmon production in Spain has increased 

exponentially and the cultivation area has expanded almost eight-fold. The 

ŎǳǊǊŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǇŜǊǎƛƳƳƻƴ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎǳƭǘƛǾŀǊ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩΣ 

which is appreciated worldwide due to the high quality of the fruit. 

Nevertheless, 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 context, this Thesis addresses two main objectives: 1) Optimization of 

pre- ŀƴŘ ǇƻǎǘƘŀǊǾŜǎǘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ƻǊŘŜǊ ǘƻ ƎǳŀǊŀƴǘŜŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴ ŀŦǘŜǊ ŎƻƭŘ ǎǘƻǊŀƎŜ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǘƻ ƻǾŜǊǎŜŀǎ 

markets. 2) Evaluation of the behavior of foreign varieties of persimmon under 

Mediterranean conditions in order to extend the varietal range. 

The first objective of this Thesis was tackled through the studies presented in 

Chapters I to V. The second objective was covered in Chapters VI and VII.  

Chapter I dealt with the causes of internal browning disorder manifested after 

ŎƻƭŘ ǎƘƛǇƳŜƴǘ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ ǘƻ ƻǾŜǊǎŜŀǎ ƳŀǊƪŜǘǎΦ ¢ƘŜ 

temperature to which fruit is exposed immediately after CO2 deastringency 

treatment was identified as the main factor involved in this alteration. Our 

results showed that this disorder can be avoided by implementing an 

attemperation period of 24 h after the CO2 treatment, before transferring fruit 

to cold storage. 

In Chapter II, the effectiveness of a recently patented deastringency treatment 

was evaluated. This novel treatment is based on applying a new wax 

ŎƻƴǘŀƛƴƛƴƎ ŜǘƘŀƴƻƭ ŀƴŘ ǿŀǎ ŀǎǎŀȅŜŘ ƛƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩ 

persimmons. The use of this new ethanol-based wax could be a potential 

alternative to the conventional CO2 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 0 

°C while preserving fruit firmness and internal quality.  



 

 

 

The results of Chapter III demonstrated 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 (1-MCP) preserved the fruit quality better than with the 

application of 1-MCP 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 also effective 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 lobe senescence during fruit ripening was linked 

to a decrease in all Chlorophyll Fluorescence Imaging (CFI) parameters (Fo, Fm, 

and Fv/Fm).   

Chapter V addressed the optimization of storage conditions for organic 

persimmons. According to our results, fruit harvested 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 CO2 deastringency treatment, and the stage 

of fruit maturity. The longest storage period (3 weeks) was achieved when fruit 

were harvested with a firmness of around 45 N, submitted to CO2 treatment 

and then stored at 15 °C.   

Finally, 14 foreign varieties grown under Mediterranean conditions were 

evaluated to identify early- and late-season varieties with potential to extend 

the harvesting period. This is presented in Chapters VI and VII. In general, all 

the evaluated varieties fulfilled the quality criteria to be commercialized in 

domestic and European markets. However, sensitivity to CI was variety 

dependent and response to 1-MCP treatment was also observed to depend on 

the variety.    

 

 



 

  

RESUMEN 

En las últimas dos décadas, la producción de caqui en España ha aumentado 

exponencialmente y la superficie de cultivo se ha multiplicado casi por ocho. 

En la actualidad, la producción de caqui está centralizada en el cultivar 'Rojo 

Brillante', que es mundialmente apreciado por la elevada calidad de sus frutos. 

Sin embargo, esta centralización supone una importante limitación comercial, 

ya que la producción se concentra en un período de cosecha relativamente 

corto y además implica un alto riesgo fitosanitario. 

En este contexto, en la presente Tesis se abordan dos objetivos principales: 1) 

Optimización de la tecnología pre y postcosecha con el fin de garantizar la 

calidad del caqui 'Rojo Brillante' durante la frigoconservación y el transporte a 

mercados internacionales.  2) Evaluación del comportamiento bajo condiciones 

mediterráneas de variedades introducidas de otras regiones productoras con 

el fin de ampliar el rango varietal de caqui. El primer objetivo de esta Tesis se 

logró a través de los estudios presentados en los Capítulos I al V. El segundo 

objetivo se abordó en los Capítulos VI y VII.   

En el Capítulo I se esclarecieron las causas del pardeamiento interno, que es 

una de las principales alteraciones que limita la comercialización del fruto en 

los envíos a los mercados internacionales. La temperatura a la que se expone 

la fruta inmediatamente tras la aplicación del tratamiento de desastringencia 

con altas concentraciones de CO2 se identificó como el principal factor 

implicado en esta alteración. Los resultados obtenidos mostraron que esta 

alteración se puede evitar mediante la implementación de un período de 

atemperado de 24 h después del tratamiento con CO2, antes de transferir la 

fruta a bajas temperaturas. 

En el Capítulo II se evaluó la eficacia de un tratamiento de desastringencia 

recientemente patentado. El tratamiento basado en la aplicación de una nueva 

cera que contiene etanol en su formulación fue ensayado en caquis 'Rojo 

Brillante' y 'Triumph'.  Los resultados mostraron que esta cera podría ser una 

alternativa al tratamiento convencional de desastringencia con altas 

concentraciones de CO2 cuando la fruta se envía a mercados lejanos a bajas 

temperaturas. La aplicación de la nueva cera antes de conservación en frío 



 

 

 

provocó la pérdida de astringencia de la fruta tras 30 días a 0 °C, preservando 

al mismo tiempo la firmeza de la fruta y la calidad interna. 

Los resultados del Capítulo III demostraron que la realización de dos 

aplicaciones de ácido giberélico (AG) en precosecha permite retrasar el 

proceso de maduración de la fruta en el árbol con respecto a una sola 

aplicación. La combinación de AG en precosecha y 1-metilciclopropeno (1-

MCP) en postcosecha resultó en una mayor calidad del fruto durante la 

frigoconservación en comparación con la aplicación únicamente de 1-MCP. 

Además, la fruta tratada con múltiples aplicaciones de AG mostró una firmeza 

ligeramente mayor tras de conservación a baja temperatura; sin embargo, una 

sola aplicación de AG también previno la manifestación de daños por frío en la 

fruta.  

En el Capítulo IV se demostró que, paralelamente al retraso de la maduración, 

el tratamiento con AG también retrasa la senescencia del cáliz, incrementando 

la calidad externa del fruto. La senescencia del cáliz durante la maduración del 

fruto se relacionó con una disminución de los parámetros de fluorescencia de 

clorofila (Fo, Fm y Fv/Fm). 

En el Capítulo V se estudiaron las condiciones óptimas de almacenamiento del 

caqui producido bajo cultivo ecológico. Según los resultados obtenidos, no se 

deben almacenar los frutos cosechados con firmeza inferior a 30 N. La calidad 

del fruto durante la conservación dependió de las condiciones de 

almacenamiento, momento de aplicación del tratamiento de deastringencia y 

estado de madurez inicial. Fruta cosechada con firmeza alrededor de 45 N y 

sometida al tratamiento de desastringencia antes del almacenamiento a 15 °C 

pudo ser conservada con buena calidad por un periodo de hasta 3 semanas. 

Por último, en los Capítulos VI y VII se abordó la evaluación bajo condiciones 

mediterráneas de 14 variedades de caquis no-astringentes procedentes de 

otros países. Se identificaron las variedades tempranas y tardías que pueden 

ser potencialmente interesantes para ampliar el período de cosecha en 

nuestra región. Los estudios postcosecha mostraron que todas las variedades 

estudiadas presentan una buena aptitud para ser comercializadas en los 

mercados nacionales y europeos. Sin embargo, la sensibilidad a los daños por 



 

  

frío que presentaron algunas de las variedades estudiadas podría limitar su 

comercialización a países de ultramar. Además, se observó que la respuesta al 

tratamiento con 1-MCP, para el control de los daños por frío, dependió en gran 

medida de la variedad. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

RESUM 

En les últimes dues dècades, la producció de caqui a Espanya ha augmentat 

exponencialment i la superfície de cultiu s'ha multiplicat quasi per huit 

vegades. En l'actualitat, la producció de caqui està centralitzada en el la 

ŎǳƭǘƛǾŀǊ ϥwƻƧƻ .ǊƛƭƭŀƴǘŜΩΣ ǉǳŜ Şǎ ƳǳƴŘƛŀƭƳŜƴǘ ŀǇǊŜŎƛŀǘ ǇŜǊ ƭϥŜƭŜǾŀŘŀ ǉǳŀƭƛǘŀǘ 

dels seus fruits. Malgrat això, aquesta centralització suposa d'una banda una 

important limitació comercial, ja que la producció es concentra en un període 

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) 

Optimització de la tecnologia pre i postcollita amb la finalitat de garantir la 

ǉǳŀƭƛǘŀǘ ŘŜƭ Ŏŀǉǳƛ ΨwƻƧƻ ōǊƛƭƭŀƴǘŜϥ ŘǳǊŀƴǘ ƭŀ ŦǊƛƎƻŎƻƴǎŜǊǾŀŎƛƽ ƛ Ŝƭ ǘǊŀƴǎǇƻǊǘ ŀ 

mercats internacionals.  2) Avaluació del comportament de varietats 

introduïdes d'altres regions productores sota condicions mediterrànies amb la 

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

va aconseguir a través dels estudis presentats en els Capítols I al V. El segon 

objectiu es va abordar en els Capítols VI i VII.   

En el Capítol I es van esclarƛǊ ƭŜǎ ŎŀǳǎŜǎ ŘŜ ƭ ƭΩŜƴŦƻǎǉǳƛƳŜƴǘ ƛƴǘŜǊƴΣ ǉǳŜ Şǎ ǳƴŀ 

de les principals alteracions que limita la comercialització del fruit en els 

enviaments als mercats internacionals. La temperatura a la qual s'exposa la 

fruita immediatament després de l'aplicació del tractament de desastringència 

ŀƳō ŀƭǘŜǎ ŎƻƴŎŜƴǘǊŀŎƛƻƴǎ ŘŜ /hі Ŝǎ Ǿŀ ƛŘŜƴǘƛŦƛŎŀǊ ŎƻƳ Ŝƭ ǇǊƛƴŎƛǇŀƭ ŦŀŎǘƻǊ 

implicat en aquesta alteració. Els resultats obtinguts van mostrar que aquesta 

alteració es pot evitar mitjançant la implementació d'un període de temperat 

ŘŜ нп Ƙ ŘŜǎǇǊŞǎ ŘŜƭ ǘǊŀŎǘŀƳŜƴǘ ŀƳō /hіΣ ŀōŀƴǎ ŘŜ ǘǊŀƴǎŦŜǊƛǊ ƭŀ ŦǊǳƛǘŀ ŀ ōŀƛȄŜǎ 

temperatures. 

En el Capítol II es va avaluar l'eficàcia d'un tractament de desastringència 

recentment patentat. El tractament basat en l'aplicació d'una nova cera que 

conté eǘŀƴƻƭ Ŝƴ ƭŀ ǎŜǳŀ ŦƻǊƳǳƭŀŎƛƽ Ǿŀ ǎŜǊ ŀǎǎŀƧŀǘ Ŝƴ Ŏŀǉǳƛǎ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ƛ 

'Triumph'.  Els resultats van mostrar que aquesta cera podria ser una 

alternativa al tractament convencional de desastringència amb altes 

ŎƻƴŎŜƴǘǊŀŎƛƻƴǎ ŘŜ /hі ǉǳŀƴ ƭŀ ŦǊǳƛǘŀ ǎϥŜƴǾƛŀ a mercats llunyans a baixes 

temperatures. L'aplicació de la nova cera abans de conservació en fred va 



 

 

 

ǇǊƻǾƻŎŀǊ ƭŀ ǇŝǊŘǳŀ ŘΩŀǎǘǊƛƴƎŝƴŎƛŀ ŘŜ ƭŀ ŦǊǳƛǘŀ ŘŜǎǇǊŞǎ ŘŜ ол ŘƛŜǎ ŀ л ϲ/Σ 

preservant al mateix temps la fermesa de la fruita i la qualitat interna. 

Els resultats del Capítol III van demostrar que l'aplicació de dos tractaments 

d'àcid giberèlic (AG) en precollita permet retardar el procés de maduració de la 

fruita en l'arbre respecte a una sola aplicació. La combinació de AG en 

precollita i 1-metilciclopropeno (1-MCP) en postcollita va incrementar la 

qualitat del fruit durant la frigoconservació en comparació amb l'aplicació 

únicament de 1-MCP. A més, la fruita tractada amb múltiples aplicacions de AG 

va mostrar una fermesa lleugerament major després de conservació a baixa 

temperatura; no obstant això, una sola aplicació de AG també va ser eficaç per 

a previndre la manifestació de danys per fred en la fruita. En el Capítol IV es va 

demostrar que, paral·lelament al retard de la maduració, el tractament amb 

AG també retarda la senescència del calze, incrementant la qualitat externa del 

fruit. La senescència del calze durant la maduració del fruit es va relacionar 

amb una disminució dels paràmetres de fluorescència de clorofil·la (Fo, Fm i 

Fv/Fm). 

En el Capítol V es van estudiar les condicions òptimes d'emmagatzematge del 

Ŏŀǉǳƛ ǇǊƻŘǳƠǘ ōŀƛȄ Ŏǳƭǘƛǳ ŜŎƻƭƼƎƛŎΦ 5ΩŀŎƻǊŘ ŀƳō Ŝƭǎ ǊŜǎǳƭǘŀǘǎ ƻōǘƛƴƎǳǘǎΣ ƴƻ ǎϥƘŀƴ 

d'emmagatzemar els fruits collits amb fermesa inferior a 30 N. La conservació 

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

d'aplicació del tractament de desastringència i estat de maduresa de la fruita. 

Així la fruita collida amb fermesa al voltant de 45 N i sotmesa al tractament de 

desastringència abans de l'emmagatzematge a 15 °C va poder ser mantinguda 

per un període de fins a 3 setmanes. 

Finalment, en els Capítols VI i VII es va abordar l'avaluació de 14 varietats de 

caquis no-astringents. Es van identificar les varietats primerenques i tardanes 

que poden ser potencialment interessants per a ampliar el període de collita a 

la nostra regió mediterrània. D'altra banda, els estudis postcollita van mostrar 

que totes les varietats estudiades presenten una bona aptitud per a ser 

comercialitzades en els mercats nacionals i europeus. No obstant això, la 

sensibilitat als danys per fred que van presentar algunes de les varietats 

estudiades podria limitar la seua comercialització a països d'ultramar. A més, 



 

  

es va observar que la resposta al tractament amb 1-MCP, per al control dels 

danys per fred, va dependre en gran manera de la varietat. 
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I.1. Origin, botany and morphology of persimmon 

Persimmon trees belong to the family Ebenacea and genus Diospyros όΨǘƘŜ ŦǊǳƛǘ 

ƻŦ ǘƘŜ ƎƻŘǎΩ ƛƴ ŀƴŎƛŜƴǘ DǊŜŜƪύΦ ¢Ƙƛǎ ƎŜƴǳǎ Ŏƻƴǘŀƛƴǎ ƳƻǊŜ ǘƘŀƴ нллл ǎǇŜŎƛŜǎΣ ƛǎ 

native to Asia, and there are records of it being cultivated centuries before 

Christ (Martinez-Calvo et al., 2012). Most of the commercial fruit production is 

derived from Diospyros kaki L., which originated in China with production 

records from 3000 years ago. 

Persimmon was introduced into Japan and Korea during the 7th and 14th 

centuries, respectively (Yakushiji & Nakatsuka, 2007; Martinez-Calvo et al., 

2012). It was then imported into Europe for the first time in 1760 and spread 

to the Mediterranean coast. Persimmon was introduced into North America in 

the mid-1800s and later into Australia and New Zealand. In South America, 

persimmon cultivation started in the late 19th century (Kluge & Tessmer, 2018; 

Yesiloglu et al., 2018). 

The introduction of persimmon in Spain dates to the end of 19th (Climent and 

Llácer, 2001), which could be for a strong relationship between the Spanish 

kingdom and Oriental countries during the colonization period. They were 

usually cultivated as isolated trees in rural buildings or field edges. The small 

commercial persimmon orchards began to be established in mid-20th with 

astringent native varieties that reflect the influence of natural (random 

seedlings and bud mutations) and human selection (cross-breeding) (Naval et 

al., 2010). 

Botanically, persimmon fruit is a berry showing wide variation in size, weighing 

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 yellow-orange to dark orange-

red or blackish purple, depending on the cultivar. The flesh color varies from 

yellow-orange, and sometimes reddish, to reddish brown or bronze, and it is 

made up of a dense cell structure, which may have large almond-shaped seeds 

in the inner section of the carpels. Persimmon fruit have a relatively large, 

green, four-lobed calyx that surrounds the stem-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., 1996; Pérez-

Munuera et al., 2009a; Woolf & Ben-Arie, 2011). Moreover, from a commercial 
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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 quality. 

An important feature of some persimmon varieties 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 lubricating the 

mouth. Persimmon cultivars are classified into two general groups depending 

on the level of soluble tannins at harvest time: astringent and non-astringent 

όǘƘŜ ƭŀǘǘŜǊ ŀǊŜ ŀƭǎƻ ŎŀƭƭŜŘ άǎǿŜŜǘ ŎǳƭǘƛǾŀǊǎέύ όYonemori et al., 2003). In both 

groups, there are 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). Therefore, persimmon fruits 

can be classified into four categories: 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 Variant Non-Astringent (PVNA) group, which is not astringent 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 fruit are 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 streaked (Tetsumura et 

al., 2008). One cultivar belonging to each category is shown in figure 1. 
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ΨOΩ GoshoΩ (PCNA) ΨKaki TipoΩ (PVNA) 

  

ΨRojo BrillanteΩ (PVA) ΨAnhecaΩ (PCA) 
 

Fig. 1. Cultivars of persimmon from different categories.  

 Courtesy of Instituto Valenciano de Investigaciones Agrarias (IVIA) 

 

The loss of astringency in PCNA varieties seems to be related to a combination 

of an early reduction 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 development stages of the fruit. In PVNA 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 non-astringent, those of PVA 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 the PCNA group can be eaten with a hard texture since their 

concentration of soluble tannins is low enough not to be sensory-detected at 

maturity stages in which the fruit flesh is firm. In contrast, fruit from the other 

groups have a high soluble tannins content at harvest when 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 production of persimmon  

FAO statistical databases (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 persimmon fruit production 

Source: FAOSTAT (2018) 
 

In China, most of the persimmon varieties are PCA with some exceptions, like 

Ψ[ǳƻ ¢ƛŀƴ {ƘƛΩΣ ǿƘƛŎƘ ƛǎ t/b! ό¸ŀƳŀŘŀ Ŝǘ ŀƭΦΣ мффрΤ ¸ŀƳŀŘŀ ϧ {ŀǘƻΣ нлмоύΦ 

wŜŎŜƴǘƭȅΣ ǎƻƳŜ WŀǇŀƴŜǎŜ t/b! ŎǳƭǘƛǾŀǊǎ ƭƛƪŜ ΨWƛǊƻΩΣ Ψ¸ƻǳƘƻǳΩΣ Ψ¢ŀƛǎƘǳΩ ŀƴŘ ΨCǳȅǳΩ 

are also becoming popular in 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 last few years, Spain has ōŜŎƻƳŜ ǘƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴd most important 

persimmon producer. tŜǊǎƛƳƳƻƴ ŎǳƭǘƛǾŀǘƛƻƴ ƛǎ ŎǳǊǊŜƴǘƭȅ ōŀǎŜŘ ƻƴ ǘƘŜ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ ŎǳƭǘƛǾŀǊ όt±!ύΣ ǇǊƻŘǳŎŜŘ Ƴŀƛƴƭȅ ƛƴ ±ŀƭŜƴŎƛŀ όŜŀǎǘŜǊƴ {ǇŀƛƴύΣ ŀƴŘ ǘƘŜ 

Ψ¢ǊƛǳƳǇƘΩ ŎǳƭǘƛǾŀǊ όt±!ύΣ ǿƘƛŎƘ ƛǎ ŎǳƭǘƛǾated mainly in Andalusia (southern 

Spain). The Spanish production is mainly destined for exportation markets 

where there is a demand for persimmons as fresh fruit with a firm texture.  

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 
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The third and fourth countries in persimmon production are the Republic of 

Korea and Japan with a production of 346,479 and 208,000 tonnes, 

respectively. In the Republic of Korea, the non-astringent cultivar ΨCǳȅǳΩ ƛǎ ǘƘŜ 

primary cultivar, which accounts for almost 82% of the total production, 

ŦƻƭƭƻǿŜŘ ōȅ ΨWƛǊƻΩ ǿƛǘƘ фΦу҈ ό/Ƙƻi et al., 2014). Iƴ WŀǇŀƴΣ ΨCǳȅǳΩ ŀƴd the PVA 

ŎǳƭǘƛǾŀǊǎ ΨIƛǊŀǘŀƴŜƴŀǎƘƛΩ ŀƴŘ Ψ¢ƻƴŜǿŀǎŜΩ ŀǊŜ ǘƘŜ ǘƘǊŜŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ 

cultivars. Approximately 57% of the persimmon cultivated area is dedicated to 

these cultivars (Kono & Sato., 2016). In these two countries, the Republic of 

Korea and Japan, most persimmon 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 tonnes, respectively. Azerbaijan and Uzbekistan 

focus on local astringent varieties. In Brazil, the most cultivated varieties of 

ǇŜǊǎƛƳƳƻƴ ŀǊŜ ΨwŀƳŀ ŦƻǊǘŜΩ ŀƴŘ ΨDƛƻƳōƻΩΣ ǿƘƛŎƘ ōŜƭƻƴƎ ǘƻ ǘƘŜ t±! ƎǊƻǳǇΦ 

Ψ¢ŀǳōŀǘŜΩ όt/!ύ ŀƴŘ cultivar ΨCǳȅǳΩ ŀǊŜ ŀƭǎƻ ŎǳƭǘƛǾŀǘŜŘ ƛƴ ǘƘƛǎ ŎƻǳƴǘǊȅ (Neuwald 

et al., 2009; Tessmer et al., 2014). 

Lƴ LǘŀƭȅΣ ŀƭƳƻǎǘ фл҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ΨYŀƪƛ ¢ƛǇƻΩ όt±b!ύΦ ¢ƘŜ 

ǊŜǎǘ ƻŦ ǘƘŜ ǾŀǊƛŜǘƛŜǎ ŀǊŜ Ψ±ŀƛƴƛƎƭƛŀΩΣ ΨaŜǊŎŀǘŜƭƭƛΩΣ ΨaƻǊƻΩ όt±b!ύΣ ŀƴŘ t/b! 

ŎǳƭǘƛǾŀǊǎ ƭƛƪŜ ΨDƻǎƘƻΩΣ ΨWƛǊƻΩ ŀƴŘ cultivar ΨCǳȅǳΩ ό.Ŝƭƭƛƴƛ & Giordani, 2003). 

MoreoǾŜǊΣ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ Ƙŀǎ ōŜŜƴ ǘƘŜ Ƴŀƛƴ ƛƴƴƻǾŀǘƛƻƴ ƛƴ 

the Italian persimmon production in recent years (Giordani, 2002; Bellini & 

Giordani, 2005). 

Nowadays, persimmon production in Israel has reached 28,000 tonnes, in 

which the cultivar Ψ¢ǊƛǳƳǇƘΩ ŀŎŎƻǳƴǘǎ ŦƻǊ фл҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ǇŜǊǎƛƳƳƻƴ ŦǊǳƛǘ 

ƳŀǊƪŜǘŜŘ ǳƴŘŜǊ ǘƘŜ Ψ{ƘŀǊƻƴΩ ƻǊ Ψ{ƘŀǊƻƴƛΩ ōǊŀƴŘǎ ό[ƭłŎŜǊ ϧ .ŀŘŜƴŜǎΣ нллнύΦ  

Persimmon production in Iran is about 22,474 tonnes and most of the cultivars 

are astringent, which are commonly commercialized as over-ripened soft fruit 

in domestic markets (Shahkoomahally & Ramezanian, 2013; Bagheri et al., 

2015). 
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I.3. Persimmon production in Spain 

In Spain, persimmon production has increased exponentially over the last 20 

years, and the cultivation area has expanded almost eight-fold, from about 

2,253 ha in 2002 to over 18,000 ha in 2019 (Fig. 2). As a result, Spain is now the 

second most important persimmon producing country in the world. At present, 

cultivation is concentrated in the Valencia and Andalusia regions. In Valencia 

ŎǳƭǘƛǾŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǿƛǘƘ ŀ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ŀǊƻǳƴŘ пнфΣллл 

ǘƻƴƴŜǎΦ Lƴ !ƴŘŀƭǳǎƛŀΣ ǿƘŜǊŜ ǇǊƻŘǳŎǘƛƻƴ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ ōŀǎŜŘ ƻƴ ǘƘŜ Ψ¢ǊƛǳƳǇƘΩ 

ǾŀǊƛŜǘȅΣ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ƛn recent years has resulted in a 

considerable increase in production and the current persimmon production 

Ŏƻƴǎƛǎǘǎ ƻŦ рлΣллл ǘƻƴƴŜǎ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ млΣллл ǘƻƴƴŜǎ ƻŦ ǘƘŜ Ψ¢ǊƛǳƳǇƘΩ 

(Perucho, 2018).  

 

¢ƘŜ Ψwojo .ǊƛƭƭŀƴǘŜΩ ǾŀǊƛŜǘȅ ƻǊƛƎƛnated naturally from a spontaneous bud 

Ƴǳǘŀǘƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛŜǘȅ Ψ/ǊƛǎǘŀƭƛƴƻΩ ƛƴ ǘƘŜ мфплǎΣ ǿƘƛŎƘ ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ΨwƛōŜǊŀ 

ŘŜ ·ǵǉǳŜǊΩ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ±ŀƭŜƴŎƛŀƴ /ƻƳƳǳƴƛǘȅ όtŜǊǳŎƘƻΣ нлмрύΦ ¢ƘŜ ΨwƻƧƻ 

Brillante' variety offers a number of good features like large fruit size, 

hardness, resistance 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 over-ripening of the fruit. However, 

the introduction of postharvest techniques based on exposing the fruit to high 

CO2 concentrations to eliminate astringency in the late 1990s made it possible 

to obtain a fruit without astringency while preserving a firm texture. The 

introduction of this postharvest treatment has been one of the main causes of 

the expansion of persimmon production in Spain in recent years. This growth 

was supported by the creation of Council Regulator of the Denomination of 

hǊƛƎƛƴ ό/w5hύ ΨYŀƪƛ wƛōera ŘŜƭ ·ǵǉǳŜǊΩ ƛƴ мффтΣ ǿƘƛch guarantees the quality of 

ǇŜǊǎƛƳƳƻƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ƙŀǎ ōŜŜƴ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǇǊƻƳƻǘƛƴƎ ǘƘƛǎ 

cultivar in fruit markets around the world. 
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Fig. 2. Evolution of Spanish persimmon fruit production in tonnes of fruit (A) and its 
cultivation area in Spain and the Valencian community (B). Source: FAOSTAT (2018); 
ESYRCE (2019) 

 

The optimization of the postharvest treatment and an important commercial 

effort has led to the present situation, in which almost 90% of the total 

amount of persimmon produced in Spain is destined for exportation, 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 the fruit delivered to the final destinations 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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!ƭǘƘƻǳƎƘ ǘƘŜ ǾŀǊƛŜǘȅ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŎŀǳǎŜŘ ŀ ǊŜǾƻƭǳǘƛƻƴ in persimmon 

production in Spain, persimmon cultivation cannot be based exclusively on a 

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

short commercial season (between mid-October and December) but also to 

the high phytosanitary risk that growing a single variety entails. This risk 

became evident during the seasons 2008-2010 when the fungus 

Mycosphaerella Nawae led to a significant reduction in persimmon production 

ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ό.ŜǊōŜgal et al., 2011). This is why, 

at present, one of the principal 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 market demand 

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

introduction of non-astringent varieties that can be commercialized directly 

after harvest without any of the complications resulting from handling and the 

economic cost of using deastringency treatment is also of special interest for 

persimmon producers. 

 

I.пΦ /ǳǊǊŜƴǘ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǘƘŜ ǇƻǎǘƘŀǊǾŜǎǘ ƻŦ ǇŜǊǎƛƳƳƻƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

After fruit harvesting, persimmons are sent to packing houses where, 

depending on the market destination, fruit are submitted to different 

postharvest procedures. The main processes that are carried out in the packing 

ƘƻǳǎŜǎ ŀǊŜ ǇƻƭƛǎƘƛƴƎΣ ǎƻǊǘƛƴƎΣ ŀƴŘ ǇŀŎƪƛƴƎΦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ ŀǊŜ ŀƭǎƻ 

submitted to deastringency treatments to remove astringency before 

consumption. Moreover, fruit storage is a common practice 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 & Salvador, 2018). 

I.4.1 Treatments to remove astringency  

One of the traditional postharvest methods to remove fruit astringency is to 

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 limitations ŀƴŘ ǊŜŘǳŎƛƴƎ ǘƘŜ ŦǊǳƛǘΩǎ ǇƻǎǘƘŀǊvest life. 
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Therefore, fruit that are over-ripened are mainly commercialized in local 

markets.  

There are other methods to eliminate astringency while maintaining the fruit 

firmness. These methods are based on keeping the fruit under hypoxia 

conditions, which enhances anaerobic respiration. The two most extensively 

tested methods consist in submitting the fruit to ethanol vapor and high CO2 

concentrations (Besada & Salvador, 2018). 

Several reports have shown that the deastringency rate under anaerobic 

conditions is related to acetaldehyde accumulating in the flesh of the 

persimmon fruit (Matsuo & Ito, 1978; Sugiura & Tomana, 1983; Pesis et al., 

1988; Taira et al., 1989) (Fig. 3). Acetaldehyde accumulated in the flesh under 

anaerobic conditions causes polymerization in soluble tannins and forms 

insoluble compounds, which result in non-astringency in fruit. (Fig. 4) (Matsuo 

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

 

 

Fig. 3. Metabolic pathways for the production of acetaldehyde in persimmon fruit. 
Source: Yamada et al. (2002). 
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Fig. 4. Insolubilization of proanthocyanidin in persimmon fruits. Source: Tanaka et al. 
(2010). 

 

Among the treatments based on keeping the fruit under anaerobiotic 

conditions, the CO2 treatment consisting in enclosing persimmons in chambers 

with a high concentration of CO2 stands out for its effectiveness and it has 

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

wƝƻΣ нллоύΦ Lƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩΣ ǘƘŜ ƛƴǎƻƭǳōƛƭƛȊŀǘƛƻƴ ƻŦ ǘŀƴƴƛƴǎ ŎŀǳǎŜŘ by the 

acetaldehyde generated during the CO2 treatment has been visualized at 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 (Salvador et al., 2007).  

The main factors that affect the efficiency of the CO2 treatment are 

temperature, CO2 concentration, and treatment duration, as well as the fruit 

maturity stage (Besada & Salvador, 2011). The process of astringency removal 

by CO2 consists of two phases: an induction phase in which persimmon must 

be held for a minimum duration at high CO2 concentration and a series of 

reactions take place, and a second phase during which the astringency is 

reduced but the existence of carbon dioxide is not required (Gazit & Adato, 

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

Currently, the standard condition to apply the CO2 deastringency treatment for 

ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ƛǎ ŜȄǇƻǎǳǊŜ ƻŦ ǘƘŜ ŦǊǳƛǘ ǘƻ фр҈-98% CO2 at 20 °C and 90% RH for 



INTRODUCTION 

13 

 

24 h (Besada & Salvador, 2018). Under commercial conditions, however, the 

CO2 treatment may be applied at room temperature due to lack of 

temperature control in the chambers. At the end of the season, the ambient 

temperature may be decreased and reach as low as 12 °C, which is below the 

optimum established temperature of 20 °C. In these cases, the deastringency 

treatment has to be prolonged in order to achieve complete astringency 

removal. However, it has been reported that if the fruit are over-exposed to 

CO2, it may result in internal browning disorders (Besada et al., 2018). 

Therefore, the recommendation is to apply the CO2 deastringency treatment 

for the minimum amount of time necessary to ensure astringency removal. 

This recommendation is based on the fact that applying the CO2 deastringency 

treatment has been shown to induce oxidative burst in fruit and lead to 

changes in their redox state (Novillo et al., 2014). Considering that the stress 

triggered by CO2 treatment could cause alterations in fruit, it is necessary to 

find alternative treatments for removing astringency. 

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 remove astringency can be achieved by 

exposing the fruit to hypoxia conditions or by submitting it to exogenous 

ethanol.  

In line with this, the combination of high levels of CO2 and ethanol has also 

been studied to accelerate deastringency treatment and preserve fruit quality 

(Novillo et al., 2015). It has been demonstrated that this combination could be 

a good alternative in those cases in which CO2 application has to be prolonged 

in order to ensure complete astringency removal.  

Moreover, ethanol by itself, has been demonstrated to be an effective 

deastringency treatment. Thus, application of 25%-35% ethanol vapor has 

been widely assayed in different persimmon cultivars. In this case, the 

acetaldehyde needed to insolubilize soluble tannins is generated from ethanol 

by the alcohol dehydrogenase enzyme (Taira et al., 1989, 1992a; 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 content occurs in fruit at a lesser stage of ripening and with a higher 
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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 during the treatment as acetaldehyde in the flesh 

(Taira et al., 1992b). 

I.4.2 Cold storage and chilling injury  

¢ƘŜ ŎƻƭŘ ǎǘƻǊŀƎŜ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ƛǎ ŀ ŎƻƳƳƻƴ ǇǊŀŎǘƛŎŜ ǘƻ ōŜ ŀōƭŜ ǘƻ ǎǳǇǇƭȅ 

markets according to demand and prolong the commercial period, especially at 

the end of the season. Moreover, cold storage helps to preserve fruit quality 

during prolonged transportation and fruit shipment to overseas markets is 

habitually carried out at low temperatures due to quarantine requirements. 

However, different alterations have been associated with the cold storage of 

persimmon fruit and have been addressed in numerous studies. The 

alterations which occurred in fruit associated with cold storage are named 

ΨŎƘƛƭƭƛƴƎ ƛƴƧǳǊȅΩ ό/Lύ ǎȅƳǇǘƻƳǎΦ Some varieties can be stored for two months at 

0 °C without any loss of quality (Testoni, 2002), while other varieties are more 

sensitive and prone to develop CI symptoms at low temperatures (Collins & 

Tisdell, 1995; Arnal & Del Río, 2004). CǳƭǘƛǾŀǊǎ ƭƛƪŜ ΨIŀŎƘƛȅŀΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩ 

have low sensitivity to CI, whereas cultiǾŀǊǎ ǎǳŎƘ ŀǎ ΨCǳȅǳΩ ŀƴŘ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

are highly susceptible to this disorder (Collins & Tisdell, 1995; Woolf et al., 

1997; Arnal & Del Rio, 2004; Zhang et al., 2010).   

The symptoms of CI depend on the cultivar; yet, loss of firmness is reported as 

the main manifestation of CI in sensitive varieties (Macrae, 1987a; Pérez-

Munuera et al., 2009b). These disorders are more severe after transferring 

fruit from low to shelf-life temperatures, although during prolonged storage, 

the symptoms of CI can eventually manifest during the cold storage period 

(Arnal & Del Río, 2004). 

Lƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩΣ ǘƘŜ Ƴŀƛƴ ǎȅƳǇǘƻƳǎ ƻŦ /L ŀǊŜ ƭƻǎǎ ƻŦ ŦƛǊƳƴŜǎǎΣ ŎƻƳǇŀŎǘŜŘ 

flesh zones, and internal browning (Arnal & Del Rio, 2004; Salvador et al., 

2005). In this variety, the development of CI symptoms depends not only on 

the storage temperature and duration but also on the maturity stage at 

ƘŀǊǾŜǎǘΦ ¢ƘŜ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŦǊǳƛǘ ǎƘƻǿ ƘƛƎƘŜǊ ƛƴŎƛŘŜƴŎŜǎ ƻŦ /L ǿƘŜƴ ǘƘŜȅ ŀǊŜ 

picked in early stages of maturity (Salvador et al., 2005, 2006). A 
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microstructural study showed that the drastic flesh softening, as a symptom of 

CI, is related to degradation of cell wall material and reduction in intercellular 

connection (Pérez-Munuera et al., 2009b). 

Ethylene plays an important role in the manifestation of CI, where exogenous 

ethylene exposure intensifies CI (MacRae, 1987b; Park & Lee, 2005; Besada et 

al., 2010). The respiration rate and ethylene production are higher in chill-

injured fruit when they are removed from cold storage than in sound fruit 

(MacRae, 1987a; Kader, 2002). In line with this, a postharvest treatment 

applying 1-MCP (an inhibitor of the ethylene action) before cold storage has 

been reported to be effective in reducing the symptoms of CI in different 

persimmon cultivars. The effect of 1-MCP to alleviate the disorders associated 

with low temperature has been found in different astringent cultivars like ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ όBesada et al., 2014), Ψ{ŀƛƧƻΩ ŀƴŘ Ψ¢ƻƴŜǿŀǎŜΩ όIŀǊƛƳŀ Ŝǘ ŀƭΦΣ нллоύΣ 

ΨIƛǊŀǘŀƴŜƴŀǎƘƛΩ όYǳōƻ Ŝǘ ŀƭΦΣ нллоύ ŀƴŘ Ψ¢ǊiuƳǇƘΩ (Tsviling et al., 2003), as well 

as many non-astringent cultivars ǎǳŎƘ ŀǎ ΨwŜƴŘŀƛƧƛΩ όhǊǘƛȊ Ŝǘ ŀƭΦΣ нллрύΣ 

ΨbŀǘƘŀƴȊȅΩ όwŀƳƛƴΣ нллуύΣ ΨaŀǘǎǳƳƻǘƻǿŀǎŜ-CǳȅǳΩ όbƛƛƪŀǿa et al., 2005), 

ΨvƛŀƴŘŀƻǿǳƘŜΩ ό[ǳƻΣ нллтύΣ Ψ.ƛŀƴƘǳŀΩ ό[ǳƻΣ нллпύ ŀƴŘ ΨCǳȅǳΩ όCang et al., 

2009), among others. The efficacy of 1-MCP 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 treatment (Blankenship & Dole, 2003). The concentration of 

500 nL L-1 of 1-MCP has been shown to delay flesh softening in persimmon 

ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŘǳǊƛƴƎ ŎƻƭŘ ǎǘƻǊŀƎŜ, which is related to the preservation of cell 

wall integrity, decrease in membrane permeability, and higher firmness of fruit 

at shelf-life temperature (Pérez-Munuera et al., 2009b).  

CǳǊǘƘŜǊƳƻǊŜΣ ƛǘ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜ ǎǘƻǊŀōƛƭƛǘȅ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

treated with 1-MCP improves when a preharvest treatment with gibberellic 

acid (GA) is applied (Besada et al., 2008). GA is usually aǇǇƭƛŜŘ ŦƻǊ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ ǿƘŜƴ ǘƘŜ ŦǊǳƛǘ ōǊŜŀƪǎ ŎƻƭƻǊ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜƭŀȅ ŦǊǳƛǘ ƳŀǘǳǊŀǘƛƻƴΣ ŀƴŘ 

consequently extend the fruit harvest season. This effect of GA has also been 

reported in other persimmon cultivars such as Ψ¢ǊƛǳƳǇƘΩΣ ΨCǳȅǳΩ ŀƴŘ 

ΨIƛǊŀǘŀƴŜƴŀǎƘƛΩ (Ben Arie et al., 1996; Lee et al., 1997; Agustí et al., 2003). 

Besada et al. (2008) reported the benefits of a single application of GA on fruit 
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maturity delay and quality preservation during storage. However, nowadays, 

GA is being applied up to three times in persimmon orchards, but the effect of 

multiple applications of GA on cold storage of the fruit has been not described.  

Lƴ ǇƻǎǘƘŀǊǾŜǎǘ ƘŀƴŘƭƛƴƎ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴΣ ƛǘ ƛǎ ǊŜŎƻmmended that 

deastringency treatment should be carried out after storing the fruit at low 

temperatures, since it has been reported that a high CO2 concentration, 

besides insolubilizing soluble tannins, brings about a degradation of cell 

membranes (Salvador et al., 2007) that may aggravate fruit softening during 

cold storage. Nevertheless, in some marketing scenarios, the deastringency 

treatment is necessarily applied before submitting the fruit to low temperature 

storage. This is the case of fruit shipped to distant overseas countries under 

cold storage conditions. However, in shipments carried out under these 

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

This disorder cannot be associated with CI because the fruit are treated with 1-

MCP. Up to now, the causes of this disorder and the potential solutions to 

control it are unknown.  

!ƴƻǘƘŜǊ ŎƘŀƭƭŜƴƎŜ ǘƘŀǘ Ƴǳǎǘ ōŜ ǎƻƭǾŜŘ ƛǎ ǘƘŜ ǎǘƻǊŀƎŜ ƻŦ ǇŜǊǎƛƳƳƻƴ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ ŎǳƭǘƛǾŀǘŜŘ ǳƴŘŜǊ ƻǊƎŀƴƛŎ ŎƻƴŘƛǘƛƻƴǎΣ ŀ ǘŜƴŘŜƴŎȅ ǘƘŀǘ Ƙŀǎ ƛƴŎǊŜased in 

recent years. 1-MCP treatment, which is usually applied in 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 other solutions to prolong storage while preserving fruit 

quality.  

 

I.5. Extending varietal range under Mediterranean agroclimatic conditions  

As mentioned before, one of the main challenges facing the persimmon 

producing sectors is to introduce new varieties to broaden the varietal range. 

The focus is on introducing early and late, mainly non-astringent (PCNA), 

varieties in order to extend the persimmon commercialization period and 

facilitate postharvest handling.  

Consequently, the Instituto Valenciano de Investigaciones Agrarias (IVIA, 

Valencia) in collaboration with the Cooperativa Agricola Nuestra Señora de 
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[ΩhǊŜǘƻΦ ±Φ ό/!b{hΣ ƭΩ!ƭŎǵŘƛŀύ ǘƘǊƻǳƎƘ ŀƴ ŀƎǊŜŜƳŜƴǘ ǎƛƎƴŜŘ ƛƴ нллн ǿƘƛŎƘ ƛǎ 

still in force, started a persimmon breeding program to obtain new cultivars 

through conventional and biotechnological genetic techniques. 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 germplasm programs hosted in other countries, 

which allows the introduction of foreign varieties without any phytosanitary 

risk.  

Evaluations performed in the IVIA breeding program are focused on 

determining the agronomic behavior of the foreign varieties with potential 

interest under our agroclimatic conditions. However, it 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 

behavior of a new variety mainly depends on genetic factors but may also be 

affected by agronomic conditions. Therefore, postharvest studies are required 

to establish the optimal harvesting moment, evaluate the response to 

habitually applied postharvest technologies such as 1-MCP, CO2, etc., and 

optimize these technologies if necessary. 
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GENERAL OBJECTIVE 

This Thesis addressed two main objectives: 1) To optimize the pre- and 

postharvest technology so as ǘƻ ƎǳŀǊŀƴǘŜŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

persimmon after cold storage and transportation to overseas markets. 2) To 

evaluate the behavior of foreign persimmon varieties under Mediterranean 

conditions in order to extend the varietal range. 

 

SPECIFIC OBJECTIVES  

1) To optimize the postharvest technology to guarantee fruit quality 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 implement the technology to 

alleviate this disorder and thus preserve fruit quality. 

To evaluate a new wax containing ethanol as a method to remove persimmon 

astringency during cold storage in shipments to overseas markets. 

 

2) To optimize the pre- and postharvest technology used to preserve fruit 

quality during cold storage 

 

To investigate the effect of multiple preharvest applications of gibberellic acid 

on the evolution of fruit maturation and its influence on fruit quality during 

cold storage. 

To optimize the postharvest handling of organic persimmon in order to store 

the fruit while preserving quality. 
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3) To study the postharvest behavior of non-astringent varieties belonging to 

the IVIA germplasm bank in order to extend the varietal range in the 

Mediterranean production area 

 

To establish the optimal harvest time for each variety studied and to evaluate 

their postharvest behavior. 
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Abstract 

Currently, a major cause of ǇƻǎǘƘŀǊǾŜǎǘ ƭƻǎǎ ƻŦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴΣ ǘƘŜ 

ǾŀǊƛŜǘȅ Ƴŀƛƴƭȅ ŎǳƭǘƛǾŀǘŜŘ ƛƴ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ wŜƎƛƻƴΣ ƛǎ άƛƴǘŜǊƴŀƭ ŦƭŜǎƘ 

ōǊƻǿƴƛƴƎέ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ŀŦǘŜǊ ǎǘƻǊŀƎŜ ƻǊ ǎƘƛǇǇƛƴƎ ŀǘ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜΣ ǿƘƻǎŜ 

causes remain unknƻǿƴΦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ƛǎ ŀƴ ŀǎǘringent low temperature-

sensitive cultivar. Thus fruit is routinely submitted to high CO2 treatment to 

remove astringency, and also to 1-MCP treatment before being stored to 

retard flesh gelling and drastic softening, the main chilling injury symptoms. 

This study investigates the influence of temperature during CO2 deastringency 

ǘǊŜŀǘƳŜƴǘ ŀƴŘ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ ƻƴ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ΨƛƴǘŜǊƴŀƭ 

ŦƭŜǎƘ ōǊƻǿƴƛƴƎΩ ƛƴ ǇŜǊǎƛƳƳƻƴ ŦǊǳƛǘΦ hǳǊ ǊŜǎǳƭǘǎ ǊŜǾŜŀled for the first time that 

the temperature immediately after the CO2 deastringency treatment was the 

main factor implied in this alteration. The fruit transferred directly to cold 

storage after the CO2 ǘǊŜŀǘƳŜƴǘ ǎƘƻǿŜŘ ΨƛƴǘŜǊƴŀƭ ŦƭŜǎƘ ōǊƻǿƴƛƴƎΩ ŀŦǘŜǊ пм 

storage d at 1 °C, while a 24- hour attemperation period at 20 °C before 

storage prevented this disorder from appearing. The main effect of the 

attemperation period was the enhanced release of CO2 from fruit after the CO2 

treatment, which resulted in less acetaldehyde (AcH) accumulating after 24 h. 

Moreover, the temperature of the CO2 application was observed to influence 

ΨƛƴǘŜǊƴŀƭ ŦƭŜǎƘ ōǊƻǿƴƛƴƎΩ ǎŜǾŜǊƛǘȅ ŀǎ !ŎI ŀŎŎǳƳǳƭŀǘŜŘ ŀǘ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛons 

in the fruit treated at 20 °C than at 12 °C. Our preliminary hypothesis is that 

AcH can act as a precursor of reactive oxygen species that would be implied in 

ǘƘƛǎ ŘƛǎƻǊŘŜǊΩǎ ŘŜǾŜƭƻǇƳŜƴǘΦ 

 

Keywords: persimmon, attemperation period, flesh browning, gas exchange, 

respiration 
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1. Introduction 

Currently, one of the most important causeǎ ƻŦ ǇƻǎǘƘŀǊǾŜǎǘ ƭƻǎǎŜǎ ƻŦ ΨwƻƧo 

BriƭƭŀƴǘŜΩ ŦǊǳƛǘǎ ƛǎ ǘƘŜ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ŀƴ ƛƴǘŜǊƴŀƭ ŦƭŜǎƘ ōǊƻǿƴƛƴƎ ŘƛǎƻǊŘŜǊΣ 

whose causes remain unknown. The onset of this browning is located in the 

internal fruit area, around the core zone, and it extends to the more external 

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

storage and long shipping at low temperature, which can initially lead us to 

ǘƘƛƴƪ ǘƘŀǘ ƛǘ ƛǎ ŀ ŎƘƛƭƭƛƴƎ ƛƴƧǳǊȅ ǎȅƳǇǘƻƳΦ IƻǿŜǾŜǊΣ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŎƘƛƭƭƛƴƎ 

injury has been widely studied (Salvador et al., 2004; Pérez-Munera 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 manifestation.  

It is worth to note that despite its chiƭƭƛƴƎ ƛƴƧǳǊȅ ǎŜƴǎƛǘƛǾŜƴŜǎǎΣ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

persimmons are usually stored and shipped at temperatures between 0-1 °C as 

fruit are previously subjected to treatment with 1-methylcyclopropene (1-

MCP) that considerably delays the main chilling injury symptom, a drastic fruit 

softening (Besada et al., 2008; Pérez-Munera et al., 2009).  

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ are routinely submitted to a 

CO2 treatment to remove astringency before commercialisation. The 

recommended CO2 treatment conditionǎ ŦƻǊ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ ŀǊŜ 

95 % CO2-20 °C-24 h (Salvador et al., 2007). However, the CO2 treatment is 

quite commonly applied at ambient temperature because treatment chambers 

do not always have temperature control. This implies that the CO2 treatment 

temperature can vary between 20 °C to 12 °C from the beginning to the end of 

the season.  

In the case that fruit must be kept at low temperature for long periods, 

applying the CO2 treatment after cold storage rather than before it is 

recommended to 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 cases, one 

recommended handling practice is to attemperate fruit for a 12-24-hour 

period immediately after the deastringency treatment, before being 

transferred to cold storage. This attemperation period helps the deastringency 



CHAPTER I 

 

41 

 

process to be completed, mainly when applied at lower 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 CO2 deastringency treatment, and the handling conditions 

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

ǘƘŜ ƛƴǘŜǊƴŀƭ ōǊƻǿƴƛƴƎ ǘƘŀǘ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ ŘƛǎǇƭŀȅ ŀŦǘŜǊ ŎƻƭŘ 

storage. Hence this study aimed to investigate the effect of CO2 treatment 

temperature and the attemperation period between the deastringency 

treatment and the transfer to cold storage on the incidence of persimmon 

flesh browning. 

 

2. Materials and Methods 

2.1. Plant material and treatments 

Persimmon (Diospyros kaki Lf.) cv. Rojo Brillante fruit were harvested in 

ƭΩ!ƭŎǳŘƛŀ ό{Ǉŀƛƴύ ŀǘ midseason. After harvest, fruit 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 analysed to determine the fruit maturity stage at harvest [colour 

ƛƴŘŜȄ ƻŦ сΦуΣ ŬǊƳƴŜǎǎ ƻŦ ро b ŀƴŘ ǎƻƭǳōƭŜ ǘŀƴƴƛƴǎ ŎƻƴǘŜƴǘ ƻŦ лΦс ҈ C²ϐΦ ¢ƘŜ 

remaining fruit were submitted to the 1-MCP treatment (500 nL L-1 of 1-MCP 

for 24 h at room Ta). Then fruit were divided into two homogenous lots. One 

lot was submitted to the CO2 deastringency treatment under standard 

conditions (95 % CO2-20 °C-24 h), while the other lot was submitted to the CO2 

treatment at 12 °C (95 % CO2-12 °C-24 h). Then the fruit from each treatment 

were once again divided into two lots: one was directly transferred to a 1 °C-

storage chamber for up to 41 d; the other was kept for 24 h at 20 °C 

(attemperation period) before being transferred to the storage chamber at 

1°C.  

In this way, four different treatments were assayed:  
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ü 12 °C-D-fruit: The deastringency treatment was applied at 12 °C and 

then fruit were transferred directly to the storage chamber at 1 °C (HR 

85 %).  

ü 12 °C-AT-fruit: After applying the deastringency treatment at 12 °C, 

fruit were attemperated for 24 h at 20 °C before being transferred to 

the storage chamber at 1 °C (HR 85 %).  

ü 20 °C-D-fruit: The deastringency treatment was applied at 20 °C and 

then fruit were directly transferred to the storage chamber at 1 °C (HR 

85 %).  

ü 20 °C-AT-fruit: After the deastringency treatment applied at 20 °C, fruit 

were attemperated for 24 h at 20 °C before being transferred to the 

storage chamber at 1 °C (HR 85 %).  

All the fruit were stored for 41 d at 1 °C, plus a 3-day shelf-life period at 20 °C, 

and were periodically evaluated throughout the 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 1- fruit were evaluated immediately after the CO2 treatment (0 h) and 

after 2, 4, 6 and 24 h. The evaluated parameters were the following: soluble 

tannins content, carbon dioxide (CO2), ethanol (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 after completing the CO2 treatment. At this 

time point, the fruit corresponding to the 12 °C-D and 20 °C-D treatments had 

been kept for 2 d at 1 °C, while the 12 °C-AT and 20 °C-AT-fruit had been kept 

for 1 d at 20 °C (attemperation period), plus 1 d at 1 °C. The determined 

parameters were the same as those mentioned for Day 1. 

Day 14 and Day 41- after 14 and 41 d of storage at 1 °C, fruit were re-

evaluated. Moreover after 41 d, one lot of 20 fruit was transferred to 20 °C to 

simulate a 3-day shelf-life period at 20 °C. 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 shelf-life period.  
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Fig. 1. Diagram of the performed assay. 1-MCP: application of the 1-
methyciclopropene treatment; CO2: application of the deastringency treatment at 12 
°C or 20 °C; Attemp: atemperation period (24 h - 20 °C); SL: shelf-life period of 3 days 
at 20 °C. 

 

2.2. Analytical determinations 

2.2.1. Firmness and color  

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, where ΨLΩ, ΨaΩ and ΨbΩ are Hunter parameters. 

Firmness was expressed as 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 

sensory astringency, were determined on three individual fruit per treatment 

at each analysis time. To this end, three fruit were cut into four longitudinal 

quarters. Two of the opposite quarters were sliced and frozen (-20 °C) to later 

determine ST by the Folin-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 obtained juice 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 results were expressed as mg 100 mL-1. 

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 experts. Three expert judges with more than 8 

years of experience in astringency evaluation rated the astringency of the 

persimmon samples following a 5-point 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 3-digit codes; each judge analyzed individually the three 

fruits of each lot. Samples were served at room temperature and panellists 

were provided with crackers and a glass of water for palate cleansing, which 

they used between samples.  

2.2.4. CO2, AcH and EtOH release 

The CO2, AcH and EtOH productions of whole fruit were determined from 

three other individual fruit from each lot. To this end, fruit were individually 

sealed in 1-litre 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 1-0 h, the glass jars were kept at 20 °C or 1 

°C, depending on the treatment. In the analysis carried out after 2, 14 and 41 d 

of cold storage, the glass jars were kept at 1 °C, while fruit were enclosed at 20 

°C in the analysis performed after the shelf-life period.  The CO2, AcH and EtOH 

productions were analysed by injecting 1 mL of headspace in a Perkin Elmer 

gas chromatograph according to the conditions described by Novillo et al. 

(2014). CO2 release was expressed as mL kg-1 h-1 while AcH and EtOH release as 

µL kg-1 h-1. 

2.2.5. Browning incidence and severity 

External and internal brownings were visually evaluated. Browning severity 

was determined according to the scale shown in Figure 2. 
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Fig. 2. Scale used to evaluate internal browning severity, in which 0= absence, 1=slight 
browning in less than 50% of the pulp, 2= intense browning in less than 50% of the 
pulp, 3=intense browning in 50-70% of the pulp, and 4=intense browning in more than 
70% of the pulp. 

 

To evaluate the incidence and severity of the disorder, the following browning 

index (BI) was calculated according to Khademi et al. (2013): 

.LҐ ʅ ώόōǊƻǿƴƛƴƎ ǎŜǾŜǊƛǘȅύ Ȅ όƴ° of fruit at each browning severity)] / 4 x total n° 

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 compared by the least 

significant difference test (P = 0.05) using the Statgraphics Plus 5.1 software 

application (Manugistics Inc., Rockville, MD, USA). 

 

3. Results and discussion 

3.1. External and internal disorders and fruit firmness 

The visual evaluation of fruit revealed the absence of external disorders 

throughout the study period. After 41 d at 1 °C plus the shelf-life period, the 

fruit from the four assayed treatments showed a similar external quality to 

that noted at harvest.  

The fruit internal evaluation showed that any flesh disorder was manifested in 

the fruit that was attempered after the CO2 treatment for 24 h prior to cold 
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storage (12 °C-A and 20 °C-A) (Fig. 3). Nevertheless, the fruit transferred 

directly to cold chambers (12 °C-D and 20 °C-D-fruit) showed flesh browning 

symptoms after 41 d at 1 °C (12 °C-D and 20 °C-D-fruit). The browning index 

revealed that the incidence and severity of internal flesh browning were more 

marked in those fruit submitted to the CO2 treatment at 20 °C (BI=0.24) than in 

those treated at 12 °C (BI=0.18) (data not shown). The browning indices 

increased in both cases after the 3-day shelf-life period at 20 °C when, once 

again, the disorder manifestation was more marked in the 20 °C-D-fruit 

(BI=0.46) than in 12 °C-D-fruit (BI=0.32). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The insides of the fruits submitted to the CO2 treatment at 12 °C or 20 °C, and 
then transferred directly to cold storage or after an attemperation period lasting 24 h 
at 20 °C. The pictures were taken after 41 d at 1 °C, plus 3 d at 20 °C. Internal browning 
was evaluated according to the scale displayed in Figure 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 softening to values close to 30 N during the shelf-life 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 transferring fruit treated with 1-MCP from 

ƭƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ Ƙŀǎ ōŜŜƴ ǇǊŜǾƛƻǳǎƭȅ ŘŜǎŎǊƛōŜŘ ŦƻǊ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ όtŞǊŜȊ-Munera et al., 2009; Novillo et al., 2015) 

3.2. Soluble tannins and sensory astringency 

As shown in Figure 4, the deastringency treatment lowered soluble tannins 

(ST) from 0.6 % at harvest to 0.2-0.25 % once treatment ended (D1-0h). At this 

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

than in those treated at 12 °C. In all cases, the panellists detŜŎǘŜŘ άƳŜŘƛǳƳ 

ŀǎǘǊƛƴƎŜƴŎȅέ ƛƴ ǘƘŜ ŦǊǳƛǘ όŘŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ !ŦǘŜǊ нΣ п ŀƴŘ с Ƙ ŦƻƭƭƻǿƛƴƎ 

treatment, a gradual decrease in soluble tannins took place in all the 

treatments, and the decline in ST was faster in the fruit treated at 20 °C than at 

12 °C. Moreover in both cases, the tannins insolubilisation process was 

accelerated with the attemperation period. Thus 6 h after the deastringency 

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

ǘƘŜ ǇŀƴŜƭƭƛǎǘǎ ŀǎ Ψƴƻn-ŀǎǘǊƛƴƎŜƴǘΩΣ ǿƘƛƭŜ ǘƘŜ the 20 °C-D-fruit obtained values of 

лΦлс ҈ ŀƴŘ ǘƘŜ ǇŀƴŜƭƭƛǎǘǎ ŘŜǘŜŎǘŜŘ άǊŜǎƛŘǳŀƭ ŀǎǘǊƛƴƎŜƴŎȅέΦ !ǘ ǘƘƛǎ ǘƛƳŜ Ǉƻƛƴt, all 

the fruit treated at 12 °C had an ST content of 0.1 % and were evaluated as 

άƳŜŘƛǳƳ ŀǎǘǊƛƴƎŜƴŎȅέΦ !ŦǘŜǊ нп ƘΣ ŀƭƭ ǘƘŜ ǘǊŜŀǘƳŜƴǘǎ ŀŎƘƛŜǾŜd ST values close 

ǘƻ лΦлн ҈ ŀƴŘ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ŀǎ Ψƴƻƴ-ŀǎǘǊƛƴƎŜƴǘΩΦ ¢ƘŜǎŜ ǾŀƭǳŜǎ ŘƛŘ ƴƻǘ ŦǳǊǘƘŜǊ 

change during the remaining storage time. 
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Fig. 4. Soluble Tannins. Evolution of the concentration of soluble tannins (% FW) in the 
persimmon fruit submitted to the CO2 deastringency treatment (95% CO2) at 12 °C and 
20 °C, and then transferred directly to cold storage at 1 °C (12 °C-D and 20 °C-D) or 
attemperated for 24 h at 20 °C (12 °C-A and 20 °C-A) before being cold stored for 41 d 
at 1 °C, plus a 3-day shelf-life period at 20 °C. Vertical bars represent the LSD intervals 
(p = 0.05). 

 

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

The CO2 treatments applied at both 12 °C and 20 °C resulted in marked AcH 

accumulation in fruit, with values coming close to zero at harvest and at 

around 1-1.5 mg 100 mL-1 immediately after treatment (D1-0h), with no 

statistical differences among treatments (Fig. 5A). For the next 6 h, gradual 

AcH accumulation was observed in all the fruit.  

It is noteworthy that after 24 h, AcH concentration sharply dropped in the AT-

fruit to values below 1 mg 100 mL-1, while AcH increased in the fruit 

transferred directly to cold storage (D-fruit). This increase was more marked in 

the fruits treated with CO2 at 20 °C (20 °C-D) (5 mg 100 mL-1) than in those 

treated at 12 °C (12 °C-D) (3 mg 100 mL-1).  
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On Day 2, a drop in the AcH concentration took place to values that came 

close to 1 mg 100 mL-1 for the CO2-treated fruit at 12 °C, with no differences 

between the AT-fruit and the D-fruit. Nevertheless, the CO2-treated fruit at 

20 °C had increased AcH content, and the D-fruit obtained higher values 

than the AT-fruit.  

As storage advanced, all the fruit obtained values between 2.5 and 5 mg 

100 mL-1, with no differences between the AT-fruit and D-fruit. Only when 

fruit were transferred and stored during the shelf-life period did the AcH 

values become significantly higher in the fruit transferred directly to cold 

storage.  

Regarding EtOH concentration (Fig. 5B), the CO2-treatment temperature 

had a clear effect as the CO2-treated fruit at 20 °C had higher values than 

those CO2-treated at 12 °C, 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 was only 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 between D-fruit and A-fruit disappeared at 

D-2, but the CO2-treated fruit at 20 °C still had a higher EtOH concentration 

than that CO2-treated at 12 °C. No relevant differences were detected 

among treatments for the next 14 storage days. However, at 41 storage 

days, EtOH content did not change in D-fruit, but dropped in A-fruit. After 

the shelf-life, the EtOH level of the D-fruit CO2-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) and 
EtOH (B) concentration in fruit juice (mg 100 mL-1) in the persimmon fruit submitted to 
the CO2 deastringency treatment (95 % CO2) at 12 °C and 20 °C, and then transferred 
directly to cold storage at 1 °C (12 °C-D and 20 °C-D) or attemperated for 24 hours at 
20 °C (12 °C-A and 20 °C-A) before being cold stored for 41 d at 1 °C, plus a 3-day shelf-
life period at 20 °C. Vertical bars represent the LSD intervals (p = 0.05). 
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3.4. CO2, AcH and EtOH release 

The release of CO2 from the fruit treated at 12 °C and 20 °C is shown in 

Figure 6. At harvest, fruit had values of 7.2 mL kg-1 h-1. The CO2 

deastringency treatment applied at both temperatures led to a drastic 

increase in CO2 with values above 120 mL kg-1 h-1. These high CO2 values 

have been associated with the diffusion of the CO2 that had accumulated 

inside fruit during treatment. That is, once fruit were moved from the CO2 

application chamber to an air atmosphere environment, the CO2 detained 

ōȅ ŦǊǳƛǘ ǿŀǎ ǊŜƭŜŀǎŜŘΦ ¢Ƙƛǎ ƛǎ ǿƘȅ ǘƘŜ ǘŜǊƳ Ψ/h2 ǊŜƭŜŀǎŜΩ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ 

ǊŀǘƘŜǊ ǘƘŀƴ Ψ/h2 ǇǊƻŘǳŎǘƛƻƴΩΦ 

In the fruit treated at 12 °C, slight differences between AT-fruit and D-fruit 

were detected immediately after treatment (0 h), with CO2 values of 190 

and 150 mL kg-1 h-1, respectively. However, in the fruit treated at 20 °C, CO2 

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-1 h-1, respectively). During the subsequent periods, CO2 release gradually 

decreased, and the measurements taken until 6 h showed a greater CO2 

release in A-fruit than in those transferred directly to 1 °C. 

After 24 h, the CO2 level significantly lowered in all the fruit with values of 

about 25 mL kg-1 h-1. On Day 2, CO2 release 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 only when 

fruit were transferred to 20 °C after 41 d, in order to simulate 

commercialisation that a slight increase in CO2 was observed, with no noted 

differences among treatments. 
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Fig. 6.  Evolution of the CO2 release (mL kg-1 h-1) in the persimmon fruit submitted to 
the CO2 deastringency treatment (95 % CO2) at 12 °C and 20 °C, and then trasferred 
directly to cold storage at 1 °C (12 °C-D and 20 °C-D) or attemperated for 24 h at 20 °C 
(12 °C-A and 20 °C-A) before being cold stored for 41 d at 1 °C, plus a 3-day shelf-life 
period at 20 °C. Vertical bars represent the LSD intervals (p = 0.05). 

 

As explained for CO2, the AcH and EtOH values presented in Figures 7A and 7B 

correspond to the release of the gases that accumulated inside fruit during the 

CO2 treatment. During the first 4 h in the CO2-treated fruit at 20 °C, the release 

of AcH and EtOH was more marked in AT-fruit than in D-fruit. However, in the 

CO2-treated fruit at 12 °C, no differences between treatments were observed 

until 6 h. All the fruit showed a marked decrease 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 EtOH (B) 
release (µL kg- 1 h-1) in the persimmon fruit submitted to the CO2 deastringency 
treatment (95% CO2) at 12 °C and 20 °C, and then transferred directly to cold storage 
at 1 °C (12 °C-D and 20 °C-D) or attemperated for 24 h at 20 C (12 °C-A and 20 °C-A) 
before being cold stored for 41 d at 1 °C, plus a 3-day shelf-life period at 20 °C. 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 after 41 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) 

ǊŜǇƻǊǘŜŘ ōǊƻǿƴƛƴƎ ƛƴŎƛŘŜƴŎŜ ƛƴ ΨbƛǳȄƛƴΩ ǇŜǊǎƛƳƳƻƴǎ ǘǊŀƴǎŦŜǊǊŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 

CO2 treatment to 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 

ŀŦǘŜǊ ŎƻƭŘ ǎǘƻǊŀƎŜ ƻŦ Ψ{ŀƴƎƧǳŘǳƴƎǎƛΩ ǇŜǊǎƛƳƳons previously treated with 1-MCP 

and CO2. The authors did not describe the conditions between CO2 treatment 

and fruit transfer to cold storage, but it is quite possible that fruit were 

transferred directly to cold chambers.  

It is well-known that the astringency removal process using CO2 consists in two 

phases: 1) an induction phase in which fruit must be maintained for a 

minimum period at high CO2 concentrations. During this phase, AcH and EtOH 

are accumulated as result of the anaerobic respiration and tannins-AcH 

reaction leads to a tannins insolubilization process; 2) a second phase in which 

astringency keeps gradually disappearing and presence of CO2 is not essential 

(Gazit & Adato, 1972). These two phases are temperature-dependent (Matsuo 

& Ito, 1977).  

Accordingly, our results showed that the tannins insolubilisation reaction that 

took place immediately after CO2 treatment was faster when the process was 

performed at 20 °C than at 12 °C. Moreover, during the first 24 horas after CO2 

treatment a clear effect 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 °C-A and 12 °C-A) than in those directly moved to 

cold storage (20 °C-D and 12 °C-D).  

It is noteworthy that the CO2 treatment to which fruit were subjected led to 

not only AcH and EtOH accumulating in fruit flesh, but also CO2. The ability of 

the fruit to continue accumulating or releasing these gases during the hours 

that followed the CO2 treatment was also highly depended on the temperature 

after treatment. So, maintaining fruit for 24 h at 20 °C 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 directly to 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 rapidly, and 

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 CO2 at low temperature led to the anaerobic 

respiration lasted longer in the fruit transferred directly to low temperature 

(D-fruit), with the consequent accumulation of AcH, compared with the fruit 

maintained at 20 °C (A-fruit). So, this AcH accumulation in fruit flesh during the 

first 24 h after CO2-treatment seems to be the key to browning development in 

the fruit. Moreover, the browning severity was higher in those fruits CO2-

treated at 20 °C (D-20 °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 that herein 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 disorders 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, CO2 diffusivity in pear 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 against harmful reactive oxygen species (ROS) (Drew 

1997; Purvis, 2001; Apel & Hirt, 2004). In such a process, AcH accumulation 

when fruit are exposed to high CO2 concentrations seems to play an important 

role in tissue browning and cell death (Fan et al., 2005; Zhan 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). Therefore, it is possible that the high 

!ŎI ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƘŜǊŜƛƴ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ΨƛƴǘŜǊƴŀƭ ŦƭŜǎƘ ōǊƻǿƴƛƴƎΩ ƳŀƴƛŦŜǎǘŀǘƛƻƴ 

acts as a source of ROS generation. However, cell membranes should prevent 

the reaction of ROS and the tannins allocated in the vacuole of the so-called 

Ψǘŀƴƴƛƴǎ ŎŜƭƭǎΩ όDƻǘǘǊŜƛŎƘ ϧ Blumenfeld, 1991; Yonemori et al., 1997). In this 

ǎŜƴǎŜΣ ǘƘŜ Ƴŀƛƴ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀƴƎŜǎ ǘƘŀǘ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǳƴŘŜǊƎƻ ŘǳǊƛƴƎ ŎƻƭŘ 

storage have been described as loss of cell wall integrity and low intercellular 

adhesion (Pérez-Munera 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 the ROS 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 stress (Fan 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 CO2 tretament is the main 

ŦŀŎǘƻǊ ƛƳǇƭƛŜŘ ƛƴ ΨƛƴǘŜǊƴŀƭ ŦƭŜǎƘ ōǊƻǿƴƛƴƎΩ ƳŀƴƛŦŜǎǘŜŘ ƛƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ 

persimmon after cold storage. An attemperation period at 20 °C during 24 h 

after deastringency treatment facilitates the diffusion of CO2 out of fruit, which 

results in lower AcH accumulation, which seems to play a key role in 

preventing browning disorder manifestation. 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. 

 

Acknowledgements 

This study has been supported by the Instituto Nacional de Tecnología Agraria 

y Alimentaria de España (INIA) through the projects RTA 2013-00043-C02-01 

and RTA2017-00045-C02-01 with the support of FEDER funds. In addition, it 



CHAPTER I 

 

57 

 

has been supported by the Valencian Institute for Agricultural Research 

(Project N° 51910). 

 

References 

Apel, K., & Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative 

stress, and signal transduction. Annual Review of Plant Biology. 55, 373-

399. https://doi.org/10.1146/annurev.arplant.55.031903.141701 

Besada, C., Arnal, L., & Salvador, A. (2008). Improving storability of persimmon 

cv. Rojo Brillante by combined use of preharvest and postharvest 

treatments. Postharvest Biology and Technology. 50, 169 - 175. 

https://doi.org/10.1016/j.postharvbio.2008.05.013 

Besada, C., Arnal, L., Salvador, A., & Martínez-Jávega, J. M. (2010). 

Optimization of the duration of deastringency treatment depending on 

persimmon maturity. Acta Horticulturae. 858, 69 - 74. 

https://doi.org/10.17660/actahortic.2010.858.7  

Besada, C., Gil, R., Bonet, L., Quiñones, A., Intrigliolo, D., & Salvador, A. (2016).  

Chloride stress triggers maturation and negatively affects the postharvest 

quality of persimmon fruit. Involvement of calyx ethylene production. 

Plant Physiology and Biochemistry. 100, 105-112. 

https://doi.org/10.1016/j.plaphy.2016.01.006 

Drew, M.C. (1997). Oxygen deficiency and root metabolism: injury and 

acclimation under hypoxia and anoxia. Annual Review of Plant Physiology 

and Plant Molecular Biology. 48, 223-250. 

https://doi.org/10.1146/annurev.arplant.48.1.223  

Fan, L., Song, J., Forney, C., & Jordan, A. (2005). Ethanol production and 

chlorophyll fluorescence predict breakdown of heat-stressed apple fruit 

during cold storage. Journal of the American Society. 130(2), 237-243. 

https://doi.org/10.21273/jashs.130.2.237 



CHAPTER I 

 

58 

 

Gazit, S., & Adato, I. (1972). Effect of carbon dioxide atmosphere on the course 

of astringency disappearance of persimmon fruits (Diospyros Kaki L.). 

Journal of Food Science. 37, 815-817. https://doi.org/10.1111/j.1365-

2621.1972.tb03676.x  

Gottreich, M., & Blumenfeld, A. (1991). Light microscopic observations of 

tannin cell walls in persimmon fruit. Journal of Horticultural Science. 66, 

731-736. https://doi.org/10.1080/00221589.1991.11516205  

Ho, Q.T., Verlinden, B.E., Verboven, P., Vandewalle, S., & Nicolai, B.M. (2006). 

A permeation-diffusionςreaction model of gas transport incellular tissue 

of plant material. Journal of Experimental Botany. 57, 4215ς4224. 

https://doi.org/10.1093/jxb/erl198  

Ho, Q.T., Verboven, P., Mebatsion, H.K., Verlinden, B.E., Vandewalle, S., & 

Nicolai, B.M. (2009). Microscale mechanisms of gas exchange in fruit 

tissue. New Phytologist. 182, 163ς174. https://doi.org/10.1111/j.1469-

8137.2008.02732.x  

Ho, Q.T., Verboven, P., Verlinden, B.E., & Nicolai, B.M. (2010). A model for gas 

transport in pear fruit at multiple scales. Journal of Experimental Botany. 

61, 2071-2081. https://doi.org/10.1093/jxb/erq026  

Khademi, O., Salvador, A., Zamani, Z., & Besada, C. (2013). Effects of hot water 

treatments antioxidant enzymatic system in reducing flesh browning of 

persimmon. Food and Bioprocess Technology. 6, 3038-3046.  

https://doi.org/10.1007/s11947-012-0959-6  

Matsuo, T., & Ito S. (1977). On mechanisms of removing astringency in 

persimmon fruits by carbon dioxide treatment I. Some properties of the 

two processes in the de-astringency. Plant and Cell Physiology. 18, 17-25. 

https://doi.org/10.1093/oxfordjournals.pcp.a075409  

Min, D., Dong, L., Shu, P., Cui, X., Zhang, X., & Li, F. (2018). The application of 

carbon dioxide and 1-methylcyclopropene to maintain fruit quality of 



CHAPTER I 

 

59 

 

ΨbƛǳȄƛƴΩ ǇŜǊǎƛƳƳƻƴ ŘǳǊƛƴƎ ǎǘƻǊŀƎŜΦ Scientia Horticulturae. 229, 201-206. 

https://doi.org/10.1016/j.scienta.2017.11.012 

Novillo, P., Salvador, A., Navarro, P., & Besada, C. (2015). Involvement of the 

redox system in chilling injury and its alleviation by 1-Methylcyclopropene 

ƛƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴΦ HortScience. 50,570ς576.  

https://doi.org/10.21273/HORTSCI.50.4.570 

Novillo, P., Salvador, A., Llorca, E., Hernando, I., & Besada, C. (2014). Effect of 

CO2 deastringency treatment on flesh disorders induced by mechanical 

damage in persimmon. Biochemical and Microstructural Studies. Food 

Chemistry. 145, 453-463. 

https://doi.org/10.1016/j.foodchem.2013.08.054  

Pérez-Munuera, I., Hernando, I., Larrea, V., Besada, C., Arnal, L., & Salvador, A. 

(2009). Microstructural study of chilling injury alleviation by 1-

methylcyclopropene in persimmon. HortScience. 44, 742 -745. 

https://doi.org/10.21273/hortsci.44.3.742  

Purvis, AC. (2001). Reduction of superoxise production by mitochondria 

oxidizing NADH in the presence of organic acids. Journal of Plant 

Physiology. 158, 159-165. https://doi.org/10.1078/0176-1617-00128 

Salvador, A., Arnal, L., Monterde, A., & Cuquerella, J. (2004). Reduction of 

chilling injury symptoms in persimmon fruit cv. Rojo Brillante by 1-MCP. 

Postharvest Biology and Technology. 33, 285ς291. 

https://doi.org/10.1016/j.postharvbio.2004.03.005 

Salvador, A., Arnal, L., Besada, C., Larrea, V., Quiles, A., & Pérez-Munuera, I. 

(2007). Physiological and structural changes during ripening and 

ŘŜŀǎǘǊƛƴƎŜƴŎȅ ǘǊŜŀǘƳŜƴǘ ƻŦ ǇŜǊǎƛƳƳƻƴ ŦǊǳƛǘ ŎǾΦ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩΦ 

Postharvest Biology and Technology. 46, 181-188. 

https://doi.org/10.1016/j.postharvbio.2007.05.003  



CHAPTER I 

 

60 

 

Taira, S. 1996. Astringency in persimmon, in: Linskens, H.F., Jackson J.F.(Eds.). 

Fruit Analysis. Springer, Germany, pp. 97-110. 

https://doi.org/10.1007/978-3-642-79660-9_6   

Verboven, P., Kerckhofs, G., Mebatsion, H.K., Ho, Q.T., Temst, K., Wevers, M., 

& Cloetens, P., Nicolai, B.M. (2008). Three-dimensional gas exchange 

pathways in pome fruit characterized by synchrotron X-ray computed 

tomography. Plant Physiology. 147, 518ς527. 

https://doi.org/10.1104/pp.108.118935  

Welty, J.R., Wicks, C.E., & Wilson, R.E. (1984). Fundamentals of Momentum, 

Heat, and Mass Transfer. John Wiley & Sons, New York. 

Win, N.M., Yoo, J., Lee, J., Jung, H.Y., & Kang, I.K. (2019). Effect of Different 

CO2 deastringency application timing on fruit quality attributes and 

physiological disorders in cold-ǎǘƻǊŜŘ Ψ{ŀƴƎƧǳŘǳƴƎǎƛΩ ǇŜǊǎƛƳƳƻƴ ŦǊǳƛǘΦ 

Horticultural Science and Technology. 37, 395-403.  

https://doi.org/10.7235/HORT.20190040 

Yonemori, K., Oshida, M., & Sugiura, A. (1997). Fine structure of tannin cells in 

fruit and callus tissues of persimmon. Acta Horticulturae. 436, 403-416. 

https://doi.org/10.17660/actahortic.1997.436.43  

Zhang, S., & Bing Deng, Y.S. (2015). Exogenous carbon monoxide treatment 

delayed the ethanol metabolism and fruit softening of postharvest jujube. 

Asian Journal of Agricultural and Food Sciences. 3(2), 196-204.



 

 

CHAPTER II 

 

 

Application of a new wax containing ethanol as 

a method to remove persimmon astringency 

during cold storage 
 

Ayoub Fathi Najafabadia, Cristina Besadaa, Rebeca Gila, 

Daniel Tormob, Pilar Navarroa, Alejandra Salvadora 
 

 
aCentro de Tecnología Postcosecha del Instituto Valenciano de 

Investigaciones Agrarias (IVIA), Carretera Moncada-Náquera, Km. 4.5, 

46113, Moncada, Valencia, Spain 
bFomesa Fruitech S.L.U., 46469, Beniparrell, Valencia, Spain 

 

Reference: Journal of Food Science and Technology, 2021. 

https:// doi.org/10.1007/s13197-021-05011-w



 

 



CHAPTER II 

63 

 

 

Abstract 

Nowadays the treatment based on applying high CO2 concentrations to fruit is 

the main method used in astringent persimmon prior to being commercialized, 

but it can cause quality problems for fruit during cold storage. The aim of this 

study was to evaluate 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 evaluated in cv. Rojo Brillante and Triumph: 1) CO2-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 

ƳŜǘƘƻŘΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛƴ ǊŜƳƻǾƛƴƎ ŀǎǘǊƛƴƎency was evaluated under industrial 

conditions. After treatments fruit was stored at 0 °C for 15, 21 and 30 days 

before being transferred at 20 °C to simulate a 5-days shelf-life. All the fruit 

treated with the new wax completely lost astringency after 30 days at 0 °C, and 

commercial firmness was maintained. At the end of the storage, fruit quality 

was substantially higher in fruit submitted to the new treatment. CO2-treated 

fruit, manifested internal browning after 30 storage days and shelf-life, while 

this disorder was not detected in waxed fruit. 

 

Keywords: ŘŜŀǎǘǊƛƴƎŜƴŎȅΣ ŎƻƭŘ ǎǘƻǊŀƎŜΣ ǿŀȄΣ ŜǘƘŀƴƻƭΣ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩΣ 

Ψ¢ǊƛǳƳǇƘΩ   
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1. Introduction 

Persimmon cultivars are divided into two categories, astringent and non-

astringent, depending on their astringency level at harvest. Astringent 

persimmons are not edible when harvested due to the presence of high 

soluble tannin concentrations, which produce a dry puckering sensation in the 

mouth (Besada & {ŀƭǾŀŘƻǊ нлмуύΦ Ψ¢ǊƛǳƳǇƘΩ ŀƴŘ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀǊŜ ǘƘŜ Ƴŀƛƴ 

cultivars from the Mediterranean region, both of which are astringent at 

harvest. 

The most habitual treatment used to remove astringency in persimmon is 

based on exposing fruit to 95-98% CO2 at 20 °C and 90% RH for 24 h (Besada & 

Salvador 2018). The effectiveness of this method lies in the fact that 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 become insoluble, hence they lose 

their astringent character (Arnal & Del Río 2003; Salvador et al. 2007). 

Although the effectiveness of this deastringency method has been widely 

studied, a high CO2 concentration affects the parenchyma structure, causing 

cell membrane degradation, which can lead to loss 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 noteworthy that in some marketing scenarios, such as 

shipments to overseas countries, CO2 treatment is necessarily applied before 

using refrigerated transport. Under these conditions, the risk of fruit quality 

loss during cold storage is high. Indeed, the fruit softening and internal 

browning that appears 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 

methods that can be applied in cold storage management scenarios to avoid 

quality losses associated with the currently employed CO2 treatment. To 

respond to this demand, the present work takes as a starting point two 

postharvest technologies used for different purposes that have never been 

combined. On 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 industry (Taira et 

al. 1989). Although this treatment still continues to be used in countries like 

Brazil (Tessmer et al. 2018), it is being replaced with CO2 treatment as the 

latter requires less time to remove astringency and fruit firmness is better 

preserved.  

On the other hand, edible waxes are used to carry some ingredients like 

antioxidants, antifungal and antimicrobial agents for different purposes in 

different fruits (Nair et al. 2018; Rojas-Graü et al. 2007). In persimmon no 

information on this regard exits, only some studies have reported the use of 

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 reach research collaboration between the 

Instituto 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 not have negative 

effects on the fruit quality during low-temperature storage and subsequent 

shelf-life. The studies carried out allowed to develop an ethanolic wax that 

could remove fruit astringency during cold storage when combined with fruit 

packaging, and this process has been recently patented (P-101459).  

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 physico-chemical quality parameters 

as color, firmness, total soluble 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 three consecutive seasons from 2017 to 2019. In 

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 (S1). ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǇŜǊǎƛƳƳƻƴǎ ǿŜǊŜ harvested in November in a 

commercial maturity stage from an orchard in Valencia (Spain) before being 

ƛƳƳŜŘƛŀǘŜƭȅ ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ ǘƘŜ L±L!Ωǎ tƻǎǘƘŀǊǾŜǎǘ [ŀōƻǊŀǘƻǊȅ ¢ŜŎƘƴƻƭƻƎȅ 

Center. Fruit were carefully selected for their uniform size and external color. 

Then they were separated into homogenous lots of 12 fruits and were placed 

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

to evaluate the physico-chemical quality of fruit at harvest. 

The remaining lots of fruit were subjected to the following three treatments 

(12 lots per treatment):  

1) fruit submitted to the traditional CO2 treatment with 95% CO2 at 20 °C for 24 

h (CO2);  

2) fruit waxed and packed in plastic film according to the patented method 

(Wax+Film); 

3) fruit packed in plastic film with no wax application, used as the control 

(Film). 

After applying treatments, all the fruit were stored at 0 °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 cold storage for analysis. In addition, after 30 

days three other lots of fruit were transferred to 20 °C for 5 days to simulate 

the shelf-life period, after which they were evaluated.  

Second season (S2). During this season, experiments were carried out in the 

same way as during the first season, but in this case they were performed with 

ǇŜǊǎƛƳƳƻƴǎ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩΦ ¢ƘŜ ŦǊǳƛǘ ƻŦ ōƻǘƘ ŎǳƭǘƛǾŀǊǎ ǿŜǊŜ 

harvested in the commercial maturity stage in December from two orchards in 

Valencia. During this season, a 5-day shelf-life at 20 °C was simulated after 15, 

21 and 30 days of cold storage periods.  

Third season (S3). During this season, the effectiveness of the new method to 

ǊŜƳƻǾŜ ŀǎǘǊƛƴƎŜƴŎȅ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ǳƴŘŜǊ ƛƴŘǳǎǘǊƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ǿƛǘƘ ΨwƻƧƻ 

BrilƭŀƴǘŜΩΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ ŀŦǘŜǊ ƘŀǊǾŜǎǘ ŦǊǳƛt were transported to a commercial 
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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 placed on plastic alveoli trays in a commercial 

cardboard fruit box. Four treatments were assayed: 1) fruit submitted to the 

traditional CO2 treatment with 95% CO2 at 20 °C for 24 h (CO2) in industrial 

chambers; 2) fruit waxed and packed in plastic bags according to the patented 

method (Wax+Film); 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 

strapping machine (Wax+Pallet). Here the objective 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 film-strapped until almost the whole 

pallet surface was covered. After applying treatments, boxes were placed in 

the cold chambers at the Natural Hand Company at 0-1 °C with 85%-90% RH 

for up to 30 days. After 30 days, three lots of each treatment were evaluated. 

Three other lots of fruit were transferred to 20 °C for 5 days to simulate the 

shelf-life period, after which they were evaluated.  

In all cases after harvest the fruit were treated with 1-MCP under commercial 

conditions (500 nL/L-1 of 1-MCP for 24 h at room T). This treatment is 

commercially applied to persimmons before they are submitted to low 

temperature in order to delay chilling injury symptoms (Salvador et al. 2004). 

CO2 treatment was carried out in closed containers (467 L), which contained 

95% CO2 for 24 h at 20 °C and 90% RH. These conditions were established by 

passing a stream of air containing 95% CO2 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®, StePac L.A. Ltd) were provided by the Fomesa Fruitech 

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 create a fine nebulization of 

the wax, creating a thin 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 able to make a fine nebulization of the wax 

on the surface of the fruit. Regarding the spraying gun, we used an 80° R 

nozzle, which allows us to make a diffusion of the wax at an 80° opening angle 

and a flow rate of 2.5 gallons per hour. 

At harvest, and after different cold storage periods as well as the shelf-life, the 

determined physico-chemical and sensory parameters were as follows: 

external color, firmness, soluble tannins content (ST), sensory astringency and 

off-flavors, acetaldehyde (AcH) and ethanol (EtOH) in juice. After cold storage, 

the CO2 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 tested for ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ ¢ǊƛǳƳǇƘΩ ƛƴ ǘƘŜ 

three season studied 

 

 

2.2. Fruit quality assessments 

Determinations were made with 12 fruits, three replicates per treatment. After 

the low-temperature storage periods and the subsequent shelf-life, the 

following were evaluated: external color, flesh firmness, soluble tannin 

contents (ST), sensory astringency and off-flavors, internal and external 

disorders, AcH and EtOH in juice, EtOH and CO2 in plastic bags. 

Season Treatments Cultivar 
Cold storage (CS) 

(0 °C) 
 

Shelf-life 

(5d at 20 °C after CS)  

   15d 21d 30d  15d 21d 30d 

S1 
CO2 

Wax+Film 
Film 

Rojo Brillante X X X  - - X 

S2 
CO2 

Wax+Film 
Film 

Rojo Brillante 

Triumph 
X X X  X X X 

S3 
CO2 

Wax+Film 
Film 

Wax+Pallet 

Rojo Brillante - - X  - - X 

 1 
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Skin color was determined by a Minolta colorimeter (Model CR-300; Minolta, 

wŀƳǎŜȅΣ b¸ύΦ IǳƴǘŜǊ ǇŀǊŀƳŜǘŜǊǎ ά[Σέ άŀΣέ ŀƴŘ άōΣέ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǘƘŜ 

results were expressed as Color Index = (1000a)/(Lb) (Salvador et al. 2007). 

Two measurements were taken on the opposite equatorial area of each fruit. 

Flesh firmness was evaluated by a texturometer (model 4301, Instron Corp., 

Canton, Mass., USA) using an 8-mm 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 equidistant locations 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 external and internal 

disorders was evaluated visually 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, flesh browning was rated on a 4-point scale 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 than 60% of the fruit flesh 

surface was brown); 3, severe browning (more than 60% of the fruit flesh 

surface was brown). The browning index (BI) was calculated as: 

 .LҐ ңώόōǊƻǿƴƛƴƎ ǎŜǾŜǊƛǘȅύ ʋ όƴƻΦ ƻŦ ŦǊǳƛǘ ŀǘ ŜŀŎƘ ōǊƻǿƴƛƴƎ ǎŜǾŜǊƛǘȅύϐ κ о ʋ ǘƻǘŀƭ 

no. of fruit. 

After disorders evaluation, six fruits per lot were cut to obtain four quarters. 

Two opposite quarters were frozen at -21 °C until the ST analyses. ST content 

was evaluated by the Folin-Denis method described by Arnal & Del Río (2004). 

The results were expressed as a percentage or g/100g FW. One of 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 were asked 

to evaluate astringency levels and the presence of off-flavors. 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 wide), and three slices from three different fruits 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, identified by a unique three-digit number. Each 

fruit was tasted by at least three panelists. A 5-point scale was used for the 

sensory astringency evaluation: 1 = no astringency; 2 = residual astringency; 3 

= slight astringency; 4= moderate astringency; 5 = astringency. A value below 

1.5 guarantees the non-astringency of the fruit, and therefore is considered 

commercially acceptable (Besada et al., 2016; Munera et al., 2017). Off-flavors 

were evaluated as Presence/Absence.  

In order to determine the AcH and EtOH concentrations, one quarter of the six 

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 replicate of juice samples, 

obtained as previously mentioned and analyzed by headspace gas 

chromatography. Five milliliters of the filtered juice were transferred to 10-mL 

vials with crimp-top caps, sealed with TFE/silicone septa, and frozen (-21 °C) 

until analyzed. For the analysis, samples were put in a water bath at 20 °C for 1 

h, followed by heating at 60 °C for 10 min. A 1-mL headspace sample was 

withdrawn from the vials and injected into the gas chromatograph (model 

2000, Perkin-Elmer, Norwalk, Conn., USA), equipped with a flame ionization 

detector (FID) and a 0.32 cm × 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 bags, the EtOH and CO2 concentrations 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. This volume was injected into the gas chromatograph 

(model 2000, Perkin-Elmer, Norwalk, Conn., USA) and the same previously 

explained pattern was followed. For EtOHΣ ǘƘŜ ǊŜǎǳƭǘǎ ǿŜǊŜ ǎƘƻǿƴ ŀǎ ˃[κ[ ŀƴŘ 

as % of gas in the atmosphere for CO2. 
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2.3. Statistical Analysis 

Data were subjected to an analysis of variance, based on two factors 

(treatment × storage duration). Multiple comparisons between means were 

determined bȅ ǘƘŜ ƭŜŀǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ǘŜǎǘ όt Җ лΦлрύ ǳǎƛƴƎ ǘƘŜ 

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 ST conǘŜƴǘ ƛƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǿŀǎ ŎƭƻǎŜ ǘƻ лΦср-0.70% during all 

three studied seasons (Fig. мŀΣ мōΣ мŘύΦ ¢ƘŜ {¢ ǾŀƭǳŜǎ ŦƻǊ Ψ¢ǊƛǳƳǇƘΩ ǿŜǊŜ 

slightly higher at harvest time, 0.9% (second season) (Fig. 1c). These values 

were in the same range found by most previous studies 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, c, d) and sensory astringency evaluation (e, f, g, h) 
ƻŦ ǇŜǊǎƛƳƳƻƴǎ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩ ŀǘ ƘŀǊǾŜǎǘ όIύ ŘǳǊƛƴƎ ǎǘƻǊŀƎŜ ŀǘ л °C and 
after the subsequent 5-day shelf-life period at 20 °C in season 1 (S1), season 2 (S2) and 
ǎŜŀǎƻƴ о ό{оύΦ ±ŜǊǘƛŎŀƭ ōŀǊǎ ǊŜǇǊŜǎŜƴǘ [{5 ƛƴǘŜǊǾŀƭǎ όǇ Җ лΦлрύΦ {ŜƴǎƻǊȅ ŀstringency 
evaluation was from 1 = no astringency to 5 = astringency; a value below 1.5 is 
considered commercially acceptable. Film: fruit packed in plastic film without wax. 
Wax+Film: fruit waxed and packed in plastic film. CO2: fruit submitted to CO2 
treatment. Wax+Pallet: fruit waxed and boxes stacked on a wooden pallet which was 
strapped with macroperforated stretch film. DA: 1 day after CO2 treatment. 
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As expected, the ST content dropped significantly after being treated with a 

high CO2 concentration (CO2 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 scores of 1 (non-

astringent fruit) (Fig. 1e, 1f, 1g, 1h). 

In the fruit packed in plastic film with no added wax (Film), ST slightly dropped, 

over all after 30 cold storage days and the shelf-life that followed the different 

cold storage periods. Despite of this decrease, in all cases, the ST values 

remained very high, which resulted in fruit 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 0.15%-0.18% in 

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

high astringency level (scores of 4.2-4.5). In all cases from 15 days onward, the 

ST content continued to lower and reached values below 0.03% after 30 days, 

ǿƘŜƴ ǘƘŜ ŦǊǳƛǘΩǎ ŀǎǘǊƛƴƎŜƴŎȅ ǎŎƻǊŜǎ ǿŜǊŜ ƭƻǿŜǊ ǘƘŀƴ мΦрΣ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ 

commercial. Similar results were obtained during the third season, when 

ŀǎǎŀȅǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ǳƴŘŜǊ ƛƴŘustrial conditions. After 

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 as non-astringent. 

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 

лΦлн҈ ƛƴ ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ǘƘŜ ǇŀƴŜƭƛǎǘǎ ŘƛŘ ƴƻǘ 

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 

ǘŀǎǘŜΣ ŀƴŘ ǘƘŜǎŜ ŦǊǳƛǘ ŀǊŜ ƴƻǘ ŜŘƛōƭŜ ƛƴ ǇŜǊǎƛƳƳƻƴǎ ΨYŀƪƛ ¢ƛǇƻΩΣ Ψ[ȅŎƻǇŜǊǎƛŎƻƳΩ 

ŀƴŘ Ψ¢ƘƛŜƴŜΩ ό±ƛŘǊƛƘ Ŝǘ ŀƭΦ 1994). In the present study, and irrespectively of the 

ǘǊŜŀǘƳŜƴǘ ǘƻ ǿƘƛŎƘ ŦǊǳƛǘ ǿŀǎ ǎǳōƳƛǘǘŜŘΣ ǘƘŜ ǇŀƴŜƭƛǎǘǎΩ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŦǊǳƛǘ ƴƻǘ 

being astringent corresponded to the fruit that had an ST content below 



CHAPTER II 

74 

 

0.03%. This value agrees with those previously reǇƻǊǘŜŘ ŦƻǊ ōƻǘƘ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩ ό.ŜǎŀŘŀ Ŝǘ ŀƭΦ нлмлΤ нлмпΤ {ŀƭǾŀŘƻǊ Ŝǘ ŀƭΦ нллтύΦ 

3.2. Acetaldehyde (AcH) and ethanol (EtOH) 

Most methods performed to remove persimmon astringency are based on 

maintaining fruit under anaerobic conditions or 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 the level of 

!ŎI ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜǎ ƛƴ ŦǊǳƛǘ ŦƭŜǎƘ όtŜǎƛǎ Ŝǘ ŀƭΦ мфууΤ ¢ŀƛǊŀ Ŝǘ ŀƭΦ мфуфύΦ Lƴ ΨwƻƧƻ 

.ǊƛƭƭŀƴǘŜΩΣ ǘƘŜ ŀŎŎǳƳǳƭŀǘŜŘ !ŎI ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀŦǘŜǊ ŘƛŦŦŜǊŜƴǘ ŘŜŀǎǘǊƛƴƎŜƴŎȅ 

treatments has also been closely associated with a drop into the decrease of ST 

(Besada et 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, between 0.1 and 0.3 mg/100 mL (Fig. 2a, 2b, 2c, 2d). These values are 

in the range reported in previous studies (Arnal & Del Río 2003; 2004; Besada 

et al. 2014). As expected in the CO2-treated fruit, AcH significantly increased 1 

day after treatment (DA), with values of around 4.5 mg/100 mL in both 

cultivars in the first and second seasons. For the third season, the values 

reached after CO2 treatment were slightly lower, 3.5 mg AcH/100 mL. For all 

three seasons, AcH levels linked to CO2-treated fruit showed no relevant 

changes throughout the study period.  
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Fig. 2. Acetaldehyde (a, b, c, d) and ethanol (e, f, g, h) (mg/100 mL) of persimmons 
ΨwƻƧƻ .ǊƛƭƭŀƴǘŜΩ ŀƴŘ Ψ¢ǊƛǳƳǇƘΩ ŀǘ ƘŀǊǾŜǎǘ όIύΣ ŘǳǊƛƴƎ ǎǘƻǊŀƎŜ ŀǘ л °C and after the 
subsequent 5-day shelf-life period at 20 °C in season 1 (S1), season 2 (S2) and season 3 
(S3). Vertical bars repreǎŜƴǘ [{5 ƛƴǘŜǊǾŀƭǎ όόǇ Җ лΦлрύΦ 
Film: fruit packed in plastic film without wax. Wax+Film: fruit waxed and packed in 
plastic film. CO2: fruit submitted to CO2 treatment. Wax+Pallet: fruit waxed and boxes 
stacked on a wooden pallet, which was strapped with macroperforated stretch film. 
DA: 1 day after CO2 treatment. 

 










































































































































































































































































