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�Introduction

Persimmon fruit belongs to the botanical family Ebenaceae, in the genus Diospyros 
(‘the fruit of the Gods’ in ancient Greek). This genus, with more than 2000 species, 
originated from China, and there is evidence for its existence some centuries before 
Christ. It was introduced to Japan and Europe in the seventh and seventeenth centu-
ries respectively. Most of the cultivars whose fruits are edible belong to the species 
Diospyros kaki L.f., and species Diospyros lotus L.f. and Diospyros virginiana 
L.f. are relevant because they are used as rootstocks.

According to the FAO statistical databases (2014), persimmon is cultivated at an 
area of 1,025,989 ha, with a worldwide production of 5,190,624 tons. China is the 
main producer, whose production has doubled in the last decade. In countries like 
Brazil, South Korea, and Japan, persimmon production has remained constant in the 
last decade, while other countries like Azerbaijan and Uzbekistan have tripled their 
production. In Spain, persimmon production is now five-fold higher than it was 
10 years ago (MAPAMA 2017).

Persimmon fruit, which is also known as kaki, is a botanical berry. There are 
hundreds of persimmon cultivars of varying fruit shape from spherical to acorn, flat-
tened or squarish, while size can be as small as 50 g and can reach as much as 300 g, 
depending on the cultivar. External fruit color varies from one cultivar to the next, 
from light yellow-orange to dark orange-red. Persimmon structure consists of a 
rather homogeneous parenchymatous pericarp surrounded by a thin skin covered by 
a waxy cuticle (Pérez-Munuera et al. 2009a). The parenchyma cells of the mesocarp 
are irregularly shaped, but are basically round with a diameter ranging from 100 to 
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130  μm. The inside of cells is almost completely taken up by a large vacuole 
(Salvador et al. 2007).

Persimmons are considered a good source of readily available carbohydrates and 
a high content of bioactive compounds, such as tannins, polyphenols, steroids, 
dietary fiber, organic acids, minerals, and carotenoids, which contribute to the high 
antioxidant potential of these fruits (Santos-Buelga and Scalbert 2000). Recently, 
several studies have focused on persimmon fruit components and related them to 
various physiological functions. Indeed, it has been demonstrated that persimmons 
possess hypolipidemic and antioxidant properties, which are attributed to their 
water-soluble dietary fiber, carotenoids, and polyphenols (Gorinstein et al. 1998), 
with persimmon phenols being mainly responsible for the antioxidant effect of this 
fruit (Gorinstein et al. 2011). Persimmon peel has also been shown to be a valuable 
source of antioxidants, which under diabetic conditions, can reduce the oxidative 
stress induced by hyperglycemia (Yokozawa et al. 2007).

An important feature that differentiates persimmon from other fruit trees is that 
fruits from some cultivars are astringent at harvest, while other cultivars produce 
non-astringent fruits. The high soluble tannins content in fruit pulp is responsible 
for the astringency sensation when bitten. Astringency is the sensation that results 
when tannins bind salivary proteins and cause them to precipitate or aggregate, 
which leaves a rough ‘sandpapery’ or dry sensation in the mouth. Removal of astrin-
gency while preserving fruit quality has been one of the main challenges of food 
scientists working on persimmon. Moreover, persimmon fruit are sensitive to mani-
fest chilling injury when stored at low temperatures. Therefore, the application of 
treatments to prolong the shelf life of persimmon fruit is a key step of postharvest 
technology.

�Fruit Growth, Maturation, and Ripening

�Fruit Growth

Persimmon fruits have a double sigmoidal growth curve: two periods of rapid 
growth (stages I and III), separated by a period of slow growth (stage II). Temperature 
plays an important role in both the growth and ripening of persimmon fruits (Sugiura 
et al. 1991), and climatic differences between persimmon-growing regions cause a 
wide variety in persimmon fruit growth rates (Mowat and George 1996). Candiret 
al. (2009) described the duration of stages I, II, and III as being 105–119, 21–35, 
and 21–42 days, respectively, at low and high altitudes. The cell division of persim-
mon fruits occurs actively at full bloom and the number of cells is significantly 
related to fruit size at harvest (Hamada et  al. 2008). On average, increased fruit 
weight has been reported to be approximately2 g per day (Choi et al. 2013). At the 
end of stage II, fruits begin to turn yellow-orange, which indicates the occurrence of 
color break.
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Like pruning, flower or fruit thinning are important cultural practices that affect 
fruit growth (Choi et al. 2014), as it improves fruit size and color. Thinning is also 
used to reduce biennial bearing, particularly if it is carried out in the flowering stage. 
Fruit set and fruit growth are sensitive to water stress (Buesa et  al. 2013; Naor 
2006), which may be the major cause of low fruit yields.

�Maturation and Ripening

Based on their respiration and ethylene pattern, persimmon fruits are categorized as 
climacteric fruit. They produce a small but significant amount of ethylene during the 
ripening period (Itamura et al. 1991). Indeed, a low but evident peak in ethylene 
production is linked to the fruit maturation process (Salvador et  al. 2007). 
Persimmons are also very sensitive to exogenous ethylene exposure and are induced 
to ripen with autocatalytic ethylene production by being exposed to exogenous eth-
ylene (Wills et al. 1998; Kubo et al. 2003; Besada et al. 2010a).

Like many other fruits, change in external color is the most evident feature to 
take place during persimmon maturation. Thus, fruit external color changes from 
green to yellow-pale orange and then becomes an intense orange-red color. These 
changes are related to chlorophyll degradation and to carotenoids accumulation. 
β-Cryptoxanthin, zeaxanthin, antheraxanthin, and violaxanthin are the main carot-
enoids detected in persimmon skin (Ebert and Gross 1985; Niikawa et al. 2007). 
According to Niikawa et al. (2007), lutein mainly accumulates in the green stages, 
while β-cryptoxanthin and zeaxanthin abundantly accumulate in the coloring stages. 
The fact that skin turns to dark orange-red tones have been linked to a drastic incre-
ment in lycopene content in the most advanced maturity stages.

Changes in skin to achieve the characteristic orange-red color have often been 
linked to loss of firmness and to a reduction in the soluble tannins responsible for 
astringency (Salvador et al. 2007; Del Bubba et al. 2009; Tessmer et al. 2016). In 
fact, a strong and negative correlation has been observed between color and firm-
ness values (Tessmer et al. 2016). Gradual fruit softening during ripening is related 
to microstructural changes in flesh, such as progressive parenchyma degradation 
with less swollen and more deformed cells. As maturity advances, degradation of 
cell walls and membranes takes place, and intercellular spaces are filled with sol-
utes, which leads to a generalized loss of intercellular adhesion in the most advanced 
maturity stages. As explained later on, reduction in tannins during maturation dif-
fers between astringent and non-astringent cultivars.

The predominant sugars in persimmon are glucose, fructose, and sucrose, and a 
gradual increment in total sugars content generally takes place from the green stages 
to the mature ones (Zheng and Sugiura 1990; Senter et al. 1991; Del Bubba et al. 
2009). However, in astringent cultivars, such an increase in sugars is not reflected in 
the measurement of total soluble solids because soluble tannins are included in the 
measurement of soluble solids. Therefore, the content of soluble tannins decreases, 
while the values of soluble solids remain constant, which indicates a parallel 
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increase in sugars. Del Bubba et  al. (2009) reported a gradual reduction in total 
vitamin C from values of 0.18 g/100 g to 0.8 g/100 g during both the growth and 
maturation periods of two astringent cultivars. Such a drop in vitamin C does not 
seem to be related to a degradation process, but to increased fruit weight.

In parallel to the skin color changes exhibited by persimmon fruits during matu-
ration, the flesh color also evolves from white to orange. Similarly to that observed 
in loquat cultivars, in which red-fleshed and white-fleshed fruits are distinguished, 
some persimmon cultivars depict a much more intense orange-colored flesh at the 
time of commercial harvest than others (Zhou et  al. 2011). β-Cryptoxanthin has 
been reported as the predominant carotenoid found in the flesh of different persim-
mon cultivars (Del Bubba et al. 2009; Zhou et al. 2011). Lutein, violaxanthin, zea-
xanthin, and β-carotene are flesh persimmon carotenoids, and their levels vary 
greatly among cultivars.

�Differences Between Astringent and Non-astringent Cultivars

According to the level of astringency at harvest, persimmon cultivars are classified 
into two general categories: astringent and non-astringent (the latter is also called 
‘sweet’ persimmons) (Yonemori et  al. 2003). In both categories, the fruit astrin-
gency of some cultivars is influenced by pollination (pollination variant) and culti-
vars whose fruits are not affected by pollination (pollination constant). Therefore, 
persimmon fruits can be classified into four groups: (1) the pollination constant 
non-astringent (PCNA) group, which is non-astringent irrespective of seeds being 
present, and fruits can be eaten at harvest when they are as crisp as apples; (2) the 
pollination variant non-astringent (PVNA) group, which is non-astringent at harvest 
if fruits have seeds, and fruits are not edible when firm if they have been not polli-
nated; (3) the pollination constant astringent (PCA) group, which is always astrin-
gent when firm; (4) the pollination variant astringent (PVA) group, which is also 
astringent if pollinated, and is non-astringent only around seeds, where there are 
dark tannin spots.

The cultivars that belong to the PCNA group can be eaten with high firmness, 
since their soluble tannins content is low enough not to be sensory-detected. On the 
contrary, the other cultivars show a high soluble tannins content at harvest; thus, 
they must be subjected to postharvest deastringency treatments before being mar-
keted. Otherwise, they must be left on trees until they overripen and can, conse-
quently, be eaten as soft persimmons.

Fruits of both the astringent and non-astringent types are highly astringent dur-
ing the immature stages. Differences in astringency between them appear during the 
growth and ripening stages. Non-astringent cultivars show a gradual decrease in 
soluble tannins, which becomes sensorially non-detectable in the first coloring 
stages. Thus, in non-astringent cultivars like ‘Jiro’ and ‘Harbiye’, values close to 
0.03% of soluble tannins have been reported at harvest (Taira et al. 1998; Candir 
et al. 2009). Astringent cultivars also display a gradual reduction of soluble tannins, 
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but it is much less marked. Therefore, the fruits of astringent cultivars have high 
soluble tannins content even when fully colored and astringency becomes undetect-
able only in overripened stages, when fruits are completely soft. Astringent culti-
vars, such as ‘Hiratanenashi’, ‘Rojo Brillante’, or ‘Tipo’, contain a soluble tannins 
content that comes close to 0.5–1% (Taira et al. 1998; Salvador et al. 2007; Del 
Bubba et al. 2009) during the stage when fruits are completely colored and show 
marked firmness. Astringency is only lost in overripened stages, when soluble tan-
nins content decrease to values of around 0.03% (Tessmer et al. 2016).

Early cessation of tannin cell development is thought to be the main cause of 
natural astringency loss in PCNA fruits, as it results in a diluted tannins concentra-
tion in flesh as fruits grow (Yonemori and Matsushima 1985). Yonemori and Suzuki 
(2009) described how tannin cells are densely distributed and interconnected as a 
continuous mass of tannin cells in astringent and non-astringent cultivars in cell 
division stages, while tannin cells distribute in a scattered manner in PCNA-type 
fruits and densely in PCA-type ones in late fruit development stages. Studies which 
have involved measuring the expression of the genes involved in flavonoid biosyn-
thesis support this theory. According to Ikegami et al. (2005a, b), flavonoid biosyn-
thesis genes are expressed at high levels in both PCA and PCNA types in early 
development stages. However, in the PCA-type cultivars, it remains high until the 
late development stages of fruit, which coincides with continuous tannin accumula-
tion in fruits, while the expression of such genes in PCNA-type cultivars declines to 
become undetectable in late development stages, in parallel to tannins accumulation 
terminating.

Recently, Tessmer et al. (2016) observed the evolution of soluble tannin in two 
astringent and two non-astringent cultivars from the green to the overripened stages 
by light microscopy (LM). This technique allowed a much higher content of soluble 
tannins present in the flesh of astringent fruits to be viewed compared to the non-
astringent ones in green stages, which must be related to the early cessation of tan-
nins accumulation. This study also revealed that the tannins insolubilization process 
takes place inside tannin cells in both astringent and non-astringent cultivars. 
Therefore, loss of astringency in PCNA cultivars seems to be a combination of an 
early cessation of tannins accumulation, followed by a later process of soluble tan-
nins that remain in flesh. However, more studies are needed in order to understand 
the natural insolubilization process.

Soluble tannins are well known for having a high antioxidant capacity. Therefore, 
the differences in soluble tannins content during the development and maturity of 
astringent and non-astringent fruits are also manifested in this sense. Thus, antioxi-
dant capacity is much higher in astringent fruits than in non-astringent ones. 
Although, all persimmon cultivars show a declining antioxidant capacity during 
maturation, it is more marked in astringent than in non-astringent fruits (Tessmer 
et al. 2016).

Another feature that seems to be conditioned by cultivar type is the sugar accu-
mulation. PCNA cultivars have been reported to share a common pattern, in which 
the glucose and fructose concentration lowers from the green stage to color break 
and then increases again as fruits gain their orange color, while the sucrose 
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concentration remains at relatively constant values (Novillo et al. 2015a).However, 
in non-PCNA cultivars, different sugar evolution trends are observed, depending on 
the cultivar: (1) glucose and fructose increase with maturation, while sucrose shows 
slight changes (Novillo et  al. 2015a) or an increasing–decreasing parabolic-like 
evolution (Del Bubba et al. 2009); (2) a gradual increase in glucose, fructose, and 
sucrose as the maturity process advances (Senter et al. 1991; Zheng and Sugiura 
1990).

Different sugar accumulation trends have been related to invertase activity 
(Giordani et al. 2011). Gallic and tannins acids have been reported to inhibit the 
activity of this enzyme (Chen et al. 2003), and, therefore, it is possible that the tan-
nins present in persimmon also have an effect on the enzyme activity. This would 
explain why PCNA cultivars share a similar sugar accumulation pattern, which 
depends on the cultivar in astringent ones.

�Factors That Affect the Maturity Process

The persimmon season is quite short, as it does not generally last more than 2or 
3 months. Therefore, extending the harvest period has been one of the aims of post-
harvest technologists. Plant regulators have proven to be a useful tool to advance 
and delay fruit maturation. Preharvest applications of ethephon and paclobutrazol 
have been commercially applied in different cultivars to advance the maturity 
period. Ethephon, when metabolized by the plant, is converted into ethylene and its 
effect on advancing persimmon maturation has been extensively observed (Kim 
et  al. 2004). Paclobutrazol, which is an inhibitor of gibberellin biosynthesis, is 
applied to soil in spring and has also been found to be effective in advancing fruit 
ripening (Ben-Arie et al. 1997). It is noteworthy that the application of both ethe-
phon and paclobutrazol negatively affects the postharvest life of fruit as the posthar-
vest softening rate is enhanced (Ben-Arie et al. 1997). Therefore, this fruit should 
be rapidly commercialized, given its short shelf life period.

Gibberellic acid (GA3) has been applied to different cultivars, such as ‘Triumph’, 
‘Fuyu’, and ‘Hiratanenashi’, to delay fruit maturation (Ben-Arie et al. 1997; Agustí 
et al. 2003; Lee et al. 1997; DanielI et al. 2002; Nakano et al. 1997). This growth 
regulator is applied by spraying the tree upon fruit color breaking. Contrarily to that 
mentioned for ethephon and paclobutrazol, applying GA3 has a positive effect on 
preserving fruit quality during the postharvest life. It lowers the postharvest deterio-
ration rate and allows longer fruit storage (Ben-Arie et  al. 1997; Besada et  al. 
2008a). Ben-Arie et al. (1997) reported that the combined use of paclobutrazol and 
GA3 enables precocious harvesting, followed by an extended shelf life.

The maturity process can also be affected by environmental stress situations. The 
application of short-term regulated deficit irrigation (50% of the recommended 
amount of water) has been reported to induce the fruit maturation of cultivars ‘Rojo 
Brillante’ (Intrigliolo et al. 2011) and ‘Triumph’ (Ben-Arie et al. 2008). Maturity 
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advance has been shown as increased skin color and reduced flesh firmness. Such an 
effect seems to depend on the fruit growth stage when water is restricted. While 
restricted irrigation carried out in phases II or III of ‘Rojo Brillante’ growth induced 
fruit maturation, this effect was not observed when water restriction took place in 
phase I of fruit growth.

Chloride stress is another environmental stress that has been recently reported 
to induce persimmon maturation. Besada et al. (2016) reported that fruits from 
trees grown under salinity conditions accumulated chloride in the calyx, which 
stimulated ethylene production in this tissue. In the fruits affected by slight and 
moderate salt stress, calyx ethylene production accelerated the maturity process, 
which was reflected as increased fruit color and as reduced fruit firmness. When 
salinity stress levels were severe, the high levels of ethylene produced by the 
calyx triggered autocatalytic ethylene production in other fruit tissues, which 
resulted in a drastic advance in fruit maturity. Besides the effect of advancing 
maturity, both water restrictions and salinity conditions have been reported to 
reduce the final fruit size.

�Postharvest Handling

�Harvest

Harvesting of persimmon fruit takes place in October to November. Clipping fruits 
from trees with cutters and leaving the calyx and a short stem attached to fruits are 
recommended practices. Snapping fruits from trees is an option, but only if skilled 
pickers have enough knowledge to avoid any kind of fruit injury.

As with many other commodities, the maturity index used to decide the harvest 
of persimmons is external color. Fruits need to be well developed and display the 
cultivar’s characteristic color before being harvested. Most persimmon cultivars 
are considered ready for harvest when they display a full orange to orange-red 
color, with no visible green background. Depending on the cultivar and the sea-
sonal conditions, the number of pickings done to complete the harvest varies from 
one to three.

Sugar content can be a good maturity index for non-astringent cultivars, but it is 
not adequate for astringent ones. This is because the measurement of soluble solids 
includes not only sugar, but also soluble tannins. It must be taken into account that, 
even for non-astringent cultivars, the content of total soluble solids required for 
harvest depends on the climatic conditions where cultivated. For the cultivar ‘Fuyu’, 
a soluble solid content of 15°Brix is recommended at harvest in New South Wales, 
while in Japan, the ‘Fuyu’ cultivar is harvested at 18°Brix (Agfacts 2003). Color 
maturity charts, which link external color with internal maturity, are useful tools to 
facilitate harvesting decisions.
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�Treatments to Remove Astringency

The postharvest application of deastringency treatments is a necessary requirement 
to commercialize fruits from astringent cultivars. As previously mentioned, natural 
astringency loss in this kind of cultivar only occurs on trees in overripened stages. 
Therefore, one of the traditional methods to remove astringency at harvest consists 
of treating fruit with ethylene (10  ppm at 20  °C) or ethephon (50–500  ppm) to 
enhance the maturity process. In these cases, astringency removal occurs in parallel 
to a drastic loss of firmness; therefore, fruits are commercialized when very soft. 
This implies many postharvest handling limitations, and also shortens the fruit’s 
postharvest life. Thus, fruit submitted to astringency removal by overripening is 
usually commercialized in local markets.

Different methods (exposing fruits to alcohol, CO2, N2, or warm water) allow 
persimmon astringency to be removed, while preserving fruit firmness. The effec-
tiveness of these treatments relies on exposing fruits to anaerobic conditions. 
Acetaldehyde accumulates in flesh under anaerobic conditions and polymerizes 
soluble tannins (responsible for astringency) to form insoluble compounds, which 
are non-astringent (Matsuo and Itoo 1982; Taira et  al.1997). Accordingly, many 
studies have related the rate of soluble tannins insolubilization to the amount of 
accumulated acetaldehyde in the flesh (Taira et al. 1989; Sugiura and Tomana 1983; 
Pesis et  al. 1988). The process of tannins insolubilization induced by increasing 
acetaldehyde production has been observed at the microstructural level as insoluble 
material appearing inside the vacuoles of some tannic cells, which were initially 
filled with soluble material (Salvador et al. 2007).

Among the treatments based on exposing fruits to anaerobic conditions, carbon 
dioxide and alcohol methods are stressed for their effectiveness and for being com-
mercially adopted. The application of these treatments consists in enclosing fruits in 
specialized chambers with high CO2 concentrations or with ethanol vapors. In both 
cases, the deastringency process rate is influenced by both intrinsic and extrinsic 
factors. With CO2 treatment, which has been more extensively studied, temperature, 
CO2 concentration, and treatment duration are the main intrinsic factors that affect 
its efficiency. Several studies have dealt with optimizing these parameters according 
to the cultivar; nowadays, the habitual conditions range from 80 to 95% CO2 applied 
for 1–3 days (20 °C and 90% RH).

It is necessary to keep in mind that the process followed to remove astringency 
consists of two phases: an induction phase in which fruits must be maintained for 
a minimum period at high CO2 concentrations and a series of reactions are trig-
gered, and a second phase in which astringency gradually disappears and the pres-
ence of CO2 is not essential (Gazit and Adato 1972). Matsuo and Ito (1977) 
determined that these two phases were temperature-dependent. The optimum tem-
perature at which to apply treatment has been widely investigated for the astringent 
varieties that are mainly commercialized. However, less attention has been paid to 
determine the effect of temperature on astringency loss which occurs once fruits no 
longer remain in the presence of CO2. Thus, more studies are needed to optimize 
this process phase.
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Treatment duration depends not only on the applied temperature and CO2 con-
centration, but also on the extrinsic treatment factors. Apart from variety (Novillo 
et al. 2013), treatment efficiency strongly depends on the fruit’s physiological status 
(Taira et al. 1990). It can be generally stated that the more advanced is maturity, the 
more difficult it is to remove astringency and, therefore, applications need to last for 
more hours (Besada et  al. 2010b). Apart from maturity status, it has also been 
reported that the previous conditions to which fruits have been exposed can also 
affect their response to CO2. In this sense, the effectiveness of the astringency 
removal treatment with CO2 has been shown to diminish in the fruits that have been 
previously stored at 15 °C for longer duration. This phenomenon has been related to 
structural changes at the cell level that the flesh undergoes during storage at that 
temperature. As storage at 15 °C is prolonged, degradation of the initial cell struc-
ture of flesh happens and intercellular spaces, which were initially empty, are pro-
gressively filled by cell material. It has been hypothesized that CO2 diffusion 
through intercellular spaces becomes more difficult and leads to a low anaerobic 
respiration rate and, consequently, to lesser acetaldehyde accumulation. Therefore, 
it results in incomplete tannins insolubilization, with the subsequent residual astrin-
gency sensation (Salvador et al. 2008).

Several preharvest stresses have also been observed to affect deastringency treat-
ment effectiveness. Thus, fruit from trees exposed to extreme water stress or to 
intense salinity conditions does not properly respond to deastringency treatment 
(Besada et al. 2016).

Of all the aforementioned factors, the treatment duration is the easiest handled in 
fruit and vegetable centers. With major varieties like ‘Rojo Brillante’ and ‘Triumph’, 
the standard duration is considered to be 24 h. Depending on factors such as tem-
perature, CO2 concentration, and the fruit maturity stage, this duration could be 
shorter or longer. Optimum treatment duration is the minimum duration needed to 
ensure that astringency-free fruits reach consumers.

Most research that has compared the effectiveness of ethanol and CO2 methods 
revealed that CO2 treatment is significantly more effective in removing astringency 
than applying ethanol (Taira et al. 1992a, b). This is linked to faster acetaldehyde 
accumulation in CO2-treated fruit compared to fruit treated with ethanol (Taira et al. 
1992a; Tanaka et al. 1994; Yamada et al. 2002). Slow ethanol penetration through 
the skin and/or slow alcohol metabolism to acetaldehyde can explain this fact (Taira 
et al. 1992b; Itamura et al. 1991; Tanaka et al. 1994). It has also been demonstrated 
that the combined use of high levels of CO2 and ethanol treatments may increase 
deastringency process efficiency (Taira et al. 1992a). This can be a good alternative 
in those cases in which CO2 treatment has to be prolonged to ensure complete 
astringency removal (e.g., when treating fruits in an advanced maturity stage at 
temperatures below 20  °C). It is important to note that exposing fruits to CO2 
deastringency treatment for excessively long periods may result in internal flesh 
browning being manifested (Fig. 1). This browning type becomes visible around the 
core of fruits, mainly in the area that surrounds the calyx. It has been observed that 
the intensity of this disorder associated with CO2 application increases if fruits are 
stored at low temperature after removing astringency. In order to avoid this brown-
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ing, fruits were submitted to the CO2 treatment for the number of hours required to 
remove astringency. Therefore, planning the treatment application so that fruits in a 
CO2 chamber are in a similar physiological stage is highly recommended because, 
in this way, CO2 overexposure is avoided, as all the fruits in the chamber require 
similar treatment duration.

�Storage

�Low Temperature and Chilling Injury

Storage at low temperature is the predominant method used to preserve the posthar-
vest life and to extend the marketing span of most perishable fruits. In temperature 
management during cold storage, it is important to take into account that persim-
mon fruits, as well as other tropical and subtropical commodities, are susceptible to 
chilling injury (CI) development during cold storage when held below a critical 
temperature.

The sensitivity of persimmon to CI is cultivar-dependent; cultivars like ‘Fuyu’, 
‘Suruga’, or ‘Rojo Brillante’ are very chilling-sensitive, whereas others like 
‘Triumph’ or ‘Hachiya’ are less susceptible to this disorder (Collins and Tisdell 
1995; Arnal and Del Rio 2004).

Fig. 1  Flesh browning 
associated with 
overexposures to CO2 
treatment (48 h) 
manifested in ‘Rojo 
Brillante’. Source: 
Postharvest Department, 
Instituto Valenciano de 
Investigaciones Agrarias 
(Spain)

C. Besada and A. Salvador



381

CI symptoms, as well as their incidence and severity, depend on the cultivar, stor-
age temperature, and duration. Nevertheless, firmness disorders are reported as one 
of the main CI manifestations in all sensitive cultivars. In the cultivar ‘Fuyu’, CI is 
initially expressed by flesh gelling (development of a gel-like consistency in flesh) 
and increased skin transparency through which the characteristic gel can be seen 
(MacRae 1987a) (Fig. 2a). In other cultivars, such as ‘Suruga’ or ‘Rojo Brillante’, 
the main CI symptom is a drastic loss of firmness (Collins and Tisdell 1995; Arnal 
and Del Rio 2004) (Fig. 2b). Other symptoms that have been associated with CI 
development are loss of fruit flavor, compacted flesh areas, and internal browning in 
‘Rojo Brillante’ persimmons (MacRae 1987b; Woolf et  al. 1997a; Collins and 
Tisdell 1995; Salvador et al. 2005). In general, CI symptoms became more severe 
after transferring fruits from low to ambient temperatures, although they can also be 
exhibited during cold storage (Woolf et al. 1997a; Zhang et al. 2010).

CI symptom development during cold storage also depends on factors such as 
fruit maturity and harvest time, apart from variety and storage temperature. A higher 
CI incidence has been reported for cultivars ‘Rojo Brillante’ (Salvador et al. 2005, 
2006) and ‘Fuyu’ (Krammes et al. 2006) when fruits were picked in early maturity 
stages.

In different studies, CI manifestation has been related to changes in the cellular 
structure. Accelerated cell wall solubilization of chilling-injured fruit has been 
reported in persimmon cv. Fuyu (Grant et al. 1992). A microstructural study in cv. 
‘Rojo Brillante’ showed that the drastic flesh softening, as a CI symptom, was asso-
ciated with cell wall material degradation and the loss of intercellular adhesion 
(Pérez-Munuera et al. 2009b). Likewise, Luo and Xi (2005) reported that the pri-
mary cell wall and the middle lamella could not normally be dissolved in chilling-
injured fruit when transferred to normal temperatures after cold storage. On the 
other hand, it has been recently reported that the low-temperature storage of persim-
mon leads to gradual oxidative stress, as well as major H2O2 accumulation, and 
sharp increases in catalase, peroxidase, and lipoxygenase (LOX) activities were 
linked to the manifestation of CI symptoms (Novillo et al. 2015b; Khademi et al. 
2014).Many studies have focused on finding solutions to control CI in sensitive 
persimmon cultivars. Some tested postharvest strategies to alleviate CI symptoms 
and to allow cold storage to be prolonged in persimmon include using controlled 
atmospheres, heat treatments (hot water and hot air treatments), and pretreatments 
with 1-methylcyclopropene.

Fig. 2  Chilling injury 
symptoms in the cultivars 
‘Fuyu’ (a) and ‘Rojo 
Brillante’ (b). Source: 
Postharvest Department, 
Instituto Valenciano de 
Investigaciones Agrarias 
(Spain)
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�Modified Atmospheres and Controlled Atmospheres

Modified atmospheres (MA) or controlled atmospheres (CA) have become a com-
mon technology to prolong cold storage and to preserve the quality of some com-
modities like pears or apples (Kader 2004). In MA or CA, gases are removed or 
added to create an atmospheric composition around the commodity that differs from 
that of air. It usually involves reducing oxygen and/or increasing carbon dioxide 
concentrations. Using MA or CA should be considered to complement storage at 
proper temperatures. The benefit from using this technology depends on the com-
modity, cultivar, maturity stage, atmospheric composition, storage temperature, and 
duration (Kader 2004).

In persimmon fruits, most research has focused on using MA packages, inside 
which the desired atmosphere is generated passively during cold storage of fruit. 
Good results have been obtained with polyethylene or low-density polyethylene 
bags in ‘Fuyu’ and ‘Rama Forte’ cultivars (Brackmann et al. 1997). One of the main 
factors that limit longer storage life under MA conditions is the accumulation of 
ethanol and acetaldehyde, which causes off-flavors to develop and may also result 
in tissue browning (Ben-Arie et al. 1991).

The effect of CA on extending storage has been widely studied in some cultivars, 
like Fuyu. Although some atmospheres have resulted in reducing CI, they may lead 
to fruits that manifest external or internal browning (Burmeister et  al. 1997; 
Brackmann et al. 2006). The incidence of skin and flesh disorders is the main limita-
tion to storing ‘Fuyu’ in CA, and such disorders are reported to be due mainly to low 
O2 levels and not to high CO2 levels (Park and Lee 2008; Woolf and Ben Arie 2011). 
A recent study in ‘Fuyu’ has reported that the short-term high CO2 treatments based 
on fruit exposure to high CO2 concentrations relieve CI symptoms by preserving the 
integrity of cell walls and plasmalemma (Besada et al. 2015).

Studies into CA storage in other cultivars are limited. In the last few years, much 
interest has been shown in introducing the use of CA to some cultivars like ‘Rojo 
Brillante’. One example is an atmosphere based on 97% N2 + 3% air, which led 
‘Rojo Brillante’ fruits to lose astringency and allowed fruit conservation for 30 days 
at 14  °C (Arnal et  al. 2008). The use of an ultralow oxygen (ULO) atmosphere 
(1.3–1.8% O2) removed astringency in ‘Rojo Brillante’ when applied at 14.5 °C, but 
did not control CI at 1 or 10 °C (Orihuel-Iranzo et al. 2010). Other CAs based on 
4–5% O2 + N2offered no additional benefit for retarding CI in ‘Rojo Brillante’, but 
prolonged the storage of ‘Triumph’ by alleviating fruit softening and flesh gelling 
(Besada et al. 2014). Other authors have reported that CA (1–1.5% O2 and 1.5–3% 
CO2) storage offers the benefit of delaying softening and retarding decay develop-
ment in ‘Triumph’; nevertheless, fruit shelf life became inversely proportional to the 
storage period length (Tsviling et al. 2003).

According to the information provided above, optimum CA conditions do not 
seem to have been completely elucidated to prolong persimmon conservation and 
still depend basically on the cultivar. This is why CA conditions are rarely used 
commercially for persimmon fruits, and more studies are needed to optimize CA 
conditions in different persimmon cultivars.
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�Heat Pretreatments

Other treatments reported as being effective for alleviating CI in persimmon fruits 
are hot water or hot air applications prior to cold storage (Lay-Yee et  al. 1997; 
Woolf et al. 1997b; Besada et al. 2008b). The response of fruit to heat treatments 
strongly depends on the cultivar. Before cold-storing cv. Fuyu, hot air and hot water 
treatments (HWTs) reduced the flesh gelling and flesh softening associated with CI 
(Woolf et al. 1997a, b; Burmeister et al. 1997; Lay-Yee et al. 1997). However, heat 
damage (mainly external and internal browning) was associated with heat treat-
ments being applied (Woolf et al.1997b). In other cultivars, such as ‘Rojo Brillante’, 
the effectiveness of HWTs has been reported to depend on the maturity stage of 
fruits at harvest (Besada et al. 2008b). HWTs applied to fruits in an early maturity 
stage reduced CI and preserved fruit firmness and quality. However, when these 
treatments were applied to fruits in more advanced maturity stages, they caused 
irreversible epidermal breakage and external browning.

Tolerance to chilling temperatures that HWTs confer to persimmon fruits has 
been associated with relevant changes in cell wall degrading and antioxidant system 
enzymes. In cv. Rojo Brillante, HWTs have been reported to downregulate pectin 
methyl esterase and polygalacturonase activity, which results in greater cell wall 
integrity and, therefore, in fruit softening symptom alleviation. Moreover, the 
changes observed in peroxidase and catalase enzymes suggest that HWTs confer 
greater reactive oxygen scavenging capacity to fruits, and may also be implicated in 
alleviating CI symptoms (Khademi et al. 2014).

�1-Methylcyclopropene (1-MCP)

A very positive effect of the postharvest application of 1-methylcyclopropene 
(1-MCP) on reducing CI symptoms has been widely reported in different persim-
mon cultivars. 1-MCP applied prior to cold storage has been shown to alleviate 
softening and gelation, which are the main symptoms in cultivars sensitive to low 
temperatures (Salvador et al. 2004; Kim and Lee 2005; Zhang et al. 2010). This 
effect of 1-MCP has been associated with preserving both the integrity of cell walls 
and adhesion between adjacent cells (Pérez-Munuera et  al. 2009b), and reduces 
membrane permeability (Zhang et al. 2010) not only throughout cold storage, but 
also when fruits are transferred to shelf life temperatures. Reducing CI symptoms in 
persimmon achieved by 1-MCP treatment has also been attributed to modulate reac-
tive oxygen species (ROS) scavenging enzymes. In 1-MCP-treated persimmons, cv. 
Rojo Brillante, alleviation of CI symptoms was linked to lower peroxidase activity 
levels and also to enhanced catalase enzyme activity, which resulted in slower H2O2 
accumulation (Novillo et al. 2015b; Khademi et al. 2014). Similarly, Zhang et al. 
(2010) have reported, in cv. Fuyu, that the application of 1-MCP maintains greater 
antioxidant enzymes activity, such as superoxide dismutase (SOD), catalase, and 
also contributed to lowering the activity of oxidative enzymes, such as polyphenol 
oxidase (PPO) and peroxidase.
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Nowadays, 1-MCP treatment is routinely applied in industry when fruits are 
cold-stored. Moreover, the combined use of 1-MCP and MA storage has been 
shown to prolong the retention of firmness and to reduce CI in ‘Fuyu’ persimmon 
(Kim and Lee 2005; Argenta et al. 2009). The combination of GA3 preharvest treat-
ment with postharvest 1-MCP application allowed ‘Rojo Brillante’ persimmon to 
be stored for longer than when each treatment was singly applied and, thus, delayed 
CI symptoms injury and extended storage time (Besada et al. 2008a).

�Pathological Disorders

One of the most important postharvest diseases in persimmon is black spot disease 
caused by Alternaria alternata. This is manifested as black, firm, dry stains of vary-
ing sizes and shapes, found below the calyx or on any point of the fruit skin surface. 
Under field conditions, A. alternate develops saprophytically on dead organic mat-
ter, leaves, shoots, and plants. Under suitable rain and high humidity conditions, 
fruits are infected in the field via the cuticle on the epidermis or via lesions and 
microlesions located beneath sepals (Kobiler et al. 2011; Palou et al.2012). Black 
spot rot incidence is determined by latent A. alternate infections caused in the field 
before harvest, and later develop during postharvest fruit conservation (Prusky et al. 
1981). Under high humidity conditions, the fungus can even develop at low tem-
perature. That is why disease symptoms often develop during prolonged conserva-
tion periods.

This disease must be controlled by applying antifungal treatments or resistance 
inducers in both the field and postharvest periods. Applying GA3 has proven to be 
effective in lowering its incidence (Pérez et al. 1995), and the efficacy of this treat-
ment is associated with greater fruit firmness. The most effective postharvest treat-
ments are modified atmospheres (30% of CO2) and sodium troclosene or hydrochloric 
acid baths, either alone or combined with the fungicide prochloraz (Prusky et al. 
2001, 2006; Kobiler et al. 2011).

Gray mold, caused by Botrytis cinerea, can also become a serious problem dur-
ing persimmon postharvest life, as it grows even at low temperature, so it multiplies 
in fruits stored under cold conditions for long periods (Woolf et  al. 2008; Palou 
et al. 2009). The symptoms noted during cold storage consist of very soft lesions of 
varying sizes, which discolor fruit skin. Lesions appear from below the calyx and 
spread over the peduncular region, but are also found occasionally on other fruit 
regions. Infected fruits that come into contact with adjacent fruits can cause rotting 
nests. Hot water postharvest treatments have proven to be effective for controlling 
the disease during long storage periods (Woolf et al. 2008).

Persimmon fruits can also display peduncular molding caused by several fungi. One 
of them is known as Pestalotiopsis clavispora, which causes dry molding that com-
mences below the calyx and spreads all over the peduncular region. In some cases, 
symptoms can be seen in other fruit regions. In central regions of lesions, a white-col-
ored cotton-like fungal mycelium develops (Palou et al. 2013b). Another peduncular 
mold type that has been recently detected in persimmon fruits in the Mediterranean 
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region is caused by Lasiodiplodia theobromae (Palou et al. 2013a). This pathogen pro-
duces a cotton-like white mycelium on soft, irregular light brown-colored lesions, 
which gradually darken when they spread from the calyx to the rest of the fruit. 
Symptoms are also observed, but less frequently, in the equatorial and stylar fruit 
regions. These diseases commence mainly in the field from latent infections, and their 
incidence does not tend to be high and no specific control measures are required.

Anthracnose, which is caused by Colletotrichum gloeosporioides and by 
Colletotrichum acutatum, may also affect persimmon fruits. Lesions are rounded 
and their color varies from dark brown to black (Palou et al. 2013c). They appear 
more frequently in equatorial fruit regions, but can also be displayed in the pedun-
cular region. Colletotrichum horii also causes anthracnose symptoms in the field, 
and affects young shoots and fruits even before they are ripe for commercial rea-
sons. Anthracnose caused by C. horii is one of the main diseases in leading persim-
mon production countries like Japan, China, South Korea, and New Zealand (Weir 
and Johnston 2010; Kwon et al. 2013).

Other fungi that can affect persimmon, but to a lesser extent, are Penicillium 
expansum, Rhizopus stolonifer, Cladosporium spp., Trichoderma spp., and Mucor 
piriformis (Crisosto 2004; Palou et al. 2009; Kwon and Park 2004).

�Grading and Packing

Fruit grading is a common step to commercialize fruits according to their quality 
category. This step is carried out by passing fruits on a packing line, where they 
were previously cleaned by soft roller brushes. Then, fruits are graded mainly by 
size, but most modern packing lines also include shape, firmness, degree of blemish, 
and color as grading parameters. At the end of the line, fruits are generally packed 
by hand and the use of single-layer trays is recommended.

The persimmon surface is naturally covered by a waxy cuticle (Pérez-Munuera 
et al. 2009a), so it is important to keep the roller brushes in good condition to avoid 
natural wax from being removed. Moreover, persimmons are highly sensitive to 
mechanical damage and, therefore, special care must be taken to design and main-
tain packing line operations. The number and height of drops upon equipment tran-
sitions should be minimized, and unavoidable impacts should be prevented by 
cushioning with foam rubber and other materials.

The mechanical damage that fruits are exposed to during packing operations has 
been reported as one of the main causes of persimmon flesh decoloring (Novillo 
et al. 2014). Such disorders have been studied in depth in the astringent cultivar 
‘Rojo Brillante’. It has been observed that two different alterations are manifested, 
depending on the level of astringency of fruits when mechanically impacted: ‘flesh 
browning’ or ‘pinkish bruising’. The former is manifested as large browned areas of 
the flesh that extend around the fruit; browning starts on the surface and then spread 
to inner regions. This disorder appears on fruits that have undergone a mechanical 
impact after astringency was removed by high CO2 treatment. The latter (pinkish 
bruising) is seen as isolated areas of pulp (close to the skin) on which habitual 
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orange color has turned pinkish, and is detected in fruits that have suffered mechani-
cal damage when astringent (Novillo et al. 2014).

Oxidative stress has been reported as the key mechanism that lies behind these 
alterations (Novillo et al. 2014). Not only mechanical damage itself but also CO2 
deastringency treatment results in ROS accumulation in the flesh of fruit. Under 
such oxidative conditions, tannins, which are initially uncolored, undergo an oxida-
tion process and become colored. When the insoluble tannins of fruits that are sub-
mitted to the deastringency treatment are oxidized, they acquire a brown coloring, 
while the oxidation of soluble tannins present in astringent fruits allows them to 
acquire a pinkish color. The former are observed by the naked eye as flesh brown-
ing, while the soluble tannins are seen as ‘pinkish bruising’. This pattern of response 
to mechanical damage is shared by most astringent cultivars. Although the intensity 
of these disorders depends on the cultivar, they all seem to manifest browning 
(Fig. 3) or pinkish bruising, depending on the level of astringency at the time of the 
mechanical impact. Non-astringent cultivars, however, show less sensitivity to man-
ifesting such alterations associated with mechanical damage (Novillo et al. 2015c).

As fruit is very sensitive to manifesting such alterations, proper conditions on 
packing lines to avoid impacts will mean better quality fruit. From a commercial 
point of view, flesh browning manifestation implies greater loss of quality than 
pinkish bruising, as the former spreads all around fruits, while the pinkish disorder 
is manifested only in located areas that have suffered strong impacts. Therefore, in 
order to reduce fruit sensitiveness to browning, applying a deastringency treatment 
is recommended after carrying out packing operations.

�Conclusion

The level of astringency and the degree of sensitiveness to chilling injury are the 
main characteristics that will condition the postharvest handling of persimmon fruit. 
Treatments based on high CO2 concentrations are the most commonly applied in 

Fig. 3  Browning 
associated with mechanical 
damage in ‘Giombo’. 
Source: Postharvest 
Department, Instituto 
Valenciano de 
Investigaciones Agrarias 
(Spain)
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order to remove astringency while preserving fruit firmness, and the conditions of 
the treatment must be optimized for each cultivar, having also to take into account 
factors such as the maturity stage at harvest and the preharvest stresses.

Nowadays, fruit storage is carried out by applying 1-MCP to reduce chilling 
injury. Moreover, combining 1-MCP with other technologies like controlled or 
modified atmospheres allows to further extend the storage period.

During postharvest handling of persimmon, it is also important to bear in mind that 
fruits are very sensitive to manifesting disorders associated with mechanical damages. 
Therefore, avoiding mechanical impacts is essential to preserving fruit quality.
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