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Astringency in ‘Giombo’ persimmon and its relationship
with the harvest time

‘Giombo’ is one of most cultivated persimmon cultivars in Brazil. It is a late-harvest cultivar and requires treatment for
astringency removal. The aim of this study was to evaluate the efficiency of ethanol and the effect of harvest time on
reducing astringency, physicochemical and anatomical characteristics of ‘Giombo’ persimmon. Two experiments were
carried out, one in each growing season, with five treatments corresponding to exposure to 1.70 mL kg-1ethanol for 0, 12,
24, 36 and 48 hours. At the end of the growing season (2011) the fruits achieved the astringency index and levels of
soluble tannins suitable for consumption in 24 hours, and at the beginning of the growing season (2012) in 36 hours,
indicating that the efficiency of the treatment is related to harvest time and ethanol exposure time. Astringency removal
with ethanol affects the cell structure with accumulation of substances inside the cells and in intercellular spaces,
resulting in the degradation of the parenchyma cell wall. To avoid such damage and maintain fruit quality, it is recommended
the combination of low ethanol doses with less ethanol exposure time.
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Destanização de caquis ‘Giombo’ e sua relação com a época de colheita

O caquizeiro ‘Giombo’ é uma das cultivares mais produzidas no Brasil, caracterizando-se por apresentar colheita
tardia e necessidade de tratamento dos frutos para remoção da adstringência. O objetivo deste estudo foi avaliar a
eficiência do etanol e o efeito da época de colheita sobre a redução da adstringência e as características físico-químicas
e anatômicas em caquis ‘Giombo’. Foram realizados dois experimentos, um em cada época de colheita, com cinco
tratamentos correspondentes ao tempo de exposição ao etanol 1,70 mL kg-1: 0, 12, 24, 36 e 48 horas. No fim de safra (2011)
os frutos obtiveram índice de adstringência e teores de taninos solúveis adequados para consumo em 24 horas e, no
início de safra (2012), em 36 horas, o que revela que a eficiência dos tratamentos está relacionada à época de colheita e
ao tempo de exposição dos frutos ao etanol. A remoção da adstringência com etanol afeta a estrutura celular, com
acúmulo de substâncias no interior das células e nos espaços intercelulares, resultante da degradação da parede celular
do parênquima. Para evitar estes danos e manter a qualidade dos frutos, deve-se combinar baixas doses de etanol com
menor tempo de exposição.

Palavras-chave: acetaldeído; adstringência; colheita; Diospyros kaki L.; etanol.
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INTRODUCTION

Brazil ranks as the fourth largest persimmon producer
worldwide. In the 2012 crop, the domestic production
achieved 158,241 tons in a planted area of   8,170 hectares
(FAOSTAT, 2016). ‘Giombo’ is one of the most planted
cultivars and is classified into the group of astringent and
pollination variant (PVA), which are edible only after
removal of astringency.

The astringency in persimmon is caused by tannins
accumulated in the vacuoles of tannin cells present in the
fruit pericarp (Tessmer et al., 2014). Tannins are classified
into two groups, according to their chemical structure:
hydrolysable or soluble tannins mainly formed from gallic
acid (gallotannins) and hexahydrodiphenic acid
(ellagitannins) esterified to a polyol, usually D-glucose
and condensed tannins or proanthocyanidins consisting
of flava-3-ols units (catechin), or flavan 3,4-diols
(leucoanthocianyns) (Handique & Baruah, 2002).

Astringency reduction by artificial process is due to
polymerization reactions of the C-8 or C-6 of
proanthocyanidins with acetaldehyde, which is produced
by inducing anaerobic respiration in the presence of high
CO

2
 concentrations (Besada et al. 2012) or the reverse

reaction of ethanol-acetaldehyde production (Taira et al.
1989).

In Brazil, farmers have used ethanol for persimmon
deastringency because of its low cost. Studies on ethanol
rates and ethanol exposure times (Edagi et al., 2009a;
Antoniolli et al., 2000), as well as temperature (Monteiro et
al., 2012) have been performed on ‘Giombo’ persimmon.

Maturation stage (Edagi et al., 2009b; Salvador et al.,
2007; Ramin & Tabatabaie, 2003; Taira et al, 1990) and
harvest season (Vitti et al., 2009) may influence
deastringency of different persimmon cultivars. According
to Vitti (2009), ‘Rama Forte’ persimmon harvested in mid
and late growing season has more characteristics of
advanced ripening such as skin color changes, loss of
firmness and reduced astringency compared with the
beginning of the growing season. Astringency can also
be influenced by environmental factors such as
temperature throughout the growing season. However, the
relationship of harvest season and de-astringency has not
been studied in ‘Giombo’ persimmon.

In this context, the objective of this study was to
evaluate the efficiency of ethanol and the effect of harvest
time on reducing astringency and the physicochemical and
anatomical characteristics of  ‘Giombo’ persimmon.

MATERIAL  AND METHODS
Plant material and treatments

Fruits of cultivar Giombo were picked in a commercial
orchard located in Mogi das Cruzes-SP (23°31’ S and 46°11’

W) at 742 m altitude. The first experiment was conducted
in July 2011 (end of growing season) and the second in
April 2012 (beginning of growing season). After harvest,
the fruits were taken to the Postharvest Physiology and
Biochemistry Laboratory, ESALQ/USP, subjected to
rigorous selection for size, absence of mechanical damage
and orange color at the end of growing season (2011) and
orange-yellow at the beginning of growing season (2012).
The difference in skin color is due to pigment accumulation,
which gives a deeper orange color from mid to the end of
the growing season.

Both experiments were carried out with 1.70 mL kg-1

ethanol and 5 exposure times: T0: fruit characterization;
T1: 12 hour exposure; T2: 24 hour exposure; T3: 36 hour
exposure and T4: 48 hour exposure. The ethanol rate was
based on preliminary studies showing that it helped to
keep the fruit quality, especially pulp firmness (Miller et
al., 2012; Edagi et al., 2009a).

Ethanol was applied in Petri dishes placed at the bottom
of 0.50 x 0.80 x 0.47 m boxes to avoid direct contact with the
fruits. Then, the boxes were tightly sealed to promote gas
mixing and kept at 22 ± 1 °C during the treatment.

After the different exposure times, the fruits were kept
at 22 ± 1 °C for 5 days at the end of the growing season, in
2011, and for three days at the beginning of the growing
season, in 2012, to induce the de-astringency process. The
evaluations were performed after harvest (T0), at the end
of each exposure time + time of tannin polymerization
(days). Structural analysis and astringency index were
carried out, as well as portions of the samples were frozen
for quantification of total and soluble tannins, ethanol and
acetaldehyde.

Light microscopy (LM)

Fruits of the end of growing season (2011) had portions
of the equatorial region removed, fixed in Karnovsky’s
solution (Karnovsky, 1965), subjected to vacuum to remo-
ve air bubbles, dehydrated in an ethanol series up to 100%,
and embedded in resin to make the blocks. The blocks
were cut in 5-6 µm thick sections on a rotary microtome.
The sections were stained with toluidine blue (Sakai, 1973)
for usual analysis and mounted on slides with synthetic
resin Entellan®. This technique showed structural changes,
but it was not possible to differentiate the cells containing
soluble and insoluble tannins. In fruits of the beginning of
the growing season (2012), fresh tissue sections of the
equatorial region were cut with a stainless blade. The
sections were placed on histological slides, stained with
10% hydrochloric vanillin for tannin reaction, and covered
with cover slip. Digital images were taken using a Leica
DM LB trinocular microscope coupled to a Leica DC 300 F
video camera and captured on a computer to make the
figures.
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Astringency index

Astringency index was determined using the method
by Field-Dall’Orto et al. (1996), in which filter paper
previously soaked in ferric chloride (FeCl

3
) solution at 5%

is applied to one the faces of the fruit cut in the equatorial
region. Tannin, in the soluble form, reacts with ferric
chloride and turns dark. The impressions were evaluated
using the rating scale: 1 = not astringency; 2 = slightly
astringency; 3 = moderately astringency; 4 = astringency;
5 = very astringency.

Total and soluble tannin contents

Contents of total and soluble tannins were determined
by spectrophotometry using the Follin-Ciocalteu reagent
(50%), according to Taira (1995). One gram (1 g) of ground
pulp was used to prepare a final volume of 100 mL of extract,
from which a 1 mL aliquot was taken. This aliquot was
added with Follin-Ciocalteu reagent (50%), plus 1 mL of
supersaturated sodium carbonate solution, and 7.5 mL of
distilled water. The reading was performed in a Biochrom-
Libra S22 spectrophotometer with absorbance at 725 nm.
The results were expressed as g of tannin per 100 g of
fresh pulp (fp).

Acetaldehyde and ethanol

 Determination of acetaldehyde and ethanol
concentrations was according to the methodology by
Davis & Chace (1969): 1 g of the ground pulp was sealed in
40 mL glass bottles and kept in a freezer at -26 °C until
analysis. The bottles were incubated in a water bath for 30
minutes at 50 °C (standards and samples), and 1 mL of the
air in the bottles was collected with a syringe and injected
into a Thermo Quest Trace GC 2000 Finnigan gas
chromatograph with flame ionization detector (FID) and a
Porapak-N column. Chromatograph settings were: oven at
140 °C for 8 minutes, then raised to 180 °C by 20 °C/min,
held for 2 min for cleaning up the column; injector 150 °C;
detector 180 °C; pressure 190 kPa (constant) and N

2 
flow at

70 mL/min. The results were expressed as µg of ethanol
and acetaldehyde per g-1 fresh pulp (fp).

Experimental design and statistical analysis

The experiments were arranged in a 2x5 factorial
completely randomized design with 3 repetitions of 4 fruits
per treatment. Data were analyzed for normality and
subjected to analysis of variance (ANOVA), polynomial
regression (P < 0.05) and 5% Tukey test for comparison of
treatment means between growing seasons. Analyses were
performed using the software SISVAR (Ferreira, 2000).

RESULTS AND DISCUSSION

The effect of the interaction harvesting time and de-
astringency time was significant (P < 0.01) for the

astringency index in astringency persimmon, which was
represented by the polynomial regression curve (Figure
1). There was reduction in the astringency index after the
de-astringency treatments in all ethanol exposure times.

Fruits of the end of growing season (2011) showed the
astringency index score of 1.4 for 24 hours of exposure to
ethanol, while the fruits of the beginning of the growing
seasons (2012) showed the astringency index more reduced
after 36 hours of exposure, also with score of 1.4, proper
for consumption (Figure 1). Reduction of astringency in
the shorter time in the fruits of the end of growing season
(2011) may be related to the progress of ripening,
characterized by the orange color at the end of the growing
season.

Vitti (2009) found that persimmons ‘Rama Forte’
harvested in the mid and late growing season were less
astringent than the fruits harvested at the beginning of
the season; which is attributed to the efficiency of the de-
astringency process and the progress of ripening.

The reduction in the astringency index is due to
polymerization of soluble tannins after the treatments with
ethanol (Sugiura & Tomana, 1983). Figure 2A shows the
significant reduction (P < 0.01) in polymerization of soluble
tannins with different ethanol exposure times.

Soon after the harvest, the contents of total and soluble
tannins in astringency persimmon at the end and beginning
of the growing season were similar (Figure 2A-B). Soluble
tannin concentrations were reduced in all exposure times,
with significantly lower values in fruits of the end of season
(2011) than fruits of the beginning of the season (2012),
except for the exposure time of 48 hours. For fruits of the
end of season (2011), the most effective time for reduction
of soluble tannins was 24 hours (0.045g 100g-1) and for
fruits of the beginning of the season (2012) was 36 hours
(0.169 g 100g-1).

Edagi et al. (2009b) obtained persimmons suitable for
consumption by applying low ethanol doses during the
de-astringency process. These results also corroborate
Yamada et al. (2002) and Antoniolli et al. (2000), who
reported that de-astringency treatments were effective
when reduced soluble tannins to levels near or below 0.10%
and astringency index between 1.0 and 2.0.

Total tannins also decreased in comparison with the
levels found prior to the exposure to ethanol, reaching the
lowest values in treatments with the greatest reduction in
soluble tannins (Figure 2B). Comparison of fruits harvested
at the end with fruits harvested at the beginning of the
season showed that the total tannin concentrations
remained higher in fruits of the end of the season (2011),
while fruits of the beginning of the season (2012) had the
total tannin reduced to values close to soluble tannins
(Figure 2A-B). Vitti (2009) also found reduction in total
tannins after de-astringency of persimmons cultivar Rama
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Forte, but without significant differences in the
concentrations of fruits harvested at the beginning, middle
and end of the growing season.

The differences of optimum time for de-astringency of
fruits at the beginning and end of the growing season may
be related to the progress of ripening, which usually occurs
in fruits of the end of the season. According to Salvador et
al. (2007), the physiological stage of ripeness can be an
important factor when it comes to assess the efficacy of

the de-astringency method. The same authors found a
reduction of soluble tannins in the astringent cultivar Rojo
Brillante with the progress of ripening.

The analysis by light microscopy, resin-embedded
samples from end-of-season fruits (2011) did not allow us to
differentiate soluble from insoluble tannins (Figure 3A-B).
However, they provided insight into the mesocarp structure
of fruits after harvest, the parenchymal and tannin cells were
shown intact (Figure 3A). In de-astringent fruits, substances

Figure 1: Astringency index of ‘Giombo’ persimmon with astringency removal by ethanol for 0, 12, 24, 36 and 48 + 5 days at the
end of the growing season (2011) and + 3 days at the beginning of the season (2012), kept at 22 ± 1 °C. Same letters are not
significantly different between harvest times by the Tukey test (P < 0.05). Significance of polynomial regression: * P < 0.01.

Figure 2: Soluble Tannins (A) and Total soluble (B) of ‘Giombo’ persimmon with astringency removal by ethanol for 12, 24, 36 and
48 + 5 days at the end of growing season (2011) + 3 days at the beginning of the season (2012 ), kept at 22 ± 1 °C. Same letters are
not significantly different between harvest times by the Tukey test (P < 0.05) in the treatments between the growing seasons.
Significance of polynomial regression: * P < 0.01.
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are observed accumulated inside of the cell and in
intercellular spaces of the parenchyma cells, being more
evident in fruits treated with 24 hours of ethanol exposure
and greater reduction of soluble tannins (Figure 3B).

Salvador et al. (2007) discussed that during the
process of deastringency with CO

2
, the insolubilization

of tannins generates a mechanical effect of cell wall
degradation in tannin cells. Similar damage may explain
the structural changes described in deastringency of
fruits with ethanol.

Fruits of the beginning of the season (2012) had a
positive reaction of hydrochloric vanillin with the tannins
in fresh mesocarp sections. When soluble, tannins extruded
from inside the vacuole of the tannin cell and remained
dispersed over the section with intense red staining (Figu-
re 3C). The test with vanillin also confirmed more
insolubilized tannins in 36 hours of exposure to ethanol,
since the tannin content of the vacuole is limited to the
cells (Figure 3D). Intermediate stages of tannin insolubility

are in the other treatments. Vazquez-Gutierrez et al. (2011)
also reported that tannins are restricted to the vacuole of
the cells, indicating their polymerization by formation of
precipitates in persimmon.

Tannin polymerization is the due to the increase in the
activity of the enzyme alcohol dehydrogenase, which
promotes the reverse reaction turning ethanol into
acetaldehyde and making them non-astringent (Pesis,
2005; Haslam, 1996). Pesis (2005) also reported that the
natural accumulation of acetaldehyde is caused by fruit
ripening, along with the increase in ethylene production,
one of the compounds responsible for aroma formation.

The increase in the production of ethanol and
acetaldehyde in the different de-astringency times was
significant (P < 0.01) in the two growing seasons (Figure
4A-B). Endogenous production of ethanol and
acetaldehyde had similar values in fruits after harvest (T0),
at the end (2011) and at the beginning of the growing season
(2012).

Figure 3: Cross sections of the ‘Giombo’ persimmon pericarp at the end of the growing season (2011) (A-B) and fresh sections at
the beginning of the season (2012) (C, D). A. freshly picked fruits without astringency removal (T0). B. Fruits subjected to 24 hours
exposure to ethanol. Pectic substances inside the parenchymal cells (dashed arrows) and accumulation of content in the intercellular
spaces (lined arrows). C. Soluble tannins dispersed in the parenchyma of freshly picked fruits (T0). D. Insolubilized tannins
restricted to the cell vacuole in fruits subjected to 36 hours exposure to ethanol. CT = Tannin Cell, Pa = Parenchyma
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Comparing the two harvesting times, there was an
increased production of ethanol after 24 hours of
treatment in fruits harvested at the end of the growing
season (2011) (0.08176 µg g-1) and in 36 hours at the
beginning of the growing season (2012) ( 0.11798 µg g-1).
Production of acetaldehyde was highest after 24 hours
of exposure in fruits of the end of the growing season
(2011) (0.007 µg g-1) and after 32 hours in fruits of the
beginning of the growing season (2012) (0.006574 µg g-1)
(Figure 4A-B). Treatments with the highest concentrations
of these gases corroborate with the most effective

CONCLUSIONS

The efficiency in astringency reduction is related to the
growing season and the exposure time of fruits to ethanol.

In the harvest at the end of the growing season, the
fruits showed astringency index and levels of soluble
tannins suitable for consumption when exposed to ethanol
for 24 hours.

In the harvest at the beginning of the growing season,
the fruits showed astringency index and levels of soluble
tannins suitable for consumption when exposed to ethanol
for 36 hours.

treatments in the reduction of soluble tannins and the
astringent index.

Adequate production of ethanol and acetaldehyde is
important for fruit quality. High concentrations of
acetaldehyde are toxic to plant cells (Pesis, 2005) as they
can affect the cell structure and change the fruit flavor.
Change in the mesocarp structure was observed in the
anatomical study (Figure 3B), showing degraded content
in the intercellular spaces and pectins within cells, and
therefore, low-dose ethanol combined to shorter exposure
time to reduce astringency is essential for fruit quality.

Figure 4: Ethanol and acetaldehyde concentrations in ‘Giombo’ persimmon with astringency removal by ethanol for 0, 12, 24, 36 and
48 + 5 days pericarp at the end of the growing season (2011) + 3 days pericarp at the beginning of the growing season (2012), kept
at 22 ± 1 °C. Same letters are not significantly different between harvest times by the Tukey test (P < 0.05) in the treatments between
the growing seasons. Significance of polynomial regression: * P < 0.01.

Removal of astringency with ethanol affects cell
structure with accumulation of substances inside the cells
and in the intercellular space, resulting in degradation of
the cell wall of the parenchyma tissue. To avoid such
damage and preserve fruit quality, it is recommended to
combine low doses of ethanol with shorter exposure time.
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