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Abstract
The objective of this study was to evaluate the storage life and quality of persimmon
(Diospyros kaki Thunb.) fruit cv. „Karaj‟ stored at 0°C for 4 months after postharvest calcium
chloride treatment. Fruit weight loss, fruit firmness, total soluble solids, titratable acidity, total
phenolic content, soluble tannin content, chilling injury, antioxidant activity, electrolyte
leakage, and malondialdehyde content were measured in 0, 15, 30, 45, 60, 75, 90, 105, and
120 days after storage. Peroxidase and catalase enzyme activities were also determined at the
end of the storage. Fruits were dipped in the solutions containing 0.5, 1, and 2% (w/v) CaCl2
as well as distilled water only as the control. Results showed that the fruit weight loss and
chilling injury significantly decreased by CaCl2 treatments compared with the control. CaCl2
treatments also increased fruit firmness and catalase and antioxidant activities, whereas they
reduced MDA content, EL, and peroxidase activity during 4 months of cold storage. The
results indicated that CaCl2 application influenced TPC and soluble tannin compared with the
control but had no significant effect on TA. The best result was obtained from the 2% CaCl2
treatment in almost all the studied parameters. In general, postharvest CaCl2 treatment of
persimmon could decrease chilling symptoms during the cold storage.
Keywords: antioxidant activity, chilling injury, electrolyte leakage, soluble tannin content,
total phenolic content.
Abbreviations: CaCl2, calcium chloride; CAT, catalase; EL, electrolyte leakage; MDA,
malondialdehyde; min, minute(s); POD, peroxidase; TA, titratable acidity; TPC, total
phenolic content; TSS, total soluble solids.

Introduction
Persimmon (Diospyros kaki Thunb.) is one
of the most important climacteric fruit crop
in Iran. According to statistics published by
Food and Agriculture Organization of the
United Nations (FAO), Iran ranked 12th in
terms of world production of persimmon in
2012. Persimmons are divided into two
groups, astringent and non-astringent fruits
(Zeng et al., 2006). The Iranian
*
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persimmons are in the first group. Poor
postharvest storage life has been identified
as the major problem for the Iranian
persimmon cultivars, including „Karaj‟
cultivar. In order to maximize the storage
period of persimmons, keeping fruits in the
cold storage (0–1°C) has been suggested
by some scholars (Krammes et al., 2006;
de Souza et al., 2011).
Internal browning, softening, and
gelatinization are the most important
physiological disorders of persimmons that
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extend quickly within 2–3 days after
transferring from the cold into the
physiological temperatures (15–30°C)
(Krammes et al., 2006). A direct
relationship between fruit calcium (Ca2+)
levels and some of the physiological
disorders has been confirmed (Softner et al.,
1998). Fertilization regimes and pre- and
postharvest treatments have been applied to
increase the amount of calcium in fruit
tissues, thereby fruit quality is maintained
during storage (Conway et al., 2002).
Depending on the salt type and
concentration,
postharvest
calcium
treatment can increase fruit calcium content
without causing injury. Calcium chloride
has a good effect on cell wall integrity and
membrane turgor pressure, being an
intermolecular bonding agent that stabilizes
pectin compounds in the septum (Hussain et
al., 2012). Calcium also acts as a link
between two chains of galacturonic acid in
pectin polymers (Canway et al., 2002).
Fruit softening occurred through the
activity of hydrolytic enzymes in the cell
wall during ripening (Nakano et al., 2003).
Exogenously applied calcium chloride
stabilizes the plant cell wall and protects it
from cell wall– degrading enzymes (White
and Brodley, 2003). However, there is a
little information regarding the enzymatic
behavior of persimmon fruit after cold
storage (de Souza et al., 2011). Postharvest
calcium chloride treatment decreases fruit
decay, storage disorders, respiration, and
ethylene production (Kader and Rolle,
2004; Ali et al. 2013a, b). It also delays
ripening of some fruits, such as tomatoes
(Subbiah and Perumal, 1990), strawberries
(Garcia et al., 1996), pears (Rosen and
Kader, 1989), apples (Softner and Conway,
1998; Hussain et al., 2012), peaches
(Mahajan and Sharma, 2000), pineapples
(Goncalves et al., 2000), and loquats
(Akhtar et al., 2010).
The present study contributed to the
evaluation of storage life and quality of
persimmon (D. kaki Thunb., cv. „Karaj‟)

fruits treated with CaCl2 and kept at 0°C
for 4 months.

Materials and Methods
Plant material and CaCl2 treatment

Persimmon fruits cv. „Karaj‟ was picked
from an orchard near Karaj, Alborz
province, Iran. They were harvested at
their commercial maturity stage (dark
orange and completely hard), transferred to
the laboratory immediately, selected based
on uniformity, size, color, firmness, and
absence of disease symptoms, and
randomly
distributed
into
boxes.
Persimmons were then dipped into
solutions containing 0.5, 1, or 2% CaCl2,
all with 0.05% Tween-20, and distilled
water (as control) for 5 min (20°C). All
treated fruits left air dried at room
temperature (25°C) for 1 hour before being
stored. Fruit quality was determined every
2 weeks during 4 months of cold storage at
0–1°C.

Fruit firmness and weight loss
Flesh firmness was measured at three
points of fruits‟ equatorial region using a
penetrometer (FDK, Wanger Instrument,
Greenwich, CT, USA) fitted with a 5-mm
diameter flat probe. Five fruits were used
for replication, and results were expressed
as Newton per square centimeter. In order
to determine fruit weight loss, eight fruits
per treatment were weighed weekly and the
water loss percentage was calculated as
compared with the initial weight.

Total soluble solids (TSS) and titratable
acidity (TA)
Fruit samples from each treatment were
pooled off and juiced for the determination
of TSS and TA. TSS was measured using a
handheld refractometer (Atago, Japan) at
20°C, and the results were reported as
ºBrix. TA was determined through titration
of fruit juice with 0.1 N NaOH up to pH
8.2, using 1 ml of juice diluted to 10 ml
with distilled water, and expressed as the
percentage of malic acid.
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Total phenolic content (TPC)
TPC was extracted from pooled-off fruits
based on the Folin-Ciocalteu method
(Slinkard and Singleton, 1977). Samples
were ground in liquid nitrogen and stored
at −20°C until further analysis. One-half
gram of ground flesh was extracted with 3
ml of 85% MeOH/HCl (99:1 v/v) filtered
through a Whatman No. 1 filter paper.
Then, 300 μl of filtered extract was
thoroughly mixed with 1.5 ml of FolinCiocalteu reagent. After 5 min of
incubation at room temperature (25°C), 1.2
ml of 7% sodium carbonate was added.
This was shaken at room temperature and
held in darkness for 1 h. The absorbance
was measured at 765 nm with a UV/Vis
spectrophotometer (Carry 100; Varian
Analytical Instruments, Walnut Creek, CA,
USA). TPC was finally calculated using
the standard curve generated with different
concentrations of tannic acid and expressed
as milligrams of tannic acid equivalents per
gram of fresh weight.

Soluble tannin
Soluble tannin content was measured
through the Folin-Denis method (Taira,
1996) with a minor change. The
absorbance was read against a blank at 760
nm; the intensity of the solution is
proportional to the amount of tannins and
can be estimated against standard tannic
acid, expressed as milligrams of tannic acid
equivalents per 100 g of the sample dry
weight.

Chilling injury
Fruit chilling injury was assessed by
measuring the extent of browning area on a
weekly basis as described by Wang et al.
(2005), considering the following scales: 0
= no browning, 1 = less than ¼ browning,
2 = ¼ to ½ browning, 3 = ½ to ¾
browning, and 4 = more than ¾ browning.
Chilling injury was calculated using the
following formula:
Chilling injury = [(1 × N1 + 2 × N2 + 3 ×
N3 + 4 × N4)/(4 × N)] 100,
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where N = total number of observed fruits
and N1, N2, N3, and N4 are the number of
fruits showing different degrees of
browning.

Antioxidant activity
Antioxidant activity of the samples was
determined through the DPPH (2,2diphenyl-1-picrylhydrazyl, free radical)
assay. The DPPH assay was carried out
following the method reported by Leong
and Shui (2002) with a minor change.
Various amounts of samples dissolved in
methanol were added to 5 ml of a 0.004%
methanol solution of DPPH and incubated
at 25°C for 30 min. The absorbance was
then read against a blank at 517 nm with a
UV/Vis spectrophotometer (Carry 100;
Varian Analytical Instruments, Walnut
Creek, CA, USA). The percentage of
inhibition of free-radical DPPH was
calculated by the following formula:
Inhibition Percentage = [(AControl −
ASample)/AControl] 100.

Determination
(MDA)

of

Malondialdehyde

Determination of MDA was carried out
according to the method described by Li
(2000). Persimmon pericarp (1 g) from 10
fruits was homogenized in 15 ml of 10%
trichloroacetic acid (TCA). The homogenate
was centrifuged at 10,000g for 20 min, and
then 2 ml supernatant of the sample reacted
with 2 ml of 0.6% 2-thiobarbituric acid. The
absorbance was read at 600, 532, and 450
nm, respectively. MDA was calculated
using the following formula:
MDA content (nmol·g−1 F.W.) = 6.45
(A532 − A600) − 0.56 A450.

Electrolyte leakage measurement
To determine the amount of electrolyte
leakage, the method explained by
McCollum and McDonald (1991) was
used. For each replication, six discs (10
mm each) of tissue were randomly cut with
a cork borer. Discs were placed into a
solution containing 25 ml of 0.4 M
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mannitol for 4 h on a shaker at room
temperature.
The
initial
electrical
conduction of this solution was measured
using EC meter (Basic 30; Crison
Instruments, S.A.). After the first reading
(initial EC), the vials were autoclaved at
121°C for 20 min and left overnight
(25°C), and the conductivity was read
again (second reading for total EC). The
amount of electrolyte leakage was then
calculated as (initial/total) × 100.

randomized design with two factors (CaCl2
concentration and time of storage, “time of
sampling”) and three replications. All data
were analyzed using one-way analysis of
variance (PROC GLM; SAS Institute,
Cary, NC), and the means were compared
using Duncan‟s multiple range test (a ≤
0.05).

Extraction of enzyme

CaCl2 treatments decreased weight loss
compared with the control (Table 1), and in
particular, fruits treated with 1 and 2%
(w/v) CaCl2 concentrations showed less
weight loss during the periods of
evaluation. The highest weight loss was
observed in the control fruits, whereas the
lowest weight loss was obtained in fruits
treated with 2% calcium chloride
throughout 120 days of cold storage (Table
1). Calcium treatments have been
suggested to be effective in maintaining
membrane integrity and lower rate of
weight loss. Shirzadeh et al. (2011)
reported that apple fruits treated with
calcium chloride proved to be the most
impressive in reducing weight loss
compared with nontreated samples during
the 5-month storage. Calcium could
decrease the rate of respiration followed by
delayed senescence.
Flesh firmness was reduced during
storage as shown in Table 1. Tissue firmness
was significantly maintained by CaCl2
treatments, so that the treated fruits were
similarly firmer than the nontreated samples.
Markedly, flesh firmness of the treated fruits
with 2% CaCl2 was higher than the other
fruits. Positive effects of CaCl2 on fruit
firmness have previously been reported
(Akhtar et al., 2010 and Hussain et al.,
2012). Calcium seems to serve as an
intermolecular binding agent that stabilizes
protein-pectin complexes of middle lamella
(Dey, 1984), thus plays a role in holding cell
wall structure by interacting with pectic acid
in the cell wall to form calcium pectate. High
calcium uptake in fruits has been shown to

To extract the total enzyme content of the
tissues, 1 g of sample was homogenized in
3 ml of 50 mM phosphate buffer (pH, 7.2)
containing 1 mM EDTA, 10 mM Na2S2O5,
and 1% polyvinyl pyrrolidone (PVP) at
4°C. The homogenate was centrifuged at
14,000g for 15 min, and the supernatant
was used to determine the enzyme activity.
Enzyme
activity
was
measured
immediately at the end of storage time.

Peroxidase (POD) activity assay
POD was evaluated by the use of guaiacol by
measuring the absorption of tetra guaiacol–
containing guaiacol as the peroxidase
activity. Tetra guaiacol absorption read at
470 nm 1 min after addition of extract
enzyme in reaction was recorded. The
amount of tetra guaiacol was calculated by
absorbance change per minute at 470 nm,
tetra guaiacol extinction coefficient (ε = 25.5
mMol·cm−1), and related formula of A = εbc
(Plewa et al., 1991).

Catalase (CAT) activity assay
CAT was measured using H2O2 reduced
absorption at 240 nm according to the
method of Dhindsa and Motowe (1981).
The amount of H2O2 in the reaction
mixture was calculated by absorbance
change per minute at 240 nm, H2O2
extinction coefficient (ε = 28 mMol·cm−1),
and related formula of A = εbc.

Data analysis
The study was conducted as a factorial
experiment based on a completely

Results and Discussion
Fruit firmness and weight loss
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reduce respiration rates and ethylene
production, to delay ripening, increase
firmness, and reduce the incidence of
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physiological disorders and decay, all of
which result in increased postharvest shelf
life (Kader and Rolle, 2004).

Table 1. Mean comparison of weight loss, tissue firmness, total soluble solid content, titratable acidity,
chilling injury and soluble tannin of persimmon fruit cv. ‘Karaj’ treated with different concentrations of
CaCl2 during 120 days of storage at 0°C
Storage
period (d)
0
15

0

45

60

75

90

105

120

CaCl2
treatment
(%)
0.0
0.5
1.0
2.0
0.0
0.5
1.0
2.0

Weight
loss (%)

Firmness
(N. cm-2)

TSS
(%)

TA (%)

0.0
4.72a†
3.77b
3.05bc
2.58c
5.4a
4.55b
3.37c
3.18c

8.13
8.06a
8.10a
8.13a
8.16a
7.50b
7.56b
7.63ab
7.90a

11.20
12.80a
11.86a
11.80a
11.73a
14.33a
13.06b
13.00b
12.86b

0.58
0.63a
0.60a
0.56a
0.53a
0.53a
0.53a
0.53a
0.50a

Chilling
injury
(%)
0.0
6.25a
4.16a
2.08a
2.08a
8.33a
6.25a
6.25a
4.16a

0.0
0.5
1.0
2.0

6.16a
5.27b
3.92c
3.28c

6.96a
7.23a
7.30a
7.33a

16.13a
14.73b
14.66b
14.60a

0.43a
0.43a
0.40a
0.40a

12.5a
8.33b
6.25b
6.25b

5629.6b
5930.3a
5891.3a
5859.0a

0.0
0.5
1.0
2.0

6.61a
5.91b
4.76c
3.64d

6.16b
6.26b
6.90a
7.03a

17.06a
15.80b
15.53b
15.26b

0.36a
0.33a
0.33a
0.33a

14.58a
19.41a
10.41a
8.33a

4941.0b
5558.6a
5602.0a
5602.3a

0.0
0.5
1.0
2.0

8.03a
7.01b
5.67c
4.13d

5.53c
5.73bc
6.16ab
6.36a

18.46a
17.06b
16.86b
16.80b

0.26a
0.26a
0.23a
0.20a

20.83a
14.58b
12.5b
10.41b

4226.3b
4938.3a
4996.7a
5035.3a

0.0
0.5
1.0
2.0

9.04a
7.67b
6.47c
4.59d

4.23c
4.96b
5.66a
6.16a

18.93a
17.26b
17.26b
17.20b

0.23a
0.23a
0.20a
0.20a

25a
16.66b
16.66b
12.5c

3135.3b
4179.0a
4210.3a
4238.3a

0.0
0.5
1.0
2.0

9.78a
8.18b
6.96c
5.71d

3.70c
4.26b
5.6a
5.83a

0.23a
0.23a
0.20b
0.20a

31.25a
27.08b
20.83bc
16.66c

2122.6b
3074.3a
3124.6a
3245.6a

0.0
0.5
1.0
2.0

10.17a
8.95b
7.90c
6.64d

3.36c
3.90b
5.00a
5.30a

0.16a
0.16a
0.16b
0.13a

39.58a
33.33b
27.08c
25c

1910.6b
2300.6a
2350.6a
2433.0a

19.93a
17.73b
17.73b
17.53a
21.06a
18.26b
18.20b
17.86b

† Similar letters in each column indicate nonsignificant differences among treatments at P ≤ 0.05.

Soluble tannin
(ppm)
6956.3
6547.0b
6883.7a
6899.0a
6927.7a
6178.0b
6469.0a
6500.3a
6519.0a
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Total soluble solids and titratable
acidity
Total soluble solids of the samples increased
slowly as the storage period increased.
Although the differences between the
calcium chloride–treated fruits in terms of
TSS were not significant, their values were
still higher than the controls (Table 1). Our
results were in agreement with Shirzadeh et
al. (2011) who reported that apple fruits
treated with CaCl2 had lower TSS compared
with nontreated fruits during storage. This
increase in TSS during storage is probably
because of the hydrolysis of polysaccharides,
such as starch, and the concentrated juice
content as a result of dehydration (Akhtar et
al., 2010). Calcium application increased
fruit tissue calcium content and influenced
postharvest changes and senescence process
involving sugars, acids, anthocyanins, and
texture (Ali et al., 2013a).
Titratable acidity of the samples
decreased slightly in all treatments and did
not seem to be impressed by the postharvest
calcium treatments. Manganaris et al. (2005)
and Akhtar et al. (2010) have also reported
that postharvest calcium chloride treatments
did not affect TA in peaches and loquats
during storage. Titratable acidity is related to
the concentration of organic acids in the fruit
extract, which is an important parameter in
maintaining the quality of fruits. It seems that
CaCl2 treatments had no significant effect on
maintaining TA (Table 1).

Chilling injury

Chilling injury in „Karaj‟ persimmon was
observed as wrinkled peel, flesh browning,
gelling, and softening. Low temperature
induces oxidative stress in the cell, and
chilling temperatures alter the equivalency
between reactive oxygen species (ROS)
generation and oxidative stress defense
mechanisms. These mechanisms cause
development of the chilling symptoms.
The highest chilling injury was seen in the
controls and the lowest in 2% CaCl2-treated
fruits (Table 1). The results obtained from
0.5 and 1% calcium chloride treatments were

statistically similar. Chilling injury increased
during storage in all treatments (Table 1).
Flesh browning is a symptom of chilling, and
it often occurs because of the effect of
enzyme polyphenol oxidase on phenolic
compounds released from the vacuole after
chilling (Arnal and del Rio, 2004). It seems
that CaCl2 prevents leakage of phenolic
compounds in the intercellular space by
consolidation of cell wall reduces the flesh
browning as a consequence of polyphenol
oxidase activity. The effect of CaCl2
treatments on reducing chilling symptoms
has previously been reported by Safizadeh et
al. (2007) and Akhtar et al. (2010). Calcium
ions link up peptic molecules in the middle
lamella and retard disintegration of cell walls
(Ali et al., 2103a); so, it seems that CaCl2
reduces chilling damages through cell wall
protection.

Total phenolic content and soluble
tannin
The greatest values of total phenolic
content were obtained from the fruits
treated with 2% CaCl2 compared with the
control (Fig. 1c). Fruits treated with 0.5
and 1% CaCl2 were found to have more
TPC than the control during 2 months of
storage, whereas they showed no
significant difference with the control after
the storage period. Phenolic compounds in
fruits and vegetables are capable of
protecting cells against oxidative injury
through scavenging free radicals (Wada
and Ou, 2002; Chun et al., 2003).
However, phenolic constituents decrease
with the advancement in storage time, but
the maximum retention of phenolic
compounds can be inferred by reduced
respiration, softening, and acidity loss in
calcium-treated fruits (Ali et al., 2013b).
The main characteristic associated with the
quality of ripe persimmon fruit is tannin
content. Results showed that the soluble
tannin content of fruit was affected by storage
time and CaCl2 treatments, which is also
confirmed by El-badawy (2007). Soluble
tannin content decreased during storage in
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Fig. 1. Effects of different CaCl2 concentrations on a) changes in malondialdehyde (MDA) content, b)
electrolyte leakage, c) TPC, and d) percent DPPH inhibition of persimmon fruit cv. ‘Karaj’ during 120
days of storage at 0°C. Values are the means of the treatments (n = 3), and comparison of values has
been made through the Duncan’s multiple range test (P ≤ 0.05). Vertical bars represent standard
errors of the mean.
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control fruits, and no significant difference
was found among the CaCl2-treated fruits.
Reduction of soluble tannin content during
storage is related to the complex formation
between pectin released from cell walls
and tannins (Taira et al. 1997). It has been
suggested that calcium delays the onset of
ethylene climacteric period and climacteric
peak (Ben-Arie et al., 1995). As ethylene
polymerizes tannins, it seems that Ca
treatments can maintain soluble tannin for
a longer period in persimmon.

Malondialdehyde
MDA content was very low at the
harvesting time but increased continuously
with the storage time in all treatments,
whereas the control and 0.5% CaCl2treated fruits showed a higher MDA
content compared with the other
treatments. In contrast, a relatively low
MDA content was observed in the 2%
CaCl2 treatment (Fig. 1a). MDA is formed
by peroxidation of fatty acids resulting in
developing free radicals during fruit
senescence (Voisine et al., 1993), which is
a major product of membrane fatty acid
oxidation (Su et al., 2005). MDA has been
recognized as a proper indicator of
membrane integrity (Bailly et al., 1996).
Greater conservation of specific membrane
lipid components in the Ca2+ infiltrated
fruit, both during and after lowtemperature storage, may contribute to the
well-known beneficial effects of Ca2+
infiltration in maintaining fruit quality
(Picchioni et al. 1998). Also, the results of
this study showed that CaCl2 could be a
good treatment to increase membrane
integrity and fruit storage time.

Electrolyte leakage
Electrolyte leakage is a good indicator to
evaluate the loss of cell membranes‟
semipermeability. It is also considered as

an index for membrane damage and has
widely been used as an indicator of
chilling
injury
(Maccollum
and
Macdonalds, 1991). The extent of
electrolyte leakage depends on fruit tissue
integrity, and increase in this parameter
should be expected at the end of ripening
or when the fruit is exposed to severe
stress conditions like low temperatures
(Vicente et al., 2006).
Electrolyte leakage in persimmon
reduced during the initial 45 days of cold
storage but increased rapidly thereafter
(Fig. 1b). Fruits treated with CaCl2 showed
a similar trend, but CaCl2 treatment
reduced the leakage, being about 17% of
that in control on day 120 (P < 0.05).
Calcium is considered to be efficient in
maintaining membrane integrity by
reducing ion leakage, phospholipids, and
protein losses in the cellular network
(Lester and Grusak, 1999).

Antioxidant activity
The DPPH method used to evaluate the
antioxidant capacity of fruits was
dependent on the ability of antioxidants in
the samples to scavenge specific radicals.
Antioxidants are known to play a key role
in preventing oxidative damage in cells.
Results showed a significant lower
antioxidant capacity for the control fruits
compared with the CaCl2-treated fruits.
There is a positive correlation between
antioxidant activity and total phenolic
compound (Wang and Lin, 2000). In
accordance
with
TPC,
maximum
antioxidant capacity was seen in CaCl2treated fruits than in controls (Fig. 1d).
According to our findings, phenolic
compound reduced with increase in storage
period, through enzymatic activity and
oxidation, and as a result, antioxidant
activity decreased in fruits (Kevers et al.,
2007).
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Fig. 2. Effects of different CaCl2 concentrations on a) peroxidase and b) catalase activities of persimmon
fruit cv. ‘Karaj’ after 120 days of storage at 0°C. Values are the means of the treatments (n = 3), and
their comparison has been made through the Duncan’s multiple range test (P ≤ 0.05). Vertical bars
represent standard errors of the mean.

Peroxidase and catalase activities
The results indicated that maximum POD
activity was obtained from the controls,
whereas a significant difference was
observed with other treated fruits. POD
activity reduced with increasing CaCl2
concentration from 0.5% to 2%. Minimum
POD activity was observed in 2% CaCl2treated fruits after 120 days of storage (Fig.
2a), which is similar to the results of
Shirzadeh et al. (2011). The study by ELhallali et al. (2003) showed that Ca2
reduces chilling injury and POD activity in
fleshes and peels of fruits stored at low
temperatures for prolonged periods.
Ranadive and Haard (1977) identified a
correlation between peroxidase activity and
lignification in cell walls of fruits. Ca2+
appears to be necessary for POD activity
because it induces the cross-linking of
polygalacturonan chains into a structure

that can be recognized by isoperoxidase
(Ponel et al., 1999).
The results also showed that the storage
time and CaCl2 had a significant effect on
CAT activity of fruits (Fig. 2b). These
findings indicate that maximum CAT was
observed in 2% CaCl2-treated fruits,
whereas the minimum CAT activity was
recorded in the control. It has been
reported
that
calcium
treatments
maintained a higher CAT activity in loquat
(Akhtar et al., 2010) and apricot (Ali et al.,
2013b) during cold storage. Reduced
electrolyte leakage through calcium
treatment expands enzyme antioxidant
activity, the cell wall integrity, and
consistency (Mortazavi et al., 2007).
Enhancement of tissue browning in the
controls could possibly be associated with
the increase in CAT activity. This might be
due to the reason that calcium lagged
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higher respiration rates in the treated fruits
as compared with the controls and lower
CaCl2 concentrations.
Calcium treatment is a safe and
applicable method of increasing the shelf
life and reducing the chilling injuries in

persimmon during cold storage. Future
studies are needed to explore persimmon
postharvest physiology by dipping
postharvest fruits in calcium chloride
solution with more variable concentrations.
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