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1. Introduction

Abstract

In the present study, sweet cherry fruit (Prunus avium cv. 0900 Ziraat) were
dipped into calcium (Ca) gluconate (calcium concentration of 1.5%) and
distilled water (as control). The treated fruit were stored at 1 £ 0.5°C and 90%
relative humidity for 4 weeks in two different packages. At weekly intervals,
weight loss, fruit firmness, colour changes, soluble solids content, titratable
acidity, sensory analysis, total phenolic and anthocyanin content of fruit and
total chlorophyll content of stem were evaluated. As a result, Ca treatment
positively affected sweet cherry fruits by maintaining firmness and decreasing
respiration rate of sweet cherry fruit. Moreover, Ca treatment generally
delayed the skin browning, and maintained fruit quality. Stem chlorophyll
decomposition was retarded with Ca throughout cold the storage. Considering
the sensory analysis, storage life of fruit could be prolonged at least up to 1
week by Cal (treated Ca-Glu and stored in plastic box with lid) treatment
compared to other treatments.

sweet cherry fruit are susceptible to handling,
storage, transportation and marketing. The main

Sweet cherry is one of the most attractive fruit for
consumer in the world because of its own taste and
aroma. Cherries are rich in nutrients such as
vitamins (C, A and K), minerals (potassium,
magnesium etc.). Additionally, sweet cherry fruit
contains  bioactive compounds (polyphenols,
anthocyanins etc.) which have positive effects on
health. Increasing the consumption of sweet cherry
is associated with these compounds (Le Nguyen et
al., 2020). Sweet cherry fruit is generally consumed
as fresh therefore, the quality parameters that affect
consumers are mostly important. The main quality
criterias widely used sweet cherry fruit are firmness,
fruit skin and stem colour, acidity and sugar content
(Goksel and Aksoy, 2014). Especially sweetness,
firmness and colour of sweet cherry fruit influence
consumers’ acceptance (Goksel et al.,, 2013).
Because of the high respiration rate, harvested

causes of quality losses during cold storage are
water loss, softening, colour deterioration, stem
browning, pitting and fungal decays (Martinez-
Romero et al., 2006). Therefore, postharvest
treatments and appropriate storage conditions to
maintain postharvest quality are very important for
sweet cherry fruit (Miranda et al., 2020).
Pre/postharvest treatments of calcium (Ca) play
an important role to increase storability and promote
postharvest quality of cherries. After harvest, Ca
dipping and vacuum infiltrations treatments are one
of the most used techniques to increase the calcium
content of cell wall. Ca affects the cell wall structure,
membrane integrity and cell wall strength in fruit
(Dong et al., 2019). In addition, it is reported that Ca
applications can reduce decay rate and disorders
during storage (Wang et al., 2014; Michailidis et al.,
2017). Exogenous Ca treatments and the positive
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effects of it on the fruit quality during cold storage
have been stated in many studies (Wéjcik and
Wawrzynczak, 2014; Michailidis et al., 2017;
Hosein-Beigi et al., 2019; Oztirk et al., 2019). But
these reported effects on the quality may vary
depending on the source of Ca, treatment timing,
concentration, environmental conditions and
cultivars. Although Ca treatments have positive
effects on fruit quality, it has been stated that
sometimes inorganic salts like calcium chloride
(CaClz) change the fruit taste-aroma (Monsalve-
Gonalez et al., 1993). But using the organic salts
such as calcium gluconate (Ca-Glu), lactate and
citrate can suppresses the undesirable taste-aroma
(Hernandez-Mufioz et al., 2006).

Previous studies have shown that the storage
temperature and techniques such as modified
atmosphere, controlled atmosphere and dynamic
controlled atmosphere are effective in prolonging
the postharvest life of stone fruit by delaying quality
losses. With these informations in this study, the
effects of Calcium glucanate on physical and
biochemical changes of 0900 Ziraat sweet cherry
fruit during during storage were investigated.

2. Material and Methods
2.1. Material

Sweet cherry (Prunus avium cv. 0900 Ziraat),
which have standard size and colour, were hand-
harvested (16 June 2020) at commercial maturity
stage in Isparta-Turkey. Cherry trees were 8 years
old and grafted on Prunus mahaleb L. rootstocks.
Immediately after harvest, fruit were transfered to
the laboratory within one hour, and undesireable
parts and injured fruit were removed. After visual
examination, fruit were divided into two lots. Fruit
were dipped into a 4°C Ca-Glu solution (calcium
concentration of 1.5%) for 30 sec or control (distilled
water). Tween 20 (0.1%) was added to all solutions
(including control) as the spreading adhesive. The
doses and dipping time of Ca-Glu (Califast, Crops
MCS) was chosen according to Akhtar and Rab
(2014). Following each treatment, sweet cherry fruit
were air-dried for 30 min at room conditions then
fruit (750 g) were placed into plastic boxes
(18 cm x 11 cm x 7.5 cm). After treatments control
and Ca-Glu treated fruits were placed into plastic
boxes with lid or without lid. Plastic boxes with lid
(1 kg) have 8 perforation holes with 5 mm diameter.
As a result, the study was arranged as 4 different
treatments; Control group in plastic box with lid
(C1), control group in plastic box without lid (C2),
Ca-Glu in plastic box with lid (Cal) and Ca-Glu in
plastic box without lid (Ca 2). All boxes were stored
at 1 £ 0.5°C and 90% relative humidity (RH) for 4
weeks, and fruit samples were analyzed at weekly
intervals. Each box represented a replication.

2.2. Physical and chemical analysis

Weight loss: The boxes of cherry fruit were
weighed initially and recorded. At each analysis
day, the same boxes were weighed, and weight loss
was determined by the difference between the initial
and final weights. Weight losses of cherry fruit were
expressed as percentage (%).

Fruit firmness: Fifteen cherries from each
replicate were used for firmness evaluation.
Firmness was measured using a texture analyzer
machine (Lloyd Instruments LF Plus) with a 50 N
load cell (5 mm cylindrical probe). The results were
expressed as Newton (N).

Colour determinations: Fruit stem and skin
colour (20 stem and fruit for each replicate) were
determined using colorimeter (Minolta CR-300).
Values of L* a* and b*, which used to define a
three-dimensional colour space, were measured.
The a* and b* values were used to calculate
Chroma [C* = (a™ + b™?)12] and Hue angle (h° = tan-
1b*/a*) values.

Soluble solids content (SSC) and titratable
acidity (TA): Fruit juice was extracted, and the SSC
(%) was determined by using a digital refractometer
(Atago-PAL1). For TA, fruit juice (10 mL) was
titrated with 0.1 N sodium hydroxide up to pH 8.1,
and results were expressed as percentage.

Respiration rate: Respiration rate of fruit was
measured by using gas chromatography. Fruit (140-
150 g) were placed in a 1 L glass jar, hermetically
sealed, for 1 h in room temperature. Gas sample
was taken by a gas-tight syringe, and injected into
a gas chromatography (Agilent 6890N) equipped
with a thermal conductivity detector. Results were
expressed as mLCO2kg™th™1,

Total phenolic and anthocyanin content: Cherry
fruit were extracted for these analyses according to
procedure used by Aglar et al. (2017). Extracted
supernatants were stored at —20°C until the day of
analysis. Total phenolic content and total
anthocyanin content were determined by using
spectrophotometric method according to Singleton
and Rossi (1965) and Giusti et al. (1999),
respectively. The results were expressed as mg
gallic acid equivalent (GAE) on FW basis
(mg GAE 100 g%) for total phenolic content and mg
in kg cyanidin 3-glucoside (cy-3-glu) on FW basis
(mg kg™ cy-3-glu) for total anthocyanin content.

Stem chlorophyll content: Chlorophyll extraction
and stem chlorophyll analysis were performed to
procedure described by Goksel (2011). The results
were calculated as mg in 100 g (mg 100g1).

External appearance and taste: External
appearance and taste of fruit were determined with
hedonic test. Two scales from 1 to 9 (<1-4: poor, 9:
excellent) and from 1 to 5 (1: very poor, 5: excellent)
were used for external appearance and taste
evaluation, respectively (Erbas et al., 2015).

2.3. Statistical analysis

The study was conducted to completely factorial
randomized design with 3 replicate (each box
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Table 1. Anova for dependent variables for treatments, storage period and their interactions for sweet cherry

Variables Storage periods (SP) Treatments (T) SPxT
Weight loss *x * ns
Respiration rate NS NS NS
Fruit firmness *x * NS
External appearance *x ** **
Taste *ok *k NS
Fruit skin colour L* wok NS NS
Fruit skin colour C* *ok NS NS
Fruit skin colour h° xx NS NS
Stem colour L* *x * NS
Stem colour C* *x * NS
Stem colour h ** NS NS

* NS represents non-significance at p < 0.05; ** Represents significance at the 0.01 level; * Represents significance at the 0.05 level.
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Figure 1. Respiration rate, fruit firmness and weight loss of 0900 Ziraat sweet cherry fruit during cold storage
(Data are mean + S.E. C1: Control group in plastic boxes with lid; Cal: Ca group in plastic boxes with lid, C2: Control group in plastic

boxes without lid; Ca2: Ca group in plastic boxes without lid).

containing 7509 fruit was regarded as a
replication). The data was analyzed using Minitab
18 statistics software. The differences among
means were compared with Tukey's range test
(5%).

3. Results and Discussion

3.1. Respiration rate, fruit firmness and weight
loss

The respiration rate of fruit at harvest was
20.74 mLCOz2kg*ht. When fruit were placed to
cold storage, respiration rate decreased sharply in
all treatments but this decrease was higher in Ca
treated fruit compared to control. The lowest
respiration rates were 13.53 mL CO2kg*h? (Cal)
and 15.37 mL COz2kg*h (Ca2) at the end of the
storage. Although there was no statistically

difference between treatments and control group
(Table 1), Ca dip treatments reduced, relatively,
respiration rate of sweet cherry fruit (Figure 1). The
decrease in the respiration rate of fruit might be due
to the delaying of senescence processes. Ca
treatments resulting in decreased respiration rate
and delayed maturity have been reported in
previous studies carried out on climacteric or non-
climacteric fruit (Lara et al., 2004; Shafiee et al.,
2010; Wang et al., 2014). Moreover, in the present
study, the reduced oxygen and increased carbon
dioxide by using the boxes with lid contributed to
reduce respiration rate in sweet cherry fruit.
Accordingly, as seen in Figure 1, the lowest
respiration rate was obtained from combination of
boxes with lid and Ca treatment at the end of the
storage.

Fruit firmness of sweet cherries is one of the
main quality attributes for consumer acceptance.
Ca treatments significantly affected the fruit
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firmness of cherry fruit (Table 1). Fruit firmness,
which was 5.96 N at harvest, decreased with
prolonging storage in all treatments (Figure 1).
During cold storage, the delay in softening has been
reported by Manganaris et al., 2007 and Naser et
al., 2018 in Ca treated peach and persimmon,
respectively. Ca treated fruit had greater fruit
firmness compared to control groups. Especially,
fruit in Cal treatment more firm than those of Ca2,
and the softest fruit were observed in control groups
at the end of storage (Figure 1). As known,
increased weight loss can result in reduced fruit
firmness (Mitcham et al., 1998). In the present
study, a negative relationship between weight loss
and fruit firmness was observed. The results
indicated that Ca applications retarded fruit
softening, especially in plastic boxes with lid
depending on decreased weight loss (Figure 1).
Likewise, Wang et al. (2014) indicated that pre or
postharvest Ca applications generally contribute
fruit firmness by increasing turgor pressure of cell
and decreasing water loss of tissue. On the other
hand, Serrano et al. (2005) reported that the high
oxygen concentration in storage increased the
softening of tissues in sweet cherry fruit.

Weight loss is one of the major problems which
responsible for quality loss for stored cherries, and
is related to loss of water vapor (Mitcham et al.,
1998). In the present study, weight loss of sweet
cherry fruit increased as storage time proceeds in
all treatments. At the end of the storage, C2
treatment had the highest weight loss (4.89%)
followed by Ca2 (3.57%), C1 (3.10%) and Cal
(2.52%) treatments. Cal treatment showed the
lowest weight loss, together with the lowest
firmness loss (Figure 1). Garcia et al. (1996)
reported the same effect on weight loss for
strawberries, which were immersed in Ca solution.
Weight or water loss is generally linked to moisture
evaporation through the fruit skin and respiration
rate of fruit. It is thought that lower weight losses in
C1 and Cal treatments can be attributed to higher
RH in these boxes. Similarly, Serrano et al. (2005)
reported that the high RH inside the boxes might be
responsible for the retarded softening and water
loss.

3.2. Soluble solids content (SSC) and titratable
acidity (TA)

Changes in the SSC and TA of cherry fruit are
shown in Table 2. Regardless of treatments, the
SSC of cherries showed fluctuation during storage
but decreased compared to initial value (12.97%) at
the end of the storage. Similar fluctuation in the SSC
of sweet cherries throughout storage was declared
by (Giacalone and Chiabrando, 2013; Wang et al.,
2014). At the 3™ weeks of storage, the SSC of
cherries reached the maximum levels (except for
Cal treatment) and then slightly decreased in all
treatments. It is considered that these results are
related to the weight loss and respiration rate of

cherries. This thought was supported by Cal
treatment, which had the lowest weight loss (Figure
1). Similarly, Glneyli et al. (2018) reported that the
SSC was influenced by the weight loss of fruit
causing, usually, an increase in the SSC of sweet
cherries. On the other hand, Kluge et al. (1996)
expressed that sugar decreases during storage
might be caused by the use of sugars in respiration.

The TA of cherries decrease overtime compared
to initial value (0.89%) varying between 0.71% (C1
and C2) and 0.79% (Cal) at the end of the storage.
The Cal (0.83%) was the best treatment for
maintaining the acidity of cherries followed by Ca2
(0.80%), C1 (0.80%) and C2 (0.77%). Accordance
with the present study, the TA losses were delayed
by Ca treatments in previous research of Wang et
al. (2004). Maintaining TA with Cal treatment can
be explained by its suppressing effect on fruit
metabolism, especially respiration rate (Figure 1). It
has been reported that acids are a major
component of respiration process (Kays and Paull,
2004), and the use of organic acids as substrates in
respiration and enzymatic reactions reduce acid
content in fruit (Certel et al., 2004).

3.3. Fruit skin and stem colour

Fruit (bright red) and stem (green) colour is the
most important quality attributes for consumers. The
change in skin and stem L* (lightness) values of fruit
showed similar trend in all treatments. As seen in
Figure 2, L* values of stem and fruit decreased, in
general, during cold storage but Cal treatment was
most effective on fruit and stem lightness.
Moreover, Ca1 treatment had higher hue angle (h°)
and chroma values (both skin and stem) than the
other treatment (data not shown). Hue angle values
decrease with increasing maturity, and the
vividness of the colour become apparent with the
increase of the C* values in sweet cherries (Mozetic
et al., 2004). In the present study, L*, C* and h°
values decreased gradually, and Cal treatment
delayed their reductions slightly. Considering the
stem and skin colour values, it could be said that
Cal treatment delayed the colour deterioration of
sweet cherries. Wang and Long (2015) indicated
that delaying colour change or darkening by Ca
treatments may be associated with its prevention of
senescence in sweet cherries.

3.4. Sensory analysis

Sensory tests of cherries are presented in Figure
3. The taste and external appearance scores of
sweet cherry fruit reduced with prolonging storage
time. Boxes and Ca treatments affected sensory
quality of sweet cherries. Cherries in Cal treatment
had the best sensory quality scores compared to
other treatments. The quality loss of cherries started
to increase especially after 2t weeks of storage. At
the 4 weeks of storage, the higher external
appearance score (5.00) was obtained from Cal
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Table 2. Soluble solids content (SSC) and titratable acidity (TA) of 0900 Ziraat sweet cherry fruit during cold storage

Treatments

Storage periods (weeks)

Parameters Means
(T Harvest 1 2 3 4
Cil 13.00 12.97 13.17 12.90 13.00 a
Cal 12.97 11.07 11.83 12.37 12.83 12.21b

SSC (%) C2 12.93 12.93 13.10 12.80 12.95a
Ca2 11.70 11.60 13.20 12.77 12.45 ab
Means 12.97 ab 12.17c 12.33 bc 12.96 a 12.83 ab
C1 0.81 0.83 0.77 0.71 0.80 ab
Cal 0.89 0.82 0.81 0.81 0.79 0.83 a

TA (%) Cc2 0.79 0.72 0.73 0.71 0.77b
Ca2 0.78 0.76 0.82 0.76 0.80 ab
Means 0.89 a 0.80 ab 0.78 ab 0.78 ab 0.74b

P values Storage periods (SP)  Treatments SPxT

SSC * bl NS

TA bl bl NS

Means followed by the same letter in the same column are not statistically significant (P<0.05). NS represents non-significance at p <0.05;
** Represents significance at the 0.01 level; * Represents significance at the 0.05 level. C1: Control group in plastic boxes with lid; Cal:

Ca group in plastic boxes with lid, C2: Control group in plastic boxes without lid; Ca2: Ca group in plastic boxes without lid.
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Figure 2. Fruit skin and stem colour L* values of 0900 Ziraat sweet cherry fruit during cold storage
(Data are mean + S.E. C1: Control group in plastic boxes with lid; Ca1: Ca group in plastic boxes with lid, C2: Control group in plastic

boxes without lid; Ca2: Ca group in plastic boxes without lid).
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Table 2. Total phenolic content, anthocyanin content and stem total chlorophyll content of 0900 Ziraat sweet cherry fruit

during cold storage

Storage period (weeks)

Parameters Treatments Means
Harvest 2 4
Cl 41.11 49.47 41.14 s
Total phenolic Cal 32,85 40.66 44.97 39.49
content C2 46.29 60.52 46.55
(mg 100g*) ca2 43.45 52.54 42.95
Means 32.85¢ 42.88b 50.21a
C1 17.22 18.17 16.14"s
Total anthociyanin Cal 13.02 16.72 19.42 16.39
content Cc2 19.80 17.02 16.61
(mg kg™) Ca2 19.81 19.52 17.45
Means 13.02b 18.39 a 18.53 a
C1 3.85 2.41 4.02 ab
Total chlorophyll Cal 582 4.70 2.71 441 a
content of stem Cc2 3.45 1.72 3.66b
(mg 100g*) ca2 3.72 2.64 4.06 ab
Means 6.18 a 3.93b 2.37c
P values Storage period (SP) Treatments (T) SPxT
Total phenolic content ** NS NS
Total anthociyanin content i NS NS
Total chlorophyll content of stem ** ** NS

Means followed by the same letter in the same column are not statistically significant (P<0.05). NS represents non-significance at p <
0.05; ** Represents significance at the 0.01 level; * Represents significance at the 0.05 level. C1: Control group in plastic boxes with lid;
Cal: Ca group in plastic boxes with lid, C2: Control group in plastic boxes without lid; Ca2: Ca group in plastic boxes without lid.

treatment, while the lowest score (2.89) was
determined in C2 treatment. Similar trend was also
observed in taste evaluation. The best (2.67) and
the worst score (1.72) was determined in Cal and
C2 treatments, respectively at the end of the
storage. Cherries with marketable scores (= 5) were
only determined from Cal treatments (5.00) at the
4t weeks of storage. C2 treatments (4.61) lost their
marketable quality at the 3t weeks of storage. C1
(5.28) and Ca2 (5.33) treatments preserved the
marketable quality at the 3™ weeks of storage. It
was reported that Ca treatment was proved to delay
tissue weakening, increase membrane integrity and
reduce decay rate in fruit (Manganaris et al., 2005).
At the same time, Wang et al. (2014) stated that Ca
is effective in maintaining the fruit quality and
reducing the disorders that may occur during cold
storage. Similar results were also determined in
present study.

3.5. Total phenolics, anthocyanin content and
stem total chlorophyll content

Phenolic compounds have important effects on
the fruit quality such as colour, taste and aroma
(Goksel, 2011). During cold storage, total phenolic
content of cherry fruit increased in all treatments.
The highest total phenolic content
(60.52 mg GAE 100g?') was determined from C2
treatment, whereas the lowest value
(44.97 mg GAE 100g?) was measured in Cal
treatment at the end of the storage. The Ca
treatments affected the total phenolic content of
cherry fruit depending on the packaging. The fruit in

plastic boxes with lid had the lowest phenolic
content, while fruit placed in open plastic boxes
gave the highest values (Table 3). Higher phenolic
content values can be attributed to higher water loss
and increased stress conditions caused by open
plastic boxes. As a stress factor, the cold air
circulation in the atmosphere surrounding fruit can
affect them in open boxes compared to closed ones
with lid. It is known that the accumulation of phenolic
compounds in fruit increases under stress
conditions (Li et al., 2018), and fruit stored in plastic
boxes with lid might have been exposed to less
stress in the present study.

Anthocyanins (responsible to red colour of fruit
and vegetables) are important phenolic compounds
in cherry fruit (Aghdama et al., 2013). In the present
study, according to general means, the anthocyanin
content of fruit increased during storage (Table 3),
accordance with several authors who reported
similar increase (Bernalte et al., 2003; Adlar et al.,
2017). Total anthocyanin content of cherry fruit at
harvest was 13.02 mgkg?®. Total anthocyanin
content of fruit in Cal was lower (16.72 mg kg?)
than other treatments on the 2" week of storage.
Anthocyanin contents of cherry fruit in C1 and Cal
treatments increased slightly up to 2 weeks, on the
contrary of other two treatments. Treatments did not
affect total anthocyanin content of cherry fruit
(P<0.05). However, fruit stored in closed boxes with
lid had lower (C1: 16.14 mg kg*; Cal: 16.39 mg kg
1) anthocyanin contents compared to those without
lid (C2: 16.61 mg kg?; Ca2: 17.45 mg kg?) (Table
3). This can be explained by the proportional
increase of anthocyanin contents in open boxes
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depending on higher water loss and quick ripening
in fruit. Similarly, Giacalone and Chiabrando (2013)
stated that modified atmosphere packaging (MAP)
treatments delayed anthocyanin biosynthesis of
sweet cherry fruit.

Stem colour, one of the most important
indicators for determining the freshness of cherry
fruit, changes during storage because of the
chlorophyll breakdown. Goksel (2011) declared
rapid declines in total chlorophyll content of stems
throughout cold the storage, similar to the findings
of the present study (Table 3). Compared to initial
value (5.82 mg 100g?) the lowest decrease in
chlorophyll content was obtained from Cal and Ca2
treatments. These results showed that Ca
treatments had a positive effect on total chlorophyill
content of stems. Sweet cherry fruit stored in boxes
with lid also had the low chlorophyll losses
compared to boxes without lid. This result can be
attributed to higher oxidation and senescence
processes in fruit stems stored in open boxes.

4. Conclusions

In conclusion, it is found that postharvest Ca
treatments could reduce respiration rate and
maintain fruit firmness of sweet cherry fruit during
cold storage. Moreover, Ca treatments had positive
effects on maintaining sweet cherry skin colour,
stem colour and sensory quality. But these positive
effects were more noticeable when fruit were stored
in boxes with lid compared to open boxes.
According to sensory scores, the fruit in Cal
treatment, which had the best results for storage life
and quality, could be stored with good quality for 3-
4 weeks. This treatment was followed by C1 (3
weeks), Ca2 and C2 (2 weeks) applications.
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