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Abstract: Post-harvest systems are crucial for fruit conservation, since they minimize the waste of
such perishable food and allow its marketability to consumers during the year. This study thus aimed
to assess the calcium values in stored fruits, previously sprayed and/or immersed in CaCl2, and the
possible implications for quality. Fruits previously sprayed with different concentrations of calcium
chloride (0–8 kg·ha−1 CaCl2) during the productive cycle (pre-harvest phase) were separated into two
groups at harvest. One group was immediately stored in conservation chambers, while the second
group was immersed in 1.3% CaCl2 (for 10 min at room temperature) in the post-harvest stage. After
4 months of storage, the calcium content was evaluated with X-ray fluorescence analysis, and quality
parameters, such as total soluble solids, malic acid, hardness and colorimetric parameters of the pulp
were also monitored. Overall, the calcium content in stored fruits with post-harvest bath was superior,
but the fruits with the exclusive application of CaCl2 during the pre-harvest phase were superior
to the respective control. Furthermore, treatment T2 (corresponding to the highest concentration
of CaCl2 during pre-harvest, up to 8 kg·ha−1) presented the lowest total soluble solids values. The
highest value of malic acid prevailed in fruits with no application of CaCl2, while it also presented the
lowest value of hardness. No significant differences were observed for the colorimetric parameters of
pulps. In conclusion, the pre-harvest workflow used for this study increased the calcium content in
fruits at harvest, but the post-harvest immersion can be used in addition to pre-harvest treatments to
avoid fruit quality decay. The calcium applications did not compromise the fruits’ marketability to
consumers.

Keywords: calcium; pear storage; pre-harvest and post-harvest calcium treatments; quality parameters

1. Introduction

Agroindustries are investing in ways to increase food productivity to feed the growing
global population [1]. However, in the meads of hydric and land resource limitations

Biol. Life Sci. Forum 2022, 16, 9. https://doi.org/10.3390/IECHo2022-12481 https://www.mdpi.com/journal/blsf

https://doi.org/10.3390/IECHo2022-12481
https://doi.org/10.3390/IECHo2022-12481
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/blsf
https://www.mdpi.com
https://orcid.org/0000-0001-8559-3076
https://orcid.org/0000-0002-4210-8867
https://orcid.org/0000-0003-3944-7240
https://orcid.org/0000-0001-6700-2180
https://orcid.org/0000-0002-5333-7286
https://orcid.org/0000-0002-7639-7214
https://orcid.org/0000-0003-0650-4499
https://orcid.org/0000-0002-6554-8339
https://orcid.org/0000-0003-2625-5645
https://orcid.org/0000-0002-7592-7949
https://orcid.org/0000-0002-3906-4349
https://orcid.org/0000-0001-7079-9389
https://orcid.org/0000-0002-9352-9776
https://sciforum.net/event/IECHo2022
https://doi.org/10.3390/IECHo2022-12481
https://www.mdpi.com/journal/blsf
https://www.mdpi.com/article/10.3390/IECHo2022-12481?type=check_update&version=2


Biol. Life Sci. Forum 2022, 16, 9 2 of 6

and climate changes, minimizing food loss and waste, which claims a major part of the
agriculture output, could decrease the demand for production increases [1,2]. Furthermore,
higher consumption of vegetables and fruits in low- and middle-income countries is
expected to occur [1]. In this context, due to its perishability, fruit preservation methods
during the post-harvest phase become important to avoid the loss of quality characteristics
that often leads to discarded products or reduced consumer acceptability [3].

In plants, calcium (Ca) can either act as an intracellular second messenger or perform
structural roles [4], making it one of the most important nutrients for fruit quality and
respective post-harvest life [5]. Developing tissues, such as fruits or young leaves, are more
prone to Ca deficiencies due to lower transpiration rates and reduced remobilization of
Ca from older tissues [4,6], and bitter pit, a typical disorder in apples, has been linked to
this mineral‘s deficit [5,6]. Thus, studies with Ca applications and respective impacts on
the quality parameters of pears and other fruits during the pre-harvest and post-harvest
phases have been performed [7–10].

Rocha pear (Pyrus communis) is the main pear variety grown in Portugal, and over
half of its annual total production is exported, benefiting from its resistance to handling
and transport [11]. The storage time of these fruits varies according to the type of storage
conditions applied [12]. Under a controlled atmosphere (often used on an industrial scale),
Rocha pear fruits can last between 7 and 8 months, since processes such as ripening and
senescence are delayed [11,12].

For this study, the Ca content in Rocha pear fruits sprayed with CaCl2 in the pre-
harvest phase, and/or immersed in CaCl2 at post-harvest, was assessed after 4 months of
storage under a controlled atmosphere. Monitorization of quality parameters, such as total
soluble solids, acidity, hardness and color of pulp, was also performed.

2. Materials and Methods
2.1. Pre-Harvest and Post-Harvest Workflow

During the production cycle of 2019, between April and August, pre-harvest foliar
sprays were performed in a Rocha pear orchard. For T1, the seven sprays were applied with
4 kg·ha−1 CaCl2, while for T2, the first three sprays were performed with 4 kg·ha−1 CaCl2,
followed by an increase in concentration to 8 kg·ha−1 CaCl2 for the remaining sprays.
No sprays were performed on the control (Ctr-0 kg·ha−1 CaCl2). In September, the fruits
were harvested and transported to the fruticulture center, where each treatment was then
divided into two groups. The first group was immediately taken to the storage chambers
at temperatures ranging from −0.5 ◦C to 1 ◦C and humidity of 95%. The second group
was kept in the same storage chamber, but the fruits were first immersed in a solution of
1.3% CaCl2 for 10 min at room temperature. In January, the fruits were collected from the
storage chambers for analysis.

2.2. Mineral Content Analysis

The mineral content in fruits was assessed as described in Ref [13], with slight modifi-
cations for the fruits. Namely, after a random selection of fruits from the different treatments
and brief cleaning with deionized water, the fruits were sliced and put to dry at 50 ◦C until
constant weight, being subsequently grounded for Ca content analysis.

2.3. Quality Parameters Assessment

Total soluble solids (TSS), acidity and hardness, expressed in ◦Brix, g malic acid/L and
kg, respectively, were assessed in randomized fresh fruits from the different treatments. For
TSS and acidity, a refractometer (Atago, Tokyo, Japan) and pH meter (Jenway, 350 model,
Chelmsford, UK) were used, and samples were prepared as described in the following
works [14,15]. For hardness determination, a manual penetrometer (Bellevue type, Paris,
France) with an 8 mm (0.5 cm2) tip was used [14].
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Using a Minolta CR 400 colorimeter (Minolta corp., Ramsey, NJ, USA) as described in
Ref [13], the colorimetric parameters of the pulp from fresh fruits were determined, namely
L (brightness), a* (red and green) and b* (yellow and blue).

2.4. Statistics

For statistical analysis of the data, a one-way ANOVA (p ≤ 0.05) and Tukey test (95%
confidence level) were executed. Letters a to c indicate significant differences between all
treatments.

3. Results
3.1. Calcium in Fruits

The calcium content (Figure 1) in fruits immersed in CaCl2 was superior to that of
fruits with pre-harvest applications. Furthermore, when considering only fruits without
post-harvest applications (Figure 1), T2 was significantly different from the control.
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Figure 1. Average values and S.E. of Ca mineral content in pear fruits after 4 months of storage,
with (gray) and without (white) post-harvest CaCl2 immersion. For statistical analysis, letters a to c
correspond to significant differences between all treatments (single-factor ANOVA test, p ≤ 0.05).
Ctr = no foliar sprays, 0 kg·ha−1 CaCl2; T1 = foliar sprays with exclusive use of 4 kg·ha−1 CaCl2;
T2 = foliar sprays with 4 kg·ha−1 and 8 kg·ha−1 CaCl2.

3.2. Quality

For quality parameters (Table 1), significant differences were observed for TSS, malic
acid and hardness, with values ranging between 10.1 and 11.3 ◦Brix, 0.80 and 1.09 g/L and
5.44 and 5.81 kg, respectively. Fruits without any CaCl2 applications (Ctr) presented the
highest values of TSS and malic acid but the lowest hardness value.

Table 1. Average values and S.E. of quality parameters of pear fruits stored for 4 months. For
statistical analysis, letters a to c correspond to significant differences between all treatments (single-
factor ANOVA test, p ≤ 0.05). Ctr = no foliar sprays, 0 kg·ha−1 CaCl2; T1 = foliar sprays with
exclusive use of 4 kg·ha−1 CaCl2; T2 = foliar sprays with 4 kg·ha−1 and 8 kg·ha−1 CaCl2; I = Fruits
immersed in 1.3% CaCl2 for 10 min at room temperature.

Treatments Total Soluble Solids
(◦Brix)

Malic Acid
(g/L)

Hardness
(kg)

Ctr 11.3 ± 0.2 a 1.09 ± 0.09 a 5.44 ± 0.06 c
T1 10.3 ± 0.2 bc 0.80 ± 0.03 b 5.77 ± 0.06 ab
T2 10.1 ± 0.1 c 0.90 ± 0.04 ab 5.51 ± 0.04 bc

I-Ctr 11.1 ± 0.3 ab 0.92 ± 0.02 ab 5.60 ± 0.06 abc
I-T1 11.3 ± 0.1 a 0.92 ± 0.03 ab 5.81 ± 0.08 a
I-T2 10.7 ± 0.2 abc 0.89 ± 0.03 ab 5.54 ± 0.06 bc
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Regarding the colorimetric parameters of the pulp (Table 2), no significant differences
were observed for L, a* and b* parameters, with a higher contribution of white, green and
yellow predominating, respectively.

Table 2. Average values and S.E. of colorimetric parameters from pulp of pear fruits stored for
4 months. For statistical analysis, letter a corresponds to the absence of significant differences
between all treatments (single-factor ANOVA test, p ≤ 0.05). Ctr = no foliar sprays, 0 kg·ha−1 CaCl2;
T1 = foliar sprays with exclusive use of 4 kg·ha−1 CaCl2; T2 = foliar sprays with 4 kg·ha−1 and 8
kg·ha−1 CaCl2; I = Fruits immersed in 1.3% CaCl2 for 10 min at room temperature.

Treatments L a* b*

Ctr 76.3 ± 2.1 a −5.4 ± 0.6 a 20.1 ± 1.5 a
T1 78.0 ± 0.6 a −5.9 ± 0.4 a 20.6 ± 1.5 a
T2 79.8 ± 1.1 a −6.8 ± 0.1 a 18.8 ± 0.4 a

I-Ctr 79.5 ± 0.3 a −6.4 ± 0.3 a 19.8 ± 1.0 a
I-T1 78.2 ± 0.4 a −6.1 ± 0.1 a 19.8 ± 0.5 a
I-T2 79.3 ± 0.2 a −6.0 ± 0.1 a 18.8 ± 0.3 a

4. Discussion

The storage circumstances were the same for all treatments. The humidity and tem-
perature conditions were accurate for the Rocha pear fruits, and since this fruit is not
sensitive to lower temperatures, such as the ones applied, it can be stored without resulting
in cold-induced damage [12,16].

The enhancement of Ca content in Rocha pear fruits without post-harvest treatment is
related to the pre-harvest applications of CaCl2, and these increases are in accordance with
other studies [9,17–20] where foliar application of CaCl2 increased the Ca content in the
edible parts of the sprayed plants. Additionally, Ca applications are already practiced in
the horticultural sector not only during the pre-harvest but also during the post-harvest
phase [6,10,21], since it helps with the shelf-life and cell wall integrity, ultimately avoiding
quality parameters’ decay [22]. Immersion in CaCl2 further increased the Ca in pear fruits,
being in accordance with the results in two apple varieties [17].

At harvest, the Rocha pear values of TSS, acidity and hardness should vary between
11 and 13 ◦Brix, 2 and 3 g/L and 5.5 and 6.5 kg/0.5 cm2, respectively [14,23]. However,
pears are climacteric fruits, remaining physiologically active while in storage, and thus,
their physico-chemical properties can change during the conservation stage [12].

Fruit flavor is related to TSS and acidity [16], and while in storage, the internal
production of ethylene and the respiratory rate can lead to an increase in TSS and a
decrease in acidity [12]. Regarding both parameters, only TSS is classified as a fingerprint
marker for this variety (stored for 5 months under a controlled atmosphere), with values
ranging between 10.0 and 13.8 ◦Brix [12], a range into which our values fall. Furthermore,
a study [9] using Ca pre-harvest applications ranging from 2 to 25 kg·ha−1 in Conference
pears reported no differences of soluble solids concentration after 150 days of storage in
similar conditions to our study. For acidity, even though there was a slight decrease in
values in comparison to Ctr, the general absence of significant differences suggests that Ca
does not influence this parameter.

Overall, the hardness values were still within the ideal range set for harvest. For
this parameter, higher values are desirable for longer shelf-life and resistance during
transport and storage [16]. However, the pre- and post-harvest aspects can influence
this parameter, such as fertilization during the production cycle or Ca application during
the post-harvest phase [16]. Accordingly, the immersion in CaCl2 (during post-harvest)
increased the Ca values of all treatments, namely, for Ctr. Furthermore, when considering
the exclusive applications during pre-harvest, the sprayed fruits presented higher values
than the respective control. These results confirm that Ca application during pre- or post-
harvest phases influence the hardness of Rocha pear fruit due to its structural role in cell
wall properties [6].
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Color changes in fruits can be related to the different maturity stages, such as the
prevalence of green on Rocha pear peel at harvest that later transitions to yellow [11,23].
It is thus considered a quality parameter. However, color changes can also be related
to quality decay due to physiological changes during storage, which ultimately result in
disorders, such as superficial scald or internal browning [24]. Furthermore, this fruit‘s
pulp is white [11], and according to one study [12], parameters L and b* can also be used
as fingerprint markers for this variety (for pears stored for 5 months under a controlled
atmosphere), with maximum and minimum values ranging between 70.36 and 87.19,
and 6.81 and 17.68, respectively. The absence of differences in colorimetric parameters
indicates that Ca treatments did not affect the color of the pulps, and our parameters were
in accordance with the fingerprint values, with coordinate b* presenting slightly higher
values, confirming the absence of damage to the pulp.

5. Conclusions

The application of CaCl2 during pre-harvest led to Ca content increases in fruits,
further enhanced by immersion in CaCl2. Additionally, taking into consideration fruit
processing (where peeling can be performed) and storage time (with fruits remaining
physiologically active), further analysis to assess the calcium distribution in fruit tissues
should be considered.

The quality parameters of fruits were not negatively impacted by CaCl2 concentrations,
and the storage conditions were adequate, preserving their marketability to consumers
or further processing into different food products. Calcium’s structural role was also
confirmed by the hardness values of Rocha pear fruits increasing with CaCl2 applications
during pre- and post-harvest phases.
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