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Low calcium content in pineapple could decrease its quality, such as fruit translucency (electrolyte leakage), bruises (fruit
firmness), and the other fruit quality standards. 'e purpose of the current study was to assess the effect of different sprays of
calcium (Ca) fertilizer sources during the fruit development stage on the overall fruit quality. Four sources of calcium, chelated
calcium, calcium nitrate (Ca(NO3)2), calcium chloride (CaCl2), each in 75 kg ha−1, and calcium boron (calcibor) of 10 L ha−1

mixed with 2000 L water, were directly sprayed onto individual fruit and crown, 75, 85, 95, and 105 days after forced flowering
induction (forcing).'e Smooth Cayenne “MD-2” pineapple cultivar was utilized for the experiment in a randomized complete
block design with four replications and conducted at two different times. Fruit quality analyses were carried out on the
harvested fruits 140 days after forcing. 'e application of calcium sprays did not have significant effects on fruit pH, total
soluble solids, total acidity, fruit firmness, and the content of sucrose and vitamin C. 'ere was a different response of calcium
spray in the first and second trials on the content of glucose, fructose, β-carotene, Ca, and Mg, probably due to climate
condition. All treatments with calcium sprays reduced the fructose and glucose contents in the first trial and β-carotene content
in the second trial. Calcium chloride and calcibor increased Ca and decreased electrolyte leakage significantly than the other
treatments. 'e scanning electron microscope analysis revealed that CaCl2 sprays generated greater turgor and more rigidity in
the pineapple cell wall. 'e result showed that the application of CaCl2 and calcibor sprays could decrease electrolyte leakage
incidence in pineapple with any potential to reduce glucose, fructose, and β-carotene without influencing other fruit
qualities significantly.

1. Introduction

Pineapple (Ananas comosus L. Merr) is one of the most
economically important fruits traded in the global market.
'e fruit quality, in terms of both inside and outside physical
appearance, is very important especially when the pineapple
is cultivated for the fresh fruit business, rather than for

canned pineapple. Mechanical injury, translucency, chilling
injury, and postharvest disease are the main causes of
postharvest losses [1]. In some pineapple plantations at PT
Great Giant Pineapple (GGP) in Indonesia, fruit translu-
cency, decay, bruises, peduncle mold, wet peduncles, and so
on are the defects that have caused a decrease in the overall
quality of the fruit and caused sales claims. 'e total claims
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for the total sales of GGP’s exported fresh pineapple in the
year 2020 reached 5.2% for Middle East destinations and
22.9% for Asian destinations.

Calcium ions are known to be an essential plant nutrient
involved in a number of physiological processes [2]. Calcium
sprays, mostly as Ca chloride or Ca nitrate, are recom-
mended and applied in many parts of the world to improve
fruit quality [3]. It is known that calcium plays an important
role in the maintenance of membrane integrity [4] and is
required for the synthesis of new cell walls and for the
normal function of the plant membranes [5]. Application of
calcium sprays could reduce the incidence of internal
browning or black heart disorder in Mauritius pineapple [6]
and translucency incidence [7]. Calcium chloride (CaCl2)
enhanced vegetative growth parameters, yield, and fruit
quality traits and reduced fruit cracking and sunburn
damage of fruit of Manfalouty pomegranate trees [8].
Preharvest CaCl2 sprays raised Ca concentrations in leaves
and fruit and increased flesh firmness of “Elstar” apple trees
[9]. Application of early preharvest foliar Ca sprays in-
creased fruit quality of highbush blueberry “Liberty”
(V. corymbosum) fruits with firmer fruit, increased fruit Ca
levels, total phenolic content, and the proportion of sound
fruits, and reduced the percentage of dehydrated and
decayed berries after storage [10]. Fruit Ca uptake continues
throughout fruit development; therefore, Ca application
during bloom and early fruit development may prevent or
minimize Ca deficiency disorders in bell pepper (Capsicum
annuum L.) [11]. Calcium carbonate and calcium citrate are
the main calcium salt added to foods to enhance the nu-
tritional value [12]. Bioavailability and solubility are the
most important factors in choosing an appropriate source of
calcium [13].

It has been reported that pineapple has a very low re-
quirement for calcium; the level of Ca adequacy for soil has
been reported as 100–150mg kg−1, and for pineapple “MD-
2,” the level of nutrient leave adequacy has been reported as
4.4 g kg−1 [14]. During the fruit development stage, calcium
was needed to increase fruit quality and prevent fruits de-
fects, and foliar spray of calcium was needed to overcome
this problem. 'ere are several calcium sources available in
the market, such as calcium nitrate, calcium boron, calcium
chloride, chelate calcium (9.5% Ca), and 9.5% chelated
calcium (using EDTA agent) that can be sprayed onto the
pineapple plant. However, the report of the effects of calcium
from different sources on the fruit quality of pineapple was
limited, especially on their use on “MD-2” pineapple during
the fruit development stage and under a humid tropical
climate.

So this study was conducted to evaluate the effect of
several sources of calcium when they were sprayed during
the fruit development stage in “Smooth Cayenne” pineapple
“MD-2” on the quality of pineapple fruit.

2. Materials and Methods

2.1. Site Description. 'e research was conducted in a
pineapple field of the PT GGP plantation in Lampung,
Indonesia. 'e experimental station has the following

geographic coordinates: latitude 04°49’13” South and longi-
tude 105°13’13” East, with an average altitude of around 46m.
'e soil was sandy clay loam of red yellow podzolic soil or
Ultisol with rainfall of about 2,500mm per year. 'e cultivar
used for this experiment was “Smooth Cayenne” “MD-2.”'e
research was conducted twice: the first was between June and
August in 2020 and the second from August to October in
2020. 'e soil characteristics are described in Table 1. Using a
manual weather station, the total rainfall during the experi-
ment was 808.4mm with relative humidity (RH) around
90.7%, and an average, maximum, andminimummonthly air
temperature was 27.3, 32.0, and 23.9°C, respectively (Table 2).
Solar radiation ranged from 15.0 to 16.2W m−2, which was
detected from LSI Lastem data.

2.2. Experimental Design. 'e experiment consisted of five
treatments of calcium sprays with different doses and the
untreated control. 'e calcium treatments of calcium ni-
trate, calcium chloride, and chelated calcium, all in doses of
75 kg ha−1 mixed in 2000 L water (3.75% wt), and that of
calcium boron, in a dose of 10 L ha−1 mixed in 2000 L water
(0.5% vol), were sprayed directly onto each individual fruit,
including the crown at night time when the stomata were
opened. 'e doses were executed 75, 85, 95, and 105 days
after forcing (DAF). 'e control was a sample without any
application of calcium from the beginning of the research
until the pineapple harvest. 'e experiment was arranged in
a randomized completed block design with four replications
using 20 plants per replication. Each plot was composed of
five rows, 0.55m in width and 5m in length. An analysis of
the available information on the uptake and mobility of the
calcium after the flower induction in the pineapple fruit is
described in [14, 15]. A detailed summary of the treatments
is given in Table 3.

2.3. Analysis of Fruit Quality. 'e pineapple quality criteria
examined were fruit pH, TSS (total soluble solids), TA (total
acidity), β-carotene, vitamin C, fructose, glucose, sucrose,
calcium content, magnesium content, EL (electrolyte leak-
age), firmness, and SEM (scanning electron microscope)
examination of “Smooth Cayenne” pineapple “MD-2.” 'e
fruit flesh pH, TSS, and TA were calculated based on the
procedure described by Shamsudin et al. [16]. 'e fruit flesh
pH was measured using a conventional electronic pH meter
(METTLER TOLEDO, USA) equipped with a penetration
electrode model. 'e TSS was calculated using a hand-held
refractometer (MASTER-53 α, Atago, Japan). 'e TA was
detected by titration to the pH 8.1 with 0.1mol L−1 NaOH
using phenolphthalein as an indicator and revealed as a
percentage of citric acid.

'e firmness of the pineapple fruit flesh was measured
according to Ding and Syazwani [17]. A type of Brookfield
Ametek CT3 texture analyzer with a 7mm flat probe was
used for this method.

'e calcium and magnesium contents of the pineapple
fruit were analyzed using atomic absorption spectrometry
(AAS 932 Plus, GBC scientific equipment, USA), as de-
scribed by Benton-Jones [18].
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'e detection of the sugar and vitamin C (ascorbic acid)
contents in the pineapple fruit was done using a High
Performance Liquid Chromatography (Hitachi, USA)model
L-2000 instrument with a Refractive Index detector model
L-2490. 'e method is described by Siti Roha et al. [19].

'e β-carotene content of the pineapple fruit was de-
tected by themethod described byOwolade et al. [20] using a
Spectroquant® Pharo 300. Similar to the sugar content, the
samples were collected from a composition of four fruits per
replication from each treatment arranged.

'e electrolyte leakage of fruit flesh was measured using
the methodology described in Chen and Paull [15]. A
composition of five fruits per treatment was created by
applying a longitudinal plug with a cork borer and then
slicing disks 2mm in thickness. 'e amount of 6 g per disk
was then washed three times to remove any lysed material
from the cell. After that, the disks were shaken and incubated
in 60ml of 0.3M mannitol solution for two hours. 'e
conductivity of the previous solution was measured with a
radiometer. Finally, the samples were boiled for around two
hours to release all the electrolytes before the conductivity

was determined. 'e electrolyte leakage is shown as the
percentage of the total conductivity.

To display the SEM examination results for the samples
of the first trial, the procedure for the observation followed
that described by Hu et al. [21]. 'e observation was carried
out with an SEM (ZEISS/EVO MA 10, German) equipped
with energy dispersive spectroscopy (EDS) at 20 kV for the
detached slides of (5× 5× 2mm3) of fruit flesh.

2.4. Statistical Analysis. Statistical examinations were per-
formed using SPSS Version 22.0 software (SPSS Inc., Chi-
cago, IL, USA). All the data were analyzed by ANOVA. 'e
mean significant differences at P< 0.05 were determined by
Duncan’s new multiple range test.

3. Results

3.1. Effect of Calcium Spray on pH, TSS, and TA of Pineapple
Fruit. In both trials, the application of calcium did not have
significant effects on pH, TSS, and TA in fruit flesh (Table 4),

Table 1: Characteristics of the soil in the experiment.

Property 1st trial 2nd trial

Soil particle
Clay (wt%) 25.0 32.8
Loam (wt%) 8.4 8.3
Sand (wt%) 66.6 58.9

Chemical properties

pH (H20) 4.0 4.4
C (wt%) 1.06 1.23

N (mg kg−1) 550.0 640.0
P (mg kg−1) 23.3 9.1
K (mg kg−1) 89.7 58.5
Ca (mg kg−1) 38.0 64.0
Mg (mg kg−1) 6.0 4.8
Na (mg kg−1) 9.2 6.9

Table 2: Monthly rainfall and air temperature during the experiment in 2020.

Month Rainfall (mm)
Temperature (°C)

Relative humidity (%)
Maximum Minimum Average

June 318.5 31.6 24.4 27.0 92.3
July 101.5 31.2 23.7 27.1 92.4
August 125.8 32.7 23.5 27.9 89.2
September 91.9 32.2 23.6 26.8 87.2
October 170.7 32.3 24.1 27.8 92.3
Average 32.0 23.9 27.3 90.7
Total 808.4 - - - -

Table 3: Characteristics of the treatments used in the experiment.

Treatment Characteristic
Control Untreated
CaB Calcium boron sprayed in doses of 10 L ha−1 in 2000 L water, applied 75, 85, 95, and 105 DAF
CaN Ca(NO3)2 applied in doses of 75 kg ha−1 in 2000 L water, applied 75, 85, 95, and 105 DAF
CaCl CaCl2 applied in doses of 75 kg ha−1 in 2000 L water, applied 75, 85, 95, and 105 DAF
CaChe CaChe applied in doses of 75 kg ha−1 in 2000 L water, applied 75, 85, 95, and 105 DAF
∗ DAF: day after forcing.
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except CaChe that gave higher TA in the first trial.'e pH of
fruit flesh was around 3.77–3.86 in the first trial and
3.78–3.93 in the second trial. 'e values of TSS are not
significantly different among all treatments and ranged from
13.90 to 14.70 wt%, while TA ranged from 0.34 to 0.43 wt%
in the first trial but increased and ranged from 0.48 to 0.55 wt
% in the second trial.

3.2. Effects Calcium Spray on Sucrose, Fructose, andGlucose of
Pineapple Fruit. Calcium sprays did not affect the sucrose
content in both trials (Table 5). 'e content of sucrose was
around 9.52–9.96 wt% in the first trial and a little lower in
the second trial, which ranged from 8.77 to 9.76 wt%. In the
first, but not in the second trial, the fruit glucose content
was significantly increased by calcium treatments. Appli-
cation of CaCl2 gave the significantly lower content of
glucose (1.77 wt%) compared to control (2.15 wt%) and
CaN (2.06 wt%), and in the second trial, the glucose re-
duced compared to the first trial with the value ranging
from 1.03 to 1.10%wt. In case of fructose, the content was
also reduced in the second trial, with the value ranging
from 0.30 to 1.06 wt%, while in the first trial, it ranged from
1.08 to 1.35 wt%. In the first trial, control and CaChe
treatments have significantly higher values of fructose (1.3
and 1.29 wt%, resp.) compared to CaCl2 (1.02 wt%) and
CaB (1.12 wt%).

3.3. Effect of Calcium on β-Carotene and Vitamin C in
Pineapple Fruit Flesh. 'e results showed that the contents
of β-carotene and vitamin C were not consistent in the
first and second trials (Table 6). In the first trial, the
application of calcium did not have any significant effect
on β-carotene, while the content of vitamin C was almost
the same in all treatments and not different from control.
In the second trial, the calcium application had no sig-
nificant effect on the content of vitamin C, and application
of calcium tended to decrease the content of β-carotene in
the fruit fresh.'e value of β-carotene ranged from 2.58 to
3.09 wt% in the first trial and relatively did not change in
the second trial, in which control gave the highest value
(3.16 wt%) and CaN had the lowest value (2.89 wt%), while
CaB, CaCl, and CaChe were not significantly different. For
vitamin C, the value ranged from 294 to 353 wt% in the
first trial and increased in the second trial and ranged
from 386 to 449 wt%.

3.4. Effect of Calcium Sprays on Fruit Ca and Mg
Concentration. 'e calcium sprays did not give any dif-
ference in the content of Ca andMg in the first trial (Table 7).
In the second trial, the application of Ca in the form of CaB
and CaCl increased Ca content compared to control,
however no different result with CaN and CaChe. 'e value
of Ca in the first trial ranged from 95.53 to 109.41mg kg−1

and increased in the second trial, which ranged from 97.981
to 28.50mg kg−1. Application of Ca in the form of CaN, CaB,
and CaCl gave a significant effect on the content of Mg in the
second trial, resulting in higher content of Mg compared to
control. 'e content of Mg ranged from 97.61 to
103.65mg kg−1 in the first trial and from 81.201 to
11.00mg kg−1 in the second trial.

3.5. Effect of Calcium on Electrolyte Leakage and Firmness of
Pineapple Fruit. 'e application of calcium sprays did not
give any difference in the firmness of the flesh fruit in both
the first and second trials (Table 8). 'e firmness of pine-
apple fruit in the experiment ranged from 584.00 to 704.63 gf
in the first trial and from 578.75 to 691.00 gf in the second
trial. Among the forms of Ca treatment, only CaCl reduced
EL in the first trial, while in the second trial, all the Ca
treatments significantly reduced the EL compared to control.
'e lowest EL was found in CaCl treatment (47.77 wt%) in
the first trial, and the highest value was in control in the
second trial (72.58 wt%).

4. Discussion

As shown in Table 4, the application of calcium had no
significant effect on pH, TSS, and TA in fruit flesh. 'ese
three parameters are mostly depended on the fruit maturity.
'e usual values of the pH in low acid hybrids fall in the
range of 3.3 to 4.0, decreasing as the fruit gets closer to
harvest [22–25].'erefore, the “MD-2” type was expected to
have a high value compared to other cultivars [24, 26]. 'e
TSS and TA were also increased with the ripening stage [25].

'e application of Ca did not have a significant effect on
the content of sucrose (Table 5). 'is result is in accordance
with the previous results; that is, a high calcium content may
slow down fruit ripening and softening [27]. Fructose is the
sweetest-tasting sugar, and the taste of the pineapple fruit is
largely affected by the concentration of soluble sugars, or-
ganic acid, and fructose [28]. Consequently, the higher
contents of fructose and glucose in the first trial revealed that

Table 4: Effect of calcium sprays on pH, TSS, and TA in fruit flesh.

Treatment
pH Total soluble solid (wt%) Total acidity (wt%)

1st 2nd 1st 2nd 1st 2nd
Control 3.84± 0.05a 3.90± 0.04a 14.30± 0.24a 14.70± 0.24a 0.34± 0.02a 0.48± 0.03a
CaN 3.77± 0.06a 3.85± 0.11a 13.90± 0.06a 14.15± 0.17a 0.37± 0.02ab 0.51± 0.05a
CaB 3.77± 0.06a 3.93± 0.04a 13.95± 0.26a 14.55± 0.19a 0.38± 0.02ab 0.50± 0.02a
CaCl 3.86± 0.07a 3.78± 0.04a 14.15± 0.13a 14.55± 0.34a 0.32± 0.02a 0.55± 0.01a
CaChe 3.69± 0.02a 3.85± 0.07a 14.20± 0.27a 14.35± 0.17a 0.43± 0.02b 0.54± 0.04a
P value 0.14 0.41 0.68 0.54 0.02 0.29
∗ Mean values within the same column for each trait with the same lowercase letter are not significantly different according to Duncan’s new multiple range
test at p≤ 0.05.
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the treatment implemented together with the environmental
conditions could have affected the outcomes of this trial.
Moreover, the control, which had no application of calcium,
showed high fructose and glucose contents. Calcium (Ca2+)
can delay the ripening and senescence-related processes of

the fruit by the regulation of some signaling responses and
the inhibition of the ethylene biosynthesis and respiration
[29]. 'erefore, when there was no calcium application,
there was also no regulation of any signaling that may have
reduced the sugar accumulation enzyme activities.

Table 5: Effect of calcium sprays on sucrose, fructose, and glucose in fruit flesh.

Treatment
Sucrose (wt%) Glucose (wt%) Fructose (wt%)

1st 2nd 1st 2nd 1st 2nd
Control 9.96± 0.26a 9.76± 0.14a 2.15± 0.06a 1.10± 0.18a 1.35± 0.03a 0.83± 0.12a
CaN 9.52± 0.21a 9.55± 0.40a 2.06± 0.05ab 1.11± 0.20ab 1.21± 0.02ab 0.69± 0.17a
CaB 9.92± 0.22a 9.70± 0.16a 1.82± 0.11bc 1.06± 0.09c 1.12± 0.01c 1.09± 0.26a
CaCl 9.87± 0.31a 9.75± 0.17a 1.77± 0.08c 1.03± 0.12c 1.08± 0.02c 1.01± 0.10a
CaChe 9.92± 0.16a 8.77± 0.24b 2.04± 0.06ab 1.40± 0.11ab 1.29± 0.03ab 1.06± 0.09a
P value 0.69 0.05 0.02 0.26 0.00 0.42
∗ Mean values within the same column for each trait with the same lowercase letter are not significantly different according to Duncan’s new multiple range
test at p≤ 0.05.

Table 6: Effect of calcium on β-carotene and vitamin C of pineapple fruit.

Treatment
β-Carotene (wt%) Vitamin C (mg kg−1)

1st 2nd 1st 2nd
Control 2.73± 0.03a 3.16± 0.04a 333.27± 11.66ab 437.34± 2.10a
CaN 2.68± 0.19a 2.89± 0.03c 318.45± 10.75abc 386.72± 11.43a
CaB 3.09± 0.38a 3.07± 0.06ab 302.56± 16.30bc 428.27± 22.40a
CaCl 2.81± 0.19a 2.98± 0.03bc 294.57± 15.61c 449.72± 38.25a
CaChe 2.58± 0.04a 2.95± 0.03bc 353.12± 10.35a 406.11± 5.81a
P value 0.56 0.01 0.02 0.23
∗ Mean values within the same column for each trait with the same lowercase letter are not significantly different according to Duncan’s new multiple range
test at p≤ 0.05.

Table 7: Effect of calcium sprays on calcium and magnesium of fruit flesh.

Treatment
Calcium (mg kg−1) Magnesium (mg kg−1)

1st 2nd 1st 2nd
Control 95.53± 5.95a 97.98± 2.57a 99.58± 2.94a 81.20± 3.99a
CaN 94.28± 11.62a 109.55± 14.92ab 97.61± 4.66a 106.50± 5.06c
CaB 104.25± 6.79a 123.63± 1.93b 102.74± 0.93a 111.00± 6.87c
CaCl 103.40± 7.08a 128.50± 3.97b 100.95± 2.27a 95.80± 2.47bc
CaChe 109.41± 4.66a 117.78± 3.08ab 103.65± 2.60a 84.53± 5.53ab
P value 0.58 0.09 0.59 0.01
∗ Mean values within the same column for each trait with the same lowercase letter are not significantly different according to Duncan’s new multiple range
test at p≤ 0.05.

Table 8: Effect of calcium on electrolyte leakage and firmness of pineapple fruit.

Treatment ∗
Electrolyte leakage (wt%) Firmness (gf)

1st 2nd 1st 2nd
Control 52.31± 0.87b 72.58± 8.59b 584.00± 35.47a 686.38± 43.18a
CaN 51.63± 1.04ab 49.39± 6.00a 614.75± 70.21a 691.00± 86.27a
CaB 50.12± 2.28ab 55.36± 3.68a 636.18± 120.46a 578.75± 81.21a
CaCl 47.77± 0.64a 45.69± 1.72a 668.63± 43.02a 607.63± 65.39a
CaChe 52.56± 0.96b 49.02± 3.17a 704.63± 9.25a 619.00± 51.42a
P value 0.09 0.03 0.69 0.68
∗ Mean values within the same column for each trait with the same lowercase letter are not significantly different according to Duncan’s new multiple range
test at p≤ 0.05. ∗∗Control: untreated, CaN: calcium nitrate, CaB: calcium boron, CaCl: calcium chloride, CaChe: chelated calcium, wt: wet, and gf: gram force.
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In the case of the β-carotene, the results proved that
treatments CaN, CaCl, and CaChe had the potential to
reduce β-carotene significantly but not for treatment CaB,
especially in the second trial (Table 6). Carotenoids are
responsible for the yellow color in the pineapple flesh, and
this yellow color is known to increase during the final week
before harvest [24, 30]. β-Carotene, zeaxanthin, and β-apo-
8’-carotenal are the main carotenoids of the pineapple fruit,
with β-carotene being most predominantly responsible for
the change in color through ripening [14, 31, 32]. 'e results
of the second trial clearly demonstrated that when there was
no application of calcium, the β-carotene content in the fruit
tended to be higher compared to any treatment using a
calcium source. 'ere may be an effect related to the in-
fluence of calcium ions (Ca2+) retarding the fruit ripening
and therefore delaying the β-carotene molecule production.
Nevertheless, this theory will require further investigation.
Moreover, calcium is a major controller of cytosolic pH and
its associated signaling that its changes also contribute to
activation and deactivation of many biochemical enzymes
[3]. In case of the second trial, the influence of the envi-
ronmental conditions was another factor that generated the
significant differences displayed. 'e climatic conditions,
especially the rain, could have created this situation in
combination with the treatments employed in this study.

'e vitamin C (ascorbic acid) content in the pineapple
fruit depends on the cultivars and can vary from 200 to
710mg kg−1. Several studies have found a significantly
positive correlation between the ascorbic acid concentration
and antioxidant activity among several cultivars [24, 33].
Ascorbic acid does not contribute substantially to titratable
acidity, being 25% higher near the surface of the fruit than
near the core, and its level increases with increasing solar
radiation and an increasing air temperature [24, 32]. 'e
higher results for ascorbic acid in the second trial compared
to the first trial revealed that, in this trial, the environmental
conditions, namely, the solar radiation, influenced its ele-
vated values. On the contrary, the applications of CaChe in
the first trial generated the highest values for ascorbic acid at
harvest; the opposite results were obtained when CaCl2 was
used. CaCl2 is an inorganic salt used as a calcium source in
many postharvest applications for pineapple [33].'ere may
have been an effect of this inorganic salt interacting with the
formation of ascorbic acid molecules that generated low
values at the harvest of the fruit.

'e application of calcium did not increase the content
of calcium in fruit flesh in the first trial but had a significant
effect in the second trial (Table 7). In the second trial, CaCl2
generated the best performance in elevating the calcium
level, followed by CaB. CaCl2 has been used in several ex-
periments to improve the shelf life and quality of pineapple
fruit [33, 34]. Ion Ca2+ is tied to calcium-dependent proteins,
known as calmodulins (CaMs), calcineurin B-like proteins
(CBLs), and calcium-dependent protein kinases (CDPKs)
[25]. 'ese proteins produce a downstream response, cre-
ating a higher solubility of the calcium, increasing its content
in the plants, delaying the fruit senescence, and improving
its quality [29, 35]. It is clearly seen that CaCl2 could be a
more appropriate calcium source for influencing the activity

of these proteins and, because of that, bring about a higher
content of it in the fruit.

Magnesium plays an important role in photosynthesis,
improves chlorophyll content, and increases crop biomass
and yield [36]; hence, the supply of carbohydrates and sugar
to the growing fruit enhances its taste, size, and coloration
[37]. Like the calcium content, the magnesium content in the
fruit revealed significant differences only in the results of the
second trial. In the second trial, CaB generated the highest
level of magnesium content in the fruit, followed by
Ca(NO3)2 and CaCl2, while no use of any calcium source
(control) generated the lowest magnesium content (Table 7).
It has been reported that magnesium in pineapple influences
plant photosynthesis, growth, and chlorophyll concentration
as an essential part of its molecules [14]. Moreover, boron
has been linked to an increase in the rigidity of the cell wall
matrix, affecting its polysaccharide constitution [14, 38]. 'e
reason why the CaB generated an increase in the magnesium
content to its highest level in the fruit could be related to the
support that the ion boron (B3+) provided to the cell wall
rigidity during its division and growth in the fruit, especially
in the early stage of development. 'is situation could
encourage higher assimilation of magnesium into the fruit,
interacting positively with the boron when this calcium
source was implemented. Nevertheless, further research
should be carried out on this topic, as there is still not
enough information to confirm this interaction.

Regarding EL, the results showed significant differences
in both trials (Table 8). 'ere was no large difference among
the average values of every treatment, comparing the out-
comes of the two trials, which corroborated the assumption
that no other factors related to the treatments employed here
affected the performance of this variable. CaCl2 brought
about the lowest percentage of EL in both trials, while the
control brought about the highest values. EL can be detected
immediately after the existence of any stress factor impacting
the plant. 'erefore, it is considered to be a symbol of the
plant response and tolerance to the biotic and abiotic stresses
around it [39, 40]. Studies have reported that the EL in
pineapple fruit increases in parallel to the sucrose accu-
mulation around six weeks before harvest [24, 41]. 'e
results clearly show that the CaCl2 in both trials generated a
reduction in EL, especially during the period of high sugar
accumulation. 'is calcium source could have caused the
higher assimilation of calcium ions into the cell wall matrix,
as observed in the calcium content outcomes described
previously. 'e rigidity of the cell wall matrix by higher
calcium absorption permitted the regulation of the mem-
brane permeability during several physiological processes of
the plant, reducing the membrane leakage, which is asso-
ciated with plant and fruit senescence [29].

No significant variance in the firmness of the flesh was
displayed in the outcomes of each trial (Table 8). 'e values
exhibited here are considered adequate for low acid hybrids
in pineapple. 'e fruit firmness always decreases parallel to
its ripening [21, 42, 43]. In the present study, when the fruit
ripened from Stage 1 (mature green, 137± 3 days after
forcing) to Stage 5 (100% yellow, 177± 3 days after forcing),
the firmness decreased significantly, namely, by 36% [17].
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'is situation is attributed to the physiological cell wall
degradation due to several enzyme activities [21, 44].
'erefore, the results demonstrated that, regarding this
variable, the treatments implemented here did not create any
remarkable impact or noticeable variance, although firmness
is still a parameter to be considered in terms of pineapple
quality.

'e SEM analysis results of the first trial revealed that
CaCl2 generated a cell wall with more turgor and more
rigidity in the pineapple fruit than the other treatments
(Figure 1). 'ese characteristics suggest that CaCl2 delivers
more regulation of the membrane permeability and no
separation of the vascular section of the cell body. 'e cell
wall is composed of a primary layer and a secondary layer.
'e primary layer, which is evidenced in the SEM analysis, is
comprised of cellulose, hemicelluloses, and pectin [45].
Furthermore, in pineapple fruit, cellulose accounts for
41.8%, followed by hemicellulose at 33.6% and pectin at
21.2% [21, 46]. Based on these values, CaCl2 would also be
more prone to reduce the activity of cell wall-degraded
enzymes like polygalacturonase (PG) [29, 47]. PG, or pec-
tinase, is an enzyme that can depolarize pectin in the cell wall
matrix, creating its breakdown and subsequent leakage
[29, 47].

5. Conclusion

Calcium sprays have not influenced fruit pH, TSS, TA,
firmness, sucrose, glucose, fructose, and vitamin C con-
sistently. 'ere was a different response of calcium spray
in the first and second trials on the content of glucose,
fructose, β-carotene, Ca, and Mg, probably due to climate
conditions. 'e content of glucose and fructose was not
significantly different among the treatment in the second
trial, while that of β-carotene, Ca, and Mg was not dif-
ferent in the first trial. All treatments with calcium sprays,
especially calcium chloride or CaCl2 and calcium boron,
reduced the fructose and glucose contents considerably in
the first trial. Furthermore, the β-carotene content de-
creased significantly when the pineapple was treated with

CaCl2, chelated calcium, or Ca(NO3)2 in the second trial.
'e calcium content in the fruit flesh increased signifi-
cantly compared to that in the control when the pineapple
was treated with CaCl2 or calcium boron in the second
trial, although no significant differences were seen in the
first trial. Calcium sprays could decrease EL in both the
first and second trials, and CaCl2 brought about the lowest
percentage of EL in both trials. 'e scanning electron
microscope analysis revealed that CaCl2 sprays at 75 kg
ha−1 generated greater turgor and more rigidity in the
pineapple cell wall. 'e result showed that the application
of CaCl2 and calcibor sprays could decrease EL incidence
in pineapple with any potential to reduce glucose, fruc-
tose, and β-carotene without influencing other fruit
quality standards significantly.
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