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Abstract— Pineapple is a perishable agricultural product, therefore an appropriate treatment at the postharvest stage Is required to
maintain the quality and prolong the shelf life. Recently, several efforts have been conducted to achieve the purposes. Moreover,
appropriate treatments are still required for alternative solution for pineapples producers. This study aims to determine the effect
of the dipping in CaCl» solution at various concentrations on physical (mold incidence and mold severity). chemical (pH value),
and sensory properties (color, texture, aroma, taste, and overall acceptance) of pineapple during storage. The dipping of the fruits
was c:()nductc(at 50°C). The samples were MD-2 pineapple with two different classifications of shell color (shell color 0 and
shell color 2). The results showed that there was no significant effect of dipping in the CaCl; solution at 50°C on the parameters
of pH value, mold The mold incidence and mold severity were detected after 16" day of storage on treated samples and control.
. After storage for 40" days, the treated sample had better sensory properties compared to untreated ones, particularly on texture,
color, and overall acceptance.
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classification is based on harvesting time and peels’ color

INTRODUCTION from green (score 1) to yellow (score 6).

Pineapple is 1e of popular horticultural products in The main problem of fresh fruit distribution is the shelf
many countries. Over the past nine years, the market in the life. Since pineapple is perishable, it does not last long, so
world has grown on average by 3.3% per year. The that the quality of the ["ruitn()t good when the exported
consumption of pineapples continues to grow due to the fruit reaches the consumer. The common treatment used in
rising income and growing population and to marketing the industry to store their product is cold storage facilities.
campaigns focused on healthy food consumption. The main This machine conditioned the storage room at low
exporter of pineapple in the world is Costa Rica (12% of temperatures and high humidity treatments. One of the
worldwide production), followed by Brazil (10%), and the alternatives that can be done to improve fruit quality is the
Philippines (10%). Whereas, Indonesia produces about 5% application of CaCla.
of eelpple production in the world (Mulderij, 2018). The application of CaCl; can maintain fruit quality by

The consumption of fresh pineapple is high in North inhibiting green pigment degradation and maintaining the
America and EU nu'kets (Loeillet et al., 2011). For fresh fruit texture (Irfan et al., 2013). The application of CaCl; can
consumption, the MD-2 pineapple variety becomes the top cross-link Ca** with pectic acid and other polysaccharides,
breed in the pineapple industry. MD-2 pineapple variety has thereby limiting fruit softening and respiration enzymes
glossy with green golden shell color with a unifoa and such as polygalacturonase, reducing the rate of respiration
attractive cylindrical shape. MD-2 pineapple variety is high and reducing the decrease in ascorbic acid. CaCl; treatment
vitamin C, while the flesh is more yellow, less acid, sweeter, with postharvest dipping of fruit will not leave residue after
more aromatic, and slightly firmer than other pineapple the fruit is washed with water (Rahmawati, 2011). The
varicticsnf herefore, consumers prefer MD-2 pineapple function of CaCl: is to form a cell wall that is needed in the
varieties as compared to other varieties (Syahrin, 2011). In process of forming new cells; CaCl: can also change
the pineapple plant industry, it is known as shell color, intracellular and extracellular processes that can slow down
which is divided into six shell colors classification. In fruit ripening, maintain cell walls so that it can inhibit {ruit
general, pineapples are harvested at shell color classification softening, and reduce mechanical and microbiological
0 and shell color classification 2. The shell color of damage (Hasmoro, 2014).
pineapple fruit changes from green to yellow (score 1 to 6) One of the causes of postharvest damage to pineapple is
during maturation (Joomwong, 2005). The difference in the mold. This mold can attack whole pineapples both in the

38




pISSN: 2338-1345 elSSN 2808-8948— Vol. 9 (2) 38-45

plantation and during storage. This mold infects the
pineapple fruit through wounds that form at the peduncle of
the pineapple when the pineapple is harvested or during
storage (Reny, 2017). This condition will influence the
consumer preference of the fruits.

Sensory properties of the f’l‘uiﬂ:velluelli()ﬂ influences
consumers’ acceptance of fruits, the characteristics that
impart distinctive quality may be described by four different
attributes: color ﬂ]d appearance, taste, texture, and
nutritional value. The appearance of the product usually
determines whether a product is accepted or rejected (Diane,
2010)

Previous research reported that the dipping treatment of
smooth cayenne pineapple fruit into a CaCl; solution with a
concentration of 2% at 38°C and 40°C for 10 and 20 minutes
could reduce the internal browning index, reduce the activity
of polyphenol oxidase, peroxidase, and phenylalanine
ammonium lyase enzymes (Goncalves et al., 2000).
However, the study still has a limitation: the storage period
and observations were only carried out for 15 days. The fruit
varieties used were only smooth cayenne and the storage
temperature was at 9°C. Moreover, the appropriate
concentration of CaCl; and the right dipping temperature
were needed to obtain good quality fruit to extend the shelf
life of pineapples. This research aimed to study the effect of
dipping in the CaCl; solution with various concentrations
applied at 50°C on pineapples’ quality during storage for 40
days.

MATERIALS AND METHODS

A. Materials

The material used is pineapple variety MD-2 which was
harvested from pineapple plantations in Lampung. The
samples were fruit with a classification of shell color 0 and
the other groups were pineapples with a classification of
shell color 2. Characteristics of pineapple fruit with shell
color 0 is a fruit that has a dark green color, while pineapple
fruit with shell color 2 is a fruit that has a green color with a
slightly yellowish color. Each fruit weighed 1.46 kg — 1.7
kg. In addition to CaClz, coating Wax OE 6012
(Nanjing Tianshi, China), and Pochloraz were also prepared
for the application of treatments.

B. Dipping in CaCl; solution at 50°C

Before the dipping process, the water (70 1) was heated in
the drum by using a heater until the temperature reaches
50°C. Afterward, the pineapple is dipped into the solution
for 5 minutes with concentrations of CaCl; 0%, 2%, 4%, and
6% w/v from a capacity of 70 | of water per treatment. After
that, the fruit is dried and cooled until the room temperature
(36-37°C) by placing it on a board with open air for
approximately 10 minutes. In addition, the fruit was dipped
in the fungicide pochloraz with a concentration of 2 c¢/l and
OE 6012 wax with 100 ml/l by manually dipping each for
10 seconds. Then the fruits were putinto a box per treatment
and stored in cold storage at a temperature of 7°C.
Observations and analyses were carried out every eight days
with a total of 40 days of storage.
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C. Experimental Design

The treatment studied in this research was the concentration
of the CaCl; as dipping solution. The fruits were dipped in
the CaCl: solution with concentration of 0% (K2),2% (K3),
4% (K4) and 6% (K5). The dipping process was conducted
at 50°C. Moreover, control was also prepared. These
treatments were applied to two different classification of
shell color (shell color 0 and 2).

D. Variabl

The pH was determined using a digital pH meter (pHs-
2F, Harris, England) (AOAC, 2012). Fifty (50ml) of the
juice was transferred into a beaker and the pH was
determined after the meter was calibrated using standard
buffer solutions of pH 40 and 7.0. Sufficient time was
allowed for equilibration before readings were taken.

Determining the mold incidence and severity on the
pineapple, observations of mold incidence were carried out
by observing the peduncle of the pineapple whether there is
mold or not, and the mold severity was carried out by
observing the peduncle of the pineapple by divided into four
parts cross-section. The following is the percentage of
pineapple parts that have mold incidence: 0 parts = 0%: 1
parts = 25%; 2 parts = 50%; 3 parts =75%: 4 parts = 100%

Sensory tests were conducted to determine the level of
acceptance of color, texture, aroma, taste, and overall
acceptance/liking. This sensory test uses the scoring test
method (Kaneko et al., 2006). The number of panelists was
20 people of a wide range of ages and both sexes. Panelists
were asked to assess the pineapple samples presented and
fill in the data on the sensory test questionnaire. For this
purpose, they used a structured 5 points scoring scale, using
ranges varying from “17 to ““5”. The high score was expected
because it represented better quality on each parameter.

E. Statistical Analysis

Data of pH value were analyzed by ANOVA (Analysis of
Variance) test at the level of 5% and the DMRT (Duncan's
Multiple Range Test). Mold incidence and severity variable
data were analyzed by descriptive analysis. Sensory
evaluation data variables were analyzed by Friedman's
Comparative Test.

RESULTS AND DISCUSSIONS
pH Value

In general, pineapples have a pH value between 3.4 to 4.2
depending on the variety of fruit and the level of maturity of
the pineapple. Another study conducted by (Samreen et al.,
2020) showed the pH value of fresh pineapple juice was
3.69. The MD2 variety of pineapple has a pH value between
3.63 to 3.82 (Syazwanietal., 2013).

The results of the analysis showed that the dipping in the
CaCly solutions at various concentrations at 50°C on two
different types of pineapple shell color classification during
40 days of storage did not affect the pH value. The value of
the regression equation and the average pH value based on
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2 types of pineapple shell color classification are presented
in Figure 1.

-0 0057x + 36386 R2=0.1762
0053x + 35902 R* =0.1825
0053x + 35981 R2=0.1161
0051x + 36019 R*=0.1337

K5y =-0.0055x + 36073 R2=0.1753

pH VALUE
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Fig.l The average value and the value of the regression equation of the pH
value of pineapple during 40 days of storage on fruit shell color
classification 0 (a) and shell color classification 2 (b).

Previous research by Elham et al. (2011) reported that the
application of soaking apples in a CaCl; solution was not
significantly different on total dissolved solids, total titrated
acid, pH, and vitamin C of fruit compared to control. The
level of CaCl; 2 penetration into the fruit probably causes
this result. T&e independent processes may cause slow
penetration: (1) access to agqueous pores in cuticles is not
optimal; (2) solutions cannot penetrate all fissures in cuticles
and pores in lenticels; and (3) large aggregates may be
formed between calcium ions and components of the
fungicide formulation (Schlegel, 2004).
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Based on Figure 1, the pH value for pineapple fruit during
40 days of storage can be categorized as acidic because the
pH value of all treatments is in the range of 3 to 4. The trend
of the regression equation tends to decrease the pH value.
This may be due to pineapples, including non-climacteric
fruits (Sari, 2020).

So that during storage, organic acids do not decrease
quickly, in contrast to climacteric fruit which during storage
of organic acids decreases quickly in fruit because it is used
as a substrate for energy sources in the respiration process
(Verawati et al., 2020).

Mold Incidence and severity

This mold can attack whole pineapples in the field or during
storage and cause black rot. Mold infects fruit through
wounds that form at the base of the fruit when the fruit is
harvested. The infection starts from the base of the fruit with
the shape of a small circle, wet and soft spots. Next, the spots
enlarge and expand in all parts of the fruit. Finally, the inner
tissue of the fruit becomes soft, black, watery, and emits an
odor (Reny, 2017).

The results of observing the severity of mold and the
incidence of mold attack in the dipping in the CaCl,
concentration with hot water dipping on 2 types of pineapple
shell color classification during 40 days of storage are
presented in Figure 2 and Figure 3, respectively.
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Fig 2 The average percentage of mold incidence in pineapples during 40
days of swrage for shell color classification is 0 (a) and shell color
classification is 2 (b).
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Fig.3 The average percentage of mold severity on pineapple fruit during
storage for 40 days with shell color classification 0 (a) and shell color
classification 2 (b).
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Based on Figures 2 and 3, mold attack on pineapple fruit
with all treatments and contiol treatments began to appear
after the 16" day of storage. Research conducted by Reny
(2017) on pineapple fruit of the MD-2 variety, mold attacks
began to appear on day 21 after storage with 0% and 25%
fruit maturity levels. The result is that fruit that has a higher
maturity level of 25% allows for faster mold attack and a
higher percentage than lower fruit ripeness levels. During
the fruit ripening process, carbohydrates will be converted
into sugar so that the sugar content will increase along with
the increase in fruit ripeness. If the sugar content is higher,
microorganisms such as mold can quickly develop on the
fruit (Reny, 2017).

Sensory Evaluation

Sensory evaluation analysis was carried out with five
parameters; texture, color, aroma, taste, and acceptance.

Texrure.

The results of the analysis in Table 1 showed that the dipping
in the CaCl; solution at 50°C on 2 different types of
pineapple shell color classifications during storage for 40
days in shell color classification 0 did not affect the texture,
whereas in shell color classification 2 there was the effect.
This shows that the higher the Ca content of the fruit, the
harder the fruit texture. The fruit texture on the shell color
classification of 2 storage days 40 showed that the CaCl,
application treatment had a better texture than the control or
without CaCl; application. Another study on apples, pears,
and avocados showed that CaCl; treatment could delay the
decrease in hardness levels and reduce respiration during
low-temperature storage (Irfan et al., 2013).

The application of CaCl; is known to maintain the texture of
the fruit because the CaCl> solution enters the pores of the
fruit and will work on the cell wall in bridging the
galacturonic acid in pectin. In one part of the fruit cell wall,
the middle lamella is an area that contains a lot of pectins
which when interacting with Ca** will form Ca pectate,
which plays arole in increasing the attachment between cells
so that it can maintain the rigidity of the fruit texture
(Nungki etal., 2013).

Color

The results of the analysis in Table 2 showed that the dipping
in the CaCl; solution at 50°C on 2 different types of
pineapple shell color classification during storage for 40
days on shell color classification 0 did not affect the
intensity of color, while in shell color classification 2 storage
days 40 there was a significant effect.

On day 0 there was a significant effect due to the possibility
of freshly harvested fruit having quite different colors.
Meanwhile, on day 40, the fruits that had a greener and
fresher color were those with CaCl: application treatment
than the control. This result could be because the application
of CaCl; can delay fruit maturity so that the fruit still looks
fresh and has a longer shelf life than the control treatment
(Lv etal., 2020).
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Aroma

The results of the analysis in Table 3 showed that dipping in
CaCls solution at 50°C did not affect the aroma except in day
24 and 32. A previous study conducted by Wei et al.,
(2017), explained lheﬂjc application of Ca could increase
fruit aroma through fatty acid metabolism. e treatment
increases the volatile aromatics content because Ca
promotes the decomposition of bound substances into free
forms and the synthesis of volatile aromatic substances in
pears (Weiet al., 2017).

Taste

The results of the analysis in Table 4 showed that the dipping
in the CaCl; solution at 50°C on 2 different types of
pineapple shell color classification did not affect the taste of
the fruits. An effect was found during the storage at day 16
for the fruits with shell color classification 0However, other
treatments did not show the effects. This could be because
the CaCl; treatment and the CaCl; content in the fruit can
improve the fruit's sensory quality, including aroma, taste,
and appearance. In addition, the results of research
conducted by Oz and Zeynep (2013) on mulberries showed
that the application of CaCl; can increase shelfl life and fruit
quality by reducing the respiration process which is the
cause of sensory decay (aroma, taste, and appearance).

AC‘C‘EPI&H ce

The results of the analysis in Table 5 show that dipping in
the CaClz solution at 50°C on 2 different types of pineapple
shell color classifications during 40 days of storage in shell
color classification 0 did not affect acceptance, whereas in
shell color classification 2 storage days 40 showed a
difference. The panelists preferred the treatment with the
CaClz application compared to the control because the
quality of the fruit with the CaCl, application treatment
overall had a color, aroma, taste, and texture that were more
acceptable to the panelists than the control. Another study
conducted by Shiri et al., (2014) that the application of
CaCls on kiwi fruit can improve sensory qualities such as
fruit pulp and flesh color, aroma, and fruit texture.

CONCLUSIONS

The dipping in the CaCl: solution at 50°C on 2
classifications of pineapple shell color did not affect the pH
value of the pineapple. The mold incidence and severity
appeared after the 16" day of storage. After storage for 40™
days, the treated sample had better sensory properties,
particularly on texture, color, and overall acceptance
compared to untreated ones.
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Table 1. Texture

Joumal online httpz//journal bakrie.ac id/index php/ APISAFE

'Btune Texture Texture Texture Texture Texture
Data (day 0) (day 8) (day 16) (day 24) (day 32) (day 40)
Shell color 0 2 0 2 0 2 0 2 0 2 0 2
Treatment
Kl 4.15 380 390 345 330 340 340 310 345 295 290 120¢
K2 420 375 390 310 350 335 340 305 330 300 300 1.75bc
K3 410 310 385 370 345 315 340 305 320 295 290 2554
K4 400 325 375 325 340 310 330 285 315 275 280 255a
K5 . 415 330 370 335 355 320 335 300 310 275 285 2154
Numbers followed by the same letter are not significantly different in Friedman's Comparative Test
Table 2. Color
lor Color Color Color Color Color
Data (day 0) (day 8) (day 16) (day 24) (day 32) (day 40)
Shell color 0 2 0 2 0 2 0 2 0 2 0 2
Treatment
K1 4.20 255ab 365 325 330 320 345 285 3.10 285 280 140b
K2 4.25 3.05a 385 330 360 330 330 280 270 280 270 195ab
K3 4.35 225b 385 335 380 300 335 280 275 270 280 230a
K4 3.95 220b 360 310 350 330 330 285 300 280 270 245a
K5 4.15 300 ab 385 310 335 325 3.5 275 300 280 250 245a
Numbers followed by the same letter are not significantly different in Friedman's Comparative Test
Table 3. Aroma
B)ma Aroma Aroma Aroma Aroma Aroma
Data (day 0) (day 8) (day 16) (day 24) (day 32) (day 40)
Shell color 0 2 0 2 0 2 0 2 0 2 0 2
Treatment
K1 275 320 265 295 350 325 265 335a 330a 295 282 236
K2 270 245 295 260 320 335 265 3.10ab 270a 3.10 209 273
K3 255 280 260 270 320 320 270 2754 290a 260 282 3.00
K4 260 295 290 275 330 315 260 2.65b 245b 300 273 291
K5 300 290 265 295 290 335 240 290ab 255a 310 2.36 245
Numbers followed by the same letter are not significantly different in Friedman's Comparative Test
Table 4. Taste
Biste Taste Taste Taste Taste Taste
Data (day 0) (day 8) (day 16) (day 24) (day 32) (day 40)
Shell color 0 2 0 2 0 2 0 2 0 2 0 2
Treatment
K1 235 290 270 3.05 360a 315 275 3.10 3.00 2.65 282 345
K2 255 265 285 290 3254b 360 235 3.15 2.65 3.15 264 3.36
K3 280 260 290 280 350ab 330 2.60 2.70 2.85 2.70 318 3.18
K4 260 290 305 290 320a4b 330 2.65 2.65 2.50 2.80 282 3.36
K5 285 295 270 285 270b 345 250 2.90 2.80 3.15 327 3.73
Numbersglowed by the same letter are not significantly different in Fiedman's Comparative Test
Table 5. Acceptance
Aca:rlaucc Acceptance Acceptance Acceptance Acceplance Acceptance
Data (day 0) (day 8) (day 16) (day 24) (day 32) (day 40)
Shell color 0 2 0 2 0 2 0 2 0 2 0 2
Treatment
K1 225 280 255 3.00 2.55 290 250 3.00 3.05 2.65 260 140b
K2 2,15 255 240 255 2.70 320 245 3.10 2.70 2.90 240 2.00 ab
K3 235 255 275 275 2.55 270 245 2.90 2.90 3.00 240 205a
K4 245 280 285 270 2.40 290 2.70 2.60 2.55 2.90 240 205a
K5 285 285 270 280 2.30 290 245 2.85 2.55 3.10 235 1.70ab
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