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Mango is a tropical fruit that has become a popular fruit for the community.  Accepted November 9, 2025
High production of mango requires proper treatments for handling, storage,  Published November 18, 2025
and other postharvest treatments which are still lacking. These mangoes

have a major postharvest handling problem because mangoes are easily

damaged, which makes their shelf life relatively short. One treatment such

as cold storage of fruits can be done to maintain the quality of mangoes in  Fruit, Storage conditions,
accordance with market requirements and demands. The purpose of this  Post-harvest treatment
study was to determine the changes in Golek mangoes and to determine

their shelf life after hot water treatment stored in the room temperature,

zero energy cool chamber, and refrigerator. The method of this study

consisted of two stages, namely the first stage of research observing the

quality of mangoes and hot water treatment. The second stage of research

was the application after stored in the zero-energy cool chamber &

analyzing their quality of mangoes after storage in the form of testing for

shrinkage weight & hardness. The results obtained in this study were the

quality of mangoes before storage in ZECC: Weight loss %, hardness level

62.63 N, vitamin C 2.38%, total acid 1.9%, & total dissolved solids 3.4 Brix%.

Cold storage of fruit is one of the treatments that can be attempted to maintain the
quality of mangoes according to the wishes and demands of the market. During storage,
mango fruit still undergoes respiration and transpiration processes, so changes in its internal
and external quality still occur (1). Cold storage of fruit is one method of postharvest
handling of fruits, such as storage in a refrigerator. Still, this method is usually constrained
by the need for electrical power, which is difficult to apply in central fruit-producing villages
so storage without electricity is needed (2). One of the cold storage technologies that can be
applied after harvest or post-harvest that is environmentally friendly and inexpensive is
storage using ZECC (3).

A Zero-energy Cool Chamber (ZECC) is usually called an eco-friendly and cheap storage
system because a fruit storage system does not require electrical energy. The inside of the
Zero-energy Cool Chamber has a low temperature and high relative humidity (4). In addition
to its environmentally friendly and cheap use because it does not require electrical energy,
ZECC also only requires bricks, sand, water, and a plastic roof to make the ZECC storage
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system. These materials can provide good temperature and humidity for fruit storage (5).
Temperature and relative humidity (RH) in the storage room are important environmental
factors that affect the fruit ripening process and final quality (4).

Research on storage with the Zero Energy Cool Chamber method has been carried out
by several researchers, including Firdaus in 2021 who examined the combination of ZECC
storage technology with pre-handling treatment on the quality of mango fruit. Singgang in
2021 examined the combination of ZECC storage with packaging treatment, Dirpan in 2018
examined the quality of mango fruit stored in ZECC, and Mishra in 2020 examined the
storage of vegetables in ZECC. However, research using the ZECC storage method with hot
water treatment is still lacking (6). Therefore, a study was conducted with the title "Changes
in the Quality of Mango Fruit (Mangifera Indica L.) with Hot Water Treatment in Zero Energy
Cool Chamber Storage.

The tools and instruments used in this research are a Zero Energy Cool Chamber
(ZECC), fruit rack, temperature and RH sensors, moisture analyzer, penetrometer, digital
hand refractometer, hose, scales, analytical scales, pH meter, stirring rod, beaker,
Erlenmeyer flask, horn spoon, volumetric pipette, spoon, water bath container knife blender
coarse cloth and fine cloth. The materials used in this study are aluminum foil distilled water
detergent mango PP indicator NaOH iodine pH 7 buffer alcohol cotton and labels. The
criteria for mangoes used in this study are the fruit's maturity level (which has not reached
perfect maturity) with the Golek mango variant obtained from the same tree without
damage to the fruit and color index at level 2 (light green).

The first stage of research is the observation of the physical quality of mango fruit and
hot water treatment. Hot water treatment (A) consists of 4 levels, namely:
A = Without treatment (control)
A1l = Soaking temperature 35 +10°C
A2 = Soaking temperature 47 + 10°C
A3 = Soaking temperature 52 +10°C
The treatment of soaking time (B) consists of 4 treatment levels, namely:
B = Without treatment (control)
B1 = Soaking time of 5 minutes
B2 = Soaking time of 10 minutes
B3 = Soaking time of 15 minutes
After treatment of the sample, it was stored at room temperature and observed
periodically, namely every 2 days until the sample was damaged.

The second stage of research is the application of the best treatment in the
refrigerator, room temperature, and zero-energy cool chamber and testing the quality of
mango fruit during storage in terms of weight loss, hardness, vitamin C, total acid, and total
soluble solids.
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Weight loss can be determined by weighing the sample. Mango samples before and
after storage were weighed using an analytical balance and calculated using the formula to
determine the weight loss of mango fruit during storage. Weight loss is calculated using the
following formula (7):

mi —mt 1
W (%) = % x 100% t
Description: |
W= Weight loss (%)
mi= Initial mass (gr)
mi= Final mass (gr)

The indicator of fruit hardness level can be done using a penetrometer tool with a
maximum load of 150 grams. Press on the tip, center, and base of the fruit for 10 seconds,
then continue pressing until it reaches the fruit's skin and enters the pulp. The tool sensor
will show a sign indicating it has reached its depth. The result displayed on the tool is the
hardness value of the fruit, measured in millimeters of penetrometer needle depth (8).

Determination of vitamin C levels can be done using UV-VIS spectrophotometry. The
mango fruit was peeled, washed, cut into small pieces, and put into a blender. Furthermore,
the mango fruit that had been blended was filtered using filter paper, and 2 ml was taken.
The mango filtrate was put into a 50 ml volumetric flask and then added distilled water until
the limit mark then homogenized and measured the absorbance (9).

A sample of 10 grams was added to 100 ml of distilled water and then homogenized
using a blender. The filtrate was filtered with filter paper, after which 20 ml was taken and
given three drops of phenolphthalein (pp) indicator. The sample filtrate was titrated using 1
N NaOH until the color was changed to a stable orange color. The total acid was calculated
using the following formula (1):

_ mlNaOH X N X Fp X Mr NaOH (2)
Total Acid = - X 100%
weight of sample

Description:

MI NaOH = Volume of NaOH used during titration
N = Normality of NaOH (0.1 N)

Fp = Dilution or dilution factor

Mr NaOH = Molar mass of NaOH
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Total dissolved solids can be measured using a digital refractometer. The value of
total soluble solids was done by taking a sample of mango fruit in the form of juice from the
base and tip of the fruit and then measuring it using a digital refractometer. This was done
by dripping mango fruit juice on the prism of a digital refractometer, and the measurement
results of total soluble solids would be automatically read by the tool. The TPT value is
determined by looking at the number on the tool with units of Brix (10).

The results of mango fruit storage from preliminary research on "Changes in the
Quality of Golek Mango Fruit (Mangifera Indica L.) with Hot Water Treatment at Room
Temperature Storage, Zero Energy Cool Chamber & Refrigerator," which is carried out by
giving hot water treatment to mango fruit and then storing it at room temperature until the
mango fruit decays, indicate that the storage of mango fruit has ended to obtain the best
results or treatments that will be applied to the three types of storage. The results of visual
changes in mango fruit during preliminary storage can be seen in the table 1.

Storage Duration
Day 4

Sample

Control

Temperature
52°C
(5 Minutes)

Temperature
52°C
(10 Minutes)

HWTS2¢ (o)

1

Il
far 3

Temperature
52°C

(15 Minutes)

The results obtained from preliminary research based on visual mango fruit showed
that the mango fruit without treatment (control) had the lowest physical quality because

62



Respobio Journal: Postharvest Technology and Food Biotechnology, 2025; 1(1): 58-75

the mango fruit on day 4 began to rot, and there were changes in texture and blackened
skin color. On days 6 and 8, physical quality damage was increasingly evident, and the
mango fruit was overgrown with microorganisms. Mango fruit treated with hot water
treatment at a temperature of 52°C for 5 minutes showed that changes in the color of the
mango fruit skin occurred on day 8; the upper fruit skin around the stalk of the mango fruit
became brownish. Mango fruit given hot water treatment at a temperature of 52°C for 10
minutes showed that overall, mango fruit skin became yellowish green on day 4 and day 6.
On day 8, the mango fruit's skin is browned on the stalk and at the center of its skin. Mango
fruits treated with hot water treatment at a temperature of 52°C for 15 minutes showed
that on day 6 there was a change in the skin of the fruit to yellowish green and on day 8, the
overall skin of the mango fruit experienced a brownish color change at the top of the fruit
stalk. In addition to visual observations on mango fruit, weight loss observations were also
made during storage. The results of the observations of the weight loss of mango fruit
during storage can be seen in Figure 1.
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storage time

The results of weight loss obtained during mango fruit storage based on the figure
above showed that mango fruit storage without any treatment obtained a high weight loss
value, while the treatment with the lowest value was treatment a (52°C for 5 minutes) and
treatment C (52°C for 15 minutes), with a difference in weight loss of only .02%. The
determination of the best treatment also refers to several studies conducted by (11). Based
on the description above, the best treatment for mango fruit with hot water treatment is
obtained at 52°C for 15 minutes.

Weight loss occurs due to metabolic processes in the fruit, namely respiration and
transpiration during the storage process until fruit ripening which can remove water and
other organic materials (11). The results of the analysis of variance showed that the type of
storage (sig. .000), as well as the interaction between the type of storage and length of
storage (sig. .000), showed that the results obtained significantly influenced at the 5% level
(p<.05) on the weight loss of mango fruit during storage so that further Duncan's test was
conducted. The results of Duncan's further test for the type of storage showed that the type
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of storage at room temperature had the highest weight loss and was significantly different
from the type of storage in the refrigerator, as well as storage in ZECC.

Room temperature ZECC Refrigerator

storage type

Weight loss in mango fruit with various types of storage can be seen in Figure 2,
which shows that storage at room temperature has the highest percentage of weight loss.
Mango fruits stored at room temperature experienced a weight loss of about 3.36% due to
higher respiration and transpiration processes compared to storage in the Zero Energy Cool
Chamber (ZECC) and refrigerator. Storage in ZECC showed the smallest percentage weight
loss of 1.87%, as high air humidity inhibited respiration and water loss (2). Refrigerators
have an average weight loss of 2.10% and can extend the shelf life of fruit by reducing the
rate of respiration and activity of microorganisms (12). Research conducted by (13) states
that room temperature can cause faster shrinkage of fruit weight due to sharp metabolic
activity during storage.

The relationship between the type of storage and length of storage for mango fruit
on weight loss parameters can be seen in Figure 3. Weight loss of mango fruit on different
storage types and storage durations can be seen in (Figure 3). Weight loss of mango fruit at
room temperature storage based on the graph above shows that the value increases with
the length of storage up to 9 days. Weight loss in ZECC storage, based on the graph above,
shows that there is a decrease in weight loss with a storage period of up to 15 days. This
shows that the weight loss of mango fruit during storage is caused by the evaporation of
water from the fruit tissue through the stomata or fruit skin. According to recent research,
the respiration process can result in carbon loss contained in mango fruit sugar, which
reacts with oxygen to produce simple volatile compounds, namely carbon dioxide and water
vapor, so that the fruit loses its weight (14). In refrigerator storage, the weight loss value
based on the graph shows a fluctuating value and tends to increase with a shelf life of up to
21 days. This occurs because the low temperature of refrigerators can suppress rapid
respiration and transpiration processes so that the shelf life of mango fruit can be extended.
(15).
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The level of fruit hardness is also related to the weight loss that occurs in the fruit.
Excessive weight loss will cause a decrease in the level of fruit hardness, and the fruit skin
will also experience shrinkage, resulting in decreased freshness of the fruit (16). The results
of the analysis of variance showed that the type of storage (sig. .000) and the interaction
between the type of storage and the length of storage (sig. .000) had a significant effect at
the 5% level (p<.05) on the level of hardness of mango fruit during storage, which led to
further testing using Duncan's test. Duncan's further test results for the type of storage
showed that all types were significantly different, with refrigerator storage having the
highest hardness levels compared to ZECC storage and room temperature storage.
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The hardness of mango fruit at various types of storage is shown in Figure 4. Storage
at room temperature has the lowest hardness level (20.525 N) and is significantly different
from other storage. The refrigerator had the highest hardness (33.485 N), while ZECC had a
hardness of 24.833 N. The decrease in hardness is due to differences in humidity and
temperature which affect the respiration and transpiration processes. Low humidity and
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high temperature accelerate water evaporation and respiration, causing faster softening
(17). In ZECC storage, high humidity inhibits water evaporation and slows down softening of
the pulp. Controlled ZECC temperature maintains fruit firmness (14). Meanwhile, storage in
a refrigerator maintains fruit firmness (33.485 N) by controlling temperature and humidity,
reducing respiration. However, abnormal ripening in the refrigerator can cause softening of
fruit texture and cell damage (12). The relationship between the type of storage and the
length of storage of mango fruit on the hardness parameter can be seen in Figure 5.
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The hardness level of mango fruit in different storage types and storage duration can
be seen in Figure 5. The hardness level at room temperature storage based on the graph
above shows that the hardness level value decreases with the length of storage until day 9.
The hardness level of mango fruit with refrigerator storage shows a decrease in hardness
level with the length of storage up to 21 days. According to Utama et al. (2012), room
temperature can cause a faster respiration process compared to cold temperature storage,
so mango fruits stored at room temperature experience a drastic decrease in hardness
value compared to mango fruits stored at cold temperatures.

The hardness level of mango fruit in ZECC storage showed a decrease in hardness
value with the length of storage up to 15 days. This occurs because the polysaccharides in
mango fruit are increasingly decomposed, making the fruit softer, and leading to the
breakdown of cell wall compounds. The initially insoluble protopectin turns into soluble
pectin during the respiration process in ripening mango fruit (18). Recent research also
supports these findings. Dirpan et al. (2017) found that storage at ZECC can maintain fruit
firmness better than room temperature, as high humidity reduces the rate of water
evaporation and respiration (2). In addition, Tefera et al. (202) showed that storage in the
refrigerator helps maintain fruit firmness by reducing fruit respiration and metabolic
activities (12). Kusumiyati et al. (2018) also noted that room temperature accelerates fruit
softening due to increased enzymatic activity and cell wall breakdown (17). Islam et al.
(2019) added that this change in firmness is related to the degradation of cell wall
components, such as protopectin to pectin, leading to softening of fruit texture (14).
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Acidic properties can affect the vitamin content in fruits and vegetables. The higher
the vitamin C content in fruits and vegetables, the stronger the sour taste that will be
produced. (19). The results of the analysis of variance showed that the type of storage (sig.
.000) and the interaction between the type of storage and the length of storage (sig. .000)
had a significant effect at a 5% level (p<.05) on vitamin C of mango fruit during storage, so
further Duncan's test was carried out. Duncan's further test results for the type of storage
showed that room temperature storage had the highest vitamin C value, which was
significantly different from ZECC and refrigerator storage.
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storage type

Vitamin C in mango fruit stored in 3 types of storage can be seen in Figure 6, which
shows that refrigerator storage has the lowest vitamin C content during storage of mango
fruit at only 2.353%. The highest vitamin C content during storage is at room temperature,
with vitamin C at 3.107%, and at ZECC with vitamin C at 2.77%, which is only .33% lower
than the highest vitamin C content. Vitamin C content can be influenced by the temperature
and length of fruit storage because it affects the respiration and transpiration processes in
fruit ripening. In addition, mango fruit storage is also influenced by the level of fruit
maturity. According to (20), there is an increase in vitamin C content from ripe mango fruit
to ripe mango fruit due to the process of fruit development, namely, the synthesis of
vitamin C also increases due to the presence of the enzyme L-gluconolactone oxidase in the
fruit.

The relationship between the type of storage and the length of storage of mango fruit
against vitamin C parameters can be seen in Figure 7. The Vitamin C content of mango fruit,
stored under different conditions for varying durations, can be observed in Figure 7. The
graph depicting the storage of mango fruit at room temperature shows an increase in
Vitamin C levels and storage duration up to 9 days. In ZECC storage, the levels of Vitamin C
also increase during the storage period, up to 15 days. The rise in Vitamin C levels from
ripening to ripe mango fruit is attributed to the fruit's developmental process. According to
(20), it was stated that during development, there is an increase in Vitamin C synthesis due
to the presence of the enzyme L-gluconolactone oxidase in the fruit. When stored in a
refrigerator, the levels of Vitamin C fluctuate during prolonged storage periods of up to 21
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days. In climatic fruits like mangoes, the levels of Vitamin C generally increase as total
soluble solids in the fruit increase. The content will reach its peak upon optimum ripeness
but will then decrease as withering or decay sets in. However, when stored in a refrigerator,
fluctuations were observed possibly due to oxidation influenced by factors such as heating,
light exposure, and catalysts during testing pauses (10).
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The increase in acidity in food ingredients can occur due to the decomposition of
glucose into acids (1). The results of the analysis of variance showed that the type of storage
(sig. .000) and the interaction between the type of storage and storage duration (sig. .000)
indicated that the results obtained had a significant effect at the 5% level (p<.05) on the
total acid of mango fruit during storage, so further Duncan's test was carried out. Duncan's
further test results for the type of storage showed that storage in the refrigerator had a
higher value than room temperature storage and ZECC, and all three types of storage were
significantly different.
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The total acid value of mango fruit stored in three different types of storage can be
seen in Figure 8, which shows that the total acid value of mango fruit stored in three types
of storage obtained significantly different results. Storage in the refrigerator produces the
highest total acid value of 1.303% and is significantly different from room temperature
storage and ZECC. The total acid produced at room temperature storage was .82%, while in
ZECC storage, the total acid value produced during storage was .639% and obtained the
lowest total acid value from room temperature and refrigerator storage. Storage in the
refrigerator can slow down the decrease in total acid because it is influenced by storage
temperature; the lower the storage temperature used, the slower the rate of decrease in
total acid in mango fruit. This happens because storing mango fruit at low temperatures can
suppress metabolic processes so that changing organic acids becomes slow. According to
(21), mango fruit stored at low temperatures tends to decrease the total acid compared to
the percentage of total acid of mango fruit stored at 20°C (21).

The relationship between type of storage and length of storage for mango fruit on
total acid parameters can be seen in Figure 9. The total acid of mango fruit with different
storage types and storage durations can be seen in Figure 9. The total acid of mango fruit
stored at room temperature, based on the graph above, shows that the total acid value
decreases during storage with a shelf life of up to 9 days. The total acid of mango fruit stored
in ZECC, based on the graph, shows that there is a decrease in total acid during storage and
the shelf life is up to 15 days. The acidity decreases as the mango fruit matures, mainly due
to the use of citric, ascorbic, and malic acid as substrates during the respiration process. This
is due to respiration activities that require organic compounds (22). Mango fruit stored in
the refrigerator, based on the graph, shows that the total acid value fluctuates and increases
during storage with a shelf life of up to 21 days. Refrigerator storage can suppress the
process of respiration in mango fruit so that there is no breakdown of organic compounds in
the fruit. According to (23), it is stated that storage at low temperatures can inhibit the
respiration process to maintain the total acid content of the fruit. The fluctuating results
obtained for total acid in refrigerator storage are presumably due to errors during titration
such as errors in determining the endpoint of titration, errors in reading titration volume,
incorrect concentration of titration solution, and cleanliness issues with equipment used
(24).
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Measurement of total soluble solids can be shown with units of %brix, where the
amount of dissolved sugar in fruit juice can be seen in the TPT measuring device commonly
called a refractometer (25). The results of the analysis of variance showed that the type of
storage (sig. .000) and the interaction between the type of storage and the length of storage
(sig. .000) showed that the results obtained had a significant effect at the 5% level (p<.05)
on the total soluble solids of mango fruit during storage so that Duncan's further test was
carried out. Duncan's further test results for the type of storage showed that storage at
room temperature had the highest total soluble solids value and was significantly different
from storage in ZECC and refrigerator.
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The total soluble solids of mango fruit stored in the three types of storage can be
seen in Figure 10, which shows that room temperature storage has the highest value of
soluble solids and is significantly different from the two types of mango fruit storage,
namely ZECC, and refrigerator. The type of storage in the refrigerator has the lowest value
of total soluble solids. The value of total soluble solids in mango fruit storage is 11.133 %brix
and significantly different from ZECC storage with a total soluble solids value of 8.711 %brix
and mango fruit storage in the refrigerator as much as 9.02 %brix. Total soluble solids are
influenced by storage temperature because during storage of mango fruit, there will be a
decrease in fruit dryness which is influenced by the respiration process in mango fruit. This
is by Kusumiyati et al., (2018) which states that mango fruit stored at room temperature will
result in a decrease in hardness level drastically when compared to storage in controlled
atmospheric conditions (17).

The relationship between the type of storage and the length of storage for mango

fruit on the parameters of total soluble solids can be seen in Figure 11. Total soluble solids
in mango fruit with different storage types and storage duration can be seen in Figure 11.
Total soluble solids in mango fruit at room temperature storage, based on the graph above,
show that the value of total soluble solids increases during storage and shelf life up to 9
days. The total soluble solids of mango fruit in ZECC storage, based on the graph above,
show that the value of total soluble solids increases during storage, and the shelf life is up to
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15 days. The total soluble solids of mango fruit in refrigerator storage, based on the graph
above, show that the value of total soluble solids fluctuates and mostly increases during
storage and shelf life until day 21. The results of the three storage types show an increase in
total soluble solids during storage caused by starch hydrolysis. The increase in total soluble
solids in mango fruit occurs due to the hydrolysis of starch by the enzyme amylase into
glucose and fructose, which are used as substrates in the respiration process during mango
fruit storage (22).
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Qualitative color changes in mango fruit during storage at room temperature, zero
energy cool chamber (ZECC), and refrigerator can be seen in Figure 12.
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In addition to the direct observation of mango fruit, observations were also made

using a digital microscope. A digital microscope is a combination of an optical lens with a
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digital camera so that it can display images on a monitor screen such as a laptop screen or
cell phone screen. The results of digital microscope observations of mango fruits stored in
three different conditions: temperature, Zero Energy Cool Chamber (ZECC), and refrigerator,
are shown in the figure above. Until the 21st day, observations were made at regular
intervals. Under room temperature, the mangoes rotted quickly, with yellowing and black
spots starting from day 3 and getting worse by day 9. Storage in ZECC slowed down the
rotting process, with the mango fruit remaining green until day 9 and only showing more
obvious signs of rotting on day 15. Whereas storage in a refrigerator, where the mango fruit
showed almost no significant changes until day 9 and remained in good condition with only
slight signs of decay until day 21 (26). Research has shown that ZECC can effectively extend
the shelf life of mangoes by maintaining their quality and reducing physiological loss of
water (PLW) and vitamin C degradation (27). The results of observations using a digital
microscope during storage of mango fruit at room temperature, zero energy cool chamber,
and refrigerator can be seen in the Figure 13.
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The quality of mango fruit before storage in a zero-energy cool chamber is % weight
loss, hardness level 62.63 N, Vitamin C 2.38%, and total acid 1.9%. Changes in the quality of
mango fruit after storage in a zero-energy cool chamber are weight loss of 13.33%, hardness
level of 2.47 N, Vitamin C 3.51%, and total acid of .05%. Golek Mango at room temperature
storage can survive before day 9, zero energy cool chamber before day 15, and refrigerator
before day 21 of storage.
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