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ABSTRACT

The Keo Romeat mango (Mangifera indica L.) has a unique taste and is widely cultivated, especially in tropical 
regions. Mangoes deteriorate within a week during storage without preservation methods. CaCl2 and KMnO4 are 
known to be effective in preserving fruit quality. However, postharvest treatments alone are not the optimal method 
to preserve mango, while temperature is also one of the most effective factors for storage. This study aimed to assess 
the interaction and effect of postharvest treatments and temperature conditions. This study was conducted in a com-
pletely randomized design. The experiment included three treatments: no treatment (control), calcium chloride, and 
potassium permanganate, and each was stored under two temperature conditions, 10 ± 2 °C and 32 ± 2 °C. The results 
showed no significant interaction (P > 0.05) between postharvest treatments and storage temperature for weight loss, 
total soluble solids, and pH, except for acid concentration, which was significantly affected (P < 0.05). The efficacy of 
CaCl2 and KMnO4 did not differ significantly (P > 0.05), whereas 10 ± 2 °C and 32 ± 2 °C storage had significant dif-
ferences (P < 0.05). CaCl2 RF indicated the optimal weight loss (3.50 ± 0.63%), total soluble solids (8.10 ± 0.10%), pH 
(3.27 ± 0.10), and acid concentration (8.75 ± 0.81%). The combination of CaCl2 treatment and storage at 10 ± 2 °C is 
recommended for maintaining the quality and extending the shelf life of mango.
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INTRODUCTION

Mango (Mangifera indica L.) is one of the economical-
ly important tropical fruits widely cultivated in tropical 
regions (Somaly et al., 2025). Particularly, the mango is 
rich in nutritional value and popular for its unique taste 
and high potential for export (Cook, 2024; Hin and Lim, 
2024; Rajan, 2021). Growing mangoes is attracting more 
farmers to grow them due to their market price in local 
and international trade (Marcon et al., 2024). Recently, 
international trade has increased and comprises manu-
factured goods, which increased to 90.8% (Chan et al., 
2025). Unfortunately, mango is a climacteric fruit that is 

perishable due to its high nutritional content after post-
harvest (Fatima et al., 2023). The physical and chemical 
qualities were changed as a result of respiration and en-
zyme activities, leading to rapid changes in colour, fla-
vour, aroma, and texture (Nadeem et al., 2022; Rooban et 
al., 2016). These alterations cause the mango to deterio-
rate after harvest and storage within a week, resulting in 
huge quality loss (Ahmad et al., 2021; Lakshminarayana 
et al., 1970). In this case, calcium chloride (CaCl2) is an im-
portant nutrient due to its role in cell wall structure. The 
components of the cellulose membrane can be bound 
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by the calcium ion (Ca2+) to maintain the firmness of the 
cell (Gao et al., 2020). Based on earlier research, the ap-
plication of CaCl2 significantly lowered mango damage 
and extended the chemical quality (Zhang et al., 2019). 
Additionally, one of the popular and effective strategies 
for prolonging the shelf life of mangoes is potassium 
permanganate (KMnO4) (Tran et al., 2024). Fruits natu-
rally produce and release ethylene after harvest, which 
results in ripening. By binding to ethylene and oxidizing 
it to carbon dioxide and water, KMnO4 lowers ethylene 
concentrations and delays the ripening process (Shaukat 
et al., 2023). Due to their efficient mechanism of inhibit-
ing the deterioration process, including microorganisms, 
CaCl2 and KMnO4 are postharvest treatments that have 
been studied to extend shelf life and preserve the qual-
ity of fruits for long-term transportation (Abdelaleem et 
al., 2025; Sokra et al., 2024; Wu et al., 2025). CaCl2 and 
KMnO4 were proven to be safe at limited concentrations 
to treat fruit for storage and have become an essential 
focus of research in fruit preservation (Gao et al., 2019; 
Mishra et al., 2018). However, postharvest treatments 
alone are not an optimal method to prolong the shelf life 
of mangoes; particularly in temperature conditions, it is 
also a key factor influencing fruit deterioration (Ma et al., 
2022). Ambient temperature is a risk condition that al-
lows almost all enzymes and microorganisms to destroy 
fruit products (Sokra et al., 2025). To solve this, low tem-
peratures were studied to determine how to enhance 
fruit quality (Hossain et al., 2014). Studies on tempera-
ture conditions showed that refrigerated temperature 
effectively reduced quality changes of fruits, such as 5 
°C preservation of pomegranate fruits (Fawole and Opa-
ra, 2013), 4 °C preservation of blueberries (Wang et al., 
2023), 4 °C preservation of pear fruit (Hong et al., 2024), 
and several conditions of mangoes were determined to 
be 20‒23 °C (Gelaye, 2024) and 16 °C (Chaomuang et al., 
2024). However, the combination of postharvest treat-
ments and temperature lacked results of interaction and 
the effect of both factors.

This study aimed to assess the interaction and effect 
of postharvest treatments and temperatures, particular-
ly which storage temperature is most effective for de-

laying quality deterioration in mangoes. This finding will 
determine the role of CaCl2 and KMnO4 inhibition under 
refrigeration and at room temperature in the mangoes 
during storage.

MATERIALS AND METHODS

Raw material

Three hundred sixty uniform, mature mangoes were 
purchased from a local farm in Kratie Province, Cam-
bodia. Before the experiment, all mangoes were trans-
ported to the food science laboratory and washed with 
distilled water to remove any foreign matter. The excess 
water was then carefully removed, and the mangoes 
were gently blotted with tissue paper to avoid damage. 
The postharvest treatments (CaCl2 and KMnO4) were 
purchased from the Tianjin Dongda Chemical Group Co., 
Ltd., China and were utilized in the food science labora-
tory.

Experimental procedure plan 

The experiment was conducted with a completely ran-
domized design (CRD). The experiment involved two fac-
tors: the type of postharvest treatment (CaCl2 and KMnO4) 
and the storage temperature (10 ± 2 °C and 32 ± 2 °C). Mea-
surements of all parameters were conducted at three-
day intervals throughout the storage period. Each group 
consisted of thirty mangoes, with three replications, giv-
ing a total of 360 mangoes. The six experimental groups 
were established as follows:

	– Control RF: without treatment and stored at 10 ± 
2 °C

	– Control RT: without treatment and stored at 32 ± 
2 °C

	– CaCl2 RF: immersion in 2.5% CaCl2 (w/v) solution 
for 15 min (Gao et al., 2020), stored at 10 ± 2 °C

	– CaCl2 RT: immersion in 2.5% CaCl2 (w/v) solution 
for 15 min, stored at 32 ± 2 °C

	– KMnO4 RF: immersion in 0.5% KMnO4 (w/v) 
solution for 15 min (Fatima et al., 2023), stored at 
10 ± 2 °C

	– KMnO4 RT: immersion in 0.5% KMnO4 (w/v) 
solution for 15 min, stored at 32 ± 2 °C.
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Treatment process

For the control RF and control RT, the samples were 
dipped in distilled water for 15 minutes without any 
chemical treatment, then the excess water was removed. 
For the CaCl2 and KMnO4 treatments, mangoes were 
dipped in the respective solutions for 15 minutes. After 
the dipping step, all samples were rinsed with distilled 
water to remove residual chemicals and gently dried with 
soft tissue paper to avoid surface damage. Each treat-
ment group was then stored at its designated tempera-
ture as described above (Figure 1).

Weight loss

To measure weight loss, five mangoes from each 
treatment were randomly selected every three days and 
weighed using a digital pocket electronic balance (model: 
SF-400C). Measurements were conducted for 18 days in 
the morning hours on days 0, 3, 6, 9, 12, 15, and 18. The 
percentage of weight loss at each time point was calcu-
lated following Lustriane et al. (2018) using the formula 
below:

Figure 1. Diagram illustrating the postharvest treatments process for mangoes

where:

W0 = initial weight of the mango (g)

Wt = weight of the mango at time t (g).

Color (L*, a*, b*)

The flesh color of the mangoes was analyzed by cap-
turing a photo using a high-resolution camera under 
standardized lighting conditions. The captured images 
were analyzed using ImageJ software (version 1.54p; 
National Institutes of Health, USA; https://imagej.org). 
The RGB values from selected regions of interest (ROIs) 
on the mango flesh surface were converted to the CIE 
Lab color space using the Color Transformer plugin or an 
equivalent built-in function in ImageJ. We represented 
lightness, redness, and yellowness, respectively, with the 
L*, a*, and b* values. The analysis was used to assess the 
surface color of mango flesh at the end of the experi-
ment.

pH measurement

Fifty grams of mango juice were homogenized with 
50 mL of distilled water and filtered through tissue pa-
per. The pH of the filtrate was measured using a digital 
pH meter (827 pH Lab, Metrohm, Switzerland). Prior to 
measurement, the pH meter was calibrated using stan-
dard buffer solutions. The electrode was immersed in 
the mango juice sample, and the pH value was recorded 
after stabilization of the digital display, according to the 
procedure described by Somaly et al. (2025).
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Titratable acidity

To measure percentages of acid concentration, man-
goes were measured according to AOAC International 
(2023). Mango fruit, weighing fifty grams, was homoge-
nized with 50 mL of distilled water and filtered. A 10 mL 
mango juice filtrate was titrated with 0.1 N NaOH using 
phenolphthalein as an indicator until a light pink colour 
was observed. All recorded data were calculated and ex-
pressed as a percentage of citric acid.

where:
VNaOH = volume of NaOH used for titration (mL) 

NNaOH = normality of NaOH

0.064 = milliequivalent factor for citric acid

Soluble solid (°Brix)

Total soluble solids (TSS) were measured using a re-
fractometer (model: PAL-1, China) after calibration with 
distilled water. Fifty grams of mango juice were homog-
enized with fifty millilitres of distilled water. Mango sam-
ples were filtered through tissue paper. Three drops of 
mango juice were placed on the screen of a refractome-
ter, and data were recorded. The refractometer reports 
TSS in degrees Brix (°Brix), where 1 °Brix is equivalent 
to 1% (w/w) soluble solids. Therefore, all results were 
expressed in percentage (%) soluble solids (Sokra et al., 
2024).

Statistical analysis

A CRD with three replications was conducted, using 
105 mangoes per replicate and a total of 630 mangoes. 
Statistical analyses were performed using GraphPad 
Prism software (version 10.4.2, Windows, San Diego, 
California, USA; www.graphpad.com). Results were ex-
pressed as means ± standard deviations (SDs). Two-way 
ANOVA followed by Tukey’s HSD multiple comparison 
test was applied, with significance set at P < 0.05.

RESULTS

Effect of color changes of mangoes during storage

Mangoes ripened rapidly within a week, including 
those treated with CaCl2 and KMnO4 when stored at 
room temperature. Likewise, the control mangoes, treat-
ed with CaCl2 and KMnO4, when stored at refrigerated 
temperature, were delayed until the end of the experi-
ment (Figure 2).

CaCl2 treatments showed the ability to delay the yel-
lowing process of mango compared to the control and 
KMnO4. However, all treatment groups that were stored 
at room temperature were completely ripened on day 12 
and became spoiled by day 15. At the end of the experi-
ment (day 18), the three remaining treatment groups that 
could be collected for the color analysis included control 
RF, CaCl2 RF, and KMnO4 RF when stored at refrigerated 
temperature (Figure 3).

The color parameters of the mangoes differed sig-
nificantly (P < 0.05) across the treatments in terms 
of lightness (L*), redness-greenness (a*), and yellow-
ness-blueness (b*). For lightness (L*), results showed that 
the mangoes treated with KMnO4 obtained the highest 
values of 67.48 ± 1.20, demonstrating that treating man-
goes with KMnO4 and storing them at 10 ± 2 °C was the 
best choice to enhance the brightness.

Figure 2. Effect of CaCl2 and KMnO4 treatments under different 
storage temperatures on sample quality (Control RF: samples 
without treatments, stored at 10 ± 2 °C; Control RT: samples 
without treatments, stored at 32 ± 2 °C; CaCl2 RF: samples 
treated with CaCl2 and stored at 10 ± 2 °C; CaCl2 RT: samples 
treated with CaCl2 and stored at 32 ± 2 °C; KMnO4 RF: samples 
treated with KMnO4 and stored at 10 ± 2 °C; KMnO4 RT: sam-
ples treated with KMnO4 and stored at 32 ± 2 °C)
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This was followed by mangoes treated with CaCl2 RF, 
which showed a high lightness value of 62.40 ± 8.38, 
indicating a strong effect, although still lower than that 
observed with KMnO4 under refrigerated conditions. 
The control RF had the lowest lightness value of 54.75 
± 2.23, indicating a darker mango surface. For the red-
green (a*) results, it was illustrated that KMnO4 RF had a 
notably higher value of 21.74 ± 7.36, suggesting a stron-
ger red colour, which may enhance ripening pigment de-
velopment. The control RF and CaCl2 RF groups did not 
differ significantly in reddish colour but were still high 
with values of 7.54 ± 1.65 and 3.16 ± 0.05, respectively. 
At 10 ± 2 °C, the control and CaCl2 groups had lower val-
ues, showing a greener tone compared to KMnO4. The 
yellow-blue (b*) result of mangoes showed that mangoes 
treated with KMnO4 under refrigerated temperature 
obtained the highest value of 71.84 ± 1.93, indicating a 
stronger yellow colour.

Figure 3. External color appearance of mangoes at the end of 
the experiment across three treatments groups (Control RF: 
samples without treatments, stored at 10 ± 2 °C; Control RT: 
samples without treatments, stored at 32 ± 2 °C; CaCl2 RF: 
samples treated with CaCl2 and stored at 10 ± 2 °C; CaCl2 RT: 
samples treated with CaCl2 and stored at 32 ± 2 °C; KMnO4 RF: 
samples treated with KMnO4 and stored at 10 ± 2 °C; KMnO4 
RT: samples treated with KMnO4 and stored at 32 ± 2 °C)

Table 1. Color parameters (L*, a*, b*) of mangoes at the end of the experiment

Color Control RF Control RT CaCl2 RF CaCl2 RT KMnO4 RF KMnO4 RT

L* 54.75 ± 2.23b ND 62.40 ± 8.38ab ND 67.48 ± 1.20a ND

a* 7.54 ± 1.65b ND 3.16 ± 0.05b ND 21.74 ± 7.36a ND

b* 57.45 ± 0.64b ND 53.14 ± 0.68c ND 71.84 ± 1.93a ND

RF: refrigerator temperature; RT: Room temperature; ND: Not determined; L*: Lightness; a*: Redness; b*: Yellowness; a-c: Values within a column 
followed by different letters differ significantly (P < 0.05)

This was followed by a control group value of 57.45 ± 
0.64 and a CaCl2 value of 53.14 ± 0.68 under refrigerat-
ed temperature, demonstrating that mango treated with 
KMnO4 has the ability to enhance yellow coloration the 
most effectively.

At 10 ± 2 °C, KMnO4 RF and CaCl2 RF did not signifi-
cantly affect the color of mango compared to the control 
RF. However, under refrigerated conditions, the KM-
nO4-treated mangoes best preserved the characteristic 
color of the fruit, as indicated by the L*, a*, and b* values 
during storage.

Effect of all parameters of mangoes during storage under 
different temperature conditions

Figure 4 illustrates the effect of postharvest treat-
ments and temperature conditions on the weight loss of 
mangoes. The two-way ANOVA illustrated no significant 
interaction between postharvest treatments and tem-
perature conditions (Temp*Treat, P > 0.05), indicating 
the effect of postharvest treatments did not depend on 
the temperature conditions. The postharvest treatments 
showed no significant difference (P > 0.05), so CaCl2 and 
KMnO4 did not significantly affect the weight loss. The 
storage temperature had a significant effect (P < 0.05); 
post-hoc comparisons (Tukey’s HSD) showed that refrig-
erated storage resulted in significantly lower weight loss 
than room temperature. Although mean values at indi-
vidual treatment–temperature combinations differed nu-
merically, these differences among treatments were not 
statistically significant. On day 12, the observed means 
(± SD, n = 5 per sampling) were: CaCl2 RF 3.50 ± 0.63%, 
KMnO4 RF 4.16 ± 0.81%, control RF 5.01 ± 2.87%, 
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KMnO4 RT 13.58 ± 0.36%, CaCl2 RT 14.64 ± 0.92%, and 
control RT 14.65 ± 1.37%. These values show that refrig-
erated samples lost less weight than room temperature 
samples, consistent with the significant main effect of 
temperature.

The result of sugar content is shown in Figure 4b. 
The two-way ANOVA revealed no significant interac-
tion between postharvest treatments and temperature 
conditions (P > 0.05), indicating the effect of postharvest 
treatments does not depend on the temperature con-
ditions. The postharvest treatments showed no signifi-
cant difference (P > 0.05), demonstrating that CaCl2 and 
KMnO4 did not significantly affect the sugar content. The 
temperature conditions had a significant effect (P < 0.05), 
meaning that different types of temperature conditions 
influence the sugar content value. From day 0 to day 12, 
the °Brix levels of mangoes increased in all groups, with 
a faster increase observed at room temperature than un-
der refrigerated conditions. Two-way ANOVA indicated 
no significant interaction between postharvest treat-
ments and storage temperature (Temp*Treat, P > 0.05), 
and the main effect of treatment was not significant 
(P > 0.05), indicating that CaCl2 and KMnO4 treatments 
did not significantly alter °Brix compared with the con-
trol. In contrast, storage temperature had a significant 
main effect (P < 0.05), with room temperature promoting 
higher °Brix values than refrigerated storage. On day 12, 
the observed mean °Brix values (± SD, n = 5 per sam-
pling) were: CaCl2 RF 6.5 ± 0.55, control RF 6.8 ± 0.27, 
KMnO4 RF 7.1 ± 0.10, control RT 9.4 ± 0.46, KMnO4 RT 
9.6 ± 0.31, and CaCl2 RT 11.3 ± 1.92. These values indi-
cate that mangoes stored at 10 ± 2 °C accumulated sugar 
more slowly than those stored at 32 ± 2 °C, consistent 
with the significant effect of temperature.

The two-way ANOVA analysis of pH revealed a 
non-significant interaction between postharvest treat-
ments and temperature conditions (P > 0.05), indicating 
that the effect of postharvest on pH does not depend on 
the temperature conditions. The postharvest treatments 
showed no significant difference (P > 0.05), demonstrat-
ing that CaCl2 and KMnO4 did not alter the pH levels. 

Conversely, temperature conditions had a significant 
effect (P < 0.05), meaning that different storage tem-
peratures influenced pH value. From day 0 to day 12, 
the pH of mangoes increased in all groups, and the rate 
of increase was greater at 32 ± 2 °C than at 10 ± 2 °C. 
Mangoes stored at 32 ± 2 °C completely deteriorated 
after day 12. Two-way ANOVA showed no significant 
interaction between postharvest treatment and tem-
perature (Temp * Treat, P > 0.05) and no significant main 
effect of treatment (Treat, P > 0.05), whereas tempera-
ture produced a significant main effect on pH (Temp, 
P < 0.05). These results indicated that CaCl₂ and KMnO₄ 
treatments did not significantly affect pH, but storage 
temperature influenced pH changes. In contrast, storage 
temperature had a significant main effect (P < 0.05), with 
refrigerated storage maintaining lower pH values than 
room temperature. On day 12, the observed mean pH 
values (± SD, n = 5 per sampling) were: CaCl2 RF 3.31 
± 0.06, KMnO4 RF 3.34 ± 0.06, control RF 3.42 ± 0.04, 
control RT 5.25 ± 0.09, CaCl2 RT 5.25 ± 0.09, and KMnO4 
RT 5.31 ± 0.28. These results indicate that refrigerated 
mangoes maintained a more stable pH compared with 
those stored at room temperature, consistent with the 
significant effect of temperature.

Conversely, the two-way ANOVA of acid concentra-
tion reported a significant interaction between posthar-
vest treatments and temperature conditions (P < 0.05). 
The highest acid concentration was observed in the 
CaCl2 treatment at 10 ± 2 °C on day 12, reaching 8.31 
± 0.02%. At 32 ± 2 °C, all treatments showed a rapid 
decline in acid concentration, and the fruits totally de-
teriorated after day 12. In contrast, storage at 10 ± 2 °C 
slowed the decline and allowed clear differences among 
treatments to emerge, with CaCl2 performing best, fol-
lowed by KMnO4 (8.13 ± 0.23%) and the control (7.25 ± 
0.18%)

A key finding of this result suggests that within the 
first 12 days of storage, mangoes treated with CaCl2 and 
KMnO4 at 10 ± 2 °C showed the best preservation of 
chemical quality among the treatments.

Original scientific paper DOI: /10.5513/JCEA01/27.3.5051
Sokra et al.: Effects of postharvest treatments and storage temperatures on shelf-life extension...

741

https://doi.org/10.5513/JCEA01/27.3.5051


Figure 4. Interaction between storage temperature and postharvest treatments on selected quality parameters of the samples: (a) 
weight loss, (b) total soluble solids, (c) pH, and (d) acid concentration (Temp*Treat indicated the interaction between storage tem-
perature and treatments; Temp referred to the main effect of temperature; Treat referred to the main effect of treatments. Values 
represented the results of two-way ANOVA (P < 0.05). RF: refrigerated temperature, RT: room temperature)

Effect of CaCl2 and KMnO4 on mango quality at 10 ± 2 °C

Because the mangoes stored at 32 ± 2 °C deterio-
rated by day 12, only samples kept at 10 ± 2 °C were 
measured until day 18. At 10 ± 2 °C, one-way ANOVA at 
each sampling day revealed no significant differences in 
weight loss among treatments (P > 0.05). lthough CaCl2 
RF exhibited the lowest weight loss of 4.77 ± 0.79%, fol-
lowed by KMnO4 of 5.48 ± 0.89%, and the control RF 
of 6.28 ± 3%. Total soluble solids differed only on day 
9 (P < 0.05), with no significant effects at other time 
points; at day 18, CaCl2 RF showed the lowest value of 

8.1 ± 0.10%, compared with KMnO4 of 8.2 ± 0.10%, and 
the control RF of 8.8 ± 0.60%, respectively. For pH, all 
daily comparisons were non-significant (P > 0.05), yet 
KMnO4 RF had the lowest pH at day 18 of 3.25 ± 0.03, 
followed by CaCl2 of 3.27 ± 0.10 and the control RF of 
3.41 ± 0.05. Acid concentration showed no differenc-
es at days 3, 6, and 9 (P > 0.05), but significant effects 
emerged at days 12, 15, and 18 (P < 0.05); at day 18, 
KMnO4 RF recorded the highest concentration of 9.17 ± 
0.18%, followed by CaCl2 of 8.75 ± 0.81% and the con-
trol RF of 7.47 ± 0.49%.
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Figure 5. Effect of CaCl2 and KMnO4 treatments on mangoes stored at refrigerated temperature throughout the experiment (pa-
rameters include: (a) weight loss, (b) total soluble solids, (c) pH, and (d) acid concentration. ns indicates no significant difference; * 
indicates significant difference (P < 0.05). RF: refrigerated temperature, RT: room temperature)

Overall, CaCl2 RF was the most effective treatment 
for maintaining the chemical quality of mangoes up to 18 
days, while both CaCl2 and KMnO4 contributed to slow-
er ripening and better preservation of organic acids than 
the control RF.

DISCUSSION

In fruits, calcium ions serve as essential multifunc-
tional signaling ions that facilitate the formation of cell 
walls, membrane regulation, and the activation of var-
ious pathways of cell signaling (Gao et al., 2020; Jai-
me-Guerrero et al., 2024; Larocca et al., 2025). By re-
ducing ethylene gas, a naturally occurring plant hormone 
that triggers ripening and senescence, KMnO4 may have 
been shown to be useful in extending the post-harvest 
maturity of fruit (Álvarez-Hernández et al., 2019; Fatima 
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et al., 2023). Temperature is one of the most important 
factors affecting fruit ripening, as it slows the biochem-
ical processes responsible for senescence and spoilage 
(Badia-Melis et al., 2016; Honorato, 2020; Vicente et al., 
2002). Both postharvest treatments and temperature 
conditions were extensively observed for their roles in 
extending fruit shelf life. However, the combined effects 
of these treatments are still lacking in research.

The experiment observed the effect of postharvest 
treatments and temperature conditions on the shelf life 
of mangoes. The six treatment combinations were stud-
ied, consisting of three levels of postharvest treatments 
(control, CaCl2, and KMnO4) and two levels of storage 
conditions (room and refrigerated storage). The results 
on color changes showed no significant interaction be-
tween postharvest and temperature conditions. CaCl2 
and KMnO4 did not have a significant effect compared 
to the control group. However, refrigerated temperature 
showed a significant effect on mango storage during 18 
days. The group treated with CaCl2 under refrigerated 
temperature is the most effective in preserving the color 
change of mangoes. CaCl₂ is an organic substance that 
inhibits the synthesis of pigments and the breakdown 
of chlorophyll (Bitange et al., 2021). CaCl2 application to 
the mango under refrigeration was the most effective at 
preserving color, most likely due to the reduced enzymes 
that break down cell walls, such as cellulase, β-galacto-
sidase, polygalacturonase, and pectin methyl esterase 
(Abdelaleem et al., 2025; Wu et al., 2025). KMnO4 also 
affects fruit color during storage by reducing posthar-
vest enzyme activity, which is aligned with Belwal et al. 
(2023). Tran et al. (2024) revealed that KMnO4 delayed 
the release of ethylene, which in turn slowed the color 
change of the mango. However, mangoes treated with 
CaCl2 and KMnO4 and stored at room temperature did 
not significantly alter the color change; rather, as the 
storage temperature increased, noticeable color changes 
were observed (Deng et al., 2022). Fruit stored at room 
temperature exhibited a quick color change within a 
week due to enzyme activity, specifically the rate of eth-
ylene, which turned the peel yellow (Ahmad et al., 2021). 
Overall, the best way to maintain the color of mangoes 

was to apply CaCl2 treatments in cold weather. This sup-
ports the results of Baltazari et al. (2019), who found 
that preserving fruit color and extending shelf life can be 
achieved by combining optimal postharvest treatments 
with the right temperature.

The measurement of parameters—including weight 
loss, sugar content, and pH levels (excluding citric acid)—
showed no significant interaction between chemicals and 
temperature conditions during the first 12 days of the 
storage experiment. Postharvest treatments (CaCl2 and 
KMnO4) did not significantly affect the chemical quality 
of mangoes, whereas temperature conditions had a sig-
nificant effect on quality changes throughout the stor-
age period. By day 18, the treatment group that treated 
mangoes with postharvest and stored them under refrig-
erated conditions retained optimal quality, while those 
stored at room temperature had entirely deteriorated. 
Among the treatments, CaCl2 was the most effective 
in preserving chemical parameters under refrigerated 
temperature. This result is aligned with the findings of 
Somaly et al. (2025), who revealed that mangoes stored 
at room temperature rapidly deteriorated within a week. 
Currently, the mango is a widely grown Cambodian vari-
ety that typically begins to ripen within a few days after 
harvest under ambient temperature conditions (Hin and 
Lim, 2024; Kuldeep et al., 2025; Liu et al., 2023). Man-
go is a climacteric fruit, which makes it easy to increase 
the ethylene levels and respiration rate, leading to rapid, 
accelerated ripening. This study is consistent with Na-
deem et al. (2022), who indicated that mangoes stored at 
ambient temperature often deteriorate after a few days 
due to their high respiration rate and enzyme activities. 
Treating fruits with a suitable concentration of CaCl2 
significantly inhibits metabolic activity in mango tissues, 
protecting against weight loss, avoiding deterioration, 
and preserving chemical quality (Gao et al., 2020). CaCl2 
plays an essential role in maintaining the structure of 
plant tissues by stabilizing both cell membranes and cell 
walls. It does this largely through interactions with pec-
tins in the middle lamella, resulting in cross-linking that 
slows fruit softening and limits cellular damage (Bitange 
et al., 2021). This method of preservation is especially 
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relevant for mangoes, which tend to undergo rapid phys-
iological transformations as they ripen (Somaly et al., 
2025). At room temperature—particularly around 30 °C - 
there is a high increase in the activity of enzymes such as 
polygalacturonase, pectin methyl esterase, and cellulase. 
These enzymes directly function in the destruction of 
fruit softening, cell membranes, and subsequent changes 
in both texture and sugar content.

The ripening enzyme activity of mangoes was slowed, 
and changes in chemical quality were delayed when the 
fruit was stored under refrigeration (Hossain et al., 2014). 
Similar observations were made by Ma et al. (2022), who 
reported that postharvest treatment combined with 
cold storage resulted in minimal weight loss, restricted 
sugar accumulation, reduced respiration rate, and lower 
enzyme activity. Moreover, combining the application of 
CaCl2 and refrigeration improves the ability to preserve 
the chemical integrity of the fruit and may provide ad-
vantages for commercial postharvest management. De-
laying postharvest losses is a key concern in tropical and 
subtropical fruit production, particularly in Cambodia 
where cold chain infrastructure is still developing. By ap-
plying CaCl2—a low-cost and accessible treatment—to-
gether with refrigeration storage, producers can extend 
the overall shelf life and maintain the chemical quality of 
mangoes, ensuring greater economic returns and reduc-
ing food waste. Based on this study, the combination of 
CaCl2 and refrigerated storage conditions proves to be 
an effective method for preserving the color and chemi-
cal quality of mangoes.

CONCLUSION

This study proved that CaCl2 and refrigerated storage 
(10 ± 2 °C) provided notable benefits for mango pres-
ervation. The combination treatment (CaCl2 RF) of this 
study effectively prolonged the shelf life while maintain-
ing quality parameters (color retention, weight stability, 
and chemical composition). These results demonstrate 
successful storage for up to 18 days without significant 
quality deterioration. These findings have important 
practical implications for the mango supply chain, offer-
ing farmers and vendors an accessible method to reduce 

postharvest losses. The prolonged storage period facili-
tates safer transportation and expands opportunities in 
the market for this important fruit variety. This effective 
preservation method could substantially benefit local 
agricultural economies while improving fruit availability 
for consumers.
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