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Abstract
Mango (Mangifera indica L.) is a tropical fruit which is climacteric and highly perishable. Consequently, it is indispensable 
to address postharvest management techniques by applying eco-friendly technologies to reduce crop losses. Thus, the current 
study was conducted to evaluate Aloe vera gel’s influence alone and chitosan and calcium chloride (CaCl2) on mango shelf 
life during the storage time at the ambient temperature (25 ± 2 °C) for 21 days. The results exhibited that A. vera-chitosan 
coatings were able to remarkably decrease weight loss and ascorbic acid reduction throughout the storage period. Total phenol 
and antioxidant activity progressively diminished during the storage, and control fruits exhibited the lowest content of the 
phenol content and antioxidant activity during the storage. The highest correlation (R = 0.95) between antioxidant and ascor-
bic acid was observed in the A. vera-chitosan treated fruits. Control fruits showed the lowest catalase (CAT) and peroxidase 
(POD) enzyme activity during the storage time. A. vera-chitosan coating significantly inhibited the activity of polyphenol 
oxidase (PPO) during the storage period. Oppositely, the coating had no significant effect on total soluble solids (TSS) and 
titratable acidity (TA) at the end of the experiment. The discoloration trend of the fruits coated with A. vera enriched with 
chitosan was significantly delayed compared to the control fruits. Finally, A. vera-chitosan coating could be suggested as a 
suitable coating to preserve the quality of mango fruit throughout storage at the ambient temperature.
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Introduction

Mango is one of the most important tropical fruits that has 
a unique status among other fruits in terms of appearance, 
taste, favorable aroma, excellent beneficial nutritional val-
ues and general eating features [1]. In general, due to the 
highly perishable nature and sensitivity of mango, a good 

postharvest practice is required to extend Mango’s shelf life 
[2].

Nowadays, given the negative consequences of using 
chemical compounds on human health and the environment, 
new approaches have been used for the utilization of natural 
and plant-base compounds in crops’ production and stor-
age. For instance, edible coatings are promising technolo-
gies applied in quality improvement and shelf-life extension 
of fruits. Edible films and coatings have many advantages 
over other postharvest treatments. They can add commercial 
value to fruits by enhancing their appearance, safety, quality 
and act as carriers of functional ingredients, such as anti-
oxidants, antimicrobial agents and nutraceuticals [3]. Edible 
coatings prevent the exchange of gases and water vapor by 
forming a modified atmosphere around the crop, thereby 
reducing the respiration rate of the fruit and preserving the 
quality of crops [4].

Aloe vera gel is one of the novel edible coatings which 
has recently attracted many researchers. A. vera gel is clear, 
odorless, non-sticky having high absorbency. This gel is 
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completely healthy and environmentally friendly, with a pH 
of about 4.5 which can replace various fruit coverings at 
the postharvest stage [5]. Approximately 96% of A. vera 
leaf gel is water and the remaining 4% consist of other com-
pounds such as essential oils, amino acids, vitamins, miner-
als, enzymes [6]. This polysaccharide gel act as a barrier 
to moisture and O2, reducing water loss and gas exchange 
through lenticel coating, resulting in a slow respiration rate 
and conserving fruit quality [7]. The combination of A. vera 
with salicylic acid was more effective in maintaining quality 
and decreasing microbial load compared to the individual 
substances in orange fruit [8]. In more detail, A. vera gel 
coatings could significantly delay the firmness, discoloration 
and weight loss in fruits [9, 10].

Chitosan is considered as an edible coating which has 
high antimicrobial activity and compatibility with sub-
stances such as minerals, vitamins and antimicrobial agents 
used for products’ shelf life [11]. The ability of chitosan 
coating in reducing disease incidence of mango has been 
well acknowledged in many studies [12]. Several studies 
reported that chitosan, either alone or in combination with 
other materials, was able to decrease respiration, loss of 
firmness, weight loss, and disease incidence [13, 14].

It is well known that calcium chloride (CaCl2) could 
maintain the fruit quality during storage by reducing the 
metabolism activities and the respiration rate [15]. In an 
earlier study, calcium chloride combined with gum Arabic 
coating effectively inhibited the loss of ascorbic acid and 
phenolic compounds and improved the postharvest quality of 
fruit during cold storage [16]. Calcium chloride (3%) com-
bined with nano-chitosan preserved ascorbic acid, antioxi-
dant activity and total anthocyanin contents of strawberries 
stored 15 days at 4 °C [17].

Adding edible materials to coatings improves the func-
tional, nutritional, organoleptic and mechanical properties of 
coatings and can be considered as a new method to maintain 
products’ quality. Studies focused on the effect of A. vera 
and its compounds with calcium and chitosan on mango 
quality are limited and fruits’ antioxidant system have not 
been evaluated. Therefore, the purpose of the current study 
was to investigate the postharvest quality and changes in the 
antioxidant system of mango fruit stored at room tempera-
ture under the influence of A. vera coating enriched with 
chitosan and calcium chloride.

Materials and methods

Plant materials and treatments

Mango fruits were harvested at the mature-green stage from 
a commercial orchard located at Minab (Long. 57°05′13″E 
and Lat. 27°07′51″N) in Hormozgan province, Iran. Fruits 
immediately transferred to the laboratory, and intact and 
uniform fruits (in terms of size and shape) were selected 
and then washed using distilled water. Sodium hypochlo-
rite (0.05%) was also used to sterilize the fruits before 
coating. A. vera gel was extracted from mature leaves of A. 
vera plants that were obtained from the field of Hormozgan 
university and the internal gel was homogenized using an 
electric blender. Then four concentrations including 5, 10, 
20 and 30% were prepared with distilled water. Based on 
our previous experiment, the best concentration of chitosan 
and calcium was added to A. vera gel. Chitosan (1.5%) and 
calcium chloride (1.5%) were incorporated into A. vera gel 
as reported in Table 1. Fruits were immersed in different 
treatment liquids for 5 min and then were dried for 2 h at 
room temperature. Some of the fruits were placed in dis-
tilled water as a control treatment. Fruits were subsequently 
placed in boxes and stored at ambient conditions (25 ± 2 °C 
temperature and 80 ± 5% relative humidity). The fruits were 
assessed every 7 days for 21 days of storage.

Weight loss

To measure the percentage of weight loss, the fruits were 
weighed by a digital balance at the beginning of storage and 
weighed again in each period. The difference between the 
initial weight and the final weight was calculated as weight 
loss and expressed in a percentage.

Ascorbic acid

The amount of ascorbic acid was evaluated using the titra-
tion method and with 2,6-dichlorophenolindophenol solu-
tion and was expressed as mg of ascorbic acid per 100 g of 
fruits [18].

Table 1   Different combination of coatings that used in experimental research

Treatments Control T1 T2 T3 T4 T5 T6 T7

Coatings Distilled water Aloe vera 5% Aloe vera 10% Aloe vera 20% Aloe vera 30% Aloe vera 
10% + Cal-
cium chlo-
ride 1.5%

Aloe vera 
5% + Cal-
cium chlo-
ride 1.5%

Aloe vera 
10% + Chi-
tosan 1.5%
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Total phenolics content (TPC)

Extraction was performed by homogenizing one gram of 
mango fruit and five ml of methanol (80%), which was cen-
trifuged for 20 min at 10,000×g. The supernatant was used 
for TPC and antioxidant activity determination.

Phenolic content was determined with 0.5 ml of the meta-
bolic extract and 2.5 ml of diluted Folin-Ciocalteu (1:10) 
and 2 ml of 75% sodium bicarbonate. After the incubation 
at room temperature for two h, phenolic content was read at 
750 nm by UV–visible spectrophotometer according to mg 
of Gallic acid/g Fresh Weight [19].

Antioxidant activity

A volume of 75 μl of supernatant was added to 2925 μl 
DPPH (2,2-diphenyl-1-picrylhydrazyl) and incubated 
30 min in dark condition and then the absorbance was read 
at 517 nm using UV–visible spectrophotometer (Cecil 2501, 
England). Antioxidant activity was obtained from the follow-
ing formula: Antioxidant activity (%) = (At0 − At30) × 100/
At0; whereas At0 and At30 are related to the absorption at zero 
and 30 min, respectively [20].

Enzymatic extraction and assay

The amount of 0.5 g of fruit pulp was homogenized in 5 ml 
of buffer (50 mM, pH 7.5) comprising 1% PVP (polyvi-
nyl propylene) and 1 ml EDTA (ethylenediaminetetraacetic 
acid), and then was centrifuged for 20 min at 14,000 rpm 
and 4 °C. The clear supernatant was taken to measure the 
enzymes’ activity.

Catalase (CAT)

The catalase (CAT) activity was evaluated based on Chance 
and Maehly [21] method. The reaction solution contained 
enzyme extract, H2O2 (15 mM) and phosphate buffer (pH 
7.0). Enzyme activity was expressed as a decrease in 240 nm 
as U/mg FW.

Peroxidase (POD)

The activity of peroxidase was performed according to 
Chance and Maehl [21]; while, the reaction mixture con-
sisted of guaiacol, phosphate buffer (pH 7.5), H2O2 and 
enzyme extract. The changes in guaiacol oxidation during 
two minutes were recorded at 470 nm and the results were 
expressed as U/mg FW.

Polyphenol oxidase (PPO)

The activity of polyphenol oxidase was measured accord-
ing to Kar and Mishra [22]; whereas the reaction mixture 
contained phosphate buffer (50 mM, pH = 7), pyrogallol 
(20 mM) as a precursor and enzymatic extract. The absorp-
tion was read using a UV–visible spectrophotometer at 
420 nm after three min and the results were expressed as 
U/mg FW.

Total soluble solids (TSS) and titratable acidity (TA)

The TSS of the fruit juice extract was determined by a digital 
refractometer (DBR95, Italy) according to the Brix index 
[18]. To measure titrated acidity of the juice fruit, five ml 
of fruit extract was added with 45 ml of distilled water and 
then titrated with 0.1 N NaOH to reach pH of 8.1 and was 
expressed as citric acid percentage.

Color parameters

The fruit color was assessed at different points on the sur-
face of the fruit using a colorimeter (Minolta CR-400, 
Tokyo, Japan) and color characteristics b* (yellow/blue), 
a* (red/green) and L* (white/black), values were obtained 
at 400–700 nm range [23]

Statistical analysis

To analyze the data, variance analysis (ANOVA) was 
applied. The storage times (days) and different coatings were 
the sources of variation. The mean comparisons were carried 
out by Duncan’s multiple range test (DMRT) at P ≤ 0.05. 
Statistical analyses were done using SPSS version 16.0 and 
the graphs were drawn using SigmaPlot version14.0.

Results

Weight loss

According to Fig. 1, the samples’ weight loss was increased 
throughout the storage, regardless of the treatment. All 
coatings had the effective role in weight loss’ prevention 
compared to the control. After 14 and 21 days of the stor-
age period, A. vera gel treatment combined with chitosan 
(10% + 1.5%) resulted in the lowest fruit’s weight loss 
(30.4%) and oppositely the maximum weight loss (48.6%) 
was found in the control treatment.
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Ascorbic acid

According to Fig. 2a ascorbic acid gradually decreased 
over time. However, the severity of reduction in A. vera 
(10%)-calcium (1.5%) and A. vera (10%)-chitosan treat-
ment was significantly (P < 0.05) lower than other treat-
ments. Therefore, at the end of the experimentation, the 
maximum ascorbic content (40 mg/100 g) was detected 
in the treated fruits of A. vera-chitosan coating and the 
lowest ascorbic content (25 mg/100 g) was observed in 
control fruits.

Total phenol and antioxidant activity

In the first 14 days of storage time, the fruit phenol con-
tent showed a gradual slight decreasing rate. Thereafter, 
it suddenly reduced and reached the minimum at the end 
of the storage duration. The lowest and highest phenol 
levels were found in the control and fruits treated with A. 
vera (20%), respectively during the storage time (Fig. 2b).

As shown in Fig. 2c, all treatments demonstrated a sig-
nificant (P < 0.05) decrease in fruits’ antioxidants com-
pared to the first day of storage. But this decrease was 
more remarkable in the control fruits. At the end of the 
storage, the maximum (50.4%) and the minimum (37.4%) 
antioxidant activity were detected in the fruits treated with 
A. vera-chitosan and the control fruits, respectively.

Figure 3a, b shows the correlation between ascorbic acid 
and total phenol with the antioxidant activity of treated 
and control mango fruits. The highest correlation between 
ascorbic acid and antioxidant activity was observed in A. 
vera (10%)-calcium (1.5%) treatment and the lowest was 
observed in the control. The highest correlation between 
total phenol and antioxidant activity was observed in A. vera 
(10%) treatment and the lowest correlation was found in A. 
vera (10%)-calcium (1.5%) treated mango.

Antioxidant enzymes

Catalase activity showed a similar trend in all samples, with 
a higher change in control fruit during the same period. The 
enzyme activity slightly decreased in the first week and then 
significantly (P < 0.05) increased during the last day of stor-
age periods. At the end of the experiment, control samples 
significantly (P < 0.05) displayed lower activity rather than 
other treatments (Fig. 4a).

Peroxidase demonstrated a diminishing pattern along 
with storage period progress irrespective of the treatment. 
However, the treated fruits showed higher levels of the 
enzyme. After 21 days of storage, the control fruits showed 
meaningful differences with other treatments except with the 
fruits treated with A. vera (20%) as it is presented in Fig. 4b.

In general, polyphenol oxidase activity significantly 
(P < 0.05) increased during the storage time, nevertheless, 
the treated fruits with A. vera-chitosan went through lower 
changes than other treatments. At the end of the experiment, 
all samples exhibited lower enzyme activity than the control; 
consequently, the lowest and highest enzyme activities were 
observed in A. vera-chitosan treatment and the control fruit, 
respectively (Fig. 4c).

Tithable acidity (TA), TSS

As it is shown in Fig. 5a, the TSS of samples demonstrated 
an increasing pattern along with storage period progression 
irrespective of the treatments. After 21 days of storage, the 
lowest (11.8%) fruit’s TSS was observed in A. vera (5%) 
treated fruit. However, no significant (P > 0.05) differences 
were revealed between other treatments and the control 
group.

As it is seen in Fig. 5b, the TA gradually reduced through-
out the storage; while, the minimum TA was detected at the 
end of the storage. The A. vera gel combined with chitosan 
(10% + 1.995%) treatment enjoyed the highest TA rate, equal 
with 0.93, 0.52 and 0.61 at the 7th, 14th and 21th of the stor-
age period, respectively.

Fig. 1   The effects of various preservative coatings on weight loss 
of mango fruit during storage at 25 ± 2 °C and 85 ± 5% RH. Details 
of the various preservation coatings are given in Table  1. Values 
are means ± SE from three replicates (n = 3). Statistical analysis was 
performed using Duncan test. Control = Distilled water, T1 = Aloe 
vera 5%, T2 = Aloe vera 10%, T3 = Aloe vera 20%, T4 = Aloe vera 
30%, T5 = Aloe vera 10% + Calcium chloride 1.5%, T6 = Aloe vera 
5% + Calcium chloride 1.5%, T7 = Aloe vera 10% + Chitosan 1.5%
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Fig. 2   The effects of various preservative coatings on ascorbic acid 
(a), total phenol (b) and antioxidant capacity (c) of mango fruit dur-
ing storage at 25 ± 2 °C and 85 ± 5% RH. Details of the various pres-
ervation coatings are given in Table 1. Values are means ± SE from 
three replicates (n = 3). Statistical analysis was performed using 

Duncan test. Control = Distilled water, T1 = Aloe vera 5%, T2 = Aloe 
vera 10%, T3 = Aloe vera 20%, T4 = Aloe vera 30%, T5 = Aloe vera 
10% + Calcium chloride 1.5%, T6 = Aloe vera 5% + Calcium chloride 
1.5%, T7 = Aloe vera 10% + Chitosan 1.5%

Fig. 3   Correlation between ascorbic acid and phenolic compounds with antioxidant activity of mango fruit in different treatment
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Color parameters

The results revealed a regular reduction in L* value in all 
samples over time. However, the control fruits showed a 
significantly (P < 0.05) lower L* value than the coated 
fruits through the storage. After 21 days of storage, the 
fruits coated with A. vera (10%) and A. vera (30%) repre-
sented higher L* rather than the control and other treatments 
(Fig. 6a).

The a* value of all samples significantly (P < 0.05) 
increased through the storage time. At the days of 14th and 
21st of the storage period, the fruits coated with A. vera gel 
in combination with chitosan (10% + 1.5%) indicated the 
lowest a* value (− 15.05 and − 5.86); while, the control 

fruits enjoyed the highest a* value (− 8.2 and − 1.99) 
(Fig. 6b).

In general, the b* value had a reducing rate; whereas, all 
coated fruits showed a higher b* value during the storage 
duration in comparison with the control. At the end of the 
storage time, the advanced b* value was detected in the fruits 
coated with A. vera (5%) and also A. vera (10%) (Fig. 6c).

Principal component analysis (PCA)

The data were evaluated by a PCA to determine the effec-
tiveness of edible coatings after evaluating some biochemical 
traits and antioxidant enzymes. The data with PCA presented 
that two principal components (PCs) explained 82.3% of the 
total variance. PC1 accounted for 61.3% of the variance in 

Fig. 4   The effects of various preservative coatings on catalase (CAT) 
(a), peroxidase (POD) (b) and poly phenol oxidase (PPO) (c) of 
mango fruit during storage at 25 ± 2 °C and 85 ± 5% RH. Details of 
the various preservation coatings are given in Table  1. Values are 
means ± SE from three replicates (n = 3). Statistical analysis was 

performed using Duncan test. Control = Distilled water, T1 = Aloe 
vera 5%, T2 = Aloe vera 10%, T3 = Aloe vera 20%, T4 = Aloe vera 
30%, T5 = Aloe vera 10% + Calcium chloride 1.5%, T6 = Aloe vera 
5% + Calcium chloride 1.5%, T7 = Aloe vera 10% + Chitosan 1.5%
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the dataset, while PC2 described 21.0% of the variance. The 
b* value, antioxidant activity, POD enzyme, total phenol and 
ascorbic acid contents were positively correlated with PC1. 
However, the a* value, CAT enzyme, PPO enzyme, weight 
loss, were negatively correlated. PC2 was only positively cor-
related with L* value, while TSS was negatively correlated 
(Fig. 7).

Discussion

Weight loss

Fresh products continue to lose their moisture and carbon 
after the harvest because of metabolic processes such as 
respiration and transpiration; while, they can be no longer 
replaced. In fact, fruits and vegetables’ water loss after the 
harvest is a major problem, which results in shriveling and 
shrinkage and weight loss [24]. To improve postharvest 
quality and extend shelf-life of perishable products, the rate 
of water loss has to be managed. The results of this study 
showed that coated mango fruit had lower weight loss than 
the control during the storage. Edible coatings form a semi-
compromised and smooth layer on the fruit’s surface, which 
covers the stomata and guard cells, and thereby reduces 
water transfer and evaporation as well as gas exchange 
through the fruit levels, and ultimately decreases the res-
piration and transpiration [25]. It was confirmed that add-
ing the chitosan and calcium chloride improves A. vera gel 
coatings’ efficacy and significantly reduces the weight loss 
of mango fruit. Edible chitosan coating acts as a protective 

barrier and restricts water transfer and gas exchange from the 
fruit surface and consequently prevents fruit’s postharvest 
weight loss [11].

Calcium binding to phospholipids stabilizes the mem-
brane’s lipid bilayers and controls the permeability and 
integrity of the membrane which eventually leads to the 
fruit’s weight reduction. Calcium also strengthens the cell 
wall and particularly the middle lamella by creating new 
crosslinks among anionic homogalacturonans [26].

In many reports, chitosan has introduced as an effective 
material on respiration rate, water and weight loss of the 
crops without any negative impact on the odor, taste and 
palatability of the fruits and vegetables [27]. Our study is 
in line with Pinzon et al. [28] who reported that the weight 
loss of strawberry treated with starch-chitosan A. vera gel 
was slower than untreated fruit during the postharvest stor-
age time. Similar to our results, Kou et al. [29] discovered 
that CaCl2 and composite coating can remarkability reduce 
the weight loss of jujube fruit during the storage period 
(105 days) at the temperature of 0 °C.

Ascorbic acid

Ascorbic acid which is a nutritional factor of the fruits and 
vegetables is also considered as one of the most important 
antioxidants that scavenge reactive oxygen species (ROS) 
and free radicals during the crops’ ripening. However, due to 
the oxidation process, the ascorbic acid content of vegetables 
and fruits decreases throughout the storage [30]. Typically, 
the oxidation process intensity and ascorbic acid content’ 
reduction of the products depends very much on their access 

Fig. 5   The effects of various preservative coatings on total soluble 
solid (TSS) (a) and titratable acidity (TA) (b) of mango fruit during 
storage at 25 ± 2  °C and 85 ± 5% RH. Details of the various preser-
vation coatings are given in Table  1. Values are means ± SE from 
three replicates (n = 3). Statistical analysis was performed using 

Duncan test. Control = Distilled water, T1 = Aloe vera 5%, T2 = Aloe 
vera 10%, T3 = Aloe vera 20%, T4 = Aloe vera 30%, T5 = Aloe vera 
10% + Calcium chloride 1.5%, T6 = Aloe vera 5% + Calcium chloride 
1.5%, T7 = Aloe vera 10% + Chitosan 1.5%
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to oxygen during the storage [31]. In our observations, add-
ing the chitosan significantly prevented mango’s ascorbic 
reduction during the storage time. In this study, the chitosan 
effectiveness in controlling the fruit ascorbic acid losses can 
be attributed to its role in limiting surface permeability of 
oxygen and carbon dioxide.

The application of A. vera gel and chitosan together can 
modulate the internal gas atmosphere, in a way that leads 
to carbon dioxide level increase and oxygen concentration 
decrease; so that the oxidation process is delayed. Reduc-
ing ascorbic acid level in coated fruits can be also because 
of diminishing ethylene production and respiratory rate as 
well [25]. Khatri et al. [32] also uncovered that the combi-
nation A. vera gel and chitosan preserved the ascorbic acid 

of tomato fruit during the storage. Agree with the results 
obtained, Nourozi and Sayyari [33], declared that the com-
bination of basil seed mucilage (BSM) with A. vera edible 
coatings efficiently preserves ascorbic acid of apricot fruits 
through cold storage.

Phenol content

Phenolic compounds play a vital role in the nutritional 
quality (e.g. color, acidity, astringency, bitterness and fla-
vor) of the product. Furthermore, because of their central 
role in capturing reactive oxygen species that are produced 
during the fruit ripening, it has a significant effect on fruits 
and vegetables’ antioxidant potential [34]. Edible coatings 

Fig. 6   The effects of various preservative coatings on color param-
eters (L*, a* and b*) of mango fruit during storage at 25 ± 2 °C and 
85 ± 5% RH. Details of the various preservation coatings are given 
in Table 1. Values are means ± SE from three replicates (n = 3). Sta-
tistical analysis was performed using Duncan test. Control = Dis-

tilled water, T1 = Aloe vera 5%, T2 = Aloe vera 10%, T3 = Aloe vera 
20%, T4 = Aloe vera 30%, T5 = Aloe vera 10% + Calcium chloride 
1.5%, T6 = Aloe vera 5% + Calcium chloride 1.5%, T7 = Aloe vera 
10% + Chitosan 1.5%
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have a suppression impact on phenolic compounds’ oxida-
tion through decreasing the gas exchange and respiration 
[35]. The accumulation of phenolic compounds may be 
due to increased PAL enzyme activity. Earlier, Romanazzi 
et al. [36] presented that the activity of the PAL enzyme, 
which is responsible for the synthesis of phenolic com-
pounds, increased in chitosan-treated grape fruit. The 
results of the current experiment were consistent with the 
results of Tzortzakis et al. [37] who acknowledged that the 
use of A. vera-Sage essential oil coating positively affected 
preserving phenolic compounds of tomato fruit during the 
storage. Lo’ay and Taher [38] notified that reducing phenol 
content consumption of coated fruits was due to declining 
of polyphenol enzyme activity.

Antioxidant activity

Naturally, the production of reactive oxygen species (ROS), 
which leads to tissue destruction and decay, would increase 
in fruits and vegetables during the ripening and storage pro-
cess. The fruits are able to scavenge ROS through enzy-
matic [as superoxide dismutase (SOD), catalase (CAT), 
ascorbate peroxidase (APX)] and non-enzymatic (phenolic 
compounds, glutathione and ascorbic acid) antioxidant 
systems [39]. Therefore, preserving the antioxidants of the 
products is important in order to maintain the postharvest 

quality of the products. Previous studies have exhibited that 
coatings prevent oxidation and reduction of the fruit anti-
oxidant system through gas permeability limitation [40]. 
It was observed that the A. vera-Sage essential oil used as 
tomato fruits coating preserved their antioxidants capacity 
during the storage, in contrast with the control fruits [37]. 
Khaliq et al. [37] also achieved the same results accentuating 
the positive effects of A. vera gel on preserving antioxidant 
activities in banana fruit. Similar to our findings, numerous 
studies have displayed that there is a positive correlation 
between fruit’s antioxidant activity and ascorbic acid and 
its phenolic compounds. Therefore, the greater antioxidant 
activity of coated fruits can be related to higher levels of 
ascorbic and total phenol content. Similar to our results, [41] 
exhibited that A. vera coated guava fruits, which had more 
antioxidants, also showed higher contents of ascorbic acid, 
flavonoids (quercetin and rutin), and total phenolics in com-
parison to control fruits.

Enzyme activities

The catalase (CAT) catalyzes the breakdown of H2O2 accu-
mulated in the cell into the water and molecular oxygen, and 
thereby reduces the toxic H2O2 that can cause the oxidation 
of organic substances of the cells of fruits and vegetables 
[42]. It has been reported that chitosan coating improves the 

Fig. 7   Principal component 
loading plot of physicochemi-
cal traits of mango fruit during 
storage at 25 ± 2 °C and 85 ± 5% 
RH
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CAT activity [42]. Recently studies have been shown that 
the use of 80 and 60% Aloe vera coatings in avocado fruit 
increase the SOD, CAT and APX enzymes activates than 
control fruits [41]. Ali et al. [43] also showed that the appli-
cation of A. vera coating increases the catalase, ascorbate 
peroxidase and superoxide dismutase activities in litchi fruit 
during the storage period. The POD is a significant oxidore-
ductase that is normally found in the products and is firmly 
identified with their physiological and biochemical meta-
bolic processes. Studies have shown that the use of chitosan 
coatings in orange fruit increases the POD enzyme activity 
[44]. Previous results also indicated that chitosan treatment 
decreases the activity of PPO and improves the quality of 
tomato fruit during the storage time [44]. Similarly, Mola-
mohammadi et al. [45] demonstrated that chitosan-salicylic 
acid coatings significantly inhibits the PPO activity in fresh 
pistachio fruit, through maintaining its postharvest quality 
and extending its shelf life. The inhibitory effect of the chi-
tosan on the PPO activity of the fruit can be attributed to 
low gas availability especially against O2 [46]. However, no 
detailed research has been done on the effect of coatings on 
enzyme s’ activity in treated fruits.

TSS and titratable acidity TA

Generally, some biochemical changes can happen in mango 
fruit through ripening, including the TA reduction and the 
TSS increase [2]. The increase in the TSS of the fruit during 
storage could be attributed to the loss of water or the decom-
position of starch to simple sugars and the destruction of cell 
wall polysaccharides [47]. Acidity reduction could be due to 
organic acids’ consumption in respiration or its conversion 
to sugar. The delay in TSS and TA in coated fruits could 
be associated with the gases (O2 and CO2) barrier property 
of edible coating and respiration reduction as a result [48]. 
These effects may be due to the fact that chitosan and A. 
vera coatings create a semi-impermeable layer on the sur-
face of the mango, which reduces water evaporation and gas 
exchange and thereby postponing fruit’s ripening evolution 
process [42]. A similar observation was reported by [32] 
who showed that there are lower trends of total soluble sugar 
(TSS) and TA of coated tomato fruit during the cold storage, 
in comparison with the control fruits. The results are gener-
ally consistent with the previous findings that reported a 
higher value of TSS (14.6%) and TA (49%) in coated apples 
comparing the control fruits [49]

Color parameters

One of the important appearance features that have a signifi-
cant impact on customer choice is the peel color of the fruit. 
The change of the color is basically related to the conversion 
of chlorophyll into other pigments such as carotenoids and 

anthocyanins [50]. In our study, the findings revealed that a 
gradual decrease was occurred in L* value in all samples; 
whereas, declining in L* value was lower in treated fruits 
than the control fruits. All coatings considered in this study 
were able to prevent the greenness (a*) reduction in com-
parison with the control. According to the above results, A. 
vera-chitosan treatment could postpone chlorophyll degrada-
tion of the fruit peel. This can be attributed to the treatments 
which played a role as the barrier for gas exchange. As a 
result of using A. vera coating, the modified atmosphere can 
lower respiration rate and ethylene production; therefore, 
it can cause a delay in ripening, chlorophyll degradation, 
anthocyanin accumulation and carotenoids’ synthesis and 
eventually in fruits’ discoloration [48]. It was reported that 
guava fruits coated with A. vera gel 40% and A. vera gel 
60% exhibited reduced chlorophyll loss during storage than 
the controls [41]. Similar to our results, Pinzon et al. (2020) 
underlined in their research that the least color change was 
observed in strawberry coated with starch-chitosan- A. vera 
gel. In addition, the results of Parven et al. [51] represented 
that A. vera gel coating retards the color change of papaya 
fruits during storage compared to the control fruits.

Conclusion

The results of this research discovered that incorporating 
chitosan and calcium could improve the efficacy of A. vera 
coating and appropriately maintain the postharvest qual-
ity of mango and as a result extend its shelf life through 
controlling the weight loss. The higher ascorbic acid and 
antioxidant activity were found in A. vera-chitosan coated 
fruit. These coatings can increase antioxidant enzyme (CAT 
and POD) activity and inhibit PPO enzyme activity during 
the storage. Fruits coated with A. vera-chitosan presented 
minimal discoloration. Thus, considering the positive effects 
of chitosan in improving the properties of A. vera coating, 
and also the growing interest for using healthy natural com-
pounds, applying chitosan in combination with A. vera is 
strongly recommended to preserve the quality of mango fruit 
during storage at room temperature. However, further studies 
are necessary to investigate the possible mechanism of A. 
vera, chitosan and calcium action in activity of antioxidant 
enzymes.
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