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A B S T R A C T   

Mango is a tropical fruit presenting intense postharvest metabolism. In storage at room temperature, it presents a 
short shelf life due to the high respiratory rate, and consequent ripening, which limits the marketing period in 
distant regions. This study evaluated the effect of edible coatings of hydroxypropyl methylcellulose and beeswax 
in concentrations of 10, 20, and 40% in ‘Palmer’ mangoes stored for 15 days at 21 ◦C. The coatings controlled 
ripening, maintaining peel and pulp colors, firmness, soluble solids (SS), titratable acidity (TA), SS/TA ratio, 
sugars, ascorbic acid, phenolic compounds, flavonoids, β-carotene, and antioxidant activity. Also, they reduced 
weight loss, oxidative stress, and the anthracnose (Colletotrichum gloeosporioides) incidence, without inducing 
alcohol dehydrogenase activity, which suggests that coated fruit did not ferment. Treatment with 20% beeswax 
was the most suitable for industrial applications, increasing in six days the mangoes shelf life.   

1. Introduction 

Mango (Mangifera indica L.) is a tropical fruit from Northeast Asia 
presenting nutritional, functional, and sensory characteristics that 
please consumers. It is among the leading cultivated tropical fruits in the 
world, mainly used for fresh consumption (Evans, Ballen, & Siddiq, 
2017). 

Brazil is one of the world’s leading mango producers, with a planted 
area of 65,883 ha and a production of 1,319 million tons in 2018. In 
2019, the exports represented 221.913 thousand tons of fresh mangoes, 
yielding US$ 227.573 million in revenue, making the mango the fruit 
with the highest export value in the country (Carvalho, 2020). The 
cultivation of mango ’Palmer’ trees has grown significantly in recent 
years (Oliveira & Geraldini, 2018) due to its better sensory character-
istics, with emphasis on lower fiber and higher soluble solids content. In 
addition to pleasant sensory features, mango has several bioactive 
compounds, such as proteins, provitamin A carotenoids with antioxidant 
activity, phenolic compounds, dietary fiber, carbohydrates, minerals 
and vitamins A and C, which provides medicinal, nutritional, and in-
dustrial benefits (Zafar & Sidhu, 2017). 

However, mangoes are highly perishable after harvest. The mango 
’Palmer’ ends the ripening eight days after harvest when it begins to 
decrease visual quality (Nunes, Emond, Brecht, Dea, & Proulx, 2007). 
The postharvest loss of fruit quality relates to biochemical and physio-
logical changes triggered at ripening. These processes occur with 
increased respiratory rate, ethylene production, and enzyme activity, 
which quickly deteriorates the fruit quality in the absence of conserva-
tion technologies. Among the main characteristics of quality loss, we 
highlight the weight loss, softening of tissues, degradation of chloro-
phyll, reduction of organic acids, and the elevation of sugars, soluble 
solids, and carotenoid pigments content (Singh, Singh, Sane, & Nath, 
2013; Zafar & Sidhu, 2017). 

The increase in postharvest shelf life of mangoes would benefit the 
market, allowing expansion and marketing flexibility, with an increase 
in product quality and reduction in losses. The coatings techniques apply 
solutions that adhere to the fruit surface, which causes the same effects 
as storage in modified atmospheres, controlling gas exchange, and 
limiting water transfer (Dhall, 2013). Also, the use of edible coatings to 
protect and preserve fruits has advantages over synthetic materials, such 
as biodegradability, environmental sustainability, and safety for human 
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health. However, the success of coatings in the quality control of fresh 
fruits depends on the right choice of the raw material for coating (Dhall, 
2013). 

Several raw materials can serve as fruit coatings, including polymers 
of polysaccharides and lipids, which provide excellent structure and 
permeability to water vapor and gases (Navarro-Tarazaga, Río, Krochta, 
& Pérez-Gago, 2008). The hydroxypropyl methylcellulose (HPMC), a 
water-soluble cellulose ether, shows exceptional film-forming properties 
(Osorio, Molina, Matiacevich, Enrione, & Skurtys, 2011). However, as a 
hydrophilic polysaccharide, HPMC has low permeability to gases, which 
reduces gas exchange and causes fermentation by anaerobic respiration 
inside fruits. 

The combination of HPMC with beeswax (BW), which has a hydro-
phobic property, aims to increase permeability to gases while increasing 
impermeability to water vapor. These features reduce transpiration, off- 
flavors, and fresh weight loss, maintaining the quality of the fruits 
(Klangmuang & Sothornvit, 2018a). 

The use of HPMC and beeswax-based coatings has demonstrated the 
maintenance of firmness for long periods, with a reduction of weight loss 
and maintenance of qualitative characteristics in several fruits, such as 
plums, oranges, tangerines, tomatoes, and guavas (Contreras-Oliva, 
Rojas-Argudo, & Pérez-Gago, 2012; Fagundes, Palou, Monteiro, & 
Pérez-Gago, 2015; Formiga, Pinsetta, Pereira, Cordeiro, & Mattiuz, 
2019; Navarro-Tarazaga, Massa, & Pérez-Gago, 2011; Navarro-Tarazaga 
et al., 2008). 

This study tests the hypothesis that coatings with HPMC:BW can 
reduce gas exchange in mangoes ’Palmer’ and, therefore, delay ripening, 
maintaining fruit quality for longer. Thus, we evaluated the effect of this 
edible coating and different concentrations of beeswax on ripening and 
postharvest quality of mangoes stored at room temperature. 

2. Material and methods 

2.1. Plant material 

Mangoes of the cultivar Palmer were obtained in a commercial or-
chard in Taquaritinga, São Paulo (21◦24′22′′S and 48◦30′17′′W, 565 m 
altitude). The harvest occurred when fruit were partially ripe, that is, 
still firm but physiologically ripe, when they become more than 50% 
yellow or red (Nunes et al., 2007). The fruit were transported to the 
FCAV/UNESP Postharvest Technology Laboratory, Jaboticabal, Brazil, 
20 km from the harvest site. In the laboratory, the mangoes were washed 
in running water and treated with Magnate 500 EC fungicide (0.5 g L− 1 

of imazalil - ADAMA Makhteshim Ltd.) for one minute. After drying, the 
mangoes were selected to make the batch uniform. 

2.2. Preparation of edible coatings and experimental procedure 

The coatings were prepared according to (Navarro-Tarazaga et al., 
2011) modified by Formiga et al. (2019). The hydroxypropyl methyl-
cellulose was dissolved in one-third of the total deionized water under 
stirring to make solutions at 5 g 100 g− 1 (w/w) (Methocel E15®, Dow 
Chemical, USA, 2% viscosity in the water of 12–18 cP). After dissolution, 
the remaining water was added at room temperature, followed by 
cooling under stirring in an ice bath until reaching 20 ◦C. 

The filmogenic solutions were prepared with different doses of 
beeswax (10, 20, and 40 g 100 g− 1 in relation to HPMC) (Synth, Brazil). 
Stearic acid (Synth, Brazil) in the proportion of 5:1 (Wax:Acid) was used 
as an emulsifier and glycerin (Synth, Brazil) in a 2:1 ratio (HPMC: 
glycerol) as a plasticizer. The mixture was heated in a microwave oven 
at 90 ± 2 ◦C and homogenized for 1 min at 12,000 x g and 3 min at 
24,000 x g in a micro homogenizer (Marconi, model MA 102). The so-
lution was cooled in an ice bath (20 ◦C) under stirring, left to rest for 45 
min, and stored under refrigeration. 

The treatments consisted of immersing the mangoes for 1 min in 
emulsions with different proportions of HPMC and beeswax (Table 1). 

The edible coatings had a final solids concentration of 6 g 100 g− 1. After 
immersion, the mangoes were kept at room temperature (20 ◦C and 80% 
RH) until the coating dried (around 15 min). 

After drying, the mangoes were stored in a cold chamber at a tem-
perature of 21 ± 1 ◦C and 75 ± 10% RH at dark, monitored every 30 min 
by a HOBO Prov2 U-23–001 data recorder, for 15 days. The analyzes 
were performed every three days. 

2.3. Laboratory analysis 

2.3.1. Respiratory rate 
Measurements of CO2 production in mangoes were performed before 

treatments (initial analysis) and on each sampling date. For this, two 
mangoes were placed in airtight containers with a capacity of five liters, 
in triplicate. After one hour, 200 µL samples of gas were collected from 
the recipients through a silicone septum, using an appropriate syringe 
(Hamilton, Gastight, Nevada, USA). 

The gas samples were analyzed in a chromatograph (Thermo Sci-
entific, model Trace GC Ultra) equipped with a Porapack N capillary 
column, two meters long and regulated to 80 ◦C, with hydrogen as 
carrier gas (35 mL min− 1). The gas samples were analyzed by a flame 
ionization detector at 250 ◦C. The column and the injector had a 
working temperature of 110 and 200 ◦C, respectively. The production of 
CO2 and ethylene were estimated by the differences between the initial 
gas concentration (when the containers were closed) and the final 
concentration (after one hour), being expressed in milliliters CO2 
kg− 1h− 1. 

2.3.2. Alcohol dehydrogenase enzyme activity – ADH (EC 1.1.1.1) 
The samples were macerated in liquid nitrogen for the extraction of 

ADH. They were weighed and again macerated in a mortar with 2 mL of 
100 Mm MES buffer (pH 6.5) containing 1 g L− 1 of polyvinylpyrrolidone 
(PVP), 1 mM of sulfate of heptahydrate zinc, 1 mM phenyl-
methylsulfonyl fluoride, and 10 mM β-mercaptoethanol (Fernández- 
Trujillo, Nock, & Watkins, 1999), with modifications. The homogenate 
was filtered through cotton and centrifuged at 4,000 × g for 60 min at 
4 ◦C. The supernatant was collected and used to measure ADH activity. 
The measurement occurred from a mixture in quartz cuvettes containing 
800 µL of 100 mM MES buffer (pH 6.5), 50 µL of 1.6 mM NADH, 100 µL 
of enzymatic extract, and 50 µL of 80 mM acetaldehyde. ADH values 
were obtained on a UV–visible spectrophotometer (Femto, model 700 
plus, Brazil) at 340 nm for 2 min and expressed in Unit of ADH min− 1 g− 1 

of fresh weight (FW). 

2.3.3. Peel and pulp color 
The color of fruit peel and pulp was determined with a colorimeter 

(model MINOLTA CR 400, KONICA MINOLTA) by determining the 
values of L* (100 = white; 0 = black), a* (positive = red; negative =
green), and b* (positive = yellow; negative = blue). The Hue angle and 
chromaticity were calculated according to the equations: Hue angle =
tan− 1 (b* / a*); Chroma = √(a*)2 + (b*)2. 

A color measurement was performed in the basal region of the fruit 
to determine the color of peel. After a longitudinal cut of the mangoes, 
the measurement was done in the central area of the pulp. Evaluations 
were performed on nine mangoes per treatment and sampling date. 

Table 1 
Edible coatings based on hydroxypropyl methylcellulose (HPMC) and beeswax 
(BW), in g 100 g− 1 (db).  

Formulation HPMC BW Glycerol Stearic acid Viscosity (cP) 

HPMC + 10% BW  58.7  10.0  29.3  2.0  211.30 
HPMC + 20% BW  50.7  20.0  25.3  4.0  177.00 
HPMC + 40% BW  34.7  40.0  17.3  8.0  58.22  
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2.3.4. Weight loss 
The fresh weight loss was estimated by weighing each sample unit on 

a semi-analytical scale (Marte, model AS1000C), followed by calculating 
the difference between the initial weight and the one obtained at each 
sampling date. The value was expressed as a percentage of accumulated 
weight loss. 

2.3.5. Firmness 
Firmness was determined using a penetrometer (Impact, model IP- 

90DI, Brazil) with a scale between 5 and 200 N, using a 5 mm tip. The 
readings occurred on the pulp, at three points in the equatorial region of 
the mangoes. The results were expressed in Newton. 

2.3.6. Titratable acidity (TA), soluble solids (SS), and SS/TA ratio 
The values of titratable acidity and soluble solids content were 

estimated from the fruit juice, extracted using a food processor (Mon-
dial, model Super Centrífuga Premium, Brazil). 

The titratable acidity analysis was performed by titrating 1 mL of the 
juice diluted in 50 mL of deionized water with NaOH 0,1 M, using 1% 
phenolphthalein as an indicator. Acidity was expressed in mg of citric 
acid 100 g− 1 FW. The analysis of soluble solids was carried out in a 
digital refractometer (model PR 101), with results expressed in ◦Brix. 
The SS/TA ratio was calculated from the division between the soluble 
solid content and titratable acidity. 

2.3.7. Soluble sugars 
Soluble sugars were estimated according to Yemm e Willis (2015), 

with modifications. The samples were macerated in liquid nitrogen, 
weighed (0.075 g), and diluted in 25 mL of deionized water (measured 
in a volumetric flask protected from light). After filtration, an aliquot of 
0.1 mL was transferred to test tubes in an ice bath, adding 0.9 mL of 
distilled water and 2 mL of anthrone. The tubes with the mixture were 
shaken (Phoenix Luferco, model AP56, Brazil), and then taken to a water 
bath at 100 ◦C for 3 min, for the reaction. After cooling, the samples 
were transferred to quartz cuvettes and analyzed on a UV–Vis spectro-
photometer (Femto, model 700 plus, Brazil) at 620 nm. The results were 
expressed as grams of glucose 100 g− 1 FW. 

2.3.8. Reducing sugars 
Reducing sugars were estimated by the 3,5-dinitrosalicylic acid 

(DNS) colorimetric method. Aliquots of 0.5 mL of the soluble sugar 
extract filtrate and 0.5 mL of DNS were transferred to test tubes in an ice 
bath. The tubes with the mixture were shaken in a solution shaker 
(Phoenix Luferco, model AP56, Brazil) and then taken to a water bath at 
100 ◦C for 15 min, for the reaction. After cooling, the samples were 
transferred to quartz cuvettes and analyzed using a UV–Vis spectro-
photometer (Femto, model 700 plus, Brazil) at 540 nm. The results were 
expressed in grams of glucose 100 g− 1 FW. 

2.3.9. Ascorbic acid 
The ascorbic acid content was measured by titration of 1 mL of juice 

diluted in 50 mL of oxalic acid with Tillman’s reagent. The results were 
expressed in milligrams of ascorbic acid 100 g− 1 FW. 

2.3.10. Total phenolic compounds 
The content of phenolic compounds was measured by the Folin- 

Ciocalteu method. The extraction used 1 g of samples macerated in 
liquid nitrogen, which were diluted in 25 mL of 80% acetone, measured 
in a volumetric flask protected from light and stored at 10 ◦C for 24 h. 
Then, the samples were filtered and a 135 µL aliquot of the filtrate was 
transferred to test tubes, adding 1.990 mL of distilled water and 125 µL 
of Folin-Ciocalteu solution. The samples were stirred (Phoenix Luferco, 
model AP56, Brazil), left to rest for 5 min and, immediately afterward, 
250 µL of sodium carbonate was added, stirred again, and put in a water 
bath at 40 ◦C for 35 min, to allow the reaction. Finally, the samples were 
transferred to quartz cuvettes and assessed at a UV–Vis 

spectrophotometer (Femto, model 700 plus, Brazil) at 765 nm. The re-
sults were expressed in milligrams of gallic acid 100 g− 1 FW. 

2.3.11. Flavonoids 
The flavonoids content was estimated by the analysis of anthocya-

nins. The extraction used 2 g of sample macerated with 5 mL of ethanol: 
HCl (8.5:1.5 v/v) added with another 5 mL of maceration solution and 
kept under refrigeration for 24 h. The samples were centrifuged for 5 
min at 3000 × g at 5 ◦C. The supernatant was filtered on filter paper and 
an aliquot was transferred to a quartz cuvette (3 mL) for measurement 
on a UV–Vis spectrophotometer (Femto, model 700 plus, Brazil) at 374 
nm. The results were expressed in milligrams 100 g− 1 FW. 

2.3.12. Carotenoids 
The carotenoid content was measured according to the method 

described by Nagata and Yamashita (1992). In the extraction, we used 2 
g of the sample, which was added in test tubes with 10 mL of acetone: 
hexane (4:6 v/v) extractor. The mixture was stirred in Vortex (Phoenix 
Luferco, model AP56, Brazil). It was allowed to settle for a few minutes 
in a dark room, 3 mL of the supernatant was transferred to quartz cu-
vettes and read on a UV–Vis spectrophotometer (Femto, model 700 plus, 
Brazil) at 453, 505, 645, and 663 nm. After adjusting the equation, the 
values were expressed in micrograms of β-carotene 100 g− 1 FW. 

2.3.13. Antioxidant activity 
The total antioxidant activity was measured by the DPPH method 

proposed by Brand-Williams, Cuvelier, and Berset (1995). The DPPH 
solution was prepared at 2 × 10− 4 g mL− 1 (0.01 mg of DPPH in 50 mL of 
99.8% ethanol). For extraction, the samples were macerated in liquid 
N2, weighed, and diluted in 10 mL of 99.8% ethanol in a centrifuge tube, 
and centrifuged at 2,000 × g for 10 min at 5 ◦C. Aliquots of 500 µL from 
the supernatant were combined with 3 mL of ethanol P.A. After adding 
300 µL and homogenization, the test tubes were stored in the dark for 60 
min. The negative control was prepared with DPPH at 0.3 mM in ethanol 
to observe the decay of the radical against the donor antioxidants. The 
measurements were done through absorbance at 517 nm, and the results 
were converted into a percentage of antioxidant activity (% reduced 
DPPH = white abs - sample abs). The results were expressed as per-
centage of reduced DPPH. 

2.3.14. Peroxidase enzyme activity (POD) (EC 1.11.1.7) 
Peroxidase activity was determined according to Lima, Brasil, and 

Oliveira (1999). The reaction system comprised the enzymatic extract 
(1 mL) with 30% hydrogen peroxide (0.5 mL) in potassium phosphate 
buffer (pH 6.7; 0.2 M), and phenol and aminoantipyrine solution (0.5 
mL). The reaction system was placed in a water bath at 30 ◦C for 5 min. 
Absolute ethyl alcohol (2 mL) was added to stop the reaction, and the 
content were transferred to quartz cuvettes, reading on a UV–Vis spec-
trophotometer (Femto, model 700 plus, Brazil) calibrated at 505 nm. 
The POD enzyme activity was expressed in micromole of H2O2 decom-
posed min− 1 g− 1 FW. 

2.3.15. Lipid peroxidation 
The samples were frozen in liquid N2, macerated, combined with 4 

mL of TCA buffer (1% w/v), homogenized, and centrifuged at 10,000 ×
g for 10 min at 4 ◦C (Biofuge Stratos model, Heraeus, Hanau, Germany). 
One milliliter of the supernatant was transferred to the test tube, adding 
3 mL of 0.5% (w/v) thiobarbituric acid in 20% (w/v) TCA and incu-
bating in a 95 ◦C water bath for 60 min. The tubes were kept for 10 min 
in an ice bath to stop the reaction. The samples were centrifuged again 
for 10 min at 10,000 × g. The absorbance of the supernatant was 
measured on a UV–vis spectrophotometer (Femto 700 plus, São Paulo - 
SP, Brazil) at 535 nm and 600 nm. The results were expressed as the 
content of malondialdehyde (MDA) per 100 g of fresh weight (micro-
mole MDA 100 g− 1 FW). 
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2.4. Incidence of diseases 

The incidence of disease was assessed by the number of fruit with rot 
(lesions greater than 0.5 cm in diameter). The results were expressed as a 
percentage of infected fruit. 

2.5. Statistical analysis 

The data were investigated by analysis of variance (ANOVA), using 
the F test to verify the effect of treatments. Polynomial regression ana-
lyzes were performed to test the linear and quadratic effects of the 
factors. We accepted equations that presented at least 5% significance by 
the F test and a determination coefficient higher than 0.5. The Tukey test 
(P ≤ 0.05) was used to compare the means between treatments and 
between storage days. 

3. Results and discussion 

3.1. Respiratory rate and activity of the alcohol dehydrogenase enzyme 

The respiratory rate showed a different behavior between the un-
coated and coated fruit. Uncoated fruit showed twice the respiration rate 
in the 15-day storage period (Fig. 1A). The respiratory rate also differed 
among coating treatments. Fruit treated with HPMC + 40% BW present 
higher CO2 production from the 9th day and reaching respiration rate 
values close to uncoated fruit at the end of the experiment. Fruit treated 
with HPMC + 10 and 20% BW maintained low respiratory rate. 

Coatings change the atmosphere inside the fruit decreasing O2 
pressure (consumed during respiration) and the respiratory rate. Due to 
the barrier formed over the fruit, the CO2 from respiration, accumulates 
inside the fruit acting in the deceleration of the physiological processes, 
keeping the fruit in the pre-climacteric stage for longer. Moreover, the 
addition of lipid materials, such as beeswax (hydrophobic), in films and 

coatings based on HPMC (hydrophilic), increases gas permeability, 
improving the CO2 and O2 barrier (Klangmuang & Sothornvit, 2016b). 
Therefore, in this study, the coatings maintained the low respiratory rate 
by the mangoes as expected. 

Our study corroborates previous studies using ’Angeleno’ plums 
(Navarro-Tarazaga et al., 2011) and ’Pedro Sato’ guavas (Formiga et al., 
2019) showing the effect of lipid materials on HPMC coatings, 
increasing gas permeability and shelf life of the fruit. 

The activity of the alcohol dehydrogenase (ADH) enzyme increased 
more than 200 U of ADH min− 1 g− 1 FW from the 12th day of storage at 
the uncoated fruit, but the ADH from coated fruit did not change over 
time (Fig. 1B). 

During the fruit ripening process, ADH is responsible for the con-
version of acetaldehyde to ethanol, using NADH produced in the 
glycolysis and Krebs cycle. When the fruit atmosphere is modified, such 
as a low concentration of O2 and a high concentration of CO2, the ac-
tivity of ADH increases with consequent production and accumulation of 
ethanol, characterizing the fermentation process (Porat & Fallik, 2008). 

ADH activity remained low during storage on coated fruit. Therefore, 
coatings did not wholly block the gas exchange inside mangoes and 
there was no ethanol accumulation and, consequently, neither fruit 
fermentation, as occurs in the ripening process (Porat & Fallik, 2008). 
Coatings with low gas permeability can reduce the rate of respiration 
with consequent increase of fermentative processes inside the fruit, 
losing their quality (Contreras-Oliva et al., 2012). 

The activity of ADH and ethanol at low levels during ripening of 
fruits are precursors of volatile compounds responsible for the natural 
flavor and aroma of fruits. However, high levels of ethanol give an off- 
flavor to the fruit, occurring both by fermentation processes resulting 
from anaerobic respiration, as well as for the accelerated ripening of 
fruit senescence (Porat & Fallik, 2008). The most significant production 
of ethanol in mangoes occurs in the post-climacteric phase. In the un-
coated mangoes, the increase in ADH activity occurred on the 15th day 
of storage, related to the advance of ripening or beginning of senescence, 
confirmed by the reduction in acidity and the increase in soluble solids 
content and SS/TA ratio (Fig. 4B e 4C), which will be discussed in the 
section 3.4. 

3.2. Peel and pulp color 

The colorimetric analysis indicates that uncoated fruit started 
ripening after six days of storage when the peel and pulp color differed 
from fruit with the coating (P ≤ 0,05) (Fig. 2 and Supplementary 
material). 

The peel of uncoated fruit became clearer from the 9th day, 
increasing the lightness (Fig. 2A). The increase in the lightness value of 
the mango peel is related to ripening, reflecting more the yellow color, 
which results from chlorophyll degradation (green) and carotenoid 
pigments synthesis (yellow-orange) (Nunes et al., 2007). 

We did not find a variation on peel and pulp lightness on coated fruit 
by HPMC:BW, showing that the coating delayed ripening (Fig. 2A and 
2D). Cassava starch (Costa et al., 2016) and carnauba wax (Guimarães 
et al., 2017) also led to lower lightness on the peel, lighter tones, at the 
end of storage, as a result of delayed ripening. 

The pulp of immature mango has a light yellow color that, during 
ripening, changes to yellow-orange tones, due to the carotenoids syn-
thesis, becoming darker (Nunes et al., 2007). ’Palmer’ mangoes coated 
with cassava starch also showed less pulp darkening due to delayed 
ripening (Costa et al., 2016). 

Both in peel and pulp of uncoated mangoes, the Chroma significantly 
increased from the 6th day of storage. Therefore, chromaticity did not 
change on the peel of coated fruit, and there was a slight increase in the 
pulp (Fig. 2B and 2E). 

Chroma represents saturation, which is directly linked to the con-
centration of the coloring element and represents a quantitative attri-
bute of intensity. The higher the Chroma, the higher the saturation of 

Fig. 1. Effect of HPMC and beeswax (BW) based coating on the respiratory rate 
(A) and activity of the alcohol dehydrogenase enzyme (B) of ’Palmer’ mango 
stored for 15 days at 21 ◦C. Control - Uncoated; 10% - HPMC + 10% BW; 20% - 
HPMC + 20% BW; 40% - HPMC + 40% BW. 
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colors that are visible to humans. An increase in chromaticity indicates 
saturation of pigmentation. In the case of ’Palmer’ mangoes, represents 
a change in the peel color from a matte green to a vivid reddish yellow 
color (Nunes et al., 2007), and intensity on yellow color of the pulp and 
brightness, showing ripening. The maintenance of the chromaticity of 
the peel and lower increase in the pulp, suggests that the HPMC:BW 
coating delayed the ripening of the mango, as observed for ’Pedro Sato’ 
guavas, which showed constant Chroma during the eight days evalu-
ated, while in the uncoated fruit was found to increase (Formiga et al., 
2019). 

The Hue angle of both the peel and the pulp showed a decrease in the 
uncoated fruit, and coated fruit remained unchanged during storage 
(Fig. 2C and 2F). The Hue angle of the peel of uncoated mango corre-
sponded to the yellow range (104.35◦), while coated mango, to a 
yellowish-green range (on average, 114.88◦). In the pulp, the Hue angle 
corresponds to yellow-orange (88.4◦) on uncoated fruit and yellowish- 
green (on average, 97.3◦) on coated fruit. 

According to Nunes et al. (2007), the reduction in the Hue angle of 
the ’Palmer’ mango peel indicates a change in color from yellowish- 
green to reddish yellow, occurring in about eight days in fruit main-
tained at room temperature. The coatings maintained the Hue angle of 

the treated mangoes, suggesting a delay in ripening, since changes in 
color, both in the peel and in the mango pulp are related to the process of 
chlorophyll degradation and synthesis of carotenoids (Singh et al., 
2013). This process occurs due to the modified atmosphere formed in-
side the fruit that received the coating, given the increase in the internal 
CO2 rate and reduction of O2 consumption, with consequent reduction of 
enzymatic processes and respiratory activity, as also found in guavas 
(Formiga et al., 2019) and tomatoes (Fagundes et al., 2015) subjected to 
HPMC:BW. 

The color change in fruits and vegetables is one of the main criteria 
for the identification of ripening. In ’Palmer’ mango, it indicates a 
depreciation of visual quality (Nunes et al., 2007). Likewise, the pulp 
color at harvest is one of the best indicators of commercial mango life 
due to the high susceptibility to biochemical changes during ripening 
(Nordey, Davrieux, & Léchaudel, 2019). Thus, maintaining the color 
close to those recorded in the harvest indicates the delay in ripening, 
providing longer commercial life and greater acceptance by the 
consumer. 

Fig. 2. Effect of HPMC and beeswax (BW) coating on peel color (A, B and C) and pulp color (D, E and F) of ’Palmer’ mango stored for 15 days at 21 ◦C. Control - 
Uncoated; 10% - HPMC + 10% BW; 20% - HPMC + 20% BW; 40% - HPMC + 40% BW. 
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3.3. Weight loss and firmness 

The weight loss showed a significant difference (P ≤ 0.05) between 
coated and uncoated fruit after the 9th day of storage. At 15 days, the 
treated fruit showed, on average, an weight loss 19% lower than the 
uncoated fruit (Fig. 3A). Klangmuang & Sothornvit (2018b) found 
similar results using ’Namdokmai Sithong’ mangoes treated with HPMC: 
BW and essential oils. The coating containing beeswax has a hydro-
phobic material forming a barrier against water movement. 

The weight loss of coated fruit did not differ among treatments (P ≤
0.05). Therefore, the wax increase in the coating was not proportional to 
the decrease in the water vapor permeability of the coating. The appli-
cation of a coating based on HPMC:BW in ’Pedro Sato’ guavas presented 
similar results contributing to refute the hypothesis that the increase in 
beeswax proportionally reduces water permeability in coatings (For-
miga et al., 2019). 

Coating characteristics are affected by interactions between its 
components. Coating permeability, for example, is strongly influenced 
by the proportion of emulsifiers, such as stearic acid. The use of palmitic 
and stearic acids in a HPMC-based coating, in a 5:1 ratio (BW:fatty 
acids), improved the permeability to gases, reducing the concentration 
of volatile compounds inside the fruit, as demonstrated by Navarro- 
Tarazaga, Río, et al. (2008). The emulsifier allows greater dispersion of 
fat globules in the base of HPMC, restricting the passage of water vapor. 
Thus, the balance between components of the emulsion has a stronger 
influence on the coating structure than isolated components. 

The firmness of the mangoes decreased over the storage period 
(Fig. 3B) but more markedly in the uncoated fruit. At the end of the 
experiment, uncoated mangoes (10.68 N of firmness) showed lower 
firmness averages compared to coated mangoes (42.82 N, 43.77 N, and 
39.89 N, respectively for 10%, 20%, and 40% BW). 

During ripening, the action of hydrolytic enzymes, such as amylase, 

cellulase, pectin methylesterase, and polygalacturonase, degrades starch 
and the cell wall converting starch into sugar, leading to loss of cellular 
turgor and consequent fruit softening, changing the firmness (Singh 
et al., 2013). The modified atmosphere created inside the coated fruit, 
delayed the metabolic processes, leading to greater firmness and pro-
longed shelf life by six days at room temperature. According to Formiga 
et al. (2019), 20% BW coating allowed a 6-day gain in the shelf life of 
’Pedro Sato’ guavas, allowing commercialization for up to 8 days at 
room temperature. 

The coating based on HPMC:BW, was more efficient in maintaining 
the texture of ’Palmer’ mangoes than carnauba wax: propolis extract 
combined with refrigeration (12 ◦C) for 12 days, followed by three days 
at 25 ◦C, which resulted in mangoes with average firmness below 30 N 
on the 15th day (Guimarães et al., 2017). Likewise, HPMC:BW surpassed 
galactomannan-based coating efficiency plus refrigeration, using 
’Tommy Atkins’ mangoes, which at 12 days of cold storage (14 ◦C) the 
firmness was less than 20 N (Aguiar et al., 2011). 

3.4. Titratable acidity (TA), soluble solids (SS), SS/AT ratio and sugars 

Titratable acidity decreased during the experiment, except for 
HPMC + 20% BW treatment (R2 = 0.0755). However, uncoated fruit 
show the most substantial reduction in acidity, differing from HPMC +
10% and 40% BW. HPMC + 10% and 40% BW keep the titratable acidity 
at 40% and 26% higher than uncoated fruit at the end of the experiment 
(Fig. 4A). A higher amount of acids in coated mangoes is related to 
delayed ripening, and to the low use of organic acids as a substrate in 
respiratory metabolism (Batista-Silva et al., 2018). 

The soluble solids content increased over the storage period in all 
treatments (Fig. 4B), demonstrating that the ripening process was not 
entirely interrupted by the coatings. However, coated fruit had lower 
levels of soluble solids during the storage. Uncoated fruit showed an 
increase in soluble solids content 50% higher than the coated fruit the 
12th, and a reduction after the 12th day, which can configure a reduc-
tion of the enzymatic metabolism of conversion of starch into sugar, 
responsible for the increase in soluble solids characterizing the ripening 
of the fruit. 

The ratio SS/TA increased in all treatments, but uncoated fruit 
increased 595% while coated mangoes 207%, 124%, and 91%, for fruit 
with HPMC + 40, 10, and 20% BW, respectively (Fig. 4C). Lower SS/TA 
ratio was also found for mangoes ’Palmer’, using chitosan-based coat-
ings (Cosme Silva et al., 2017). 

Soluble and reducing sugars had an initial decrease followed by an 
increase over the storage time in coated fruit (Fig. 4D and 4E), except for 
reducing sugar on the treatment HPMC + 10% BW. HPMC + 20% and 
40% BW accumulated 39.88 and 70.63% of soluble and reducing sugars, 
respectively, at the end of the storage. However, uncoated fruit linearly 
increased soluble sugar production and presented both higher soluble 
and reducing sugar than coated fruit. The reduction of gas exchange 
using the coatings inhibits the activity of amylase (EC 3.2.1.1), sucrose 
synthase (EC 2.4.1.13), invertase (EC 3.2.1.26) and other enzymes 
responsible for the hydrolysis of starch in sugars, therefore, decreasing 
sugar production on coated treatments compared to uncoated fruit 
during the 15 days studied (Singh et al., 2013). 

The low levels of reducing sugars on mangoes treated with HPMC +
10% BW indicate the greatest delay in the ripening process, probably 
due to the lower gas permeability, given the lower beeswax content and 
hydrophilic character of hydroxypropyl methylcellulose (Klangmuang & 
Sothornvit, 2016a; Navarro-Tarazaga et al., 2011). The same trend was 
found for guavas ’Pedro Sato’ treated with HPMC + 10% BW (Formiga 
et al., 2019). According to the authors, the O2 restriction may induce the 
metabolism of guavas to fermentation, in which reducing sugars are 
used as a substrate to produce energy. However, this was not evident 
here (Fig. 1B). The total solid content in the coatings (8% - Formiga et al. 
2019, and 6% here) may be responsible for the distinct behavior. 

Fig. 3. Effect of HPMC and beeswax (BW) coating on weight loss (A) and 
firmness (B) of ’Palmer’ mango stored for 15 days at 21 ◦C. Control - Uncoated; 
10% - HPMC + 10% BW; 20% - HPMC + 20% BW; 40% - HPMC + 40% BW. 
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3.5. Bioactive compounds, antioxidant activity and oxidative stress 

The levels of ascorbic acid decreased throughout storage, except on 
the 6th day for uncoated and HPMC + 10% BW treatments (Fig. 4F). In 
fruit, ascorbic acid acts as an antioxidant agent, protecting plant tissue 
from reactive oxygen species (ROS) (Fenech, Amaya, Valpuesta, & 
Botella, 2019). The increase in the content of this compound on day six 
may be associated with oxidative processes that induced the synthesis of 
ascorbic acid as a defense mechanism. At the same time, the gradual 
decrease in the other treatments shows the normal degradation of 
ascorbic acid by the oxidation process. Similar behavior was found for 
’Pedro Sato’ guavas using the same concentration of HPMC:BW as used 
here (Formiga et al., 2019). 

The coatings had a positive effect on the maintenance of ascorbic 
acid, which was greater than the uncoated treatment from day 9. At the 
experiment completion, treatment with HPMC + 20% BW had 70% of 
the initial content, 20% more than uncoated fruit. The treatments with 
HPMC + 10% and 40% BW presented values 13% higher than uncoated 
fruit. 

At the beginning of the storage period, the phenolic compounds 
increased, followed by a decrease in all treatments (Fig. 5A). Uncoated 
mangoes showed the highest averages of phenolic compounds, due to 

the more advanced stage of ripening of these fruit compared to those 
coated, since phenolic compounds are used to neutralize free radicals 
naturally produced during ripening (Palafox-Carlos, Yahia, Islas-Osuna, 
Gutierrez-Martinez, & Robles-Sánchez, 2012; Palafox-Carlos, Yahia, & 
González-Aguilar, 2012). 

Different trends on phenolic compound content may occur during 
the ripening of mangoes, which may increase, decrease or remain stable 
(Palafox-Carlos, Yahia, Islas-Osuna, et al., 2012; Palafox-Carlos, Yahia, 
& González-Aguilar, 2012). In ’Tommy Atkins’, ’Keitt’ and ’Xiangya’ 
mangoes, there was a reduction in the content of phenolic compounds 
with ripening (Gámez et al., 2017; Hu, Dars, Liu, Xie, & Sun, 2018; 
Maldonado-Celis et al., 2019). Palafox-Carlos, Yahia, & González- 
Aguilar (2012) reported an increase in phenolic compounds in ’Ataulfo’ 
mangoes, between the maturation stages 1 (0–10% of the yellow peel) to 
3 (70–80% of the yellow peel), when usually reduction is registered, 
associated with fruit senescence. 

The content of flavonoids increased in all treatments. However, the 
uncoated fruit showed 200% higher content than those treated with 
HPMC + 40% BW at the end of the experiment (Fig. 5B). The content of 
flavonoids in fruit coated with HPMC + 10% and 20% BW remained low 
and did not change during storage. Ripening did not affect the flavonoid 
content of ’Ataulfo’ mango (Palafox-Carlos, Yahia, Islas-Osuna, et al., 

Fig. 4. Effect of HPMC and beeswax (BW) coating on titratable acidity levels - TA (A), soluble solids - SS (B), “ratio” (C), soluble sugars (D), reducing sugars (E) and 
ascorbic acid (F) of ’Palmer’ mango stored for 15 days at 21 ◦C. Control - Uncoated; 10% - HPMC + 10% BW; 20% - HPMC + 20% BW; 40% - HPMC + 40% BW. 
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2012), possibly due to the low expression of the FS gene linked to the 
flavonol synthase on this mango variety (Palafox-Carlos, Yahia, & 
González-Aguilar, 2012). 

The content of flavonoids and the change during ripening can vary, 
depending on the type, maturation stage, storage conditions, among 
other factors. In mangoes cv Xiangya, for example, there was an increase 
in the content of flavonoids over time (Hu et al., 2018). The differences 
in flavonoid content between coated and uncoated fruit may be related 
to the reduction in metabolism of coated mangoes. 

Pulp carotenoid content increased over a long period of storage 
(Fig. 5C). The treated mangoes showed an average increase of 163% in 
beta-carotene concerning the beginning of the experiment. Despite this 
result, the values are lower than the uncoated fruit, which, after 15 days 
of storage, showed 273.25 µg 100 g− 1 of beta-carotene, increasing more 
than 500% concerning the initial concentration. 

The content of carotenoids in mango pulp is directly related to the 
stage of fruit ripening. The carotenoid content in the mango pulp vary 
from 3.09 µg 100 g− 1 in the green stage, to 70.88 µg 100 g− 1 at the 
beginning of maturation, reaching 251.74 µg 100 g− 1 when ripe (Haque, 
Begum, Khatun, & Islam, 2015). The coating delayed the ripening of the 
treated fruit, which had lower carotenoid content at the end of the 15 
days of storage. The coating changes the metabolism by inhibiting 
ethylene synthesis and, consequently, chlorophyll degradation and 

carotenoid biosynthesis (Cosme Silva et al., 2017; Singh et al., 2013). 
Despite the reduced metabolism of the fruit, the coatings do not 
completely inhibit the synthesis of carotenoids. Therefore, the coating 
application does not limit carotenoids production, but only delays it, 
contributing to a longer fruit shelf life without compromising nutritional 
quality. 

The antioxidant activity, determined from the consumption of the 
free radical DPPH, tended to decrease during storage, with a significant 
difference between coated and uncoated mangoes. From the 9th day, the 
uncoated fruit showed a drastic reduction in antioxidant activity 
(Fig. 5D), indicating that the coatings were effective in controlling the 
maintenance of antioxidant activity. 

The antioxidant activity reduction in uncoated mangoes may be 
related to the fruit ripening between the 9th and 12th days of storage 
when there was a decrease in the percentual of reduced DPPH. The 
highest antioxidant activity occurs during the climacteric peak, con-
taining free radicals produced at the end of electron transport chain 
(Palafox-Carlos, Yahia, Islas-Osuna, et al., 2012). Besides, it matches 
with the reduction in the content of ascorbic acid and total phenolic 
compounds, that are essential antioxidants used to establish the balance 
between oxidant-antioxidant compounds (Palafox-Carlos, Yahia, Islas- 
Osuna, et al., 2012). 

Therefore, the coatings maintaining the bioactive compounds and 

Fig. 5. Effect of HPMC and beeswax (BW) based coating on the levels of total phenolic compounds (A), flavonoids (B), β-carotene (C), DPPH reduced (D), peroxidase 
activity (E) and malondialdehyde (F) of ’Palmer’ mango pulp stored for 15 days at 21 ◦C. Control - Uncoated; 10% - HPMC + 10% BW; 20% - HPMC + 20% BW; 40% 
- HPMC + 40% BW. 
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antioxidant activity of ’Palmer’ mango stored at 21 ◦C for 15 days, 
enabling the plant tissue protection from reactive oxygen species. Also, 
it guaranteed nutritional quality, since the levels of carotenoids, ascor-
bic acid, phenolic compounds, and flavonoids have potential antioxi-
dant activity also for the human body, contributing to the reduction of 
free radicals and prevention of chronic degenerative diseases (Fenech 
et al., 2019; Zafar & Sidhu, 2017). 

Peroxidase tended to increase after the 6th day of storage in the 
uncoated fruit, showing a 267% increase in activity at the end of storage 
(Fig. 5E). The treated fruit did not show significant changes, but the fruit 
treated with HPMC + 40% BW increased 19% in POD at the end. 

The results indicate that coating controlled ripening by preventing 
the increase in POD activity, which is indicative of advanced ripening or 
senescence of the fruit, acting by catalyzing oxidative reactions that 
increase during this period. The increase in POD activity has already 
been related to the ripening process of ‘Palmer’ mangoes (Miguel, 
Durigan, Barbosa, & Morgado, 2013). The presence of a protein that 
inhibits peroxidase activity in immature mangoes and is inactivated by 
ethylene during the climacteric peaks may explain the delay in ripening 
on coated fruit, while in uncoated fruit the ripening and the increase in 
ethylene content may have inactivated this protein enhancing the 
ripening process. 

Lipid peroxidation (MDA) increased during storage for all treatments 
but was higher in the uncoated fruit and with HPMC + 20% BW. 
However, the MDA content was lower in coated fruit at the end of the 15 
days of storage (Fig. 5F). MDA is a reactive oxygen species resulting from 
lipid peroxidation and is used as a marker of oxidative stress. The in-
crease in MDA during storage is related to the ripening process since it 
involves biochemical and physiological processes responsible for the 
accumulation of peroxidation products, which result in the rupture of 
the cell membrane, which is highly susceptible to ROS (Aguiar et al., 
2011). 

Our results suggest that coatings reduced oxidative stress, possibly 
due to the lower availability of oxygen inside the fruit, given that O2 is 
the main responsible for peroxidation (Petriccione et al., 2015). Similar 
results were observed in ’Tommy Atkins’ mangoes coated with gal-
actomannan (Aguiar et al., 2011) and chitosan-coated strawberries 
(Petriccione et al., 2015), a result of the oxygen barrier created by the 
coatings, according to the authors. 

3.6. Diseases incidence 

At the end of the storage period, 33.33% of the uncoated fruit and 
11.11% treated with HPMC + 40% BW showed symptoms of anthrac-
nose (Colletotrichum gloeosporioides), recorded from the 6th and 9th day, 
respectively. 

The literature does not report the fungicidal potential of HPMC:BW- 
based coatings. However, these coatings reduced the incidence and 
severity of anthracnose in ’Namdokmai Sithong’ mangoes (Klangmuang 
& Sothornvit, 2018a). The mechanism behind the effect of coating on 
inhibition of pathogen is unclear. However, the reduction of respiratory 
activity and delay in fruit ripening probably led to the non-incidence in 
coated fruit with HPMC + 10 and 20% BW, that showed low respiratory 
rate, and a late occurrence in treatment with HPMC + 40% BW, that 
showed an increase in respiratory rate after the 12th day (Fig. 1A). 

4. Conclusion 

Our results confirm the hypothesis tested. The coating based on 
hydroxypropyl methylcellulose and beeswax presents significant bene-
fits in postharvest conservation and quality of ’Palmer’ mango, retarding 
fruit ripening, maintaining the peel and pulp color and firmness. 
Moreover, it maintains the titratable acidity, soluble solids and SS/TA 
ratio, reduces the weight loss and the disease incidence in addition to the 
synthesis of sugars, avoiding the activity of alcohol dehydrogenase and 
fruit fermentation. The coating based on hydroxypropyl methylcellulose 

and beeswax allows, at least, a six-days gain in the commercial life 
compared to the uncoated fruit, along with the less oxidative stress in 
the fruit. Treatment with 20% BW is the most suitable for possible 
commercial applications. 
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