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Mango fruits being climacteric have a short shelf life; and post-harvest dipping is considered as one of the most popular
techniques to prolong its shelf life dipping based on starch, olive oil, beeswax and sodium benzoate have been evaluated
with reference to the shelf life and quality of mango Naomi cultivar fruit harvested at full stage of maturity. The dipped and
undipped (control) fruits were stored on the lab’s tables in the room conditions (25+5 <C and 65-70% R.H.), samples of each
treatment were randomly taken every 4 days to evaluate after harvest dipping treatments effect during shelf life of fruits.

ABSTRACT

Results indicated that every dipping treatment has a significant impact on the quality and shelf life of the fruit. The beeswax

and olive oil treated mango fruits had the longest shelf life with good quality, while the shelf life of untreated (control) fruit
was the shortest. The total soluble solids and sugar contents were also high in starch-treated fruit. The overall data conclude
that beeswax was the best post-harvest dipping material, which might be due to the fact that beeswax is an antioxidant and

antimicrobial as well as hydrophobic in nature.
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INTRODUCTION

Mango (Mangifera indica L., Family Anacardiaceae) is
well known as the queen of fruit that has an excellent
exotic flavor. Mango is a tropical and seasonal fruit which
is generally available during summer season in Egypt
and main harvesting period is in the month of May to
September. In relation to fruits, Egypt has two major
problems including fruit post-harvest losses due to over
production in growing season and deficit in off season
due to lack of appropriate processing and preservation
techniques. In addition, mango is also a perishable fruit
and cannot be preserved naturally for long time after
harvesting. ‘Naomi’ ripens in midseason. Trees are
harvested in September, 3 or 4 weeks after ‘Haden’ and
‘Tommy Atkins’. Fruit are oblong, usually with a small,
but sometimes absent, sinus. The ventral shoulder is higher
than the dorsal one, and the apex is obtuse or rounded.
Fruit size is uniform; average fruit weight is 450 g. The
skin of mature fruit is smooth and thin, with an attractive
red pigmentation. The yellow flesh is tender, juicy, and
nearly fibreless. The flavor is mild and moderately sweet,
with a weak pleasant aroma. Harvested fruit were sensitive
to rough handling (Degani, ef al., 1990).

There are various methods to extend shelf life of mangoes
or reduce post-harvest losses like wax coating, washing
with water, heat treatment, freezing and refrigeration,
immersion into sugar or brine solution, and so on. Several
researchers reported that heat treatment improved the
firmness and avoided the browning of fresh-cut mangoes
and reduced the respiration rate. Edible coatings are also

promising to improve the quality and extend the shelf-life
of fresh-cut products. They act as barriers to water loss and
gas exchange by creating a micro-modified atmosphere
around the product (Ben-Yehoshua, 2005). According
to Kader (2002) many chemical treatments have been
banned or restricted as postharvest fungicide treatments
of fruits in some countries, and the demand of pesticide
free produces are increasing day by day. After harvest
dipping treatment is one of the important and popular
techniques used to prolong the shelf life and reduce their
wastage. Therefore, a number of scholars are working on
the identification of such coating materials, which have
the potential to reduce the wastage, prolong the shelf life,
keep the good shape and color while retaining the real
taste, and ensure that it is less toxic for human beings
(Hagenmaier and Baker 1993; Baldwin et al., 1999; Hoa
et al., 2002; Hoa and Ducamp 2008; Malik and Singh
2005; Anjum et al., 2006; Martinez-Romero et al., 2006;
Zeng et al., 2006; Bakkali et al., 2008; Regnier et al.,
2008; Abbasi et al., 2009; Abd-AllA and Haggag 2010).

On the other hand, finding a coating material with
such types of chemical and physical properties is a
real challenge for scientists. Therefore, in practice, an
accommodative attitude is adopted and a material that can
meet the maximum required characteristics is selected.
As a consequence, a number of coatings have been used
and discussed by the scientists and efforts are still going
on to find the best one. Initially, the coating materials
were selected, irrespective of the taste and bioactivity;
however, later on, emphasis was given on toxicity, taste
and appearance.
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In the recent years, the prime interest of the scientists to
explore the natural coatings that can solve the problem
remained. Therefore, the chitosan, carnauba wax, aloe
vera gel, semper fresh, shellac, zein and polysaccharide-
based coating materials have been used by the scientists,
and their efficiency and the problems associated with
them have been highlighted (Ketsa and Prabhasa- vat
1992; Sumnu and Bayindirli 1995; Diaz-Sobac et al.,
1996; Baldwin 1998; Carrillo-Lopez et al., 2000; Kittur
et al., 2001; Hoa et al., 2002; Srinivasa et al., 2004;
Feygenberg et al., 2005; Dang et al., 2008; Zhu et al.,
2008; Abbasi ef al., 2011). On the other hand, beeswax
contains triacontanol as the main constituent, which
is antioxidant, anti peroxidative, anti-inflammatory,
antiulcerogenic, gastroprotective and anticolitis; hence, it
can be considered as a good potential for coating. Olive
oil is commonly used in Mediterranean and other diets.
It has several phenolic compounds that are known as
antioxidant, which is effective against oxidative stress and
other related diseases (Covas 2008). Starch-based coatings
retard the metabolic reactions by reducing respiration rate
and thus delay the senescence of the coated fruit (Baldwin
1994; Garcia et al., 1998a, b). Similarly, sodium benzoate
is commonly used as food preservative, which has been
used since 1909. It is not only harmless for human
beings, but also bacteriostatic and fungistatic (Comes and
Beelman 2002; Stanojevic et al., 2009). Therefore, in this
study, we have investigated the impact of starch, olive
oil and bees wax natural coating materials on the quality,
shelf life and waste percent, and compared these coating
materials with sodium benzoate, a chemical coating.

MATERIALS AND METHODS

This study was carried out during the 2017 and 2018
seasons on mango fruits (Mangifera Indica L.) Naomi
cultivar. The study was conducted in a private orchard
located in Cairo Alexandria desert road. The trees were
received the standard horticultural care adapted in the
area. The full matured fruits were picked manually by
hand, packed in carton boxes and taken directly to the
Post-Harvest Laboratory in Horticulture Department,
Faculty of Agriculture, Cairo University. The sound fruits
were selected. All fruits were washed with regular tap
water and soap and then rinsed with water. Fruit uniform
in size and good in quality were selected. 150 fruits were
chosen, fruits were treated by five treatments of coatings,
and each treatment consisted of 30 fruits, and then was
divided into three replicates, ten fruits for each replicate.
This was done for the first and the second season of study.

The treatments were as follow

1. Starch. (2% homogeneous solution of starch was made
in warm water and allowed to cool down to 30° C).

2. Olive oil. (was obtained from a local market).
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3. Beeswax. (dissolved in ethanol to obtain 2% solution).

4. Sodium Benzoate. (Five percent homogenous solution
of sodium benzoate in water was prepared by stirring the
mixture vigorously).

5. Fruit without coating (control).

For dipping purposes, the fruits were dipped once in the
dipping material and retained in it for less than 1 min to
have a uniform thin layer of the material over the surface
of the fruit. The dipped and undipped (control) fruits
were stored on the lab’s tables in the room conditions
(2545 <C and 65-70% R.H.), samples of each treatment
were randomly taken every 4 days to evaluate coating
treatments effect during shelf life of fruits. Evaluation of
treatments effects was carried out through the following
parameters:

Fruit firmness

Measurements of firmness were taken with a Bosch
penetrometer (model FT 327, Bosch, Osaka, Japan). The
firmness was determined by the force (g/mm) necessary
for a 2-mm probe to puncture the fruit peel at four different
points and taking the average of the values (external
firmness). The values obtained were rescaled according
to the hedonic scale for comparison purposes (Larmond
1987): 10—8 means firm; 8—6 slightly soft; 64 soft; 4-2
was over soft.

Moisture and Fruit dry matter contents

The flesh of fruit samples was cut into small pieces and
dried at (60 — 65°C) for 48 h. the moisture and dry matter
percentage were calculated using the following equations:

Moisture (%)

Weight before drying — Weight after drying  x 100

Weight before drying

Fruit dry matter content (%)

Average dry weight (g.) x 100

Average fresh weight (g.)

Fruit total soluble solids

Total soluble solids were measured from 10 g of the mixed
pulp using a digital refractometer (Atago Palette PR 101,
Atago Co. Ltd., Itabashi-Ku, Tokyo, Japan).

Fruit total titratable acidity
The total titratable acidity was determined by titrating

100 mL of juice against sodium hydroxide having
concentration of 0.1 N (AOAC 2000). Pulp from five
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mango fruits was obtained and mixed thoroughly and it
was used later on for the measurement.
Total sugar

The total sugar was measured by determining the refractive
index using a digital refractometer.

Ethylene

Ethylene produced was monitored by gas chromatograph,
Clarus 500, supplied by Perkin Elmer (Waltham, MA),
using flame ionization detector. The measurements were
made in triplicate and the concentration of ethylene was
calculated by comparing the peak areas with the known
standards.

Fruit Respiration rate

Individual small clusters for each treatment were weighed
and placed in 2-liter jars at 20°C. The jars were sealed
for 3 h with a cap and a rubber septum. The resulting O,
and CO, samples of the headspace were removed from
the septum with a syringe and injected into Servomex
Inst. Model 1450C (Food Pack Gas Analyzer) to measure
oxygen and carbon dioxide production. Respiration rate
was calculated as ml CO2/kg fruits/hr. (Lurie and Pesis,
1992). Initial reading at harvest day was scored under
room temperature, and then every 4 days till the end of
cold storage period. The ripened stage of the fruit was
detected through the variation in firmness, sugar contents
and the evolution rate of ethylene with the passage of time
(Shorter and Joyce 1998). The fruit was considered as loss
when it was infected by the disease and/or its firmness
value was less than 4.

Statistical analysis

The current study followed a complete randomized block
design, with three replicates for each treatment. Data
obtained throughout the current study were tested for
analysis of variance as indicated by Snedecor and Cochran
(1972) and means were compared using LSD test at 5%
(Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Fruit firmness

Data in Table (1) clarifya significant decrement in
mango fruit firmness with prolonging storage period at
room temperature. All dipping treatments maintained
significantly fruit firmness higher than the control. Dipping
treatment with beeswax was supremacy in maintaining
fruit firmness, followed by Sodium B treatment after
seventeen storage days at room temperature in both
studied seasons. Using olive oil as a dipping agent proved
to be more effective in maintaining fruit firmness than
starch treatment throughout storage period. Data in the
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table revealed a significant interaction between storage
period and treatments in both seasons. So, at the end of
storage, the least fruit firmness values were recorded with
the control treatment (3.61 & 3.64 Ib/inch?), contrarily
were the values of the beeswax treatment as it recorded
the highest (4.25 and 4.29 Ib/inch?) in both seasons,
respectively. The fruit firmness was decreased for all
treatments. The value of firmness was the highest in
beeswax treatment as compared with others.

It was attributed to the fact that the beeswax reduced
the evaporation, improved the texture of fruit and
hence delayed its wrinkling and softening during the
storage period (McWilliam 1989; Ladaniya and Sonkar
1997; Shahid 2007). As the ripening of mango fruits is
characterized by loss of firmness due to cell wall digestion
by pectinesterase, poly galacturonase and other enzymes.

Moisture and Fruit dry matter contents

The moisture loss percent calculated for each dipping
treatment is displayed in Table 2. The Starch dipping
treatment was the most effective for reducing the moisture
loss as compared with others. The reason for the reduction
in moisture loss may be the blockage of lenticels and/or
stomates (Dhalla and Hanson 1988). This idea was also
supported by the reduction in respiration. This consistency
of moisture content might be occurring due to lower rate
of transpiration from mango tissues during the storage
period (Mahomud et al., 2010).

Fruit total soluble solids

Data in Table (3) showed a significant increase in
mango fruit TSS with prolonging storage period at room
temperature. All dipping treatments compared with control
treatment maintained significantly fruit TSS higher than
the olive oil. Dipping treatment with starch was supremacy
in maintaining fruit TSS, followed by Sodium B treatment
after seventeen storage days at room temperature in both
studied seasons. Using starch as a dipping agent proved to
be more effective in maintaining fruit TSS than beeswax
treatment throughout storage period. Data in the table
revealed a significant interaction between storage period
and treatments in both seasons. So, at the end of storage,
the least fruit TSS values were recorded with the olive oil
treatment (78.34 & 79.05%), contrarily were the values of
the starch treatment as it recorded the highest (86.91and
87.69%) in both seasons, respectively.

An increase in TSS is considered to be due to the
hydrolytic conversion of polysaccharides into soluble
sugar for climacteric fruits during the ripening process.
During the ripening process, the transition of chlorophyll
into carotenoids, the biochemical conversions of starch
into sugar, insoluble proto pectin into pectin and the loss
of organic acid through oxidation are responsible for the
increase in these parameters (Kays 1991; Martinez et al.,
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Table (1): Effect of coating treatments on fruit firmness (Ib/inch?) of Naomi mango cv. Stored at room temperature (2017
& 2018 seasons)

Season 2017 (Storage days)
Treatments Mean
0 5 9 13 17
Control 8.26 7.42 6.55 5.57 3.61 6.28
Starch 8.40 7.62 6.69 5.69 3.70 6.42
Olive oil 8.97 8.08 7.13 6.09 3.94 6.84
Sodium B. 9.13 8.22 7.28 6.14 3.97 6.95
Beeswax 9.76 8.80 7.76 6.59 4.25 7.43
Mean 8.90 8.03 7.08 6.02 3.90
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 8.34 7.49 6.61 5.62 3.64 6.34
Starch 8.48 7.68 6.75 5.74 3.73 6.48
Olive oil 9.05 8.15 7.20 6.14 3.98 6.90
Sodium B. 9.21 8.29 7.34 6.20 4.01 7.01
Beeswax 9.85 8.88 7.83 6.65 4.29 7.50
Mean 8.99 8.10 7.14 6.07 3.93

LSD value at 0.05:

Dates: 0.052 Treatments: 0.052 Interaction: 0.116

Dates: 0.053 Treatments: 0.053 Interaction: 0.118

Table (2): Effect of coating treatments on fruit moisture content (%) of Naomi mango cv. Stored at room temperature
(2017 & 2018 seasons)

Season 2017 (Storage days)

Treatments Mean
0 5 9 13 17
Control 51.21 56.66 69.93 76.27 86.25 68.06
Starch 55.74 61.79 76.15 82.97 93.73 74.08
Olive oil 50.31 55.85 68.68 74.85 84.61 66.86
Sodium B. 53.00 58.84 72.38 78.87 89.16 70.45
Beeswax 52.03 57.71 71.07 77.48 87.50 69.16
Mean 52.46 58.17 71.64 78.09 88.25
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 51.67 57.17 70.56 76.96 87.03 68.68
Starch 56.24 62.35 76.84 83.71 94.57 74.74
Olive oil 50.76 56.35 69.30 75.52 85.37 67.46
Sodium B. 53.48 59.37 73.04 79.58 89.97 71.09
Beeswax 52.50 58.23 71.71 78.18 88.29 69.78
Mean 52.93 58.70 72.29 78.79 89.04

LSD value at 0.05:

Dates: 0.08 Treatments: 0.08 Interaction: 0.17

Dates: 0.08 Treatments: 0.08 Interaction: 0.17
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temperature (2017 & 2018 seasons)

Season 2017 (Storage days)
Treatments Mean
0 5 9 13 17
Control 15.07 17.10 21.52 78.31 79.90 42.38
Starch 16.58 18.89 22.05 85.26 86.91 45.94
Olive oil 14.30 16.20 21.29 76.94 78.34 41.42
Sodium B. 15.97 17.86 21.83 81.07 82.68 43.88
Beeswax 15.53 17.62 21.59 79.56 81.16 43.09
Mean 15.49 17.53 21.65 80.23 81.80
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 15.21 17.25 21.71 79.02 80.62 42.76
Starch 16.73 19.06 22.25 86.03 87.69 46.35
Olive oil 14.43 16.35 21.49 77.63 79.05 41.79
Sodium B. 16.11 18.02 22.03 81.80 83.42 44.28
Beeswax 15.67 17.78 21.78 80.27 81.89 43.48
Mean 15.63 17.69 21.85 80.95 82.54

LSD value at 0.05:

Dates: 0.11 Treatments: 0.11 Interaction: 0.24

Dates: 0.11 Treatments: 0.11 Interaction: 0.25

Table (4): Effect of coating treatments on fruit acidity (%) of Naomi mango cv. Stored at room temperature (2017 &
2018 seasons)

Treatments Season 2017 (Storage days) Mean
0 5 9 13 17

Control 2.06 1.77 1.34 69.28 54.24 25.74

Starch 1.10 0.95 0.74 68.82 77.08 29.74

Olive oil 2.24 1.91 1.51 70.76 79.26 31.14

Sodium B. 1.96 1.75 1.34 67.37 75.47 29.58

Beeswax 1.99 1.75 1.34 65.77 73.64 28.90

Mean 1.87 1.63 1.25 68.40 71.94

Treatments Season 2018 (Storage days) Mean
0 5 9 13 17

Control 2.06 1.77 1.34 69.28 54.24 25.74

Starch 1.10 0.95 0.74 68.82 77.08 29.74

Olive oil 2.24 1.91 1.51 70.76 79.26 31.14

Sodium B. 1.96 1.75 1.34 67.37 75.47 29.58

Beeswax 1.99 1.75 1.34 65.77 73.64 28.90

Mean 1.87 1.63 1.25 68.40 71.94

LSD value at 0.05:

Dates: 5.94 Treatments: 5.94
Dates: 5.99 Treatments: 5.99

Interaction: 13.28
Interaction: 13.40
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Table (5): Effect of coating treatments on fruit total sugars content (%) of Naomi mango cv. Stored at room temperature
(2017 & 2018 seasons)

Season 2017 (Storage days)
Treatments Mean
0 5 9 13 17
Control 19.31 21.04 23.12 24.18 26.31 22.79
Starch 20.94 22.17 24.55 25.52 27.17 24.07
Olive oil 19.13 20.15 23.17 23.93 25.95 22.46
Sodium B. 19.92 21.47 23.51 24.58 26.76 23.25
Beeswax 19.54 21.14 23.15 2431 26.56 22.94
Mean 19.77 21.19 23.50 24.50 26.55
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 19.48 21.23 23.33 24.40 26.55 23.00
Starch 21.13 22.37 24.77 25.75 27.41 24.29
Olive oil 19.30 20.33 23.38 24.15 26.18 22.67
Sodium B. 20.10 21.66 23.72 24.80 27.00 23.46
Beeswax 19.71 21.33 23.36 24.53 26.80 23.15
Mean 19.95 21.38 23.71 24.73 26.79

LSD value at 0.05:

Dates: 0.07 Treatments: 0.07 Interaction: 0.15

Dates: 0.07 Treatments: 0.07 Interaction: 0.15

Table (6): Effect of coating treatments on fruit Ethylene production (%) of Naomi mango cv. Stored at room temperature
(2017 & 2018 seasons)

Season 2017 (Storage days)
Treatments Mean
0 5 9 13 17
Control 4.96 5.57 6.87 19.63 17.00 10.81
Starch 5.48 5.33 6.57 20.97 17.99 11.27
Olive oil 4.37 4.87 6.07 18.25 16.65 10.04
Sodium B. 4.11 4.61 5.65 20.19 17.60 10.43
Beeswax 3.98 4.49 5.43 20.01 17.45 10.27
Mean 4.58 4.98 6.12 19.81 17.34
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 5.01 5.62 6.93 19.81 17.15 10.90
Starch 4.82 5.38 6.63 21.16 18.15 11.23
Olive oil 4.41 4.92 6.28 18.41 16.80 10.16
Sodium B. 4.15 4.66 5.70 20.37 17.76 10.53
Beeswax 4.02 4.53 5.48 20.19 17.61 10.37
Mean 4.48 5.02 6.20 19.99 17.49

LSD value at 0.05:

Dates: 0.09 Treatments: 0.09 Interaction: 0.20

Dates: 0.07 Treatments: 0.07 Interaction: 0.15
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Table (7): Effect of coating treatments on fruit respiration rate (ml CO, /kg/h) of Naomi mango cv. Stored at room

temperature (2017 & 2018 seasons)

Season 2017 (Storage days)
Treatments Mean
0 5 9 13 17
Control 55.33 61.49 63.85 1.47 1.74 36.78
Starch 54.35 60.37 62.75 0.77 0.94 35.84
Olive oil 52.34 58.09 60.32 1.58 1.94 34.85
Sodium B. 50.37 55.86 58.15 1.38 1.71 33.50
Beeswax 48.38 53.67 55.83 1.40 1.73 32.20
Mean 52.16 57.90 60.18 1.32 1.61
Season 2018 (Storage days)
Treatments Mean
0 5 9 13 17

Control 55.83 62.04 64.42 1.48 1.76 37.11
Starch 54.84 60.91 63.32 0.78 0.95 36.16
Olive oil 52.81 58.61 60.86 1.60 1.96 35.17
Sodium B. 50.82 56.36 58.68 1.39 1.73 33.80
Beeswax 48.82 54.15 56.33 1.41 1.75 32.49
Mean 52.63 58.42 60.72 1.33 1.63

LSD value at 0.05:

Dates: 0.78 Treatments: 0.78 Interaction: 0.18

Dates: 0.08 Treatments: 0.08 Interaction: 0.18

1997; Campestre et al., 2002).
Fruit titratable acidity

Data in Table (4) show a significant increase in mango
fruit acidity with prolonging storage period at room
temperature. Dipping treatment with Olive oil was
supremacy in maintaining fruit acidity after seventeen
storage days at room temperature in both studied seasons.
At the end of storage, the least fruit acidity values were
recorded with the Control (25.74 and 25.74%), contrarily
were the values of the Olive oil treatment as it recorded the
highest (31.14and 31.14%) in both seasons, respectively.
The slowing down of the ripening process by the olive
oil dipping material kept the titratable acidity high for
longer time (Wing et al., 1988; Sumnu and Bayindirli
1995; Herianus et al., 2003; Ribeiro et al., 2007; Baloch
et al, 2011b). Waskar and Roy (1992) stated that the
acid content in fruits during ripening depends upon the
proton transfer process as the fruits ripen. Therefore, the
lower acidity in untreated fruits might be resulting from
an excess transfer of proton during ripening.

Total sugar

Data in Table (5) show a significant increase in mango
fruit total sugars with prolonging storage period at room
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temperature. Dipping treatment with starch was supremacy
in maintaining fruit total sugars, after seventeen storage
days at room temperature in both studied seasons. Data
in the table revealed a significant interaction between
storage period and treatments in both seasons. So, at
the end of storage, the least fruit total sugars values
were recorded with the olive oil treatment (22.46
and 22.67%), contrarily were the values of the starch
treatment as it recorded the highest (24.07 and
24.29%) in both seasons, respectively. This might be
due to hydrolysis of starch and accumulation of sugars
(Patil and Magar, 1976 and Ngalana et al., 1999) and
conversion of starch through the process of glucogenesis
(Islam, 2009). The reason for such was that starch, being
hydrophilic and antimicrobial, can penetrate or diffuse
into the fruit skin easily (Garcia et al., 1998a, b; Ribeiro
et al., 2007; Oz and Ulukanli 2012).

Ethylene

Data in Table (6) reveal a significant interaction between
storage period and treatments in both seasons. So, at
the end of storage, the least fruit Ethylene production
values were recorded with the olive oil treatment (10.04
& 10.16%), contrarily were the values of the starch
treatment as it recorded the highest (11.27 and 11.23%) in
both seasons, respectively.
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These observations were also supported by the ethylene
evolution during the storage period of the fruit. Due to
the fact that these dipping materials were also antioxidant
and antimicrobial, the ethylene production, decay process
and attack of diseases were reduced, resulting in longer
shelf life (Kittur et al., 2001; Covas 2008). These dipping
materials, being hydrophobic, reduces the water losses,
alters internal CO,, O, and ethylene level of the fruit, and
hence delays ripening and keeps the fruits in good shape.

Fruit respiration rate

Data in Table (7) show a significant increase of mango fruit
respiration rate with prolonging storage period at room
temperature. Using Beeswax as a dipping agent decrease
fruit respiration rate than all treatments throughout storage
period. Data in the table revealed a significant interaction
between storage period and treatments in both seasons.
So, at the end of storage, the least fruit respiration rate
values were recorded with the Beeswax treatment (32.20
& 32.49ml CO, /kg/h), contrarily were the values of the
starch treatment as it recorded the highest (36.78and 37.11
ml CO,/kg/h) in both seasons, respectively.

This is attributed to the fact that beeswax reduces the
ripening process and attack of microorganisms over the
fruit and then reduces the respiration rate of fruits (Khan
and Abourashed 2010). The fruit dipped in beeswax
showed good quality, long shelf life, reduced weight loss
and waste percent, and hence can be considered as the
most beneficial among the coatings used.

CONCLUSION

The present study indicates that the beeswax and olive oil
dipped mango fruits had the longest shelf life with good
quality, while the shelf life of undipped (control) fruit was
the shortest. The total soluble solids and sugar contents
were also high in starch-dipped fruit. The obtained results
indicate that every coating has its impact on the quality
and shelf life of the fruit and is significantly different
in most of the cases under the limit of P < 0.05. The
overall data conclude that beeswax was the best dipping
material, which might be due to the fact that beeswax is
an antioxidant and antimicrobial as well as hydrophobic
in nature.
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