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Abstract Postharvest quality of Alphonso mangoes
(Mangifera indica L) is vital to ensure proper ripening
and good quality. 500 g mature green mangoes, were
subjected to three pre- packaging hot water dips (20, 30 &
40°C) for 40 min, two packaging films (OPP unperforated
and perforated), using three levels of gas concentrations of
25,50 and 75% v/v CO2 treatments (balance N2) and
stored at 10°C for 21 days. During the storage period
headspace gas composition, weight loss, ascorbic acid,
pulp firmness, external fruit colour and overall quality
score were measured to determine optimum storage
conditions. The most effective postharvest condition was
found to be dipping in water maintained at 40°C for
40 min, followed by packaging under 50% CO2 in bags
made of unperforated film when compared to mangoes
packed under 25 and 75% CO2 which showed deteriorated
quality including spoilage and mould. Good keeping
quality of at least 21 days was achieved under these
conditions, which was much superior to the control
samples that showed deterioration after 12 days of storage.

Keywords Alphonso mango .Modified atmosphere
packaging . Carbon dioxide . Quality . Postharvest .
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Introduction

Mango (Mangifera indica L.) is one of the most important
fruits. India is the largest producer of mango, growing over
an area of 1.6 million hectare of farm land (FAO 2005). It is
a popular tropical fruit all over the world due to its bright
colour, characteristic taste, and nutritional value. Mango
imports to the United States (US) and Europe have grown
steadily in response to increased demand and affordable
prices (Sauco 2004). When consumed regularly, mango can
be a valuable dietary source of many phytochemical, which
also impart a characteristic capusine yellow or reddish
colour and distinct sweet rich flavour to the fruit which is
contributed by the volatile flavour compounds present in it
(Johnson et al. 1997, Grundhofer et al. 2001; Haard and
Chism 1996). It is also considered as a source of
antioxidants including ascorbic acid (mango fruit provides
about 50% of the recommended daily intake of vitamin C)
and carotenoids, which are lipophilic radical scavengers
found in many fruits and vegetables. Carotenoids are also
responsible for the bright yellow colour of mango (Vinci et al.
1995; Berardini et al. 2005; Schieber et al. 2000).

Mangoes are climacteric and ripen rapidly after harvest.
Disease susceptibility, sensitivity to low storage temperatures
(below 13°C), and perishability due to ripening and softening,
limit the storage, handling and transport potential of the fruit
(Mitra and Baldwin 1997). Mangoes are harvested commer-
cially over a range of maturities including: immature green
(dark green, no shoulders, ripens with poor quality), mature
green (lighter green, shoulders formed, ripens with
acceptable quality) and tree ripe (fruit that show colour
breaking to red or orange-yellow, ripen with optimum
quality) (Bender et al. 1997). External and internal quality
is critical to consumer acceptability, and flavour is an
important marketing consideration (Gholap et al. 1986).
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Much research has focused on the use of postharvest
treatments to extend shelf-life, for example with the addition
of antioxidants (ascorbic acid), firming agents (calcium
derivatives) and modified atmosphere packaging with reduced
oxygen levels. Although, some of these treatments were found
to be effective, consumers are increasingly demanding a
reduction in the overall use of chemicals on fresh products and
alternative methodologies should be investigated (Sarzi de
Souza et al. 2006; Jacobi et al. 2001)

The atmosphere generated by modified atmosphere
packaging (MAP) delays ripening of certain subtropical-
tropical fruits, including mango (Kader 1994). The main
factors that maintain mango quality in various film
packaging are increased CO2 and decreased O2 levels,
which reduce respiration rate and prevent water loss
(Chaplin et al. 1982; Miller et al. 1983; Rodov et al. 1997
and Yuen et al. 1997). However, despite its success at the
laboratory level (Chaplin et al. 1982; Miller et al. 1983;
Rodov et al. 1997 and Yuen et al. 1997), MAP is still not a
commercial technique. Some extension of shelf life has been
demonstrated using controlled atmosphere (CA) storage
(relatively low O2 and high CO2) (Bender et al. 1997).
However, CO2 injury, increased ethylene production and
flavour problems due to anaerobic respiration have also been
reported (Lakshminarayana 1980 and Bender et al. 1997).

In addition to modified atmosphere storage, the use of
heat treatments may provide other advantages. For example,
pre-storage of ‘Keitt’mangos in air at 38°C for 24 or 48 h was
found to increase the tolerance of the fruit to chilling
(McCollum et al. 1993). Recently, the use of hot water dip,
vapour heating or heating in air, has increased in order to
control insect pests, prevent fungal rots and increase
resistance to chilling injury (Lurie 1998). Such heat treatments
are also known to inhibit ripening, softening and improved
postharvest quality. This was observed in the case of whole
fruits, with apples (Klein and Lurie 1990), strawberries
(Civello et al. 1997), citrus fruit (Porat et al. 2000) and
mangoes (Jacobi and Giles 1997 and Benitez et al. 2006).
However, reports on the effect of heat treatment on the
physiology and quality of fresh mangoes are limited, as noted
by Tefera et al. (2007) who suggest that most researchers
have used this treatment in combination with other
preservation methods to enhance quality and shelf life.

Although, some earlier researchers have employed low/
high CO2 treatments to increase shelf life and quality of
mangoes, (Ali et al. 1995; Ali et al. 2005; Mitcham and
McDonald 1993; Ortega-Zaleta and Yahia 2000; Pesis et al.
2000; Beaulieu and Lea 2003; Sarzi de Souza et al. 2006;
Kim et al. 2007), all these studies utilise controlled
atmosphere or low carbon dioxide in modified atmosphere
or when used high carbon dioxide in modified atmosphere, it
is used for very short time span before storage conditions are
set, whereas our study aims to look at the net effect of high

CO2 concentrations under modified atmosphere along with
film properties and different hot water dipping temperatures
to improve the shelf life of mangoes stored at 10°C.

Materials and method

Mangoes (Mangifera indica), of the cultivar Alphonso
were imported from a farm in Tamil Nadu (Southern
India). This variety was selected because it is considered
to be the best in terms of sweetness and flavour. Mature
green mangoes, with a uniform size of 250 g±25 g, were
selected to reduce variations among treatments. Then
mango fruits were packed in well ventilated cardboard
boxes to prevent suffocations which could lead to spoilage
during transportation from India to UK by air cargo within
24 h of harvesting. The mature green samples were packed
in soft tissue and hay to prevent excessive stress in
addition to cardboard boxes. Once arrived in the UK, the
mangoes were taken to the laboratory and placed on open
trays for 24 h at 20°C for reconditioning of the fruit.
Mango fruits were dipped in three water baths maintained
at 20, 30 & 40°C (± 1°C) for 40 min with the temperature
controlled throughout. The immersion time of 40 min was
chosen to enable disintegration of ethylene synthesis
enzymes (Kader et al. 1989).The mangoes were then
cooled (10°C), washed and wiped clean, before uniformly
sized fruits weighing to the nearest 500 g were selected
and packed in bags (thickness 40 μm) made of two films:
OPP (Oriented Polypropylene)—unperforated (1,100 cm3/
m-2/d-1 O2, 2,700 cm3/m-2/d-1 transmission rates and
10 gm-2d-1 moisture permeability rates) and perforated
(5,000 cm3/m-2/d-1 O2, 6,700 cm3/m-2/d-1 CO2 transmission
rates and 10 gm-2d-1 moisture permeability rates). Ten drops
of water were added to each bag in order to maintain
uniform relative humidity, and the headspace was actively
modified to contain three initial CO2 partial pressures with
the overall pressure being atmospheric (25% by volume,
50% and 75%, the remaining being N2). Three replicate bags
were prepared to investigate each treatment condition(three
initial atmospheres, three hot water dipping treatments
and two films) giving 54 bags in total which were stored
at 10°C for 21 days. At the end of the experiment, the
total weight loss, ascorbic acid, pulp firmness, colour
measurement and sensory evaluation of the mango were
performed.

Weight loss

Fruits were removed from the bag and weighed at the
beginning and end of the 21 days storage. The weight loss
was calculated and all the results shown represent means of
three replicates ± S.E.
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Ascorbic acid

Ascorbic acid (AsA) concentration was measured according to
Kampfenkel et al. (1995), only scaled down for micro-plates
(Power Wave HT, Bio. Tek). Ten cubes (approx. 8 g) of
mango, per sample condition were taken and immediately
frozen in liquid N2 before storage at −80°C. Prior to analysis,
the samples were also ground under liquid N2 and the frozen
fruit powder (0.3 g) was homogenized in 1 ml of 6% (w/v)
TCA (Trichloroacetic acid). The homogenate was centrifuged
at 16,000g at 4°C for 15 min. The supernatant was used for
AsA determination of which,10 μl was added to 40 μl of
phosphate buffer (0.2 mM, pH 7,4) and 150 μl of a specific
reagent (50 μl 10% TCA, 40 μl 42% (v/v) H3 PO4, 40 μl 4%
(w/v) 2.2-bipyridyl dissolved in 70% ethanol and 20 μl 3%
(w/v) FeCl3). After maintaining for 40 min at 42°C, the
absorbance was measured at 525 nm in a micro-plate reader
(Power Wave HT, Bio. Tek). Commercial l-ascorbic acid was
used for calibration. The ascorbic acid was calculated and all
the results shown represent means of three replicates ± S.E.

Pulp firmness

The maximum force (N) to rupture the pulp tissue (after
removal of skin) was determined on one cheek of the
fruit (three measurements/fruit), with a stable micro
systems TA-XT2 texture analyzer (Texture Technologies
Corp, NY) equipped with a 8 mm diameter probe
penetrating at a velocity of 5 mms-1 to a final depth of
8 mm. The pulp firmness was calculated and all the results
shown represent means of three replicates ± S.E.

Colour measurement

CIELAB colour values were obtained on the external
(exocarp) tissue, with three measurements per fruit(on two
opposite faces of the fruit (at the equator of the face) and
the central part and averaged for each fruit., using a Minolta
CR-2002 chromameter (Minolta, Osaka, Japan) with
illuminant A and 10° viewing angle and calibrated on a
white tile. The colour was expressed in terms of hue angle
values (Mc Guire 1992). As fixed measurement points were
selected on the fruit, a, b and L values seemed inaccurate,
hence hue angles were calculated to determine colour
formation. The colour measurement was calculated and all
the results shown represent means of three replicates ± S.E.

Quality analysis

Mangoes on day 21 were rated for visual quality on a ten
point scale with 10 representing firm & sweet to taste and
the quality score ratings decreasing to 0 in the case of
poorly ripened, squishy and inedible. Ten trained panellists

reported the scores using three samples per condition, and
the mean was used for results depiction. The quality
analysis was performed and all the results shown represent
means of three replicates ± S.E.

Statistical analysis

A factorial experiment design with three modified atmosphere
modifications (25, 50, 75% CO2, balance N2), three hot water
dipping temperatures (20, 30, 40°C for 40 min), two
packaging films (OPP perforated and unperforated) and
three replications were used in this study. Analysis of
variance (ANOVA) using MINITAB package programme
(MINITAB statistical software Inc, USA) was applied to
each treatment combination. Interaction plots were also
plotted using weight loss, firmness, and ascorbic acid and
colour measurements and quality values as responses to the
four main factors: initial CO2%, hot water dipping
temperature, film and time where applicable to determine
the best combination for maximum shelf life and good
quality mangoes. The ‘P’ values determining the level of
significance were represented where appropriate.

Results and discussion

Weight loss

Maintaining the initial weight of the produce (before
storage) is vital as an increase in weight loss shows
deteriorated quality and poor quality of the produce. After
21 days of storage at 10°C, weight loss ranged between 9.9
to 25.9% (Fig. 1). Weight loss was slightly lower at 40°C
than at other temperatures (20 and 30°C).

Headspace gas composition was monitored (Fig. 2) during
the storage period. Figure 1, shows the initial headspace
composition also influences weight loss (P<0.001); mangoes
packed in bags under 50% CO2 initially, seemed to show the
least average weight loss (11.4%) followed by mangoes
packed in bags with an initial 25% CO2 (14.9%) and 75%
CO2 (18.7%); values stated within brackets are means taken
across different film packages and hot water dipping
treatments. The underlying reasons for why 50% CO2

was beneficial in extending shelf life of mangoes are still
not fully understood. At this stage we can only provide a
plausible explanation. On the one hand, we can expect
carbon dioxide to be converted to carbonic acid upon
contact with residual moisture within the package and
lower the overall pH of the product (Maga 1995). This
resulting decrease in the cytoplasmic pH plays an
important role in regulating fermentative metabolism
(Roberts et al. 1989). Also under these conditions,
ethylene synthesizing enzymes get inactivated to prolong
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shelf life. On the other hand, very high CO2 levels can
introduce physiological stress in the fruit and result in
unfavourable values of ATP/ADP ratios (Nanos and Kader
1993). These factors strongly point to the existence of an
optimum level of CO2 which, based on the present study,
appears to be around 50%. Film packaging also played a
significant role (P<0.05), where mangoes packed in bags
made of unperforated film material showed the least decrease
in average weight loss (12.32%) when compared to mangoes
packed in bags made with perforated film (17.2%) taken
across different initial headspace compositions and hot water
dipping treatments respectively. This can be attributed to the
film characteristics which might have suited the overall
respiration and metabolic activity of the mango packed in it.

It was also seen that the temperature of HWD (Hot Water
Dipping) seemed to play a significant role (P<0.005), where
mangoes dipped in water maintained at 40°C seemed to show
the least average weight loss (11.3%) followed by 30°C
(16.1%) and 20°C (17.8%) taken across different initial
headspace compositions and film packaging material
respectively. This is consistent with literature reports
which state that ethylene synthesising enzyme in fruits is
inactivated at temperatures around 40°C (Gorny 1997;
Kader et al. 1989).

Ascorbic acid

Fruits are natural source of ascorbic acid (AsA) (vitamin C)
and it is known that its level decreases during processing
and ripening (Kader 1994). Moreover, as the oxidative
processes occur more rapidly in produce under stress, they
are expected to show greater losses (Kader 1994). In the
present study the AsA values ranged from 4.78 to
11.70 mg/100gFw.

Figure 3 shows AsA content of fruits stored under various
conditions for 21 days of storage. The initial CO2% clearly
influences AsA content (P<0.03), with mangoes packed
under 50% CO2 showed the average least decrease
(2.15 mg/100gFw) followed by 25% CO2 (3.6 mg/
100gFw) and 75% CO2 (4.8 mg/100gFw); the values are
means taken across different film packaging and hot water
dipping treatments.

It was also seen that the film packaging played a role
(P<0.01), where mangoes packed in unperforated film
showed the least average decrease (3.1 mg/100gFw)
when compared to the mangoes packed in perforated
film (4.3 mg/100gFw); the values are means taken across
different initial headspace compositions and hot water
dipping treatments.

25 % v/v initial CO2, balance N2  50 % v/v initial CO2, balance N2

75 % v/v initial CO2, balance N2

Fig. 1 Effect of MAP (25, 50 & 75% v/v CO2) and HWD (20, 30 &
40°C) for 40 min on weight loss (%) of fresh mangoes packed in two
different film packaging bags (Unperforated (U) & Perforated (P))
after 21 days of storage at 10°C. Each value calculated represents the
mean of 3 replicates ± SE

Fig. 2 Change in CO2% in the
headspace in different film bags
(U- unperforate & P –perforate)
subjected to various HWD
treatments (20, 30 & 40°C) for
40 min during storage of
Alphonso mangoes over 21 days
(Initial Gas Composition
50% v/v CO2). Each value
calculated represents the mean
of 3 replicates ± SE
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Hot water dipping treatments also played a vital role
(P<0.05), with mangoes dipped in hot water maintained
at 40°C showing the least average decrease (1.85 mg/
100gFw) followed by 30°C (3.6 mg/100gFw) and 20°C
(4.08 mg/100gFw); the values being means taken across
various initial headspace compositions and film packaging
material respectively. Djioua et al. (2009) have reported that
ascorbic acid levels were higher in mangoes dipped in hot
water (50°C/30 min) at the end of 9 days. However, with a
proper time–temperature combination, like HWD 40°C/
40 min, this decrease can be reduced and fresh-cut products
can still contain significant amounts of vitamin C after
storage for 21 days.

Pulp firmness

Firmness changes during the storage of mangoes are shown in
Fig. 4. Although researchers have proposed that firmness
loss during storage is due to the release of water within the
fruit (Chatanawarangoon 2000; Shellie et al. 1997), the
present experiment showed no significant water accumulation
(estimated by drying samples at 80°C) during storage (data
not shown). Firmness in mangoes ranged from 3.72 to 8.86 N
(Fig. 3). As reported by many authors, the firmness loss
could also be linked to the action of the softening promoting
enzymes, such as polygalacturonase (Lazan et al. 1986),
galactosidases (Ali et al. 1995), pectin methylesterase and
β-1,4-glucanases (Ali et al. 2005).

It was seen that initial headspace CO2% played a
significant role (P<0.05), in determining the pulp firmness.
Mangoes stored under 50% CO2 seemed to maintain flesh

firmness (av. 5.5 N), followed by 25% CO2 (4.3 N) and
75% CO2 (3.9 N); the values being means taken across
different film packaging and HWD treatments respectively.

Film packaging did not influence fruit firmness significantly
with values of mangoes in unperforated film packaging (4.9 N)
being marginally higher than mangoes packed in perforated
film (4.4 N); the values being means taken across various
initial headspace CO2 compositions and HWD treatments
respectively.

Temperature of HWD treatments played a significant role
(P<0.001) in maintaining firmness of the flesh. According to
Shalom et al. (1996), inhibition of solubilisation of the
carbonate-soluble pectin fraction is one of the main factors
contributing to firmness retention due to heat treatment.
Several authors have reported this effect; Kim et al. (1993)
have observed on several apple cultivars a significant
maintenance of firmness depending on variety and heat
treatment conditions. Abreu et al. (2003) have also shown
that HWD 40°C/105 min maintained the firmness of fresh-
cut ‘Rocha’ pears during 4 days storage at 2°C. Heat-treated
kiwifruit at 45°C for 25 and 75 min also showed an increase
in firmness (Beirão-da-Costa et al. 2006). Here it was seen
that mangoes dipped in hot water at 40°C for 40 min showed
greater firmness (5.32 N) followed by fruits dipped at 30°C
(4.4 N) and 20°C (3.9 N); the values being means taken
across different initial headspace compositions and film
packaging respectively.

There it can be stated that cell wall integrity was
maintained along with pulp firmness while employing
higher temperature water dip, and this is due to the fact
that under these conditions, along with ripening of fruit

25 % v/v initial CO2, balance N2 50 % v/v initial CO2, balance N2

75 % v/v initial CO2, balance N2

Fig. 4 Effect of MAP (25, 50 & 75% v/v CO2) and HWD (20, 30 &
40°C) for 40 min on the pulp firmness (N) of fresh mangoes packed in
2 different film packaging bags (Unperforated (U) & Perforated (P)) at
the end of 21 days of storage at 10°C. Each value calculated
represents the mean of 3 replicates ± SE. The initial value of firmness
(N) of the raw mango fruit was 8.45 ± 0.43

25 % v/v initial CO2, balance N2 50 % v/v initial CO2, balance N2

75 % v/v initial CO2, balance N2

Fig. 3 Effect of MAP (25, 50 & 75% v/v CO2) and HWD (20, 30 &
40°C) for 40 min on the change in Ascorbic acid (AsA) content present
in fresh mangoes packed in 2 film packaging bags (Unperforated (U)
and Perforated (P)) after 21 days of the storage period at 10°C. Each value
calculated represents the mean of 3 replicates ± SE. The initial ascorbic
acid content of themangoes had a value of 10.55 ± 0.56 in the present study
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being inactivated, shrivelling and spoilage of fruit is in
inhibited too (Kader 2003).

Colour

Although, fruit colour develops evenly, due to the fixed
location of measurements, a and b measurement taken were
not reported. The Hue angle was calculated and used for
graphical depiction. ‘hue’ angle values (Fig. 5) increased
during the 21 days storage compared to the initial value (av.
78.4°). The values increased as the hot water dipping
temperature increased. Hue angle value, which is the angle
from the+a axis to the ray from the origin to the a* and b*
point, is a good estimate of the green to yellow colour turn
(Mc Guire 1992). Generally, increasing the temperature
increased the yellowness of the fruit (as indicated by the
hue angle values). At the end of the 21 days storage period,
the hue angle values ranged from 88.9 to 118.7 (Fig. 4).
Initial CO2% played a significant role (P<0.05), where in
mangoes packed under initial 50% CO2 (av. 105.4°) turned to
yellowish ripe fruit colour faster, followed by 25% CO2

(99.1°) and 75% (94.6°); the values being means taken across
different film packaging and hot water dipping treatments.

Film packaging did not influence the colour change in
mangoes vastly; the hue angle values of mangoes packed in
perforated film packaging showed a marginal increase from
(av. 101.9°) mangoes packed in unperforated film packaging
(av. 98.04°); values being means taken across different initial
headspace compositions and hot water dipping treatments.

Hot water dipping treatments although played a significant
role (P<0.01), where in mangoes initially dipped in water
maintained at 40°C showed maximum colour change

(av.108.2°), followed by 30°C (av. 96.4°) and 20°C (av. 91°);
values being means taken across different initial headspace
compositions and film packaging materials. This is coherent to
various previous data which reports that high temperature hot
water dipping (40°C±) is beneficial is maintaining uniform
good ripening colour as similar of the mango compared to the
mangoes at the start of the experiment (Ortega-Zaleta and
Yahia 2000; Djioua et al. 2009; Jacobi et al. 2001).

Subjective quality

Appearance is a major criterion for determining the
acceptability of products. It is currently used as an
indicator of freshness and quality in fresh-cut research
and industry (Cantwell and Suslow 2002). In this study
(Fig. 6), quality scores began to decrease after 15 days
(data not shown) and further decreased at the end of the
storage period of 21 days to score 0 (poorly ripened,
squishy & inedible) respectively.

Initial headspace CO2% played a significant role (P<0.01),
where in mangoes stored under initial 50% CO2 maintained
good keeping quality (av. 7.1) followed by 25% CO2 (av. 5.1)
and 75% (av. 3.1); the values being means taken across
different film packaging and hot water dipping treatments
respectively. Ortega-Zaleta and Yahia (2000) reported
utilisation of 50% CO2 in controlled atmosphere but
couldn't achieve the aim of their experiment.

Film packaging also played significant role (P<0.05),
where in mangoes packed in unperforated film (av. 6.8)
showed better quality when compared to mangoes packed
in perforated film (4.3); the values being means taken
across various initial headspace compositions and HWD

25 % v/v initial CO2, balance N2 50 % v/v initial CO2, balance N2

75 % v/v initial CO2, balance N2

Fig. 6 Effect of MAP (25, 50 & 75% v/v CO2) and HWD (20, 30 &
40°C) for min on the quality score of fresh mangoes packed in 2
different film packaging bags (Unperforated (U) & Perforated (P)) at
the end of 21 day storage at 10°C. Each value calculated represents
the mean of 3 replicates ± SE

25 % v/v initial CO2, balance N2 50 % v/v initial CO2, balance N2

75 % v/v initial CO2, balance N2

Fig. 5 Effect of MAP (25, 50 & 75% v/v CO2) and HWD (20, 30 &
40°C) for 40min on the hue angle value (h) of fresh mangoes packed in 2
different film packaging bags (Unperforated (U) & Perforated (P)) at the
end of 21 day storage at 10°C. Each value calculated represents the mean
of 3 replicates ± SE. The initial hue angle value was 7.84° ± 0.62
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treatments respectively. Hot water dipping temperature
treatments played a significant role (P<0.03), wherein
high temperature (40°C) showed significantly higher
scores (av. 7.2) when compared to, dipping at 30°C (av. 4.6)
and 20°C (av. 3.4) respectively. This result focused on the
importance of a precise selection of time and temperature for a
treatment to increase the keeping quality of fresh mangoes.
Koukounaras et al. (2007) found that HWD 50°C/10 min
applied 4 h before cutting improved the visual quality of
fresh-cut peach. The present study selected 40°C/40 min
HWD as an optimal combination to improve the visual
quality of ‘Alphonso’ mangoes which kept the product
visually acceptable for at least 21 days at 10°C. It was also
noticed that that there was no water accumulating under
these conditions, and off flavour development, mould
formation and other forms of spoilage were minimum.

Conclusions

This study investigated the effects of different combinations
of hot water dipping treatment (at 20, 30 & 40°C (±1°C) for
40 min), modified atmosphere (25, 50 & 75% v/v CO2) and
film packaging material (Unperforated and Perforated) on
the keeping quality of fresh mangoes stored over 21 days at
10°C. ‘Alphonso’ mango fruit did not suffer any injury
when exposed to modified atmosphere (50% v/v CO2,
balance 50% v/v N2) at 40°C for 40 min and then stored at
10°C for up to 21 days. However, fruits exposed to the
other conditions investigated in this study showed signs of
injury from day 12 onwards (including the control). A hot
water dip (HWD) of 40°C/40 min enabled the mangoes
to maintain the appearance and color over 21 days of
storage at 10°C. Compared to the other hot water
temperature/time combinations, HWD at 40°C for
40 min maintained firmness, weight loss, vitamin C
content and improved the colour of the mangoes. It was
also found that an initial headspace composition of 50%
v/v CO2 was most effective in maintaining good keeping
quality of mangoes over 21 days storage. Mangoes stored
in unperforated bags appeared to be better than mangoes
stored in perforated film bags under otherwise identical
conditions. These results suggest that HWD of 40°C for
40 min combined with packing in unperforated film bags
under 50% v/v CO2 atmosphere is highly effective method
for achieving good keeping quality of fresh Alphonso
mangoes.
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