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ABSTRACT
Heidi mangoes were harvested at the conventional stage of maturation, and later when at an advanced stage of
maturation. Following the commercial packline treatment, the fruit were either placed under controlled atmosphere
storage and refrigeration, or under normal refrigeration. 12.SoC was adopted as the storage temperature. After 21
days, the mangoes were allowed to ripen at 20°C under normal atmosphere. In each fruit, quality was assessed on
ripening.
The mangoes harvested at an advanced stage of maturation did not appear to benefit from atmosphere storage. Pulp
browning in these fruit was elevated. In the fruit harvested at the conventional stage of maturation, atmosphere
storage reduced surface scald, pulp browning and internal breakdown, and enhanced shelf-life and taste. In view
of these results, the semi-commercial adoption of controlled atmosphere storage in Heidi mango is recommended
for the coming season.

Heidi mangoes develop skin and pulp injury when
placed in cool-storage for prolonged periods. The pulp
becomes brown and the skin develops darkened indenta-
tions which are referred to as surface scald (Fig. 1). Scald
severity was previously found to negatively correlate with
storage temperature (do, unpublished). Skin and pulp dis-
colouration have been ascribed to chilling injury in mango
(Medlicott et al., 1986; Medlicott and Jager, 1987; Chaplin,
1987; Lizada, 1991). It has been found that sensitivity to
chilling injury in mango decreases with stage of maturation
at harvest (Thompson 1971; Medlicott et al., 1990a; Medli-
cott et ai., 1990b).

Packline hot-water treatment (50°C for 5 minutes) was
previously shown to reduce, but not to prevent, scald devel-
opment during cool-storage (Oosthuyse, 1996).

Controlled atmosphere storage of mangoes has been
found to be beneficial. A delay in ripening has been shown
by a number of researchers (Feng et al., 1991; Yahia and
Vazquez-Moreno, 1993; Gonzalez-Aguilar et al., 1995;
Noomhorm and Tiasuwan, 1995, 1988). It has been shown
to reduce chilling injury (O'Hare and Prasad, 1993) and
postharvest disease manifestation (Feng et al., 1991 ) in
mango. "Extreme" atmosphere exposure for a short period
may be effective as an insect disinfestation treatment for
mango fruits (Yahia and Tiznado-Hernandez, 1993; Yahia
and Vazquez-Moreno, 1993; Yahia et al., 1995).

The main aim of the present study was to determine the
effect of controlled atmosphere storage (CA) on surface
scald and internal and peripheral browning in Heidi mango.
The effect of atmosphere storage on shelf-life and various
other quality attributes of relevance was also determined,
and differences in relation to stage of maturation at harvest
were considered.

Two similar experiments were performed (referred to as
Expt. I and Expt. II). Fruit were harvested from an orchard
block at Hamawasha (close to Tzaneen) on March 5 (Expt.
I) and on March 19, 1997 (Expt. II).

Sixty fruit were harvested, given the commercially
adopted packline treatment [fruit respectively washed in a
1% soap solution (By-Prox), dipped in hot-water at 50°C
for 5 minutes, dipped in prochloraz (180 ml Omega/lOOl
H20) for 20 seconds, and hand waxed with TAG], and
placed in cool-storage at 12.5°C for three days [storage
under normal atmosphere for three days prior to storage
under atmosphere was done to effect commercial repre-
sentation, Le., pre-storage at a packhouse, followed by
refrigerated trucking to Cape Town harbour, followed by
cool-storage until ship loading when controlled atmosphere
storage would commence]. After this period of cool-stor-
age, 20 randomly selected fruits were placed in air contain-
ing C02 at a low concentration (Atmos. 1), and 20 randomly
selected fruits were placed in air containing C02 at a high
concentration (Atmos. 2). The remaining fruits were stored
in normal air (controls). All of the fruits were placed in
cool-storage [in a cool-storage room, the fruit under atmos-
phere being in especially designed Transfresh bins] for a
further 18 days, after which they were placed, under normal
atmosphere, in a well ventilated laboratory maintained at
20°C (±I°C) to continue ripening. During the latter period,
the stage of ripening of each fruit was assessed daily with a
densimeter (Heinrich Bareiss, Oberdischingen, Germany).
Each fruit was evaluated when it was firm-ripe (densimeter
reading of less than 60 and greater than 40). The date on
which each fruit was evaluated was recorded to assess
shelf-life.



A completely randomized design, (comprising 20 single
fruit replicates of three treatments), was employed.

Experiment II
Expt. II was identical to Expt. I, except that 108 fruit

were harvested, and the atmosphere high in C02 differed
with respect to C02 concentration (new atmosphere referred
to as Atmos. 3). There were 36 single fruit replicates of three
treatments.

Fruit quality evaluation
Fruit evaluation on ripening comprised the following:

Skin colour in each fruit was rated. A rating of "0" was
given when signs of skin colouration were absent, a rating
of"l" if a transition to a lighter green was apparent, a rating
of "2" if regions of the skin had become yellow but the total
area which was yellow was less than the total area which
was green, a rating of "3" if regions of the skin had become
yellow and the total area which was yellow exceeded the
total area which was green, or a rating of "4" if the skin was
completely yellow. The skin area covered with red-blush
was not considered.

Disease manifestation in each fruit was rated according
its severeness. A rating of "0" was given if a fruit was
disease free, a rating of "1" if symptoms were present but
were localized to a small portion of the fruit's surface, a
rating of "2" if approximately 1/3 of the fruit's surface
showed symptoms, a rating of"3" if 2/3 ofthe fruit's surface
was affected, or a rating of "4" if the entire fruit's surface
was visibly diseased. The diseases occurring were also
identified.

Lenticel damage, blotch (green patchiness of skin) and
surface scald were rated by approximating the percentage
of the skin surface over which symptoms could be seen. The
percentages designated were either 0, 25, 50, 75 or 100.

To assess internal quality in each fruit, each was first cut
through twice; 'longitudinally' along the flattened margins
of the seed. In each fruit, juice from the 'cheeks' thus
obtained was evaluated by measuring its pH (Mettler
Toledo 120 pH meter) and total soluble solids content
(Euromex RF 0232 hand held refractometer), and by assess-
ing its taste.

Taste was rated. A rating of "1" was given if taste was
deemed appealing, a rating of "0" if taste was deemed
satisfactory but not appealing, or a rating of" -1" if taste was
deemed unsatisfactory.

Mesocarp colour, Le., the degree of colour intensifica-
tion of the mesocarp from white to the yellow/orange colour
normally seen in a fully ripe Heidi mango, was estimated
with the Heidi "black" colour chart.

Physiological disorder manifestation in each fruit was
rated as was disease manifestation, except that the degree to
which the mesocarp as opposed to the exocarp (skin) was
affected, was taken into account. The disorders occurring
were also identified.

Analysis of variance incorporating multiple range test-
ing (5% LSD) was employed, when the data was suitable

for such an analysis. Data transformation was performed
when deemed necessary.

Stages of maturation at harvest
The pulp of the fruit in Expt. I was a light yellow at

harvest [index 0.1 (± 0.2)], and the pulp of the fruit in Expt.
II was a more intense yellow at harvest [index 0.3 (± 0.2)].
An index value of 0.1 to 0.2 indicates the recommended
stage of maturation at which to harvest Heidi mangoes.

Atmos. 1 reduced surface scald in Expt. I, and Atmos. 3
reduced surface scald in Expt II (Fig. 2). The fruit in Expt.
II appeared to be less prone to this disorder.

Atmos. 2 in Expt. I increased shelf-life by approximately
two days (Fig. 3). Differences in shelf-life relating to treat-
ment were not apparent in Expt. II.

Atmos. 1 in Expt. I markedly enhanced taste (Fig. 4).
This difference could not be explained in terms of differ-
ences in total soluble solids content nor in terms of differ-
ences in pH (data not shown). Differences in taste relating
to treatment were not apparent in Expt. II.

Internal breakdown (jelly-seed or soft-nose)
Atmos. 1 in Expt. I reduced the severity of internal

breakdown (Fig. 5). Differences relating to treatment were
not apparent in Expt. II.

Peripheral browning
Atmos. 1 in Expt. I reduced the severity of peripheral

browning (browning of the pulp just beneath the skin) (Fig.
6). The severity of peripheral browning appeared to be
slightly elevated in Expt. II. Differences relating to treat-
ment were not apparent in Expt. II.

Pulp colour
Atmos. I in Expt. I increased pulp colour slightly (Fig.

7). Differences in pulp colour relating to treatment were not
apparent in Expt. II.

The incidence of blotch was low. Blotch appeared to be
slightly more prevalent in Expt. II. Atmos. 3 in Expt. II
slightly increased the severity of blotch. Differences in
blotch severity relating to treatment were not apparent in
Expt. I.
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Fig.3 Shelf-life after cool-storage at 12.5°C. (left: Expt. I;
right: Expt. II). In each experiment, bars headed by differing
letters differ significantly according to LSD (5%).
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Fig. 5 Severity of internal breakdown on ripening ("soft-
nose" and jelly-seed ") (left: Expt. I; right: Expt. II). In each
experiment, bars headed by differing letters differ signifi-
cantly according to LSD (5%).
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Fig. 7 Pulp colour on ripening (left: Expt. I; right: Expt.
II). In each experiment, bars headed by differing letters
differ significantly according to LSD (5%).
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Fig. 2 Severity of surface scald on ripening (left: Expt. I;
right: Expt. II). In each experiment, bars headed by differing
letters differ significantly according to LSD (5%).
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Fig. 4 Taste on ripening. (left: Expt. I; right: Expt. II). In
each experiment, bars headed by differing letters differ
significantly according to LSD (5%).
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Fig. 6 Severity of peripheral browning (browning of the
pulp just beneath the skin) on ripening ("soft-nose" and
jelly-seed ") (left: Expt. I; right: Expt. II). In each experi-
ment, bars headed by differing letters differ significantly
according to LSD (5%).
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Fig. 8 Blotch severity on ripening (left: Expt. I; right: Expt.
II). In each experiment, bars headed by differing letters
differ significantly according to LSD (5%).



Differences relating to treatment and experiment (matu-
ration) in lenticel damage, ground skin colouration, total
soluble solids content, pH, and internal browning were not
apparent (data not shown).

Controlled atmosphere storage did not show any clear
benefit in the fruit harvested at an advanced stage of matu-
ration (Expt. II). These fruit generally showed a greater
degree of pulp browning than the fruit harvested earlier
(those in Expt. I).

In the fruit harvested at the conventional stage of matu-
ration (those in Expt. I), atmosphere storage reduced surface
scald, pulp browning and internal breakdown, and enhanced
shelf-life (reduced ripening rate) and taste. O'Hare, and
Prasad (1993) specifically associated the alleviation of chill-
ing injury symptoms to enhanced C02 atmospheres. In their
study, reduced 02 concentrations had no significant effect
on chilling injury. Reports on reductions in ripening rate
during controlled atmosphere storage are numerous. How-
ever, specific atmospheres are required for normal ripening
of mangoes during and after controlled atmosphere storage.
Unsuitable atmospheres may give rise to anaerobic respira-
tion (O'Hare and Prasad, 1993; Bender et at., 1994), and to
an elevated acid content on ripening (McLauchlan et at.,
1994). An enhancement in taste following atmosphere stor-
age has also been found in fig (Turk et at., 1994), apple
(Jankovic and Drobnjak, 1992), kiwifruit (Sawada et at.,
1993) and plum (Ben and Gaweda, 1992). Storage of vari-
ous fruit types in specific atmospheres is likely favour
biochemical processes which enhance taste appeal. A reduc-
tion in internal breakdown following atmosphere storage
was also found in plum (Ben and Gaweda, 1992; Truter and
Combrink, 1992; Argenta et at., 1994); and nectarine (Lurie,
1992; Lurie et at., 1992). Controlled atmosphere storage has
been found to retard cell membrane degradation (Wang and
Herner, 1989; Deschene et at., 1991). The reduction in
internal breakdown found might thus be ascribed to the
maintenance of membrane integrity by controlled atmos-
phere.

In view of the beneficial results obtained in the present
study, semi-commercial sea export of Heidi mangoes under
atmosphere might be considered. Further experiments, to
show the effects of controlled atmosphere storage on man-
goes grown in South Africa for export, are to be performed
during the coming season.

Thanks are due to Transfresh Africa for the provision of
equipment and for sponsoring this study. This project was
not sponsored by the South African Mango Growers' Asso-
ciation.
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