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Abstract. Freshly harvested mango fruit (Mangifera indica L. cv. Nam Dok Mai), were
heated at 38 °C for 3 days or heated and then stored at 4 °C for 3 weeks before ripening
at 25 °C, then compared with nonheated fruit for quality changes. When not refrigerated,
heated and nonheated fruit ripened within 7 days to a comparable quality, although
titratable acidity remained higher in heated fruit. The peel of heated fruit was initially
yellower in cold-stored fruits, and soluble solids content was initially greater, whereas
firmness and titratable acidity were less than that of nonheated fruit during ripening at 25
°C. After cold storage and ripening, heated fruit had a lower incidence of disease and
developed less chilling injury than nonheated fruit. Nonheated fruit stored at 4 °C also
developed off-flavors whereas the heated fruit did not. Heat treatment did not inhibit
ripening but did ameliorate low-temperature injury.

Mango, like other tropical fruits, has a
short shelf life when held at ambient tempera-
tures and is sensitive to chilling injury when
stored below 10 °C (Lizada et al., 1984).
Symptoms of chilling injury, including pit-
ting, discoloration, internal browning, uneven
ripening, off-flavors, and increased incidence
of decay, can all develop in fruit after removal
from chilling temperatures and lead to poor
overall quality (Paull, 1990).

A 38 °C postharvest heat treatment can
inhibit ripening of tomato (Lycopersicon
esculentum Mill.) fruit (Lurie et al., 1996) by
inhibiting the synthesis of the enzymes in-
volved in the ripening processes, including
those involved in ethylene synthesis and fruit
softening. This inhibition is removed once the
temperature is lowered. In addition, a posthar-
vest heat treatment applied prior to low-tem-
perature storage can reduce the incidence of
chilling injury in cold-sensitive fruits, such as
avocado (Persica america Mill.) (Woolf et al.,
1995), mango (McCollum et al., 1993), per-
simmon (Diospyros kaki L.F.) (Lay-Yee et al.,
1997; Woolf et al., 1997), and tomato (Lurie
and Klein, 1991). Heat treatments, with both
hot air and hot water, can also be used for

difference meter (Tricolor LFM 3, Berlin) at
the midsection of the fruit, and the “b” value
was recorded as an indication of the develop-
ment of pigmentation in this yellow cultivar.
Pulp firmness was determined with an Effegi
(Hatfield, Pa.) firmness tester (0.5-cm tip) on
opposite, pared sides of the fruit. Soluble sol-
ids content and TA were measured on ex-
pressed juice from sections of the fruit; the
former was determined with a hand refracto-
meter (Atago, Tokyo) and the latter by titrat-
ing the juice with 0.01 N NaOH to a pH of 8.2
and calculating the result as citric acid. Fruit
decay and CI were scored on a scale of 1 to 4
based on the extent of fruit surface area af-
fected, where 1 = healthy, 2 = up to 25%, 3 =
up to 50%, and 4 = >50% of the fruit area
affected. Flavor was also assessed using a
scale of 1 to 4 where 1 = normal flavor, 2 =
mild, 3 = moderate, and 4 = high levels of off-
flavor.

The data represent the means for four
replications, with each treatment containing
15 fruit. Bars on the figures represent the
standard deviation of means. The experiment
was repeated three times in different seasons
with comparative results, but data for only one
replicated experiment are presented.

Results

Nonheated mangoes cold-stored for 3
weeks at 4 °C developed moderate CI during
poststorage ripening (Fig. 1A). The symptoms
were blackened lenticels (pitting) and grayishdisinfestation (Lurie, 1998). In the latter case,

pretreatments of moderate heat, such as 38 °C,
induce tolerance of fruit to the higher tempera-
tures necessary to kill insects (Joyce and
Shorter, 1994; Woolf and Lay-Yee, 1997).

The objective of this study was to determine
if heat treatment at 38 °C would improve the
quality of mango fruits that are stored at low
temperature to prolong their postharvest life.

Material and Methods

Mango (cv. Nam Dok Mai) fruit were
harvested in Thailand at commercial maturity
(110 ± 3 d after fruit set) and brought to the
laboratory within a day. Fruit were selected for
uniformity of shape, size, and color, and any
blemished or diseased fruit were discarded.
Fruit were divided into four groups. One group
was held at 25 °C, 75% relative humidity (RH)
for ripening, and one at 4 °C, 98% RH storage
for 3 weeks before transfer to 25 °C for ripen-
ing. The other two groups were held in a
chamber at 38 °C, 60% RH for 3 d. Trays of
water were placed on the chamber floor and
each plastic basket containing 15 fruit was
covered with a plastic bag to retard weight
loss. To avoid the generation of modified
atmospheres, the bags were not closed. At the
end of 3 d, one group of fruit was removed to
25 °C for ripening, and the other was placed at
4 °C storage for 3 weeks and then at 25 °C.

Peel and pulp color, firmness, soluble sol-
ids content (SSC), titratable acidity (TA), dis-
ease incidence, chilling injury (CI), and off-
flavors of fruit were measured during ripening
at 25 °C. Peel color was measured with a color

Fig. 1. (A) Chilling injury, (B) surface decay, and
(C) off-flavors in nonheated or heated mangoes
following 3 weeks of storage at 4 °C. Fruit were
scored from 1 (healthy) to 4 (severely affected).
Vertical bars indicate standard deviation.
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patches on the peel. On removal from cold
storage, CI was apparent on the nonheated
fruit and increased in severity during ripening.
The heated fruit showed almost no CI on
removal, but there was some development of
CI during 6 d at 25 °C. Decay was also
apparent on the nonheated fruit on removal
from cold storage (Fig. 1B), and increased
rapidly during ripening; this was primarily
anthracnose, caused by Colletotrichum
gloeosporioides Penz. Heated fruit were de-
cay-free through the second day of ripening,
but by the fourth day some lesions appeared.
Decay severity at the end of the ripening
period was much less on heated than on
nonheated fruit. On fruit not cold-stored, de-
cay began to appear after 4 d of ripening as
well, and after 6 d the score was 1.5 for both
heated and nonheated fruit (data not shown).
There were no off-flavors in fruit not cold-
stored (data not shown), or in fruit that were
heat-treated and cold-stored (Fig. 1C). How-
ever, in nonheated fruit after cold storage, off
flavors were apparent after 4 d of ripening.

Fruit softened during the 3 d at 38 °C from
70 N (the freshly harvested fruit) to 48 N (Fig.
2A). However, the nonheated fruit had soft-
ened to 25 N after 2 d at 25 °C. During cold
storage, the heated fruit softened more than the
nonheated fruit and were 65% softer on re-
moval (Fig. 2B). This indicates a good deal of
softening during cold storage. However, dur-
ing the first 2 d at 25 °C no change occurred in
firmness of heated, cold-stored fruit, whereas
nonheated, cold-stored fruit softened. After 6
d at 25 °C there was no difference in firmness
among any of the treatments.

The peel became yellower as the fruit rip-
ened at 25 °C, as well as during the heat
treatment (Fig. 2C). Heated fruit developed a
yellow peel at a rate similar to that of nonheated,
non-cold-stored fruit. During cold storage the
heated fruit progressed in peel color develop-
ment, and at removal were yellower than
nonheated fruit. However, by day 4 at 25 °C
fruit from both treatments had reached their
maximum yellow color (Fig. 2D).

Heating did not affect the SSC of fruits not
cold-stored (Fig. 3A). Heated fruit had a higher
SSC after cold storage; however, by the fourth
day at 25 °C SSC was similar in fruit from all
treatments (Fig. 3B). In contrast, heating
slowed the loss of TA during ripening without
cold storage (Fig. 3C). After cold storage,
however, the TA of heated fruit was 50% less
than that of nonheated fruit (Fig. 3D). Again,
by day 4 TA was similar in fruit from all
treatments.

Discussion

Heat treatment at 38 °C did not inhibit the
ripening of ‘Nam Dok Mai’ mango fruit dur-
ing ambient or cold storage. This contrasts
with other studies showing inhibition of ripen-
ing in both temperate fruits, such as apple
(Malus ×domestica Borkh.) (Lurie and Klein,
1990), and subtropical fruits, such as tomato
(Lurie and Klein, 1992). Inhibition might have
occurred if the treatment temperature had been
higher. Growing conditions can affect fruit

Fig. 2. Firmness expressed in Newtons of nonheated or heated (38 °C for 3 d) mango fruit (A) placed at 25
°C or (B) first held for 3 weeks at 4 °C and then placed at 25 °C. Peel color (greater b value indicates
yellower fruit) of nonheated or heated mango fruit (C) placed at 25 °C or (D) first cold-stored and then
placed at 25 °C. Vertical bars indicate standard deviation.

Fig. 3. Soluble solids content (SSC) of nonheated or heated (38 °C for 3 d) mango fruit (A) placed at 25 °C
or (B) first cold-stored and then placed at 25 °C. Titratable acidity (TA) of nonheated and heated fruit
(C) placed at 25 °C or (D) first cold-stored and then placed at 25 °C. Vertical bars indicate standard
deviation.
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response to a postharvest heat treatment, and
the temperatures in Thailand are higher than in
Israel, where the previous studies were con-
ducted. In those studies, the apples were har-
vested in the fall and the tomatoes from plastic
houses in the winter. Fruit temperatures at the
time of harvest were between 20 and 25 °C. A
period at a moderately elevated temperature
(such as 38 °C) can induce thermotolerance
and allow tissue to withstand higher tempera-
tures. Such thermotolerance may already have
been induced in these tropical mangoes, and to
achieve an effect they would need to be sub-
jected to temperatures above 40 °C.

During cold storage the heated fruit also
continued to ripen, as evidenced by the de-
crease in firmness and TA and the increase in
SSC. Again, this differs from other studies that
showed a maintenance of ripening inhibition
in heated fruit during storage and removal of
this inhibition only upon transfer to ambient
conditions (Lurie et al., 1996). However, since
in this case no inhibition was conferred by the
heat treatment, there was no inhibition to main-
tain in storage. The heated fruit ripened earlier,
but eventually the nonheated fruit reached the
same full ripeness.

Although the 38 °C treatment did not have
the effect on ripening that was expected from
other studies, it did improve the quality of the
fruit after low-temperature storage. There were
lower levels of decay and chilling injury in
heated fruit than in nonheated fruit, and no
off-flavors in heated fruit. Decay by C.
gloeosporioides was greatly reduced in the
heated and stored fruit. Extended times at 38
°C can have an adverse effect on a number of
pathogens, including Penicillium expansum
(Link) Thom. on apples (Fallik et al., 1995),
and Botrytis cinerea Pers.: Fr. on tomatoes
(Fallik et al., 1993). Both spore germination

and mycelial growth are inhibited at this tem-
perature. Since many infections by C.
gloeosporioides are quiescent, germination is
not as important as the development of the
fungus. Even when decay appeared on the
heated fruit, the diameter of the affected area
was less, indicating that although the heat
treatment did not kill the fungus, the pathogen
developed more slowly.

The development of CI was slower on
heated and cold-stored mango fruit, as demon-
strated first by McCollum et al. (1993). They
also found that the SSC of heated fruit was
higher in the cultivar they used (‘Keitt’). In
contrast with our study, they did not find that
heating affected fruit softening or TA.

In conclusion, holding ‘Nam Dok Mai’
mango fruits for 3 d at 38 °C enhanced fruit
ripening during storage, so that the fruit were
riper on removal from storage and reached the
full ripe stage more quickly than did nonheated
fruit. Heating the fruit before cold storage also
decreased decay and CI and prevented the
development of off-flavors.
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