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Hydro-heating treatments, aimed at reducing the sensitivity to chilling injury of the skin of hard-
mature Heidi mangoes, were applied to fruit on the day of harvest. Prior to treatment, the fruit were
washed in water containing 1% Teepol and were rinsed. Mter treatment, the fruit were respectively
dipped in Omega (180 mIl 100 H20) for 20 seconds, waxed with TAG, stored at HOC for 28 days, and
ripened at 20°C. The following treatments were applied: hydro-heating at SO°C for S or 7 minutes;
hydro-heating at SsoC for S or 7 minutes. In each instance, non-scald diphenylamine (DPA) was
added to or excluded from the hydro-heating bath.
Severe heat scald and peripheral browning occurred following treatment at SS°c. DPA had litde or
no apparent effect here in reducing heat scald or surface scald (cold temperature skin injury). The
incidence of surface scald or lenticel damage was reduced (in relation to the untreated fruit) by
hydro-heating at SO°C for S or 7 minutes when DPA was excluded. The incidence of peripheral
browning [browning of mesocarp (Pu1p) tissue adjacent to the skin] increased with the increase in
time or temperature treatment. Internal browning increased with the increase in water temperature,
and was enhanced by DPA. The incidence of internal breakdown (jelly seed or soft nose) was low,
and was apparendy unaffected by the treatments. The fruit treated for S or 7 minutes at SO°Cwere of
the best taste. After treatment for S minutes, skin colouration increased with the increase in bath
temperature, whereas skin colouration decreased with the increase in bath temperature following
treatment for 7 minutes. DPA enhanced skin colouration when added to the water at SsoC, but
reduced skin colouration when added to the water at SO°c.
The percentage of good quality fruit present on ripening was greatest following treatment for S or 7
minutes at SO°c. It is recommended that hydro-heating at SO°C for S minutes be adopted commer-
cially. Furthermore, an air temperature of HoC shou1d be maintained throughout the transit period.
It is considered very important that Heidi fruit never be exposed to temperatures of less that HoC
during or after their shipment to markets abroad.

Heidi fruit develop surface scald (Fig. 1) dur-
ing prolonged refrigerated storage (21 to 28

days) at air temperatures ranging from 11 to 13°C.
Delivery air temperatures exceeding 11°C may per-
mit softening to occur to a unacceptable degree dur-
ing extended cold-storage. It was previously found
that hydro-heating (50°C for 5 minutes), applied as a
pre-storage treatment, reduced the incidence of sur-
face scald to an acceptable level in Heidi following
refrigerated storage at 11°C (Oosthuyse et al.,199S).
Hydro-heating in this way has however been associ-
ated ,vith an increase in the incidence of internal
browning following extended cold-storage (Leclercq,
pers. comm., Westfalia, Duivelskloof).
Diphenylamine (DPA), applied prior to cold-stor-
age, has been found to reduce the incidence of su-
perficial scald in Granny Smith apple (Lotz et 01.,
1993).
In view of the benefit of hydro-heating found previ-
ously, the aim of the present study was to assess the
effect of various pre-storage hydro-heating treat-
ments on Heidi fruit quality after four weeks of cold-
storage at 11°C. The effect on quality of DPA (added
to the heated water) was also assessed.

Fig. 1 Surface scald in Heidi, which is caused fry low temperature
storage.



Ninety 4 kg cartons of Heidi mangoes (COWltS8 to
10) were harvested on Feb. 9 1996 from trees on the
farm Goedgelegen (Hans Merensky Holdings) at
Mooketsi. Eighteen randomly selected fruit were cut
to determine the stage of fruit maturation at harvest
(as assessed by the extent of mesocarp colouration).
The cartons were then transported to Merensky
Technological Services (within 2 hours of picking),
whereupon they were placed in a well ventilated labo-
ratory held at 20°C (±1°C), and were labelled in ac-
cordance with the experiment design. The following
treatments were applied following labelling, wash-
ing in a 1% Teepol/water solution, and rinsing in
clean water:

1. Control - no hydro-heating

2. Hydro-heating at 50°C for 5 minutes

3. Hydro-heating at 50°C for 7 minutes

4. Hydro-heating at 55°oC for 5 minutes

5. Hydro-heating at 55°C for 7 minutes

6. Hydro-heating at 50°C for 5 minutes + DPA

7. Hydro-heating at 50°C for 7 minutes + DPA

8. Hydro-heating at 55°C for 5 minutes + DPA

9. Hydro-heating at 55°C for 7 minutes + DPA

DPA was used at a concentration of 1.6 ml/l H
2
O.

Following treatment, the cartons of fruit were re-
spectively dipped for 20 seconds in water contain-
ing prochloraz (Omega, 180 ml/100l H,O), waxed
with TAG, and placed in cold-storage at 11°C (±
0.5°C) (air temperature around the fruit) in a well
ventilated cold-room for 28 days. The fruits were
placed in cold-storage within 24 hours of them be-
ing harvested. After cold-storage, they were allowed
to ripen fully in a well ventilated ripening room held
at 20°C (±1°C).

During ripening, the degree of softening of each fruit
was assessed daily using a densimeter (Heinrich
Bareiss, Oberdischingen, Germany). The fruit were
evaluated once they were 'firm ripe' (densimeter read-
ing of less than 60 and greater than 40).

Each fruit was evaluated as follows:

Skin colour was rated. A rating of 0 was given when
signs of skin colouration were absent, a rating of 1 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 that was yellow was less than the total area
that was green, a rating of 3 if regions of the skin
had become yellow and the total area that was yel-
low exceeded the total area that was green, or a rat-
ing of 4 if the skin was completely yellow. The skin
area covered with red-blush was not considered.

Disease was rated according to severeness. A rating
of 0 was given if the fruit was disease free, a rating of
1 if symptoms were present, but they were localized
to a small portion of the fruit surface, a rating of 2 if
approximately 1/3 of the fruit surface showed symp-
toms, a rating of 3 if 2/3 of the fruit surface was
affected, or a rating of 4 if the entire fruit surface
showed disease symptoms. The diseases occurring
were also identified.

Lenticel damage, surface scald or heat scald were
rated by approximating the percentage of the skin
surface over which injury could be seen. The rating
given was either 0, 25, 50, 75 or 100%.

To assess internal quality, the fruit was first cut
through twice, i.e., 'longitudinally' along the flattened
margins of the seed. Juice from each of the 'cheeks'
thus obtained was assessed for its pH (Mettler 320
pH meter), total soluble solids content (N1, Atago
hand-held refractometer), and taste.

Taste was rated. A rating of 1 was given if taste was
appealing, a rating of 0 if taste was satisfactory but
not appealing, or a rating of -1 if taste was unsatis-
factory due to the presence of off-flavours.

Mesocarp colour, i.e., the degree of colour intensifi-
cation of the mesocarp from white to the yellow /
orange colour normally seen in a fully ripe Heidi
mango, was estimated with the 'Zill' colour chart.

Physiological disorders were rated as was disease,
except that the degree to which the mesocarp was
affected was taken into consideration. The disorders
occurring were also identified.

There were 10 carton-replicates of 9 treatments.
Cartons were consecutively nwnbered and the treat-
ments allocated to the cartons in accordance with
the randomized complete blocks design. The nwn-
bering order of the cartons was maintained on place-
ment of the fruit in cold-storage and on placement
of the fruit in tlle ripening room. The data (carton
percentages or averages) were subjected to analysis
of variance. Data transformation was performed
when deemed necessary.

Harvest maturity
Signs of mesocarp yellowing were apparent at the
time of harvest.

Surface scald and heat scald (Fig. 2)
The effects of the various hydro-heating treatments
on the incidence of surface scald or heat scald are
shown in Fig. 2. Hydro-heating for 5 or 7 minutes at
50°C in tlle absence of DPA significantly reduced
the percentage of fruit showing signs of surface scald.
The percentage was least following treatment for 5
minutes. Here, 20.5 % of the fruit showed signs of



surface scald, whereas 44% of the 'control' fruit
showed signs of surface scald. There was no appar-
ent benefit of the addition of DPA to the water heated
to 50°C.

Hydro-heating at 55°C generally gave rise to heat
scald (Fig. 3). The greatest percentage of fruit showed
symptoms following treatment for 7 minutes in the
absence of DPA (99 %) (Fig. 2). Moreover, a posi-
tive relationship appeared to exist between heat scald
incidence and treatment duration.

Ground skin colouration (Fig. 4)
All the fruit, except those heated in water at 55°C
for 7 minutes in the absence of DPA, showed good
ground skin colouration on ripening. Hydro-heating
at 55°C for 5 minutes significantly increased ground
skin colouration. However, this increase was mar-
ginal. The reduction in skin colouration found fol-
lowing hydro-heating at 55°C for 7 minutes in the
absence of DPA was probably due skin injury caused
by this treatment.

The effect of the various treatments on the occur-
rence of lenticel damage is shown in Fig. 5. Hydro-
heating at 50°C for 5 minutes in the absence of DPA
reduced the incidence of !enticel damage. Hydro-
heating at 55°C generally increased the incidence of
this disorder. The inclusion of DPA apparently in-
creased the occurrence of lenticel damage.

The percentages of fruit showing peripheral brown-
ing, i.e., browning of mesocarp tissue beneath the
skin, are shown in Fig. 6. A positive relationship ap-
peared to exist between the percentage of fruit show-
ing symptoms, and the temperature of hydro-heat-
ing or the duration of hydro-heating. 32% of the
control fruit showed symptoms. The incidence was
greater in the remaining treatments, of which hydro-
heating at 50°C for 5 minutes resulted in the lowest
incidence (37 to 43%).

The percentages of fruit showing internal brown-
ing, i.e., browning of mesocarp tissue in the vicinity
of the seed, are shown in Fig. 7. 22% of the un-
treated fruit showed symptoms. Hydro-heating at
55°C in the presence of DPA apparently increased
the incidence of internal browning. The remaining
treatments seemingly had no effect on the occur-
rence of internal browning.

The percentages of fruit showing internal breakdown,
i.e., 'soft nose' or 'jelly seed', are shown in fig. 8. 10%
or less of the fruit showed symptoms, and t1}erewas
no apparent effect relating to treatment.
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Fig. 2 Percentages of fruit with suljace or heat scald. Bars associ-
ated with differing letters differ significantlY accordingto LSD (5%).

Fig. 3 Heat scald in Heidi, which is caused by high temperature
exposure.
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Fig. 4 Degree of ground skill colouration on fipming. Bars asso-
ciated with differing letters differ significantlY according to LSD
(5%).

Mesocarp colouration (Fig. 9)
Mesocarp colouration was depressed by hydro-heat-
ing at 55°C for 7 minutes in the absence of DPA
(Fig. 9). This was probably due to injury of the
mesocarp. The remaining heating treatments had no
apparent effect on mesocarp colouration.
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100

90

co 80

'".~ 70

~ 60
~
" 50..c::c..
'C 40""-..c::

30.~
~ 20

10

0

.0

.0 +DPA

.0 f

.0 ~
ef efef

.0 def ~
cde

.0 abe
- ab

.0 a

.0-

.0-

.0

.0
control 5<K:nmin 55cnmin 50cnmin 5Scnmin

50C15min 55C15min 50C15min 55C/5min
Treatment

Fig. 6 Percelltages of fruit showing signs of peripheral bronmillg.
Bars associated with differing fetters differ signijicalltIY according to
LSD (5%).

+DPA c
.0 - be

be
-

.0 abe
abe ~ abe

.0 ab abe ~
~

.0
a

.0

.0

.0

control 50C/1mm 55cnmm 5OCI7min 55cnmin
50C15min 55C15min 50C15min 55C15min

Treatment
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LSD (5%).

Total soluble solids content (TSS)
(Fig. 10)
TSS on ripening was reduced following hydro-heat-
ing at 55°C for 7 minutes in the absence of DPA
(Fig. 10). Again, this was probably due to injury of
the mesocarp. The remaining heating treatments had
no apparent effect on TSS.
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pH (Fig. 11)
pH on ripening was reduced by hydro-heating at 55°C
for 7 minutes in the absence of DPA (Fig. 11). Again,
this was probably due to injury of the meso carp. The
remaining heating treatments had no apparent ef-
fect on pH .

Taste Fig. 12)
Taste was enhanced by hydro-heating at 50°C for 7
minutes in the absence of DPA (Fig. 12). The re-
maining treatments did not have a significant effect
on taste.

Good quality fruit (Fig. 13)
Fruits of good quality were defined as those that
satisfied the following:
a. Absence of surface or heat scald
b. Absence of physiological disorders
c. 25% or less of the skin surface showing dam-

aged lenticels
d. Taste rating of 0 or 1 (satisfactory or appealing

taste)
e. Ground colour exceeding 2 (at least some

yellowing apparent)
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The percentages of 'good quality fruit' are shown in
Fig. 13. The percentage of good quality fruit was
greatest following hydro-heating at 50°C for 5 or 7
minutes in the absence of DPA (30 to 35%). 23% of
the 'control' fruit were of good quality. Hydro-heat-
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Fig. 13 Percentagesof fruit of good quality. Bars associated with
differing letters differ significantlY according to LSD (5%).

ing at 55°C for 5 or 7 minutes markedly reduced the
quantity of good quality fruit present, mainly as a
result of the heat scalding caused. There were no
fruit of good quality present following treatment at
55°C for 7 minutes.

Hydro-heating at 50°C for 5 or 7 minutes in the ab-
sence of DPA was particularly beneficial. These treat-
ments reduced the incidence of surface scald and
lenticel damage and, apparently, enhanced taste.

Hydro-heating at 55°C for 5 or 7 minutes was par-
ticularly detrimental. These treatments generally gave
rise to heat scald and peripheral browning. Hydro-
heating at 55°C for 7 minutes in the absence of DPA
appeared to injure the mesocarp, as is indicated by
the negative effect found on mesocarp colouration,
TSS, and pH.

Hydro-heating increased peripheral browning. How-
ever, a significant or marked positive effect of hy-
dro-heating at 50°C for 5 minutes on the incidence
of this disorder was not found.

DPA was apparently effective in ameliorating the
adverse effects of hydro-heating at 55°C. However,
DPA appeared to increase lenticel damage. DPA was
ineffective in reducing surface scald resulting from
low temperature storage.

In view of the foregoing results, it might be recom-
mended that Heidi fruit be dipped in water at 50°C
for 5 minutes prior to extended cold-storage. The
incidence and severity of surface scald on ripening
was deemed to be acceptably low following this treat-
ment. In considering the export of Heidi fruit to
Europe by sea, it is noteworthy that fruit exposure
to air temperatures of lower than 11°C at any stage
of transit storage or post-arrival storage may enhance
the incidence of surface scald. Moreover, cold-stor-
age durations of greater than 28 days may be detri-
mental.
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