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Impact of Hot Water Treatments on the Quality
of Mango Fruits During Storage
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Abstract: This study was carried out during 2009 and 2010 seasons to study the effect of hot water treatments
on chilling injury occurs in ‘Tommy Atkins’ and ‘Heidi’ mango cultivars. Fruits of each cultivar were tap
washed, air dried and the selected fruits were randomly divided into five experimental groups. The 1 group was
stored at 20°C for 72 hr, the 2™, 3" and 4" group were dipped in hot water at 30, 40, 50°C for 30 min, while the
5™ group was stored directly at 7°C (control). All treatments were then stored at 7°C and 85-90 % relative
humidity for 4 weeks. At the end of the cold storage period, all treated fruits were stored at room temperature
(20°C) for 6 days, considering as a shelf life period. Fruit samples from each treatment were taken at 0, 3 and 6
days after storage period (during shelf life) for determining chilling injury symptoms, percentage of decayed
fruits, total acidity, TSS%, total sugars and total phenols. Catalase and Peroxidase specific activity was assayed
at 7-day intervals during storage period (four weeks). Results indicated that ‘Heidi’ was more sensitive to
chilling injury and decay than Tommy Atkins. Preconditioning treatment enhanced the decrement of acidity and
total phenols, moreover the increment of TSS, total sugars compared with control. Heat treatments had a
significant effect on Catalase and Peroxidase specific activity. The effect of enzymes activity and the

developmental appearance of fruit chilling injury percentages due to oxidative stress were determined.
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INTRODUCTION

Mango (Mangifera indica L.) is considered
climacteric fruit with limited storage period. Fruit is
susceptible to a number of biotic and abiotic stresses
that leads to rapid deterioration and large postharvest
losses [1-3]. For this reason, the quality of the fruit rapidly
decreases once fully ripe. Also, it was observed that the
heat removed as per treatment enhanced the quality of
the fruit and prolonged the shelf life more than others [4].

Cold storage is essential during long transportation
to increase the fruit life period, in addition to affecting
ripening attributes and fruit quality. Chilling injury is
the main disorder that obstructs the storage at low
temperature to extend the storage period so there is a
limited range of storage temperatures [5].

Storage of mango at low temperatures results in
chilling injury (CI), which is manifested by grayish
scald-like discoloration of the skin, skin pitting, uneven
ripening, reductions in the level of carotenoids [6].

The results of Zhao et al. [7] suggested that stronger
resistance of preyellow and yellow mangoes to CI
compared to green fruit was due to their higher
antioxidant capacity involved in the tolerance to chilling
temperature.

Chilling injury disorders are associated with many
changes in fruit quality which appear in many images
such as; color development in peel and flesh,
distinguished taste and aroma, firmness, also it has
undesirable changes in fruit valuable appear as uneven
ripen or defected fruit, ascorbic acid content, carotenoids,
total phenols, TSS, acidity, total sugars content and
others. Thus, the aim of this work is to investigate the
effect of chemical and physical characteristics associated
with chilling injury on the thermal treatments in mango
cultivars (Tommy Atkins and Heidi) that considered
among the recommended cultivars for export and to
increase fruit storage period by dipping in hot water
before cold storage whether for exportation or local
consumption.
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MATERIALS AND METHODS

This study was carried out during 2009 and 2010
seasons at Pomology lab., Faculty of Agriculture, Cairo
University on fresh fruits of two mango cultivars
(Heidi and ‘Tommy Atkins). Fruits were harvested from
seven years old mango trees budded on seedling
rootstocks and received the common horticultural
practices. The harvested fruits were mature and
homogeneous in size and free from obvious mechanical
damage or pathological defects. Fruits of each cultivar
were tap washed, air dried and the selected fruits were
randomly divided into five experimental groups. The 1*
group was stored at 20°C for 72 hr, the 2", 3“and 4"
group were dipped in hot water at 30, 40, 50°C for 30 min,
while the 5" group was stored directly at 7°C (control).
Each treatment had three replicates; each contained 6
carton boxes (9 fruits per box). All treatments were then
stored at 7°C and 85-90 % relative humidity for 4 weeks.
At the end of the cold storage period, all treated fruits
were stored at room temperature (20°C) for 6 days,
considering as a shelf life period.

Three fruits from each replicate were taken at 0, 3
and 6 days after storage period (during shelf life) for
physical and chemical fruit analysis. The fruits physical
prosperities as chilling injury symptoms were calculated
visually according to the scale described by Lederman
et al. [8] and Nair and Singh [9]. The percentage of
decayed fruit was calculated on the bases of total fruit
number according to Nasr [10]. Total acidity in the
extracted juice against 0.1 N of NaOH using
phenolphathalin indicator [11]. TSS% was measured
according to Chen and Mellenthin [12]. The fruits flesh
was used to assign; total sugars content expressed as
2/100g fresh weight of fruit flesh according to Malik and
Singh [13]; total phenols content expressed as mg/100g
fresh weight of fruit flesh according to Swain and
Hillis [14].

Fruit samples from each replicate were taken at 7-day
intervals during storage period (four weeks) for
determining Catalase and Peroxidase specific activity.
Catalase specific activity was assayed by measuring the
decrease in absorbance due to disappearance of H,0O, at
240nm according to Sala and Lafuente [15] and Peroxidase
specific activity was assayed according to El-Emaery [16].
The obtained data was statistically analyzed as factorial
randomized complete design and means were compared
by the least significant difference test (L.S.D) at the 5%
level of probability as described by Snedecor and
Cochran [17].
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RESULTS AND DISCUSSION

Fruits Chilling Injuries as Affected by Different Hot
Water Treatments

Fruits Physical Characters: Generally, the statistical
analysis of the obtained data proved that all hot
water treatments compared to control (stored at 7°C)
significantly affect the means of all studied physical fruits
prosperities. Regarding fruits chilling injury, columns in
Figure (1) proved that chilling injury symptoms increased
continuously by storage at low temperature and storage
period, while hot water treatments delayed and minimized
it. It is obvious that, the performance of the two cultivars
was significantly differed in both seasons. In addition, the
adopted heat treatments demonstrated that Heidi mango
cultivar was significantly more sensitive to chilling injury
compared to Tommy Atkins in both seasons. In general,
in the first season in both cultivars, cold storage
preconditioning treatment at 20°C for 3 days followed by
hot water dipped at 40 and 50°C resulted in the lowest
significant recorded values, while 50°C hot water
treatment showed the significant lowest value in the
second season with Tommy. Heidi treated with 40°C
showed the lowest value in the second season, compared
to control in both seasons. Moreover, during shelf life,
hot water dipping at 40°C showed the lowest significant
value in the first season, while the 50°C treatment showed
the significant lowest value in the second season,
compared to control in both cultivars in both seasons.
Hot water treatments delayed the appearance of chilling
injury for one week, compared to the control in both
cultivars in both seasons. These outcomes are in harmony
with those obtained by McCollum et al. [18] who
indicated that mango tolerance to chilling temperature
might increase after pre-storage heat treatments.
Also Zambrano and Materano [19] reported that,
immersion in hot water decreased the incidence of
chilling injury.

With regard to the fruit decay percentage, the mango
cultivar Tommy Atkins showed the lowest decay
percentage compared to the other cultivar Heidi. Figure (2)
illustrated that, preconditioning treatment at 20°C for 3
days for Tommy Atkins, showed the lowest significant
value during both seasons, while control and hot water
40°C and 50°C dipping treatments showed high decay
percentages in the first season. The other cultivar Heidi
treated with the same preconditioning treatment produced
the lowest significant value in the first season. While, in
the second season, the lowest decay percentage was
obtained with 20°C and 30°C treatments. On the other
hand the highest significant value was realized at 50°C
water dipping treatment in both seasons.
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Fig. 1: Effect of hot water and cold storage treatments on fruit chilling injury index during 6 days shelf life of Tommy
Atkins and Heidi mango cultivars, in both seasons.
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Fig. 2: Effects of hot water and cold storage treatments on fruits decay% during 6 days shelf life, of Tommy Atkins and
Heidi mango cultivars, in both seasons.
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Decay percentage in both cultivars increased
continuously with storage period in all treatments during
both seasons. Decay reached its maximum value by the
end of storage period (the fourth week). The highest
decay value was recorded with control fruits in Tommy
Atkins, in both seasons. While Heidi treated with 50°C
and control fruits showed the highest values by the same
value both seasons.

The effect of hot water treatments on decay
percentage during shelf life at 20°C in both seasons
proved that Tommy Atkins showed more resistance
compared to Heidi. So, decay reached its maximum by the
sixth day, the highest value was in control fruits of both
cultivars.

Data of the general appearance and decay percentage
proved that; percent of decay recorded after dipping at
40 or 50°C, resulted in heat injury disorder. The highest
detected decay percentage was from chilling injury
disorder, by the end of the storage period and during
shelf life period the decay percentage increased
continuously, probably from chilling injury appeared as a
residual effect or from the exposure to high temperature
after cold storage, which helped many fungal diseases to
become feasible. Therefore, decay might be because of
one or more of the following reasons; chilling injury
during cold storage or the residual effect during shelf life,
heat injury because of heat treatments and over ripeness.

Many investigators were in agreement with our
stated results, most of them used hot water as a
quarantine treatment [20-26].

Significant differences were realized between the two
cultivars in both seasons for the effect of hot water
treatments on visual score general appearance of the
studied fruits during storage at 7°C in both seasons.
In Tommy Atkins, the 40°C hot treatment showed the
highest significant score, compared to 50°C hot water
treatment that showed the lowest score in both seasons.
In Heidi, the 30 and 50°C hot water treatments showed the
lowest significant value in the first season, while the 50°C
treatment showed the lowest significant visual score in
the second season as compared to 20°C and 40°C hot
water treatments that showed the highest score in both
seasons. It is apparently that, the general appearance
score decreased continuously with storage period in
all treatments in both cultivars during both seasons.
For Tommy Atkins the control and 30°C hot treatment
showed the lowest significant value in the 4" week during
the first season, whereas 30°C hot water treatment
showed the lowest significant score in the storage period
in the second season. The other cultivar Heidi, in the first
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season, showed the lowest significant score with the
control and 30°C hot water treatment in the 4" week.
While, in the second season, 50°C hot treatment showed
the lowest significant score in the fourth week.

The present investigation proved that chilling injury
symptoms increased continuously by storage at low
temperature and storage period, while hot water
treatments delayed and minimized it. The present
outcomes on the physical fruits characters are in
agreement with those obtained by Medlicott et al. [27]
Mohammed and Brecht [28]. There are many opinions
about the main factors that cause chilling injury disorder.
In Addition, Nunes et al. [29] found a different response
of Tommy Atkins and Palmer mangoes when stored in
different temperatures in chilling injury index. McCollum
et al. [18] indicated that mango tolerance to chilling
temperature might increase after pre-storage heat
treatments. Zambrano and Materano [19] immersed mango
fruits Palmer was dipped in hot water 38, 46 or 54°C for 30
min before storage at 5°C for 2,4 or 6 weeks then stored at
20°C until ripening. Immersion in hot water decreased the
development of chilling injury.

Fruits Chemical Characteristics: Generally, the
statistical analysis of the obtained data proved that all hot
water treatments significantly altered the means of all
studied chemical fruits prosperities. The effect of hot
water treatments on TSS% of the two studied cultivars
fruits during storage at 7°C are represented in
Tables (1 and 2). It is obvious that, the total soluble solids
percentage was higher in Heidi fruit compared to Tommy
Atkins in both In the first season, the
preconditioning treatment of Tommy Atkins fruits with
20°C for 3 days showed the highest significant TSS
percentages, while dipping in hot water at 50°C treatment
showed the highest significant TSS% in the second
season compared to control that showed the lowest
percentages in both seasons. The same treatments with
the other cultivar ‘Heidi’ showed the highest TSS% in the
first season, while the preconditioning treatment at 20°C
for 3 days and dipping in hot water at 40 and 50°C showed
the highest TSS percentage in the second season,
compared to the control that showed the lowest
percentages in both seasons. It is also evident that, in
both seasons, TSS percentages in the fruits of the two
cultivars, increased continuously with storage period in
all treatments. Hot water treatments enhanced the
increasing in this percentage compared to the control in
both cultivars in both seasons. In the first season,
Tommy Atkins fruits that received 20°C hot water

s€asons.



Intl. J. Sustain. Agric., 4 (3): 69-79, 2012

Table 1: Effects of heat and cold storage treatments on fruits TSS% during 6 days shelf life, of Tommy Atkins and Heidi mango cultivars in 2009 and 2010
Seasons.

Shelf life days (C) Shelf life days (C)
0 3 6 Mean 0 3 6 Mean
Cultivar (A) Treatment (B) Season 2009 Season 2010---------------=-memuem-
Tommy Atkins Control 11.40 12.49 13.07 12.32 11.00 12.13 13.40 12.18
20°C 13.80 13.64 14.00 13.81 13.33 13.83 14.20 13.79
30°C 12.51 12.60 13.40 12.83 11.93 12.33 12.20 12.15
40°C 12.60 13.00 13.43 13.01 13.13 13.40 14.13 13.55
50°C 13.21 13.26 14.27 13.58 13.27 14.20 14.73 14.07
Mean 12.70 12.99 13.63 13.11 12.53 13.18 13.73 13.15
Heidi Control 11.85 12.51 13.60 12.65 11.63 12.46 13.67 12.59
20°C 13.81 13.75 13.93 13.83 13.40 13.87 14.53 13.93
30°C 12.92 13.03 13.40 13.12 12.73 13.07 13.43 13.08
40°C 13.49 13.83 14.50 13.94 13.97 14.14 14.48 14.19
50°C 13.80 14.53 15.13 14.49 14.16 14.40 15.16 14.58
Mean 13.17 13.53 14.11 13.61 13.18 13.59 14.25 13.67

Shelf life days (C) Shelf life days (C)
Treatment (B) 0 3 6 Mean 0 3 6 Mean
Control 11.63 12.50 13.33 12.49 11.32 12.29 13.53 12.38
20°C 13.80 13.70 13.96 13.82 13.36 13.85 14.36 13.86
30°C 12.71 12.82 13.40 12.98 12.33 12.70 12.82 12.62
40°C 13.04 13.42 13.96 13.47 13.55 13.77 14.31 13.87
50°C 13.50 13.89 14.70 14.03 13.72 14.30 14.95 14.32
Av. Treat. 12.94 13.26 13.87 13.36 12.85 13.38 13.99 13.41

L.S.D at 0.05 for 2009 season: A =0.173; B =0.300; C = 0.233; (A x B) =0.424; (A x C) = 0.329; (B x C) = 0.520; (A x B x C)=0.735
L.S.D at 0.05 for 2010 season: A =0.231; B=0.214; C = 0.166; (A x B) =0.304; (A x C) =0.235; (B x C) =0.372; (A x B x C) = 0.526

Table 2: Effects of heat and cold storage treatments on fruits acidity % during 6 days shelf life, of Tommy Atkins and Heidi mango cultivars in 2009 and 2010
seasons

Shelf life days (C) Shelf life days (C)
0 3 6 Mean 0 3 6 Mean
Cultivar (A) Treatment (B) ~ ——----mrmmmmmmeem e Season 2009 Season 2010--------------mmmreeeem
Tommy Atkins Control 1.72 1.85 2.72 2.09 1.63 1.86 2.65 2.05
20°C 1.74 2.70 3.95 2.79 1.74 2.73 391 2.79
30°C 1.78 2.77 3.99 2.85 1.77 2.97 3.96 2.89
40°C 1.75 2.97 3.92 2.88 1.76 2.99 4.08 2.95
50°C 1.78 3.58 433 3.23 1.80 3.73 4.36 3.30
Mean 1.75 2.77 3.78 2.77 1.74 2.86 3.79 2.79
Heidi Control 2.26 2.85 3.48 2.87 2.30 2.87 3.56 2.91
20°C 2.33 3.16 5.46 3.65 2.33 3.50 5.56 3.80
30°C 2.33 3.66 533 3.77 2.30 3.69 5.68 3.89
40°C 2.30 4.08 5.56 3.98 2.33 4.25 5.83 4.14
50°C 2.27 423 6.58 4.36 2.30 4.43 7.02 4.58
Mean 2.30 3.60 5.28 3.73 2.31 3.75 5.53 3.86
Shelf life days (C) Shelf life days (C)
Treatment (B) 0 3 6 Mean 0 3 6 Mean
Control 1.99 2.35 3.10 2.48 1.97 2.36 3.11 2.48
20°C 2.03 2.93 4.71 3.22 2.03 3.12 4.74 3.29
30°C 2.06 3.21 4.66 3.31 2.03 3.33 4.82 3.39
40°C 2.03 3.52 4.74 3.43 2.05 3.62 4.95 3.54
50°C 2.02 3.90 5.46 3.79 2.05 4.08 5.69 3.94
Av. Treat. 2.03 3.18 4.53 3.24 2.03 3.30 4.66 3.33

L.S.D at 0.05 for 2009 season: A = 0.272; B=0.121; C=0.093; (A x B) =0.171; (A x C) =0.132; (B x C) = 0.209; (A x B x C) = 0.296
L.S.D at 0.05 for 2010 season: A = 0.134; B=0.150; C = 0.116; (A x B) =0.212; (A x C) =0.164; (B x C) = 0.260; (A x B x C) = 0.368
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Table 3: Effects of heat and cold storage treatments on fruits total sugars % during 6 days shelf life, of Tommy Atkins and ‘Heidi” mango cultivars in 2009
and 2010 seasons.
Shelf life days (C) Shelf life days (C)
0 3 6 Mean 0 3 6 Mean
Cultivar (A) Treatment (B) ~  --------emmrmemee- Season 2009 Season 2010--------=-=----=-=-m-=-—-
Tommy Atkins Control 9.84 10.03 10.26 10.04 10.16 10.36 10.50 10.34
20°C 10.45 10.99 11.83 11.09 10.49 11.33 11.25 11.02
30°C 10.33 11.06 12.01 11.13 10.50 11.47 11.31 11.09
40°C 10.33 11.35 11.99 11.22 10.55 11.85 11.73 11.37
50°C 10.33 11.66 12.06 11.35 10.66 12.05 12.33 11.68
Mean 10.26 11.02 11.63 10.97 10.47 11.41 11.42 11.10
Heidi Control 10.37 10.85 11.06 10.76 9.99 10.82 11.16 10.66
20°C 10.09 11.42 11.59 11.04 10.08 10.96 11.72 10.92
30°C 10.11 11.55 11.91 11.19 10.26 11.61 11.89 11.25
40°C 10.10 11.40 12.38 11.29 10.27 11.41 12.50 11.39
50°C 10.10 11.65 12.30 11.35 10.26 11.68 12.36 11.43
Mean 10.16 11.37 11.85 11.13 10.17 11.29 11.93 11.13
Shelf life days (C) Shelf life days (C)
Treatment (B) 0 3 6 Mean 0 3 6 Mean
Control 10.11 10.44 10.66 10.40 10.08 10.59 10.83 10.50
20°C 10.27 11.21 11.71 11.06 10.28 11.15 11.48 10.97
30°C 10.22 11.31 11.96 11.16 10.38 11.54 11.60 11.17
40°C 10.22 11.37 12.19 11.26 10.41 11.63 12.11 11.38
50°C 10.22 11.65 12.18 11.35 10.46 11.87 12.35 11.56
Av. Treat. 10.21 11.19 11.74 11.04 10.32 11.35 11.67 11.11

L.S.D at 0.05 for 2009 season: A = 0.297; B = 0.178; C = 0.138; (A x B) =0.252; (A x C) =0.195; (B x C) = 0.309; (A x B x C) = 0.438
L.S.D at 0.05 for 2010 season: A = 0.135; B = 0.323; C = 0.250; (A x B) =0.457; (A x C) =0.354; (B x C) = 0.559; (A x B x C) = 0.791

treatment showed the highest TSS% in the fourth week by
13.80%. In the second season, 20, 40 and 50°C hot water
treatments showed the highest values, 13.33, 13.13 and
13.27% respectively. Relatively same trend was obtained
with Heidi fruits.

The data as for acidity and total soluble substances
in the fruits of the studied two cultivars proved that,
‘Heidi’ fruits contained a lower acidity percentage than
Tommy Atkins fruit. While, acidity and TSS were higher
in ‘Heidi’ fruit compared to ‘Tommy Atkins’ in both
seasons. In Tommy Atkins, the preconditioning treatment
at 20°C for 3 days and dipping in 50°C hot water resulted
in the lowest significant acidity percentage. In Heidi, the
preconditioning treatment at 20°C for 3 days, 40 and 50°C
hot water treatments gave the lowest significant values,
compared to the control that recorded the highest
percentage in both seasons during cold storage.
Moreover, during cold storage in Tommy Atkins, the
preconditioning treatment at 20°C for 3 days recorded the
highest significant acidity percentage in the first season
and the preconditioning treatment at 20°C for 3 days and
dipping in hot water at 50°C resulted in the highest
significant values in the second season.
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It is well known that, ascorbic acid is considered one
of the antioxidant substances. The antioxidant activity in
fruit varies among species and cultivars [30, 31]. There is
a wide range of cultivars fruit content of vitamin C. some
fruit are rich in ascorbic acid, although there is little
information on this antioxidant activity in tropical fruit [32,
33]. Moreover, Tasneem [34] studied the effect of storage
of “Tommy Atkins” at low temperature (1, 4, 7, 10°C), the
affected fruit pulp has low ascorbic acid content.
Ascorbic acid declined in mango fruits during ripening
[35]. Thomas and Oke [6] suggested the reduction
ascorbic acid is presumably due to oxidative destruction.

Data of the total sugars and phenol percentages in
the fruits of the two studied cultivars are presented in
Tables (3 and 4). It is obvious that, total sugars
percentage was higher in Heidi fruit compared with
Tommy Atkins in both seasons. In Tommy Atkins the
preconditioning treatment at 20°C for 3 days recorded the
highest total sugars percentage. Reversely, in Heidi the
preconditioning treatment at 20°C for 3 days and dipping
in 40 and 50°C hot water showed the highest values
compared to control that showed the lowest values in
both seasons. For phenols percentages it is clear that,
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Table 4: Effects of heat and cold storage treatments on fruits total phenols % during 6 days shelf life, of Tommy Atkins and Heidi mango cultivars in 2009

and 2010 seasons

Shelf life days (C) Shelf life days (C)
0 3 6 Mean 0 3 6 Mean
Cultivar (A) Treatment (B) ~  -—------mmmmememme Season 2009 Season 2010----------------------
Tommy Atkins Control 1.05 1.23 1.33 1.20 1.04 1.21 1.36 1.20
20°C 1.06 1.26 1.43 1.25 1.03 1.40 1.46 1.29
30°C 1.06 1.53 1.61 1.40 0.99 1.50 1.70 1.39
40°C 0.97 1.56 1.67 1.40 1.01 1.56 1.80 1.46
50°C 0.99 1.66 1.74 1.46 0.99 1.70 1.86 1.52
Mean 1.03 1.45 1.55 1.34 1.01 1.47 1.64 1.37
Heidi Control 1.03 1.25 1.34 1.21 1.06 1.29 1.31 1.22
20°C 0.99 1.35 1.46 1.27 1.00 1.39 1.53 1.31
30°C 1.04 1.62 1.69 1.45 0.99 1.61 1.70 1.43
40°C 0.99 1.63 1.79 1.47 0.98 1.66 1.78 1.47
50°C 1.03 1.77 1.88 1.56 1.00 1.78 1.89 1.56
Mean 1.02 1.52 1.63 1.39 1.01 1.55 1.64 1.40
Shelf life days (C) Shelf life days (C)
Treatment (B) 0 3 6 Mean 0 3 6 Mean
Control 1.04 1.24 1.33 1.20 1.05 1.25 1.34 1.21
20°C 1.03 1.31 1.45 1.26 1.01 1.39 1.50 1.30
30°C 1.05 1.57 1.65 1.42 0.99 1.55 1.70 1.41
40°C 0.98 1.60 1.73 1.44 0.99 1.61 1.79 1.46
50°C 1.01 1.72 1.81 1.51 0.99 1.74 1.88 1.54
Av. Treat. 1.02 1.49 1.59 1.36 1.01 1.51 1.64 1.38

L.S.D at 0.05 for 2009 season: A = 0.048; B = 0.081; C = 0.063; (A x B) =0.115; (A x C) =0. 089; (B x C) =0.141; (A x B x C) = 0.200
L.S.D at 0.05 for 2010 season: A = 0.069; B = 0.070; C = 0.054; (A x B) =0.098; (A x C) =0.076; (B x C)=0.121; (A x B x C)=0.171

Heidi fruits contained lower total phenols percentage
than Tommy Atkins fruit. In ‘Tommy Atkins, the 40 and
50°C hot water treatments revealed the lowest significant
values in the first season, while the 20, 40 and 50°C
treatments resulted in the lowest significant values in the
second season. In Heidi, the 40 and 50°C hot water
treatments showed the lowest values compared to
control that showed the highest values in both seasons
during cold storage. During shelf life period, 40 and 50°C
hot water treatments recorded the lowest significant
values in the first season in Tommy Atkins, the 20, 40 and
50°C treatments showed the lowest significant values in
the second season. In Heidi, the 50°C hot water treatment
showed the lowest significant value in the first season
and the 20, 40 and 50°C heat treatments showed the
lowest significant values in the second season compared
to control that showed the highest values in both
seasons.

The data viewed in Figures 3 and 4 shows the
effect of heat treatments on Catalase and peroxidase
enzymes activity during storage at 7°C in both seasons.
The differences between the two cultivars were significant
in both seasons. Catalase activity in Heidi was higher
than Tommy Atkins fruit in both seasons.
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Tommy Atkins fruits that treated with 30°C hot water
dipping recorded the highest significant activities,
compared to 20°C hot water treatment in the first season
and 40°C hot water treatment in the second season that
showed the lowest activities. In Heidi, the untreated
control showed the highest significant activity in the first
season, whereas control and 30°C hot water treatment
showed the highest significant activity in the second
season, compared to 20°C hot water treatment in both
seasons showed the lowest activities. For peroxidase
activity in Tommy Atkins, the 20 and 50°C hot water
treatments showed the lowest significant activities in both
seasons. In Heidi, the 50°C hot water treatment showed
the lowest significant activities, compared to control that
showed the highest activities in both seasons

So, Catalase and Peroxidase activities increased
then decreased continuously with storage period in
all treatments in both cultivars during both seasons.
Hot water treatments obstruct a fluctuation in activity by
increasing and decreasing of Catalase and Peroxidase
activities compared to the control in both cultivars.
However, Tommy Atkins untreated fruits (control)
showed the highest significant Catalase activity in the
second week. The corresponded scored Catalase activity
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in Heidi showed that control scored the highest
significant value in the second week in the first season,
whereas the 40°C treatment showed the highest
significant value in the second week in the second
season. Regarding the Peroxidase activity data in figure
(4) revealed that, in Tommy Atkins, the control showed
the highest significant values in the first week in the first
season and in the second week in the second season.
Relatively comparable values were recorded in Heidi,
where the control and 30°C treatment showed the
highest significant values in the first week in the first
season. But the control showed the highest significant
value in the second week of the second season.

From the above mentioned outcomes, it is realized
that data inferred that mango fruits treated with
preconditioning at 20°C, or hot water dipping at 40 or 50°C
showed remarkable decrease in fruits acidity, while TSS
and total sugars increased. Acidity decrement was
previously observed by many investigators [36-40].
Moreover, the increment in sugars content may be due to
the starch that accumulated in the mature fruit was rapidly
lost during ripening [41]. Starch granules completely
disappear in the ripe fruit that usually contains negligible
levels of starch [42, 43].

Total phenols  decreased continuously with
storage period, phenols decreased significantly after
preconditioning at 20°C, or hot water dipping at 40 or 50°C
treatments. Rensburg and Engelbrecht [44] and Cruz [45]
suggested that the hot water treatment played a
noticeable role in inhibition of browning which causes the
structural changes in the phenolic compounds caused by
some oxidative substances especially polyphenol oxidase,
data also showed that by the end of storage, fruits that
had been dipped in 40 or 50°C, or 20°C treatment showed
lower values, which might be caused by the faster
entrance of fruits into the ripening stage compared to
control or 30°C treatment. Mayer [46]; Inze and Van
Montagu [47]; Mitra and Baldwin [48] distinguished a
similar trend in some tropical plants.

Catalase activity showed continuous elevation
within the first two weeks then it decreased sharply.
This change might be related to chilling injury as the
control fruits showed significant stability in Catalase
activity that differs from the other hot treatments, the
increase occurred at the beginning of cold storage period
might illustrate the cold shock of fruits because of the
storage at low temperature as a way to disposal of free
radicals, the decrease after that might be resulted of
imbalance between antioxidant substances and free
radicals [15].
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Peroxidase took a similar trend to catalase and it
might be played as an assistant with catalase in protection
of cells, the highest values appeared in control and 30°C
treatment fruits compared with the other treatments,
This relation may be illustrating as a defense way of the
storage at low temperature against chilling injury
disorder [47]. Marin and Cano [49] found a similar trend
for peroxidase in Lippens and Smith mango cultivars
stored at 12°C and 85-90% RH. Mattoo and Modi [50]
that
peroxidase increased then decreased during ripening of

found Catalase decreased continuously but

mango.
REFERENCES
1. Yahia, EM., 1998. Modified and controlled
atmosphere for tropical fruits. Hort. Reviews.,
22:123-133.
2. Kader, A.A., 2002. Postharvest Technology of
Horticultural Crops. University of California

Agriculture and Natural Resources Communications
Services, USA, pp: 535.

3. Kim, Youngmok., J. K. Brecht and S.T. Talcot, 2007.

Antioxidant phytochemical and fruit quality changes

in mango (Mangifera indica L.) following hot water

immersion and controlled atmosphere storage. Food

Chemistry, 105: 1327-1334.

Musa Kaleem Baloch, Farzana Bibi and

Muhammad Saleem Jilani, 2011. Quality and shelf

life of mango (mangifera indica L.) fruit: As affected

by cooling at harvest time. Scientia Horticulture,

130: 642-646.

5. Oosthuyse, S.A., 1997. Differences in the effect of

various packline fungicidal treatments on the

manifestation of disease in mango. Yearbook South

African Mango grower’s Association, 17: 75-80.

Thomas, P. and M.S. Oke, 1980. Vitamin “C” content

and distribution in mango during ripening. Journal of

Food Technology, 15(6): 669-672.

7. Zhao Z.1., Jiankang Cao, Weibo Jiana, Yuhong Gu
and Yumei Zhao, 2009. Maturity-related chilling
tolerance in mango fruit and antioxidant capacity
involved. www.interscience.com published online at
7 November 2008.

8. Lederman, LE., G. Zauberman, A. Weksler, 1. Rot and
Y. Fuchs, 1997. Ethylene forming capacity during
cold storage and chilling development in ‘Keitt’
mango fruit. Postharvest Biology and Technology,
10: 107-112.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Intl. J. Sustain. Agric., 4 (3): 69-79, 2012

Nair, Suresh, Singh Zora and Tan Soon Chye,
2004. Chilling injury adversely affects aroma
volatile production in mango during fruit
ripening, in VII International Mango Symposium,

Recife, Brazil. International Society for Horticultural
Science.

Nasr, S.I., 2004. Studies on Reducing Mango Fruits

Sensitivity to Chilling Injury. Ph.D. Thesis, Ain
Shams University, pp: 132.

A.O.A.C. 1980. Official methods of analysis 13" ed.
Association of official analytical chemists,
Washington, D.C.; USA.

Chen, P.M. and M.M. Mellenthin, 1981. Effect of
harvest date on ripening capacity and postharvest
life of Anjou pears. Journal American Society of
Horticultural Science, 106: 36-42.

Malik, C.P. and Z. Singh, 1980. Plant Enzymology and
Histo- Enzymology. A text Manual, pp: 276-277.
Kalyani Publishers, New Delhi, India.

Swain, T. and W.E. Hillis, 1959. The qualitative
analysis of phenolic constituent. Journal Society
Food Agriculture, 10: 63.

Sala, J.M. and M.T. Lafuente, 2000. Catalase enzyme
activity is related to tolerance of mandarin fruits
to chilling. Postharvest Biology and Technology,
20: 81-89.

El-Emaery, G.A., 1995. Biochemical Studies on the

Role of Some Micronutrients on Some Dioctyledons.
M.Sc. Thesis, Cairo University, pp: 173.

Snedecor, G.W. and G.W. Cochran, 1989. Statistical
methods, 8" Ed. Iowa State Univ. press, Ames, lowa,
USA.

McCollum, T.G., S.D. Aquino and R.E. McDonald,
1993. Heat treatment inhibits mango chilling injury.
HortScience, 28(3): 197-198.

Zambrano, J. and W. Materano, 1998. Effect of heat
treatment on postharvest quality of mango fruits.

Tropical Agriculture, 75(4): 484-487.

Kalra, S.K. and D.K. Tandon, 1983. Regulation of
ripening of mango cv “Mallika”. Indian Journal of
Horticulture, 40: 155-159.

Jacobi, K.K., E.A. MacRae and S.E. Hetherington,

1997. Early detection of abnormal skin
ripening characteristics of ‘Kensington’ mango
Mangifera indica Scientia Horticulturae,
72:215-225.

McGuire, R.G., 1992. Reporting of objective color
measurements. HortScience, 27: 1254-1255.

Linn.

78

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Prusky, D., Y. Fuchs, I. Kobiler, I. Roth, A. Weksler,
Y. Shalom, E. Fallik, G. Zauberman, E. Pesis,
M. Akerman, O.Ykutiely, A. Weisblum, R. Regev and
L. Artes, 1999. Effect of hot water brushing,
prochloraz treatment and waxing on the incidence of
black spot decay caused by Alternaria alternata in
mango fruits. Postharvest Biology and Technology,
15: 165-174.

Jacobi, K.K., E.A. MacRae and S.E. Hetherington,
2001. Loss of heat tolerance in ‘Kensington’ mango
fruit following heat treatments. Postharvest Biology
and Technology, 21: 321-330.

Wagan, K.H., M.A. Pathan, M.M. Jiskani, A.G. Lanjar
and S.A. Mugheri, 2001. Some studies on
postharvest fungal diseases of mango “Mangifera
indica L.” And their control Pakistan Journal of
Phyopathology, 13(2): 135-139.

Shellie, K.C. and R.L. Mangan, 2002. Hot water
immersion as a quarantine treatment for large
mangoes: Artificial versus cage infestation. Journal
American Society of Science,
127(3): 430-434.

Medlicott, A.P., J.M. Sigrist and O. Sy, 1990.
Ripening of mangoes following low temperature
storage. J. Am. Soc. Hort. Sci., 115: 430-434.
Mohammed, M. and J.K. Brecht, 2004. Reduction of
chilling injury in ‘Tommy Atkins’ mangoes during
ripening. Scientia Horticulturae, 95(15): 297-308.
Nunes, M.C., J.P. Emond, J.K. Brecht, S. Dea and
E. Proulx, 2007. Quality curves for mango fruit
(cv. Tommy Atkins and Palmer) stored at chilling and
non chilling temperatures. Journal of Food Quality,
30: 104-120.

Award, M.A., A. De Jager, L.H. Van der Plas and
AR. Van der Krol, 2001. Flavonoid and chlorogenic
acid changes in skin of ‘Elstar’and ‘Jonagold’ apples
during  development ripening.
Horticlture, 90: 69-83.

Kondo, S., M. Kittikorn and S. Kanlayanarat, 2005.
Preharvest antioxidant activities of tropical fruit
and the effect of low temperature storage on
antioxidants and jasmonates. Postharvest Biology
and Technology, 36: 309-318.

Jimenez-Escrig, A., M. Rincon, R. Pulido and
F. Saura-Calixto, 2001. Guava fruit (Psidium
quajava L.) as a new source of antioxidant
dietary fiber. Journal of Agriculture Food Chemistry,
49: 5489-5493.

Horticultural

and Scientia



33.

34.

35.

36.

37.

38.

39.

40.

Intl. J. Sustain. Agric., 4 (3): 69-79, 2012

Bashir, H.A., A. Abu-Bakr and A. Abu-Goukh, 2003.
Compositional changes during guava fruit ripening.
Food Chemistry, 80: 557-563.

Tasneem, A., 2004. Postharvest Treatments to
Reduce Chilling Injury Symptoms in Stored
Mangoes. M.Sc. Macdonald Campus of McGill
University, Canda.

Aina, O.J., 1990. Physic-chemical change in African
mango (Irvingia gabonensis) during normal storage
ripening. Food Chemistry, 36: 205-212.

Ashwani, K., S. Dhawan and J. Kumar, 1995. Effect of
postharvest treatments on the enhancement of
ripening of mango (Mangifera indica) fruit cv.
Dashehari. Haryana Journal of Horticultural Science,
24(2): 109-115.

Abdel-Gofur, M., Z. Shafige, M. Helali, M. Ibrahim
and M.S. Alam, 1997. Studies on extension of
postharvest storage life of mango (Mangifera
indica). Bangladesh Journal of Scientific Industrial
Research, 32(1): 148-152.

Tsuda, T., K. Chachin, E. Esguerra, M. Lizada and
Y. Ueda, 1999. Effects of vapor heat treatment
(VHT) on peel color, respiration, organic acid,
sugar and starch contents of “Carabao” mangoes.
Journal of Japanese Society for Horticulture Science,
68(4): 877-882.

Jacobi, K.K., E.A. MacRae and S.E. Hetherington,
2000. Effect of hot air conditioning of “Kensington”
mango fruit on the response to hot water treatments:
effects on commodity, pathogens and insect pests.
Postharvest Biology and Technology, 21: 39-49.
Saichol, K., S. Chidtragool and S. Lurie, 2000. Pre
storage heat treatment and post storage quality of
mango fruits. HortScience, 35(2): 247-279.

79

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Selvaraj, K., R. Kumar and D.K. Pal, 1989. Changes in
sugars, organic acids, amino acids, lipid constituents
and aroma characteristics of ripening mango
(Mangifera indica L.) fruit. Journal of Food Science
and Technology, 26: 308-313.

Morga, N.S., A.O. Lustre, M.M. Tunace,
AH. Balogot and M.R. Soriano, 1979. Physical
changes in Philippine caraboa mangoes during
ripening. Food Chemistry, 4: 225-234.

Parikh, HR., G.M. Nair and V.V. Modi, 1990.
Some structural changes during ripening of
mangoes (Mangifera indica var. Alphonso) by
abscisc treatment. Annals of Botany, 65: 121-127.
Rensburg, E.V. and A.H.P. Engelbrecht, 1986.
Effect of calcium salts on susceptibility to
browning of avocado fruit. Journal of Food
Science, pp: 1026-1068.

Cruz, J.D., G. Vela, D.M. Leon and H.S. Garia, 2003.
Polyphenoloxidase activity during ripening and
chilling injury stress in Manila Mangoes. J. Hort. Sci.
Biotechnol., 78(1): 138-143.

Mayer, A.M., 1987. Polyphenol oxidases in plants
recent progress. Phytochemistry, 26: 11-20.

Inze, D. and M. Van Montagu, 1995. Oxidative stress
in plants. Curr. Opin. Biotechnol., 6: 153-158.

Mitra, S.K. and E.A. Baldwin, 1997. Mango. In: Mitra,
S. (Ed.), Postharvest Physiology and Storage of
Tropical and Subtropical Fruits. CAB International,
Wallingford, pp: 85-122.

Marin, M.A. and M.P. Cano, 1999. Patterns of
Peroxidase in Ripening Mango (Mangifera indica, L.)
Fruits. Journal of Food Science, 57(3): 690-692.
Mattoo, A.K. and V.V. Modi, 1969. Ethylene and
Ripening of Mangoes. Plant Physiol., 44: 308-310.



