
Australian Journal of Basic and Applied Sciences, 6(13): 490-496, 2012 
ISSN 1991-8178 

 

Corresponding Author: Aml, R.M. Yousef, Horticultural Crops Technology Department, National Research Center, El-
Behooth, Dokki, Egypt. 

490 
 

Storage and Hot Water Treatments on Poststorage Quality of Mango Fruit 
(Mangifera indica L.) Variety Copania 

 
1Aml, R.M. Yousef, 1Hala S. Emam and 2Dorria, M.M. Ahmed 

 

1Horticultural Crops Technology Department, National Research Center, El-Behooth, Dokki, Egypt. 
2Pomology Department, National Research Center, El-Behooth, Dokki, Egypt. 

 
Abstract: Tropical fruits such as mangoes destined for export are commonly required to have thermal 
treatments against invasive pests, to prolong shelf life and preserve fruit quality to fulfill the 
consumers and markets demand. The effect of storage and hot water treatments were applied to 
Copania mango fruits (as export cultivar) on physical and biochemical quality were investigated at the 
seasons of 2008 and 2009. Mature Copania mango fruits were stored at 10, 13 and 25±2°C with 90-
95% relative humidity. Other mangoes were also subjected to hot water dipping (HWD) at 46 or 50oC 
for 10 min., cooled, and then stored at 10oC as shipping simulation for 28 days. Fruit quality 
characteristics i.e. fresh mass losses, decay incidence, fruit firmness, CO2 production (respiration 
rate), Soluble solid content (SSC), titratable acidity (TA), and ascorbic acid content, were evaluated 
periodically at after a simulated retail stage of 7 days for 4 weeks. Among different treatments, fresh 
losses percentage was lower in fruit treated with HWD treatments as compared to storage temperature 
which having higher percent. There was no evidence of decay was apparent during three and two 
weeks of storage at 8, 10 and 13°C. Meanwhile, fruits dipped in hot water at 48 and 52oC for 10 min 
had no decay percent at 10oC of storage for three weeks. Although, storage at 8oC was more effective 
in keeping fruits firmer after 28 d, Mangoes dipped in hot water at 52°C for 10 min showed firmer 
fruits than those dipped at 48°C. Moreover, the differences between ST and HWD treatments were 
significant and the results may indicate that respiration rate of ST were higher than that in HWD 
during storage period. While, storage treatments increased the total soluble solid content, minor 
differences were observed after HWD in this concern. TA was found to be lower in mango fruits 
treated with hot water treatments compared with stored fruits at 8,10 and13oC. In addition, significant 
decrease in ascorbic acid content was observed during storage period at 8, 10 and13oC, as well as hot 
water treatments at 48 and 52oC. compared with a sharp reduction in control fruit kept only at 25oC. 
after 2ed week of storage period. From these results it can be concluded that the thermal properties of 
mango flesh was influenced by the temperature and storage time. There is a relationship between 
thermal properties and the decay and chilling injury. The quality of mango fruits during export was 
greatly improved by hot water dipping treatments as quarantine against invasive pests for expanding 
the market and shelf life duration.  
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INTRODUCTION 

 
 Mango is one of the oldest and most important tropical fruits in the worldwide in terms of production and 
consumer acceptance (FAO STAT, 2005; Gilber et al., 2003). Mango fruit is 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 responsible of the bright yellow color of mango (Djioua et al., 2009; 
Shieber et al., 2000; Vinci et al., 1995).  
 Mangoes are a climacteric fruit with a short and limited shelf life when held at ambient temperatures and is 
sensitive to chilling injury when stored below 10°C. (Djioua et al. 2009; Kim et al., 2007; Ketsa et al., 2000). 
Rapid deterioration of fruit during handling, transport and storage is a damaging problem, and the quality of the 
fruit rapidly decreases once fully ripe. It is therefore important to control deterioration processes in order to 
maintain quality. Tropical fruits such as mangoes destined for importance are commonly required to have a 
thermal treatment against invasive pests, to prolong shelf life and preserve fruit quality (Djioua et al., 2009; Kim 
et al., 2007; Mitra and Baldwin, 1997). 
 Much research has focused on the use of postharvest treatments to extend shelf-life with non-chemicals. 
Recently, wide international interest in heat treatment technology for quality maintenance and disease control 
has been reflected in a range of literature. (Djioua et al., 2009; Kim et al., 2007; Anwar and Malik, 2007). 
However, Ketsa et al., (2000) were decided that since in this case, no inhibition was conferred by the heat 
treatment, there was no inhibition to maintain in storage. The heated fruit ripened earlier, but eventually the 
nonheated fruit reached the same full ripeness. Ketsa et al., (2000). Since the thermal properties are also related 
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to the phase transition within a fruit, they might be able to be used as an indicator of the chilling injury. 
Suwapanich and Haewsungcharoen, (2007). Ketsa et al., (2000) found that Growing conditions can affect fruit 
response to a postharvest heat treatment. 
  Kim et al., (2007) reported that Mangoes destined for import may be infested with various species of fruit 
flies, so that fruit must be subjected to a thermal quarantine treatment involving complete hot water immersion 
for a specified time and temperature. (Kim et al., 2007; Anwar and Malik, 2007) added that among different 
heat treatments, use of hot water as a disinfestations treatment, has been widely adopted because of its 
efficiency. However, the effects of hot water treatment may prove to be an effective to maintain fruit quality and 
inhibit ripening prior to distribution. Previous studies on HWT show that the effects depend upon a number of 
factors including maturity stage, cultivar, HWT temperature and duration etc. Djioua et al., (2009). The use of 
heat treatments applied by hot water, has increased in order to control insect pests, prevent fungal rots and 
increase resistance to chilling injury (Lurie, 1998; Mitra and Baldwin, 1997). Heat treatments also inhibited 
ripening, softening and improved postharvest quality. 
 Heat treatments, with both hot air and hot water, can also be used for disinfestations. In the latter case 
pretreatments of moderate heat, such as 38 °C, induce tolerance of fruit to the higher temperatures necessary to 
kill insects. (Kader, 1992; Ketsa et al., 2000 and Kim et al., 2007). Visible appearance of anthracnose during 
ripening was effectively inhibited by the hot water treatments.  
 The objectives of the study are to determine the effect of thermal heat temperatures with both heat storage 
and hot water immersion of mango fruit as simulation of mango destined for importance to prolong shelf life 
and preserve fruit quality. 
 

MATERIALS AND METHODS 
 
Fruits:  
 Export-graded mango (Mangifera indica L.) cv. Copania were obtained from a private orchard (Nemous), 
Katta district, Giza Government and were used in this experiment. Mango fruits were harvested at the mid of 
September of 2008 and 2009 from trees were 15 years old, grown in sand-loam soil and were similar in growth 
and received common horticulture practices. Fruits were collected at the along with 4-5cm stalk and of uniform 
size (400±30 g) and green-yellowish maturity stage (based on color, firmness (13.73 Ib/inch2), and TSS 
(8.33oBrix) and transported carefully to the laboratory of ADS project, Faculty of Agriculture, Cairo University. 
Upon arrival at the laboratory, the pedicels were cut back and selected fruits uniformity of shape, color and size 
with absence of visible wounds and blemished or diseased fruits were washed in chlorinated water (100 ppm 
free chlorine) for 10min., dried and randomly distributed for each heat and hot water treatments. 
 
Treatments:  
 The storage treatment was performed by storing mango fruits at 10, 13 and 25±2°C. in controlled 
temperature rooms with 90-95% relative humidity for 4 weeks. Other mangoes were subjected to hot water 
dipping (HWD) at 46 or 50oC for 10 min., and cooled for 10 min. too. During HWT, fruit core temperature was 
confirmed by using digital thermometer with an electronic probe. All HWD and non-treated fruits (control) were 
stored at 10oC±2°C as shipping simulation with 90-95% relative humidity for 4 weeks too.  
 After treatments, fruits in each trial were packed in corrugated cardboard boxes. Each treatment 
constituted three replications for each sampling date (7 days) and each replicate consisted of 5 fruits. Fruits 
quality measurements were assessed as follow:  
 
Mass loss Percent:  
 Fruits were weighed at the beginning and after an interval of 7 days for a period of 28 days storage. The 
Mass loss Percent was calculated by standard procedure as mentioned in AOAC (1994). 
 
% Mass loss = wt. of 1st interval – wt. of 2ed interval x100 / wt. of first interval 
 
Decay Incidence:  
 Fruits which were decayed by different physiological and pathological factors were periodically counted 
and discarded. Then percentages of decayed fruits were calculated in relation to total number of fruits. 
 
Fruit Firmness:  
 Was measured using Ametek pressure tester, fitted with an 8 mm hemispherical probe (probe penetration 2 
mm), the results calculated as Newton units.  
 
Total Acidity:  
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 (expressed as malic acid) was determined by titrating 5 ml juice with 0.1N sodium hydroxide using 
phenolphthalein as an indicator. SSC content was measured to using a T/C hand refractometer Instrone, Brix-
readings 0-30 ranges (Model 10430, Bausch and Lomb Co. Calif., USA). Ascorbic acid content was determined 
using 2, 5-6 dichlorophenol indophenols' titration methods as described by (A.O.A.C., 1990). 
  
CO2 Production (Respiration Rate):  

Fruits of each sampling date were weighed and placed in 2-liter sealed jars at 20oC. O2 and CO2 production 
samples of the jars headspace were injected into Servomex Inst (Model 1450C-Gas Analyzer). Respiration rate 
was calculated as ml CO2/kg/hr (Pesis and Ben-Arie, 1984 and Lurie and Pesis, 1992). 

Statistical Analysis:  
The design for this experiment was a completely randomized design (CRD) with three replications. Data 

were analyzed with the analysis of variance (ANOVA) procedure of MSTATC program. When significant 
differences (P>0.05) were detected, data was treated by analysis of variance with standard deviation (Steel and 
Torrie, 1980). Data was treated by analysis of variance with standard deviation. 

 
RESULTS AND DISCUSSION 

 
Fresh Mass Losses: 

Progressive increase in fresh mass losses percentage occurred for mango fruit cv. Copania throughout 
postharvest storage and hot water treatments (Fig.1). Significantly, the highest fresh losses in mango fruits were 
observed at the end of storage period from 0.00 to 9.32, 10.22and 11.5% due to storage treatments. Also, from 
0.00 to 8.13 and 6.71% due to HWD treatments respectively. Meanwhile, untreated fruits (control) recorded the 
highest fresh mass losses percent at the 2ed week of storage at 25oC. However, fresh losses percentage was lower 
in fruit treated with HWD treatments as compared to storage temperature which having higher percent. Our 
results are further in line with Perez et al., (2004) in avocado fruits, that mass losses were 4.3% at 20oC for 8 
days and 3.0% at 10oC for 22 days. A significant effect of storage (P<0.05) on Dusheri variety of mango was 
observed and had an increasing trend of average percent wt. loss (0.00 to 36.1 %). Meanwhile, control fruit 
showed higher percentage of mass losses (19.88%) during 15 days of storage period at ambient temperature (32-
35oC with 53.6-78.8% RH) Rathore et al., (2007). 

 

 
 
Fig. 1: Fresh mass losses percent of mango fruits affected by storage temperature (ST) and hot water dipping 

(HWD) treatments for 4th week of storage period (average of two seasons). The vertical bars represent a 
mean of ±S.D.  

 
Decay Incidence: 

Results illustrated in Fig.2 showed that there was no evidence of decay was apparent during three and two 
weeks of storage at 8, 10 and 13°C., respectively. Thereafter, decay percentage showed significant and gradual 
increase with the progress of storage period. At the 4th week of storage, fruits stored at 13°C recorded the 
highest percent of decay (8.2%) followed by that kept at 10°C (6.95 %) and 8oC (6.45) respectively. Meanwhile, 
the incidence of decay in control fruits reached the maximum percent (15.73%) for the 2ed week of storage at 
25°C. In addition, fruits dipped in hot water at 48 and 52oC for 10 min (Fig.2, B) had no decay percent at 10oC 
of storage for three weeks, and then showed significant and gradual increase recording its maximum percent at 
the 4th week of storage period (6.71%) respectively. These results are in harmony with Arpaia (1994) who 
reported that avocado fruit stored at 5°C caused lower chilling injury compared with 1.1 °C. Moreover, storage 
at 8°C for one week resulting in more intense vascular browning at full ripening upon transfer to 22°C. Jacobi 



Aust. J. Basic & Appl. Sci., 6(13): 490-496, 2012 

493 
 

and Giles (1997) found that, treating Kensington mango with HWT at 53°C for 5 min lowered disease 
incidence, while severity of fruit injury was lower in HW + VHT fruits than in VHT fruit alone. 

 
 
Fig. 2: Decay incidence percent of mango fruit affected by storage temperature (ST) and hot water dipping 

(HWD) treatments for 4th week of storage period (average of two seasons). The vertical bars represent a 
mean of ±S.D. 

 
Firmness: 

The changes in flesh firmness of mango fruits (cv. Copania) during postharvest storage and HWD 
treatments are presented in Fig.3. Firmness of mango fruits showed gradual and significant reductions during 
storage at 8, 10 and 13oC for 4 weeks compared with untreated fruit (control). Meanwhile, storage at 8oC was 
more effective in keeping fruits firmer after 28 d. A similar decline in fruit firmness was found in mangoes 
stored at 10oC after dipping in hot water (HWD) at 48 and 52oC for 10 min. Mangoes dipped in hot water at 
52°C for 10 min showed firmer fruit firmness (4.87 Ib/inch2) followed by fruits dipped at 48°C (3.63 Ib/inch2). 
Fruit firmness is one of the criteria of fruit quality determined by various researchers for different fruits. 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) Also, Jacobi and Giles (1997) suggested that the decrease in Kensington 
mango fruit firmness following heat treatment might be attributed to an increase in activity of these hydrolases 
caused by increasing temperature. Moreover, El-Salhy et al., (2006) reported that after four weeks of cold 
storage, fruit firmness ranged from 1.7 to 2.1 lb in the first season and from 1.8 to 2.1 lb in the second seasons 
of ‘Awais’ mango fruits after irradiation and hot water. In addition, Jha et al., (2010) indicated that the firmness 
was decreased after the 5th day of storage at ambient temperature (27±2oC) on mango hybrids. 

 

 
 

Fig. 3: Changes of mango fruit firmness (Ib/inch2) affected by storage temperature (ST) and hot water dipping 
(HWD) treatments for 4th week of storage period (average of two seasons). The vertical bars represent a 
mean of ±S.D. 

 
CO2 Production (Respiration Rate): 

Carbon dioxide production rates were illustrated in Fig.4. Mango fruit stored at 8, 10 and 13oC for one 
week resulted a noticeable increase in respiration rate reaching the peak CO2 values of 32.55, 35.18 and 40.22 
mgkg-1hr-1 up to 3 weeks respectively. Then decreased slightly reaching the minimum CO2 values of 29.13, 
30.66 and 38.12 mgkg-1hr-1 up to 4th week storage. Meanwhile, untreated fruit appeared its highest CO2 value 
(36.3 mgkg-1hr-1) up to 1st week storage at 25oC. On the same direction, mangoes stored at 10oC after dipping in 
HWD at 48 and 52oC for 10 min., explained a noticeable increased in respiration rate recording their maximum 
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rate of 29.15 and 33.5 mgkg-1hr -1 up to the 3ed week of storage at 10oC. Generally, the differences between ST 
and HWD treatments were significant and the results may indicate that respiration rate of ST were higher than 
that in HWD during storage period. Similarly, Hasbulah et al., (2001) have found that the RR values of ‘Irwin’ 
mango treated with HWD 47.2 ◦C/60, 90 and 120 min ranged between 0.92 and 1.05 and were not affected by 
heat treatment. The respiration rate is an indicator of metabolic activity and gives an indication of the potential 
shelf-life of the product (Church and Parsons, 1995). 

 

 
 

Fig. 4: CO2 production (respiration rates as mg kg-1hr -1) of mango fruit affected by storage temperature (ST) 
and hot water dipping (HWD) treatments for 4th week of storage period (average of two seasons). The 
vertical bars represent a mean of ±S.D. 

 
Soluble Solid Content: 

The soluble solid trend showed gradual and significant differences for storage treatments of mango fruits 
Fig.5 It was observed that the total soluble solid content were increased from 7.33% to 13.07, 15.73 and 15.6% 
up to 4th week during storage period at 8, 10 and 13oC respectively. Meanwhile, untreated fruit recorded increase 
in SSC % from 7.33 to 15.67% then decreased to 13.73% at 2ed week of storage period. The same trend was 
observed for mango fruits dipped in hot water at 48 and 52oC for 10 min. Fig. 5. Minor differences were 
observed in soluble solid content after HWD during storage period, where the highest SSC content was found in 
fruit dipped in hot water at 52oC followed by 48oC up to4the week (13.16,16.20) respectively. Similar results 
were obtained by Jacobi et al., (2000) who reported that conditioning (Kensington) at 40°C prior to HW 
treatments of 45°C for 30 min or 47°C for 15 min accelerated fruit ripening, increased oBrix compared to 
untreated fruits and fruits receiving other heat treatments. Also, Djioua et al., (2009) showed that the final TSS 
value was higher after 9 days of storage by hot water dipping for 50oCat 30 min. (Keitt cv). 

 

 
 

Fig. 5: Soluble solid content (SSC %) of mango fruit affected by storage temperature (ST) and hot water 
dipping (HWD) treatments for 4th week of storage period (average of two seasons). The vertical bars 
represent a mean of ±S.D. 

 
Titratable Acidity: 

Fig. 6 showed the titratable acidity (TA) of mangoes subjected to storage and hot water treatments during a 
storage period of 28 days. The results revealed that titratable acidity percent decreased significantly in the 
mangoes during storage period from 1.54 to as low as 0.53% compared with untreated fruit which recorded the 
least value (0.74%)at 14 days storage at 10oC. TA was found to be lower in fruit mango treated with hot water 
treatments compared with stored fruits at 8,10 and13oC. The relatively higher storage temperature led to higher 
rate of reduction in the TA during storage of mango. Jacobi et al., (2000) showed that conditioning (Kensington) 
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at 40°C prior to HW treatment of 45°C for 30 min or 47°C for 15 min accelerated fruit ripening, lowered 
titratable acidity compared to untreated fruits and fruits receiving other heat treatments. These results coincided 
with those Doreyappa-Gowda and Huddar (2001) who reported the similar pattern in different varieties of 
mango fruit stored at 18-34oC were considerably increased in pH from 2.85 to 4.38 and decreased in acidity 
from 2.71 to 0.04% during ripening. These results further correspond with Srinivasa et al. (2002) who found that 
titratable acidity values of Alphonso mango either packed in carton or control sample also showed a decreasing 
trend from 2.17% to 0.08% on 12th day when stored at ambient temperature 27±1oC and 65% RH. 

 

 
 

Fig. 6: Titratable acidity (TA %) of mango fruit affected by storage temperature (ST) and hot water dipping 
(HWD) treatments for 4th week of storage period (average of two seasons). The vertical bars represent a 
mean of ±S.D. 

 
Ascorbic Acid: 

The ascorbic acid content of mango fruits subjected to different postharvest treatments (ST, HWD) is 
shown in Fig.7 (A& B). The results demonstrated that ascorbic acid content decreased gradually and 
significantly during storage at 8, 10 and13oC, as well as hot water treatments at 48 and 52oC for 10 min and then 
stored at 10oC reached its minimum values at 4th week storage 16.5, 10.8, 10.4 and 20.1, 15.1 respectively. 
Meanwhile, control fruit kept only at 25oC showed wide decrease in ascorbic acid content from 35.6 at harvest 
to 6.1 after 2ed week of storage period. Mango fruit are natural source of ascorbic acid (vitamin C) and it is 
known that its level decreases during processing and ripening (Lee and Kader, 2000). Ascorbic acid levels were 
higher in mangoes dipped in hot water (50°C/30 min) at the end of 9 days. Also, HWD 50oC/30 min decreased 
the ascorbic acid content during storage, compared to the control. Djioua et al. (2009).  

 

 
 

Fig. 7: Ascorbic acid content (V.C, mg/100gF.W.) of mango fruit affected by storage temperature (ST) and hot 
water dipping (HWD) treatments for 4th week of storage period (average of two seasons). The vertical 
bars represent a mean of ±S.D. 
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