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ABSTRACT 
 
A late maturing (End Aug to Mid Sept) Pakistani mango cv. Sufaid Chaunsa has high export potential, particularly in 
neighboring markets of Iran and China. However, market access is conditional with hot water (HW) phytosanitary treatment 
protocol for disinfestation of fruit fly as agreed with both countries (Iran: HW dip at 45°C for 75 min; China: HW dip at 48°C 
for 60 min). Objectives of present studies were to evaluate the effect of obligatory market access protocols on Sufaid Chaunsa 
mangoes; and to optimize storage temperature (10 & 12°C) under the prospective of shipping the treated mangoes to these 
countries. For this purpose, uniform mature mangoes were subjected to hot water treatment (HWT) at 45 and 48°C for 75 and 
60 min, respectively. Some more fruit were also subjected to HWT of 48°C for 60 min with additional dip of hot carbendazim 
(40 g/100 L) at 52°C for 5 min. Non-treated fruit were considered as control. Treated fruit were divided into two equal lots and 
stored at 10 and 12°C (80-85% RH). During storage, fruit peel color and softness were recorded on 21, 27 and 32 days, while 
disease development, physico-chemical and organoleptic characteristics were assessed at ripe stage. Fruit subjected to HWT 
(48°C for 60 min) with additional treatment of hot carbendazim (40 g/100 L) at 52°C for 5 min were more firm and had higher 
levels of total sugars as compared to the fruit of other treatments. Higher fruit peel color development score (after 21, 27 & 32 
days of storage) and higher total carotenoid levels (at ripe stage) were recorded in fruit stored at 12°C, irrespective of HW 
treatment effect. Higher titratable acidity was recorded in fruit subjected to HWT at 45°C for 75 min at 10°C storage. Among 
organolaptic characteristics, better pulp color score with better taste, texture and aroma was recorded in fruit stored at 10°C by 
the taste panel. HW treated fruit showed lesser anthracnose incidence as compared to fruit with no treatment. In conclusion, 
HW phytosanitary protocols for export of mango to Iran and China had no negative effect on fruit quality attributes of cv. 
Sufaid Chaunsa; and 10°C was found as the better shipping temperature. However, control of diseases especially stem end rot 
is critical and aroma volatile production warrants further research for successful sea shipments for export of this cultivar. © 
2011 Friends Science Publishers 
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INTRODUCTION 
 

Mangoes fruit is admired globally for excellent taste, 
flavour and nutritive value; while cultivated mainly in 
tropical and subtropical countries. Apart from its dietary 
significance (amino acids, carbohydrates, fatty acids, 
minerals & organic acids), the fruit also contains antioxidant 
properties and phenolic compounds (Shivashankara et al., 
2004), which are believed to be associated with reduction in 
the incidence of cardiovascular diseases and cancer (Soong 
& Burlow, 2004). Pakistan being the fourth-leading exporter 
of mangoes in the world (Anonymous, 2006) enjoys 
prominent position in the international markets due to the 
unique taste and pleasant aroma of its mango fruit. 
Presently, ethnic population in Europe, Middle East and rest 

of the world are the prime consumers of Pakistani mango, 
yet the trade necessitates more affluent consumers with 
better paying capacity. Iran (oil rich country) and China 
(world’s largest population & fastest growing economy) are 
the new emerging markets for Pakistani mangoes. However, 
the mango industry needs to conform to the prescribed 
quality standards throughout the supply chain and manage 
quarantine issues. Management of fruit fly by spraying 
insecticides can lead to health issues as synthetic chemicals 
have enduring adverse effects on human health (Lichtenberg 
& Zilberman, 1987) and environment (Weaver et al., 1990). 
Worldwide research efforts are under way to develop non-
chemical control strategies to manage these issues. Hot 
water treatments are economical mean for quarantine 
quality maintenance (43-49°C for 60-90 min), along with 
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dipping in hot fungicides (at 52-55˚C for 2-5 min) like 
carbendazim and Prochloraz, is also found as efficient 
means of manipulating mango postharvest diseases (Jeffries 
et al., 1990; Crane & Campbell, 1991; Dang et al., 2008). 
However, tolerance to hot water treatment and its effects on 
shelflife and quality may vary with variety, maturity and 
treatment conditions (Iqbal, 2007; Dang et al., 2008). 

Another aspect is short shelf life of mango, which 
limits its distant market opportunities. Cold storage or 
shipping at low temperature is an option for extending its 
consumption period, regulating market supplies and 
transporting to distant markets (McLauchlan & Wells, 
1994). However, physiological changes after harvest and 
during prolonged storage result in increased incidence of 
disease development (Eckert et al., 1996), yet if properly 
handled and stored/shipped at optimum temperature, 
extension in shelflife is possible. Studies show that storage 
temperatures below 12°C may cause chilling injury in some 
cultivars, which drastically reduce fruit quality and increase 
spoilage (Medlicott, 2003; Nair & Singh, 2009). 

Pakistan has already signed HWT phytosanitary 
protocols with Iran (HWT 45°C for 75min) and China 
(HWT 48°C for 60min) (Anonymous, 2005) paving the way 
for export of mangoes to these new lucrative markets. 
Additionally, being a neighboring country, Pakistan has a 
geographical advantage to export mango by road or sea to 
Iran and China. Overtime, there has been increased interest 
of industry in exporting a late season (End August to Mid 
September) mango cv. Sufaid Chaunsa, characterized by 
large fruit size (500 g), which makes it preferred choice in 
import markets. However, it is imperative to provide 
confidence to industry by evaluating the effect of HW 
phytosanitary treatment protocol, since many of the 
mangoes have limited shelf life (Anwar & Malik, 2007; 
Dang et al., 2008; Anonymous, 2009). Furthermore, in 
order to realize the potential of this cultivar for offshore 
shipments, the optimum storage conditions also need to be 
determined. Previously, there have been no studies on this 
cultivar in this regard. 

The objectives of this study were to evaluate the effect 
of HW phytosanitary treatment as per protocol signed with 
Iran and China, on shelflife and fruit quality of mango cv. 
Sufaid Chaunsa, as well as to evaluate the performance of 
fruit at two different storage temperatures (i.e., 10°C & 
12°C) at different storage durations. 
 
MATERIALS AND METHODS 
 
Fruit sampling and treatment application: The study 
followed two factor factorial arrangements under 
Completely Randomized Design (CRD) along with three 
replicates (experimental unit of 21 fruit). At anticipated 
physiological maturity, uniform sized mango fruit of cv. 
Sufaid Chaunsa were harvested along with 4-6 cm long 
pedicels intact, from a commercial orchard located in 
district Multan (latitude: 30°12`N; longitude: 71°26`E; 

altitude: 710 feet above mean sea level), Pakistan. After 
desapping (1.0% lime solution, 2-3 min), the fruit were 
packed in cardboard boxes and transported to Postharvest 
Research Centre, Ayub Agricultural Research Institute 
(AARI), Faisalabad for HW phytosanitary treatment and 
storage. The treatments included Control, Iran protocol 
(HWT 45°C for 75 min), China protocol (HWT 48°C for 60 
min) and China protocol + HWT 52°C with Carbendazim 
@ 40 g/100 L for 5 min. Each treatment contained sixty 
fruit (20 fruit in each replicate). After HW phytosanitary 
treatment, fruit were air dried and re-packed in cardboard 
boxes and divided into two lots to store at 10°C and 12°C 
(80-85% RH). During storage, fruit firmness and peel color 
development data was recorded at 21, 27, 32 days interval. 
After 32 days, fruit were moved out from both storage 
temperatures and kept at room temperature (25°C±2) for 
ripening. At ripe stage (after 4 days of shelf), the data was 
recorded regarding fruit firmness, peel color, physico-
chemical and organoleptic characteristics, along with 
diseases and disorder development. 
Data Collection 
Fruit softness and peel color development ratings: A 
rating scale of 1-5 was used for estimation of peel color (1= 
100% green, 2= 1-25% yellow, 3= 26-50% yellow, 4= 51-
75% yellow & 5= 75-100% yellow) and fruit softness (1= 
hard, 2= sprung, 3= slightly soft, 4= eating soft & 5= over 
ripe) (Miller & McDonald, 1991). 
Assessment of postharvest diseases and disorders: 
Postharvest diseases like anthracnose (1- No fruit lesions; 2- 
1 to 3 fruit lesion; 3- 4 to 6 fruit lesions; 4- 7 to 15 fruit 
lesions & 5- >30% fruit surface covered with lesions) and 
stem end rot [1- None; 3- Traces (after careful observation); 
5- Slight; 7- Moderates and 9- Severe] were recorded as 
described by Akhtar and Alam (2002). Internal 
discoloration was recorded as scale; 1-25% affected area; 2-
50% affected area; 3-75% affected area and 4-100% 
affected area. 
Bio-chemical characteristics and organoleptic 
evaluation: Total soluble solids (TSS) were determined 
using digital stage refractometer (Atago, RX 5000, Japan). 
A drop of juice and placed on clean prism of refractometer 
and the lid was closed. Reading was taken directly from the 
scale at room temperature. Total titratable acidity and sugars 
(total sugars, reducing & non-reducing sugars) were 
determined as stated by Hortwitz (1960) and Malik and 
Singh (2006). Vitamin C contents were determined by 2, 6- 
Dichlorophenol Indophenol’s titration method as stated by 
Malik and Singh (2005). Total carotenoids were estimated 
following the method of Lalel et al. (2003) and were 
expressed as mg/g of β-carotene equivalent from a standard 
curve of b-carotene. Organoleptic characteristics (pulp 
color, taste, flavor, texture and aroma) evaluation of the fruit 
was done by a panel of ten judges, using the 9 point 
Hedonic scale, 9 being 'like extremely' and 1 as 'dislike 
extremely' (Jacobi & Wong, 1991). 
Data analysis: The experimental data were subjected to 
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analysis of variance (ANOVA) under two factor factorial 
arrangements (treatments vs storage temperature) using 
Genstat Release 8.2 (Lawes Agricultural trust, Rothmsted 
Experimental Station, UK) running separate analysis at 21, 
27 and 32 days of storage and at ripening (4 days after 
shelf). Least significant difference (Fisher’s protected LSD) 
was calculated following significant F test (P≤ 0.05). The 
validity of ANOVA was confirmed by checking all the 
assumptions of analysis. 
 
RESULTS AND DISCUSSION 
 
Fruit firmness: Fruit firmness is a basic criterion to 
examine the fruit ripening stage during prolonged storage of 
mango fruit at low temperature. Data were recorded after 
21, 27 and 32 days of mango storage and at ripe stage. 
Effect of HW on fruit firmness compared with control was 
significant at ripe stage, while after 21, 27 and 32 days of 
storage the effect was statistically non-significant. At ripe 
stage, fruit subjected to HWT (48°C for 60 min) followed 
by hot carbendazim dip (52°C for 5 min) were significantly 
more firm (3.77 softness score) as compared to control 
(4.12) (Table I). 

Effect of storage temperatures (10 & 12°C) on fruit 
firmness during storage was highly significant after 27 and 
32 days of storage, while at ripe stage the effect was 
statistically non-significant. Overall, the fruit stored at 10°C 
expressed better firmness (Table I). The interaction effect of 
HWT and storage temperature (10 & 12°C) on fruit 
firmness was statistically non-significant after 21, 27 and 32 
days of storage, while at ripe stage the interaction effect was 
significant. Higher fruit firmness (3.53) was observed in 
fruit with HWT at 48°C for 60 min stored at 10°C, at ripe 
stage followed by fruit with HWT at 48°C for 60 min 
plus hot carbendazim dip (52°C for 5min), compared to 
control. 

Fruit subjected to HWT at 48°C for 60 min alone 
and/or in addition with hot carbendazim dip (52°C for 5 
min) remained more firm compared to other treatments. 
Previously, an increase in ripening with HWT and decrease 
in flesh firmness was reported (Yahia & Pedro-Campos, 
2000; Jacobi et al., 2001), but Swart et al. (2002) found that 
hot water treatments incorporating fungicides extended shelf 
life of mango fruit during overseas shipments, by protecting 
mango against postharvest pathogen infection. Our results 
coincide with the findings of Swart et al. (2002), since HW 
treatment (48°C for 60 min) followed by hot water 
fungicide dip (52°C with Carbendazim- 5 min) retained 
better fruit firmness and hence showed potential for 
extended shelf life. Better fruit firmness at lower storage 
temperature could be explained on the basis that lower 
storage temperature retards ripening related changes (Kader, 
2008) and thus fruit at 10°C had better firmness compared 
to those at 12°C, as earlier suggested by Pathak (2007) for 
another related mango cultivar. 
Fruit peel color: Effect of different HWT on fruit peel 

color development was statistically non significant, while 
storage temperature (10 & 12°C) showed significant effects 
on fruit peel color development after 21, 27 and 32 days of 
storage (Table II). The data showed that fruit peel color 
development score was significantly higher in fruit stored at 
12°C as compared to those stored at 10°C after 21, 27 and 
32 days of storage (Table II). The interaction effect of HWT 
and storage temperature on fruit peel color development 
showed significant results only after 21 and 27 day of 
storage, while after 32 days and at ripe stage, it was 
statistically non significant. Fruit stored at 10°C after HWT 
at 48°C for 60 min followed by hot carbendazim dip at 52°C 
for 5 min; showed minimum fruit peel color development 
after 21 (1.08) and 27 days (1.25) of storage as compared 
fruit stored at 12°C as well as control. However, the fruit of 
same treatment exhibited maximum fruit peel color 
development when stored at 12°C after 21 (2.43) and 27 
days (3.27) (Table II), indicating the critical role of storage 
temperature. 

During normal ripening process, mango skin color 
changes from green to yellow; this involves a loss of 
chlorophyll and biosynthesis of other pigments (e.g., 
carotenoids). It appears that storage at low temperature 
slows down the fruit ripening process and thus peel color 
development is also lower in fruit stored at 10°C than those 
held at 12°C. In this regard, Govender et al. (2005) found 
that low temperature stored mango fruit (subjected to 
biocontrol-Prochloraz with HW combination) at 10°C with 
91% RH and then ripened at 20°C (75% RH) for 7 days, 
retained fruit color and firmness effectively. Fruit subjected 
to HW treatment of 48°C-60 min plus hot carbendazim dip 
at 52°C for 5 min, exhibited delayed peel color development 
when stored at 10°C. Previous studies report that fruit peel 
color development is usually enhanced by HWT at higher 
temperature (Jacobi & Wong, 1991), but in this experiment, 
effect of storage temperature on fruit color is also evident. 
According to Lizada et al. (1986), the application of HWT 
to fruit did not alter the pattern of postharvest skin color 
changes irrespective of the degree of fruit maturity. On the 
other hand, Anwar and Malik (2006) reported that HW 
treated Sindhri mangoes had more peel color development 
indicating the impact of HW quarantine treatment on mango 
fruit ripening process without any negative effect on shelf 
life. Likewise, low temperature storage is known to increase 
shelf life (Kader, 2008). In context of storage temperature, 
Ueda (2001) observed no change in respiration rate of 
mango fruit stored at 10°C for up to 10days. Our results are 
in line with these studies, since minimum fruit peel color 
development at 10°C and higher firmness (as discussed 
before); indicate a retardation of ripening process at lower 
temperature with shelflife extension potential. 
Total titratable acidity: HW treatments and storage 
temperature (10°C & 12°C) showed statistically significant 
effect on total titrable acidity of mango fruit (Table III). 
Higher percentage of total titrable acidity (0.47%) was 
recorded in fruit having HWT of 45°C for 75 min (Iran 
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protocol) as compared to control. Percentage of total titrable 
acidity in other HW treatments was statistically at par with 
each other. 

As far as the effect of storage temperature is 
concerned, higher total titrable acidity percentage (0.46%) 
was recorded in fruit stored at 10°C as compared to those 
stored at 12°C (0.41%) (Table III). The result of total 
titrable acidity (%) for the interaction effect of different 

HWT’s and two different storage temperatures was 
statistically non-significant. Previously, HW did not show 
significant effect on total titrable acidity, pH and total sugars 
(Ram et al., 1983), Likewise, Anwar and Malik (2006) also 
revealed that ripening process in cv Sindhri is slightly 
affected by HWT, which does not exhibit any significant 
effect on shelf life of mango fruit. During ripening, 
the acidity is reduced, while sugar contents increased since 

Table I: Effect of hot water phytosanitary treatments and storage temperatures on fruit softness after different 
intervals of storage in mango cv. Sufaid Chaunsa 
 

Storage period 
21 days 27 days 32 days Ripe stage 

Treatment (TRT) 

10°C 12°C TRT 
Mean

10°C 12°C TRT 
Mean

10°C 12°C TRT 
Mean 

10°C 12°C TRT 
Mean 

Control (No HWT) 1.03 1.22 1.12 1.07 1.58 1.33 1.09 1.75 1.42 4.23a 4.00a 4.12A 
HW 45°C-75 min  1.10 1.07 1.08 1.10 1.13 1.12 1.13 1.23 1.18 4.13a 4.00a 4.07A 
HW 48°C-60 min 1.00 1.00 1.00 1.00 1.13 1.07 1.00 1.13 1.07 3.53b 4.00a 3.82B 
HW 48°C-60 min+Carbendazim dip, 52°C-5 min 1.00 1.10 1.05 1.00 1.40 1.20 1.00 1.58 1.29 3.63b 4.00a 3.77B 
Mean (Storage temp.) 1.03 1.09  1.04B 1.31A  1.06B 1.42A  3.88 4.00  
Mean not sharing any letter are significantly different (P≤0.05); Small letters used for interaction effects, while capital letters for HWT and storage 
temperature effects 
 
Table II: Effect of hot water phytosanitary treatments and storage temperatures on fruit peel color after different 
intervals of storage in mango cv. Sufaid Chaunsa 
 

Storage period 
21 days 27 days 32 days Ripe stage 

Treatment (TRT) 

10°C 12°C TRT 
Mean

10°C 12°C TRT 
Mean

10°C 12°C TRT 
Mean 

10°C 12°C TRT 
Mean 

Control (No HWT) 1.25c 1.90ab 1.57 1.78de 2.53abc 2.16 2.15 2.82 2.48 4.27 4.37 4.32 
HW 45°C-75 min  1.63bcd 1.67bc 1.65 1.97cde 2.47bcd 2.22 2.30 2.53 2.42 4.20 4.33 4.27 
HW 48°C-60 min 1.27cd 1.87b 1.57 1.70e 2.83ab 2.27 2.20 3.07 2.63 4.07 4.17 4.12 
HW 48°C-60 min+Carbendazim dip, 52°C-5 min 1.08d 2.43a 1.76 1.25e 3.27a 2.26 1.70 3.33 2.52 4.07 4.48 4.26 
Mean (Storage temp.) 1.31B 1.97A  1.67B 2.77A  2.09B 2.94A  4.15 4.34  
Mean not sharing any letter are significantly different (P≤0.05); Small letters used for interaction effects, while capital letters for storage temperature 
effects 
 
Table III: Effect of hot water phytosanitary treatments and storage temperatures on TSS, total titrable acidity, 
vitamin C and total carotenoids, at ripe stage, in mango cv. Sufaid Chaunsa 
 

TSS (°Brix) Total titrable acidity (%) Vitamin C (mg/100ml) Total Carotenoids (µg/g)Treatment (TRT) 
10°C 12°C TRT 

Mean
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean
Control (No HWT) 22.64 21.41 22.03 0.44 0.37 0.41B 41.3 41.3 41.3 70.3 80.1 75.2 
HW 45°C-75 min  21.58 21.07 21.33 0.51 0.43 0.47A 45.3 44.0 44. 7 78.6 80.0 79.3 
HW 48°C-60 min 22.49 20.45 21.47 0.43 0.42 0.42B 40.0 41.3 40.7 65.5 97.1 81.3 
HW 48°C-60 min + Carbendazim dip, 52°C-5 min 21.50 22.90 22.20 0.47 0.40 0.44AB 42.7 40.0 41.3 75.7 89.9 82.8 
Mean (Storage temp.) 22.05 21.46  0.46A 0.41B  42.3 41.7  72.5B 86.8A  
Mean not sharing any letter are significantly different (P≤0.05); Small letters used for interaction effects, while capital letters for HWT and storage 
temperature effects 
 
Table IV: Effect of hot water phytosanitary treatments and storage temperatures on sugars (reducing, non-
reducing and total) at ripe stage, in mango cv. Sufaid Chaunsa 
 

Reducing sugars (%) Non-reducing sugars (%) Total sugars (%) Treatment (TRT) 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
Control (No HWT) 3.94 3.19 3.57 13.88 11.22 12.55 18.56ab 15.00c 16.78 
HW 45°C-75 min  3.95 3.82 3.88 12.66 12.45 12.55 17.27abc 16.92abc 17.10 
HW 48°C-60 min 3.50 3.49 3.49 12.27 13.62 12.94 16.42abc 17.82abc 17.12 
HW 48°C-60 min+Carbendazim dip, 52°C-5 min 3.48 3.49 3.49 11.49 14.77 13.13 15.57bc 19.04a 17.31 
Mean (Storage temp.) 3.72 3.49  12.58 13.01  16.96 17.20  
Mean not sharing any letter are significantly different (P≤0.05); Small letters used for interaction effects 
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organic acids are converted into sugars. As the low 
temperature storage slows down the ripening process 
(Kader, 2008), that is why the fruit stored at 10°C had 
higher percentage of total titrable acidity than fruit stored at 
12°C. 
Sugars: Effect of HWT and storage temperatures on total 
sugars was statistically non-significant (Table IV). While 
the interaction effect of storage temperatures with different 
HW treatments on total sugars of mango fruit after storage 
was significant. Maximum total sugars (19.04%) were 
recorded in fruit subjected to HWT at 48°C for 60 min plus 
hot carbendazim dip at 52°C for 5 min and then stored at 
12°C compared to control (15.00%), stored at the same 
temperature. The total sugars in fruit subjected to Iran 
(HWT at 45°C for 75 min) and China (HWT at 48°C for 60 
min) protocol and then stored at 10°C and 12°C were 
statistically at par among each other (Table IV). 

It is obvious that irrespective of country (Iran or 
China); phytosaniatry treatments did not affect sugar 
contents in Sufaid Chaunsa cultivar. However, an additional 
higher temperature exposure for disease control (HWT at 
48°C for 60 min plus hot carbendazim dip at 52°C for 5 
min) affected the internal metabolic process leading to 
higher sugar conversion, when fruit were stored at higher 
temperature (12°C compared to 10°C). Higher hot water 
temperature plus higher storage temperature resulted in 
increased ripening process. During ripening process, sugar 
production is due to hydrolysis of starch granules in the 
chloroplast, which continues until ripening. A previous 
study on cv Sindhri did show that HWQT resulted in low 
sugar production compared to control, possibly by 
hindrance the normal metabolic process of starch hydrolysis 

(Anwar & Malik, 2007) however, this was not found in 
Sufaid Chaunsa, which may be due to varietal difference. 

Effect of HWT and storage temperature on reducing 
and non-reducing sugars was statistically not significant. 
Vitamin C and TSS: Results for the effect of HWT 
and storage temperatures on TSS and vitamin C were 
statistically non-significant (Table III). 
Total carotenoids: Effect of HWT on total carotenoids was 
statistically non-significant; however, storage temperature 
had significantly effect in this regard (Table III). Maximum 
total carotenoids (86.8 μg/g) were estimated in fruit stored at 
12°C as compared to the fruit stored at 10°C (72.5 μg/g). At 
higher storage temperature (12°C), the process of ripening 
seems to be at comparatively higher rate compared to lower 
storage temperature (10°C), so that resulted in higher total 
carotenoids biosynthesis in fruit. Previous report also 
mention that low temperature retains green coloration for 
longer period and affects total carotenoid contents during 
storage (Medlicott et al., 1986), while Yahia and Pedro-
Campos (2000) studied that total carotenoid contents were 
higher in fruit at 20°C than stored at 10°C. Likewise, 
Thomas and Oke (1983) reported that after ripening fruit 
had poor flavor and carotenoids development, when fruit 
stored at 10°C for 30 days. This phenomenon may be due to 
varietal effect and HW treatments difference. Results for the 
effect of HWT and storage temperatures interaction on total 
carotenoids were statistically non-significant (Table III). 
Organoleptic characteristics: Results for the effect of 
HWT, and its interaction with storage temperature on 
organoleptic characteristics were non-significant (Table V). 
However, the effect of storage temperature on pulp color, 
taste, texture and aroma of ripened mango fruit after storage 

Table V: Organoleptic characteristics of mango cv. Sufaid Chaunsa fruit as affected by hot water phytosanitary 
treatments and storage temperatures 
 

Pulp color Taste Flavor Texture Aroma Treatment (TRT) 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean
Control (No HWT) 6.25 4.81 5.53 5.94 4.67 5.31 6.00 4.89 5.44 5.92 5.03 5.47 6.00 5.17 5.58 
HW 45°C-75 min  5.78 6.06 5.92 5.78 5.78 5.78 5.92 7.33 6.62 5.86 5.64 5.75 5.77 5.50 5.63 
HW 48°C-60 min 6.28 6.00 6.14 6.33 5.81 6.07 6.06 5.64 5.85 6.08 5.61 5.85 5.87 5.47 5.67 
HW 48°C-60 min+ 
Carbendazim dip, 52°C-5 min 

6.19 4.81 5.50 5.89 4.67 5.28 5.67 5.00 5.33 5.56 5.08 5.32 5.70 5.00 5.35 

Mean (Storage temp.) 6.12A 5.42B  5.99A 5.23B  5.91 5.72  5.85A 5.34B  5.83A 5.28B  
Mean not sharing any letter are significantly different (P≤0.05); Capital letters used for storage temperature effects 
 
Table VI: Effect of hot water phytosanitary treatments and storage temperature on diseases and internal 
discoloration of mango cv. Sufaid Chaunsa 
 

Anthracnose Stem end-rot Internal discoloration Treatment (TRT) 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
10°C 12°C TRT 

Mean 
Control (No HWT) 2.06 1.77 1.92A 3.33 2.69 3.01 0.00b 0.43a 0.22A 
HW 45°C-75 min  1.08 1.17 1.13B 1.08 2.92 2.00 0.00b 0.00b 0.00B 
HW 48°C-60 min 1.15 1.08 1.11B 1.00 2.17 1.58 0.00b 0.00b 0.00B 
HW 48°C-60 min + Carbendazim dip, 52°C-5 min 1.563 1.25 1.41B 2.67 1.50 2.08 0.00b 0.00b 0.00B 
Mean (Storage temp.) 1.464 1.32  2.02 2.32  0.00 B 0.11A  
Mean not sharing any letter are significantly different (P≤0.05); Small letters used for interaction effects, while capital letters for HWT and storage 
temperature effects 
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was significant. Better pulp color (6.12), taste (5.99), texture 
(5.85) and aroma (5.83) were observed in fruit, which were 
stored at 10°C as compared to 12°C (Table V). 

Storage of fruit at lower temperature maintains 
postharvest quality and increases the shelf life (Kader, 
2008). Organoleptic evaluation revealed that lowering the 
temperature from 12 to 10°C significantly improved fruit 
quality of cv. Sufaid Chaunsa, which shows its good 
potential for long distance export under refrigerated 
conditions. 

In contrary to these results of better texture at 10°C at 
ripe stage, Thomas and Oke (1983) reported that Alphonso 
mangoes developed chilling injury (CI) as pitting after 
storage at 10°C for 30 days. After ripening, fruit had poor 
flavour and carotenoids development. This difference may 
be due the varietal potential for low temperature endurance 
during extended storage. 
Diseases and disorders: HWT showed significant effect in 
controlling anthracnose incidence in mango during storage 
(Table VI). Significantly higher anthracnose incidence 
(1.92) were recorded in control fruit (with no HWT), while 
anthracnose incidence in fruit subjected to Iran (HWT at 
45°C for 75 min) and China (HWT at 48°C for 60 min) 
protocol and then stored at 10°C and12°C were statistically 
at par among each other (Table VI). The interaction effects 
(HWT x storage temperature) regarding anthracnose were 
statistically non-significant. The result shows that besides 
being used as quarantine treatments, hot water treatments 
also have positive effect in reducing anthracnose, a critical 
postharvest disease. 

Results for the effect of HWT and storage 
temperatures on the incidence of stem end-rot of mango 
fruit were non-significant. All the treatments had score of 
1.58 to 3.01, with highest being in fruit of control treatment 
(Table VI). Previous reports also showed that HWQT gives 
inconsistent control of stem end rot in cv. ‘Kensington 
Pride’, which can cause severe losses in mango (Coates et 
al., 1993). This is because the heat treatments are non-
residual and do not provide residual control in storage as 
does a fungicide/heat treatment combination. In this 
experiment, even an additional hot water treatment with 
fungicide did not significantly reduce the stem end rot 
incidence, which warrants search for alternate fungicide and 
disease control strategies for long distance shipment of 
mango cv Sufaid Chunsa. The strategies may involve 
inoculum reduction (tree hygiene, using more effective 
fungicide-new chemistry, at pre & postharvest stages) and 
exploring controlled atmosphere, which also show potential 
for long distance shipments. 
Internal discoloration: HWT exhibited significant effect 
on internal discoloration (browning) of mango fruit pulp 
color during storage (Table VI). Internal discoloration 
incidence score was recorded only in control fruit (with no 
HWT) stored at 12°C, while no incidence was observed in 
other treatments at both storage temperatures (10 & 12°C). 
This clearly shows that storage temperature has significant 

effect on ripening process and internal discoloration of fruit 
during prolonged period of storage. The interaction effect of 
storage temperatures with HWT on internal discoloration of 
mango fruit after storage was also significant. Maximum 
internal discoloration incidence score (0.44) was observed 
in fruit of control treatment (with no HWT) stored at 12°C 
(Table VI). Overall, the results showed that fruit without 
any HWT stored at 12°C for longer period of time (32 days) 
may develop internal discoloration. Postharvest storage 
temperature affects the development of internal browning in 
mango fruit pulp. Incidence and severity of internal 
browning increased as the postharvest storage period of fruit 
stored at 13 and 18±1°C was extended (Acosta et al., 2000). 
 
CONCLUSION 
 

The results indicate that HWQT (Iran:45°C-75 min; 
China: 48°C-60 min) for export of mango cv Sufaid 
Chaunsa, to Iran and China, has no negative effect on 
quality attributes, rather helps to reduce anthracnose 
incidence and internal discoloration during storage. 
Furthermore, cv Sufaid Chaunsa showed better performance 
at storage temperature of 10°C compared to 12°C, with 
regard to physico-chemical and organoleptic fruit quality at 
ripening. However, for successful export of Sufaid Chaunsa 
mangoes to Iran and China, using reefer containers, it will 
be critical to control postharvest disease development 
especially stem end rot through pre and postharvest 
strategies, which needs further research. 
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