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ABSTRACT 
 
The mango (Mangifera indica L.) has shown the highest growth rates among the fruit exported by Brazil. This 
exportation implies specific treatments to attend phytossanitary requirements to attend USA and Europe market. 
Among them there are thermal treatments (hot water dip or vapor treatment) or irradiation witch it has ability to 
promote disinfestations and delaying the ripening of the mango. The main objective of this paper was to report 
the color behavior among treatments covering irradiation alone, thermal treatment combined with irradiation 
and control. The mangoes were irradiated in a Multipurpose Gamma Source from the Radiation Technology 
Center, CTR, of IPEN/CNEN-SP and divided in four groups – the control (C) , dose 0,75 KGy (I), dose 0,75 
KGy with hot water dip (46°C during 70 min) (2A) and dose 0,75KGy with hot water dip (52°C during 5 min) 
(2B). All fruits were stored at 11°C in acclimatized chamber during 14 days, after this period the fruits were 
kept at environmental conditions (25°C) during more 14 days. The results showed that the group 2A had the 
color of the skin delayed by treatment, not reaching stage 4 on the 26th. This group showed significant difference 
compared to groups C (p ≤ 0.05) however there was no difference among the others groups (2B and I). In 
general, these results indicate that the group 2A showed satisfactory results, concluding that combined treatment 
was beneficial for the mango, prolonging the process of development of its color. 
 
 
 

1. INTRODUCTION 
 

 
Mango (Mangifera indica L.) is a tropical fruits of great economic relevance and is the 
second tropical fruit more cultivated in the world. According to the Food and Agriculture 
Organization - FAO (2008) [1], Brazil is the third largest country that exports mangoes, 
mainly to the United States and Europe, losing only to Mexico and India. 
 
The exportation of mangoes implies specific treatments to attend phytosanitary requirements 
in order to disinfest potential pests. The most conventional treatment used to attend USA and 
Europe market is the thermal treatment (hot water dip or vapor treatment) [2]. Usually, 
mangoes to USA and Japan are treated with hot water dip. This quarantine treatment must be 
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very strict and the conditions consist of immersion of the fruits in a bath at 46.1ºC for 75 
minutes (fruits weighing up to 425g) or for 90 minutes (fruits weighing more than 425g) [3]. 
 
Another potential quarantine treatment is the irradiation. Ionizing treatment for fruits and 
vegetables has the main objective to assure the preservation through microorganism 
reduction, disinfestation and occasional maturation retard [4]. It is a versatile disinfestation 
treatment which can be used against a wide variety of organisms and is tolerated by many 
agricultural commodities [5]. 
 
Nowadays some Brazilian mangoes exporters are interested in studies representing 
commercial application of ionizing radiation technology, as there is a trend by some of the 
great exporters of mangoes in using it instead of conventional ones [6]. 
 
Disinfestation and shelf life extension by irradiation have been extensively studied and have a 
great deal of potential and promise, especially for tropical fruits [7; 8; 9]. 
 
The main objective of this paper was to report the color behavior among treatments covering 
irradiation alone, thermal treatment combined with irradiation and control. 
 
 
 

2. MATERIAL AND METHODS 
 

2.1. Material 
 
The mango variety studied was Tommy Atkins in the stage 3. The mangoes were bought in 
São Paulo market and sent to Instituto de Pesquisas Energéticas e Nucleares (IPEN/CNEN-
SP). Treatments were made at different dates: groups C, 2A and 2B at 2008 and group I at 
2006.  
 

2.2. Treatments: Irradiation and Hot Water Dip 
 
The mangoes were irradiated in a Multipurpose Gamma Source (IPEN, São Paulo, Brazil) 
and were divided in four groups – the control (C), dose 0.75 kGy (I), dose 0.75 kGy with hot 
water dip (46°C during 70 min) (2A) and dose 0.75kGy with hot water dip (52°C during 5 
min) (2B). 
 
Dosimetry was assessed using Amber routine dosimeter (Harwell, United Kingdon) and dose 
rate was established using Fricke reference dosimeter to plot calibration curves. The whole 
dosimetry system is in IDAS program from International Atomic Energy Agency. 
 

2.3. Storage and measurements 
 
After treatments, all fruits were stored at 11°C in acclimatized chamber during 14 days, after 
this period the fruits were kept at environmental conditions (25°C) during more 14 days. This 
condition represents the exportation conditions from Brazil to other countries.  
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Mango physical characteristics were analyzed, i.e, the behavior of the skin and the pulp color 
during its ripening. Analysis were performed at days 1, 7, 14, 19, 22 e 26. 
 
Skin color was evaluated visually using the following scale: degree 1 (100% green), degree 2 
(75% green and 25% dark red), degree 3 (50% green and 50% red), degree 4 (25% green and 
75% red) and degree 5 (25% yellow and 75% red). 
 
Pulp color was evaluated visually using the following scale: degree 1 (100% white), degree 2 
(75% white and 25% yellow), degree 3 (50% yellow), degree 4 (25% yellow and 75% 
orange) and degree 5 (100% orange). 
 
The results were submitted to analysis of variance (ANOVA) and the significant statistical 
differences were identified by multiple comparisons Duncan’s test, at 5% significance, using 
Statistica version 7.0. 
 
 

3. RESULTS AND DISCUSSION 
 
 
The results of the skin color of mangoes are presented in Table 1 and Figure 1. 
 
 
 

Table 1. Average of skin color results according to storage. 

 Day 1 Day 7 Day 14 Day 19 Day 22 Day 26 

C 2.67 ±0.58ab 3.00 ±0.00a 3.00 ±0.00a 3.67 ±0.58a 4.67 ±0.58a 5.00 ±0.00a 

I 3.62 ±1.06b 4.37 ±0.74a 3.62 ±0.74a 3.75 ±0.71a 3.75 ±0.71a 4.33 ±0.64ab 

2A 2.33 ±0.58ab 3.00 ±0.00a 3.00 ±0.00a 3.33 ±0.58a 3.33 ±0.58a 2.67 ±0.58b 

2B 2.00 ±0.00a 2.67 ±0.58a 2.67 ±0.58a 3.33 ±0.58a 3.33 ±0.58a 4.33 ±0.58ab 

For the same day, averages followed by the same letter present no statistical difference (p<0.05). 
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Figure 1. Skin color according to storage. 
 

 
The group 2A had the skin color delayed by treatment, showing that the radiation associated 
with the hot water dip directly affects the color of the fruit, not reaching stage 4 on the 26th 
according to the Figure 1.  However this was not observed in Group 2B. This fact can be 
justified by the assumption that the hot water dip somehow accelerated the development of 
color offsetting the effect of the radiation dose received.  
 
On the 22nd fruit of groups 2A, 2B and I were still in stage 3 while the group C has already 
been in stage 5. Although there is no statistical difference, group (C) showed higher values 
than other groups in this day (Table 1).  
 
The group I presented difference significant on the 1st day from control and groups 2A and 
2B (p ≤ 0.05). It had a small decrease value of maturation in relation to control group on the 
last day, however it was not significant difference (p ≤ 0.05) between them. It is important to 
consider that this group irradiated at 0,75kGy (I) has already presented high values of the skin 
color in the scale on the first day. In general, irradiated fruits at 0.75 kGy (I) remained in low 
degree of maturity in all days during the storage. 
 
The results of groups 2A were more satisfactory than group I and 2B regarding the skin color 

during the storage showed in the Figure 1. LACROIX et al [8] analyzed the effect of gamma 
irradiation (0.49 to 0.77 kGy) with or without hot water dip and observed a significantly 
delay in ripe skin color for irradiated mangoes compared to control (p ≤ 0.05). The authors 
also concluded that the irradiation with or without hot water dip is able to increase the shelf-
life of mango. 
 
These results indicate that the group 2A showed satisfactory results, presenting low degree of 
maturity on the 26th. This group showed significant difference compared to groups C (p ≤ 
0.05) however there was no difference among the others groups (2B and I). 
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The results of the pulp color of the mango are presented in Table 2 and Figure 2. 
 

Table 2. Average of pulp color results according to storage. 

 Day 1 Day 7 Day 14 Day 19 Day 22 Day 26 

C  2.33 ±0.58a 3.00 ±0.00a 3.00 ± 0.00a 3.67 ±0.58a 4.67 ±0.58a 4.67 ±0.58a 

I 3.33 ±0.52a 3.85 ±1.21a 3.75 ± 1.04a 3.50 ±0.53a 3.50 ±0.53a 4.00 ±1.00ab 

2A 2.33 ±0.58a 3.00 ±0.00a 3.00 ± 0.00a 3.67 ±0.58a 4.00 ±0.00a 2.33 ±0.58b 

2B 2.00 ±1.00a 2.67 ±0.58a 2.33 ± 0.58a 3.33 ±1.53a 4.33 ±0.58a 4.00 ±1.00ab 

For the same day, averages followed by the same letter present no statistical difference (p<0.05). 
 
 

 
 

Figure 2. Pulp color according to storage. 
 
 
 
The skin and pulp color of the fruit followed a similar development in all groups. In both 
cases the control group (C) showed the color more intense on the last day evaluated (Table 
2).  

 
The same behavior of skin color can be observed in the measurements of the pulp color 
during its ripening according to Figure 2. On the last day, the group 2A showed difference 
significant from control group (p ≤ 0.05). It had the color of the pulp delayed by treatment, 
remaining in the degree 2. The control group (C) was the only one to approach the degree 4 
to 5, while the groups I and 2B remained in degree 4 (Table 2). 
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4. CONCLUSION 
 
The results obtained in this paper indicated that the treatment consisting of irradiation at 0.75 
kGy plus hot water dip at 46°C during 70 min showed satisfactory results. This permits the 
conclusion that combined treatment was beneficial for the mango, prolonging the process of 
development of its color. 
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