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ABSTRACT

The mango Nlangifera indica L) has shown the highest growth rates among thedxported by Brazil. This
exportation implies specific treatments to attehgltpssanitary requirements to attend USA and Eunoaeket.
Among them there are thermal treatments (hot wdifeor vapor treatment) or irradiation witch it hetslity to
promote disinfestations and delaying the ripeniiithe mango. The main objective of this paper waseport
the color behavior among treatments covering iatai alone, thermal treatment combined with iratidn
and control. The mangoes were irradiated in a ldutpose Gamma Source from the Radiation Technology
Center, CTR, of IPEN/CNEN-SP and divided in fouogs — the control (C) , dose 0,75 KGy (), dos&0,
KGy with hot water dip (46°C during 70 min) (2A)audose 0,75KGy with hot water dip (52°C during Smi
(2B). All fruits were stored at 11°C in acclimatizehamber during 14 days, after this period thésfrwere
kept at environmental conditions (25°C) during madedays. The results showed that the group 2Athad
color of the skin delayed by treatment, not reaglsitage 4 on the #6This group showed significant difference
compared to groups C (P 0.05) however there was no difference among therstgroups (2B and I). In
general, these results indicate that the groupHAved satisfactory results, concluding that comtbitneatment
was beneficial for the mango, prolonging the preafsdevelopment of its color

1. INTRODUCTION

Mango Mangifera indica L) is a tropical fruits of great economic relevaraiad is the
second tropical fruit more cultivated in the worlccording to the Food and Agriculture
Organization - FAO (2008) [1], Brazil is the thitdrgest country that exports mangoes,
mainly to the United States and Europe, losing émlyexico and India.

The exportation of mangoes implies specific treattsi¢o attend phytosanitary requirements
in order to disinfest potential pests. The mostvenitional treatment used to attend USA and
Europe market is the thermal treatment (hot watprat vapor treatment) [2]. Usually,

mangoes to USA and Japan are treated with hot wgieil his quarantine treatment must be



very strict and the conditions consist of immersaidrthe fruits in a bath at 46.1°C for 75
minutes (fruits weighing up to 425g) or for 90 miies (fruits weighing more than 425gq) [3].

Another potential quarantine treatment is the ig@on. lonizing treatment for fruits and

vegetables has the main objective to assure thsemwaion through microorganism

reduction, disinfestation and occasional maturatitard [4]. It is a versatile disinfestation
treatment which can be used against a wide vaaetyrganisms and is tolerated by many
agricultural commodities [5].

Nowadays some Brazilian mangoes exporters are estet in studies representing
commercial application of ionizing radiation teclogy, as there is a trend by some of the
great exporters of mangoes in using it insteadaofentional ones [6].

Disinfestation and shelf life extension by irradhathave been extensively studied and have a
great deal of potential and promise, especiallytrigpical fruits [7; 8; 9].

The main objective of this paper was to reportdber behavior among treatments covering
irradiation alone, thermal treatment combined witadiation and control.

2. MATERIAL AND METHODS

2.1. Material

The mango variety studied was Tommy Atkins in tteye 3. The mangoes were bought in
Sédo Paulo market and sent to Instituto de Pesqtisasyéticas e Nucleares (IPEN/CNEN-
SP). Treatments were made at different dates: gr@&J®R2A and 2B at 2008 and group | at
2006.

2.2. Treatments: Irradiation and Hot Water Dip

The mangoes were irradiated in a Multipurpose GarSmarce (IPEN, Sao Paulo, Brazil)
and were divided in four groups — the control (@se 0.75 kGy (l), dose 0.75 kGy with hot
water dip (46°C during 70 min) (2A) and dose 0.7$k@th hot water dip (52°C during 5

min) (2B).

Dosimetry was assessed using Amber routine dosirttegewell, United Kingdon) and dose

rate was established using Fricke reference dosmtetplot calibration curves. The whole
dosimetry system is in IDAS program from InternatibAtomic Energy Agency.

2.3. Storage and measurements

After treatments, all fruits were stored at 11°Gaatlimatized chamber during 14 days, after
this period the fruits were kept at environmentaiditions (25°C) during more 14 days. This
condition represents the exportation conditionmfiérazil to other countries.
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Mango physical characteristics were analyzedihe behavior of the skin and the pulp color
during its ripening. Analysis were performed atslay7, 14, 19, 22 e 26.

Skin color was evaluated visually using the follogviscale: degree 1 (100% green), degree 2
(75% green and 25% dark red), degree 3 (50% gnee®@% red), degree 4 (25% green and
75% red) and degree 5 (25% yellow and 75% red).

Pulp color was evaluated visually using the follogvscale: degree 1 (100% white), degree 2
(75% white and 25% yellow), degree 3 (50% vyellodg¢gree 4 (25% yellow and 75%
orange) and degree 5 (100% orange).

The results were submitted to analysis of variaifd@OVA) and the significant statistical

differences were identified by multiple comparis@can’s test, at 5% significance, using
Statistica version 7.0.

3. RESULTS AND DISCUSSION

The results of the skin color of mangoes are pitesein Table 1 and Figure 1.

Table 1. Average of skin color results according tstorage.

Day 1 Day 7 Day 14 Day 19 Day 22 Day 26
C |2.67 £0.58b| 3.00 £0.0@ | 3.00 +0.0@ | 3.67 +0.58 | 4.67 +0.58 | 5.00 +0.0@
I 3.62+1.06 | 4.37 +0.74 | 3.62 +0.74 | 3.75+0.74 | 3.75+0.74 | 4.33 +0.64b
2A | 2.33 +0.58b | 3.00 +0.0@ | 3.00 +0.0@ | 3.33 +0.58 | 3.33 +0.58 | 2.67 +0.58
2B | 2.00 +0.0@ | 2.67 +0.58 | 2.67 +0.58 | 3.33 +0.58 | 3.33 £0.58 | 4.33 +0.58b

For the same day, averages followed by the sartes |atesent no statistical difference (p<0.05).
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Scale skin color

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

—— C (control) —=— | —a—2A —=— 2B

Figure 1. Skin color according to storage.

The group 2A had the skin color delayed by treatmsmowing that the radiation associated
with the hot water dip directly affects the coldrtoe fruit, not reaching stage 4 on thé"26
according to the Figure 1. However this was nateobed in Group 2B. This fact can be
justified by the assumption that the hot water slinehow accelerated the development of
color offsetting the effect of the radiation doseeived.

On the 2% fruit of groups 2A, 2B and | were still in stagenBile the group C has already
been in stage 5. Although there is no statistidé¢r@nce, group (C) showed higher values
than other groups in this day (Table 1).

The group | presented difference significant on Ialay from control and groups 2A and
2B (p< 0.05). It had a small decrease value of maturatiaelation to control group on the
last day, however it was not significant differerjpec 0.05) between them. It is important to
consider that this group irradiated at 0,75kGyné3} already presented high values of the skin
color in the scale on the first day. In generafdrated 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 y@up | and 2B regarding the skin color
during the storage showed in the Figure 1. LACR®@bA&I [8] analyzed the effect of gamma
irradiation (0.49 to 0.77 kGy) with or without hatater dip and observed a significantly
delay in ripe skin color for irradiated mangoes paned to control (g 0.05). The authors
also concluded that the irradiation with or withtwat water dip is able to increase the shelf-
life of mango.

These results indicate that the group 2A showedfaatory results, presenting low degree of

maturity on the 26 This group showed significant difference comparedytoups C (p<
0.05) however there was no difference among thersthroups (2B and ).
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The results of the pulp color of the mango aregme=l in Table 2 and Figure 2.

Table 2. Average of pulp color results according tgtorage.

Day 1 Day 7 Day 14 Day 19 Day 22 Day 26
C | 2.33+0.58 | 3.00+0.0@ | 3.00 +0.0a | 3.67 +0.58 | 4.67 +0.58 | 4.67 +0.58
I 3.33+0.52 | 3.85+1.24 | 3.75+1.04 | 3.50 +0.53 | 3.50 +0.53 | 4.00 £1.0@b
2A | 2.33+0.58 | 3.00 +0.0@ | 3.00 £ 0.0@ | 3.67 +0.58 | 4.00 +0.0@ | 2.33 +0.58
2B | 2.00+1.0@ | 2.67 +0.58 | 2.33+0.58 | 3.33 +1.53 | 4.33 +0.58 | 4.00 +1.0@b

For the same day, averages followed by the sarter |gtesent no statistical difference (p<0.05).

The skin and pulp color of the fruit followed a #isn development in all groups. In both
cases the control group (C) showed the color muense on the last day evaluated (Table

2).

The same behavior of skin color can be observethenmeasurements of the pulp color
during its ripening according to Figure 2. On thstlday, the group 2A showed difference

Scale pulp color

Day 1

Day 7

Day 14

Day 19

Day 22

Day 26

—e— C (control)

— |

—a— 2A

Figure 2. Pulp color according to storage.

significant from control group (g 0.05). It had the color of the pulp delayed byatmeent,

remaining in the degree 2. The control group (C3$ wee only one to approach the degree 4
to 5, while the groups | and 2B remained in dedré€able 2).
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4. CONCLUSION

The results obtained in this paper indicated thattteatment consisting of irradiation at 0.75
kGy plus hot water dip at 46°C during 70 min showatisfactory results. This permits the
conclusion that combined treatment was benefiaathe mango, prolonging the process of
development of its color.
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