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ABSTRACT

The effects  of ionizing radiation at doses of 0.5 and 1.0 kGy were evaluated in mango cultivar 
Tommy Atkins when harvested at maturation stage showing yellow flesh and skin color more red 
than green, representing four degree of maturation at commercial scale. The fruits were stored for 
21  days  at  12  °C  and  sensory  evaluated  after  that  period  as  its  external  appearance,  internal 
appearance, acidic taste, sweet taste, mellow flavor, aroma, texture and succulence of the flesh, by a 
team of ten trained judges. Physic chemical analysis of the main characteristics of fruits quality 
were also performed in the pulp at the end of storage. The results of sensory analysis revealed that 
the doses used did not damaged the sensory characteristics of mango fruit and that they received a 
dose  of  0.5  kGy showed  higher  acceptance  for  most  sensory  attributes  evaluated.  The  physic 
chemical characteristics showed no significant differences between the doses, except the amount of 
ascorbic  acid that decreased  progressively  with increasing doses.  Application of this  method is 
viable for mango cultivar Tommy Atkins when taken with a higher degree of maturity and was safe 
for the external market and sensory acceptable.

1. INTRODUCTION

The mango has a short shelf life and therefore need more care after harvest to reduce problems 
during transport and storage.  Today, many postharvest treatments are applied in order to increase 
the shelf life of fruit, not only to regulate the internal market, but also for the external market which 
is usually transported by means maritime and requires a relatively long time.

During the process  of maturation occurs large changes  sensory and biochemical  in fruits, these 
changes  are  often  caused  by  external  factors  that  can  affect  your  breathing  rate,  with  direct 
consequences on the final quality. In fruits, the final quality is directly related to the integrity of the 
pulp, which is directly related to the reactions that occur during ripening, and the loss of firmness 
one of the most important [1].
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Application of ionizing radiation is seen as a safe and effective solution. This technology has been 
adopted by several countries that use it with the main purpose of disinfestation of cereals, control of 
pathogenic microorganisms and extend the shelf-life of meats, fruits and vegetables, in addition to 
inhibition of sprouting in tubers and bulbs,  delaying the ripening of fruits, among other goals.  Its 
use has added over the years with other methods of preserving fruit, mainly due to the losses that 
occur during the stages of transport, storage and marketing of fruits destined for external market.  

Application of the optimal dose is considered an important factor to obtain satisfactory results in 
using this technology. Doses up to 1 kGy has been applied with greater success in preserving fruit 
in its physico-chemical, and ensure total disinfestation of pests.

The aim of this study was to evaluate the effects of ionizing radiation at doses of 0.5 and 1.0 kGy in 
the main quality characteristics of mango cultivar Tommy Atkins when harvested with advanced 
degree of maturation and stored for 21 days at 12 ºC and relative humidity of 65%.

2. METHODOLOGY

Tommy Atkins fruits cultivated in northeastern Brazil were harvested with degree of maturity when 
they had the skin color more red than green and yellow pulp and irradiated with cobalt-60 source at 
doses of 0.5 and 1.0 kGy in Gamma Cell irradiator type, Model 220, Excel, MDS Nordion, the rate 
at the time of irradiation was 6.265 kGy/h. The fruits were stored at a temperature of 12 ºC (± 2) 
and relative humidity  of 65%  during  21 days and evaluated  their  sensory and physic  chemical 
properties.

Sensory  analysis  were  by  method  semi-quantitative  descriptive,  with  the  participation  of  ten 
evaluators above  18  years  of  age which  received  one  sample  of  each  dose  and  analyzed the 
characteristics of external appearance, internal appearance, aroma, sweet flavor, acid flavor, mellow 
flavor, texture and juiciness of the pulp with the help of a scale of nine (9) points. Analyses were 
repeated three times and the results represent the average of three replicates.

Analysis of firmness was performed with the penetrometer model Tr-Turon, with flat tip of 8 mm in 
diameter, with two readings in opposite sides in the median equatorial region after removal of ±0.2 
cm shell,  and the  results  were  expressed  in  kgf.  The  soluble  solids  were  determined  with  the 
refractometer model Atago from 0 - 35 ºBrix, temperature compensated to 20 ºC, and the results 
expressed  in  ºBrix  pulp,  according  to  standards  specified  by  Association  Official  Analytical 
Chemists [2].  Titratable acidity was determined by the procedure electrometric and titration with 
0.1 N of NaOH until the pH 8.1 [2],  and the results expressed in percentage of citric acid in the 
pulp. The ratio solids/acidity was determined by dividing the values found in the soluble solids and 
titratable  acidity.  The  amount  of  ascorbic  acid was determined  using as  the  main  reagent  2,6- 
dichlorophenolindophenol [2], and the results expressed in mg of ascorbic acid per 100g of pulp. 
There were two repetitions per sample.

The results  were subjected to statistical  model  of ANOVA analysis  of variance with the F test 
comparison of means by Tukey test at 5% probability [3].
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3. RESULTS  AND DISCUSSION

After 21 days of storage fruit control showed greater skin area yellow and red when compared with 
the irradiated, and present a total of 13% with early stem-end rot and 6% with advanced rot, while 
fruits that received doses of 0.5 kGy had 6% of advanced rot, and those that received 1.0 Gy did not 
show any presence of rot. What can be said that application doses of 0.5 and 1.0 kGy resulted in 
reducing pathogenic contamination during storage.

The sensory analysis results to external appearance showed that fruits that received a dose of 0.5 
kGy had better acceptance by the evaluators, but no significant differences between doses (Table 1). 
The fact that the fruits received higher dose of 1.0 kGy obtain lower notes to external appearance, 
can be attributed to a slower loss of green skin color observed at the end of the experiment and, 
therefore, less accepted in a sensory evaluation.

Table 1: Statistical values of the scores assigned in sensory analysis of the mango cultivar Tommy 
Atkins irradiated with different doses and stored for 21 days under temperature of 12 ºC (± 
2) and 65% (± 5 ) RH.

Sensory Analysis

Dose 
(kGy)

External 
appearance

Internal 
appearance

Aroma Mellow 
flavor

Sweet
flavor

Acid 
flavor

Texture of 
flesh

Juiciness 
of the pulp

0,0 7,30#±0,81∗a 7,00±1,12a 6,73±0,73a 6,27±1,35 a 6,13±1,53a  5,03±1,09a 7,20±0,76a 6,87±1,33a

0,5 7,63±0,86 a 7,87±0,75a 6,32±1,62a 6,70±1,42 a 6,5±1,28 a 4,70±1,10a 6,77±1,50a 7,32±1,56a

1,0 7,10±1,11 a 7,47±0,82a 6,67±1,47a 6,03±1,52 a 6,72±1,04a 5,38±0,94a  7,13±0,83a 6,85±1,63a

Same  letters  in  vertical  do  not  differ  significantly  5%  probability  by  Tukey  test.
#Average of three replications; *Standard Deviation.

Control fruits  received  higher  notes to aroma, which can be explained by the higher  degree of 
ripeness of fruit. Broisler et al., [4] to observe the evolution sensory this cultivar with application of 
doses of 0.5 and 0.75 kGy, also reported that the evaluators felt smaller aroma in fruit irradiated. 
However Boylston et at., [5] when they studied the sensory characteristics of orange, papaya and 
rambutans irradiated with doses  of 250 to 750 Gy and stored for nine days,  they reported that 
different doses intensified the aroma and flavor of fruits.

Flavor  characteristic  of  mature  fruit  had  lower  grade  for  receiving  a  dose  of  1.0  kGy
(Table 1), which can be justified by the fact that some fruits that is not present pulp intense yellow 
color in the storage at the end of 21 days, indicative of lower degree of maturation. Silva et al., [6] 
for studying the effects of ionizing radiation on the sensory characteristics of pineapple irradiated 
with doses of 100 and 150 Gy and stored for 30 days, found that the characteristic of mature flavor 
was not significant between the doses studied.

An increase in the notes to the characteristic sweet flavor with increasing doses (Table 1). Results 
also found in cantaloupe irradiated at doses from 150 to 900 Gy, in which fruit that received the 
highest dose were more appreciated by the tasters, justified by the action of radiation to promote the 
breakdown of carbohydrates, increasing the amount of sugars, and thus, the degree of sweetness of 
fruits [7]. Was observed in this study that fruit with the highest dose of 1.0 kGy were also those 
who received the highest values for acid flavor (Table 1), there is an inverse relationship with the 

INAC 2011, Belo Horizonte, Brazil.



mature flavor characteristics examined earlier.

Found  an  inverse  relationship  between  the  texture  and  juiciness  of  the  pulp,  with  fruits  that 
received a dose of 0.5 kGy had less texture and also a greater succulence of the flesh, not differ 
significantly between the different doses studied (Table 1) .

It is important to note that in another experiment with the same cultivar, the results of sensory 
analysis, to be mostly, better for control fruits  when harvested with a lower degree of maturation 
[8]. 

The results of physico-chemical analysis performed after 21 days storage revealed that irradiated 
fruits showed lower firmness, but no significant differences between doses (Table 2). Ventura et al., 
[9] stated that the loss of firmness can be explained by the breakdown of carbohydrate molecules by 
the  action  of  radiation.  However,  for  other  fruits  the  ionizing  radiation  has  resulted  in  greater 
firmness. Silva et al., [10] when irradiated with doses of 2 strawberry and 2.5 kGy, found that fruit 
firmness have totally lost control in the first days of storage at temperature 12.5 ºC, and nine days 
have  been  discarded  by  100% with  advanced  decay,  while  irradiated  fruits  firmness  remained 
fifteen days with no sign of rot. 

Table 2: Statistical values of the values obtained in the physical-chemical analysis of the mango 
cultivar  Tommy Atkins  irradiated  with  different  doses  and  stored  for  21  days  under 
temperature of 12 ºC (± 2) and 65% (± 5 ) RH.

Physio-chemical Analysis

Dose 
(kGy)

Flesh firmness 
(kgf)

Soluble solids 
(ºBrix)

Acidity
titratable (%)

Reason 
solids/acidity

pH Ascorbic acid 
(mg/100g)

0,0 0,88♣±0,31* a 14,95±0,83 a 0,23±0,08 a 69,01±16,08 a 4,46±0,26 a 85,51±31,43 a

0,5 0,72±0,22 a 15,46±0,74 a 0,22±0,06 a 76,24±22,76 a 4,30±0,21 a 56,45±11,74 ab

1,0 0,82±0,28 a 14,39±0,82 a 0,26±0,10 a 63,06±29,36 a 4,42±0,28 a 37,78±7,95 cb

Same  letters  in  vertical  do  not  differ  significantly  5%  probability  by  Tukey  test.
#Average of eight replicates; *Standard Deviation.

Found a greater amount of solids in fruit that received dose of 0.5 kGy. Similar result were also 
observed  by  Hussain  et  al.,  [11]  when  studying  the  quality  and  conservation  of  peach  after 
application  of  gamma  radiation  doses  of  1  and  2  kGy  stored  under  cold  3  ºC  and  ambient 
temperature of 25 ºC, when they found that dose of 1.2 and 1.4 kGy was effective in maintaining 
fruits quality and also the highest concentration of soluble solids. Although no significant difference 
between the amount of solids control fruits and fruits treated with higher dose of 1.0 kGy (Table 2), 
was found a smaller amount of solids us with 1.0 kGy, which can be attributed to the fact that some 
fruits are not yet as mature at the end of the experiment.

The results for the values of acidity revealed that gamma radiation doses up to 1.0 kGy did not 
affect this characteristic of mango cultivar Tommy Atkins when harvested with a higher degree of 
ripeness and stored under the conditions of this experiment. The same is true for the pH of the pulp 
and ratio solid/acidity (Table 2).

The values found for the amount of ascorbic acid showed a progressive reduction with increasing 

INAC 2011, Belo Horizonte, Brazil.



doses, with a reduction of 56 and 34% for fruit that received doses of 1.0 and 0.5 kGy, respectively, 
when compared with control fruit, with significant difference between control fruit and fruit that 
received the highest dose of 1.0 kGy (Table 2). These results indicate that fruit quality is more 
sensitive to the radiation process in comparison with the other characteristics evaluated in this work. 
According to Ventura et al., [9] the degradation of vitamin C will depend on the dose used, with 
minor degradation in low doses, and that their loss is often cited in high doses. 

4. CONCLUSION

Doses of 0.5 and 1.0 kGy did not damaged the sensory quality of the fruit when harvested with a 
higher degree of maturation. Fruit that received a dose of 0.5 kGy had better  acceptance in the 
sensory analysis. The physico-chemical characteristics showed no significant differences between 
the doses, except the amount of ascorbic acid that decreased progressively with increasing doses. 
Application of this  method is viable for mango cultivar Tommy Atkins when harvested with a 
higher degree of maturity, being safe for the external market and acceptable sensory.
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