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ABSTRACT 
 
This study aimed to evaluate the effects of gamma radiation, polypropylene packaging type and temperature 
(8ºC) in the physic-chemical characteristics of pineapple 'Smooth Cayenne' minimally processed. The fruits 
were selected, washed, peeled, sliced crosswise into four parts and placed in sodium hypochlorite 10 ml/L for 
three minutes, dried and packaged. Were irradiated in a Cobalt-60 source, type Gammacell -220 (dose rate 0.543 
kGy/hour), with doses of 0 (control), 1 and 2 kGy and stored in temperature of 8ºC. Were analyzed color (L 
factors, a, b), pH, ºBrix, texture, during 5 days after irradiation. The experiment was entirely at random with 3 
replicates for each treatment. For the statistic analysis was used the Tuckey test at 5% level of probability. 
 
 

1. INTRODUCTION 
 
In the world, the pineapple is the eighth position in production and eleventh in area harvested, 
in over of 70 countries. The American continent is the second largest producer and Brazil 
participates with 13% of production, occupying the third place, with planting distributed 
throughout territory. The Northeast and Southeast are regions that have the largest 
cultivation, however, the plant have also excellent conditions for its development and 
production in almost all Brazilian states. The State of São Paulo occupies the eighth place in 
national production and is the largest consumer of pineapple table, and is the largest producer 
of juice concentrate for export. [7] 

 
The pineapple has been highlighted by fruit plants in their profitability and their nutritional 
and organoleptic characteristics. To guarantee the exportation for European and American 
markets the qualities of the fruit must be maintained until the final destination. These 
qualities are attributed to the size, shape, color, and the flavor of the internal fruit. The largest 
consumption of pineapple in the European market occurs in the months October to May and 
reaches its peak in December, months that correspond to the supply of cheapest domestic 
fruit. [10]. 
 
In Brazil are substantial losses of fruits in the field and in the post-harvest, mainly by lack of 
use of appropriate technology in cultivation, the handling, storage and marketing. 
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Purchase many products ready for consumption is common, packed with attractive and 
appropriate to the sensory characteristics of the Brazilian palate. Furthermore, the need for 
more healthy life style and stress maintenance of youthful appearance, have led people to the 
daily consumption of natural foods like fruits and vegetables. Another reason for the increase 
in demand for fresh fruits and vegetables is a firm texture and taste different when compared 
with processed foods.  
 
The minimal processing of fruits and vegetables is an alternative technology to reduce post-
harvest losses of perishable products and can contribute to the further development of 
agribusiness in Brazil.  
 
Minimally processed products are subjected to these operations: cleaning, washing, sorting, 
peeling, cutting, packaging and storage, but which have similar quality to the fresh product. 

 
The use of minimally processed products in Brazil began in the 90´s by some little companies 
attracted by the new trend of the market. The success of this venture depends, however, the 
use of raw materials of high quality, handled and processed with high hygiene condition. Are 
essential the use of appropriate packaging and control of temperature in the processing, 
distribution and marketing, since they are critical factors to reduce physiological and/or 
microbiological deterioration.  

 
The aim of the use of modified atmosphere packaging is to maintain internal and external 
quality of the products during transport, protecting them from physical damage and thereby 
increasing its durability. Films of polyvinyl chloride (PVC) and waxes have been widely used 
to prolong the storage period without causing changes in appearance and quality of domestic 
products. However, the appropriate knowledge of optimum conditions for storage for extends 
shelf life of pineapple, using modified atmospheres is insufficient. As minimally processed 
products are relatively new, there is just a little knowledge about the consequences of this 
processing on the physiological, microbiological and nutritional aspects. 
 
The irradiation by a post-harvest treatment to agricultural products has been considered 
promising for some researchers. This implementation is done with the aim to disinfestations 
of grains and fruits and, most recently as an alternative treatment for increasing the shelf life 
of some fruits and vegetables. For many countries the irradiation is considered as an effective 
solution in the reduction of pathogenic microorganisms and has been recommended as part of 
a program to improve food safety, due to the bactericide and fungicide to control postharvest 
diseases and is considered an effective method for fresh fruits.[6] 
 
The aim of this study was evaluate the effects of gamma radiation in conservation of 
minimally processed pineapple and their analysis of the physicochemical characteristics. 
 

2. MATERIAL AND METHODS 
 
The pineapple variety of ‘Smooth Cayenne' were obtained in trade of agricultural products of 
the city of Piracicaba, São Paulo, Brazil, after 2-3 days of collection and transported to the 
Laboratory of Radiobiology and Environmental CENA/USP, Piracicaba/SP. They were 
selected on the homogeneity and the presence of mechanical damage or phytopathological. 
Were washed, peeled and sliced transversely. The slices were cut in four parts and then the 
pieces of pineapple were dipped in sodium hypochlorite 10mL/L for three minutes and dried 
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in hard plastic, after drainage, were placed in trays. After minimal processing as described 
above, pieces of pineapple were placed in trays type polypropylene. The trays were stored in 
BOD (Biological Oxygen Demand) in the temperature of 8°C, temperatures commonly found 
in supermarkets for shelf storage of minimally processed products.  

 
Color Determination: To evaluate the color of slices of pineapple was used colorimeter 
Minolta Chroma Meter CR-200, to measure possible changes in color and brightness. 6 
packages were used for treatment. And in each box were 3 readings, were measured in 
different pieces in the package, with three parameters for each reading. Since these 
parameters analyzed from the following: a) the values of *: shades of colors ranging from 
bluish green (negative values) to red purple (positive values), b) values of b*: shades ranging 
from yellow (positive values) to blue (negative values), c) values of L*: specified by the 
coordinates of a* b*, a plan of rectangular axes, especially the brightness of color between 
shades of black and white (in positive values and negative respectively).  
 
Soluble Solids Determination: After grinding the sample in centrifuge home, a drop of juice 
from the crushing of the sample was placed in a refractometer, hand model REF 113. The 
results are expressed in °Brix.  
 
pH Determination: After grinding the sample in domestic centrifuge, the pH values were 
measured using a pH meter Digimed DMPH.  
 
Texture Determination: Was determined with the aid of manual penetrometer with tip, 8 mm 
in diameter. The results were expressed in Newton.  

 
 

3. RESULTS AND DISCUSSION 
 
The average values of pH of treatment with doses of: 0 (control), 1.0 and 2.0 kGy of 
irradiated pineapple are presented in Table 1.  

 
Table 1. Results of pH 

 
Dose 1º day 3º day 7º day 10º day 15º day 

O (control) 3,83b 4,00c 3,80c 4,05b 3,99b 

1,0 kGy 4,20a 4,28a 4,38b 4,15a - 

2,0 kGy 3,82b 4,09b 4,88a 4,02b 4,07a 

- Sample lost.  Numbers with different letters differ in level of 5% (Tukey) 
 

 
According to SEAGRI (Department of Agriculture, Irrigation and Agrarian Reform), the 
ideal pH of the pineapple is in range 4.5 to 5.5. However, ANDRADE (1999) obtained values 
of pH ranging between 3.0 and 4.0 for pineapple. The results of pH showed significant 
difference between treatments, at 5% level of probability, in which the samples irradiated at a 
dose of 1,0 kGy were increased to pH, showing a reduction in only 10 days after irradiation. 
Have the samples irradiated at 2,0 kGy dose control and also showed an increase over the 
analysis and the 1st and 10th day after irradiation had similar results, these samples showed a 
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decline in results at 15 days of radiation with the samples for dose 1,0 kGy was unfit for 
analysis, or deteriorated. [11,1] 

 
In Table 2 are presents the results of ° Brix obtained after irradiation of pineapple at doses 0 
(control), 1,0 and 2,0 kGy. 
 

Table 2. Results of Brix 
 

Dose 1º day 3º day 7º day 10º day 15º day 

O (control) 11,47c 12,93b 10,93b 11,30b 10,17b 

1,0 kGy 13,00a 13,00b 11,97a 12,00a - 

2,0 kGy 12,80b 13,20a 12,00a 12,00a 12,00a 

    -  Sample lost.  Numbers with different letters differ in level of 5% (Tukey) 
 

 
 
According to the analysis of variance between the different treatments of pineapple 
significant difference in the total soluble solids at rates of 1.0 and 2.0 kGy, when compared 
with control. Obtained average values from 13.40 to 14.60 °Brix in pineapple cv. 'Smooth 
Cayenne' minimally processed. According to studies of MODA et al (2008), in their search 
with irradiated pineapples, the variation of soluble solids as a function of the radiation dose 
and assessment period, the range was 12.60 to 11.40 °Brix for the doses of 1,0 and 2.0 kGy at 
1 day and after the 2nd evaluation all treatments showed significant reduction compared to 
control sample.[3,5]  

 
Therefore, it was observed that sample with a dose of 2,0 kGy also had the highest soluble 
solids content for the samples at a dose of 1,0 kGy and control, whose results have been 
reducing over the period.  
 
Table 3 presents the results of texture obtained after irradiation of pineapple at doses 0 
(control), 1,0 and 2,0 kGy.  
 

Table 3. Results of texture 
 

Dose 1º day 3º day 7º day 10º day 15º day 

O (control) 27,33a 28,67a 33,33a 33,33a 33,33a 

1,0 kGy 31,67a 36,67a 33,67a 33,33a - 

2,0 kGy 36,67a 40,00a 37,33a 41,33a 36,67a 

- Sample lost.  Numbers with different letters differ in level of 5% (Tukey) 
 
The figures related to the texture, showed no significant difference, but the best results were 
obtained with a dose of 2.0 kGy, which has remained in the strongest of irradiated fruit. This 
may have occurred depending on the drop of polymer chains by irradiation with the 
processing of protopectin in pectin (more soluble), resulting in loss of texture and turgid cell.  
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Table 4 presents the results obtained by instrumental analysis regarding the content of color 
of fruit irradiated at doses 0 (control), 1.0 and 2.0 kGy. 
 

Table 4. Results of color factors (L, a, b) 
 

Dose 1º day 3º day 7º day 10º day 15º day Dose 

O 
(control) 

L 54,92a 48,07b 65,57a 50,47a 72,46a 

a -2,66a -1,86a -0,77a -2,39a -2,21a 

b 8,19a 9,98ab 13,54a 7,60b 11,43a 

1,0 kGy L 35,35a 36,87c 45,94b 53,83a - 

a -2,40a -1,15a -0,60a -1,86a - 

b 7,51a 7,03b 11,46a 14,69a - 

2,0 kGy L 47,10a 72,79a 58,27ab 56,34a 69,76a 

a -2,27a -2,11a -0,87a -2,19a -2,14a 

b 6,98a 13,13a 13,62a 13,14a 13,25a 

- Sample lost. Numbers with different letters differ in level of 5% (Tukey) 
 
Through statistical analysis it was observed that there was no significant difference between 
samples. Only on the 3rd day (after irradiation) is that the samples showed differences among 
themselves as to the factors l, a, b. The brightness factor of the samples varied only according 
to the assessment period. The control treatments, 1.0 and 2.0 kGy had the highest average in 
3 days with a range between 53.0 and 57.0 which decreased again until the 6th day. [5] 

 
In Table 5 are presents the results related to the acidity of fruits irradiated, according to the 
statistical analysis showed that there was no significant difference between different doses of 
radiation and the period of storage. Stated that the highest values of acidity were obtained 
with 20 days of storage, but there were no significant differences between the doses studied. 
[12] 
 

Table 5. Results of acidity 
 

Dose 1º day 3º day 7º day 10º day 15º day 

O (control) 0.68a 0.60a 1.06b 0.66a 0.60a 

1,0 kGy 0.51a 0.68a 0.59c 0.63a - 

2,0 kGy 0.65a 0.72a 0.98b 0.64a 0.50b 

                 - Sample lost. Numbers with different letters differ in level of 5% (Tukey) 
 

 
 
In Table 6 are presents the results related to the vitamin C content of pineapple spent through 
the statistical analysis showed that there was no significant difference during the entire period 
of study. However, the figures in the first day after irradiation, are higher than other results, 
therefore, it was found that the content of vitamin C is degraded with respect to applied dose 
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and also over time. According to the authors Silva et al, (2008) the content of vitamin C 
decreased during the experiment with irradiated pineapples saying that this loss can be 
attributed to degradation or use of this acid in the first days after physiological maturity, may 
also be associated with stress the physical transportation, installation and implementation of 
treatment of the experiment. [12] 

 
Table 6. Results of Vitamin C 

 
Dose 1º day 3º day 7º day 10º day 15º day 

      
0(control) 

14.97a 9.56a 5.44a 7.76a 8.75a 

1,0 kGy 13.64a 7.17ab 4.19a 9.35a - 

2,0 kGy 10.37a 5.58b 4.81a 10.18a 7.34a 

                 - Sample lost.   Numbers with different letters differ in level of 5% (Tukey) 
 
 

 
 

4. CONCLUSIONS  
 
According to the results obtained in this work it was only the pH and soluble solids content 
(ºBrix) showed significant difference over the period of storage and dose of radiation applied. 
However, no significant differences as to the parameters of texture, color, acidity and vitamin 
C content of minimally processed pineapple.  
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