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ABSTRACT 

 
The Japanese melon or cantaloupe (Cucumis melo L.) is characterized by fruits with almost 1.0 Kg, pulp usually 

salmon and musky scent. The fruits when ripe are sensitive to postharvest handling. This low transport 

resistance and reduced shelf-life makes it necessary to delay the ripening of fruit. In this way the use of 

irradiation technique is a good choice. Irradiation is the process of exposing food to high doses of gamma rays. 

The processing of fruits and vegetables with ionizing radiation has as main purpose to ensure its preservation. 

However, like other forms of food processing, irradiation may cause changes in chemical composition and 

nutritional value. This study aims to assess possible changes in carotene content and volatile compounds caused 

by exposure of cantaloupe melon fruit to gamma irradiation. Irradiation of the samples occurred in Centro 

Tecnológico do Exército (Guaratiba-RJ), using Gamma irradiator (Cs137 source, dose rate 1.8 kGy/h), being 

applied 0.5 and 1.0 kGy doses and separated a control group not irradiated. Carotenoids were extracted with 

acetone and then suffered partition to petroleum ether, solvent was removed under nitrogen flow and the 

remainder dissolved in acetone again. The chromatographic analysis was performed using a Shimadzu gas 

chromatograph, with C30 column. For volatile compounds, we used gas chromatography (GC) associated with 

mass (MS). As a result, it was verified in analysis of carotenoids that cantaloupe melon is rich in β-carotene. 

Both total content of carotenoids and specific β –carotene amount wasn’t suffer significant reduction in 

irradiated fruits at two doses, demonstrating that the irradiation process under these conditions implies a small 

loss of nutrients. The major volatile compounds were: 2-methyl-1-butyl acetate, ethyl hexanoate, n-hexyl 

acetate, benzyl acetate, 6-nonenyl acetate and α -terpinyl acetate. For all compounds we observed an increase in 

the volatile content in 0.5 kGy ranging from 0.8 to 9.7 percent in area. In 1.0 kGy was observed increases from 

1.4 to 12.4% for all compounds except 3-decenil acetate that had percentage in area reduced at 3.6%. The 

increase of the volatile compounds was expected due to radiolysis of original compositions. We did not observe 

the formation of toxic compounds due to the irradiation process. 
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1. INTRODUCTION 

 

 

Melon (Cucumis melo L.) is one of the oldest cultivated plants throughout the world. There 

are several melon species that differ in fruit size, morphology and organoleptic properties [1]. 

In Brazil, melon occupies a planting area of 12,500 hectares, being one of the most cultivated 

cucurbits. Currently the two major producing areas are Mossoró-Assú (RN) and Lower 

Jaguaribe (CE). Among the main types of melons produced in the region, there are the Pele 

de Sapo, Galia, Cantaloupe, Charentais, Orange and Yellow Flesh. On current data, Brazil 

exported about 152 million dollars in melon [2]. What makes it the second fruit consumption 

"in natura" which generates more income to Brazilian trade balance. 

 

Cantaloupe Melon, presents an excellent acceptance in domestic and foreign markets, 

especially because of its high level of soluble solids. In addition, it has a high content of β-

carotene, with levels ranging from 4.0 to 34.0 μg/g. The β-carotene is an antioxidant 

carotenoid pigment. Its consumption is a natural way of indirectly getting vitamin A. Others 

applications for β-carotene has been discovered in research. Today we know that it is an 

antioxidant, brings night vision benefits, boosts immunity, gives elasticity to the skin, 

increases the brightness of the hair and strengthen nails, as well as acting in fat metabolism 

[3;14]. However, it is sensible to light and temperature which makes common the decrease in 

their content in sources. Fruits rich in carotenoids are important sources of this nutrient 

because their husk protects it from degradation. But even in these cases their 

content decreased with storage time mainly in fruits with short shelf-life what generates a 

huge waste of nutrients. 

 

Currently, there is an imbalance between population and food supply in the world, and the 

problem of food availability has worsened over the past 20 years. The reduction of post 

harvest losses that occur in the different stages of food processing to consumption is a 

measure to change the growth pattern of this imbalance. Studies estimate that more than 30% 

of vegetables losses occur at the stage of handling, transport, storage and marketing [4]. 

Much occurs by the use of bad practice or neglect, but losses could be avoided if there were 

less natural degradation of products, with increasing in time of ripening and senescence, 

reducing degradation by insects and microorganisms, etc. 

 

In this context the use of food irradiation is shown very promising and very important, 

through its contribution to the conservation, reducing post harvest losses and the possibility 

of improving the food supply. The process consists of exposure of food as packaged or in 

bulk to a field of highly penetrating radiation, for a time, in order to destroy pathogenic 

bacteria, parasites, fungi and insects, or inhibit the ripening process of fruits and treatment 

plant products [5].  

 

The use of the process has already been approved by 34 countries in more than 40 varieties of 

food, for disinfestations of cereal grains, control of pathogenic microorganisms and extends 

the shelf-life of meats, fruits and vegetables, fruit ripening and disinfestations, inhibition of 

sprouting in tubers and bulbs, among other effects [6]. Research has shown that the 

irradiation process represents an economic benefit to agriculture by reducing post-harvest, 

since it is in accordance with Good Irradiation Practices (GIPs) in terms of handling, storage 

and transport, established by national authorities or international [7]. Irradiation acts in 

preventing the division of living cells such as bacteria and cells of higher organisms, because 
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it changes their molecular structures. In this way irradiation process inhibits the maturation of 

some plants by inducing biochemical changes in the physiological processes of tissue. 

 

Studies conducted by expert committee of Food and Agriculture Organization (FAO), World 

Health Organization (WHO) and International Atomic Energy Agency (IAEA) showed that 

any food irradiated at a mean dose of 10kGy is safe and does not lead to nutritional problems, 

or have toxic compounds that can cause hazards for human or animals [8]. However in 

treatment of foods by irradiation becomes essential to assess physical and chemical effects 

caused by the interaction of ionizing radiation with the irradiated product to ensure that there 

is no significant nutritional loss or sensory changes. In addition, the requirement of the 

legislation and the consumer market for processed food labeling has encouraged several 

studies in order to determine whether the food has been irradiated or not and, if so, what is 

the better dose to be received [9]. 

 

Aiming to use irradiation as post-harvest melon Cantaloupe the purpose of this study was to 

determine the effect of gamma irradiation on carotenoid content and volatile compounds in 

melons. 

 

2. MATERIALS AND METHODS 

2.1.  Samples 

 

Twelve units of Cantaloupe melons from Mossoró - RN, were purchased in Suply Center of 

Rio de Janeiro State (CEASA-RJ). The units were divided in three groups of four units each, 

one group for control, other to be irradiated with 0.5 kGy, and the third with 1 kGy. The 

purpose of using different samples of fruit for application of the same dose is that the results 

obtained can be independent of the ripeness of a fruit or specific conditions but shows 

what is observed in the group. The melons were kept refrigerated until the irradiation 

moment. 

2.2.  Irradiation 

 

The irradiation of the samples occurred at the Centro Tecnológico do Exército (CTEx), 

located in Guaratiba, Rio de Janeiro, RJ, Brasil with a research irradiator with Cesium-137 

source. The radiator is a shielded cavity and has the useful volume of the order 100 L. 

The irradiator was designed and built at Brookhaven National Laboratory (USA) 

in 1969. The current activity of the source is approximately 45 kCi with a dose rate ranging 

between 1 kGy/h and 1,8 kGy/h with good uniformity. The exposure time was calculated 

using a program developed especially for the radiator, based on a mapping dosimetric, which 

takes into account the current activity of the source, desired mean dose (Gy), the diameter 

or height, density and geometry of the sample, the high-attenuation factor and the build-up 

[24].  The irradiation doses in this study were 0 (control), 0.5 and 1 kGy. 

 

2.2.  Carotenoids 

 

After irradiation the fruits (control and irradiated) were transported to Instituto Militar de 

Engenharia, Rio de Janeiro, where the total carotenoids were obtained by spectrophotometry 

and β-carotene and its isomers by high performance liquid chromatography - HPLC. 
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Carotenoids were extracted with acetone and then suffered partition to petroleum ether, and 

concentrated through evaporation of the solvent under nitrogen flow and dissolved in acetone 

1μL [4, 10]. The mobile phase was transferred to a volumetric flask (100 ml) through the 

funnel with anhydrous sodium sulfate and quantified by spectrophotometry at 450 nm. The 

chromatographic analysis was performed using a Shimadzu chromatograph chromatographic 

column C30 3μm 4.6 x 250mm - Waters YMC carotenoid, with the mobile phase gradient of 

methanol / methyl t-butyl ether - 80:20 to 10:90 in 28 minutes, with flow 0.8 mL/min and 30° 

C. 

 

2.2. Volatile compounds 

 

For volatile compounds, we used gas chromatography (GC) associated with mass (MS). The 

determination of the aroma of the fruit was held in the headspace of vials of 60 mL for solid 

phase microextraction (SPME) using a fiber polydimethylsiloxane (PMDS) of 100μm 

thickness and bath temperature of 60 ° C for 20 minutes. The chromatographic separation 

was performed on a column of 30m x 0.32 mm and 0.2 mm thick, with the stationary phase 

5% diphenyl 95% dimethylpolysiloxane. The chromatographic conditions were: linear 

heating from 30 to 240 ° C with a rate of 10 ° C / min; gun "split-splitless" rate "split" of 1 / 

100, and flow rate of 1 mL / min . SCAN mode was used for m / z 15 to 300, mobile phase 

helium, manual injection and flow rate of 1.00 mL / min. The heating was linear from 40 ° C 

to 300 ° C with a rate of 10 ° C / min [15].  

 

 

3. RESULTS 

 

The analysis of carotenoids confirmed previously reported data that emphasize the β-carotene 

is the main carotenoid in Cantaloupe melons. The average values for total carotenoids in 

mg/100g sample were 16.08 mg/g, 15.92 mg/g and 15.83 mg/g in the control fruits, 0.5 and 

1.0 kGy respectively. The β-carotene has not been a significant decrease with increasing 

radiation dose used, shown in Fig. 1.  

 

a 

b 
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Figure 1 Analysis β-carotene by liquid 

chromatography High Efficiency - HPLC  

(a-control, b- 0.5 kGy c- 1.0 kGy). 

 

For analysis of volatile compounds we used gas chromatography coupled with mass 

detection, in this way we could identify with relative accuracy the volatile compounds 

presents in the analyzed products. The chromatographic profiles comparison of 

samples tested is shown in Figure 2.  

 

 
Figure. 2. Comparison of total ion chromatograms 

(TIC) melon control (black), 0.5 (pink) and 1.0 kGy 

(blue). 

 

The main volatile compounds were: 2-methyl-1-butyl acetate, ethyl hexanoate, n-hexyl 

acetate, benzyl acetate, 6-nonenyl acetate and α -terpinyl acetate. (Fig. 3). The detection of 

these compounds was made by comparison with the NIST library through the similarity of 

the mass spectrum found at the points with largest area in the chromatograms. 
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Figure. 3. Mass spectrum of the major products 

found. SI: Similarity with NIST Library 

 

For all these compounds we observed an increase in volatile content of 0.5 kGy ranging from 

0.8 to 9.7 percent in the area. The 1.0 kGy there were increases from 1.4 to 12.4% for all 

compounds except 3-decenil acetate that had reduced the percentage of area at 3.6%. (Table 

1) 
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Table 1 – Contents of Volatile Compounds 

 

 

Irradiation 

Dose 

Retention 

Time 
Area % Reduction % 

2-methyl-1-butyl acetate 

0 kGy 4.748 5.830 - 

0.5 kGy 4.749 15.530 9.7 

1.0 kGy 4.741 18.040 12.21 

ethyl hexanoate  

0 kGy 6.570 0.680 - 

0.5 kGy 6.571 2.300 1.62 

1.0 kGy 6.569 6.080 5.4 

n-hexyl acetate 

0 kGy 6.786 2.040 - 

0.5 kGy 6.787 4.360 2.32 

1.0 kGy 6.786 11.380 9.34 

benzyl acetate 

0 kGy 9.192 1.400 - 

0.5 kGy 9.194 2.200 0.8 

1.0 kGy 9.195 2.760 1.36 

6-nonenyl acetate 

0 kGy 11.019 5.640 - 

0.5 kGy 11.022 15.400 9.76 

1.0 kGy 11.017 2.050 -3.59 

α -terpinyl acetate 

0 kGy 11.865 3.050 - 

0.5 kGy 11.865 5.550 2.5 

1.0 kGy 11.866 6.080 3.03 

 

 

                            

Volatile compounds are the main determinants of quality of melon perceived by consumers, 

whose acceptance of the melon is driven mostly by acidity, sweetness, and also accepted a 

bouquet of aromas or the presence of volatile compounds. More than 240 compounds (mainly 

esters) have been identified by headspace in Cantaloupe melons, among these the principal 

were also identified in this study [11;12;13]. 

 

 

4. CONCLUSIONS  

 

The processing of food by irradiation has been shown to be an effective and safe technique, 

keeping the main chemical constituents of the fruits. The β-carotene has not decreased with 

the use of irradiation and the volatile compounds showed no significant increasing or 

formation of toxic compounds. Other analysis, like sensorial, still necessary to indicate 

whether there is even greater changes in the product what can change its acceptance. 

 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

ACKNOWLEDGMENTS 

 

Thanks to Brazilian Army and Instituto Militar de Engenharia (IME) by research laboratories 

and support. Our acknowledgments to CAPES for resources of the notice Capes Pro-Defesa 

2008 and post graduate scholarship. Finally, we thank to Centro Tecnológico do Exército 

(CTEx) for irradiation facilities. 

 

 

 

REFERENCES 

 

1. R. Sales Júnior. Qualidade do melão exportado pelo porto de Natal. Horticultura 

Brasileira, Brasília, v.22, n.1, p.98-100 (2004). 

2. “Secex/datafruta-ibraf”. Secretaria de comercio Exterior/ http://www.ibraf.org.br 

(2010). 

3. Ge Lester, F. Eischen. Beta-carotene content of postharvest orange-fleshed 

muskmelon fruit. Plant Foods and Human Nutrition, v.49, p.191-197 (1996). 

4. K.S.C Lima, A.L.S Lima, L.C Freitas, R.C Della-Modesta, R.L Godoy. O Efeito de 

Baixas Doses de Irradiação nos Carotenóides Majoritários em Cenouras Prontas para 

o Consumo. Ciência e Tecnologia de Alimentos, v. 24, n. 2, p. 183-193 (2004). 

5. A.L.C.H. Villavicencio, M.M. Araújo, G.B. Fanaro, P.R. Rela, J. Mancini-Filho. 

Sensorial analysis evaluation in cereal bars preserved by ionizing radiation 

processing. Radiation Physics and Chemistry. V. 76, n.5, p. 1875–1877 (2007). 

6. J.F. Diehl. Food Irradiation-Past, Present and Future. Radiation Physics and 

Chemistry, v. 63, n. 1, p. 211-215 (2002). 

7. M.A. Matin, A.D. Bhuiya, M.R. Amin, M. A. Malek. Irradiation of onions, pulses and 

dried fish: process control, storage, test marketing and economic analysis of the 

process. IAEA – TEC DOC 871, Vienna, Áustria, p. 19-49, (1996). 

8. OMS. Wholesomeness of Irradiated Food: (TRS 659). World Health Organization, 

Geneva, Switzerland, (1981). 

9. A.S. Leal, K. Krambrock, K. Guedes, R.R. Rodrigues. Ressonância paramagnética 

eletrônica-rpe aplicada à análise de especiarias irradiadas (com irradiação gama). 

Ciência e Tecnologia de Alimentos, Campinas, v. 24, n. 3, p. 427-430 (2004). 

10. L.A.M.  Magalhães, M.P. Lima, H.A. Marinho, A.G. Ferreira. Identificação de 

Bergenina e Carotenóides no Fruto de Uchi (Endopleura uchi, Humiriaceae). Acta 

Amazonica, v. 37, n. 3, p. 447-450 (2007). 

11. D Kourkoutas, J. S Elmore, D. S. Mottram. Comparison of volatile compositions and 

flavour properties of cantaloupe, Galia and honeydew muskmelons. Food Chemistry, 

v. 97, p. 95–102 (2006). 

12. J. P. Fernández-Trujillo, J. Obando, J. A. Martínez, E. Moreno, J. García-Mas, A. J. 

Monforte. Climacteric or non-climacteric behavior in melon fruit 2. Linking 

climacteric pattern and main postharvest disorders and decay in a set of near-isogenic 

lines. Postharvest Biology and Technology, v. 50, p.125–134 (2008). 

13. J. M. Obando-Ulloa, E. Moreno, J. García-Mas, B. Nicolai, J. Lammertyn, J. A 

Monforte. Climacteric or non-climacteric behavior in melon fruit 1. Aroma volatiles. 

Postharvest Biology and Technology, v. 49, p. 27–37 (2008). 

14. M.I.F. Chitarra, A.B. Chitarra, Pós-colheita de frutos e hortaliças. Lavras, Brasil, 

FAEPE, 293p. (1990). 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

15. Instituto Adolfo Lutz (IAL). Normas Analíticas do Instituto Adolfo Lutz, 3. Ed., v.1, 

São Paulo, 533p. (2004).  

 

 


