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ABSTRACT 
 
The tucuman (Astrocarium vulgare Mart.) develops a yellow-orange fibrous pulp and a yellow-green peel as it 

gets mature. In Brazil it is considered a good source of carotenoids, which is the main precursor of vitamin A. 

Considering that the irradiation process is an alternative to avoid post-harvesting losses, without changing the 

nutritional value of food, this study had  the objective of evaluating of different gamma irradiation doses (0.0; 

0.5; 1.0; 2.0 kGy) in Tucuman samples, divided into control (non irradiated) and irradiated, by the low-field 

Magnetic Nuclear Resonance (NMR) analysis. The technique is used in quantitative determinations of non-

destructively and non-invasive instrumentation employing low, with minimal sample, quickly, preserving its 

constitution and nature.  

 

 

1. INTRODUCTION 
 

The tucuman (Astrocarium vulgare Mart.) is an ovoid drupe, whose flesh is fibrous and 

yellow-orange color, a native of the states of Amazonas, Pará, Maranhão and Tocantins, 

much appreciated by local people, mainly fresh and consumed in Brazil. This tropical fruit is 

considered a good source of carotenoids with the highest concentration of β-carotene, which 

is the main precursor of vitamin A [1,6]. The technique of nuclear magnetic resonance 

(NMR) is based on signal detection of species that have a total magnetic spin I> 0. In general, 

the phenomenon is observed in isotopes with odd number of protons or neutrons. Hydrogen is 

the most exploited species in NMR applications due to its abundance and isotopic sensitivity. 

The NMR spectroscopy of low-field (frequencies under 60 MHz) is a technique that applies 

to the 
1
H nuclei of chemical species in liquid even in solid samples, as is the case of the oil 

and moisture content inside seeds [7]. 

 

Food irradiation process in Brazil appears as very promissing for its contribution to 

conservation, reducing post-harvest losses, and with the possibility of improving food 

availability. Among food irradiation benefits are: disinfestation of cereal grains and 

leguminous, control of pathogenic microorganisms, increasing of thee shelf life of meats, 
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fruits, vegetables, roots and tubercles, fruit maturation delay, fruit bugs elimination, sprouting 

inhibition of tubercles and bulbs and others [2, 3, 4]. 

 

The reduction of the post-harvest losses that occur annually at different phases of food 

acquisition, since production to consumption, can be a mean to modify the unbalanced 

growth pattern between population and food availability. Studies have estimated more than 

30% of the horti-fruits products are lost at the phases of handling, transport, storage and 

commercialization [3, 8]. 

 

In Brazil, the National Commission of Nuclear (CNEN) authorizes the use of gamma ray 

emission sources (cobalt-60 and cesio-137), X rays (energies till 5 MeV) and electron 

accelerators (energies till 10 MeV) for food irradiation studies. The use of the food irradiation 

process, is very promising, through its contribution to conservation, reducing post-harvesting 

losses, and with the possibility to improve food availability [1, 5]. According to MARTIN et 
al. [5] the use of the irradiation process in vegetal on food of origin results in a reduction of 

post-harvesting losses of 30-45% for onions and 12-22% for leguminous, during storage time 

of 6-8 months under environmental conditions. According to Diehl (2002) [3] the use of 

gamma ionizing irradiation as a food conservation method increased after the Second World 

War, due to technological development, arousing interest because it is a fast process with 

almost no increase in the food temperature.  

 

This study has the objective of evaluate different gamma irradiation doses (0.0; 0.5; 1.0; 2.0 

kGy) on Tucuman samples, divided into control (non irradiated) and irradiated, by the low-

field NMR analysis. 

 

 

2 MATERIALS AND METHODS 
 

The fruits were purchased in the optimum state for consumption in the city of Belém, in Pará 

State, Brazil. Then they were packed in bags of low density polyethylene (LDPE), organized 

in cardboard boxes and sent to Rio de Janeiro, city were the present study was performed. 

 

2.1. Irradiation Process 

 
The irradiation process was performed at the Nuclear Defense Section of the Brazilian Army, 

using a cavity type research irradiator, which has a Cs-137 radiation source and maximum 

dose rate of 1.6 kGy/h, provided with a self-withdraw apparatus controlled by an electric-

electronic system and movable shielded doors. The chambers have the dimensions of 

138x37x19 cm each, one located above and the other below the source plan. The total weight 

of its structure is 19 tons. It also shows many safety systems including logical gadgets and 

fixed settings that can guarantee a perfect functioning, eliminating any possibility of 

accidental exposure to the radioactive source [5].  

 

2.2. Analysis 

 
Tucuman samples were divided into control (non-irradiated) and irradiated with 0.5, 1.0 and 

2.0 kGy, in a research irradiator source of cesium, dose rate of 1.6 kGy / h, of the Brazilian 

Army. The low-field NMR analysis was performed at the Laboratory of Nuclear Magnetic 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

Resonance Macromolecules Institute Professor Eloisa Mano (IMA / UFRJ) with the NMR 

spectrometer for low-field resonance, Maran Ultra 23MHz model. 

 

 

3. RESULTS AND DISCUSSION 
 

Our results showed that the study of fields of fruit tucuman T1H by determining the low-field 

NMR proved to be a non-destructive technique quick, efficient and reliable. The technique is 

used in quantitative determinations of non-destructively and non-invasive instrumentation 

employing low, with minimal sample, quickly, preserving its constitution and nature [7]. The 

longitudinal relaxation time is influenced by the molecular mobility of the sample pictures 

and information that include dimensions ranging from 25 to 40 nm. The spectral parameters 

for analysis by nuclear magnetic resonance low field are written in Table 1. 

 

 

 

Table1.  Spectrometric  parameters to obtain the longitudinal relaxation time of 1H 
nuclei. 

 

PARAMETERS 
CONDITIONS FOR 

DETERMINATION OF T1H 

Frequency of observation (MHz) 23 

Pulse width (µs) (90°) 5 

Pulse width (µs) (180°) 10 

Interval between pulses (s) 5 

Range τ (µs) 100-5000000 

Temperature  25°C 

Number of points 40 

Numbers of accumulations for each point 4 

 

 

 

In the samples of mesocarp which is the pulp of the fruits of tucuman [2], the domain with 

the lowest value of T1 is related to water intensity of approximately 20%. Our results showed 

that the mesocarp fruits have a higher water content. The area with the highest T1 represents 

the polysaccharides and fibers, abundant in fruit flesh. 

 

The endocarp is the piece of fruit with intermediate mobility. The domain that controls the 

relaxation of the endocarp had an intensity of approximately 73% and is attributed to the oils. 

The technique was able to show effectively that the endocarp is the part of the fruit with less 

water, a fact inherent in the endocarp of drupes. The seed is the part of the fruit with lower 

mobility and higher oil content, with plenty around 75%. It also presented the domain of 

higher rigidity of the whole fruit with intensity of 9%, attributed to the fibers and 

polysaccharides. Our results show that the components with the highest concentration in all 
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parts of tucuman are oils. Figure 1 show the curves of the field, with three exponentials, the 

endocarp of tucuman. 

 

 

 

 
 

Figure 1.  Distribution areas of the endocarp of tucuman. 
 

 

 

Sample of mesocarp irradiated at a dose of 2.0 kGy showed a significant reduction (p˂0.05) 

in its content (11%). This result can be explained by the influence of radiation on the 

selective permeability of the plasma membrane in cells causing them to release more water 

into the extracellular environment, fact evidenced by the significant decrease in the value of 

T1H, this dose for the third area, on the polysaccharides and fibers. The second domain 

containing the lipids did not change significantly in its time of relaxation and intensity. Table 

2 shows the T1H values and intensities for samples of the mesocarp non-irradiated (control) 

and irradiated at doses of 0.5 kGy, 1.0 kGy and 2.0 kGy. According to ANOVA with 95% CN 

did not change the values of T1 in the field for the irradiated endocarp regarding the water 

content. The same is true in the second domain, representing the lipids domain and in third 

representative of polysaccharides and fibers. The molecular mobility of water in the seed 

samples showed an increase in domains 1 and 3 compared to control, especially at a dose of 

2.0 kGy. The intensities of areas corresponding to water decreased with the increasing 

irradiation dose, while the intensity of lipids, polysaccharides and the fibers showed no 

change compared to control. 

 

 

 

Table 2.  Average values of intensities and T1H of the mesocarp for control (non-

irradiated) and irradiated samples at doses of 0.5 kGy, 1.0 kGy and 2.0 kGy. 
 

Control 0.5 kGy 1.0 kGy 2.0 kGy 

T1 (ms) Int (%) T1 (ms) Int (%) T1 (ms) Int (%) T1 (ms) Int (%) 

15 19 19 18 15 18.0 14 11.0 

68 50 69 53 67 49.0 55 55.0 

238 31 245 30 212 33.0 202 34.0 
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3. CONCLUSIONS  
 

Nuclear magnetic resonance spectroscopy is a non-invasive technique with a wide range of 

food applications serving as a tool to characterize the chemical composition of fruits. In this 

work we used technique to show that the mesocarp of the fruits of tucuman contains large 

amounts of water and that the seeds have the lipids as its major constituents. We also 

observed that sample of the mesocarp irradiated at a dose of 2.0 kGy showed a significant 

reduction (p˂0.05) in its content (11%). This result can be understood by the influence of 

radiation on the selective permeability of the plasma membrane in cells. Besides there was no 

variation in the values of T1 in the field of the irradiated endocarp regarding the water, lipids 

(the second domain) and the polysaccharides and fibers (the third domain). Finally the 

molecular mobility of water in the seed samples showed an increase in domains 1 and 3 

compared to control, especially at a dose of 2.0 kGy. 
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