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ABSTRACT

The bean is a staple food of the population, being one of the main products in the diet of the 
economically less privileged social strata. All these factors mean that beans occupy a prominent 
space in both the social and economic environment in Brazil [1]. In this social and economic 
importance of beans, adds to the growing demand, both consumers and producers, of food 
products that have a quality nutritional and technological properties desirable in order to obtain 
good quality products, which would have greater capacity competitive in the market. The quality 
of the beans processed depends on the growth conditions, maturity stage at harvest, processing 
and storage. During processing, there may be biochemical and chemical changes that affect the 
texture of the product [2]. Given this need, the irradiation of foods has been increasing in recent 
years as a preservation method that can guarantee the level of product safety, without causing 
major changes in nutritional and sensory characteristics of products [3].In this context, this work 
had the objective to evaluate the effects of irradiation on the texture of commercial beans 
(Phaseolus vulgaris L.) variety Carioca. The raw material (raw beans) was acquired in trade 
from the city of Goiânia (GO) in plastic containers containing 1 kg of product. It has purchased 
three packs of different brands, widely accepted by local people, making a total of 3 kg of beans 
from each brand. It was noted the date of filling the grain, so that all the samples had 
approximately the same age. Thus eliminated is the age factor as a possible responsible for 
differences that could be observed between the samples after the time of analysis. The beans 
were then taken to the Laboratory of Physical Chemistry where they were removed from original 
containers, homogenized and packaged in polypropylene properly identified and sealed, 
containing 100g of product, then separated into lots. The different batches of raw beans were 
sent for irradiation, where they received doses of 0(control), 5 and 10 kGy originated from of a 
source of Cobalt-60 of the Centre for Nuclear Energy in Agriculture (CENA/USP) in Piracicaba 
(SP).After irradiation, the grains were subjected to texture analysis. The results showed an 
increase in the value of breaking strength of irradiated grains, when compared to non-irradiated, 
for all brands, which revealed a stronger, starch retrogradation in irradiated samples.
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1.INTRODUCTION

The bean is a staple food of the population, being one of the main products in the diet of the 
economically less privileged social strata. All these factors mean that beans occupy a prominent 
space in both the social and economic environment in Brazil[1].

In this social and economic importance of beans, adds to the growing demand, both consumers 
and producers, of food products that have a quality nutritional and technological properties 
desirable in order to obtain good quality products, which would have greater capacity 
competitive in the market. The quality of the beans processed depends on the growth conditions, 
maturity stage at harvest, processing and storage. During processing, there may be biochemical 
and chemical changes that affect the texture of the product [2].

Given this need, the irradiation of foods has been increasing in recent years as a preservation 
method that can guarantee the level of product safety, without causing major changes in 
nutritional and sensory characteristics of products [3].

In this context, this work was to evaluate the effects of irradiation on the texture of commercial 
beans (Phaseolus vulgaris L.) variety Carioca.

2. MATERIALS AND METHODS

The experiment was conduced in the Laboratory of Physical Chemistry of the Department of 
Food Engineering, School of Agronomy and Food Engineering, Federal University of Goias, 
and Laboratory of Radiobiology and Ambient of the Center for Nuclear Energy in Agriculture 
(CENA/USP) in Piracicaba (SP).

2.1. Collection and preparation of raw materials

The raw beans was acquired in trade from the city of Goiânia (GO) in plastic containers
containing 1 kg of product. Three packs of different brands of beans were purchased, that are 
more accepted by local people, in the total of 3 kg of beans from each brand. It was noted the
date of filling the grain, so that all the samples has approximately the same age. Was 
consideration the age factor as a possible responsible b y differences that could be observed
between the samples in the time of the analysis.

The beans were then conduced at the Laboratory of Physical Chemistry where they were
removed from original containers, homogenized and packaged in polypropylene, identified
and sealed; each sample had 150g of beans, as show the Table 1.
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Table 1. Radiation doses               applied to each batch of beans.
Lot      Manufacturer          Dose 
A1 A 0 kGy
A2 A 5 kGy
A3 A 10 kGy
B1 B 0 kGy
B2 B 5 kGy
B3 B 10 kGy
C1 C 0 kGy
C2 C 5 kGy
C3 C 10kGy 

2.2 Irradiation of samples

The different batches of raw beans were sent for irradiation, where they received doses of 0, 5 
and 10 kGy originated from a source of Cobalt-60 in the Centre for Nuclear Energy in 
Agriculture (CENA/USP) in Piracicaba (SP). After irradiation, the grains were subjected to 
texture analysis.

2.3 Analysis of texture

For the analysis of instrumental texture, were placed 150 grams of grains and 500 mL of water
in a container, which was taken to cooking in an autoclave at 121°C for 15 minutes. The
samples were cooled to reach room temperature and accommodated in a cylindrical container
with a diameter of 6 cm containing 70 g of sample, to make the reading of the instrumental
texture of the grains a Texture (Texture Analyser TA-XTplus, Stable Micro System,
Godalming, Surrey, England), which measures the texture of food products through the
application of force and measure the resulting deformation of the same in compression [4].
We used the cylindrical geometry SMS P-50 with a diameter of 5 cm, to compress the cooked
beans and the speeds of the test were: pretest = 2 mm / s, test = 1 mm / s, post-test = 10
mm / s. The sample was compressed to 70% of initial height. By means of a graph of force
(N) x distance (m) and using the software Texture Exponent Lite (Stable Micro System,
Godalming, Surrey, England) were obtained from the numerical values of break force (Frup in
newtons - N) for each reading that corresponds to the peak of the curve FXD. Tests were
conducted in quintuplicate.

2.4. Statistical analysis

The results were subjected to analysis of variance (ANOVA) with subsequent application of the 
Tukey test at 5% probability (p ≤0.05), using the statistical package SISVAR 5.3, according to 
[5].
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                                  3. RESULTS AND DISCUSSION

The analysis of the texture of baked beans was performed by applying force to the
compression deformation in 70% of the initial grain filling the container. The peak force
of the rupture of the grains is indicative of the resistance to compression of the grains,
ie the higher the breaking strength, the harder grains are cooked. The results of
instrumental texture of the samples of irradiated beans are shown in Table 1, which
shows the values of the parameter Frup (rupture force).

Table 1. Parameter Frup (rupture force, in Newton) of the texture beans of three
brands, subjected to                              different doses of gamma radiation.

Breaking strength

Dose  (kGy)                              A                                                   B                                         C

0 123.96aB* ± 29.14 170.82aC ± 13.71 156.14aC ± 18.06

5 268.54aA  ± 13.83 299.86aA ± 17.50 275.34aB ± 26.41

10 287.77aA ±44.89 266.98bB ±61.24 334.24aA ±38.42
* Means followed by same letter in the horizontal indicate no significant difference at 5% probability
(p <0.05), for a given dose of radiation.
Means followed by same capital letters in columns indicate no significant difference at 5%probability
(p <0.05), for the same brand. Mean ± standard deviation of quintuplicate.

For brands A and C, there is an increase in the value of the rupture force with
increasing radiation dose, while for the B mark the rupture force of the sample
irradiated at 10 kGy was lower than the sample irradiated at 5 kGy [6], studying the
effect of irradiation on raw and cooked rice, verifies that the tendency of starch 
retrogradiation decrease with increasing of the radiation dose, and so that radiation 
dose decreases the firmness of cooked rice, since the measure of retrogradiation can 
be used as an indicator of the texture of cooked rice. A similar result was found by 
[7], who observed that the starch retrogradation of irradiated grains became less
pronounced than these from non-irradiated grains.

In this study, a different result was observed for all brands. For the three bands, was 
observed a significant increase (p≤0.05) of the rupture force, and therefore an increase in
hardness of cooked beans, with increasing dose radiation. As the main ingredient of
many grains, starch provide structure, texture and consistency for them [6], so the result 
of texture analysis in the current work c o u l d  p r o b ab l y  b e  associated with an 
increased content of starch retrogradation in grain after cooking, since the
retrogradation could lead to increased hardness of the grains due to recrystallization of 
the starch macromolecules[7].

Studied the hardness of two varieties of beans (Carioca and black) during storage, was
founding that the hardness values for both varieties increased with increasing storage
time, and the hardness of beans cooked and then cooled to a temperature of 25°C was
higher than the grains cooled only to 60ºC. However, this is not observed influence of
storage time in this work, since all the beans were acquired and analyzed concurrently [8].

This result can be considerate as the development of a characteristic hard-to-cook grains
irradiated [2]. Was observed that for a given dose of radiation, no significant
difference in the value of rupture was observed among for different brands, except for
the dose of 10 kGy, f or  which the brand B had a value significantly lower than the
others. This show that the beans of different brands not differ  to the texture of cooked
grain.
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4. CONCLUSIONS

The results obtained showed an increase in the value of breaking strength of
irradiated grains, when compared with non-irradiated. For all the brands were revealed a
stronger starch retrogradation in irradiated samples.

REFERENCES

1. EMBRAPA ARROZ E FEIJÃO. Feijão. Disponível em: <http://www.cnpaf.embrapa. br>. 
Acesso em: 05 abr. 2009.
2. RIBEIRO, N. D. POERSH, N. L.; ROSA, S. S. Efeito de períodos de semeadura e das 
condições de armazenamento sobre a qualidade de grãos de feijão para o cozimento. Bragantia,
Campinas, v.66, n.1, p.157-163, 2007.
3. SILVA, J. M., SILVA, J. P., SPOTO, M. H. F. Análises fisiológicas e enzimáticas em abacaxi 
submetido à tecnologia de radiação ionizante. Ciênc. Tecnol. Aliment., v.27, n.3, p. 602-607,
Campinas, jul.-set. 2007.
4. OLIVEIRA, M. Efeito da composição química, origem e grau de maturação sobre a cor e a 
crocância da banana nanica obtida por secagem HTST. Dissertação (Mestrado em Engenharia 
de Alimentos) Universidade Estadual de Campinas, Campinas, São Paulo, 2007. 141p.
5. FERREIRA, D. F. Análises estatísticas por meio do Sisvar para Windows 4. 0. In: REUNIÃO 
ANUAL DA REGIÃO BRASILEIRA DA SOCIEDADE , 2007, p. 65.
6. GUIMARÃES, I. C. O. Efeito da irradiação gama (Co60) na qualidade e segurança do arroz.
Dissertação (Mestrado em Ciência dos Alimentos) - Universidade Federal de Lavras, Lavras
(MG). 2009. 114 p.
7. ZANAO, C. F. P. Características físico-químicas e sensoriais de arroz (Oryza sativa L.) 
irradiado e o efeito no desenvolvimento de Sitophilus oryzae L. Dissertação (Mestrado em 
Ciência e Tecnologia de Alimentos). Universidade de São Paulo, Escola Superior de Agricultura 
Luiz de Queiroz, Piracicaba, 2007. 80 p.
8. COELHO, S. R. M.; PRUDENCIO, S. H.; NOBREGA, L. H. P.; LEITE, C. F. R. Alterações 
no tempo de cozimento e textura dos grãos de feijão comum durante o armazenamento. Ciênc. 
Agrotec., Lavras, v. 33, n. 2, p. 539-544, mar.-abr., 2009.

INAC 2011, Belo Horizonte, MG, Brazil



INAC 2011, Belo Horizonte, MG, Brazil


