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Abstract

The effect of ®°Co gamma rays on the content of several B-vitamins in two varieties of Brazilian beans has been
studied. Carioca (Phaseolus vulgaris L. var. Carioca) and Macacar beans (Vigna unguiculata L. Walp, var. Macacar)
were irradiated at doses of 0, 0.5, 1.0, 2.5, 5.0 and 10 kGy, and subsequently stored at ambient temperature for 6
months. The content of vitamin B;, B, and B¢ was analysed by HPLC. In addition, the optimum cooking time was
established for each dose and bean variety. A taste panel evaluated sensory properties. Only slight changes were
measured for thiamine and riboflavin, whereas a dose-dependent decrease was noted for pyridoxine, which, however,
was significant only at the highest doses of 5 and 10 kGy. Cooking time was considerably reduced with increasing
radiation dose, but accompanied by a loss of the sensory quality. However, at the disinfestation dose up to 1 kGy,
acceptable ratings were obtained for the sensory evaluation. In conclusion, for insect disinfestation of Brazilian
beans radiation processing is a promising technology. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction The Phaseolus vulgaris L., e.g. Carioca beans, are
extensively cultivated in central and South Brazil.
These two varieties represent 70% of the Brazilian pro-
duction of beans, soybeans excluded (Lam-Sanches et
al., 1990). Substantial quantities of the beans, pro-
duced in Brazil, are affected by insect infestation and
efforts to improve the quality for dry beans after sto-
rage have included various pre-treatments and treat-
ments, as well as processing by radiation. The extent

In Brazil, beans are an important source of alimen-
tary proteins and nutrients. Cultivation and consump-
tion are locally restricted. The Vigna unguiculata (L.)
Walp, so called North beans, Caupi beans or Macacar
beans are cultivated in the Northeastern part of Brazil.
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of post harvest losses is around 30% in Brazil (Farrar
and Going, 1994). For insect disinfestation in beans, ir-
radiation may offer an attractive alternative to chemi-
cals. Radiation processing of beans for the purpose of
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insect disinfestation at dosages up to 1 kGy has been
shown to be a promising technique for reducing loss
during storage of these nutritious foodstuffs (Delincée
and Bognar, 1993). Since beans are regarded as an im-
portant supply of B vitamins in Brazilian diets
(Roncada and Mazzilli, 1989), the effects of radiation
processing on the By, B, and By vitamins are studied
here. Studies of the effects of irradiation on vitamins
have led to different conclusions depending on whether
pure solutions or actual food matrices were investi-
gated (WHO, 1994). Aqueous and other solutions of
vitamins are highly sensitive to irradiation, but this is
not true of vitamins in food. It is inappropriate to ex-
trapolate data of vitamin losses in solution to food. In
the present work, the effect of household cooking and
storage after irradiation were investigated by using an
optimized analytical method to measure vitamin con-
tents.

2. Experimental

2.1. Sample material

Brazilian beans, P. vulgaris L., var. Carioca and V.
unguiculata (L.) Walp, var. Macagar, bought in a local
market, were used.

2.2. Irradiation

Samples were packaged into plastic bags and irra-
diated in a Gammacell (AECL) ®Co source (IPEN,
Sao Paulo, dose-rate ~0.44 kGy/h) at doses of 0, 0.5,
1.0, 2.5, 5.0 and 10.0 kGy.

2.3. Storage time

Following irradiation, the beans were stored at
room temperature for 3 months in Brazil and then
shipped to Germany. There they were stored at 24°C
for more 3 months until the tests were made.

2.4. Cooking time

The optimal cooking time was determined for each
dose and for each variety. The beans were soaked
overnight in distilled water at room temperature, and
cooked at 100°C on the following day.

2.5. Sensory evaluation

This was carried out by a trained panel of six people
based on the procedure of ‘Official Collection of
Testing Methods according to paragraph 35 LMBG
1990°.
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Fig. 1. Carioca beans.

2.6. Vitamin determination

This was performed on cooked and lyophilysed
samples. Dry matter content was determined gravime-
trically by drying at 103°C. Vitamins B;, B, and By
were determined in duplicate fluorometrically by high-
performance liquid chromatography (Bognar, 1986,
1989). Isocratic elution, nucleosil column 120, C18,
5 um (Macherey + Nagel).

2.7. Statistical analysis

The homogeneity of groups were analysed by
ANOVA (Yaname, 1977). When some difference was
detected among the means, Student’s ¢-test and the
multiple comparison test of Tukey—Kramer were
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Fig. 2. Macacar beans.
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Table 1

Effect of radiation dose on the content of B vitamins in cooked beans after 6 months’ storage®

Content pg/100 g Dry Matter

Vitamin Bg

Vitamin B, total Vitamin B, total Pyridoxamine Pyridoxal Pyridoxine Total

X S X S X X S X S X S
Carioca
0 560 4 45**@ 248 4 8**@ 162 + 8**@ 124252 318 4 10** 492 4 12**
0.5 569 4+ 30° 2454 8% 153 + 3% 12422 31548 480 + 8°
1.0 552 426" 242 4+ 6° 1524 5° 12422 316+ 6° 480 + 6°
2.5 5204 30° 2454+ 7% 146 + 5° 11428 306 4+ 9° 463 + 9%
5.0 480 + 15**¢ 222 48" 121 + 6% 10 4 2% 290 4 1%*¢ 421 +13%°
10.0 5204 20**° 253+ 9% 111 4 3% 8 4 2 265 + 10**4 3844 11**®
Macacar
0 380 4 30** 172 + 8% 120 + 42 741+ 260 + 9**¢ 387 4+ 6™
0.5 370 +25% 193 4+ 6*° 115+ 5 4+1° 258+ 7° 37745
1.0 3954 20° 209 +7° 106 +2° 3+1° 270 + 8° 379 4+ 7°
2.5 395+25% 190 +9° 107 +3° 3+1° 266 + 10 3764+ 6*
5.0 393 4 25% 206 + 10** 104 + 6 14 1% 261 +12*2 366 + 7P
10.0 370 4+ 20**° 208 4 8% 87 + 8¢ 1417 232 411" 320 4+ 8**°

*=means + SD (n = 4); ™ =means + SD (n = 2). In the same column, means followed by different letters (a,b,c,d) are statisti-

cally different (P < 0.05).

made, using the program GraphPad Instat, version
2.01, GraphPad Software.

3. Results and discussion

The effect of radiation dose on cooking time in
Carioca and Macagcar varieties is shown in Figs. 1 and
2. The optimal cooking time of Carioca beans, as illus-
trated in Fig. 1, decreases with increasing dose.
Although the var. Macacar showed a small deviating
response to a dose of 5.0 kGy, as noted in Fig. 2, a
decrease of cooking time with increasing dose was
obvious.

The reduction of cooking time after radiation treat-
ment has been reported for several legumes such as
dry beans (Nene et al., 1975; Iyer et al., 1980; Aguilera
and Steinsapir, 1985), chickpeas and mungbeans (Nene
et al., 1975; Rao and Vakil, 1985; Aurangzeb et al.
1990), lentils (Nene et al., 1975; Ismail et al., 1976;
Rao and Vakil, 1985), white beans, lentils and peas
(Delincée and Bognar, 1993). Reduction in the cooking
time was attributed to some starch fragmentation
(Sabularse et al., 1991). An increase of starch solubility
was observed after radiation processing by El Saadany
et al. (1979).

Immediately after irradiation, a slight off-odour of
the raw beans could be noted at doses higher than 2.5

kGy in both kind of samples. After cooking, Carioca
and Macacar beans showed no significant changes in
sensory quality up to doses permitted for insect disin-
festation, i.e. up to 1.0 kGy. However, at higher doses
sensory quality was reduced. Rao and Vakil (1985)
have shown that the changes in colour, odour and
taste increase as a function of the radiation dose.
Delincée and Bognar (1993) reported no significant
difference in sensory properties of white beans, lentils
and peas after radiation doses of up to 5 kGy; how-
ever, some slight differences may occur.

There was only a small effect on the thiamine con-
tent in Carioca beans at doses higher than 2.5 kGy.
Macacar beans did not show significant losses (Table
1). These results are in accordance with other studies
on the vitamin B; content of irradiated food at a dose
level of about 1 kGy (Delincée and Bognar, 1993).

After irradiation and 6 months’ storage, practically
no effects were seen in the riboflavin content of
Carioca beans. In Macagar beans, the riboflavin con-
tent mostly increased with increasing dose (Table 1).
Our data are in accordance with most of the literature.
Adrian and Frayssinet (1975) did not observe ribofla-
vin losses in Macacar beans at doses of 0.15 kGy.
Fonseca et al. (1974) reported a riboflavin loss of 12%
immediately after irradiation of kidney beans at 0.15
kGy. However, after 5 months’ storage, the loss was
only 7% when compared with the controls. No losses



302 A.L.C.H. Villavicencio et al. | Radiation Physics and Chemistry 57 (2000) 299-303

of riboflavin have been found in maize, wheat and
beans after radiation processing in the dose range of
0.5 to 5 kGy (Badshah and Klopfenstein, 1989).

The total quantity of pyridoxal, pyridoxamine and
pyridoxine was analysed in cooked and lyophilysed
samples; the influence of radiation dose is shown in
Table 1. In Carioca beans, the total By vitamin content
was higher than in Macacar beans. The content of
total By vitamin decreased with increasing dose. Losses
at 0.5-2.5 kGy were 0-6%, at a dose of 5.0 kGy losses
were 1-12% and at 10 kGy, 14-19% were lost. The
observed losses in both varieties suggest that ir-
radiation at disinfestation doses of up to 1 kGy pro-
duces a minimal effect of losses in total By vitamin
content.

Thus, the content of B vitamins is not reduced by
appropriate radiation processing, nor is the protein
biological value of Carioca and Macacar beans
(Delincée et al., 1998).

4. Conclusion

The cooking time of beans is considerably reduced
at doses up to 2.5 kGy, but at higher doses a decrease
in sensory quality in both Carioca and Macacar var-
ieties has been found. In accordance with the sensory
parameters used, i.e. colour, odour, taste, shape and
texture, it can be concluded that up to doses of 1.0
kGy, good quality similar to that of non-irradiated
controls is retained. If the produce is irradiated at
doses higher than 5 kGy, changes in sensory properties
occur which render the beans inedible. The observed
thiamine losses in Carioca beans irradiated at an disin-
festation dose of up to 1 kGy are small. No significant
thiamine losses have been found for the Macagar var-
iety. Riboflavin concentration increased with radiation
dose, as frequently reported in literature (Kilcast,
1994). At doses up to 1 kGy, Bg vitamin was not
affected. These slight changes in the content of B vita-
mins suggest irradiation as a good alternative for
extending the storage time of beans.

Acknowledgements

A.L.C.H. \Villavicencio is thankful to the
International Atomic Energy Agency (IAEA) and to
the Sdo Paulo State Foundation for Research
(FAPESP) for the financial support. To Ms S.
Delincée, Ms A. Wachs, Ms I. Nerz and Mr S.
Dieterich for their technical help during this study, our
gratitude.

References

Adrian, J., Frayssinet, C., 1975. La désinsectation des céréals
et des légumineuses africaines par lirradiation gamma.
L’Alim. et la Vie 63, 265-272.

Aguilera, J.M., Steinsapir, A., 1985. Dry processes to retard
quality losses of beans (Phaseolus vulgaris) during storage.
Can. Inst. Food Sci. Technol. J. 18, 72-78.

Aurangzeb, Ahmad M., Badshah, A., Bibi, N., 1990. Effect of
gamma irradiation on cookability and associated physico-
chemical properties of two legumes. J. Sci. Ind. Res.,
Paquistao 33, 151-154.

Badshah, K.A., Klopfenstein, C.F., 1989. Effects of gamma
irradiation on the nutritional quality of grain and legumes.
I. Stability of niacin, thiamin, and riboflavin. Cereal
Chem. 66, 169-170.

Bognar, A., 1986. Bestimmung von Vitamin By in
Lebensmitteln mit Hilfe der Hochdruckflissigkeits-
Chromatographie (HPLC). Z. Lebensm. Unters. Forsch.
181, 200-205.

Bognar, A., 1989. Die Optimierung der Vitamin B; und B,
Bestimmung in Lebensmitteln mit Hilfe der Hochleistungs-
Flissigchromatographie (HPLC). BFE-Bericht R-89-01,
Karlsruhe, pp. 9-19.

Delincée, H., Bognar, A., 1993. Effect of ionizing radiation
on the nutritional value of legumes. In: Bioavailability *93.
Nutritional, Chemical and Food Processing Implications
of Nutrient Availability, vol. 2, pp. 367-371.

Delincée, H., Mancini-Filho, J., Villavicencio, A.L.C.H.,
1998. Protein quality of irradiated Brazilian beans. Radiat.
Phys. Chem. 52, 43-47.

El Saadany, R.M.A., Foda, Y.H., El Sadaany, F.M., 1979.
Improving of Egyptian rice by means of gamma radiation.
Stirke 31, 230-234.

Farrar, H., Going, T., 1994. Commercial application of food
irradiation in Brazil: an FAO/IAEA mission report.
IAEA, Vienna, pp. 1-41.

Fonseca, H., Nogueira, J.N., Maffei, C.I., Oliveira, M.G.,
1974. Effect of gamma irradiation on the organoleptic and
nutritive properties of common beans (Phaseolus vulgaris
L. cv. mulatinho). CENA-BC-018.

Ismail, F.A., Osman, A.Z., Sedky, K.H., 1976. Eigenschaften
von bestrahlten Linsen. Mitt. Gebiete Lebensm. Hyg. 67,
140-146.

Iyer, V., Salunkhe, D.K., Sate, S.K., Rockland, L.B., 1980.
Quick-cooking  beans  (Phaseolus  vulgaris L.) L
Investigations on quality. Qual. Plant. Plant. Foods Hum.
Nutr. 30, 27-43.

Kilcast, D., 1994. Effect of irradiation on vitamins. Food
Chem. 49, 157-164.

Lam-Sanches, A., Durigan, J.F., Campos, S.L., Silvestre,
S.R., Pedroso, P.A.C., Banzatto, D.A., 1990. Efeitos da
época de semeadura sobre a composicdo quimica e
caracteristicas fisico-quimicas de grdos de cultivares de
Phaseolus vulgaris L., Phaseolus angularis (willd) wright e
Vigna unguiculata (L.) Walp. Alim. Nutr., Sio Paulo 2,
35-44.

Nene, S.P., Vakil, U.K., Sreenivasan, A., 1975. Effect of
gamma-irradiation on physico-chemical characteristics of
red gram (Cajanus cajan) starch. J. Food Sci. 40, 943-946.

Rao, V.S., Vakil, UK., 1985. Effect of gamma-irradiation on



A.L.C.H. Villavicencio et al. | Radiation Physics and Chemistry 57 (2000) 299-303 303

cooking quality and sensory attributes of four legumes. J. 1991. Cooking quality of brown rice as influenced by

Food Sci. 50, 376-378. gamma irradiation, variety and storage. J. Food Sci. 56,
Roncada, M.J., Mazzilli, R.N., 1989. Fontes de vitaminas na 96-98, 108.

dieta de populacdes do estado de Sao Paulo, Brasil. WHO, 1994. Safety and Nutritional Adequacy of Irradiated

Aliment. Nutr., Sdo Paulo 1, 71-86. Food. WHO, Geneva.

Sabularse, V.C., Liuzzo, J.A., Rao, R.M., Grodner, R.M., Yaname, T., 1977. Estatistica. Harla, Ciudad de México.



