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Abstract

The Brazilian bean varieties Phaseolus vulgaris L. var. Carioca and Vigna unguiculata (L.) Walp var. Macacar
were irradiated with doses of 0.5, 1.0, 2.5, 5.0 and 10 kGy and subsequently stored at ambient temperature for 6
months. The anti-nutrients phenolic compounds, tannins and phytate were determined to be 0.48 mg g~ ! dry basis,
1.8 mg g~ ! dry basis and 13.5 pmol g~' dry basis in the raw non-irradiated Carioca beans and 0.30 mg g~' dry
basis, 0.42 mg g~' dry basis and 7.5 pmol g~! dry basis in the raw non-irradiated Macacar beans. After soaking and
cooking a higher content of phenolic compounds and a lower phytate content was observed in both bean varieties.
Tannin content was not affected by soaking and cooking of Carioca beans, but higher after soaking and cooking of
Macacgar beans. Using radiation doses relevant for food did not effect the content of the anti-nutrients under
investigation in both bean varieties. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The extension of shelf life and improvement of tech-
nological qualities are aims of radiation processing of
foods (Ahmed, 1993). Dry beans of Phaseolus vulgaris
L. are important food sources, especially in developing
countries, where they are a major source of dietary
protein. Besides protein, legumes provide complex
carbohydrate, dietary fiber and minerals in human
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diet. In tropical countries, storage of common beans at
high temperature and high humidity renders them sus-
ceptible to the hard-to-cook phenomenon and a
greater insect infestation, causing losses around 31%
in storage (Martin-Cabrejas et al.,, 1997; Farrar and
Going, 1994). Irradiation treatment could reduce these
losses, thereby maintaining the nutritional quality of
beans (Delincée et al., 1998). However, several factors
including phytate and certain phenolic compounds
contribute to a lower nutritional value of legumes due
to a reduced bioavailability of minerals and trace ele-
ments, especially zinc and iron (Ummadi et al., 1995;
Gustafsson and Sandberg, 1995). Besides, this anti-
nutritional property also some positive effects are dis-
cussed by consuming phytate and phenolic compounds
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Table 1

Effect of irradiation on the concentration of phenolic compounds and Tannins in Carioca and Macagar beans

Phenolics (mg/g)*

Tannins (mg/g)

Dose (kGy) Raw Cooked Raw Cooked
Carioca

0 0.48 +0.00* 0.72 4 0.00* 1.8 +0.00° 1.8 4 0.00°
0.5 0.49 + 0.00° 0.73+0.05* 1.8 +0.00° 1.8 +0.00°
1.0 0.48+0.01* 0.67 +0.01° 1.7 +0.00° 1.6 +0.00°
25 0.48 + 0.00* 0.63 +0.02% 1.6 +0.00° 1.5+ 0.00°
5.0 0.49 +0.01* 0.57 +0.00%¢ 1.440.00° 1.340.00°
10.0 0.52+0.01° 0.51+0.02° 1.4 4+ 0.00° 1.0 +0.00¢
Macacar

0 0.30 + 0.00* 0.42+0.01% 0.42 + 0.00° 0.64 +0.00%
0.5 0.30 +0.01* 0.39 +0.00*" 0.40 + 0.00* 0.61 +0.00°
1.0 0.30+0.01% 0.38 +0.00° 0.39 + 0.00° 0.59 +0.00°
25 0.31+0.01* 0.3440.01° 0.35+0.00° 0.53+0.00°
5.0 0.30 + 0.00* 0.3240.01%¢ 0.34+0.00° 0.49 +0.004
10.0 0.25+0.04° 0.29+0.019¢ 0.29 +0.00¢ 0.44 +0.00°

& Means +SD (n = 3). In the same column, means with different superscript are statistically different (P < 0.05).

(Richard-Forget et al., 1995; Frithbeck et al., 1995).
The main objective of this study was to investigate the
effect of irradiation on the content of phenolic com-
pounds, tannins and phytate in the two brazilian bean
varieties Macacar and Carioca.

2. Experimental

2.1. Material

Brazilian bean varieties P. vulgaris L. var. Carioca
and Vigna unguiculata (L.) Walp var. Macagar were
bought in a local supermarket. All reagents were of
analytical grade and the solutions were prepared with
bidistilled water.

2.2. Irradiation of the beans

The samples were packed in plastic bags and irra-
diated in a Gammacell (AECL) with doses of 0.5, 1.0,
2.5, 5.0 and 10 kGy using a *°Co source (IPEN, Sio
Paulo) with a dose rate of 0.44 kGy h™'.

2.3. Cooking of the beans

The beans were soaked for 10 h at 25°C in distilled
water and then cooked at 100°C in the soaking water.
The optimal cooking time was determined for each
radiation dose and variety (Villavicencio et al., 1997).

2.4. Determination of phenolic compounds, tannins and
myo-inositol phosphates

The beans including the cooking water were lyophi-
lized. 2.5 g of each lyophilized samples were used to
extract the phenolic compounds and the tannins. The
determination of the concentration of phenolic com-
pounds was performed according to Swain and Hills
(1959) and the tannins were quantified as described by
Price et al. (1978). The quantification of the different
myo-inositol phosphates was performed by a combi-
nation of the AOAC-method and the ion-pair chroma-
tography according to Sandberg and Ahderinne
(1986).

2.5. Statistical analysis

The statistical analyses was performed using
ANOVA (Yaname, 1977), t-test and the multiple com-
parison test described by Tukey—Kramer using the
program GraphPad Instat, version 2.01.

3. Results and discussion

The content of phenolic compounds was determined
to be 0.48 mg g~! dry basis in the raw non-irradiated
Carioca beans and 0.30 mg g~' dry basis in the raw
non-irradiated Macacar beans (Table 1). Radiation
doses up to 5 kGy do not have an effect on the con-
centration of phenolic compounds in the raw beans.
Only a slight decrease in the concentration of phenolic
compounds was observed in Macagar beans using 10
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Table 2

Effect of irradiation on myo-inositol phosphate concentration in Carioca and Macagar beans

Dose (kGy) 1P, (umol/g)* IP5 (umol/g)* IP, (umol/g)* IP; (umol/g)*
Carioca Macacar Carioca Macacar Carioca Macagar Carioca Macagar

Raw

0 13.540.0° 8.740.0° 1.940.0° 1.340.0° 0 0 0 0

0.5 13.540.0° 8.740.0° 1.9 40.0% 1.340.0* 0 0 0 0

1.0 13.240.1° 8.6+0.0° 1.940.0° 1.040.0° 0 0 0 0

25 13.340.0° 8.7+ 0.0 1.9 40.0* 1.340.0° 0 0 0 0

5.0 13.24+0.0° 8.6+0.0° 1.9+0.0° 1.5+0.0° 0 0 0 0

10.0 12.240.0° 8.6 +0.0° 1.94 0.0 1.340.0° 0 0 0 0

Cooked

0 10.7 +0.0° 7.540.0° 3.04+0.0° 1.9 40.0* 0.8 + 0% 0.4+ 0% Traces

0.5 10.6 +0.0* 7.4+0.0° 3.240.0° 1.9+0.0% 1.2+0° 0.440° Traces

1.0 10.4+0.0° 7.540.0° 3.240.0° 2.140.0° 1.3+0° 0.4+ 0% Traces

2.5 10.6+0.0° 7.540.0° 3.240.1° 2.140.0° 1.3+0° 0.4+0° Traces

5.0 10.6 +0.0° 7.440.0° 3.340.0° 2.140.0° 1.2+0° 0.4+ 0% Traces

10.0 10.340.0° 7.440.0° 3.440.0° 2.140.0° 1.64+0° 0.440° Traces

4 Means +SD (n = 3). In the same column, means with different superscript are statistically different (P < 0.05).

kGy. This is in accordance to published studies by
Oigiangbe and Onigbinde (1996) and Pinn et al.
(1993), since these authors did not observe an effect of
irradiation on the concentration of phenolic com-
pounds. After cooking a decrease in the concentration
of phenolic compounds was found by increasing the
radiation dose (Table 1). Using the radiation dose
allowed for insect disinfestation (up to 1 kGy) a 7%
reduction in the concentration of phenolic compounds
was observed. Compared to raw beans the soaked and
cooked ones showed a higher content in phenolic com-
pounds. This could be explained by a better extractabi-
lity of those compounds due to alteration of cell wall
components at higher temperature or by a decompo-
sition of certain insoluble phenolic compounds.

The content of tannins was determined to be 1.8 mg
g~! dry basis in raw non-irradiated Carioca beans and
0.42 mg g~ dry basis in raw non-irradiated Macacar
beans (Table 1). Ene-Obong (1995) reported a vari-
ation in the tannin content in different V. unguiculata
varieties. No tannins were found in beans with a white
skin, darker beans contain tannins up to a concen-
tration of 1.42 mg g~! dry basis. Several authors
(Martin-Cabrejas et al., 1997; Desphande et al., 1982;
Barampama and Simard, 1994) reported tannin con-
tents in different bean varieties of 0.03-1.56 mg g~!
dry basis. The tannin content of the two bean varieties
decreases with the increase in the radiation dose in raw
as well as in cooked beans. This is in accordance to
the results published by Pinn et al. (1993). Tannin con-
tent was not affected by soaking and cooking of
Carioca beans, but higher after soaking and cooking
of Macacar beans.

Table 2 summarize the myo-inositol phosphate
values for the raw and cooked beans. The most abun-
dant myo-inositol phosphate in raw beans was phytate
(IPg), representing about 87% of the myo-inositol
phosphates in both bean varieties. The concentration
of IP¢ in the raw material ranges from 8.7 pmol g~
dry basis in Macacar beans to 13.5 ymol g~ dry basis
in Carioca beans. Of the lower myo-inositol phos-
phates only myo-inositol pentakisphosphate (IPs) was
found in significant amounts in raw beans. The con-
centration of IPs ranges from 1.3 pmol g~' dry basis
in Macacar beans to 1.9 pmol g~' dry basis in Carioca
beans. These results are in good agreement with
recently published data (Morris and Hill, 1996). Myo-
inositol phosphate concentrations were not affected by
the radiation process. After cooking a significant re-
duction in IP4 content with a concomitant increase in
the concentrations of IPs, myo-inositol tetrakispho-
sphate (IP;) and myo-inositol trisphosphate (IP;) was
observed. Phytate reduction was determined to be 21%
in Carioca beans and 14% in Macacar beans. 8 to
40% phytate reduction was reported after soaking and
cooking of different legumes (Bhatty, 1989; Fernandez
et al., 1994; Ganesh et al., 1978; Ologhobo and
Fetuga, 1984; Tabekhia and Luh, 1980). The rate of
phytate reduction depends on the kind of legume and
the preparation procedure used. Therefore, soaking
and cooking the beans has only a limited effect on the
content of myo-inositol phosphates with adverse effects
on mineral absorption, because the degree of inhibitory
action of the myo-inositol phosphates on mineral util-
ization is directly proportional to the degree of phos-
phorylation (Brune et al., 1992; Han et al.,, 1994;
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Table 3
Effect of irradiation on phytase activity in Carioca and
Macacar beans

Phytase (mU/g)*

Dose (kGy) Raw Cooked
Carioca

0 38.50 4 0.00% 0
0.5 39.00 +0.00* 0
1/0 38.50 4+ 0.36% 0
2.5 37.00+0.21* 0
5.0 30.40 4 0.34° 0
10.0 27.604+0.15¢ 0
Macacar

0 15.40+0.21% 0
0.5 15.00 +0.15% 0
1.0 13.50 +0.06* 0
2.5 12.70 £0.17° 0
5.0 11.20 +0.06™ 0
10.0 9.10+0.17° 0

Means + SD (n = 3). In the same column, means with
different superscript are statistically different (P < 0.05).

Lonnerdal et al., 1989; Sandstrém and Sandberg,
1992). It was reported that only IP¢ and IPs show
negative effects on zinc and iron absorption in humans,
while 1P, and IP; have no effect. Furthermore, the
radiation process has no significant effect on the con-
centrations of the different myo-inositol phosphates
after soaking and cooking, but the radiation process
shows an impact on the activity of phytate-degrading
enzymes (phytases). With an increase in radiation dose
a decrease in phytase activity was observed in both
bean varieties (Table 3). Since it was shown by Greiner
and Konietzny (1998) that phytase is responsible for
phytate degradation during soaking and cooking of
beans the radiation process should have an effect on
phytate degradation after soaking and cooking. An ex-
planation for the missing effect is that apart from the
activity of the enzymes, the free access of the enzyme
to phytate must be taken into account. This access is
connected with the partial breakdown of cell walls and
the liberation of phytate from complexes with other
plant tissue. The missing effect could be explained by a
partly prevention of access of those enzymes to phy-
tate. Hence, plant tissue degrading activities seems to
be a very important factor (Zyla et al., 1992).

4. Conclusions

The content of the anti-nutrients phenolic com-
pounds, tannins and phytate in the brazilian bean var-
ieties P. vulgaris L. var. Carioca and V. unguiculata
(L.) Walp var. Macacar were of the same magnitude as

reported in the literature. Irradiated with doses of 0.5,
1.0, 2.5, 5.0 and 10 kGy has no or only a very limited
effect on the content of the anti-nutrients phenolic
compounds, tannins and phytate. Therefore, ir-
radiation does not result in a better nutritional quality
of the beans under investigation in respect to an
increased bioavailability of minerals and trace ele-
ments.
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