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Nutritional characteristics of biofortified common beans
Priscila BRIGIDE™, Solange Guidolin CANNIATTI-BRAZACA', Maira Oliveira SILVA'

Abstract

Iron and zinc deficiency can cause anemia and alterations in the immune response and impair work capacity. To minimize this
problem, biofortification has been developed to improve and/or maintain the nutritional status of the population. Beans are
an important source of carbohydrates, proteins, and minerals. The objective of this study is to characterize biofortified beans,
quantify the minerals in different cultivars, and determine mineral dialysis. Grains of raw and cooked beans were analyzed for
moisture, protein, lipids, fiber, minerals, and in vitro availability using four treatments and one control. The data were analyzed
using ANOVA, and the Tukey test (p<0.05). The chemical composition of the raw and cooked treatments showed a moisture
content ranging from 13.4 to 81.4%, protein from 22.24 to 31.59%, lipids from 1.66 to 2.22%, fiber from 16.81 to 40.63%,
carbohydrates from 27.80 to 34.78%, and ash from 4.1 to 4.82%. Different varieties of beans showed statistically significant
differences in iron and zinc content compared to the control cultivar (Pérola). The iron content differed significantly from that
of the Pérola cultivar in the raw treatment, while in the cooked treatment, the control cultivar did not differ from the Pirata.
The same behavior was observed for the zinc content in both treatments. There was no significant difference between the
cultivars in the treatments in terms of the content of the dialysis of Calcium (Ca), Iron (Fe), Magnesium (Mg), and Zinc (Zn).
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1 Introduction

Vitamin and mineral deficiencies can interfere with all
aspects of human development; these conditions have physical
and socioeconomic consequences that can affect the progress of
an entire country. Beans and meat are both important sources
of iron, and approximately 1-7% of this mineral in dietary
sources are absorbed consumed alone. Beans have great social
and economic importance in Brazil because they are one of
the main sources of protein, plant-derived micronutrients, and
minerals. However, the health benefits of beans are associated
with their processing methods. Beans should be cooked or
processed before intake. The processing of legumes not only
improves their flavor and palatability, but it also increases
the bioavailability of nutrients and reduces flatulence factors
(raffinose oligosaccharides) (Cardador-Martinez et al., 2002;
Xu et al., 2009).

Cooking legumes improves their nutritional value by
reducing antinutrients, such as phytic acid and tannins, and
improving protein and starch digestibility. Moreover, cooking
imparts desirable sensory properties to grains (Ranilla et al,,
2009). This study aims to determine the chemical composition
and Ca, Fe, Mg and Zn avalilability in biofortified raw and
cooked bean cultivars compared with a non-biofortified control.

2 Materials and methods

2.1 Bean cultivars and bean flour production

The common biofortified bean varieties (P. vulgaris L.)
Supremo, Porto Real, Piratd, Brazil and Perola (control) were
donated by EMBRAPA - Rice and Beans Research Center

(EMBRAPA - Centro de Pesquisa Arroz e Feijao) in August
2010. The beans were analyzed raw and thermally processed. For
the analysis of the raw grains, the samples were ground using
a knife mill and passed through a 30-mesh sieve to obtain the
flour consistency. The flour was stored in closed polyethylene
bags, stored at 4 °C, and then analyzed. For the analysis of the
cooked beans, the grains were soaked for 10 hours in distilled
water (1:3); the water was then discarded and the grains were
mixed with water (1:3) and cooked in an autoclave at 121 °C for
10 minutes. After cooking, the samples were lyophilized, placed
in plastic bags, and subsequently ground and kept refrigerated
until analysis.

2.2 Determination of chemical composition

Humidity was determined in an oven setat 105 °C, according
to standard procedures detailed by AOAC (Association of
Official Analytical Chemists, 2005).

The ash content was determined by calcination in a furnace
at 550 °C using the method described by AOAC (Association
of Official Analytical Chemists, 2005).

The total nitrogen content was quantified by the Kjeldahl
method, as described by AOAC (Association of Official
Analytical Chemists, 2005), and the protein content was
calculated by multiplying the result by 6.25.

The lipid content was determined by Soxhlet extraction
according to the method described by AOAC (Association of
Official Analytical Chemists, 2005), using petroleum ether as
the extractor.
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Biofortified common beans

The carbohydrate content was determined by subtracting
the sum of the lipid, protein, moisture and ash contents from
100 (Association of Official Analytical Chemists, 2005).

Determination of dietary fiber

The determination of total dietary fiber (TDF) and insoluble
(IDF) and soluble dietary fiber (SDF) of the bean samples was
performed according to the gravimetric enzymatic method
using * heat-resistant amylase, pepsin, and pancreatin for
enzymatic hydrolysis. Filtration was performed using glass
crucibles with sintered glass plates and diatomaceous earth
filter aid. Total fiber was determined as the sum of IDF and
SDF (Asp et al., 1983).

Determination of mineral content

The content of mineral elements was determined using
digestion with nitric-perchloric acid. After cooling and
diluting the material with deionized water, the samples were
analyzed using an atomic absorption spectrophotometer at the
Laboratory of Plant Mineral Nutrition, Department of Soils
and Plant Nutrition, ESALQ. The following wavelengths were
used: 422.7 nm for calcium, 248.3 nm for iron, 285.2 nm for
magnesium, and 213.9 nm for zinc (Association of Official
Analytical Chemists, 2005; Sarruge & Haag, 1974).

Mineral dialysis

The analysis of mineral dialysis was performed according
to the method proposed by Whittaker et al. (1989), in which
5 g of the sample were homogenized with 17 mL of deionized
water. Next, 6 N HCI was added until the pH reached 2; then,
0.01 N HCl was added to a final volume of 34 mL. Digestion was
performed by adding 1.07 mL of HCI-pepsin and incubating at
37 °C in a shaking water bath at 200 rpm for 2 hours. Finally, 7
g of the digested sample were weighed, to measure the acidity,
and 1.7 mL of pancreatin-bile was added and titrated with 0.5 N
KOH until a pH of 7.5 was reached. According to the volume of
KOH titrated, the same volume of 0.5 N NaHCO, was diluted in
8.5 mL of distilled water. Dialysis was performed by placing the
digested material in dialysis bags. Three times the volume of 0.5
N NaHCO, were used so that the digested sample would remain
submerged. The vials were covered and agitated for 30 min at
37 °C. A pancreatin-bile suspension was added and incubated
for 2 hours. Deionized water was added to the dialyzed content
to a final volume of 10 mL. The determination of minerals was
performed by atomic absorption spectrophotometry.

Statistical analysis

A completely randomized design with three replicates and
each one with three samples was used. Variance analysis (the
F-test) was carried out, and the means of the different treatments
were compared using the Tukey test (p < 0.05) (SAS).

3 Results and discussion

Beans provide significant amounts of protein and dietary
fiber and are an excellent source of some minerals (Brigide, 2002;
Hu et al., 2006; Aparicio-Fernandez et al., 2005; Villavicencio
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et al., 2000), as shown in Table 1. In order to improve the
nutritional quality of beans, methods such as maceration are
used (Barampama & Simard, 1994, 1995); these methods are
similar to the cooking methods commonly used by people for
preparing beans. The efficacy of these methods varies depending
on the cultivar and treatment. All of these processes reduce
antinutritional factors (Barampama & Simard, 1994), but other
phenomena may also occur, such as losses of the macro- and
micronutrients, particularly vitamins and minerals, during the
processes of maceration and cooking (Barampama & Simard,
1995; Rehman et al., 2001).

Maceration and cooking processes resulted in greater levels
of moisture and carbohydrates than those in the raw beans
(Table 1). The average moisture content was 13.89 to 15.62%
in raw beans and 76.96 to 81.40% in macerated/cooked beans.
The process of maceration/cooking favored hydration of the
grains, which explains their high moisture content. These values
are close to those found by Oliveira et al. (2008) and Ramirez-
Cardenasi et al. (2008), who found 9 to 11% on a dry basis in
raw beans. The values found in the cooked beans are similar
to those reported by Brigide & Canniatti-Brazaca (2006). The
Porto Real and Brasil cultivars had the highest values in the raw
treatment, while the Supremo cultivar exhibited the highest
value in the maceration/cooked treatment.

According to Esteves (2000), the protein content of beans
on a dry basis is between 22 and 26%, values similar to the
range of 23.38 to 31.59%, found in the raw treatment, and
22.24 to 33.10% found in the macerated/cooked treatment
(Table 1). In a study on beans prepared in a pressure cooker,
Oliveira et al. (2001a) reported protein values of 19.8% in beans
cooked without maceration and 19.2% and 19.3% in macerated
and cooked beans with and without the maceration water,
respectively; thus, replacing the maceration water did not affect
these values (Oliveira et al., 2001b) and the values were lower
than those found in the present study in cooked beans, which
ranged from 20.54 to 34.04% (Table 1). Among the cultivars
evaluated, Brasil and Supremo cultivars showed the highest
levels of protein in the raw treatment, while the Supremo cultivar
showed a higher protein content in the macerated/cooked
treatment. Protein provided by beans is an important nutrient
to meet the nutritional requirements of the Brazilian population

Compared to the content of other macronutrients, lipid
content is generally low in the common beans.

The fat content of raw beans ranged from 1.66 to 2.13%
and from 1.77 to 2.22% in cooked beans in the cultivars studied
(Table 1). Barampama & Simard (1993) found similar values
(from 1.9 to 2.0%) to the data presented in the present study.
The differences in the ether extract content may be explained by
the different cultivars used and cultivation area and practices.
The lipid content did not vary with the maceration/cooking
methods used, i.e., they did not affect the content of this
nutrient. However, Porto Real, Pérola, and Brasil cultivars had
the highest lipid contents in the raw treatment, while Pérola
and Supremo cultivars had the highest levels in the macerated/
cooked treatment. Beans are not a source of lipids.
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The amounts of available carbohydrates in the samples,
which were obtained by difference, ranged from 16.18 to 22.68%
in raw beans and 25.07 to 40.63% in cooked beans. All of the
cultivars, except for Brasil cultivar, had the same carbohydrate
content regardless of treatment. Carbohydrates and proteins are
major components of dry beans. The carbohydrate content of
the cultivars in raw and cooked forms is in agreement with those
reported by other authors (Brigide & Canniatti-Brazaca, 2006;
Sathe, 2002). The cooking process causes significant differences
in carbohydrate content, and beans provides the diet with large
amounts of carbohydrates.

The total dietary fiber ranged from 30.32 to 34.01% in
raw beans and from 27.80 to 31.78% in cooked beans. The
difference between these treatments was not statistically
significant. Brasil cultivar had lower total dietary fiber value
in the raw treatment, but it did not differ from the Pirata and
Supremo cultivars. The macerated/cooked treatment of Porto
Real cultivar was different from the cooked treatment of Pérola
and Brasil cultivars, showing a lower fiber content. Acevedo &
Bressani (1990) found a 26.77% dietary fiber content in black
beans and 24.65% in white beans. Londero et al. (2008) found
different values of dietary fiber in cultivars grown in different
environments. Gonzéles (2000) noted that heat treatments can
have variable effects on dietary fiber and that cooking causes
disruption of the cellular components of beans (cellulose,
hemicellulose, lignin, pectin and gums). The cooking process
results in interactions between proteins and lipids, and it causes
qualitative and quantitative changes in the composition of total
dietary fiber of cooked foods compared to that of raw foods.

Dietary fiber present in beans increases fiber intake in the
Brazilian population.

There was no significant difference between the ash content
of the raw cultivars, which ranged from 4.1 to 4.57%, and of the
cooked beans, which ranged from 3.79 to 4.82%.

There was no significant difference between Porto Real
cultivar and the other cultivars in the raw treatment, except for
the Brasil cultivar, while Pérola and Brasil cultivars had higher
ash contents in the other treatments.

According to Barampama & Simard (1993), the ash content
of beans varies from 3.8 to 4.5%; these values are similar to
those of the samples evaluated in the present study (Table 1).
Lemessa (2004) found lower values in grains that were cooked
after maceration, which is in agreement with the data presented
in Table 1. Using maceration water to cook the beans preserved
the ash content because maceration causes leaching of minerals.
When the maceration water was not discarded, the solubilized
minerals were maintained (Barampama & Simard, 1995).

Costa et al. (2006) found an ash value of 4% in macerated
beans and beans cooked in a pressure cooker in the same
maceration water; this value is lower than those presented in
Table 1. This difference may be due to variations in cultivation,
plantation area, and the cultivar of the grains used.

The mineral contents of common bean cultivars are
presented in Table 1. The consumption of beans increases the
amount of several minerals in the diet. There was no significant
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difference between the raw and macerated/cooked treatments
in the P content found in this study. In the literature, the P
contents range from 0.37 to 0.54 g 100 g™ (Esteves, 2000; Oliveira
et al., 2001b). Bean lines with higher levels than the literature
values were found in the present study, for instance, the levels
in the Supremo and Brasil cultivars were higher in the raw and
cooked treatments. Their levels were also higher than those of
the Porto Real cultivar.

The range of K found in raw beans in the current study
varied from 25.27 (Piratd) to 33.86 (Pérola) mg kg™, and in
the cooked treatment it ranged from 23.52 (Supremo) to 42.9
(Brasil) mg kg™. There were no differences between the levels
found in the raw cultivars, but the Porto Real and Brasil cultivars
showed higher values in the macerated/cooked treatment. There
was no significant difference between the raw and macerated/
cooked treatments.

The Ca content ranged from 0.71 (Brasil) to 1.73 mg kg™
(Supremo) and 0.89 (Pirata) to 1.46 mg kg™ (Supremo). Several
authors found Ca levels in 100 g ranging from 0.06 g to 0.28 g
(Esteves, 2000; Oliveira et al., 2001b).The Ca levels did not differ
between the raw and macerated/cooked treatments.

The magnesium content had a significant difference
between the raw and macerated/cooked beans. The Mg content
ranged from 1.12 to 1.73 mg kg™ in the raw treatment and from
1.61 to 1.71 mg kg™ in the macerated/cooked treatment. The
Pérola, Brasil, and Pirata cultivars had the highest levels of Mg
in the raw treatment, while there were no differences between
the cultivars in the macerated/cooked treatment. The average
magnesium content in various North American beans (United
States Departament of Agriculture, 2013) were similar to those
found by Taco (Universidade Estadual de Campinas, 2011),
with variations ranging from 140 mg 100g™* (kidney bean) to
222 mg 100g™ (yellow bean). In addition, the reference values
were higher than the average levels of magnesium found in the
five varieties studied.

The sulfur content varied from 2.04 to 2.36 mg kg™' in the
raw treatment, and in the macerated/cooked treatments it varied
from 1.45 to 2.66 mg kg~. There was no significant difference
between the raw and the macerated/cooked treatments. The
Porto Real cultivar showed the lowest sodium content, differing
significantly from the Piratd and Supremo cultivars in the raw
treatment, with contents ranging from 1.61 to 4.65 mg kg™' and
from 0.35 to 3.83 mg kg™ in the macerated/cooked treatment.
There was no difference between the raw and cooked treatments.
Cooked Pirata had the lowest value between the cultivars,

The Cu levels ranged from 5.2 to 11.07 73 mg kg™ and 4.96
to 13.3373 mg kg™ in the raw and macerated/cooked treatments,
respectively; there was no difference between the raw and the
cooked treatments. Raw Piratd cultivar had the highest CU
value, which was not different from that of the cooked Supremo
cultivar. Studies in the literature show Cu values ranging from
1.4 to 9.0 73 g kg™ (Esteves, 2000; Oliveira et al., 2001b) in
different lines of beans. The Cu levels found in the present study
are higher than the values reported in the literature.

In the raw treatment, the lines showed Fe levels between
61.12 (Pérola) and 80.82 mg kg™ (Supremo), differing from that
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Brigide; Canniatti-Brazaca; Silva

of the Pérola cultivar (control) cultivar; similar to the what was
found in the macerated/cooked treatment, in which the iron
content varied from 57.09 (Pérola) to 88.48 mg kg™' (Supremo).
The Pérola (control) cultivar showed the lowest amount of Fe.
The standard reference values provided by the USDA (United
States Departament of Agriculture, 2013) for the average content
of Fe are very similar, varying from 5 to 8 mg 100g™".

The manganese content varied from 11.26 to 17.91
73 mg kg™ in the raw treatment and from 12.57 to 17.43 73 mg
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kg™ in the macerated/cooked treatment; there was no significant
difference between the raw and cooked treatments. However,
the Pirata cultivar had the lowest value in the raw and cooked
cultivar treatments, and showed no difference from the Supremo
and Pérola cultivars (Table 1).
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Figure 1. Dialysis (%) of the minerals Ca (1a), Mg(1b), Fe(1c), and Zn(1d). Data are presented on a dry basis (means + standard deviation,
minimum n = 3). Different lowercase letters in the same column indicate a significant difference in the raw treatment, and different uppercase
letters in the same column indicate a significant difference in the macerated/cooked treatment (P <0.05). Different uppercase letters in the same row
indicate statistically significant differences (P <0.05) Mean value of cultivars; " indicates no significant difference; * indicates significant difference.
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cultivars. There was no significant difference between the raw
and cooked treatments. The biofortified varieties differed from
the control, with the exception of the macerated/cooked Pérola
cultivar. According to some studies, the Zn levels found in
various beans ranged from 20.20 to 36 mg kg™ (Esteves, 2000;
Oliveira et al., 2001b), which is close to the results found in
this study.

There were no statistically significant differences between
the cultivars in terms of the minerals analyzed. Since all varieties
were grown under strictly controlled conditions of soil, water
and agricultural practices, these results can be considered highly
representative of the characteristics of beans and the advantages
of each variety in terms of nutrient composition.

Beans are a good source of minerals, such as Ca, Mg, Fe,
and Zn, as shown in Table 1; however, according to Erdman Jr.
(1981), their bioavailability depends on factors endogenous and
exogenous to the grain. The endogenous factors are related to
the biochemical composition of the grain, such as phytic acid,
fiber, amino acids, and proteins that can chelate minerals quite
easily. Moreover, the interaction of these compounds during
food processing, preparation, or in the body may change their
bioavailability, as shown in Figure 1.

With regard to the in vitro availability of minerals, Brasil
and Pirata cultivars showed the highest values of Ca dialysis
in the raw treatment, but Brasil cultivar showed the lowest
content of Ca dialysis in the macerated/cooked treatment. The
treatments showed no significant difference, demonstrating that
the macerating/cooking treatment does not affect the levels of
dialysis.

Pérola cultivar was the only one that differed from the
others in terms of Mg dialysis; lowest value was found in
the raw treatment. The macerated/cooked treatment showed
no differences between the cultivars. However, there was a
significant difference between the raw and macerated/cooked
treatments.

The raw-treatment cultivars did not differ in terms of Fe
dialysis, but the macerated/cooked Porto Real, Pirata, and
Supremo cultivars showed the highest Fe dialysis values. There
was no significant difference between the raw and macerated/
cooked treatments.

The cultivars did not differ in terms of zinc dialysis,
regardless of the treatment, and there was no significant
difference between the treatments.

Sebastia et al. (2001) found similar values to those presented
in this study, with Ca dialysis of 0.15 mg/g in the raw treatment
and 0.13 mg/g in the cooked treatment. Zinc had the same
dialysis content, 0.32 ug/g, regardless of the treatment, and iron
had values of 0.045 pg/g in the raw treatment and 0.017 pg/g in
the cooked treatment.

Pinn (1992) found a dialysis value of 0.82% of iron in beans,
which is close to the results presented in this study. Other
authors found higher values for the Fe dialysis; Martinez et al.
(1998), reported that the average values of in vitro availability
of iron in cooked beans in the Cleo, Strike, and Sentry varieties
of Phaseolus vulgaris were 4.1, 5.9 and 9%.
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Amaya et al. (1991) found the following variations in the
total iron during the processing of black beans (Phaseolus
vulgaris): 2.9-3.8 mg/100 g of beans without broth, 4.1-5.8
mg/100 g of beans with broth, and 12.6-15.5 mg/100 g of broth.
Ionizable iron, indicative of iron bioavailability, ranged from
0.31 to 0.41 mg in beans without broth and 0.29 to 0.41 mg in
beans with broth. Although these values are similar, the values
found in the bean broth ranged from 1.13 to 1.92 mg.

Pastor-Cavada et al. (2013) evaluated whole corn and rice
with legumes in extrused produts and found mineral availability
of iron ranging from 6.4 to 16.3% and 10 to 16.3% for zinc.
Hemalatha et al. (2007) found a bioavailability of zinc value of
52.5% and 10.2% for Fe in French beans; these values are higher
than those found in the current study. Sandberg (2002) stated
that the presence of phytic acid, polyphenols, and dietary fiber in
these food sources exert antagonistic effects on the absorption of
calcium, iron, and zinc, which could explain the low availability
of those minerals. The nutritional composition of beans can
vary widely due to varietal differences and environmental
conditions of production, but the grains of the aforementioned
cultivars were subjected to the same plantation conditions,
which guarantee equal treatment in cultivation. Variations in the
micronutrient content of grains can be attributed to a number
of factors: plant characteristics, such as plant age, maturity,
species, variety, cultivar, and diet; environmental features, such
as climate, soil, rainfall, and season; and processing factors,
such as storage time, temperature, method of preservation, and
preparation of food. Therefore, it can be said that the grains
analyzed in this study had similar characteristics.

4 Conclusion

Under the experimental conditions used, the chemical
composition values indicated that the levels of moisture, protein,
ether extract, ash, fiber, and carbohydrate differed between the
studied cultivars. In contrast, moisture and fiber content differed
between the raw and cooked treatments, with the presence of
increased moisture and carbohydrates in the cooked beans.

In terms of the mineral content of the cultivars assessed,
when compared to the control, the iron content of Pérola
cultivar was the highest in the biofortified beans. However,
in the macerated/cooked treatment, the iron content of the
biofortified beans did not differ from that of the Pirata cultivar.
The same behavior was observed in terms of zinc content in
both treatments. All varieties studied belong to the same species,
Phaseolus vulgaris, and all cultivars were treated under the same
cultivation, harvesting, and storage conditions and exhibited
significant amounts of K, Ca, Fe, Mg, Mn, and Zn. However,
all the cultivars had an exceptionally large concentration of
nutrients.

The dialysis content of Ca, Fe, and Zn did not differ between
treatments, demonstrating that the treatments did not influence
the availability of these minerals. The cooked treatment showed
alower availability of Mg. In comparison to the control cultivar
(Pérola), the content of Fe dialysis were higher in the biofortified
beans between the studied cultivars, while in the macerated/
cooked treatment, the Pérola cultivar did not differ from Brasil
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cultivar. The Zn content of the control cultivar did not differ
from the other cultivars in both treatments.
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