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Il Abstract

Six different common bean cultivars (BRS Embaixador, BRS Pitanga, BRS Estilo, Pérola, BRS Campeiro and BRS
Esplendor) were characterized aiming to determine possible uses for them in various food products. The samples were
analysed to determine their chemical composition, weight per hundred beans, pH, water and oil absorption capacities
(WAC and OAC, respectively), foaming at pH 2.5, 5.6 and 8.0 and emulsifying properties. The relationship between the
physicochemical and functional properties was described using the Principal Component Analysis (PCA). The results of
the chemical composition, weight per hundred beans, WAC and OAC showed differences even between cultivars of the
same commercial group. Foaming also varied between the cultivars and foaming capacity and stability were greatest at
pH 5.6 and 8.0. The emulsifying capacity proved quite high for all cultivars, as well as the stability of the emulsion. According
to these properties, with the contribution of the PCA, each different bean cultivar can be destined to specific applications
according to its physicochemical properties.

Keywords: Chemical characterization; Phaseolus vulgaris L.; Bean cultivars; Bean products.

Il Resumo

Seis diferentes cultivares de feijdo comum (BRS Embaixador, BRS Pitanga, BRS Estilo, Pérola, BRS Campeiro e BRS
Esplendor) foram caracterizados visando suas possiveis utilizagbes em produtos alimenticios variados. As amostras foram
analisadas para determinacdo da composicdo quimica, peso de 100 gréaos, pH, capacidade de absorcédo de agua e 6leo
(CAA e CAQ, respectivamente), propriedades espumantes nos pHs 2,5; 5,6; € 8,0 e propriedades emulsificantes. A relacao entre
as propriedades fisico-quimicas e funcionais foi descrita utilizando Analise de Componentes Principais (ACP). Os resultados
da composicao quimica, peso de 100 graos, CAA e CAO mostraram diferencas até mesmo entre cultivares do mesmo grupo
comercial. A capacidade de formac&o de espuma também variou entre os cultivares. A capacidade de formacéo de espuma
e a estabilidade da espuma foram maiores nos pHs 5,6 € 8,0. A capacidade emulsificante foi alta para todos os cultivares bem
como a estabilidade da emuls&o. De acordo com estas propriedades, com a contribuicdo da ACP, cada cultivar diferente de
feijao pode ser destinado a aplicagdes especificas, de acordo com as suas propriedades fisico-quimicas.

Palavras-chave: Caracterizacdo quimica; Phaseolus vulgaris L.; Cultivares de feijdo,; Produtos de feijéo.

Il 1 Introduction

The common bean (Phaseolus vulgaris L.) is the most ~ widest ranges of variation in growth habits, seed characteristics
important food legume used for direct consumption throughout  (size, shape, and colour), maturation times and adaptation
the world. In comparison with other food crops, ithas one of the ~ (JONES, 1999). This grain is an important source of protein,
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complex carbohydrates, minerals and dietary fibres,
especially in developing countries (DIAZ-BATALLA et al.,
2006). Bean proteins are rich in lysine, being a good
complement to cereal proteins such as rice or corn, which
are deficient in this amino acid (GEPTS, 2001).

In spite of these characteristics, beans have some
undesirable properties that limit their acceptability and
nutritional value, such as the “hard-to-cook” phenomenon,
the presence of anti-nutritional factors, and the low
nutritional value of its proteins, since they do not contain
all the essential amino acids in significant quantities
(RAMIREZ-CARDENAS et al., 2008). In the case of beans,
anti-nutritional factors such as phytates, protease and
amylase inhibitors, lectins and polyphenols (tannins),
reduce the activity of some enzymes and the absorption
of metabolites (BATISTA et al., 2010).

Although there are studies on the use of beans in
bread, pasta and other products (DZUDIE et al., 2002;
GALLEGOS-INFANTE et al., 2010; BATISTA et al., 2011),
there are few studies linking the development of new
products to the characteristics of this raw material, which
should be a primary consideration for the development
of new bean products, highlighting beans as a function
of their important nutritional composition.

Further studies on the different bean cultivars could
be the basis for the development of new products, since
the industry needs this information in order to select the
best variety for use in industrial processing. The purpose
of this study was to investigate the properties of different
cultivars of red, black and carioca beans in relation to
their chemical and functional characteristics, aiming to
gather information for future studies on the development of
new products and the appropriate modification of current
production processes.

I 2 Material and methods
2.1 Material

The bean cultivars were provided by EMBRAPA
(Goias, Brazil) and were among the most economically
important in Brazil. The cultivars analysed were BRS
Embaixador and BRS Pitanga (red), BRS Estilo and Pérola
(carioca) and BRS Campeiro and BRS Esplendor (black).

The beans were grown in the experimental fields
of EMBRAPA Rice and Beans, in Ponta Grossa, State of
Parana, Brazil, and harvested in May 2011. One hundred
gram portions of the beans were stored in polyethylene
bags in a cool, dry place until analysed.

2.2 Sample preparation

After a preliminary cleaning and the removal of any
broken beans, the dried beans were washed with neutral
soap and distilled water, and then dried in an oven at
45 °C for 5 h. The beans were ground in an analytical
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microprocessor (Q298A21, Quimis®, Diadema, Brazil)
and the resulting flour sieved (60 mesh). The bean flour
samples were vacuum-packed in polyethylene bags and
stored at room temperature until analysed.

2.3 Proximate chemical composition

The moisture (method 925.10), protein (N x 6.25)
(method 920.87), lipid (method 945.39) and ash (method
942.05) contents of the samples were determined according
to the Association of Official Analytical Chemists - AOAC
(2005) methods. The carbohydrate content was calculated
by the difference from 100. The soluble and insoluble fibre
contents were determined using the Total Dietary Fibre
kit from Megazyme, based on the AOAC (2005) (methods
985.29,991.42,991.43 and 993.19) and American Association
for Cereal Chemistry (AACC, 2010) (methods 32-05.01,
32-06.01, 32-07.01 and 32-21-01) methods. The results
were expressed on a dry weight basis.

2.4 Anti-nutritional factors

The “Phytic Acid (phytate)/Total Phosphorus” kit
from Megazyme was used to determine the phytic acid
content. The tannins were determined using the vanillin-HCl
method according to Price et al. (1978), preparing the
standard curve with catechin (Sigma Chemical Co., St.
Louis, Missouri) in methanol, the result being expressed
in mg catechin/g beans. The trypsin inhibitor activity was
determined as proposed by Kakade et al. (1974), the
results being expressed as units of trypsin inhibitor (UTI)
per gram of sample. One unit of inhibitor was responsible
for the inhibition of one trypsin unit. The a-amylase inhibitor
activity was determined using the method proposed by
Deshpande et al. (1982). One unit of a-amylase inhibitor
was defined as the amount of inhibitor that inhibits one
unit of a-amylase.

2.5 Functional properties

The weight per hundred beans was determined by
counting out 100 beans, which were then weighed on a
semi-analytical balance.

The pH of the bean samples was recorded using
the method proposed by Reyes-Bastidas et al. (2010).
The water absorption capacity (WAC) and oil absorption
capacity (OAC) of the bean flours were evaluated as
proposed by Lin et al. (1974).

The foaming properties were determined as proposed
by Siddiq et al. (2010) with modifications. Half-gram (0.5 g)
samples of bean flour were dispersed in 50 mL aliquots of
Mcllvaine buffers (disodium phosphate - citric acid) at pH
values of 2.5, 5.6 and 8.0. The dispersions were stirred
vigorously in a blender (LigFaz Filter LQ080, Walita®) for
5 min and then transferred to a graduated cylinder. The
volume of the foam that formed was recorded as the
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foaming capacity (mL-100 mL"). The residual volume after
30 minutes was measured to determine foam stability.

The emulsifying properties were determined as
proposed by Naczk et al. (1985) with modifications.
A sample of the flour (0.35 g) was homogenized for 30 s
with 5 mL of water in a Vortex (QL-901, Biomixer®, Sao
Paulo, Brazil). Corn oil (2.5 mL) was added and the mixture
homogenized again for 30 s. A further 2.5 mL of corn oil
was then added and the mixture homogenized for 90 s
before centrifuging at 1000 x g for 5 min. The emulsifying
capacity was calculated from the relationship between
the volume of the emulsified layer and the total volume
before centrifugation x 100. The emulsion stability was
determined by following the same procedure used to
determine the emulsifying capacity, but before centrifuging
the samples, they were heated at 85 °C for 15 min and
then centrifuged after cooling. The emulsion stability was
expressed as the percentage of the emulsifying activity
remaining after heating.

2.6 Statistical analysis

All the analyses were performed in triplicate, the
results being submitted to an analysis of variance (ANOVA)
and the averages compared by applying the Tukey test
at 5% significance, using the Statistica 7.0 software
(STATSOFT, 2004). The data on the chemical and
technological properties of the bean cultivars analysed
were also subjected to a multivariate statistical analysis
using the Principal Components Analysis (PCA) method
and the Linear Pearson Correlation (p < 0.05), implementing
the required script using the R (R CORE TEAM, 2014)
language (v.2.15.2).

Il 3 Results and discussion
3.1 Proximate composition

The proximate chemical compositions of the samples
from the different bean cultivars are shown in Table 1.
Differences were found between cultivars of the same
group and only the beans of the black group showed no

significant differences in protein content. Since all the
cultivars came from the same planting site and were subject
to the same climatic and environmental conditions, these
differences may be related to the cultivars themselves.

The protein content of the bean flours ranged from
21.2t0 25.1 g-100 g, confirming the high protein levels
of this legume and consequently its potential as a dietary
protein source. Similar results were obtained by Saha et al.
(2009), who investigated thirty-five different genotypes
of Phaseolus vulgaris L. and noted protein contents that
ranged from 18.66 t0 26.17 g-100 g™'. Even higher protein
levels have been reported by Pujola et al. (2007), ranging
from 23.4 to 32 g'100 g

The insoluble fibre contents ranged from
11.4 to 20.8 g100 g, with no significant differences
between the insoluble fibre levels of the BRS Estilo and
Pérola cultivars. The cultivar BRS Esplendor showed
higher insoluble fibre contents than all the other samples.

Kutos et al. (2003) noted similar results for the insoluble
and soluble fibre contents of a Phaseolus vulgaris L cultivar,
with an insoluble fibre content of 19.8 + 1.4 g-100 g and
a soluble fibre content of 3.5 + 2.0 g100 g'. Wang et al.
(2010) investigated seven different common bean
cultivars and noted similar quantities of insoluble fibres
(from 9.34t0 17.97 g-100 g') but higher content of soluble
fibres (from 3.64 to 5.42 g-100 g').

The high protein content present in beans supports
the idea of preparing protein extracts containing quantities
consistent with the solubility and other properties of these
proteins.

3.2 Anti-nutritional factors

The anti-nutritional factors limit the nutritional quality
of beans because they reduce the activity of some enzymes,
the biological action of certain chemical compounds, and
the absorption of metabolites (RAMIREZ-CARDENAS et al.,
2008; BATISTA et al., 2010). Table 2 shows the anti-nutritional
contents of the different bean cultivars.

Table 1. Proximate composition of the flours from different bean cultivars (g-100 g).

Red group Carioca group Black group

Parameters 0 BRS BRS ) BRS

(g100g7) Embaixador Pitanga Estilo perola Campeiro BRS Esplendor
Carbohydrate 459 + 1.4° 37.6 +0.8° 48.9 + 0.6° 46.3 + 0.4 43.8 +1.1° 38.0 + 1.6°
Protein 23.2 £ 0.4° 251 +£0.12 21.2+0.1° 22.8 + 0.0° 23.6 £ 0.8° 23.4 £ 0.6°
Insoluble fibres 12.2 + 2.0° 18.0 £ 0.2° 11.4 £ 0.7° 12.2 £ 0.1° 16.0 + 0.1° 20.8 + 0.72
Soluble fibres 2.5+ 0.4 22+1.28 26 +0.12 1.3+0.1% <05+0.0° 2.2 +0.5°
Moisture 10.8 + 0.2% 11.9+0.22 10.5 + 0.2% 11.4 £ 0.2% 11.1 £ 0.2% 10.1 £ 0.2¢
Ash 4.4 +0.12 4.1+ 0.2 3.8 +0.0¢ 4.3 +0.0%® 4.0+ 0.1cd 4.2 +0.1%
Lipids 1.0 +0.0° 1.1+0.1° 1.7 +0.12 1.6 +0.12 1.0+ 0.0° 1.4 +0.0°

Values followed by the same letters in the same row do not differ significantly according to the Tukey test at 5% probability.
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Table 2. Contents of anti-nutritional factors in the different bean cultivars.
Phytic acid

Cultivars

(mgg”)

Red BRS Embaixador 7.7 +£0.2%
BRS Pitanga 8.0 + 0.42
Carioca BRS Estilo 7.4 0.5
Pérola 7.2 +0.62
BRS Campeiro 7.8 £ 0.12

Black
o BRS Esplendor 8.2+ 0.6°

Tannins o-Amylase inhibitor  Trypsin inhibitor
(mg catechin-g™) (UIAg") (VLK)

25.8 + 2.0° 110.6 + 4.4¢ 1247.7 + 37.12
31.1+£2.0° 144.8 + 4.42 555.1 + 28.2¢
36.2 + 1.8° 85.9 + 2.9¢ 865.1 + 18.5°
30.6 + 1.6° 121.1 £ 4.5° 973.7 £ 8.0°

15.1 £ 0.4¢ 163.7 £ 2.92 465.2 + 23.4°
18.1 + 0.9¢ 92.8 + 1.44 502.2 + 6.4%

Values followed by the same letters in the same column do not differ significantly according to the Tukey test at 5% probability.

The phytic acid contents ranged from 7.2t0 8.2 mg-g™
and showed no significant differences between cultivars.
Deshpande et al. (1982) noted higher values for phytic acid,
ranging from 11.6 to 29.3 mg-g' when the whole beans
were analysed and the phytic acid contents of shelled
beans ranged from 16.3t0 36.1 mg-.g™". The results of these
authors showed that the phytic acid was predominantly
present in the cotyledon.

The condensed tannin contents of the cultivars
ranged from 15.1 to 36.2 mg catechin'g™. It can be seen that
for the same group, only the black group (BRS Campeiro
and BRS Esplendor) showed no significant differences.
BRS Estilo was the cultivar with the highest tannin content.

The a-amylase inhibitor concentrations ranged from
85.9110 153.74 UAI-g™ and the trypsin inhibitor contents from
465.19t0 1247.67 UTI-g". Batista et al. (2010) noted a-amylase
inhibitor contents of 18.16 and 16.08 UAI'100 mg™" and
higher values for the trypsin inhibitor, 4.64 and 4.61 UTImg™"
(4640 and 4610 UTI.g™") for the cultivars BRS Pontal
(carioca) and BRS Grafite (black).

Comparing the anti-nutritional factor levels of the
bean cultivars with those of other legumes, it can be seen
that for chickpeas the phytic acid (1.21 mg-g™') and tannin
(4.85 mg:g') contents were lower, but the trypsin inhibitor
content (11.9 UTImg™") was much higher than that found
for the six bean cultivars analysed by Alajaji and EI-Adawy
(2006). For peas, the phytic acid (0.815 g 100 g, tannin
(30.93 mgg") and trypsin inhibitor (1297.22 UTI'mg™")
contents were similar to those found for the bean cultivars,
except for the trypsin inhibitor, for which the results
were only close only to those found for BRS Embaixador
(KHATTAB; ARNTFIELD, 2009).

3.3 Weight per hundred beans, pH, and water and oil
absorption capacities

Table 3 shows the data found for the physical
parameters of the cultivars. The weight per hundred beans
ranged from 19.99 to 46.00 g. and cultivars belonging to
the same group showed significant differences for these
weights. The weight per hundred beans of BRS Embaixador
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was significantly higher than that of the other cultivars.
This cultivar is physically characterized by its large beans.

The pH values of the bean flours were close to neutral
for all the cultivars. BRS Embaixador and BRS Estilo showed
higher pH values than the other cultivars. These results
are similar to those obtained by Reyes-Bastidas et al.
(2010), in which the pH values of both the non-fermented
and fermented bean flours of the cultivar studied were
6.42 and 6.34, respectively.

The water absorption capacity of the bean flours
ranged from 123.4 to 138.0%. Water absorption capacity
is important for certain product characteristics, such as
moistness and starch retrogradation with subsequent
product hardening (SATHE, 2002). Dzudie et al. (2002)
evaluated the effect of replacing meat with bean flour in
sausages, and found that the greater the amount of bean
flour added to the sausages, the greater their capacity to
retain water when compared to the control. In addition,
there was an increased yield for the cooked sausages,
due to reduced cooking losses.

The oil absorption capacity of the samples ranged
from 86.4 to 98.2%. The oil absorption capacity of bean
flour is important in the development of new fried products,
as well as for its stability during storage (SATHE, 2002).
Siddig et al. (2010) reported that the WAC and OAC values
of the flour samples from different bean cultivars ranged
from 223 to 265% and from 123 to 152%, respectively.
The results obtained by these authors were higher than
those shown in Table 3. These values may vary according
to the cultivar and planting location. However, the values
noted by Sathe and Salunkhe (1981), who studied only
one cultivar, were close to those obtained for the cultivars
studied in the present work. These authors observed that
the protein concentrate showed higher WAC and OAC
values when compared to the bean flour, and therefore
concluded that the type, quantity and structure of the
proteins in the beans affected these physical properties,
the same occurring for the starch and cellulose, and other
carbohydrates.
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Table 3. Weight per hundred beans, water absorption capacity (WAC), oil absorption capacity (OAC) and pH in different cultivars.
Weight per 100

Cultivars beans
(9)

Red BRS Embaixador 46.00 + 0.21
BRS Pitanga 19.99 + 0.04°
Carioca BRS Estilo 26.47 £ 0.22°
Pérola 28.42 + 0.25°
Black BRS Campeiro 26.85 + 0.22°
BRS Esplendor 21.33 + 0.07¢

6.46 + 0.012 137.9 + 2.02 98.2 £ 0.22
6.32 + 0.02° 123.7 + 4.4° 96.8 + 2.0°
6.42 + 0.022 131.6 + 1.02 86.4 £ 1.4°
6.31 + 0.02° 138.0 £ 0.9° 95.4 £ 0.5°
6.32 £ 0.02° 130.2 + 4.3 96.3 + 3.8°
6.32 + 0.02° 137.4 £ 2.12 89.6 + 2.0°

Values followed by the same letters in the same column do not differ significantly according to the Tukey test at 5% probability.

3.4 Foaming and emulsion properties

The foaming capacity and foam stability of the bean
cultivars at different pH values are shown in Table 4.

For BRS Estilo, Pérola and BRS Esplendor cultivars
the highest degree of foam capacity occurred at pH 8.0
(p < 0.05). A decrease in the hydrophobic attractive forces
between protein molecules occurs at pH values within the
acid and alkaline ranges, where the protein molecules
become positively and negatively charged, respectively.
According to Chau and Cheung (1998), charges with the
same sign lead to repulsion, thus facilitating flexibility of
the protein molecules and causing them to spread more
rapidly toward the air-water interface and encapsulate air
particles, leading to foaming.

The foam stability at different pH levels presented
a distinctive behaviour for each cultivar investigated.
BRS Embaixador presented greater stability at pH 2.5 and 5.6;
BRS Pitanga and BRS Campeiro at pH 5.6; and BRS
Estilo and Esplendor at pH 8.0. Adebowale and Lawal
(2003) studied the foaming ability of a mucana bean
(Mucana pruriens) protein concentrate and found a
35% increase in the foaming capacity at pH 4 while the
maximum foaming was 134% at pH 10. Furthermore,
an increase in foaming capacity was observed at pH 2.
The highest foam stability over 8 hours was noted at pH 4
(close to the isoelectric region).

Considering the chemical composition of beans,
especially the high protein content, the emulsifying
properties should be studied for future applications,
such as the use of this raw material to produce vegetable
spreads and soups.

The values for emulsifying capacity (Table 5) varied
between 68.3 and 72.9%. BRS Pitanga and Pérola were
the only cultivars that differed significantly in terms of
emulsion formation. In the case of emulsion stability, these
cultivars also differed significantly from each other, and
BRS Embaixador showed significant differences when
compared to Pérola, BRS Campeiro and BRS Esplendor.

Siddig et al. (2010) evaluated the physical and
functional characteristics of bean flour and observed
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emulsifying capacities ranging between 45.6% and 60.5%.
The stability of the emulsions for the same cultivars varied
between 48.2% and 62.3%. Although the emulsifying
stability showed higher values when compared to the
emulsifying capacity, the values were lower than those
observed in the present study.

Studies to investigate the foaming and emulsifying
properties of products made from beans are scarce and
thus greater attention needs to be given to these properties.

3.5 Principal component analysis

The principal component analysis, when applied
to the data of the chemical and technological properties
analysed, revealed that components 1 and 2 explained
24.4% and 42.6% of the variation, respectively, expressing
67.0% of the total variation (Figure 1). The ash and lipid
variables were not added to the PCA because their low
levels would not contribute significantly to the other
variables, and nor were the pH values of the beans or
the weight per 100 beans. The pH of choice for both the
foaming capacity and the foam stability was 5.6, since
this pH is nearest to the physiological pH value and that
of the food processing conditions.

There was an acceptable distribution between
the bean cultivars studied, allowing one to infer specific
characteristics for each of them, as determined by the
location next to the PCA eigenvectors.

The water absorption capacity variable (PC1-/PC2-)
was negatively correlated with the oil absorption capacity
in PC1+/PC2+ (r = -0.099, Pearson linear correlation,
p < 0.05), and the Pérola cultivar was closest to the
eigenvectors of water absorption capacity and emulsifying
capacity, indicating that this cultivar obtained high values
for these variables, as can be seen in Tables 3 and 5,
respectively. The cultivar BRS Estilo contained higher
levels of carbohydrates and tannins, explaining why the
eigenvectors of these parameters were pointing in its
direction.

The tannins and trypsin inhibitor variables showed
positive correlation (r = +0.481, p < 0.05) on PC1- and PC2+.
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Table 4. Foaming capacity and foam stability at pH 2.5, 5.6 and 8.0 for the different bean cultivars.
Foaming capacity (mL.100 mL™")

Cultivars

Foam stability (mL.100 mL™")

pH 2.5 pH 5.6

Red BRS Embaixador 53.0 £ 2.8%A  56.4 + 2.5%*
BRS Pitanga 59.1 £+ 0.68 625+ 2.2%

Carioca BRS Estilo 48.2 + 3.5 47.4 + 1.0B
Pérola 456 £ 2.9°%® 337 + 1.79

Black BRS Campeiro 53.1 £ 2.9%A 554 + 3.0°*
BRA Esplendor 411 £0.7%  43.2 + 3.4

pH 8.0
35.9 4.2 425+ 13% 431 +04% 245+ 0.6%
57.2+0.8%® 33.4+2.8°C 473:28%* 416 0.8
639+ 25" 348+ 4.0 361 +1.28 480+ 0.7%
53.5+2.3% 31.0x0.6°8 305+ 10% 384+ 26%
505+ 1.5% 372+ 3.1%8 420+25% 303+ 3.1
50.0 £ 1.7°¢ 289+ 1.1%  32.7 + 3.6%8  34.7 + 2.5

Values followed by the same small letters in the same column do not differ significantly according to the Tukey test at 5% probability. Values
followed by the same capital letters in the same row do not differ significantly according to the Tukey test at 5% probability.

Table 5. Emulsifying capacity and emulsion stability for the different bean cultivars.

Cultivars
Red BRS Emk?aixador
BRS Pitanga
, BRS Estilo
Carioca ,
Pérola
Black BRS Campeiro

BRS Esplendor

Emulsifying capacity (%)

Emulsion stability (%)

71.2 £ 2.4% 68.9 + 2.4°
68.3 + 1.2° 69.6 + 3.0°
71.7 £ 1.9 72.9 + 1.8
729+ 2.1° 77.3 +0.6°
712+ 1.1 76.2 £ 2.42
72.6 + 0.6% 76.1 + 0.6°

Values followed by the same letters in the same column do not differ significantly according to the Tukey test at 5% probability.
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Figure 1. Principal Component Analysis of the chemical and functional properties of different common bean cultivars.

This relationship was due to the tendency of tannins to form
complexes with proteins, damaging the stereochemistry
of these macromolecules (SCHOFIELD et al., 2001).
Since trypsin is a protein, it can be complexed by tannins
thus inhibiting its enzymatic action and reducing bean
digestibility (HE et al., 2006; GONCALVES et al., 2011).
In addition to the tannins and trypsin inhibitor, phytic acid
and the a-amylase inhibitor also correlated positively on
PC1+ and PC2-, just due to the action of phytic acid in
inhibiting amylolytic enzymes. Phytic acid complexes
mono- and divalent ions such as calcium. Calcium, in turn,
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is a cofactor of the a-amylase enzyme. Thus, phytic acid
can reduce the activity of a-amylase by complexation with
calcium, acting as an inhibitor of this enzyme (CAWLEY;
MITCHELL, 1968; LI et al., 1993).

The variables of foaming capacity and foam stability
were positively correlated with each other (r = +0.98,
p < 0.05) and with the oil absorption capacity (r = +0.411
and +0.548, respectively, p < 0.05) on PC1+/PC2+. Moreover,
even when considering only the first principal component,
these variables also correlated positively with proteins on
PC1+. The hydrophobic portion of the protein promotes the
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formation of the foam as well as its stability, and also the oil
absorption capacity. The increased hydrophobicity helps
to bind the oil and decreases the interfacial tension of the
foam, thus increasing its stability, since the hydrophobic
region of the protein increases resistance to migration
into the aqueous phase (KESHAVARZ; NAKAI, 1979;
NAKAI, 1983).

The emulsifying capacity and emulsion stability were
positively correlated with each other (r = +0.714, p < 0.05) and
with the water absorption capacity (r = +0.871 and +0.366,
respectively, p < 0.05) on PC1-/PC2-. These variables also
correlated with the carbohydrate content on PC1- (r = +0.45
for emulsifying capacity, r = +0.072 for emulsion stability,
r = +0.37 for the water absorption capacity). Carbohydrates
act by enhancing the water absorption capacity, and the
large amounts present in the bean cultivars studied may
have contributed to the positive correlation between these
variables.

Starch represents a considerable proportion of
the carbohydrates present in beans. Pujola et al. (2007)
investigated nine bean cultivars and found starch contents
ranging from 41.4% to 52.3%. The high starch content
justifies the correlation with the water absorption capacity,
since it can swell when in contact with water, retaining
the water and thus also acting as an emulsifier (LI et al.,
2013; TIMGREN et al., 2013).

The emulsifying capacity and emulsion stability were
positively correlated with each other (r = +0.714, p < 0.05) and
with the water absorption capacity (r = +0.871 and +0.366,
respectively, p < 0.05) on PC1-/PC2-.These variables
were also correlated with the carbohydrate content on
PC1- (r = +0.45 for emulsifying capacity; r = +0.072 for
emulsion stability; and r = +0.37 for water absorption
capacity).

H 4 Conclusions

The results of this study revealed differences in the
chemical and functional properties of the bean cultivars
commonly used in Brazil. There were significant differences
amongst the cultivars, even between those belonging to
the same commercial colour group. However, despite
the differences, all the bean cultivars had high protein
and fibre contents, indicating that the bean flours could
be used as a complement to wheat flour, increasing the
nutritional quality of the food.

The foaming capacity occurred at pH values specific
for each cultivar. However, foam stability was greatest at
pH values of 5.6 and 8.0. The emulsifying capacity was
shown to be quite high for all cultivars, as well as the
emulsion stability.

By way of the PCA applications for the cultivars
could be established according to their physicochemical
properties, with the possibility to preview practical uses in
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the food industries. Data on the physicochemical properties
are important in the development of new products that
are based on bean flour, in order to provide references
for the quality control of the raw material. One area where
bean flour could be used is in the development gluten-free
products.

Soybeans, peanuts and chickpeas are already
used in products that have good consumer acceptance.
Similarly, bean products could gain such prominence
and become another differential source of nutrients and
of products with high consumer acceptability.
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